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Abstract
The COVID-19 pandemic forced dental professionals to cope with an unexpected challenge and caused 
an abrupt cessation of conventional care practices. The high degree of contagiousness as well as the diffusion 
of the virus through the air and droplets via respiratory transmission placed dental professionals at top-level 
risk of contracting and spreading the disease. General recommendations were announced in different countries, 
including patient distancing, air ventilation, surface and instrument sanitization, and the wearing of suitable 
masks and shields. However, many dental treatments are performed using lasers, and some specific precau-
tions must be added to conventional procedures to ensure the advantages of this technology to patients 
because of the particular tissue–matter interaction effects of laser wavelengths. Based on the literature, 
the authors evaluated all of using laser wavelengths to analyze the risk and the benefits of using lasers 
in daily dental practice, and to provide safety recommendations during pandemic. An unrestricted search 
of indexed databases was performed. Laser use effects were categorized into: 1) explosive processes that 
produce tissue ablation and aerosol formation; 2) thermal actions that create vaporization and smoke plume; 
3) photobiomodulation of the cells; and 4) enhanced chemical activity.

Knowledge of the device functions and choice of adequate parameters will reduce aerosol and plume forma-
tion, and the application of suction systems with high flow volume and good filtration close to the surgical 
site will avoid virus dissemination during laser use. In the categories that involve low energy, the beneficial 
effects of lasers are available and sometimes preferable during this pandemic because only conventional 
precautions are required. Lasers maintain the potential to add benefits to dental practice even in the COVID-19 
era, but it is necessary to know how lasers work to utilize these advantages. The great potential of laser light, 
with undiscovered limits, may provide a different path to face the severe health challenges of this pandemic.

Key words: safety, dentistry, laser, COVID-19, SARS-CoV-2
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Background

Coronaviruses are a large family of viruses that cause 
illness in animals and humans. Several coronaviruses 
cause respiratory infections in humans and range from 
the common cold to more severe diseases, such as Middle 
East Respiratory Syndrome (MERS) and Severe Acute 
Respiratory Syndrome (SARS). Acute respiratory diseases 
caused by the new coronavirus SARS-CoV-2 (formerly 
known as 2019-nCoV) spread across China by the end 
of 2019 and gained worldwide attention. On January 30, 
2020, the World Health Organization (WHO) officially 
declared the  coronavirus 2019 (COVID-19) outbreak 
a  public health emergency of  international concern.1 
The coronavirus pandemic has challenged the activi-
ties of health professions around the world in the  last 
4 months.

The  role of  dentists in  the  management of  patients 
and simultaneous prevention of the transmission of CO-
VID-19 is crucial. A continuation of normal dental pro-
cedures is not adequate because of the social distancing 
measures introduced by governments in countries af-
fected by this pandemic. Therefore, routine dental care 
was suspended, and only emergency dental care is pro-
vided. However, patients suffering from systemic dis-
eases, such as diabetes and cardiovascular disease, are 
more sensitive to this viral infection and its life-threat-
ening consequences. Therefore, the return-to-work care 
for dental professionals is urgent and fundamental for 
the population.2,3

All healthcare professionals have the moral duty to treat 
patients in the safest manner to avoid the spread of the vi-
rus. The use of lasers in medical and dental practices has 
become widespread in the past decades, and the benefits 
of lasers in dental practice are universally recognized and 
have been reported in the literature for more than 30 years. 
These advantages should be emphasized and discussed 
in this particular moment because the adaptation of the la-
ser clinical protocols during this pandemic is essential 
to ensure the best prevention and safety for patients and 
practitioners.

All dental laser professionals in  the affected coun-
tries are involved in  preventing the  spread of  CO-
VID-19. Many countries are gradually de-confining and 
renewing their normal activities. The need to restart 
regular dental care is rising. Consequently, practitio-
ners who use lasers in their daily practices need clear 
recommendations.

Objectives

This short article focuses on the risks and benefits of us-
ing some laser wavelengths and provides safety recom-
mendations for various laser treatments in daily practice 
during the COVID pandemic.

Characteristics of the wavelengths 
in dentistry: general considerations

Several laser wavelengths are used in different medical 
and dental fields. The interaction between laser beams 
and tissues or matter depends on the wavelength and its 
absorption parameters. We limit our analysis to the most 
commonly used lasers on oral hard and soft tissues, such 
as erbium family lasers (Er:YAG, Er,Cr:YSGG), Nd:YAG (yt-
trium aluminium garnet) and Nd:YAP (yttrium aluminium 
perovskite doped with neodymium crystal) lasers, diode 
lasers or KTP (potassium-titanyl-phosphate) and CO2 la-
sers, as well as red and near infrared (NIR) lights used for 
photobiomodulation.

We divided the main tissue and matter interaction ef-
fects of the laser wavelengths into the following categories:

1. Explosive process leading to tissue and matter abla-
tion. The high absorption of some wavelengths produces 
an explosive process in the target hard and soft tissues, 
which leads to photothermal and photomechanical abla-
tion. Many lasers are in this category, including Er:YAG, 
Er,Cr:YSGG, Nd:YAP and Nd:YAG lasers action on dark 
matter and metals.

2. Heat generation leading to the vaporization of soft 
tissues and fusion followed by the melting of hard tissues. 
This group includes CO2 lasers (10.6 µm), diode lasers 
(445 nm and 810–980 nm) and Nd:YAP and Nd:YAG la-
sers action on soft tissues. The vaporization process of soft 
tissues produces smoke.

3. Biological photobiomodulation in tissues. Low energy 
red and NIR light irradiation produces a harmless interac-
tion with cells, improves cell viability, and reduces pain 
and inflammation.

4. Chemical reaction enhancement. The  absorption 
of  laser light enhances chemical reactions and causes 
the release of free radicals (e.g., antimicrobial photody-
namic therapy (aPDT), photoactivated disinfection (PAD), 
photodynamic inactivation (PDI), and teeth bleaching). 
Visible light wavelengths are primarily included in this 
category because of its ability to react with electrons.

Based on  those 4 simplified categories, we analyzed 
the  benefits and risks during dental treatments and 
suggested recommendations for safe clinical protocols 
of the use of lasers in different fields of dentistry.

Photothermal and 
photomechanical laser ablation

An  aerosol is  a  heterogeneous system that consists 
of solid or/and liquid particles dispersed and suspended 
in  the  air. The  particle size is  between 0.001  μm and 
100 μm, and aerosols can contain dust, industrial dust par-
ticles, bacteria, microorganisms, and plant spore dust. For 
example, atmospheric smog, which contains PM 2.5 dust 
particles, is a “huge” aerosol compared to a virus. PM 2.5 
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particulate matter is 2.5 μm or  less, and the diameter 
of the SARS coronavirus particles is about 0.08–0.12 μm. 
Splatter is a mixture of air, water and/or solid substances 
that range from 50 μm to several millimeters in diameter. 
Obviously, viruses with these small dimensions easily float 
in the air.

SARS-CoV-2  persists in  aerosols and splatter for up 
to 3 h, and it has a relatively long half-life of about 1.1–1.2 h.4

Aerosols and droplets generated during speech have 
been implicated in  the person-to-person transmission 
of viruses, and there is great interest in understanding 
the mechanisms responsible for the spread of COVID-19 
in this manner. Speaking generates different sizes of oral 
fluid droplets that may contain infectious virus particles. 
Large droplets quickly fall to the ground, but small drop-
lets dehydrate and linger in the air as “droplet nuclei”, 
where they act as an aerosol and expand the spatial extent 
of the emitted infectious particles.5

The transmission of SARS-CoV-2 in humans occurs 
through 4 different ways:

1) inhalation of infected droplets;
2) close contact with infected person;
3) contact with contaminated surfaces followed by face 

contact and dissemination; and
4) aerosol transmission of pathogens in closed spaces.
During the earlier SARS outbreak, emergency dental 

care was provided with advice on strict personal protec-
tion, and protocols were recommended to reduce or avoid 
the production of droplets and aerosols using high volume 
and power suction.6

Several publications reported that dental professionals 
were at high risk of COVID-19 infection due to close face-to-
face contact.7 Some studies also suggested that COVID-19 
was suspended in the air in aerosols that formed during 
medical procedures or indirectly through saliva in asymp-
tomatic patients.8 COVID-19 is about 0.12 μm in diameter, 
and aerosol particle sizes range from 0.001 μm to 100 μm. 
Therefore, it is mandatory to consider the risk of viral dif-
fusion in aerosols produced by some laser wavelengths.

The  Er:YAG and Er,Cr:YSGG lasers induce bubble 
dynamics, a  fragmentation process and tissue ablation 
through photothermal and photomechanical/photoacous-
tical mechanisms.9 At the beginning of irradiation with er-
bium lasers, the rapid expansion of the layer of evaporated 
water leads to an increase in pressure. The fragmentation 
process occurs with and without plasma formation. In both 
cases, ablation occurs shortly after the beginning of laser 
irradiation, and a plume of fine, emulsified material is ex-
pelled into the surrounding water.10

The ablation process accelerates with increased laser en-
ergy, which reduces the thermal side effects. When the en-
ergy is increased, the pressure and speed of the ejected 
material also increases, which creates a  larger plasma 
formation.11

The lasers used for oral hard and soft tissue ablation and 
skin resurfacing are pulsed for short exposures of 1–10 

ms (or even less than 1 ms). These fast pulses produce 
a more explosive effect with greater tissue ablation and, 
consequently, a greater spread of viral particles.12 Some 
authors using erbium lasers demonstrated the dissemina-
tion of viable cells, viral genes and infectious viruses using 
in vitro methods.13

Due to the proven potential of COVID-19 transmission, 
it is even more relevant to maintain safety precautions during 
dental laser applications, including limiting the use of la-
ser-producing aerosols, except when their use has a strong 
therapeutic advantage compared with other modalities. 
The choice of the lowest parameters that allow good clinical 
effects and a reduction of air-flow is important. An accurate 
adaptation of the water–air spray during laser ablation to re-
duce aerosols and viral diffusion must be utilized. The suc-
tion system of the dental chair must have a high flow volume. 
The use of rubber dam isolation is strictly recommended. All 
laser handpieces and the entire device must be disinfected 
before and after the treatment. The protection of skin, eyes, 
mouth, and respiratory tract is essential.

Laser-generated heat leads to vaporization 
of soft tissues and smoke production

Some lasers offer several advantages during surgery com-
pared to the scalpel. Due to the nature of the pathological 
tissue and the anatomical district, better results may be 
obtained by selecting the most suitable laser device. For 
example, a CO2 laser (10,600 nm) is optimal for the exci-
sion of very hydrated lesions, such as fibrous lesions, while 
diode lasers (445 nm, 810 nm and 980 nm) and Nd:YAG 
(1064 nm) lasers, which have a better coagulating action, 
may be used for very vascularized lesions or tissues that 
are rich in vessels with a high amount of hemoglobin and 
risk of hemorrhage.14,15

The factor that unites all of these wavelengths is the uti-
lization of the photothermal effect, because the absorbed 
laser energy is converted to heat. Therefore, considerable 
amounts of smoke plume are generated, which necessi-
tate constant suction away from the surgical site.12 Several 
studies suggested that laser-derived vapors contained in-
fectious particles or viral DNA.13 Garden et al. detected 
the presence of human and bovine papilloma virus DNA 
(HPV and BPV) in laser vapors from warts treated with 
a CO2 laser,16 and Sawchuk et al. showed that laser vapor-
derived from the excision of bovine papilloma contained 
infectious particles.17 A single case of a laryngeal papillo-
matosis (HPV type 6 and 11) was detected in a surgeon who 
previously treated patients with anogenital warts using 
a Nd:YAG laser.18 Garden et al.12 presented the possibility 
that BPV maintained its vitality and potential to infect 
tissue in the smoke plume produced by the laser beam. 
Several CO2 laser settings were evaluated, and the laser 
plume at each laser setting was collected and inoculated 
into animals. Typical BPV lesions containing BPV devel-
oped at all laser settings. These viral tumors confirmed 
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the ability of the laser plume to produce infection. Aside 
from viable viruses, the laser smoke may also contain par-
tially inactive or incompetent viruses. Virus-infected cells 
and viral genes as far as 6.3 cm from the point of laser 
impact and laser debris at distances of up to 100 cm were 
described.13 However, the lack of HPV DNA in the smoke 
plume after warts treatment with an Er:YAG laser was 
reported in 1998.19

The literature confirmed that lasers generating smoke 
during surgical procedures may have infectious poten-
tial and pose a significant risk to healthcare providers. 
Because the presence of 2019-nCoV on the oral mucosa, 
tongue and saliva was confirmed, the use of photother-
mal lasers that produce smoke must be performed with 
caution, using the same precautions that were adopted 
for treatments that produce aerosols. The concern for 
laser surgeons and their assistants to inhale the SARS-
CoV-2 virus via the smoke plume produced by thermal 
lasers is only theoretic, but likely. Considering several 
advantages of  laser technology in oral soft tissue treat-
ment, it is important to continue its use with the adoption 
of strict safety precautions for practitioners and assis-
tants, including skin protection with gloves and gowns, 
eye protection, use of masks (FFP2, FFP3 if possible), 
and the use of a smoke suction system with a high flow 
volume and good filtration, positioned at the closest dis-
tance from the surgical site to avoid nosocomial viral 
dissemination.12

Lasers inducing biological 
photobiomodulation in tissue

Photobiomodulation (PBM) is the medical way to use red 
or NIR laser light to achieve a chemical- and thermal-free 
beneficial interaction with tissues and cells. Many stud-
ies support its properties of tissue regeneration, wound 
healing, anti-inflammation, analgesia, and neuroregenera-
tion.20–22 Moreover, PBM may also act against microorgan-
isms, such as yeasts, bacteria and viruses. The literature 
includes several interesting studies about the potential 
efficiency of PBM directly against microorganisms and 
indirectly to reinforce the immune response or reduce 
the damage induced by the inflammatory process.23

Tsen et al.24 demonstrated damage of the viral capsid 
caused by the Raman resonance induced by the irradiation 
of a femtosecond 425-nm low level laser. This particular 
kind of damage modified the protein structure of viral cap-
sid and induced viral aggregation. The damage to the cap-
sid did not prevent the penetration of viruses into the host 
cells, but it did not allow the viral envelope to dissolve 
and transmit the viral genetic message to the nucleus. 
Therefore, the virus was blocked and remained ineffec-
tive in the host cell cytoplasm.

Zupin et al.25 investigated the direct and indirect anti-
viral actions of PBM and demonstrated the efficiency of 2 

different PBM protocols using a 445-nm blue laser and 
a 970-nm NIR on neurological microglia cells infected 
with Zika virus (ZIKV). In both cases, the PBM irradia-
tion enhanced the vitality of the infected cells and reduced 
the viral load.

Great interest should be focused on the interesting po-
tential of the so-called transdermal PBM.26 This tech-
nique displaced the old intravenous laser irradiation and 
consists of the PBM irradiation of blood via laser applica-
tion over the surface of the radial artery.27 The irradiation 
of blood induces the production of super oxide dismutase 
(SOD), which is fundamental in the protection of the cells 
against the toxic overproduction of reactive oxygen spe-
cies (ROS). The possibility to vehiculate the beneficial 
effects of this positive and proven action of PBM to all 
organs, such as  the  lungs, which are highly damaged 
by the COVID-19 infection because of the immune sys-
tem overreaction, could be very helpful and should open 
a path of research and clinical applications of unexpected 
potential.

The application of PBM in daily clinical practice is slowly 
increasing, with great benefits for clinicians and patients.

The PBM protocols involve the use of red and near-in-
frared lasers emitting in the so-called “therapeutic win-
dow” wavelength between 600 nm and 1400 nm.20 The la-
sers most frequently used for the PBM are the red visible 
or NIR diode lasers and the more penetrating Nd:YAG 
lasers. It is important to emphasize that the PBM protocols 
do not generate heat, smoke or aerosol droplets, which 
is different from the traditional high-energy surgical laser 
applications.

Dental professionals are at high risk for nosocomial 
infections, and they may become potential carriers 
of the disease. These risks are attributable to the unique 
nature of dental interventions, which include aerosol gen-
eration, the handling of sharp implements, and the prox-
imity of the practitioner to the patient’s oropharyngeal 
region.28

Therefore, in the present pandemic condition, the well-
documented and effective anti-inflammatory, regen-
erative or analgesic applications of PBM may represent 
an essential tool to face the various emergencies of our 
patients, although the crucial step of correctly identify-
ing the proper and standardized dosages is not resolved 
at the moment. However, the wide consensus in the litera-
ture concerning its clinical benefits encourages the spread 
of its use as much as possible in daily clinical practice. 
The PBM may be used as an adjuvant or alternative therapy 
in a wide variety of situations, without side effects or drug 
interactions.29

Therefore, practitioners may treat acute diseases, such 
as recurrent aphthous stomatitis and traumatic ulcers, 
temporomandibular disorders, recurrent intraoral and 
labial herpes, oral edema, postoperative pain following 
periodontal treatments, oral surgery, and endodontic 
procedures in emergencies using PBM, even in suspected 
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or  confirmed cases of  COVID-19 infection. Similarly, 
endodontists may be called upon for the assessment and 
management of odontogenic pain, swelling and dental al-
veolar traumas, and they may find the support of PBM 
helpful.28

All of the aforementioned considerations should lead 
researchers and clinicians to dedicate increasing efforts 
in the identification of precise and standardized PBM pro-
tocols to test the impact that this proven and biologically 
safe therapeutic method could have in treatment during 
the present COVID-19 pandemic.

Lasers enhancing 
chemical reactions

One of the objectives during this pandemic is to decrease 
the viral load in our patients during dental treatments. 
There are antecedents in which the use of photodynamic 
antimicrobial chemotherapy significantly decreased the vi-
ral load in different types of oral viruses.30–35

Antimicrobial photodynamic therapy (aPDT) is a form 
of phototherapy that is performed using nontoxic, light-
sensitive compounds with selectively exposed/absorbed 
laser light, which become toxic to target pathogens. The ef-
ficacy of PDT was demonstrated in recent clinical research 
on periopathogens,36–38 carious bacteria,39,40 onychomyco-
sis,41,42 and paracoccidiodomycosis.43

Antiviral therapy using laser light, known as photody-
namic inactivation (PDI), is based on the same mechanisms 
as photodynamic antimicrobial chemotherapy (PACT), 
i.e., non-thermal viral inactivation. We can differentiate 
2 types of virus structural damage caused by light – type 
I and type II photoreactions. Both mechanisms may be 
active at the same time, but that depends on the photo-
sensitizer (PS), its concentration and the concentration 
of oxygen.44 The PDI can use many compounds with po-
tential photodynamic antiviral activity, ranging from plant 
extracts (psoralen), eosin, curcumin, and hypericin (St. 
John’s wort), to synthetic compounds.45

The sensitivity of viruses to photodynamic therapy was 
reported for herpes infections,30,31 HPV infections (pap-
illomatosis),32–34 cytomegalovirus CMV,35 and other vi-
ruses.46 Many studies showed that enveloped viruses are 
significantly more sensitive to photodynamic destruction 
than non-enveloped ones.47

To evaluate the sensitivity of the viral photoinactivation 
process, molecular quantitative methods, such as nucleic 
acid amplification, including real time polymerase chain 
reaction (RT-PCR), are needed. This method is sensitive 
and fast, but it only detects viral nucleic acid, and it does 
not determine infectivity. Other methods using bacterio-
phages as surrogates of mammalian viruses may be useful 
for the quantification of infectivity.25,44

Some studies reported reactivation of viruses, such 
as  herpes simplex virus (HSV), after photodynamic 

treatment as a side effect of PDT. Photo-inactivated vi-
ruses still trigger an immune response that may be un-
wanted, but the treatment is still useful to generate a com-
petent immune response and vaccination.45,48 Schikora 
et al. reported that aPDT mediated by methylene blue 
and 660-nm red laser light applied to nasal and oral cavi-
ties of patients with COVID-19 reduced mortality and 
comorbidities.49

There is no evidence from randomized controlled trials 
for any specific anti-nCoV treatment. One of the most fre-
quent recommendations during this COVID-19 pandemic 
is the use of mouth rinses prior to dental treatments with 
0.5–1% H2O2 or 0.1% sodium hypochlorite for 1 min.50,51 
Other antimicrobial agents, such as 0.02% chlorhexidine 
digluconate, are less effective.51

Different studies showed that the combination of H2O2 
with a laser produced benefits, especially related to bac-
terial load.52,53 This reduction of microbial viability was 
demonstrated when combined with diode, neodymium 
or erbium lasers. Some studies demonstrated that the pho-
toactivation of  3% H2O2 with a  diode laser increased 
the bactericidal effect due to the acceleration of hydroxyl 
radical generation.53,54 Laser light activates H2O2 release 
of free radicals and singlet oxygen. The stabilized H2O2 
and presence of oxygen allow the reactions of photoactiva-
tion and singlet oxygen release, which induce microbial 
death through the destruction of the bacterial membrane, 
degradation of the lysosomal membrane, alteration of mi-
tochondrial function, and denaturation of DNA mole-
cules. Caccianiga et al.55 reported the successful reduc-
tion of periopathogens from implant surfaces in a clinical 
study using high-level laser therapy (HLLT). These stud-
ies demonstrated that the combination of different laser 
wavelengths (405 nm, 940 nm, 980 nm, 1064 nm, and 
2940 nm) with the H2O2 was much more effective than la-
ser or antioxidant alone.52–57 Nammour et al.57 performed 
a randomized clinical study using 980-nm wavelength 
and 3% H2O2, and showed significant clinical improve-
ment and microbiological reduction in a twelve-month 
follow-up. Grzech-Leśniak et al.56 evaluated the effec-
tiveness of treatments with Nd:YAG laser irradiation and 
0.5% NaOCl and 0.5% H2O2 solutions as single or com-
bined treatment modalities. The authors demonstrated 
that combined treatment with the Nd:YAG laser at  low 
level laser settings and a low concentration of H2O2 (0.5%) 
or NaOCl (0.5%) solution effectively reduced the micro-
organisms. The combination of lasers and H2O2 may be 
helpful for viral reduction. The good efficacy of photo-
dynamic viral inactivation has been well-known since its 
early application in 1973 for the treatment of HSV infec-
tions performed by Felber.58 The development of medicine 
increased the treatment options used in dental practice, 
which now include a wide range of antiviral application 
portfolios.

Future research on the possibility of destroying SARS 
COVID-19 using PDI is necessary.
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Specific recommendations for 
laser dentistry in the SARS-CoV-2 
pandemic

All universal recommendations for general dentistry 
must be respected, and practitioners must follow their 
own national recommendations. Additional specific 
care must be used for lasers, according to the following 
guidelines:

1. Choose the lowest laser parameters that permit effi-
cient clinical effects and a reduction of air flow. A correct 
water spray during laser ablation may reduce the aerosol 
production and viral spread.

2. Face and eyes protection: wear safety glasses/google 
for each laser wavelength to avoid eye contamination. 
It is also necessary to use a face shield for splash protec-
tion. Use a face mask (e.g., FFP3) to protect the respiratory 
tract from droplets and smoke plume.59

3. Use a rubber dam to avoid viral contamination from 
the mouth and saliva.

4. Use a high-volume saliva ejector/volume suction sys-
tem placed at the closest distance to the treated site.

5. If a smoke plume is produced, use a vacuum system 
with a high flow volume positioned at the closest distance 
to the surgical site. The ventilation of the room and dis-
infection of the dental operating area can effectively limit 
the transmission of SARS-CoV-2 aerosols.

6. For PBM treatments: The handpieces of the devices 
are easily protected through the application of transparent 
removable plastic films to avoid any contact with the skin, 
mucosa and oral fluids, and permit superficial or deep 
penetration of the Red/NIR laser beams.

7. Special care must be dedicated to the disinfection 
of laser devices before and after their use. Handpiece and 
tips must be autoclaved.

Conclusions

Even during the present pandemic, all lasers retained 
their well-known advantages and benefits. However, 
it is mandatory to know the specific functions and prop-
erties of lasers in order to utilize their potential and adapt 
to the present situation using previously adopted safety 
recommendations. Moreover, laser light may provide a dif-
ferent path to face the severe health challenges of the cur-
rent COVID-19 pandemic.
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Abstract
Background. Currently, the only effective method to control the spread of the COVID-19 pandemic is social 
distancing. The lockdown measures during the epidemic may have an impact on the presentation of diabetes 
and may disturb metabolic control.

Objectives. In order to address the hypothesis that the COVID-19 lockdown affected the incidence rate 
(IR) of type 1 diabetes (T1D) in the pediatric population of Lower Silesia and the patients’ clinical status, 
the incidence of T1D during the COVID-19 pandemic was analyzed.

Materials and methods. Incidence estimates were obtained from the T1D pediatric registry for Lower 
Silesia which has been maintained since January 1, 2000. The observation was completed on April 30, 2020.

Results. A total of 1961 cases were diagnosed (1054 boys, 53.72%). An increase in the T1D IR was observed, 
from 10.43/100,000/year in 2000 to 22.06/100,000/year in 2019. The seasonality of T1D incidence was also 
observed, with the highest IR appearing in January and February. There were half as many cases of T1D 
in March and April 2020 as in the same months in 2019 (p > 0.05). Diabetic ketoacidosis (DKA) occurred 
in 31.75% of patients in years 2000-2019, comparably (p > 0.05) to 2020 (36.67% patients), including 
March and April (50% of patients). The duration of hyperglycemia symptoms was 20.2 ±25.4 days, which 
was comparable to 2020 (13.1 ±10.96 days; p = 0.1675) and March and April of 2020 (9.67 ±5.63 days; 
p = 0.0831). Glycated hemoglobin (HbA1c) level was 11.79 ±2.63%, which was comparable to March and 
April of 2020 (13.06 ±2.35%; p = 0.1171), while in all of 2020 it was 13.41 ±2.50% (p = 0.0003).

Conclusions. The IR of T1D in Lower Silesian children in the months of the COVID-19 pandemic was compa-
rable to previous years, while their clinical condition at the time of diagnosis was worse than in previous years.

Key words: type 1 diabetes, COVID-19 pandemic, incidence rate
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Background

Spread by droplet transmission, severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) causes respiratory 
coronavirus disease (COVID-19). The first reports of SARS-
CoV-2 viral infections in the Chinese province of Hubei 
appeared in the last months of 2019. The high infectivity 
of this pathogen caused a rapid spread of the COVID-19 
disease and an unprecedented outbreak, first in many cities 
of China and then globally. On January 30, 2020, the World 
Health Organization (WHO) announced a global health 
emergency; on March 11, 2020 it was declared a pandemic.

The classic clinical symptoms of COVID-19, in addi-
tion to high fever and flu-like symptoms (including mus-
cle pain), relate to the respiratory tract and include fa-
tigue, dry cough, severe interstitial pneumonia, and acute 
respiratory distress syndrome (ARDS), often requiring 
the use of respiratory support with mechanical ventila-
tion. Disorders of smell and taste, gastrointestinal symp-
toms (diarrhea) and neurological symptoms (headache, 
disturbance of consciousness, and confusion) have also 
been reported. In severe cases, SARS-CoV-2 infection can 
cause complications such as renal and circulatory failure. 
On the other hand, asymptomatic infections seem to be 
quite common (up to 80% of cases).1 The risk of a serious 
course of the disease applies primarily to the elderly and 
to those with comorbidities, including diabetes.

Because SARS-CoV-2 is a new virus for humanity, only 
those who have suffered COVID-19 now have adaptive 
immunity against this coronavirus. It can therefore be 
concluded that all humanity is susceptible to infection. 
Since it is a new pathogen, vaccination against it is still un-
available. Unfortunately, there is also no causal treatment.

The reproduction ratio (R0) of this virus is estimated 
to be between 2 and 3, which means that every patient 
with COVID-19 infects 2 to 3 people on average, and that 
the number of affected people therefore doubles every 
week.2 Currently, the only effective method of controlling 
the spread of the COVID-19 epidemic is social distancing. 
Therefore, governments of many countries, including Po-
land, decided to close borders, limit travel and introduce 
quarantine for people returning from abroad. Large gather-
ings – cultural, sport and religious events – were cancelled. 
Schools and universities were closed, which affected more 
than 90% of students globally.3

Medical facilities proved to  be critical places for 
the development of  the epidemic, and the protection 
of  medical personnel against infection is  a  priority. 
 Access to medical care has become limited, not only 
because of the cancellation of planned services, but also 
because of the closure of health centers due to diagnoses 
of COVID-19 among staff and/or patients of wards be-
yond those dedicated to treating the infection. In addi-
tion, even in urgent situations, patients delay contacting 
healthcare providers, as they are afraid of being infected 
with SARS-CoV-2.

Objectives

With this in mind, the aim of the research was to deter-
mine whether the restrictions introduced due to the SARS-
CoV-2 epidemic have affected the  incidence of  type  1 
diabetes (T1D) in the pediatric population of Lower Sile-
sia (a region in southwest Poland) or the clinical status 
of children and adolescents hospitalized because of newly 
diagnosed T1D.

Materials and methods

The incidence of T1D and the clinical status of children 
and adolescents with T1D diagnosed in the first 4 months 
of 2020 were compared to historical data. The analysis 
covered a reference period from January 1, 2000 to De-
cember 31, 2019, and an examined period from January 1, 
2020 to April 30, 2020. All new cases of T1D in children 
aged 0–18 years were recorded. All patients were treated 
in the same reference Center for Pediatric Endocrinol-
ogy and Diabetology for  Lower Silesia. The  diagnoses 
of diabetes were made based on the WHO criteria, with 
the date of onset defined as the day of the first insulin 
administration.4 The incidence rate (IR) was expressed 
as the number of new cases of T1D per 100,000 people 
in the general population of a given age group per year. 
The  demographic data was obtained from the  Statis-
tical Yearbooks of the Lower Silesian Voivodeship. For 
the years 2019 and 2020, demographic data from 2018 was 
used because the statistical data had not been updated 
yet. The IR was assessed for each year and for individual 
months of the year.

In addition, the clinical status of children with T1D 
at the time of diagnosis was analyzed by assessing the pres-
ence of diabetic ketoacidosis (DKA) and pH at presen-
tation, the duration of hyperglycemia symptoms before 
the diagnosis of diabetes, and the glycated hemoglobin 
(HbA1c) level. Diabetic ketoacidosis was diagnosed accord-
ing to International Society for Pediatric and Adolescent 
Diabetes (ISPAD) recommendations.5

The statistical measures presented herein are the arith-
metic mean (M) and standard deviation (SD). The distribu-
tion of the quantitative variables in the analyzed sample 
was compared with the normal distribution using the Sha-
piro–Wilk test. When the distribution of the compared 
samples did not differ significantly from the normal distri-
bution with statistically equal variance, Student’s t-test was 
used to assess the differences. When the assumptions re-
quired for Student’s t-test were not met, the Mann–Whit-
ney U test was used. A comparison of the frequencies be-
tween groups was performed using the χ2 test. In the case 
of small sample sizes (i.e., a total <20 or a total <40 and 
the smallest sample <5), Yates’s correction or Fisher’s exact 
test were applied. In all statistical tests, a significance level 
of α = 0.05 was assumed.
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Results

In  the  period 2000–2019 in  Lower Silesia, T1D was 
diagnosed in 1961 children and adolescents, including 
1054 boys (53.72%). The overall IR in the study period 
was 17.51 /100,000/year. An increase in the IR was observed 
– from 10.43/100,000/year in 2000 to 22.06/100,000/year 
in 2019, with a peak in 2017 (27.10/100,000/year) (Table 1, 
Fig. 1).

Due to the lack of statistically significant differences 
between IRs in five-year intervals (Table 1), further analy-
ses were carried out jointly for individual intervals (pe-
riod I – 2000–2004, period II – 2005–2009, period III 
– 2010–2014, and period IV – 2015–2019). It should be 
noted that the IR for T1D in from 2015 to 2019 was twice 
as high as from 2000 to 2005. The forecast of the IR for 
T1D in 2020, based on the IR in the first 4 months, is 
17.27/100,000/year, which is significantly lower (p = 0.0016) 
than the IR in the previous period (2014–2019), but com-
parable to the IR in 2019 (p = 0.0808).

From 2000 to  2019, the  IR of  T1D among boys  (M) 
was higher than among girls (F) (M: 18.60/100,000/year, 
F: 16.40/100,000/year; p = 0.0053); however, this result was 
influenced by the significant difference in the IRs for the pe-
riod 2010–2014 (M: 21.26/100,000/year; F: 16.27/100,000/
year; p = 0.0031), because in the remaining period, the IR 
for both sexes was comparable. Also, in 2020, the T1D IR 
was comparable for both sexes (p = 0.5506).

A degree of seasonality in T1D incidence was observed 
in the study period. Most often, T1D was diagnosed from 
September to February, with the highest IR being observed 

in January and February. Starting in March, the T1D IR 
decreased, with the minimum being observed in June and 
July, followed by an increase in the autumn. Detailed data 
is presented in Table 2 and Fig. 2. There were half as many 
cases of T1D in Lower Silesian children in March and April 
2020 than in the same months in 2019, but the difference 
between the IRs was not statistically significant; this was 
also true when compared with the whole study period 
(for March p = 0.2788; for April p = 0.8843), as well as for 
period IV (p = 0.1059 and p = 0.3741 for March and April, 
respectively). Surprisingly, T1D IRs in March and April 
2020 were also comparable to those calculated for January 
and February this year (p > 0.05).

Table 1A. Incidence rate (IR) of type 1 diabetes in Lower Silesia in the period 2000–2019

Year 2000–2004 2000 2001 2002 2003 2004 p-value

IR/100,000/year 12.22 10.43 12.49 11.0 12.64 14.91
p = 0.1878
p = 0.0358
p = 0.0675

Year 2005–2009 2005 2006 2007 2008 2009

IR/100,000/year 15.91

13.49 12.76 18.96 16.73 17.75

p = 0.0358p = 0.0003

p = 0.0087

Year 2010–2014 2010 2011 2012 2013 2014

IR/100,000/year 18.77 19.57 17.56 17.59 23.21 20.15 p = 0.0675

Year 2015–2019 2015 2016 2017 2018 2019

IR/100,000/year 24.46 23.51 24.10 27.10 25.52 22.06 p = 0.5322

p < 0.0001

Table 1B. Level of significance of the differences between IRs from different study periods

Years 2000–2004 2005–2009 2010–2014 2015–2019

2000–2004 – p = 0.0001 p < 0.0001 p < 0.0001

2005–2009 p = 0.0001 – p = 0.0113 p < 0.0001

2010–2014 p < 0.0001 p = 0.0113 – p < 0.0001

2015–2019 p < 0.0001 p < 0.0001 p < 0.0001 –

Fig. 1. Incidence rate of type 1 diabetes in Lower Silesia in the period 
2000–2019
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The clinical status of children was evaluated in five-
year clusters: 2000–2004, 2005–2009, 2010–2014, and 
2015–2019. In addition, the clinical condition of children 
diagnosed with T1D in 2019 and 2020 was compared, 
with a separate group for children diagnosed with T1D 
in March and April of 2020.

Over the entire study period, DKA occurred in 31.75% 
of patients with newly diagnosed T1D, statistically signifi-
cantly less often (p = 0.0210) in period I (23.65%), while 
in subsequent years, there was a comparable percentage 
of children (34.23% in period II, 35.59% in period III and 
36.71% in period IV; p = 0.9298). In the first 4 months 
of 2020, DKA was associated with the diagnosis of dia-
betes in 36.67% of patients, similarly to previous years 
(p = 0.6874), including 2019 (p = 0.9396). Diabetic keto-
acidosis was present in 50% of patients diagnosed with 
T1D in March and April 2020; nevertheless, its incidence 
was comparable to previous years (p = 0.3635), including 
2019 (p = 0.7450).

The mean pH upon admission to the Department was 
7.34 ±0.11. This differed significantly over the study pe-
riod: from 2015 to 2019, the mean pH was 7.31 ±0.14, 
significantly lower than in other years (Fig. 3); in period 
I, the pH was 7.36 ±0.09; in period II, it was 7.36 ±0.11; 
and in period III, it was 7.33 ±0.10. Metabolic disorders 
in children diagnosed with T1D in 2020 were even more 
severe, as the mean pH was 7.26 ±0.19 (p = 0.0169). More-
over, the mean pH in children hospitalized in March and 
April 2020 (7.19 ±0.24) was lower than in previous years 
(p = 0.0199).

The  mean duration of  symptoms of  hyperglyce-
mia, as  declared by  the  patient or  legal guardian, was 
20.2 ±25.4 days throughout the whole study period. It was 
the longest in period I (25.5 ±30.6 days) and the shortest 
in period IV (15.1 ±14.5 days) (p < 0.0001). In period II, 
it was 24.7 ±33.3 days and in period III – 16.9 ±22.2 days 
(Fig. 4). In 2020, the mean declared duration of symptoms 
was 13.1 ±10.96 days, which was similar to that observed 

Table 2A. Incidence rate (IR) of type 1 diabetes in Lower Silesia by month

Month
IR/100,000/year

2000–2004 2005–2009 2010–2014 2015–2019 2000–2019 2019 2020

January 14.70 23.92 28.58 33.57 23.32 36.84 16.12

February 15.08 21.74 26.29 36.46 23.64 34.53 25.33

March 13.20 20.65 22.86 24.31 18.79 23.02 11.51

April 10.18 13.05 17.15 23.15 15.22 23.02 16.12

May 12.82 10.87 18.29 19.10 15.06 23.02 –

June 6.03 8.70 11.43 19.10 10.85 20.72 –

July 6.41 13.05 17.15 20.83 12.96 18.42 –

August 12.44 10.87 12.57 24.31 15.55 27.63 –

September 10.93 22.83 21.72 20.26 16.84 9.21 –

October 14.70 16.31 22.86 20.26 17.65 11.51 –

November 16.97 13.05 22.86 28.36 20.41 18.42 –

December 13.20 11.96 22.86 27.20 18.30 18.42 –

Table 2B. Statistical significance of the differences in Lower Silesia by month

Month
January February March April May June July August September October November December

p-value

January – 0.9065 0.0825 0.0012 0.0009 <0.0001 <0.0001 0.0019 0.0111 0.0278 0.2733 0.0531

February 0.9065 – 0.0638 0.0008 0.0006 <0.0001 <0.0001 0.0013 0.0079 0.0205 0.2253 0.0403

March 0.0825 0.0638 – 0.1290 0.1116 0.0003 0.0101 0.1696 0.4185 0.6407 0.5203 0.8429

April 0.0012 0.0008 0.1290 – 0.9417 0.0333 0.2885 0.8846 0.4773 0.2924 0.0310 0.1866

May 0.0009 0.0006 0.1116 0.9417 – 0.0398 0.3230 0.8273 0.4332 0.2603 0.0258 0.1635

June <0.0001 <0.0001 0.0003 0.0333 0.0398 – 0.2836 0.0231 0.0047 0.0015 <0.0001 0.0006

July <0.0001 <0.0001 0.0101 0.2885 0.3230 0.2836 – 0.2278 0.0768 0.0349 0.0014 0.0175

August 0.0019 0.0013 0.1696 0.8846 0.8273 0.0231 0.2278 – 0.5716 0.3639 0.0441 0.2396

September 0.0111 0.0079 0.4185 0.4773 0.4332 0.0047 0.0768 0.5716 – 0.7319 0.1469 0.5412

October 0.0278 0.0205 0.6407 0.2924 0.2603 0.0015 0.0349 0.3639 0.7319 – 0.2675 0.7883

November 0.2733 0.2253 0.5203 0.0310 0.0258 <0.0001 0.0014 0.0441 0.1469 0.2675 – 0.4004

December 0.0531 0.0403 0.8429 0.1866 0.1635 0.0006 0.0175 0.2396 0.5412 0.7883 0.4004 –

Values in bold denote statistical significance at the p < 0.05 level.
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in previous years (p = 0.1675). It should be emphasized that 
the mean duration of symptoms in patients hospitalized 
in March and April of 2020 was 9.67 ±5.63 days, though 
it was comparable both to the previous years (p = 0.0831), 
to the year 2019 (p = 0.8031), and to January and February 
of 2020 (p = 0.6149).

The  mean HbA1c level in  the  study group was 
11.79  ±2.63%. The  highest percentage of  HBA1c was 

found in children with T1D diagnosed between 2015 and 
2019 (12.08 ±2.83%), while the  lowest in patients hos-
pitalized from 2010 to 2014 (11.37 ±2.11%) (p = 0.0013). 
In patients with T1D diagnosed in period I, HbA1c level 
was 11.59 ±2.72%, while for those diagnosed in period II, 
it was 11.99 ±2.30% (p = 0.0391). The mean HbA1c  levels 
between periods I and III, as well as between periods II 
and IV were comparable (p > 0.05), while the mean HbA1c 

Fig. 4. Mean declared time of hyperglycemia symptoms before type 1 
diabetes diagnosis in the study periods

Fig. 3. Mean pH at the presentation of type 1 diabetes in the study 
periods

Fig. 2. Incidence rate of type 1 diabetes each month
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level between periods II and III and between periods I 
and IV differed significantly (p = 0.0125 and p = 0.0032, 
respectively) (Fig. 5). The mean HbA1c level in patients 
diagnosed with T1D in 2020 was 13.41 ±2.50%, which 
was higher than in  previous years (p  =  0.0003), in-
cluding the HbA1c level of patients diagnosed in 2019 
(12.17 ±3.0%; p = 0.0234). On the other hand, the HbA1c 
level in patients in whom T1D was confirmed in March 
and April of 2020 was 13.06 ±2.35% and did not differ 
from the mean HbA1c in patients diagnosed in previ-
ous years (p = 0.1171), including 2019 (p = 0.3620) and 
the period of 2020 before the COVID-19 pandemic was 
announced (p = 0.2915).

Discussion

Numerous studies have indicated an increase in the in-
cidence of T1D at a rate of about 3% per year.6 Epidemio-
logical studies carried out in Poland have also confirmed 
this trend, with the T1D IRs for some regions of the coun-
try being comparable to data from Western Europe and 
North America.7,8 Also, the current study found a two-
fold increase in the IR of T1D in children and adolescents 
in Lower Silesia over the last 20 years. It is noteworthy, 
however, that in the last 2 years, the IR has decreased: 
in 2019, it was the lowest in the last 5 years, and the forecast 
for 2020 is also lower than in previous years. The trend 
towards stabilization or even a slowdown in the growth 
of new cases of T1D has been observed in recent years 
in other countries, not only European ones. Recent reports 
have also indicated a certain cyclical incidence of diabetes 
and a periodic decrease in the IR.6,8 It is therefore possible 

that the current decrease in the incidence of T1D among 
Lower Silesian children, especially the lower IR in the cur-
rent year, may be due to cyclical fluctuations, as previously 
described by Chobot et al.9 On the other hand, the “silence” 
observed at our center regarding the diagnosis of new cases 
of T1D in children may be the result of avoiding contact 
with healthcare providers out of  fear of being infected 
with the new coronavirus, together with the seasonality 
of the incidence of T1D. 

The  role of  environmental factors in  the  pathogen-
esis of diabetes is indisputable and has been confirmed 
by the fact that the incidence of T1D – especially among 
older children – changes seasonally, decreasing signifi-
cantly in the summer months.10 The seasonality of the pre-
sentation of new cases of T1D was previously observed 
in the Lower Silesian population.11 Data from 20 years 
of observation confirms this trend. In the winter months, 
there are significantly more new cases of T1D in children 
and adolescents than in summer, and the IR in January 
and February covered, on average, 1/5 of all new diagnoses 
in a given year. In absolute numbers, the number of new 
cases of T1D in our center has been steadily decreasing 
since March; however, the IR for March was comparable 
to the IR for January and February, while the IR for April 
was significantly lower. A similar relationship can be ob-
served this year, although the IR for March 2020 is half that 
of the previous months and the lowest value for the month 
of March in the last 20 years.

On March 4, 2020 the first case of SARS-CoV-2 infec-
tion in Poland was diagnosed in a man travelling from 
Germany. On March 20, 2020, an epidemic was announced 
in the country; however, some restrictions were introduced 
a few days earlier, including the cancellation of mass events, 
the closure of national borders and obligatory quarantines 
for returnees. International rail and air transportation was 
suspended, domestic transportation was restricted, and 
schools, colleges, preschools, and nurseries were closed. 
On March 24, 2020, significant restrictions on movement 
were introduced: only trips to work, to grocery stores 
or pharmacies, or to help others were allowed. Children 
and adolescents up to 18 years of age could only leave home 
under adult supervision. We were constantly reminded 
of the need for social distancing.

At the same time, access to the healthcare system was 
limited, as all planned hospital admissions and surgical 
procedures were cancelled, and the activities of specialist 
outpatient clinics were limited to telemedicine consulta-
tions. Primary healthcare providers also carried out tele-
medicine consultations whenever possible. All of these 
measures were aimed not only at  limiting gatherings 
of people, but also at protecting healthcare workers and 
securing hospitalization in the situation of an uncontrolled 
outbreak.

Social distancing is the most important intervention 
in the case of an epidemic of a disease for which there is no 
cure or vaccination, as it aims to reduce the possibility 

Fig. 5. Mean HbA1c at type 1 diabetes presentation in the study periods
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of infection. It seems that – at least so far – the actions 
taken have had the intended effect, because in Poland there 
was no rapid increase in infections comparable to that 
seen in Italy, Spain or Great Britain.12 On the other hand, 
public opinion is that contact with the healthcare system 
has become associated with a high risk of infection, and 
as such, is limited and delayed.

However, the appearance of T1D in children usually 
takes a rapid course and has symptoms that are difficult 
to overlook, which (in a way) forces families to seek help 
from the healthcare system. Therefore, it was expected that 
the incidence of T1D in children in 2020 would be compa-
rable to that in previous years. According to the statistical 
comparison of IRs, this is indeed the case.

On the other hand, if parents and caregivers have de-
ferred contact with the healthcare system for fear of in-
fection with the new virus, the effect should be a dete-
rioration of the children’s condition at presentation (e.g., 
DKA) and a longer duration of hyperglycemia symptoms 
and higher HbA1c levels. Our study found that DKA was 
present in half of the children diagnosed with T1D during 
the pandemic. The pH of these children was significantly 
lower than that of children diagnosed in previous years 
and in the months preceding the COVID-19 pandemic. 
One of the children was in a diabetic coma, which had 
not been seen in our center since 2000. However, the de-
clared duration of symptoms was shorter and the level 
of HbA1c lower than in previous years, which would con-
tradict the thesis that parents are postponing contact with 
healthcare providers and, consequently, delaying diagnosis 
and treatment; it would rather indicate a more rapid course 
of the disease.

As with Middle East Respiratory Syndrome (MERS) in-
fection, diabetes is one of the factors determining a severe 
course and increased mortality in COVID-19. Data from 
the Centers for Disease Control and Prevention (CDC) 
registers indicate that patients with diabetes have a 50% 
higher risk of dying from SARS-CoV-2 infection than those 
without carbohydrate disorders.13 This is due to the fact 
that hyperglycemia alters the immune response, phagocy-
tosis, neutrophil chemotaxis, and cell-mediated immunity. 
Angiotensin 2 converting enzyme (ACE2) has been identi-
fied as the receptor for the main protein of SARS-CoV-2 
and is necessary for it to enter the host cell. The ACE2 mol-
ecule was proven to be anti-inflammatory and to protect 
against AH5N1 influenza infection. Acute hyperglycemia 
has been shown to increase ACE2 cell expression, facilitat-
ing SARS-CoV-2 infection. However, after the virus en-
ters the cell, ACE2 expression decreases, resulting in in-
creased susceptibility to the development of an excessive 
immune response and the occurrence of acute respiratory 
distress syndrome. It should be emphasized that a lower 
expression of anti-inflammatory ACE2 is also observed 
because of long-lasting poor metabolic control of diabetes. 
This may result in an excessive inflammatory response 
of the body and cell damage. Then, even a mild COVID-19 

infection in  patients with chronic hyperglycemia may 
cause excessive secretion of interleukin 6 (IL-6), IL-1b and 
tumor necrosis factor α (TNF-α), monocyte chemotactic 
protein 1 (MCP-1), and other cytokines, thus causing cy-
tokine release syndrome, a “cytokine storm” that leads 
to rapid deterioration of the patient’s health.14–16

The expression of ACE2 on pancreatic β cells may poten-
tially lead to β cell damage by the virus and result in insulin 
deficiency.17,18 In addition, it should be underlined that 
inflammation itself is a factor which causes a decrease 
in insulin sensitivity, and thus an increase in insulin de-
mand. Therefore, in insulinopenic conditions, this will 
result in a deterioration of metabolic control or faster dia-
betes manifestation, and potentially its more rapid course. 
Italian studies have indicated a higher incidence of DKA 
and of the severe form of the disease.19

Patients admitted to our center during the ongoing pan-
demic did not have any infections. This includes COVID-19, 
though due to the lack (at that time) of reliable serological 
tests for SARS-CoV-2, we could not determine whether 
our patients were infected before the presentation of dia-
betes. This is undoubtedly a limitation of this study. While 
a shorter duration of symptoms and a lower percentage 
of HbA1c indicate a worse clinical condition when diagnos-
ing diabetes, the higher rates of DKA and the significantly 
lower blood pH could indicate a more rapid course of the dis-
ease in these patients. Whether it was due to a COVID-19 
infection, needs to be determined in the future.

It should also be remembered that a viral infection trig-
ger an autoimmune reaction, leading to the presentation 
of T1D, as has already been seen with the coincidence 
of the outbreak of Coxsackie B5 virus in Jefferson County, 
Alabama in 1983 and an increase in T1D IR.20 However, 
to  test this hypothesis, an  analysis of  the  IR of  T1D 
in the following months and years needs to be performed.

Conclusions

The IR of T1D in Lower Silesian children in the months 
of the COVID-19 pandemic was comparable to previous 
years, while their clinical condition at the time of diagnosis 
was worse compared to previous years.
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Abstract
Background. The laparoscopic totally extraperitoneal inguinal hernia repair (TEP), unlike the Lichtenstein 
tension-free mesh repair, allows for inspecting the femoral canal area for the presence of an occult femoral 
hernia.

Objectives. To determine the incidence of an unsuspected femoral hernia in patients undergoing TEP repair.

Materials and methods. Data was collected prospectively from 180 patients (23 women) who underwent 
hernia repair, including examination of the femoral canal, between November 2017 and March 2019, and 
the incidence of a femoral hernia was determined. Correlations between the incidence of a femoral hernia 
and sex, age and the type of inguinal hernia diagnosed in the patients (indirect, direct, both indirect and 
direct) were assessed.

Results. Femoral hernias were found in 14 patients (7.77%). None of the hernias had previously been detected 
clinically. The incidence of a femoral hernia was higher in women (6/23, 26.07%) than in men (8/157, 5.09%). 
The incidence of a femoral hernia was higher in older patients: the average age of patients with a femoral 
hernia was 57.86 years (median: 60 years), whereas the average age of patients without a femoral hernia was 
49.92 years (median: 49 years). However, the correlation was not statistically significant. No correlation was 
found between the incidence of a femoral hernia and the type of inguinal hernia diagnosed in the patients 
(direct, indirect, both indirect and direct).

Conclusions. The TEP repair allows for detecting and repairing an occult femoral hernia.

Key words: unsuspected femoral hernia, occult hernia, laparoscopic totally extraperitoneal inguinal hernia 
repair
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Background

The Lichtenstein tension-free mesh repair and the laparo-
scopic totally extraperitoneal inguinal hernia repair (TEP) 
are the 2 most common methods of inguinal hernia repair. 
Each method has advantages over the other.1–3 The Lichten-
stein method does not require general anesthesia and is asso-
ciated with a shorter operating time compared with the TEP 
method of repair; it also involves a lower risk of complications 
and recurrence. The main advantages of the TEP method 
over the Lichtenstein method include better cosmetic results, 
a faster return to usual activities and a lower risk of chronic 
postoperative pain. One other advantage of the TEP method 
is that it allows for inspecting the femoral canal area for 
the presence of an occult femoral hernia. Routine inspec-
tion of the femoral canal is particularly crucial given the low 
clinical and sonographic detection rate of femoral hernias.4,5 
To inspect the femoral canal area, the preperitoneal space 
needs to be dissected in the area of iliac vessels. If an un-
suspected femoral hernia is found, it can be reduced, and 
the femoral canal can be secured with the same mesh that 
is used for inguinal hernia repair in the patient concerned. 

Objectives

The purpose of the study was to determine the incidence 
of femoral hernias found during TEP repair, with a particu-
lar focus on the femoral canal examination. One additional 
objective of the study was to verify to what extent age and 
sex are risk factors for a femoral hernia and to examine 
the correlation between the incidence of a femoral hernia 
and the type of an inguinal hernia diagnosed in the pa-
tients (indirect, direct, both indirect and direct).

Materials and methods

Data was collected prospectively from 180  patients 
(23 women) who underwent TEP hernia repair, including 
examination of the femoral canal, between November 2017 
and March 2019, and the incidence of a femoral hernia was 
determined. We used the following definition of ‘femoral 
hernia’ (after Old et al.)6: “[Femoral hernia is] any tissue pro-
truding through a well-defined myofascial defect”. Correla-
tions between the incidence of a femoral hernia and sex, age 
and the type of inguinal hernia diagnosed in the patients 
(indirect, direct, both indirect and direct) were assessed. 
To determine the relationships between variables in a nomi-
nal scale, the phi correlation coefficient (Φ) was calculated. 
The relationship between the ‘age’ variable (interval scale) and 
the ‘femoral hernia’ variable (nominal scale) was determined 
using the point-biserial the correlation coefficient. The sta-
tistical significance of the calculated correlation coefficients 
was examined – a level of significance of 0.05 was used. All 
the patients had given their signed consent for the procedure. 

As this is a standard procedure performed at our Center, 
no consent was sought from the relevant ethics committee.

Surgical procedure

During standard TEP repair, once the inguinal hernia 
was reduced, the surgeon dissected the preperitoneal space 
in the area of iliac vessels. Once the area was visualized, 
the surgeon assessed whether the femoral canal was closed 
or whether there was a femoral hernia emerging through it. 
If a femoral hernia was detected, the hernia sac was reduced 
from the femoral canal. In such a case, the mesh intended 
to prevent the inguinal hernia from recurring was shaped and 
positioned in such a way as also to secure the femoral canal. 
Small fat tissue fragments protruding through the femoral 
canal were not regarded as a hernia. The content of the femo-
ral canal was reduced only if the tissue appeared to be con-
nected with the peritoneum when pulled towards the bladder 
and the peritoneum with an instrument. Once the tissue was 
reduced, it was confirmed whether it was preperitoneal fat 
or a hernia. In other cases, where the tissue filling the femoral 
canal was not connected with the peritoneum or preperito-
neal fat, it was not removed from the opening.

Results

A total of 182 patients underwent TEP repair. Two pa-
tients were excluded from the study due to conversion 

Table 1. Characteristics of the study group

Variable Value %

Patients, n 182 –

Conversion to Lichtenstein repair, n 2 1.1

Patients included in the study, n 180 –

Average age [years] 50.53 –

Men, n 157 87.2

Women, n 23 12.8

Patients diagnosed with a femoral hernia, n 14 7.77

The average age of patients with a femoral hernia [years] 57.86 –

The average age of patients without a femoral hernia 
[years]

49.92 –

Men diagnosed with a femoral hernia, n 8 5.1

Women diagnosed with a femoral hernia, n 6 26.1

Indirect inguinal hernias  
(diagnosed with a femoral hernia), n

119
(9)

66.1 
(5.0)

Direct inguinal hernias  
(diagnosed with a femoral hernia), n

38
(4)

21.1 
(2.2)

Indirect and direct inguinal hernias  
(diagnosed with a femoral hernia), n

23
(1)

12.8 
(0.5)

Recurrent hernias, n 15 8.3

Patients with recurrent hernias 
(diagnosed with a femoral hernia), n

0 0

Complications, n 0 0



Adv Clin Exp Med. 2021;30(2):135–138 137

to Lichtenstein repair. Thus, 180 patients were included 
in  the  study (23  women). Detailed results are shown 
in Table 1.

Femoral hernias were found in  14  patients (7.77%) 
(Fig. 1,2). None of the hernias had previously been detected 

clinically. The incidence of femoral hernias was higher 
in  women (6/23, 26.07%) than in  men (8/157, 5.09%). 
The  difference was statistically significant (Φ  coeffi-
cient = −0.26; p = 0.003) (Fig. 3).

The incidence of femoral hernia was higher in older pa-
tients: the average age of patients with a femoral hernia 
was 57.86 years (median: 60 years), whereas the average 
age of patients without a femoral hernia was 49.92 years 
(median: 49  years). However, the  correlation was not 
statistically significant (point-biserial correlation coef-
ficient = 0.14, p = 0.064) (Fig. 4).

No correlation was found between the incidence of a fem-
oral hernia and the  type of  inguinal hernia diagnosed 
in the patients (direct, indirect, both indirect and direct).

Discussion

The TEP procedure for inguinal hernia repair offers 
a unique possibility to inspect the femoral canal area for 
the presence of an occult femoral hernia. It is all the more 

Fig. 1. Right femoral hernia 

A – right femoral hernia; B – pubic 
bone; C – epigastric vessels; 
D – deferent duct; E – testicular vessels.

Fig. 4. The incidence of unsuspected femoral hernias and age

Fig. 3. Unsuspected femoral hernias in men and women

Fig. 2. Left femoral hernia 

A – testicular vessels; B – deferent duct; C – femoral ring; D – left femoral 
hernia; E – pubic bone.
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important as the symptoms of a femoral hernia are often 
scarce, and thus difficult to detect (both clinically and so-
nographically).4,5 Different studies give various incidence 
rates of a femoral hernia. The incidence reported by Putnis 
et al., Dulucq et al. and Old et al. was 3.7% (19 of 484 pa-
tients),7 5.6% (19 of 337 patients)4 and 2.3% (32 of 1404 pa-
tients),6 respectively. In a study by Henriksen et al., the in-
cidence of a femoral hernia in patients with a recurrent 
hernia was 9.2%, whereas in patients diagnosed with a bilat-
eral inguinal hernia it was 3.8%.8 In turn, Waltz et al.9 dem-
onstrated that in a group of 250 men undergoing inguinal 
hernia repair, including bilateral exploration of the femo-
ral canal area, the incidence of a femoral hernia was 13%. 
In our study, the incidence of a femoral hernia was sig-
nificantly higher in women (26.07%) than in men (5.09%). 
Such a discrepancy was also observed by Putnis et al., who 
reported a femoral hernia in 37% of female patients and 
3% of male patients.7 This is also consistent with more 
general data, which indicates that a femoral hernia is much 
more common in women.10,11 Therefore, one of the pos-
sible reasons for the discrepancy between the results of our 
study and those obtained by other authors may be the fact 
that the patient groups analyzed had different proportions 
of male and female participants (e.g., in the study by Putnis 
et al.,7 95% of the patients studied were men and 5% were 
women, whereas in our study, the percentage was 87% and 
13%, respectively). The high incidence rate of a femoral her-
nia provides an additional argument for choosing the TEP 
method of repair over the Lichtenstein method, especially 
in high-risk patients, i.e., mainly women,12 but also in el-
derly patients. The symptoms of an undetected femoral 
hernia are also worth considering. Some patients after her-
nia repair complain about chronic pain.13 The symptoms 
are usually interpreted as being associated with the re-
paired inguinal hernia. Some studies indicate that patients 
after Lichtenstein repair are more likely to suffer from 
chronic pain than those undergoing TEP repair.14,15 One 
might speculate that in some of these patients, the chronic 
pain is due to the presence of a small occult femoral her-
nia. The evaluation of the femoral canal is a safe and fast 
procedure (it does not result in a significantly longer op-
erating time). Moreover, a femoral hernia detected during 
TEP inguinal hernia repair may be treated using a different 
arrangement of the same mesh that is utilized to repair 
the inguinal hernia in the patient concerned, which mini-
mizes the costs of the procedure.

Conclusions

One additional advantage of the TEP method of repair 
in patients surgically treated for an inguinal hernia is that 
it allows for detecting and repairing an occult femoral 

hernia. Given the discrepancies in the incidence of unsus-
pected femoral hernias found intraoperatively, it would be 
beneficial to examine the incidence rate of femoral hernias 
in a larger group of patients.
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Abstract
Background. Ischemic stroke, also known as cerebrovascular accident or cerebral stroke, occupies the first 
place in the world’s top 10 causes of death, with high incidence, mortality and disability rates.

Objectives. To investigate the effect of stilbene glycoside upregulated SIRT3/AMPK expression on neuronal 
mitochondrial autophagy and neuronal apoptosis in ischemic stroke.

Materials and methods. The PC12 cells were cultured without serum to construct an ischemic neuron 
model. The cells were divided into 6 groups: normal group (untreated cells), model group (ischemic treated 
cells), TSG group (stilbene glycoside treatment), NC group (SIRT3 and AMPK negative control treatment), si-
SIRT3 group (SIRT3 silencing treatment), TSG+si-SIRT3 group (joint treatment), and TSG+si-SIRT3+oe-AMPK 
group (joint treatment). Cell survival and the expression of related molecules were detected.

Results. Compared with normal group, the model group had significantly decreased cell survival rate, mi-
tochondrial membrane potential, as well as the expression of Bcl-2, LC3II/I, P62, PINK1, Parkin, SIRT3, AMPK, 
and p-AMPK, while showing significantly increased proportion of apoptosis and the expression of caspase 
3 and Bax. Compared with the model group, TSG treatment promoted cell survival rate and mitochondrial 
autophagy, and inhibited apoptosis, while SIRT3 silencing treatment reduced cell survival rate and mito-
chondrial autophagy, and increased apoptosis. The SIRT3 silencing could block the inhibitory effect of TSG 
on the apoptosis of ischemic PC12 cells and promote mitochondrial autophagy, and AMPK overexpression could 
save the apoptosis of ischemic PC12 cells caused by SIRT3 silencing, and promote mitochondrial autophagy.

Conclusions. By promoting the expression of SIRT3/AMPK, TSG promotes mitochondrial autophagy in isch-
emic neurons and inhibits their apoptosis.

Key words: apoptosis, PC12 cells, mitochondrial, ischemic, sirtuin 3
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Background

Ischemic stroke, also known as cerebrovascular accident 
or cerebral stroke, occupies the first place in the world’s 
top ten causes of death, with high incidence, mortality 
and disability rate.1,2 The  incidence of  ischemic stroke 
in the elderly is very high, and there is a trend of increas-
ing year by year, seriously threatening the life of patients 
in their later years.3,4 Ischemic stroke affects the supply 
of oxygen, sugar and blood in some brain tissues, which 
leads to the destruction of corresponding brain tissues.5,6

Current studies mainly consider inflammation, apopto-
sis, oxidative stress response and mitochondrial dysfunc-
tion of neurons as the main mechanisms of occurrence 
of ischemic stroke.7–9 At present, it is generally believed that 
apoptosis is the ultimate cause of ischemic stroke. After 
ischemic injury of neurons, on the one hand, caspase 3 can 
be activated to induce apoptosis,10 and on the other hand, 
Bcl-2 protein family can promote apoptosis by binding Bax 
and anti-apoptosis protein Bcl-2.11 Moreover, studies have 
found that autophagy occurs in neurons after ischemia 
and can maintain cell homeostasis through autophagy.12 
Mitochondrial autophagy is one of the ways of autophagy.13

Stilbene glycoside is one of the ingredients extracted 
from Polygonum multiflorum.14 Current studies have shown 
that stilbene glycoside can improve ischemia-reperfusion 
injury by inhibiting neuronal apoptosis, and the develop-
ment of ischemic stroke eventually leads to the occurrence 
of ischemia-reperfusion.15,16 However, in ischemic stroke, 
the specific molecular mechanism of stilbene glycoside 
improving neuronal damage is not yet clear.

SIRT3 is  a  member of  the  NAD+-dependent class 
III histone deacetylase, and as a mitochondrial histone 
deacetylase, has a significant inhibitory effect on tumors.17 
In addition, a study has shown that SIRT3 can activate 
downstream AMPK pathway after deacetylation.18,19 
AMPK is one of the typical protein kinases in eukaryotes 
and has a regulatory effect on mitochondrial autophagy.20 
However, the mechanism of SIRT3/AMPK on apoptosis and 
mitochondrial autophagy in ischemic stroke is not yet clear.

Objectives

In this study, we cultured PC12 cells of rats and treated 
them with hypoxia to simulate neuronal ischemic injury 
in vitro, and explored the mechanism of stilbene glycoside 
effect on ischemic neuron injury through drug treatment 
and transfection.

Methods
Cell culture

Rat PC12 cells were cultured and purchased from 
the  ATTC library (Manassas, USA). PC12 cells were 

cultured in Dulbecco’s modified Eagle’s medium (DMEM), 
in which 10% fetal bovine serum (FBS), 100 U/mL of peni-
cillin and 100 mg/mL of streptomycin were added. The cells 
were cultured at 37°C and 5% CO2.

Grouping

The  PC12 cells were divided into 6 groups: normal 
group (untreated cells), model group (ischemic-treated 
cells), NC group (SIRT3 and AMPK negative control treat-
ment), TSG group (stilbene glycoside treatment), si-SIRT3 
group (SIRT3 silencing treatment), TSG+si-SIRT3 group 
(joint treatment), and TSG+si-SIRT3+oe-AMPK group 
(SIRT3 silencing and AMPK overexpression joint treat-
ment). The  NC group, si-SIRT3 group, TSG+si-SIRT3 
group, and TSG+si-SIRT3+oe-AMPK group were all 
transfected with Lipofectamine 2000 (Invitrogen, Carls-
bad, USA) 24 h before modeling. The transfection steps 
were conducted according to the operation instructions 
of the kit. In the TSG group, TSG+si-SIRT3 group and 
TSG+si-SIRT3+oe-AMPK group, 10 μm/L of stilbene gly-
coside (6 wells and 2 mL/well) was added to the medium 
for culture, and the cells of other groups were added with 
the same amount of dimethyl sulfoxide (DMSO). The TSG 
was purchased from Nanjing Senberga Biotechnology Co., 
Ltd. (Nanjing, China), and the rest of the vectors were 
prepared by Wuhan Jinkairui Biological Engineering Co., 
Ltd (Wuhan, China). The cells were collected by centrifu-
gation at 350 g for 6 min. Then, the cells were washed 
twice with phosphate-buffered saline (PBS; sterile, pH 7.4). 
The normal group cells were resuspended and cultured 
in standard DMEM. The cells in other groups were re-
suspended in DMEM without glucose and cultured in air 
at 37°C, 5% CO2, 94% N2, and 1% O2 for 6 h under humid 
conditions. After 6 h of culture, the medium was replaced 
with standard DMEM to avoid the influence of secretions 
generated during the sugar-deficient treatment during 
the later experiment. The medium was then reoxygenated 
in a humid condition at 37°C, 5% CO2, and 95% air for 24 h. 
After centrifugation at 350 g for 6 min, cells were collected 
for subsequent experiments.

CCK-8 experiment

Cell proliferation was measured using a  cell count-
ing kit (Art. No. GM-040101-5; Dojindo, Gaithersburg, 
USA) according to kit instructions. Cells with logarith-
mic growth after transfection were taken, digested with 
trypsin, washed with PBS, and then suspended. Cells were 
transferred into 96-well plate by adjusting the cell con-
centration to 5 × 103 cells/μL. Each group was set up with 
6 double-hole, the cells were placed in 37°C and 5% CO2 
cell incubator, and cultured for 2 days continuously. For 
the last 4 h, 10 μL of CCK8 solution was added in each 
well. After 4 h of continuous culture, the optical density 
(OD) value was measured at the wavelength of 450 nm 
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on  a  spectrophotometer (model UV-1800A; Shanghai 
Meixi Instrument Co., Ltd., Shanghai, China). The number 
of living cells in different treatment groups was estimated 
based on the OD value, and the cell survival rate was cal-
culated. The experiment was repeated 3 times. The OD 
value was experimental group cell hole OD value after 
the subtraction of the blank hole cell OD value; the cell 
survival rate was the experimental hole OD value/parallel 
control hole OD value multiplied by 100%.

Flow cytometry

Cell apoptosis

The cells were collected 48 h after transfection and 
the cell concentration was adjusted to 1 × 106 cells/mL. Pre-
cooled ethanol solution with a volume fraction of 70% was 
added to fix the cells, and then they were stored overnight 
at 4°C. After washing twice with PBS, 100 μL of cell sus-
pension (no less than 106 cells/mL) was taken, and the cells 
were centrifuged and resuspended in 200 μL of binding 
buffer; then, 10 μL of Annexin V-FITC and 5 μL of PI were 
added and lightly mixed, and the mixture was kept out 
of  light for 15 min at room temperature. Then, 300 μL 
of binding buffer was added. Apoptosis was detected using 
flow cytometry (Attune NxT; Thermo Fisher Scientific, 
Waltham, USA) at the excitation wavelength of 488 nm.

Mitochondrial membrane potential detection

PC12 cells were collected and washed with PBS once, 
and 1 mL of PBS was added. Then, 200 μL of JC-1 staining 
working solution were added and mixed well. The cells 
was incubated at 37°C for 20 min in cell incubator. Mito-
chondrial membrane potential was detected with flow 
cytometry.

qRT-PCR

The  total RNA of  cells was extracted using Trizol. 
The primers were designed and synthesized by Shanghai 
Shenggong Biological Company (Shanghai, China; Table 1). 
The obtained RNA was reverse-transcripted into cDNA 
using PrimeScriPt RT kit (RR036A; TaKaRa Bio Inc., 
Kusatsu, Japan). The reverse transcriptional system was 
10 μL with the reaction conditions as follows: 37°C for 
15 min 3 times (reverse transcriptional reaction) and 85°C 
for 5 s. The fluorescent quantitative reverse-transcription 
polymerase chain reaction (qRT-PCR) was performed ac-
cording to  the manufacturer’s instructions for SYBR® 
Premix Ex TaqTM II kit (RR820A; TaKaRa). The ABI7500 
quantitative PCR instrument (7500; Applied Biosystems, 
Foster City, USA) was used for real-time quantitative PCR 
detection. The reaction conditions were: pre-denaturation 
at 95°C for 30 s, denaturation at 95°C for 5 s, annealing ex-
tension at 60°C for 30 s, and cycling 40 times. The relative 

transcription levels of caspase 3, Bax, Bcl-2, SIRT3 and 
AMPK were calculated using the  relative quantitative 
method (2−ΔΔCt method) and GAPDH was the  internal 
reference primer: 

ΔΔCt = ΔCt model group − ΔCt normal group, 

ΔCt = Ct (target gene) − Ct (internal reference), 

and the relative transcription level = 2−ΔΔCt.

Western blot

The RIPA lysate containing phenylmethylsulfonyl fluo-
ride (PMSF) was added to lysed cells and the total protein 
was obtained by centrifugation at 12,000 g  for 10 min 
at 4°C. After protein quantitative detection, 50 μg of pro-
tein was separated with electrophoresis on a 10% SDS-
PAGE gel and transferred to a polyvinylidene fluoride 
(PVDF) membrane. After being sealed with 5% skim milk 
at room temperature for 1 h, the PVDF membrane was 
rinsed with PBS for 2 min. The PVDF membrane was incu-
bated with diluted primary antibody rabbit anti-caspase3 
(ab133847; Abcam, Cambridge, USA), Bax (ab32503; Ab-
cam), Bcl-2 (ab196495; Abcam), SIRT3 (ab189860; Abcam), 
AMPK (ab80039; Abcam), p-AMPK (ab23875; Abcam), 
LC3II/I (ab128025; Abcam), P62 (ab91526; Abcam), PINK1 
(ab23707; Abcam), Parkin (ab233434; Abcam), and GAPDH 
(ab37168; Abcam) overnight at 4°C. After being washed 
with Tris-buffered saline with Tween 20 (TBST) 3 times, 
the PVDF membrane was incubated with 1:100 diluted 
horseradish peroxidase (HRP)-labeled secondary anti-goat 
anti-rabbit IgG antibody (ab150077; Abcam) for 1 h and 
washed with TBST 3 times for 10 min each. The membrane 
was developed using enhanced chemiluminescence (ECL) 
solution (ECL808-25; Biomiga, San Diego, USA). GAPDH 
was used as an internal reference, and the ratio of the gray 
value of the target band to the internal reference band was 
used as the relative expression of the protein. Each experi-
ment was repeated 3 times.

Table 1. Primer sequences

Name Sequence (5’-3’)

Caspase 3
F: AGTTGACGCTAAGCCAGACC

R: GCAGATCCTGCATCTTTGCG

Bax
F: TGGCGATGAACTGGACAACA

R: CACGGAAGAAGACCTCTCGG

Bcl-2
F: CCTCCCCAAACTGCTCAAGT

R: TCAGCTCCATGGCTAGTGCT

SIRT3
F: CCTGTCTGTACTGGCGTTGT

R: GGACTCAGAGCAAAGGACCC

AMPK
F: ATGACAACCACCACGGAGAT

R: AGAGAAGAGTCGGGAGACCC

GAPDH
F: TGTGAACGGATTTGGCCGTA

R: GATGGTGATGGGTTTCCCGT
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Statistical analyses

Data analysis and processing were performed with SPSS 
v. 21.0 (IBM Corp., Armonk, USA) software. All measure-
ment data were expressed as mean ± standard deviation 
(SD). Comparison between groups was performed with 
one-way analysis of variance (ANOVA) combined with 
post-hoc Bonferroni pairwise comparison test. The level 
of significant difference was set at p < 0.05.

Results

Cell proliferation in each group

To investigate the effects of stilbene glycoside and SIRT3/
AMPK on ischemic neurons, cell viability in each group 
was measured using CCK-8. The results showed that com-
pared with the normal group, the cell survival rates of model 
group were significantly decreased (p < 0.05). Compared with 
the model group, the cell survival rate of the TSG group was 
significantly higher, while that of the si-SIRT3 group was lower 
(p < 0.05), but there was no significant difference between 
the NC group and the TSG+si-SIRT3 group (p > 0.05). Com-
pared with the TSG group, the cell survival rate of the TSG+si-
SIRT3 group was lower. Compared with the TSG+si-SIRT3 
group, the cell survival rate of the TSG+si-SIRT3+oe-AMPK 
group was significantly higher (p < 0.05; Fig. 1).

Apoptosis in each group

The apoptosis rate of each group was detected using flow 
cytometry (Fig. 2A,B), and the expression of apoptosis-re-
lated factors caspase 3, Bax and Bcl-2 at the molecular level 
were detected with qRT-PCR and western blot (Fig. 2C–E). 

The results showed that compared with the normal group, 
the model group showed significantly increased apoptosis 
rate of cells, mRNA and protein expression of caspase 3 
and Bax, and significantly decreased expression of Bcl-2 
(p < 0.05). Compared with the model group, the TSG group 
had significantly decreased apoptosis rate and the mRNA 
and protein expression of caspase 3 and Bax, but signifi-
cantly increased expression of Bcl-2; however, the si-SIRT3 
group had opposite results in these indicators (p < 0.05), 
and there was no significant difference in these indica-
tors between the TSG+si-SIRT3 group and si-SIRT3+oe-
AMPK group (p > 0.05). Compared with the TSG group, 
the TSG+si-SIRT3 group had significantly increased apop-
tosis rate and expression of caspase 3 and Bax, but signifi-
cantly decreased expression of Bcl-2 (p < 0.05). Compared 
with the TSG+si-SIRT3 group, the TSG+si-SIRT3+oe-
AMPK group had significantly decreased apoptosis rate 
and the expression of caspase 3 and Bax, and significantly 
increased expression of Bcl-2 (p < 0.05).

Mitochondrial autophagy in each group

The  changes of  mitochondrial membrane poten-
tial in each group were detected using flow cytometry 
(Fig. 3A,B). The protein expression of autophagy-related 
genes LC3II/I, P62 and mitochondrial autophagy genes 
PINK1 and Parkin were detected with western blot 
(Fig. 3C,D). Compared with the normal group, the model 
group had significantly reduced mitochondrial mem-
brane potentials and the protein expression of LC3II/I, 
P62, PINK1, and Parkin (p  <  0.05). Compared with 
the model group, these indices were significantly increased 
in the TSG group, but significantly decreased in the si-
SIRT3 group (p  <  0.05), and there was no significant 
difference in each index of cells between the NC group 
and the TSG+si-SIRT3 group (p > 0.05). Compared with 
the TSG group, these indices were significantly reduced 
in the TSG+si-SIRT3 group (p < 0.05). Compared with 
TSG+si-SIRT3 group, these indices were significantly in-
creased in the TSG+si-SIRT3+oe-AMPK group (p < 0.05).

Expression of SIRT3/AMPK  
signaling pathway

The expression of SIRT3, AMPK and p-AMPK in each 
group was detected with qRT-PCR and western blot 
(Fig. 4). The results showed that the expression of SIRT3, 
AMPK and p-AMPK in the model group was significantly 
lower than in the normal group (p < 0.05). Compared with 
the model group, the expression of SIRT3, AMPK and 
p-AMPK was significantly increased in the TSG group, 
while the  si-SIRT3 group had significantly decreased 
expression of SIRT3 and p-AMPK (p < 0.05) and simi-
lar expression of AMPK (p > 0.05). Compared with TSG 
group, the TSG+si-SIRT3 group showed significantly de-
creased expression of SIRT3 and p-AMPK (p < 0.05), and 

Fig. 1. Statistical results of cell viability in each group

*p < 0.05 – compared with the normal group; #p < 0.05 – compared with 
the model group; &p < 0.05 – compared with the NC group; $p < 0.05 
– compared with the TSG group; @p < 0.05 – compared with the si-SIRT3 
group; Dp < 0.05 – compared with the TSG+si-SIRT3 group.
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similar expression of AMPK (p > 0.05). Compared with 
TSG+si-SIRT3 group, there was no significant difference 
in the expression of SIRT3 in TSG+si-SIRT3+oe-AMPK 
group (p > 0.05), and the expression of AMPK and p-AMPK 
was significantly increased (p < 0.05).

Discussion

At present, studies have shown that stilbene glycoside ex-
erts an improving effect on cerebral ischemia-reperfusion 
injury, and can inhibit neuronal apoptosis by affecting 
the expression of related proteins in the brain, thus pro-
tecting neurons in the brain.21,22 In this study, PC12 cells 
were treated with stilbene glycoside after 12 h of starva-
tion treatment in a serum-free environment. The results 
showed that the apoptosis of PC12 cells treated with stil-
bene glycoside was significantly decreased, while the mi-
tochondrial membrane potential and mitochondrial au-
tophagy were significantly increased. This suggests that 

stilbene glycoside can significantly alleviate the ischemic 
injury of neurons.

It is generally believed that SIRT3 is related to energy 
metabolism and cellular oxidation.23 It can regulate ad-
enosine triphosphate (ATP) production and affect mito-
chondrial membrane potential, and then inhibit apopto-
sis.24 Other studies have shown that SIRT3 can inhibit 
apoptosis by inhibiting Bax translocation. After SIRT3 
deacetylation, the phosphorylation level of AMPK was not 
affected.25,26 The AMPK, on the one hand, can accelerate 
the removal of reactive oxygen species (ROS) by reduc-
ing their formation, and improve the body environment; 
on the other hand, it can activate the expression of Bcl-2 
and inhibit apoptosis.27 In this study, we also confirmed 
that in ischemic-injured PC12 cells, after SIRT3 silencing, 
the cell survival rate was significantly decreased, the apop-
tosis rate was significantly increased and the mitochon-
drial autophagy was significantly decreased. Moreover, 
after the overexpression of AMPK, ischemic injury can 
be partially saved by reducing apoptosis and promoting 

Fig. 2. Effects of stilbene glycoside and SIRT3/AMPK on ischemic neuron apoptosis. A. Flow cytometry. B. Statistical results of apoptosis rate in each group. 
C. qRT-PCR detetion of mRNA expression of apoptosis-related factors in each group. D. Western blot. E. Protein expression of apoptosis-related factors 
in each group

*p < 0.05 – compared with the normal group; #p < 0.05 – compared with the model group; &p < 0.05 – compared with the NC group; $p < 0.05 – compared 
with the TSG group; @p < 0.05 – compared with the si-SIRT3 group; Dp < 0.05 – compared with the TSG+si-SIRT3 group.

20

15

10

5

0

2.0

1.5

1.0

0.5

0.0

4

3

2

1

0

normal
model
NC
TSG
si-SIRT3
TSG+si-SIRT3
TSG+si-SIRT3+oe-AMPK

caspase-3

Bax

Bcl-2

GAPDH

normal
model
NC
TSG
si-SIRT3
TSG+si-SIRT3
TSG+si-SIRT3+oe-AMPK

norm
al

model NC TSG
si-S

IRT3

TSG+si-S
IRT3

TSG+si-S
IRT3+oe-AMPK

norm
al

Bcl-2Bax

caspase 3
Bcl-2Bax

caspase 3

model NC TSG
si-S

IRT3

TSG+si-S
IRT3

TSG+si-S
IRT3+oe-AMPK

normal

PI
PI

model NC TSG

si-SIRT3

annexin-FITC annexin-FITC annexin-FITC

annexin-FITC annexin-FITC annexin-FITC annexin-FITC ap
op

to
tic

 ra
te

 [%
]

ex
pr

es
sio

n l
ev

el 
of

 m
RN

A

ex
pr

es
sio

n l
ev

el 
of

 m
RN

A

TSG+si-SIRT3 TSG+si-SIRT3+oe-AMPK

A

C D E

B



Y. Li et al. Stilbene glycoside upregulates SIRT3/AMPK144

Fig. 4. SIRT3/AMPK signaling pathway expression in each group. A. qRT-PCR detection of mRNA expression of SIRT3/AMPK signaling pathway factor in each 
group. B. Western blot. C. Protein expression of SIRT3/AMPK signaling pathway factor in each group

*p < 0.05 – compared with the normal group; #p < 0.05 – compared with the model group; &p < 0.05 – compared with the NC group; $p < 0.05 – compared 
with the TSG group; @p < 0.05 – compared with the si-SIRT3 group; Dp < 0.05 – compared with the TSG+si-SIRT3 group.

Fig. 3. Effect of stilbene glycoside and SIRT3/AMPK on ischemic neuron autophagy. A. Flow cytometry. B. Statistical results of mitochondrial membrane 
potential in each group. C. Western blot. D. Protein expression of autophagy marker factor and mitochondrial autophagy marker factor in each group

*p < 0.05 – compared with the normal group; #p < 0.05 – compared with the model group; &p < 0.05 – compared with the NC group; $p < 0.05 – compared 
with the TSG group; @p < 0.05 – compared with the si-SIRT3 group; Dp < 0.05 – compared with the TSG+si-SIRT3 group.
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mitochondrial autophagy. These results indicate that 
SIRT3/AMPK can promote mitochondrial autophagy and 
improve neuronal damage by inhibiting apoptosis.

In view of the similar effects of stilbene glycoside and 
SIRT3/AMPK on ischemic neurons, we speculated whether 
there was a regulatory relationship between stilbene gly-
coside and SIRT3/AMPK. We detected SIRT3/AMPK ex-
pression in model group and TSG group, and found that 
SIRT3 and p-AMPK expression in cells treated with stil-
bene glycoside were significantly increased. In order to fur-
ther explore the regulatory relationship between stilbene 
glycoside and SIRT3/AMPK, we treated PC12 cells with 
both stilbene glycoside and SIRT3 silencing, and com-
pared them with the group treated with stilbene glycoside 
alone. The results showed that after the joint treatment 
of stilbene glycoside and SIRT3 silencing, the cell survival 
rate was decreased, the apoptosis rate was increased and 
the mitochondrial autophagy was decreased. Moreover, 
there was no significant difference in the cell survival 
rate and apoptosis rate between them and the untreated 
ischemic PC12 cells. This suggests that SIRT3 can block 
the improvement effect of stilbene glycoside on ischemic 
neurons.

Conclusions

We found that stilbene glycoside can promote the ex-
pression of SIRT3/AMPK, thereby inhibiting the apoptosis 
of ischemic neurons, promoting mitochondrial autophagy 
and achieving the effect of  improving neuron damage. 
On the one hand, this study shed more light on the patho-
genesis of ischemic stroke and the influence mechanism 
of stilbene glycoside in ischemic stroke; on the other hand, 
it also clarified the effect of SIRT3/AMPK on mitochon-
drial autophagy and the effect of mitochondrial autophagy 
on neurons. However, we found that SIRT3 silencing did 
not completely block the improvement effect of stilbene 
glycosides on ischemic neurons, which means that stil-
bene glycosides can also improve ischemic neuron damage 
by affecting the expression of other factors. A study has 
shown that AMPK can regulate mitochondrial autophagy 
by regulating ULK1,28 but in this research, we did not study 
its specific mechanism in detail. Therefore, the regulatory 
mechanism of SIRT3/AMPK on mitochondrial autophagy 
in ischemic stroke is not yet clear.
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Abstract
Background. Resveratrol (RES) is a polyphenolic compound and natural phytoalexin that plays a potential 
role in various human diseases. Studies have confirmed that RES has an important function in cardioprotection.

Objectives. To investigate the effect of RES on HO-1 protein expression in rat heart after different duration 
of hypothermic preservation.

Materials and methods. The Langendorff model of isolated rat heart was used. After being stored in 4°C 
different Celsior solution for 9 h, Sprague–Dawley rats hearts were divided into 6 groups randomly: control 
group, 9 h group, 3 µM RES group, 10 µM RES group, 30 µM RES group, and 100 µM RES group. The mor-
phological changes of cardiomyocytes were detected with the hematoxylin & eosin (H&E) staining using 
a light microscope. The mRNA and protein expression of HO-1 were detected using reverse-transcription 
polymerase chain reaction (RT-PCR) and western blotting.

Results. Compared with the control group, cardiomyocytes were obviously injured in the 9 h group and 
the protein and mRNA expression of HO-1 were obviously decreased. Compared with the 9 h group, the mRNA 
and protein expression of HO-1 were increased in dose-dependent manner in the 3 µM RES, 10 µM RES and 
30 µM RES group. Compared with the 9 h group, rat myocardial injury was gradually alleviated in 3 µM RES, 
10 µM RES and 30 µM RES groups. However, the rat myocardial injury in the 100 µM RES group showed no 
more obvious improvement than in the 30 µM RES group.

Conclusions. In the isolated rat heart, RES protects cardiomyocytes against hypothermic preservation injury 
through increasing HO-1 protein expression.

Key words: HO-1, resveratrol, heart preservation
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Background

Resveratrol (RES) is  a  polyphenolic compound and 
natural phytoalexin that plays a potential role in various 
human diseases.1 Studies have confirmed that RES has 
an important role in cardioprotection.2 Heme oxygenase-1 
(HO-1) is a cytoprotective gene, also known as a graft sur-
vival gene, which has been used as a unique therapeutic 
target for organ transplantation in recent years.3 In this 
study, the isolated rat heart cryopreservation model was 
used to  observe the  effect of  RES on  cardiomyocytes 
in long-term cryopreserved hearts. We found that RES 
plays a protective role in isolated cryopreserved hearts 
by upregulating the expression of HO-1, which provides 
a theoretical basis for the effective improvement of donor 
heart preservation conditions in clinical practice.

Materials and methods

Animals

Healthy male Sprague–Dawley (SD) rats of SPF grade, 
weighing 200–250 g, were provided by the Experimental 
Animal Center of Wenzhou Medical University (Wenzhou, 
China), with the animal use license No. SYXK (Zhejiang) 
2010-0150. The animal work took place in Ultrasonic Im-
aging Department of First Affiliated Hospital of Wenzhou 
Medical University and was approved by the Ethics Com-
mittee of First  Affiliated Hospital of Wenzhou Medical 
University.

Main reagents

Primary antibodies (HO-1 antibody, β-action antibody) 
were purchased from Abcam (Cambridge, UK). Resvera-
trol was purchased from Sigma-Aldrich (St. Louis, USA). 
The  RIPA lysate was provided by  Shanghai Biyuntian 
Biotechnology Co., Ltd (Shanghai, China). Polyvinylidene 
difluoride membrane (PVDF membrane) was purchased 
from Millipore (Burlington, USA). Both bicinchoninic acid 
(BCA) protein quantification kit and chemiluminescent 
substrate (SuperSignal West Pico enhanced substrate, ECL) 
were obtained from Pierce (Dallas, USA). Resveratrol was 
dissolved in dimethyl sulfoxide (DMSO) before use, and 
the final concentration in DMSO was always less than 0.1%.

Celsior solution was used for cardiac arrest and pres-
ervation, and its composition and content were as  fol-
lows (mmol/L): NaOH 100, KCl 15, MgCl2 13, CaCl2 0.25, 
lactobionate 80, mannitor 60, histidine 30, glutamate 20, 
with pH 7.4, and osmolarity 320 mOsm/L.

Main methods

The preparation of hypothermic heart  
preservation model

Rats were adapted to feeding for 1 week and random-
ized into the following 6 groups with 6 rats in each group.

1. Control group (blank group): Isolated rat hearts 
were taken out quickly and the samples were retained for 
detection;

2. 9 h group (Celsior cryopreservation group): Isolated 
rat hearts were preserved in Celsior solution at 4°C for 9 h;

3. 3 µM RES group: Isolated rat hearts were preserved 
in Celsior solution containing 3 µmol/L RES for 9 h;

4. 10 µM RES group: Isolated rat hearts were preserved 
in Celsior solution containing 10 µmol/L RES for 9 h;

5. 30 µM RES group: Isolated rat hearts were preserved 
in Celsior solution containing 30 µmol/L RES for 9 h;

6. 100 µM RES group: Isolated rat hearts were preserved 
in Celsior solution containing 100 µmol/L RES for 9 h.

Langendorff perfusion and cryopreservation of isolated 
heart was performed according to the following procedure.

Rats were fasted overnight with free access to water 
before surgery. The abdominal cavity of rats was fixed 
and incised in dorsal position after cervical dislocation. 
The heart and large vessels were promptly exposed by tho-
racotomy. We cut the pulmonary veins, and then quickly 
removed the heart. The blood was removed in Krebs–
Henseleit (KH) solution at 4°C, and then transferred and 
fixed in Langendorff perfusion device rapidly. Conven-
tional retrograde constant pressure perfusion (76 mm Hg) 
was performed with modified KH solution. The compo-
sition of modified KH solution was as below (mmol/L): 
NaCl 118.9, KCl 4.69, CaCl2 2.2, KH2PO4 1.17, MgSO4 1.17, 
NaHCO3 17.9, EDTA 0.03, and glucose 9.99, with a pH 
of 7.4. The temperature was always maintained at 37°C 
during perfusion, and the perfusate was saturated with 
95% O2 and 5% CO2. After a balanced perfusion with KH 
solution for 30 min, perfusion with Celsior solution was 
performed at 4°C for less than 3 min. At the same time, 
the heart surface was cooled. After the cardiac arrest, 
the hearts in each group were stored in different Celsior 
preservation solutions at 4°C for 9 h for indicator detection.

Light microscopic observation of H&E staining

We observed the morphological changes of myocardial 
cells with hematoxylin & eosin (H&E) staining under light 
microscope. The full thickness myocardium of left ven-
tricular apex was cut and fixed with 4% paraformaldehyde, 
dehydrated, embedded with paraffin, sectioned, stained 
with H&E, and then observed under light microscope for 
the structure and morphological changes of the myocar-
dial tissue and myocardial fibers.
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Gene expression assay

Reverse transcription polymerase chain reaction 
(RT-PCR) was used for the gene expression assay. To-
tal RNA was extracted using Trizol method, and cDNA 
was obtained with reverse transcription using Thermo 
Fisher reverse transcription kit (Thermo Fisher Scientific, 
Waltham, USA) according to  the procedure. The PCR 
products were separated using a 2% agarose gel. Primer 
sequences can be seen in Table 1. The PCR reaction param-
eters were as follows: 1 μL of cDNA, 1 μL of each upstream 
and downstream primer, 12.5 μL of 2 × TaqPCR Master-
Mix, and deionized water with a final volume of 25 μL. 
Amplification was performed under the following condi-
tions: initial denaturation – 94°C for 3 min; PCR reaction 
– 94°C for 1 min; annealing for 1 min 30 s; and extension 
at 72°C for 5 min. Number of cycles was 33 and annealing 
temperature was 66°C.

Protein expression assay

We applied western blotting analysis for the protein ex-
pression assay. Specimens were lysed in RIPA lysis solution 
(1% phenylmethylsulfonyl fluoride (PMSF)) on ice, homog-
enized and centrifuged at 4°C to obtain the supernatant. 
Protein concentration was determined using the bicincho-
ninic acid assay (BCA) method. Thirty micrograms of pro-
tein were loaded, separated using 10% SDS-PAGE, trans-
ferred to PVDF membrane, blocked with 5% nonfat dry 
milk for 1 h, and then incubated with HO-1 primary anti-
body (1:500) at 4°C for 16–18 h. After washing on the next 
day, secondary antibody horseradish enzyme-conjugated 
goat anti-rabbit immunoglobulin G (IgG; 1:10,000) was 
added and shaken for 1 h at room temperature. Electro-
chemiluminescence (ECL) reaction, exposure, develop-
ment, and fixation were performed in the darkroom after 
washing. We also employed the digital gel imaging sys-
tem to take pictures, and then compared the gray values 
of target protein bands with internal reference β-action for 
the calculation of the relative gray values.

Statistical processing

All statistical analyses were performed using SPSS v. 18.0 
software (SPSS Inc., Chicago, USA). All data was expressed 
as mean ± standard deviation (SD). Comparisons among 
multiple groups were conducted with one-way analysis 

of variance (ANOVA), and those between groups were 
carried out using the least significant difference (LSD) 
method.

Results

Myocardial cells in each group after 
cryopreservation detected with H&E 
staining

In  the  control group, the  myocardial cells were ar-
ranged neatly, the cell morphological structure was basi-
cally normal and the nucleus was in the middle (Fig. 1A). 
In the 9 h group, the myocardial cells became shrunk and 
deformed and were disorganized, with its nucleus bor-
dered. The intercellular space was also widened (Fig. 1B). 
Compared with the 9 h group, the 3 μM RES, 10 μM RES 
and 30 μM RES groups exhibited significantly improved 
myocardial cell damage with the increase of RES concen-
tration. Among the groups, the damage improvement was 
more obvious in the 30 μM RES and 100 μM RES groups 
in comparison with the 10 μM RES group, with gradu-
ally normalized arrangement of myocardial cells, clearer 
boundaries, natural morphology, and abundant and uni-
form cytoplasm (Fig. 1C–F). Meanwhile, no more signifi-
cant improvement was observed in the 100 μM RES group 
compared to the 30 μM RES group (Fig. 1E,F).

HO-1 gene expression in each group

HO-1 mRNA expression was remarkable in the cyto-
plasm of myocardial tissue in the control group and was 
significantly downregulated in the 9 h group (p < 0.01). 
Compared with the 9 h group, the expression of HO-1 
mRNA in the 3 μM RES, 10 μM RES, 30 μM RES, and 
100 μM RES groups gradually went up with the increase 
of RES concentration (p < 0.01; Fig. 2).

HO-1 protein expression in each group

The condition of HO-1 protein expression was similar 
to the HO-1 mRNA expression in both control group and 
9 h group (p < 0.01). In comparison with the 9 h group, 
the protein expression of HO-1 in the 4 different concen-
tration RES groups was also gradually increasing with in-
creasing RES concentration (p < 0.01; Fig. 3).

Table 1. Sequences for primers

Gene name Primer sequence Product

HO-1
forward 5′-GCCCTGGAAGAGGAGATAGAG-3′

164 bp
reverse 5′-TAGTGCTGTGTGGCTGGTGT-3′

GAPDH
forward 5′-CAGTGCCAGCCTCGTCTCAT-3′

595 bp
reverse 5′-AGGGGCCATCCACAGTCTTC-3′
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Discussion

The key to a successful heart transplantation is to allevi-
ate the hypothermic preservation injury of donor heart.4 
Researchers have continued to adjust various components 
of heart preservation solution, such as the addition of oxygen 

free radical scavengers, calcium ion antagonists, plasma ac-
tive ingredients, nutrient matrix, etc., all of which improved 
the damage of heart during cryopreservation to varying 
degrees.5,6 Cell injury during long-term cryopreservation 
is a critical factor affecting organ recovery after trans-
plantation.7 During simple hypothermic preservation, 

Fig. 1. The H&E staining for morphological changes of cardiomyocytes with the light microscope (H&E, ×200 magnification)

A. Control group; B. 9 h group; C. 3 μM RES group; D. 10 μM RES group; E. 30 μM RES group; F. 100 μM RES group.
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the intracellular and extracellular ion imbalance due to hy-
poxia leads to cellular edema.8 At the same time, intracel-
lular anaerobic glycolysis is increased, intracellular acidosis 
occurs, and swelling and degeneration come up in cells due 
to ischemia and hypoxia. If effective drugs can be added 
to the preservation solution to reduce the cell damage caused 
by long-term cryopreservation, it may provide a new drug 
target for organ cryopreservation and improve the preser-
vation effect of donor heart during heart transplantation.9 
In this study, the purpose of adding RES in the preserva-
tion solution was to improve the damage of cells in the en-
vironment of hypothermic ischemia and hypoxia, reduce 

the damage caused by intracellular ion imbalance, acidosis 
and other changes, and try to maintain the state of cells 
in this condition.

Resveratrol has quite a  wide range of  biological ac-
tivities, including anti-cancer, anti-apoptotic, anti-aging, 
anti-insulin resistance, anti-oxidant, anti-arteriosclerosis, 
anti-inflammatory, anti-platelet, and anti-estrogen bioac-
tivities.10 It has positive significance for the prevention and 
treatment of heart disease, atherosclerosis, diabetes, and 
neurodegenerative diseases.11 Many studies have confirmed 
that RES plays an important role in cardioprotection.2,12 
The results showed that RES could protect suckling mice 
cardiomyocytes and human umbilical vein endothelial 
cells from injury.13 However, high concentration of RES 
(100 mM) produce toxicity on human umbilical vein endo-
thelial cells.14 During cryopreservation, the morphological 
changes of myocardial cells can directly reflect the dam-
age of myocardial tissue structure. The damage reflected 
by light microscopy results is manifested in the arrange-
ment and boundary of myocardial cells, cell contour, cell 
edema, or cell shrinkage. As measured using light micros-
copy and H&E staining, in this experiment, myocardial cell 
injury was more obvious in the 9 h group compared with 
the control group. These results indicated that long-term 
hypothermic preservation could lead to severe cardiac in-
jury in rats. The long-term hypothermic preservation model 
has been successfully constructed. However, in 3 μM RES, 
10 μM RES, 30 μM RES, and 100 μM RES groups, myo-
cardial cell injury was gradually alleviated compared with 
the 9 h group, which affirmed the protective role of RES 
during long-term hypothermic preservation of the heart. 
In the meantime, no significant improvement was observed 
in cardiac myocytes in the 30 µM RES and 100 µM RES 
groups. There are 2  possibilities for this phenomenon: 
100 µM of RES exerted a protective effect on cardiac myo-
cytes at a plateau close to 30 µM RES, or 100 µM of RES 
produced some toxicity to cardiac myocytes, partially coun-
teracting its protective effect. More experiments need to be 
conducted to confirm whether higher concentrations are 
toxic to cardiomyocytes.

Heme oxygenase-1 has been found to be closely associ-
ated with many diseases.15–17 Its upregulation reduces graft 
injury and can prevent chronic graft function loss after 
transplantation, hence it is known as a graft survival gene. 
The HO-1 overexpression is cytoprotective in transplan-
tation models such as rat heart.18 It has been found that 
RES can protect human hepatocytes from alcohol-induced 
injury to some extent, and its protective effect is associated 
with the induction of increased HO-1 enzyme activity.19 
Inducing the upregulation of HO-1 expression can sig-
nificantly reduce the injury of the transplanted liver and 
decrease the level of serum transaminases in the recipi-
ents,20 as well as dramatically prolong the duration of liver 
cryopreservation.21,22 Therefore, the  protective effect 
of HO-1 on liver transplantation was basically confirmed. 
However, there are only few studies on the effects of HO-1 

Fig. 3. Changes in HO-1 protein expression in hypothermic preserved rat 
hearts (n = 6) 

A. Representative blots of HO-1 protein expression; B. Densitometric 
analysis shows the expression of HO-1 protein.
&& p < 0.01 compared to the control group; **p < 0.01 compared 
to the 9 h group.

Fig. 2. Changes in HO-1 mRNA expression in hypothermic preserved rat 
hearts (n = 6) 

A. Representative blots of HO-1 mRNA expression; B. Densitometric 
analysis shows the expression of HO-1 mRNA.
&&p < 0.01 compared to the control group; **p < 0.01 compare 
to the 9 h group.
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on heart transplantation. Recombinant adeno-associated 
virus (rAAV)-mediated HO-1 gene transfer has been found 
to be a novel therapeutic approach for chronic allograft 
injury in clinical heart transplantation. In this experiment, 
the expression of HO-1 in the 9 h group compared with 
the control group was remarkably decreased, and H&E 
staining showed that the myocardial cell injury was obvi-
ous. This result proves the protective role of HO-1 and 
the regulation of HO-1 by RES is involved in the protective 
effect of long-term hypothermic preservation of the heart.

Conclusions

We believe that RES plays a pivotal role in protecting 
the isolated cryopreserved hearts by upregulating HO-1.
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Abstract
Background. The new coronavirus pneumonia (NCP, COVID-19) outbreak began in Wuhan in December 
2019. The new coronavirus (2019 novel coronavirus (2019-nCoV)) can cause multiple organ damage, mainly 
to lung tissue, and induce inflammation in the body.

Objectives. To investigate the changes of high-density lipoprotein (HDL) level in patients with COVID-19 
and assess its value in the evaluation and prognosis of this disease.

Materials and methods. This paper is a cross-sectional retrospective study. Eighty-six severe COVID-19 pa-
tients, 132 non-severe COVID-19 patients and 76 healthy individuals (control group) were recruited to mea-
sure triglyceride (TG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), and low-density 
lipoprotein cholesterol (LDL-C) using enzyme-coupled colorimetry.

Results. The serum HDL-C level in COVID-19 group was 1.02 ±0.28 mmol/L which was significantly lower 
than in control group (1.52 ±0.55 mmol/L) (p < 0.05). In addition, the serum HDL-C level in severe COVID-19 
group was 0.83 ±1.67 mmol/L, which was significantly lower than that in non-severe COVID-19 group 
(1.15 ±0.27 mmol/L) (p < 0.05).

Conclusions. Changes in HDL levels in patients with COVID-19 can reflect the severity of the disease and 
have a clinical significance in establishing the prognosis.

Key words: blood lipids, critical illness, new coronavirus pneumonia, high-density lipoprotein cholesterol
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Background

The new coronavirus pneumonia (NCP, COVID-19) out-
break began in Wuhan in December 2019.1 It can cause 
multiple organ damage, mainly to lung tissue, and induce 
inflammation in the body.1,2 In recent years, more and 
more studies have shown that plasma high-density lipo-
protein (HDL) not only participates in reverse transport 
of cholesterol, but also widely affects the inflammatory 
response of the body.3

Objectives

The purpose of this study was to analyze the changes 
of HDL levels in patients with COVID-19 and the clinical 
value of this measurement in the evaluation and prognosis 
of this disease.

Materials and methods

General information

Cross-sectional retrospective analysis was performed 
in the present study. All cases were divided into 3 groups: 
severe COVID-19 group, non-severe COVID-19 group and 
healthy control group. The severe group included 86 pa-
tients with severe/critical COVID-19, of an average age 
of 54.36 ±12.61 years, while the non-severe group con-
sisted of 132 mild COVID-19 patients, of an average age 
of 44.02 ±17.13 years. Seventy-six healthy individuals with 
an average age of 47.73 ±8.68 years, receiving medical ex-
aminations, served as the healthy control group. The ex-
clusion criteria were as follows: malignant tumors, severe 
head trauma and other diseases. This study was approved 
by the ethics committee of our hospital and all participants 
signed the informed consent prior to the study.

Diagnostic criteria  
and classification criteria

All COVID-19 patients enrolled met the diagnostic cri-
teria of the New Coronavirus Pneumonia Diagnosis and 
Treatment Program (trial version 7) issued by the National 
Health Commission of China on March 4, 2020.4 All cases 
were confirmed using the new coronavirus nucleic acid test 
through real-time fluorescent reverse-transcription poly-
merase chain reaction (RT-PCR). Patients were classified 
according to the new version of the diagnosis and treatment 
plan into the following categories: 1) light or mild clinical 
symptoms, no pneumonia manifestations in the imaging; 
2) common type of the disease, with symptoms of fever, 
respiratory tract, etc. (pneumonia visible in the imaging); 
3) severe disease, meeting any of the following criteria: 

shortness of breath, breathing frequency ≥30 times/min; 
blood oxygen saturation (SO2) ≤93%; arterial blood oxygen 
partial pressure (PaO2)/oxygen absorption concentration 
(FiO2) ≤300 mm Hg at rest; 4) critical form of the disease, 
meeting any of the following criteria: respiratory failure, 
mechanical ventilation required; shock (or combined with 
other organ failure), requiring intensive care unit (ICU) 
treatment.

Research methods

Cases that met the diagnostic criteria for new coronavi-
rus pneumonia were classified according to the New Coro-
navirus Pneumonia Diagnosis and Treatment Program 
(trial version 7), and patients from categories 1 and 2 were 
included into the non-severe group, while patients from 
categories 3 and 4 were included into the severe group. 
Venous blood was collected from all enrolled subjects 
on the 1st day of admission to measure triglycerides (TG), 
total cholesterol (TC), high-density lipoprotein cholesterol 
(HDL-C), and low-density lipoprotein cholesterol (LDL-C) 
levels using enzyme-coupled colorimetric method.

Statistical processing

The statistical analysis was carried out using SPSS v. 20.0 
software (IBM Corp., Armonk, USA). The countable data 
was expressed as a percentage and assessed with a χ2 test. 
The measurement data was displayed as mean ± standard de-
viation (SD) and evaluated with the Student’s t-test. A value 
of p < 0.05 indicated statistically significant difference.

Results

The  serum HDL-C levels in  the  COVID-19 group 
and healthy control group were 1.02 ±0.28 mmol/L and 
1.52  ±0.55  mmol/L, respectively. After data was ana-
lyzed using the Student’s t-test, the serum HDL-C lev-
els in the COVID-19 group turned out to be significantly 

Table 1. Comparison of blood routine, blood glucose and blood lipid 
results between COVID-19 group and healthy control group

Parameters COVID-19 
group

Healthy 
control group

Age [years] 48.19 ±16.33 47.73 ±8.68

White blood cells [×109/L] 6.77 ±3.59 6.14 ±2.05

Absolute value of lymphocytes [×109/L] 1.09 ±0.81 1.92 ±0.74

Absolute value of neutrophils [×109/L] 5.21 ±3.59 3.56 ±1.33

Total cholesterol [mmol/L] 3.81 ±0.82a 4.64 ±1.00

Triglyceride [mmol/L] 1.42 ±1.38a 1.64 ±1.12

High-density lipoprotein [mmol/L] 1.02 ±0.28a 1.52 ±0.55

Low-density lipoprotein [mmol/L] 2.46 ±0.77a 2.55 ±0.75
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lower than those in the healthy control group (p < 0.05) 
(Table 1). The HDL-C levels in severe COVID-19 group 
and non-severe COVID-19 group were 0.83 ±1.67 mmol/L 
and 1.15 ±0.27 mmol/L, respectively. The HDL-C level 
in  the non-severe group was significantly higher than 
in the severe group, and the statistical results were sig-
nificantly different (p < 0.05) (Table 2).

Discussion

The COVID-19 is caused by a new coronavirus (2019-
nCoV) infection and the  disease progresses rapidly. 
At the same time, general population susceptibility and sig-
nificant infectivity can be observed.5 A number of studies 
have shown that 2019-nCoV can induce a cytokine storm 
after invading the body and aggravating the inflammatory 
response. Interleukin 2 (IL-2), granulocyte colony stimulat-
ing factor (G-SCF) and macrophage inflammatory protein 
(MIP-1a) as well as tumor necrosis factor α (TNF-α) and 
other inflammatory factors have increased to varying de-
gree in patients’ plasma.6,7 The COVID-19 is mainly caused 
by lung tissue lesions and patients present abnormally in-
creased inflammatory factors, leading to overactivation 
of immune cells, which accumulate and activate in the lung 
tissue, resulting in diffuse damage to pulmonary capillary 
endothelial cells and alveolar epithelial cells. Pulmonary 
damage produces in turn a large amount of  inflamma-
tory exudate that eventually blocks the bronchial tubes 
at  all levels, causing continuing deterioration of  lung 
function, leading to acute respiratory distress syndrome 
(ARDS) and respiratory failure.7,8 The results of our study 
showed that the  level of HDL-C in  the COVID-19 pa-
tients was significantly lower than in the healthy control 
group (p < 0.05). At the same time, the level of HDL-C 
in the severe COVID-19 group was significantly lower than 
in the non-severe COVID-19 (p < 0.05). This shows that 
blood lipid levels, especially HDL-C levels, vary in patients 
with COVID-19. The severity of this disease can affect 
the fluctuation of HDL-C levels. Severe COVID-19 patients 
have significantly lower HDL-C levels than non-severe 
patients. Therefore, the changes of HDL-C level can be 
used as a predictor of the severity of COVID-19.

Among various lipoproteins in  the  body, HDL has 
the smallest volume and the highest density. It mainly re-
verses cholesterol from the peripheral tissues to the liver 
for further recycling or excretion in the form of cholic 

acid.9 However, in recent years, the role of HDL in inflam-
matory infection has been gradually better understood. 
Some studies have shown that HDL can prevent the ac-
tivation of peripheral blood monocytes and macrophages 
lipopolysaccharides (LPS) and lipid wall phosphates (LTA), 
thereby reducing TNF-α and interleukin 1β (IL-lβ) syn-
thesis and secretion.10 When the body is  infected, LPS, 
which constitute the main component of endotoxin, are 
released from the outer cell membrane to form a complex 
with HDL, thereby achieving the effect of neutralizing 
toxicity and reducing inflammation; HDL levels also de-
crease.11 The HDL and LPS are combined and consumed 
in the body. Once exhausted, the patient’s inflammatory 
response is difficult to be effectively controlled, eventu-
ally leading to multiple organ dysfunction or even death.

Many studies have shown that HDL can inhibit the com-
bination of various types of viruses and host cells, including 
enveloped and non-enveloped DNA and RNA viruses, such 
as Japanese encephalitis virus, rubella virus, Epstein–Barr 
virus, herpes simplex virus, human immunodeficiency 
virus (HIV), coxsackievirus, , poliovirus, and other viruses. 
In the early stage of viral infection, HDL exerted antiviral 
activity, mainly inhibiting the penetration of the virus into 
the cells after it was adsorbed.12 Another study showed 
that the  function of HDL isolated from mice infected 
with influenza A is impaired and its anti-inflammatory 
and antioxidant properties are reduced13; further injec-
tion of D-4F ApoAI mimic peptide into infected mice 
can reduce the  inflammation in  the  lungs and inhibit 
the production of IL-6 and prevent macrophages from 
entering the arteries.14 The D-4F ApoAI mimic peptide 
also has antiviral activity and can reduce influenza virus 
titer by 50%.15 The above research provides new ideas for 
inhibiting 2019-nCoV. Perhaps exogenous HDL can be 
used as a kind of antiviral treatment. It also proves that 
the level of HDL in patients with COVID-19 can reflect 
the disease severity.

The HDL synthesis occurs mainly through the liver and 
small intestine, and most of the severe COVID-19 patients 
have impaired liver function and small intestinal mucosal 
ischemia, so HDL synthesis is also reduced; at the same 
time, intake of large amounts of carbonate compounds can 
accelerate the decomposition of proteins in HDL.16 There-
fore, treatment of severe COVID-19 patients should include 
maintaining liver and intestinal mucosal function, and ap-
propriately reducing carbohydrate intake, so as to ensure 
the synthesis of HDL and improve the prognosis.

Table 2. Comparison of blood lipid results in severe group, non-severe group and healthy control group

Group Number  
of patients

TC
[mmol/L]

TG
[mmol/L]

HDL-C
[mmol/L]

LDL-C
[mmol/L]

Severe 86 3.65 ±0.75 1.91 ±1.87 0.83 ±1.67 2.32 ±0.71

Non-severe 132 3.93 ±0.84 1.1 ±0.79 1.15 ±0.27* 2.56 ±0.81

Healthy control 76 4.64 ±1.01 1.64 ±1.12 1.52 ±0.55** 2.55 ±0.75

* compared with the severe group (p < 0.05); ** compared with the non-severe group (p < 0.05).
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Conclusions

The HDL, as part of the natural immunity of the body, 
has antiviral and anti-inflammatory properties. The results 
of this study show that changes in HDL levels in patients 
with COVID-19 can reflect the disease severity and have 
clinical significance in assessing the prognosis. The lower 
HDL-C levels, the worse the prognosis. At the same time, 
HDL-C has certain application prospects in the treatment 
of COVID-19. This study demonstrated the change of HDL 
levels in patients with COVID-19, providing an impor-
tant reference for the clinical diagnosis and treatment. 
However, other potential biomarkers need to be further 
investigated to enable a comprehensive understanding 
of COVID-19.
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Abstract
Background. This study investigated liver expression of paraoxonase 3 (PON3), phosphatidylinositol 3-kinase 
(PI3K), protein kinase B (Akt), and nuclear factor (NF)-κB in a rat model of type-2 diabetes mellitus (T2DM), 
and assessed the effect of liraglutide treatment.

Objectives. To investigate liver PON3 expression in rats withT2DM assess its role in disease pathogenesis, 
and determine the effect of liraglutide on its expression.

Materials and methods. Type 2 diabetes mellitus was induced in 3 groups of rats: positive control group 
(PC; no treatment), and low-dose (LL; 100 μg/kg) and high-dose (HL; 200 μg/kg) liraglutide groups. Healthy 
rats served as a normal control (NC) group. Protein and mRNA expression were measured with western blot 
and reverse-transcriptase polymerase chain reaction (RT-PCR), respectively.

Results. After liraglutide treatment, fasting plasma glucose (FPG), homeostasis model assessment-insulin 
resistance (HOMA-IR), fasting insulin (FINS), malondialdehyde (MDA), and interleukin 6 (IL-6) levels were 
lower in HL rats compared with LL ones (p < 0.05). Compared to NC rats, FPG, FINS, HOMA-IR, low-density 
lipoprotein cholesterol (LDL-C), triglyceride (TG), and IL-6 levels were the lowest in HL rats, followed by LL 
and PC ones (p < 0.05). Body weight (BW) was lower in LL and HL groups than in NC and PC (p < 0.05). 
The liver expression of PON3, PI3K and Akt were the highest in HL rats, followed by LL and PC (p < 0.05). 
The NF-κB expression was the lowest in HL rats, followed by LL and PC (p < 0.05). The PON3 expression 
was decreased in the diabetic rat liver.

Conclusions. Liraglutide can increase PI3K, Akt and PON3 expression, and decrease NF-κB expression. 
The effect of liraglutide on improving insulin resistance and abnormal glucolipid metabolism in T2DM rats 
may be associated with increased liver PON3 expression.

Key words: type 2 diabetes mellitus, liraglutide, paraoxonase 3, proprotein convertase subtilisin 9
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Background

Paraoxonase 3 (PON3), a  newly discovered member 
of  the paraoxonase family, is closely related to  insulin 
resistance, lipid metabolism and obesity.1,2 It has an in-
hibitory effect on inflammatory factors and can improve 
insulin resistance.3 Phosphatidylinositol 3-kinase (PI3K) 
and protein kinase B (Akt) play a role in regulating PON3 
expression.4

As a long-acting analog of glucagon-like peptide-1 (GLP-1), 
liraglutide has the same physiological effects as natural 
GLP-1 through molecular modification, and these are per-
sistent due to its long half-life low decomposition rate. Li-
raglutide is used as a potent hypoglycemic agent in clinical 
practice, and has been shown to reduce body mass index 
(BMI) and improve insulin resistance.5 Moreover, it can 
significantly improve dysfunctional glycolipid metabolism 
in metabolic diseases and reduce diabetes complications. 
It has also been found to increase PI3K and Akt expression 
and inhibit inflammation.6–8

Objectives

The aim of this study was to investigate liver PON3 ex-
pression in rats with type 2 diabetes mellitus (T2DM), 
assess its role in disease pathogenesis and determine the ef-
fect of liraglutide on its expression.

Materials and methods

Materials

Test materials were: streptozotocin (STZ) (Sigma-Aldrich, 
St. Louis, USA); peroxisome proliferator-activated receptor 
gamma coactivator 1-alpha (PGC-1α), irisin primers, and 
glyceraldehyde 3-phosphate dehydrogenase (GADPH) prim-
ers (Boster, Wuhan, China); primary antibodies (Protein-
tech, Rosemont, USA); and secondary antibodies (Boster). 
A reverse transcription polymerase chain reaction (RT-PCR) 
kit was purchased from Invitrogen (Carlsbad, USA).

Methods

Forty-four four-week-old, specific pathogen-free, male 
Sprague–Dawley rats weighing 190–210 g were purchased 
from the Experimental Animal Center of Wuhan University, 
China (animal certificate No. SCXK (E) 2017-0012). All rats 
were kept in specific pathogen-free rooms controlled for tem-
perature (22–26°C) and humidity (40–70%), with 12-hour 
light/dark light cycle and free access to food and drinking 
water except during the experiments. Following 7 days of ac-
climatization, rats were randomly divided into a normal con-
trol (NC) group (n = 10) and experimental group (n = 34). 
The NC rats were fed a normal diet, and experimental rats 

received a high-fat diet for 2 weeks. Subsequently, T2DM was 
induced in the experimental rats by ip. administration of STZ 
(40 mg/kg body weight (BW) Seventy-two hours after STZ 
administration a total of 30 out of 34 rats had glucose lev-
els ≥16.7 mmol/L and were considered diabetic. Diabetic rats 
were fed a high-fat diet for another 2 weeks and randomly 
divided into 3 treatment groups (n = 10 each): positive control 
(PC; no treatment) group, and low-dose liraglutide (LL) and 
high-dose liraglutide (HL) groups. The LL and HL rats were 
given intraperitoneal injections of liraglutide 100 μg/kg/day 
and 200 μg/kg/day, respectively,8 for 4 weeks. The NC and 
PC rats were ip. injected with the same volume of normal 
saline for 4 weeks.

Sample collection

Tail vein blood was collected from each of the control and 
diabetic rats and stored at −80°C for later use after T2DM 
was confirmed. At the end of week 17, tail vein blood was 
collected again from each of the control and diabetic rats 
fasted for 12 h and anesthetized with pentobarbital. Liver 
tissue was promptly excised from anesthetized rats and 
washed with normal saline (NaCl 0.9%) after blood collec-
tion. The harvested tissues were then dried using filter pa-
per and stored at –80°C. Fasting plasma glucose (FPG) was 
measured using a glucometer (Johnson & Johnson, New 
Brunswick, USA). Plasma levels of high-density lipo protein 
cholesterol (HDL-C), low-density lipoprotein cholesterol 
(LDL-C), total cholesterol (TC), and triglyceride (TG) 
were measured using an Abbott C8000 automatic ana-
lyzer ( Abbott Laboratories, Chicago, USA). Interleukin 6 
(IL-6) was measured with a enzyme-linked immunosorbent 
assay (ELISA; Boster) using a Biotek ELx800 microplate 
reader (BioTek, Winooski, USA). Insulin was determined 
using electrochemiluminescence (Cobas e411 autoana-
lyzer; Roche, Basel, Switzerland). Malondialdehyde (MDA) 
assay kits were purchased from Jiancheng (Nanjing, China). 
Fasting insulin (FINS) was assessed with a double antibody 
radioimmunoassay. Homeostasis model assessment-insulin 
resistance (HOMA-IR) was computed as FBG × FIN/22.5.

Liraglutide (3 mL) was purchased from Novo Nordisk 
(Bagsværd, Denmark). The basal diet was composed of sor-
ghum flour, soy flour, corn flour, cod liver oil, wheat bran, 
multivitamins, and trace elements, with a fat content of 4% 
(HFK Bioscience, Beijing, China). The high-fat feed con-
tained lard oil, cholesterol, egg yolk powder, and deoxycho-
late in addition to the basal diet (carbohydrate 30.01%, pro-
tein 16.24%, fat 53.75%, total calories 486 kcal/100 g; Boster).

Determination of liver PON3, PI3K, Akt, 
and NF-κB mRNA expression using RT-PCR

PON3, PI3K/Akt and NF-κB mRNA expression were 
determined using a  nucleic acid/protein analyzer. For 
RNA extraction, 1  mL of  TRIzol reagent was added 
to about 100 mg of  fresh frozen liver tissue according 
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to the single-step TRIzol method. The RNA concentration 
and purity were determined. The cDNA was synthesized 
from the same amount of RNA. An appropriate amount 
of cDNA was then amplified using PCR.

Determination of PON3, Akt and NF-κB 
protein expression using western blot

A small amount of  liver tissue was placed in a 1-mL 
or  2-mL homogenizer, minced with scissors, mixed 
with 400 μL of single-detergent lysis buffer (containing 
phenylmethylsulfonyl fluoride (PMSF)), homogenized, 
and placed on ice. After a  few minutes, the tissue was 
ground and then placed on ice again. This step was re-
peated several times to obtain the desired fineness. After 
lysis for 30 min, the lysate was transferred to a 1.5-mL 
centrifuge tube with a pipette and centrifuged at 12,000 
rpm for 5 min at 4°C. The supernatant was aliquoted into 
0.5-mL centrifuge tubes and stored at −20°C. Signals gen-
erated by horseradish peroxidase (HRP)-conjugated an-
tibodies were visualized using an enhanced chemilumi-
nescence detection system and exposed on Kodak X-ray 

film (Eastman Kodak, Rocherster, USA). Protein band 
intensities were quantified with densitometric analysis 
using BandScan v. 4.3 software (Glyko, Shanghai, China) 
and corrected to GAPDH levels.

Statistical analysis

Statistical analysis was performed using SPSS v. 17.0 soft-
ware (SPSS Inc., Chicago, USA). All data was expressed 
as x ±s. Differences between groups were analyzed using 
one-way analysis of variance (ANOVA). The least signifi-
cant difference (LSD) t-test was used for comparisons be-
tween the 2 groups. For all tests, p < 0.05 was considered 
statistically significant.

Results

Figure 1 shows the relationship between FBG, HOMA-IR 
and FINS levels before and after liraglutide treatment. 
Significantly higher FBG, HOMA-IR and FINS levels 
were found in PC, LL and HL rats compared to NC rats 

Fig. 1. FBG, HOMA-IR and FINS levels before and after liraglutide treatment

# p < 0.05 compared to NC rats before treatment; r p < 0.05 compared to NC rats after treatment; p p < 0.05 compared to PC rats after treatment; 
× p < 0.05 before and after treatment.
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(p < 0.05) before treatment. However, after treatment, these 
levels were significantly lower in HL rats than in LL rats 
(p < 0.05).

Figure 2 shows LDL-C, TG, TC, and HDL-C levels and 
BW before and after liraglutide treatment. A significantly 
higher TG level and BW were found in PC, LL and HL rats 
compared to NC rats (p < 0.05) before treatment. Neverthe-
less, BW was lower in LL and HL rats than in NC and PC 
rats after treatment, but no significant higher TC levels 
was found in HL rats than in LL rats (p > 0.05).

Figure 3 presents IL-6 and MDA levels before and after 
liraglutide treatment. Significantly higher IL-6 and MDA 
levels were detected in PC, LL and HL rats compared to NC 
rats (p < 0.05) before treatment, yet significantly lower 
in HL rats than in LL rats (p < 0.05) after treatment. Com-
pared to NC rats, FPG, FINS, HOMA-IR, LDL-C, TG, and 
IL-6 levels were the lowest in HL rats, followed by LL and 
PC rats (p < 0.05).

Figures 4–6 depict liver PI3K, Akt protein, liver PON3 
protein, liver NF-κB protein, and mRNA expression in each 

Fig. 5. Liver PON3 protein and mRNA expression 
in each group

# p < 0.05 compared to NC rats before treatment; 
r p < 0.05 compared to NC rats after treatment; 
p p < 0.05 compared to PC rats after treatment; 
× p < 0.05 before and after treatment.

Fig. 4. Liver PI3K, Akt protein and mRNA 
expression in each group

# p < 0.05 compared to NC rats before treatment; 
r p < 0.05 compared to NC rats after treatment; 
p p < 0.05 compared to PC rats after treatment; 
× p < 0.05 before and after treatment.

Fig. 3. IL-6 and MDA levels before and after liraglutide treatment

# p < 0.05 compared to NC rats before treatment; r p < 0.05 compared to NC rats after treatment; p p < 0.05 compared to PC rats after treatment; 
× p < 0.05 before and after treatment.
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group. The results showed that liraglutide increased PI3K, 
Akt and PON3 expression in LL and HL rats. However, 
it decreased FBG and HOMA-IR levels.

Discussion

The PON3 expression is closely related to insulin re-
sistance, lipid metabolism and obesity.1,2 In this study, 
liver PON3 expression was decreased in PC rats, which 
further suggests that low PON3 levels may be involved 
in the pathogenesis of T2DM. Moreover, PI3K and Akt 
expression in liver were increased after liraglutide treat-
ment, accompanied by increased PON3 levels. A recent 
study found that PI3K and Akt enhanced PON3 expres-
sion.4 Another study showed that liraglutide increased 
the expression of PI3K and Akt,6 which is supported by our 
results. Therefore, it is possible that liraglutide stimulated 
PON3 expression by upregulating PI3K and Akt expres-
sion. In this study, PON3 expression was increased in LL 
and HL rats, accompanied by lowered FBG and HOMA-IR 
levels. Liraglutide might improve insulin resistance and 
glucose metabolism by upregulating PON3 expression.

Inflammation is involved in the pathogenesis and pro-
gression of T2DM. We also found higher serum IL-6 lev-
els in PC rats compared to NC rats. Beek et al. found that 
patients with T2DM had higher serum IL-6 levels than 
normal subjects.9 It has also been reported that high IL-6 
levels inhibited insulin secretion10 and produced cytotoxic 
effects that caused pancreatic β cell death.11 Interleukin 6 
can also induce T2DM by reducing cell-surface glucose 
transporter 4 expression.12 This study also found higher 
IL-6 levels in PC rats, suggesting that increased IL-6 levels 
might be involved in T2DM pathogenesis. Liraglutide has 
been shown to inhibit inflammation,7 which is supported 
by our observation of decreased IL-6 levels in both LL and 
HL rats. Moreover, liraglutide-treated rats showed higher 
PON3 expression, along with lower IL-6 levels and NF-κB 
expression, as compared to PC rats. The PON3 overexpres-
sion inhibits inflammatory factors in CCl4-induced liver 

injury. Schweikert et al.13 suggested that PON3 reduced 
the activation of the NF-κB inflammatory pathway, thereby 
inhibiting inflammation. Thus, it can be seen that inhibi-
tion of the NF-κB inflammatory pathway is one of the anti-
inflammatory mechanisms of PON3. It  is possible that 
the effect of liraglutide on IL-6 levels is partially achieved 
by upregulating PON3 expression and thereby inhibiting 
NF-κB. The lower IL-6 levels in HL rats than in LL rats may 
be associated with the greater increase of PON3 expres-
sion in HL rats. The PON3 expression was decreased in PC 
rats. It is possible that the downregulation of PON3 may 
reduce the inhibition of inflammation, thereby promoting 
the pathogenesis of T2DM.

Furthermore, NF-κB expression was increased in PC 
rats, accompanied by  higher MDA levels. The  NF-κB 
can promote the production of reactive oxygen species 
(ROS).14,15 The ROS-mediated oxidative stress can cause 
damage and dysfunction of  insulin target organs and 
tissues, and is closely related to T2DM and obesity. Re-
active oxygen species have also been shown to activate 
NF-κB signaling,16,17 suggesting that the interaction be-
tween ROS and NF-κB further provokes oxidative stress. 
Bharathidevi et al. found that PON3 played a defensive role 
against oxidative stress in diabetic retina.18 Ferreira et al. 
reported that PON3 was expressed in bull testis and pre-
vented oxidative damage associated with male reproduc-
tive function.19 The abovementioned studies demonstrate 
that PON3 protects against oxidative stress. It has been 
suggested that the antioxidative stress effect of PON3 may 
be related to NF-κB inhibition.13 It is possible that reduced 
PON3 expression in PC rats was also involved in increased 
oxidative stress by reducing NF-κB inhibition. Liraglutide 
protects against oxidative stress.20 In this study, PON3 ex-
pression was increased and NF-κB expression was reduced 
in LL and HL rats, accompanied by decreased MDA levels. 
It is possible that liraglutide inhibited NF-κB by upregulat-
ing PON3 expression, thereby protecting against oxidative 
stress. The lower MDA levels in HL rats compared to LL 
rats may be associated with the greater increase of PON3 
expression in HL rats.

Fig. 6. Liver NF-κB protein and mRNA expression 
in each group

# p < 0.05 compared to NC rats before treatment; 
r p < 0.05 compared to NC rats after treatment; 
p p < 0.05 compared to PC rats after treatment; 
× p < 0.05 before and after treatment.
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Obesity is  involved in  insulin resistance. Low-grade 
inflammation caused by obesity can impair the insulin 
receptor signaling pathway and is involved in the develop-
ment of insulin resistance.21 Shih et al. found that PON3 
knockout mice gained more BW and had a larger aver-
age gonadal adipocyte size than wild-type mice when fed 
the same high-fat diet.22 Moreover, PON3 knockout mice 
had significantly more subcutaneous, retroperitoneal 
and gonadal fat than wild-type mice. The authors sug-
gested that PON3 can reduce obesity in mice by protecting 
the mitochondrial function of hepatocytes and white fat 
cells. These results indicate that low PON3 levels may be 
involved in the development of obesity. Decreased liver 
PON3 expression might also be involved in the develop-
ment of obesity. Liraglutide enhanced PON3 expression, 
and BW was lower in LL and HL rats than in PC rats. 
The role of liraglutide in reducing BW might be related 
to its upregulation of PON3 expression.

In this study, PON3 expression was decreased in dia-
betic rats, and this was accompanied by abnormal lipid 
metabolism. Shih et al. found significantly increased TG 
levels in high-fat-fed PON3 knockout mice.22 On the other 
hand, PON3 deficiency can lead to changes in lipoprotein 
levels, including increased LDL-C and decreased HDL-C 
levels, in high-fat-fed mice. The reduced PON3 expression, 
increased TG and LDL-C levels, and decreased HDL-C 
levels in diabetic rats further suggest that reduced PON3 
expression is associated with abnormal lipid metabolism. 
Liraglutide can improve lipid metabolism.22 In this study, 
PON3 expression was increased and abnormal lipid metab-
olism was improved after liraglutide treatment. It is pos-
sible that the effect of improved lipid metabolism was par-
tially achieved by liraglutide increasing PON3 expression.

Limitations

Some limitations in our study should be considered. 
First, we  have failed to  investigate whether the  PI3K/
Akt pathway increases insulin sensitivity through PON3, 
 although previous study showed that PI3K/Akt pathway 
is involved in the metabolic regulation of insulin through 
various mechanisms. 23,24 Second, we have also failed to in-
vestigate the role of PON3 in obesity. Further in-depth 
study of the role of PON3 in PC could significantly con-
tribute to understanding the development of abnormal 
glycolipid metabolism and obesity.

Conclusions

Liraglutide can increase PI3K, Akt and PON3 expression, 
and decrease NF-κB expression. The effect of liraglutide 
on improving insulin resistance and abnormal glucolipid 
metabolism in T2DM rats may be associated with in-
creased liver PON3 expression.
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Abstract
Background. The novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has spread through-
out Europe. However, there is a lack of data on the full clinical course of patients infected with SARS-CoV-2 
in Europe, especially in the population that developed acute respiratory failure (ARF).

Objectives. To identify risk factors associated with developing ARF during SARS-CoV-2 infection.

Materials and methods. This was an observational study of 60 adult patients with laboratory-confirmed 
SARS-CoV-2 infection. Data were collected from March 26, 2020 to May 26, 2020 in a tertiary academic 
hospital in Poland. All patients reached final outcome (discharge from the hospital or death). We divided 
patients into 2 groups based on whether they developed ARF, compared their clinical data, and performed 
multivariate logistic regression.

Results. Twenty-two patients (36%) from the observed cohort developed ARF. Logistic regression identi-
fied that a high sequential organ failure assessment score at admission (odds ratio (OR) = 6.97 (1.57–30.90, 
p = 0.011)), and a long time from admission until pneumonia (OR = 1.41 (1.06–1.87, p = 0.016)), correlated 
with ARF development. D-dimer, lactate dehydrogenase, neutrophil to lymphocyte ratio, C-reactive protein 
(CRP), and interleukin 6 (IL-6) differed both statistically and clinically between ARF and non-ARF groups. 
The mortality rate in the observed cohort of patients was 13.3%, and it was 32% in the group that developed 
ARF.

Conclusions. Routine vigilant examination of the above markers may identify patients at the highest risk 
of ARF early on during COVID-19 infection.

Key words: coronavirus, clinical characteristics, observational, SARS, respiratory failure
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Background

During the  past 2 decades, 2  major epidemics were 
caused by viruses belonging to the betacoronavirus group: 
severe acute respiratory syndrome coronavirus (SARS-
CoV) in 2002 and the Middle East respiratory syndrome 
coronavirus (MERS-CoV) in 2012.1,2 In December 2019, 
China reported the outbreak of pneumonia of an unknown 
origin in Wuhan, the capital of Hubei province.3 The patho-
gen responsible for the outbreak was identified as a novel 
coronavirus (SARS-CoV-2) belonging to the betacorona-
virus group and causing COVID-19 infection. On March 
12, 2020, the  World Health Organization (WHO) an-
nounced a  COVID-19 pandemic, which has resulted 
to date in 24.48 million confirmed cases of COVID-19 
worldwide and 832.378 causalities (data as of August 28, 
2020). In Poland, there have been 65,480 confirmed cases, 
causing 2,018 deaths (data as of August 28, 2020).4

The clinical manifestations of COVID-19 include fever, 
dry cough, dyspnea, fatigue, a normal or decreased leucocyte 
count, and specific findings in chest imaging, including 
X-ray, computed tomography (CT) scan, and ultrasound ex-
amination.5,6 A small proportion of patients presents symp-
toms of acute respiratory failure (ARF) or acute respiratory 
distress syndrome (ARDS), requiring the implementation 
of more advanced ventilatory support and subsequent ad-
mission to the intensive care unit (ICU). Accumulating data 
shows that ICU admission is associated with poor prognosis 
with a range of mortality from 30.9%6 to 81.3% in the cohort 
of ICU patients treated in the New York City area.7 A re-
cent meta-analysis reports that mortality rates in patients 
with COVID-19 treated in ICU have fallen to 40%, which 
is higher than in other types of viral pneumonia.8 Explor-
ing the association of patients’ outcomes with the clinical 
presentation of the disease is urgently needed, especially 
in the face of rapidly changing phenotype of the virus in par-
ticular populations. Moreover, the mortality rates reported 
in the majority of retrospective studies may present a skewed 
picture since a large proportion of critically ill patients are 
still treated in the ICU and did not reach the outcome.

Objectives

This study aimed to provide a detailed description of pa-
tients’ characteristics, treatment modalities and outcomes 
in the Polish cohort treated due to COVID-19 at a tertiary 
academic hospital.

Materials and methods

This observational cohort study was approved by the Ethi-
cal Committee of the Medical University of Lublin, Poland 
(approval No. KE-0254/59/2020). All the study data was 
collected in a tertiary academic hospital in Lublin, Poland. 

We included adult patients hospitalized in the Department 
of Anesthesiology and Intensive Care and the Department 
of Infectious Diseases. The study adhered to the STROBE 
(STrengthening the Reporting of Observational studies 
in Epidemiology) guidelines for collecting and interpreting 
observational data. All analyzed patients had a confirmed 
SARS-CoV-2 infection with real-time reverse transcription 
polymerase chain reaction (RT-PCR). Oral consent was ob-
tained from each conscious patient. In the case of 3 patients 
who were transferred to our hospital from regional ICUs, 
guardianship court consent was obtained. All included 
patients were followed until the outcome (discharge from 
the hospital or death) was reached. Patients suspected with 
COVID-19 infection but unconfirmed with RT-PCR and in-
dividuals who did not give consent to participate in the study 
or withdrew consent were excluded from the study.

The main goal of this study was to identify the factors 
and outcomes associated with the development of ARF 
in the population of patients with confirmed COVID-19. 
All observed patients were divided into 2 groups (ARF 
and non-ARF groups) according to the results of arterial 
blood gas analysis and the extent of oxygenation disorders. 
The most recent definition of ARDS, the Berlin definition, 
ARDS is defined by a combination of acute hypoxemia 
(PaO2/FiO2 ≤ 300 mm Hg), in a ventilated patient with 
a positive end-expiratory pressure (PEEP) of at least 5 cm 
H2O, and bilateral opacities not fully explained by heart 
failure or volume overload. Patients included in the ARF 
group have fulfilled the 1st criterion of ARDS that con-
cerns the extent of oxygenation disorders. However, not all 
of them have completed the 2nd and 3rd criteria concern-
ing bilateral chest radiological changes and the presence 
of positive expiratory pressure of at least 5 cm of water. 
We  did not use non-invasive ventilation due to  a  lack 
of  safe interfaces for its provision and the  associated 
threat to the staff. The secondary goal of the study was 
a comparison of baseline demographics, epidemiologi-
cal data (history of an infected family member, history 
of traveling abroad in the past 2 weeks), symptoms at ad-
mission (fever, dry cough, hemoptysis, myalgia, headache, 
diarrhea, dyspnea), laboratory results at admission (white 
blood count (WBC), lymphocytes, neutrophils, neutro-
phil to lymphocyte ratio (NLR), immature granulocytes, 
platelets, hemoglobin, D-dimers, prothrombin time, acti-
vated partial thromboplastin time, aspartate transaminase 
(AST), alanine transaminase (ALT), as well as serum levels 
of creatinine, urea, bilirubin, lactate dehydrogenase (LDH), 
procalcitonin, C-reactive protein (CRP) and interleukin 6 
(IL-6). We calculated the sequential organ failure assess-
ment (SOFA) score at admission to the hospital and initi-
ated monitoring of hemoglobin oxygen saturation in arte-
rial blood (SpO2). We obtained an arterial blood sample 
in patients presenting with SpO2 below 94% or in need 
of oxygen supplementation; subsequently, we calculated 
the  arterial oxygen partial pressure (PaO2/FiO2) ra-
tio. We evaluated pharmacotherapy and organ support 
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therapies in the observed cohort, and we recorded and 
compared baseline chest X-rays. The data were collected 
from March 26, 2020 to May 26, 2020, with the latter being 
the day of discharge of the last included patient. All pa-
tients requiring invasive mechanical ventilation, veno-ve-
nous extracorporeal membrane oxygenation (V-V ECMO), 
continuous renal replacement therapy, or administration 
of catecholamines were treated in the ICU, whereas pa-
tients requiring pharmacotherapy or oxygen supplemen-
tation only were treated in the infectious diseases ward.

Categorical variables were presented as frequency rates 
and percentages. Continuous variables were tested for nor-
mal distribution using the Kolmogorov–Smirnov test; they 
were presented as means and 95% confidence intervals 
(95% CIs) for normally distributed data and as medians and 
interquartile range (IQR 1–3) for non-normally distributed 
data. Logistic regression was presented as an odds ratio 
(OR) with 95% CI. The sensitivity of the calculated model 
was presented as the area under the curve (AUC) of a re-
ceiver operating characteristic (ROC) curve. All statistical 

calculations were performed using STATISTICA v. 13.3 
(StatSoft Inc., Tulsa, USA). A p-value of 0.05 or below was 
considered statistically significant.

Results

The study population included 60 patients with a labo-
ratory-confirmed presence of SARS-CoV-2 RNA. The de-
mographic, clinical, and epidemiological characteristics 
of all included patients are presented in Table 1. The labo-
ratory variables at the time of admission to the hospital 
in both groups are compared in Table 2. The median 
time from the first symptoms to the diagnosis of pneu-
monia was 7 days (4–8 days). The clinical course of 22 pa-
tients (36%) deteriorated during hospitalization because 
of  the development of ARF. Ten patients (16.7%) were 
intubated and mechanically ventilated. We  initiated 
V-V ECMO in 3 patients (2%). The number of patients 
who needed extracorporeal organ support and infusion 

Table 1. Demographic, clinical, and epidemiological characteristics of patients. Data are presented as numbers and percentages for categorical values and 
as median and IQR for continuous values. Statistical analysis was performed accordingly

Parameter ARF (n = 22) Non-ARF (n = 38) p-value

Demographics, n (%)

Male sex 16 (73%) 15 (39%) 0.013*

Female sex 6 (27%) 23 (61%) 0.013

Age, [years] (IQR) 59 (50–67) 39 (25–51) 0.00006*

18–29 1 (4.5%) 12 (30.8%) 0.014

30–44 2 (9.1%) 14 (36.8%) 0.019

45–65 9 (40.9%) 10 (26.3%) 0.24

65+ 9 (40.9%) 2 (5.3%) 0.0006*

Symptoms, n (%)

Fever 21 (95.5%) 21 (55.3%) 0.001*

Cough 20 (90.9%) 22 (57.9%) 0.009*

Muscle ache 5 (22.7%) 13 (34.2%) 0.32

Productive cough 5 (22.7%) 4 (10.5%) 0.22

Headaches 5 (22.7%) 4 (10.5%) 0.22

Hemoptysis 2 (9.1%) 0 (0%) 0.135

Diarrhea 7 (31.8%) 9 (23.6%) 0.53

Comorbidities, n (%)

COPD 1 (4.5%) (0%) 0.37

Liver disease 2 (9.1%) (0%) 0.13

Diabetes 2 (9.1%) 2 (5.3%) 0.56

Chronic kidney disease (0%) (0%) N.A.

Hypertension 12 (54.5%) 8 (21.1%) 0.008*

Cardiovascular disease 6 (27.3%) 2 (5.3%) 0.016*

Epidemiology

Confirmed SARS-COV-2 in family 12 (54.5%) 25 (65.8%) 0.32

Traveling abroad within 2 weeks prior to confirmation of SARS-COV-2 2 (9.1%) 4 (10.5%) 0.83

ARF – acute respiratory failure; IQR – interquartile range; SARS-CoV-2 – severe acute respiratory syndrome coronavirus 2; COPD – chronic obstructive 
pulmonary disease; *p values indicate differences between ARF and non-ARF patients; p < 0.05 was considered statistically significant.
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of vasoactive and inotropic agents is presented in Table 3. 
Eight patients (13.3%) died in the entire cohort. The sur-
vival rate was 68% (15/22) in the ARF group and 97% 
(37/38) in the non-ARF group. One patient was readmitted 
16 days after the initial mild course of COVID-19. While 
the SARS-CoV-2 RNA test was negative during the 2nd 
admission, the patient died because of lung fibrosis.

We performed an additional sub-analysis in the pop-
ulation of  COVID-19  patients who developed ARF. 
The baseline characteristics and treatment modalities 
were compared between the groups of  survivors and 
non-survivors. Interestingly, the SOFA score at admis-
sion did not differ between the groups of ARF survivors 
and non-survivors (2 vs 5; p = 0.09). The extent of oxy-
genation disorders was similar in both groups. The need 
for mechanical ventilation and norepinephrine support 
that occurred in 45% and 45.7% of  the patients from 
the ARF group, respectively, was associated with a nega-
tive outcome.

Our multivariate logistic regression analysis detected 
2 variables associated with ARF development: OR = 6.97 
(1.57–30.9, p = 0.011) and OR = 1.41 (1.06–1.87, p = 0.016), 
respectively.

Discussion

All patients included in this observational trial reached 
the  outcome (death or  discharge from the  hospital). 
The data presented in our study highlighted several fac-
tors associated with the development of ARF in the pa-
tients treated in our hospital. We found that the main 
elements correlating with a severe course of COVID-19 
are demographics, comorbidities and various laboratory 
findings. In our study, male gender and advanced age were 
found to be associated with a higher risk of developing 
ARF. The association between advanced age and a more 
severe course of SARS CoV-2 infection was previously 

Table 2. Laboratory and chest radiogram findings. Data are presented as numbers and percentages for categorical values and as median and IQR for 
continuous values. Statistical analysis was performed accordingly

Parameter Norms ARF (n = 22) Non-ARF (n = 38) p-value

WBC [K/uL] 4–10 6.49 [5.39–9.84] 4.99 [4.18–5.79] 0.0002

Lymphocytes [K/uL] 0.8–4.3 1.02 [0.62–1.31] 1.65 [1.22–2.18] 0.0004

Neutrophils [K/uL] 2.25–7 5.55 [4.1–8.42] 2.66 [1.94–3.28] 0.00004

NLR 1–3 8.53 [5.32–13.46] 2.96 [2.11–4.39] 0.000003*

IG [K/uL] 0–0.25 0.06 [0.03–0.12] 0.01 [0.01–0.03] 0.000002

Hemoglobin [g/dL] 12–16 13.5 [12.7–14.7] 14 [13.3–15.6] 0.08

Platelets [K/uL] 130–400 167 [140–209] 199 [163–239] 0.16

PT [s] 11–14 13.6 [12.5–15.5] 12.5 [12.2–13.3] 0.01

APTT [s] 28–38 31.8 [30.4–39.3] 34.2 [29.5–36.7] 0.26

D-dimers [ng/mL] <500 758 [450–1900] 418 [309–773] 0.02*

Bilirubin [mg/dL] 0.2–11 0.43 [0.27–0.52] 0.39 [0.24–0.65] 0.88

ALAT [U/L] 5–34 31.3 [23.7–40.8] 19.9 [13.4–27.8] 0.004

ASPAT [IU/L] 5–35 35.0 [23.5–56] 20.7 [15.4–25] 0.0006

LDH [IU/L] 10–480 633 [526–826] 355.5 [287–412.5] 0.00003

Creatinine [mg/dL] 0.5–1.2 1.02 [0.80–1.27] 0.93 [0.71–1.02] 0.013

Urea [mg/dL] 15–40 32.5 [26.7–47.4] 28.1 [24.1–34.7] 0.018

IL-6 [pg/mL] 5–15 61 [8.87–111.5] 7.6 [2.67–18.83] 0.006

PCT [ng/mL] <2 0.14 [0.085–0.25] 0.05 [0.04–0.07] 0.0001

CRP [mg/L] <5 69.2 [29.2–206.7] 2.7 [1.3–8.2] 0.00000*

Chest radiogram quadrants

0 3 (13.6%) 34 (89.5%) 0.002*

1 2 (9.1%) 4 (10.5%) 1

2 10 (45.4%) 0 0.002*

3 2 (9.1%) 0 0.15

4 5 (22.7%) 0 0.01*

IQR – interquartile range; WBC – white blood count; NLR –neutrophil to lymphocyte ratio; IG – immature granulocytes (%); PT – prothrombin 
time; APTT – activated partial thromboplastin time; ALAT – alanine transaminase; ASPAT – aspartate transaminase; LDH – lactate dehydrogenase; 
IL-6 – interleukin 6; PCT – procalcitonin; CRP – C-reactive protein; *p-values indicate statistical and clinical differences between ARF and non-ARF patients; 
p < 0.05 was considered statistically significant.
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reported.9,10 We found cough and fever to be the domi-
nant symptoms at admission to the hospital. This find-
ing is in line with previously published results showing 
that both symptoms are observed in  88.7% and 57.6% 
of COVID-19 patients, respectively.11 Moreover, we iden-
tified a significantly higher prevalence of cough and fever 
in the ARF group (Table 1). Muscle ache, productive cough, 
headaches, hemoptysis, and diarrhea were not associated 
with ARF occurrence, contrary to hemoptysis, which was 
only observed in the ARF group (Table 1).

Arterial hypertension and cardiovascular disease (CVD) 
were found to  be risk factors for an  adverse outcome 
in multiple retrospective COVID-19 studies.12,13 Similarly, 
we found that the population of patients with hyperten-
sion or CVD was at an increased risk of developing ARF. 
However, it  is noteworthy that we did not observe any 
correlation between the use of antihypertensive drugs and 
COVID-19 severity, which is in line with the recently pub-
lished results from a large retrospective study in the USA 
(Table 1).14 Moreover, the presence of other comorbidities 
was not associated with the development of ARF. It should 
be noted, however, that the number of patients suffering 
from these diseases in our study was relatively small. In our 
study, 19/22 patients (86.4%) in the ARF group and 4/38 pa-
tients (10.5%) in the non-ARF group developed radiological 
signs of pneumonia in the chest X-ray. We found that a long 
time from the first presentation of symptoms to radio-
logical signs of pneumonia correlates with a more severe 
course of COVID-19, which is consistent with the findings 
of previously published reports.15

We found that many laboratory results correlate with 
the development of ARF. Although the majority of different 
variables were within the laboratory norm, we found dis-
crepancies in the NLR, lactate dehydrogenase, D-dimers, 
CRP, and IL-6, which were statistically significant and 

potentially clinically useful. A high NLR in COVID-19 pa-
tients was previously recognized as a useful predictive 
marker with 88% sensitivity, 63.6% specificity, and a cal-
culated AUC of 0.841.16 We observed significantly higher 
LDH levels in the ARF group, which is consistent with 
previous findings showing that elevated LDH levels are 
associated with a more severe course of COVID-19.6,17 
We identified a significant correlation between elevated D-
dimer levels and an increased risk of ARF, which is in line 
with the findings of previously conducted cohort stud-
ies.18 Interestingly, a fourfold increase in D-dimer levels 
(>2.0 µg/mL) predicted in-hospital mortality with a sen-
sitivity of 92.3% and a specificity of 83.3%, which makes 
this parameter a potentially useful tool for a negative 
prognosis.19 Two analyzed pro-inflammatory markers, 
IL-6 and CRP, positively correlated with an increased risk 
of ARF. This observation is consistent with previously 
reported data on the potential role of both IL-6 and CRP 
in the early identification of patients at a high risk of a se-
vere course of COVID-19.20 According to the literature, 
CRP is suggested to have a positive correlation not only 
with the severity of presentation in SARS-CoV-2 infection 
but also with the diameter of lung lesions and negative 
outcome.21,22

In this study, most patients who developed ARF be-
cause of  SARS-Cov-2 infection presented alterations 
in their chest X-rays. These included interstitial infiltrates 
or ground-glass opacities in at  least 2 lung quadrants. 
Interestingly, none of the patients in the non-ARF group 
showed changes in their chest X-ray exceeding 1 quad-
rant of the lung. These findings could support the use 
of chest X-ray to facilitate diagnosis and predict the se-
verity of  the disease, especially when a chest CT scan 
is unavailable or not feasible. It should be noted that most 
authors challenge the clinical utility and validity of chest 

Table 3. Pharmacotherapy, organ support and outcome. Data are presented as numbers and percentages

Variable ARF (n = 22) Non-ARF (n = 38) p-value

Pharmacotherapy

Ritonavir – lopinavir 17 (77.3%) 13 (34.2%) 0.0017*

Antibiotics 21 (95.5%) 12 (31.6%) <0.0001*

Chloroquine 15 (68.2%) 15 (39.5%) 0.04*

Steroids 8 (36.7%) 0 (0%) 0.0001*

Organ support and survival

Oxygen supplementation 22 (100%) 0 (0%)

Invasive ventilation 10 (45%) 0 N/A

ECMO 3 (13%) 0 N/A

Dobutamine infusion 4 (18.1%) 0 N/A

Norepinephrine infusion 10 (45.4%) 0 N/A

CRRT 5 (22%) 0 N/A

Survival 15 (68%) 37 (97%) 0.0013

ECMO – extracorporeal membrane oxygenation; CRRT – continuous renal replacement therapy; *p-values indicate differences between ARF  
and non-ARF patients; p < 0.05 was considered statistically significant.
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X-ray in patients with COVID-19. The rationale is a re-
ported high prevalence of negative chest X-ray examina-
tions in up to 60% of cases, which was not observed in our 
study.23

We  evaluated the  pharmacotherapy administered 
in both study groups and found that steroids, ritonavir/
lopinavir, antibiotics, and chloroquine were significantly 
more frequently used in the group that developed ARF 
(Table 2). Our results on the pharmacotherapy used cor-
respond with those presented by Wang et al., which were 
reported from Wuhan, China, where significantly more 
groups of drugs were used in patients who deteriorated 
and were transferred to the ICU.5 We could not evaluate 
the impact of pharmacotherapy on outcomes. However, re-
cent evidence report that the use of dexamethasone in pa-
tients requiring oxygen supplementation or mechanical 
ventilation reduces 28-day mortality.24 Remdesivir is an-
other therapeutic option reported to significantly shorten 
the recovery time but not affect the mortality.25

Our sub-analysis performed in the group that devel-
oped ARF from the observed cohort showed that the need 
for invasive mechanical ventilation and norepineph-
rine infusion was associated with increased mortality 
( Table 4). The low survival rate in the population receiv-
ing advanced respiratory support (33%) observed in our 
study is identical to that reported in the British National 
Intensive Care Audit on the outcomes of COVID-19 treat-
ment (33.8%).26

Limitations

This study has several limitations. Because of the obser-
vational nature of the study and its relatively small cohort 
size, the results are exposed to treatment and selection 
bias. The causal effect of the associations drawn cannot be 
determined. Furthermore, many examinations, including 
routine CT chest scanning at admission, could not be per-
formed because of institutional limitations. Data regarding 
the pharmacotherapy used and any potential association 
with the outcome should be taken with caution.

Conclusions

This observational trial provides information on the de-
mographic, clinical and epidemiological features as well 
as outcomes of 60 patients diagnosed with COVID-19 
treated in a tertiary center in Poland. The risk factors asso-
ciated with the development of ARF in 37% of the studied 
patients included hypertension, CVD, advanced age, male 
gender, high SOFA score, and a long time from the occur-
rence of symptoms until pneumonia. Routine D-dimer, 
LDH, NLR, CRP, and IL-6 examination may have the po-
tential to identify patients at the highest risk of developing 
ARF during COVID-19. The mortality rate in the observed 
cohort of patients was 13.3%, and it was 32% in the group 
that developed ARF.

Table 4. Pharmacotherapy, organ support and outcome in the sub-group of ARF patients. Data is presented as numbers and percentages

Variable ARF survivors (n = 15) ARF non-survivors (n = 7) p-value

SOFA 2 [2–4] 5 [3–7] 0.09

PaO2/FiO2

200–300 8 (53.3%) 1 (14.3%) 0.08

100–200 5 (33.3%) 3 (43.9%) 0.66

<100 2 (13.3%) 3 (43.9%) 0.12

Pharmacotherapy

Ritonavir/lopinavir 14 (93.3%) 3(43.9%) 0.0085*

Antibiotics 14 (93.3%) 7 (100%) 1

Chloroquine 13 (86.7%) 2 (28.6%) 0.0064*

Steroids 4 (26.6%) 4 (57.1%) 0.17

Organ support 

Oxygen supplementation 15 (100%) 7 (100%) 1.0

Invasive ventilation 3 (20%) 6 (85.7%) 0.004*

ECMO 2 (13.3%) 1 (14.3%) 0.95

Dobutamine infusion 2 (13.3%) 2 (28.5%) 0.39

Norepinephrine infusion 4 (26.6%) 6 (85.7%) 0.0096*

CRRT 4 (26.6%) 1 (14.2%) 0.52

SOFA – sequential organ failure assessment; ECMO – extracorporeal membrane oxygenation; CRRT – continuous renal replacement therapy; *p-values 
indicate differences between ARF survivors and non-survivors; p < 0.05 was considered statistically significant.
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Abstract
Background. Radioresistance is a huge obstacle in radiotherapy of non-small cell lung cancer (NSCLC) and 
how to raise radiosensitivity is an urgent issue.

Objectives. In this study, we investigated the role and molecular mechanism of sodium new houttuyfonate 
(SNH) in regulation of radiosensitivity of NSCLC cells.

Materials and methods. The Cell Counting Kit-8 (CCK-8) was used to measure cell viabilities of NSCLC 
cell lines A549 and HCC827 after a treatment with SNH (0 mM, 0.1 mM and 0.3 mM). It examined cyto-
toxicity induced by X-ray (0 Gy, 1 Gy, 2 Gy, 4 Gy, 6 Gy, and 8 Gy) after SNH (0.3 mM) treatment, while flow 
cytometry was used for apoptosis detection use. Expression of miR-147a or signal transducer and activator 
of transcription (STAT3) in selected cell lines was assessed through real-time quantitative polymerase chain 
reaction (RT-qPCR). The CCK-8 was then applied to measure cytotoxicity in cells with miR-147a upregulation 
or STAT3 suppression under irradiation apoptosis changes were detected with flow cytometry. Thereafter, 
binding conditions between miR-147a and STAT3 were checked using luciferase reporter assays. Expressions 
of STAT3 in A549 transfected by siNC, siSTAT3, and by siSTAT3 and miR-147a mimics were checked using RT-
qPCR and the phosphorylation of STAT3 was observed using enzyme-linked immunosorbent assay (ELISA).

Results. The SNH treatment significantly suppressed cell viabilities and increased apoptosis of lung cancer 
cells. Cytotoxicity and apoptosis in A549 cells were both enhanced after SNH treatment and raised as the dos-
ages of X-ray grew. MiR-147a presented lower expression in lung cancer cells and was upregulated by SNH, 
which further contributed to higher cell apoptosis after irradiation. STAT3 directly bound miR-147a and was 
more expressed in NSCLC cells. Inhibited phosphorylation of STAT3 promoted apoptosis in A549 cells after 
X-ray exposure. Overexpressed miR-147a inactivated STAT3 signaling, adding to cell apoptosis after irradiation.

Conclusions. SNH-induced miR-147a increased radiosensitivity of A549 cells through inactivation of STAT3 
pathway.

Key words: STAT3, miR-147a, sodium new houttuyfonate
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Objectives

According to data regarding occurrence rate and death 
rate, lung cancer is the primary cause of cancer-related 
mortality, and the five-year survival rate is only 13%.1 
In men, lung cancer is  the most commonly diagnosed 
cancer and the  main reason of  cancer-related death; 
in women, lung cancer ranks the 4th most commonly 
diagnosed cancer and the 2nd leading cause of cancer 
death.2 Non-small cell lung cancer (NSCLC) is the most 
frequent type of lung cancer, known to have diverse path-
ological features. Despite a significant progress in early 
diagnosis and clinical treatment, NSCLC is often di-
agnosed at advanced stage and has a poor prognosis. 
At present, radiotherapy is a key strategy in  treating 
lung cancer for local control and recurrence reduction.3 
Through radiotherapy, survival rate and local cancer 
control have been improved, but resistance of cancer and 
radiotoxicity to normal tissues restrict its therapeutic 
effects.4 Hence, it is urgently necessary to find new ways 
to increase sensitivity of cancer cells to radiation. Since 
antiquity, natural products were regarded as traditional 
medicines.5 Houttuynia cordata Thunb is a medicinal 
plant having tumor suppression effect, which can in-
duce apoptosis of colon cancer cells, leukemia and lung 
cancer, among others.6–8 Sodium new houttuyfonate 
(SNH) is a synthetic product of Houttuyninum, an ac-
tive constituent of Houttuynia cordata Thunb, which 
can inhibit tumor growth. However, whether SNH can 
regulate radiosensitivity of lung cancer was unknown. 
Therefore, functions of SNH in regulating sensitivity 
of  radiation in  lung cancer were detected to provide 
a new therapeutic method.

MicroRNAs belong to small noncoding RNAs (21–25 
nucleotides) which can accelerate mRNA degradation 
through binding target mRNA.9 The first miRNA, LIN-4, 
was discovered in Caenorhabditis elegans,10 and more 
than 2500 kinds of mature miRNAs were authenticated.11 
MiRNAs expression changed after ionizing radiation 
in cells or tissues, suggesting that miRNAs might connect 
with radiation treatment.12,13 MiR-147a acted as a tumor 
suppressor in progression of  lung cancer by suppress-
ing its proliferation and metastasis.14,15 Its upregulation 
through irradiation resulted in  increased cell apopto-
sis of  thymus cells of mice and Chinese hamster lung 
fibroblasts V79 through binding PDPK1, which also 
obstructed PI3K/AKT signaling pathway.16 The PI3K/
AKT signaling pathway has been reported to resist ra-
diosensitization,17 implying that miR-147a might pres-
ent the ability to promote radiosensitivity. Moreover, 
SNH was shown to increase RNA expression of miR-147a 
in lung cancer cells through repressing Linc00668 and 
to inhibit metastasis of NSCLC cells.18 Therefore, we have 
inferred that miR-147a might be a promising facilitator 
to enhance effects of SNH on promoting radiosensitivity 
of NSCLC.

Signal transducer and activator of transcription (STAT3) 
has been detected as an oncogene in tumors that could 
accelerate growth of cancers cells and block apoptosis.19,20 
STAT3 was negatively regulated by miR-125a-5p and up-
regulation of STAT3 elevated proliferation and invasion 
of NSCLC cells.21 Blocking STAT3 can impede progres-
sion of lung cancer by enhancing radiosensitivity in A549 
cells.22

Background

Using ENCORI database (starbase.sysu.edu.cn), assump-
tive binding sites between miR-147a and STAT3 were 
shown, indicating that miR-147a might regulate STAT3 
in NSCLC cells. The aim of this study was to examine 
the role of SNH in the radiosensitivity of NSCLC cells and 
unveil the potential molecular mechanism related to miR-
147a and STAT3.

Materials and methods

Cell culture

A549, a  human NSCLC cancer cell line, is  a  kind 
of epithelial cell line established through explant cul-
ture of lung cancer from a male. HCC827 is also a human 
NSCLC cell line and epithelial cell line obtained from 
lung adenocarcinoma tissue of a female. Human normal 
lung epithelial cell line BEAS-2B is an epithelial cell line 
isolated from normal human bronchial epithelium. These 
3 cell lines were all purchased from American Type Cul-
ture Collection (ATCC; Manassas, USA). A549, HCC827 
and BEAS-2B cells were all incubated using RPMI-1640 
medium (Gibco, Waltham, USA) replenished with 10% 
fetal bovine serum (FBS), 100 U/mL of penicillin and 
100 μg/mL of streptomycin. Cell incubation was pro-
cessed in incubator with saturated humidity at 37°C and 
5%CO2. After incubation, A549 cells were treated with 
SNH (0 mM, 0.1 mM and 0.3 mM) for 24 h and A549 cells 
were then irradiated with X-ray (0 Gy, 1 Gy, 2 Gy, 4 Gy, 
6 Gy, and 8 Gy) for 30 min to prepare them for following 
experiments.

Transfection

To  regulate the  expression of  miR-147a or  STAT3, 
transfection was performed in  A549 cell line. Briefly, 
A549 cells in  log phase were selected for transfection. 
A549 cells were first incubated in a six-well plate at 37°C. 
Overexpressed miR-147a (named miR-147a mimics) and 
small interfering RNA of STAT3 named siSTAT3 were 
created by GenePharma (Shanghai, China) together with 
scrambled sequences, NC mimics and siNC. Later, trans-
fection was conducted after cell confluence reached 85%. 
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The NC mimics, miR-147a mimics, siNC, and siSTAT3 
were grouped and transfected into A549 cells using Lipo-
fectamine 3000 Transfection Reagent (Invitrogen, Carls-
bad, USA). Transfection efficiency was measured 48 h after 
transfection with real-time quantitative polymerase chain 
reaction (RT-qPCR).

RT-qPCR

The  RT-qPCR was used to  detect RNA expressions 
in selected cell lines. Strictly following manufacturer’s in-
structions, total RNA was extracted using TRIzol reagent 
(Invitrogen). Thereafter, High-Capacity cDNA Reverse 
Transcription Kit with RNase Inhibitor (Applied Biosys-
tems™, Foster City, USA) was performed to produce cDNA 
through reverse transcription of total RNA. Next, PCR was 
carried out using iQ™ SYBR® Green (Bio-Rad, Hercules, 
USA) for amplification. Sequences of primers were listed: 
miR-147a, forward, 5’- CGCGGTGTGTGGAAATGC-3’ 
and reverse, 5’- AGTGCAGGGTCCGAGGTATT-3’18; 
STAT3, forward, 5’- AACTCTCACGGACGAGGAGCT-3’ 
and reverse, 5’- AGTAGTGAACTGGACGCCGG-3’23; 
GAPDH, forward, 5’- CACCCACTCCTCCACCTTTG-3’ 
and reverse, 5’- CCACCACCCTGTTGCTGTAG-3’18; and 
U6, forward, 5’- AGAGAAGATTAGCATGGCCCCTG-3’ 
and reverse, 5’- ATCCAGTGCAGGGTCCGAGG-3’.18 
The first step was predenaturation at 95°C for 10 min, 
followed by 35 cycles with denaturation at 95°C for 30 s, 
annealing at 60°C for 30 s and extension at 72°C for 30 s. 
Relative expressions of miR-147a and STAT3 were calcu-
lated using 2−ΔΔCt methods, with U6 and GAPDH as inter-
nal references. Results were collected from 3 independent 
experiments.

Cell Counting Kit-8

Cell Counting Kit-8 (CCK-8) assay was used to measure 
cell viability after SNH treatment and irradiation. A549, 
HCC827 and BEAS-2B cells were seeded into 96-well plate 
at a density of 1 × 103 cells per well. Detections of A549 cells 
were grouped into NC mimics, miR-147a mimics, siNC, 
siSTAT3, and siSTAT3 with miR-147a mimics. For cell pro-
liferation measurement, different concentrations of SNH 
(0 mM, 0.1 mM and 0.3 mM) were used to treat cells and 
10 μL of CCK-8 (Beyotime, Shanghai, China) was mixed 
with medium at 24 h, 48 h and 72 h. Cells then were kept 
incubating for another 1 h and optical density (OD) values 
were checked with Model 680 Microplate Reader (Bio-Rad) 
at a wavelength of 450 nm. Cell toxicity detection aimed 
at A549 cells. In toxicity detection, cell survival rate by ir-
radiation was the indicator and the 0 Gy group was the neg-
ative control. Comparing to the control group, we could 
detect changes in cell viability after irradiation. A549 
cells were divided into 9 groups: normal group, 0.3 mM 
SNH group, NC mimics group, miR-147a mimics group, 
siNC group, siSTAT3 group, siNC+0.3 mM SNH group, 

siSTAT3+0.3 mM SNH group, and siSTAT3+miR-147a 
mimics+0.3 mM SNH group. Then, cells in those groups 
were irradiated with different doses of X-ray (0 Gy, 1 Gy, 
2 Gy, 4 Gy, 6 Gy, and 8 Gy) using Faxitron RX-650 (Fax-
itron, Tucson, USA) for 72 h. Thereafter, 10 μL CCK-8 
was added and cultured for 1 h at 37°C. Model 680 Micro-
plate Reader was used for measuring OD values of cells 
at 450 nm wavelength.  Experiments were repeated 3 times 
for getting proper results.

Flow cytometry

Apoptosis rate was detected using f low cytometry. 
A549, HCC827 and BEAS-2B were first treated under 
different concentrations of SNH (0 mM, 0.1 mM and 
0.3  mM). Later, A549 cells treated with 0  mM and 
0.3 mM SNH were selected for apoptosis evaluation af-
ter exposure to X-ray (0 Gy, 1 Gy, 2 Gy, 4 Gy, 6 Gy, and 
8 Gy) irradiation for 30 min. A549 cells transfected with 
NC mimics, miR-147a mimics, siNC, siSTAT3 without 
or with 0.3 mM SNH treatment, siNC+0.3 mM SNH, 
siSTAT3+0.3  mM SNH, and siSTAT+miR-147a mim-
ics+0.3 mM SNH were selected. Then, cells were rinsed 
and resuspended. Thereafter, Annexin V-FITC Apoptosis 
Detection Kit (Beyotime) was applied for staining. After 
cells were dyed with 5 μL (20 mg/mL) Annexin V and 
10 μL (50 mg/mL) PI, Attune Flow Cytometer (Invitro-
gen) was processed for checking apoptosis rate. Experi-
ment was run in triplicate.

Dual luciferase report assay

In order to confirm whether STAT3 and miR-147a have 
binding site, dual luciferase reporter assay was utilized. 
Putative binding sites between miR-147a and STAT3 
were provided by Starbase (http://starbase.sysu.edu.cn).  
Then, psiCHECK™-2 vector (Promega, Madison, USA) 
was used for inserting wild-type and mutant-type 
of STAT3, called STAT3-wt and STAT3-mut, respec-
tively. Later, NC mimics and miR-147a mimics, together 
with STAT3-wt and STAT3-mut were co-transfected 
into A549 cells using Lipofectamine 3000. Cells were 
gathered 24 h after transfection and luciferase activity 
was determined using Quantus™ Fluorometer (Promega, 
Madison, USA).

ELISA

Enzyme-linked immunosorbent assay (ELISA) was used 
to detect protein expressions of phosphorylated STAT3 
and total STAT3. STAT3 (pY705) + total STAT3 ELISA kit 
(ab126459; Abcam, Cambridge, UK) was chosen for STAT3 
phosphorylation detection. After phosphor-Stat3 (Tyr705) 
was coated on 96-well plate, protein collected from A549 
cells were pipetted and then bound to the wells. After 
the wells were rinsed, Detection Antibody STAT3 (Tyr705) 
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was used to measure phosphorylated STAT3 while Detec-
tion Antibody STAT3 was to analyze total STAT3 pro-
tein. Thereafter, horseradish peroxidase (HRP)-conjugated 
anti-rabbit IgG was added and incubated at 37°C for 1 h, 
and then wells were washed. TMB One-Step Substrate 
Reagent was added at 37°C for 30 min. Stop Solution was 
added (Thermofisher, Waltham, USA) and OD values were 
checked at 450 nm wavelength using Model 680 Microplate 
Reader. The experiment was repeated 3 times.

Statistical analyses

Each experiment was run in triplicate and all data was 
displayed as mean ± standard deviation (SD). GraphPad 
Prism v. 7 (GraphPad Software, La Jolla, USA) was used 
to analyze data from experiments. Data comparisons 
in different groups were measured with Student’s t-test 
(for 2 groups) and one-way analysis of variance (ANOVA; 
for 3 groups and more). Post hoc analysis was performed 
adopting Bonferroni’s correction. The overall alpha level 
is 0.05. A value of p < 0.01 was considered statistically sig-
nificant for three-group comparisons, while p < 0.05 was 
considered significant for comparisons between 2 groups.

Results

Sodium new houttuyfonate upregulated 
radiosensitivity of NSCLC and miR-147a 
expression through promoting apoptosis

After different concentrations of SNH (0.1 mM and 
0.3 mM) were added, cell viability of A549 cell line was 
significantly decreased compared to the control group, 
which was not treated with SNH (SNH 0 mM compared 
to SNH 0.1 mM, p = 0.006; SNH 0 mM compared to SNH 
0.3 mM, p = 0.002; Fig. 1A) and cellular viability was 
notably increased, with a growth of the SNH concentra-
tion (SNH 0.1 mM compared to SNH 0.3 mM, p = 0.008; 
Fig.  1A). On  the  contrary, increasing concentrations 
of SNH lead to higher apoptosis rates of A549 cell line 
(SNH 0 mM compared to SNH 0.1 mM, p = 0.007; SNH 
0 mM compared to SNH 0.3 mM, p = 0.001; SNH 0.1 mM 
compared to SNH 0.3 mM, p = 0.009; Fig. 1B). Later, dif-
ferent doses of X-ray (0 Gy, 1 Gy, 2 Gy, 4 Gy, 6 Gy, and 8 Gy) 
were used to measure functions of SNH in NSCLC cells, 
indicating that growing doses of irradiation significantly 
inhibited viability of A549 cells treated with 0.3 mM 

Fig. 1. Sodium new houttuyfonate upregulated radiosensitivity of NSCLC through promoting apoptosis and enhanced miR-147a expression

A. Cell viabilities of A549 cells with different concentrations of SNH (0 mM, 0.1 mM and 0.3 mM) were measured with CCK-8. ** presents the significant 
difference (p < 0.01) from the 0 mM SNH group, while ## signifies notable difference (p < 0.01) between 0.1 mM and 0.3 mM SNH treatment groups. 
B. Apoptosis rate of A549 cells was evaluated through flow cytometry. ** presents the significant difference (p < 0.01) from the 0 mM SNH group, while 
## signifies notable difference (p < 0.01) between 0.1 mM and 0.3 mM SNH treatment groups. C. OD values of normal A549 cells and SNH-treated A549 cells 
irradiated with X-ray (0 Gy, 1 Gy, 2 Gy, 4 Gy, 6 Gy, and 8 Gy) were detected with CCK-8. ** presents the significant difference (p < 0.05) from the 0 mM 
SNH group. D. Apoptosis rates of A549 cells irradiated with X-ray (0 Gy, 1 Gy, 2 Gy, 4 Gy, 6 Gy, and 8 Gy) were checked using flow cytometry. ** presents 
the significant difference (p < 0.05) from the 0 mM SNH group. E. MiR-147a RNA expressions were measured with RT-qPCR in A549 with SNH treatment 
(0 mM, 0.1 mM and 0.3 mM). ** presents the significant difference (p < 0.01) from the 0 mM SNH group, while ## signifies notable difference (p < 0.01) 
between 0.1 mM and 0.3 mM SNH treatment groups. Each experiment was repeated 3 times.
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SNH in comparison with A459 without SNH treatment. 
The comparisons between the NC and 0.3 mM groups 
are as  follows: for 2 Gy p = 0.032; for 4 Gy p = 0.048; 
for 6 Gy p = 0.027; for 8 Gy p = 0.012 (Fig. 1C). More-
over, the apoptosis rate of SNH-treated A549 was higher 
than normal A549 after irradiation. The comparisons 
between the NC and 0.3 mM groups are as follows: for 
2 Gy p = 0.044; for 4 Gy p = 0.038; for 6 Gy p = 0.035; 
for 8 Gy p = 0.042 (Fig. 1D). Then, miR-147a expression 
was evaluated after different SNH treatments, revealing 
that miR-147a expression was significantly raised by SNH 
treatment in A549 cell line, and as the SNH concentration 
increased, miR-147a was upregulated more significantly 
(SNH 0 mM compared to SNH 0.1 mM, p = 0.008 < 0.01; 
SNH 0 mM compared to SNH 0.3 mM, p = 0.004 < 0.01; 
SNH 0.1 mM compared to SNH 0.3 mM, p = 0.009 < 0.0; 
Fig. 1E).

Overexpressed miR-147a  
promoted apoptosis and enhanced 
radiosensitivity in NSCLC

According to RT-qPCR results, miR-147a was dramati-
cally decreased in lung cancer cells compared to BEAS-2B 
cell line (A459 compared to BEAS-2B, p = 0.002; HCC827 
compared to  BEAS-2B, p  =  0.009; Fig.  2A) and A459 
cell line had the  lowest expression of miR-147a (A459 
compared to  HCC827, p  =  0.006; Fig.  2A). To  better 
understand the  role of  miR-147a in  A549 cells, mim-
ics of miR-147a were transfected into A549 cells, which 

upregulated expression of  miR-147a compared with 
the control group (p = 0.022; Fig. 2B). Thereafter, A549 
cells were exposed to irradiation and then analyzed for cell 
survival and apoptosis. Results showed that cell survival 
rates in miR-147a mimics group were remarkably lower 
than in NC mimics group (for 1 Gy p = 0.023; for 2 Gy 
p = 0.029; for 4 Gy p = 0.021; for 6 Gy p = 0.017; for 8 Gy 
p = 0.039; p < 0.05; Fig. 2C) while apoptosis was higher 
in miR-147a mimics group (for 1 Gy p = 0.042; for 2 Gy 
p = 0.032; for 4 Gy p = 0.021; for 6 Gy p = 0.015; for 8 Gy 
p = 0.039; p < 0.05; Fig. 2D).

STAT3 directly targeted miR-147a  
and negatively regulated radiosensitivity 
of NSCLC

The RNA expression levels of STAT3 were then detected 
in A549, HCC827 and BEAS-2B cell lines, indicating that 
STAT3 was highly expressed in lung cancer cell lines, es-
pecially in A549 cell line (A459 compared to BEAS-2B, 
p = 0.002; HCC827 compared to BEAS-2B, p = 0.007; A459 
compared to HCC827, p = 0.009; Fig. 3A). Moreover, ac-
cording to Starbase, putative binding sites between STAT3 
and miR-147a were provided (Fig. 3B) and binding condi-
tion between miR-147a and STAT3 was verified using lu-
ciferase report assays, showing that the co-transfected cell 
group of miR-147a mimics and STAT3-wt had the lowest 
luciferase activity compared to other groups (p = 0.008; 
Fig. 3C). As STAT3 was high expressed in A549 cell line, 
suppression of STAT3 resulted in a significantly lower level 

Fig. 2. Overexpressed miR-147a 
promoted apoptosis and enhanced 
radiosensitivity in NSCLC

A. RNA expressions of miR-147a 
were measured in A549, HCC827 
and BEAS-2B using RT-qPCR. 
** siginificantly different (p < 0.01) 
from the normal cell line BEAS-2B; 
## notably distinctive (p < 0.01) 
between the cancer cell lines.  
B. Overexpressed miR-147a expressions 
were detected in A549 cell lines 
through RT-qPCR. ** statistically 
different (p < 0.05) in comparison with 
the control group and NC mimic group.  
C. OD values of X-ray-irradiated 
(0 Gy, 1 Gy, 2 Gy, 4 Gy, 6 Gy, and 8 Gy) 
A549 cells with miR-147 overexpression 
were detected using CCK-8. 
** statistically different (p < 0.05) 
in comparison with the control group 
and NC mimic group.  
D. Apoptosis rates of A549 cells after 
irradiation (0 Gy, 1 Gy, 2 Gy, 4 Gy, 6 Gy, 
and 8 Gy) and miR-147a upregulation 
were checked with flow cytometry. 
** statistically different (p < 0.05) 
in comparison with the control group 
and NC mimic group. Each experiment 
was repeated 3 times.
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of STAT3 (p = 0.029; Fig. 3D). Later, toxicity was detected 
under upregulated doses of  X-ray, revealing that sup-
pressed STAT3 significantly reduced OD values of A549 
compared to control group (for 1 Gy p = 0.023; for 2 Gy 
p = 0.021; for 4 Gy p = 0.014; for 6 Gy p = 0.009; for 8 Gy 
p = 0.025; Fig. 3E). Meanwhile, apoptosis was significantly 
increased after STAT3 suppression (for 1 Gy p = 0.043; 
for 2 Gy p = 0.031; for 4 Gy p = 0.028; for 6 Gy p = 0.017; 
for 8 Gy p = 0.036; Fig. 3F). Then, protein concentrations 
of phosphorylated STAT3 and total STAT3 were detected, 
indicating that p-STAT3 was significantly decreased af-
ter knockdown of STAT3 (p = 0.009; Fig. 3G). Moreover, 
increasing doses of irradiation also resulted in decreases 
of p-STAT3 (for 1 Gy p = 0.009; for 2 Gy p = 0.006; for 4 Gy 
p = 0.004; for 6 Gy p = 0.003; for 8 Gy p = 0.002; Fig. 3H).

MiR-147a enhanced SNH-induced 
radiosensitivity in NSCLC through 
suppressing STAT3

As miR-147a and STAT3 were measured individually, 
correlation between STAT3 and miR-147a was investi-
gated further. After SNH treatment, A549 cells were 
transfected with siNC, siSTAT3 and siSTAT3 together 
with miR-147a mimics. The RT-qPCR results revealed 
that STAT3 expression was notably decreased in siSTAT3 
group and overexpression of miR-147a added to the down-
regulation of  STAT3 at  RNA level further (siSTAT3 
compared to siNC, p = 0.009; siSTAT3+miR-147a mim-
ics compared to siSTAT3, p = 0.007; Fig. 4A). Then, cell 
viability of A549 cells treated with SNH was decreased 

Fig. 3. STAT3 directly targeted miR-147a and negatively regulated radiosensitivity of NSCLC through suppressing apoptosis

A. STAT3 RNA expressions in A549, HCC827 and BEAS-2B cell lines were assessed with RT-qPCR. * siginificantly different (p < 0.01) from the normal cell 
line BEAS-2B; ## notably distinctive (p < 0.01) between the cancer cell lines. B. Binding sites between STAT3 and miR-147a were provided by StarBase 
(http://starbase.sysu.edu.cn). C. Binding conditions between miR-147a and STAT3 were validated using luciferase report assay. ** luciferase activity results 
significantly different (p < 0.01) with other groups. D. Suppressed STAT3 expression in A549 cell line was measured with RT-qPCR. ** statistically different 
(p < 0.05) in comparison with the control group and siSTAT3 group. E. OD values of A549 cells were examined with CCK-8 after irradiation (0 Gy, 1 Gy, 2 Gy, 
4 Gy, 6 Gy, and 8 Gy). ** statistically different (p < 0.05) in comparison with the control group and siSTAT3 group. F. Flow cytometry was performed to check 
apoptosis rates of A549 cells with irradiation (0 Gy, 1 Gy, 2 Gy, 4 Gy, 6 Gy, and 8 Gy) and transfected using suppressed STAT3. ** statistically different (p < 0.05) 
in comparison with the control group and siSTAT3 group; G. The phosphorylated STAT3 conditions were examined using ELISA. ** statistically different 
(p < 0.05) in comparison with the control group and siSTAT3 group; H. After cells were treated with different irradiation (0 Gy, 1 Gy, 2 Gy, 4 Gy, 6 Gy, and 8 Gy), 
STAT3 phosphorylation was examined with ELISA. ** notably different (p < 0.01) from 0 Gy group. Each experiment was repeated 3 times.
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after STAT3 inhibition compared with that in the control 
si-NC group, and miR-147a upregulation intensified cell 
survival decrease under irradiation in different doses. For 
siSTAT3 compared to siNC, the results were as follows: 
for 1 Gy p = 0.008; for 2 Gy p = 0.006; for 4 Gy p = 0.003; 
for 6 Gy p = 0.009; for 8 Gy p = 0.003. For the combined 
group compared to the siSTAT3 group, the results were 
as follows: for 1 Gy p = 0.008; for 2 Gy p = 0.005; for 4 Gy 
p = 0.006; for 6 Gy p = 0.007; for 8 Gy p = 0.006 (Fig. 4B). 
Meanwhile, apoptosis rate of cells after SNH treatment 
was significantly lower after STAT3 downregulation (for 
1 Gy p = 0.007; for 2 Gy p = 0.005; for 4 Gy p = 0.004; for 
6 Gy p = 0.007; for 8 Gy p = 0.008). MiR-147a overexpres-
sion added to the drop in apoptosis rates in comparison 
with siSTAT3 group. For the combined group compared 
to siSTAT3 group, the results were as follows: for 0 Gy 
p = 0.005; for 1 Gy p = 0.007; for 2 Gy p = 0.004; for 4 Gy 
p = 0.008; for 6 Gy p = 0.007; for 8 Gy p = 0.009; Fig. 4C). 
The changes in phosphorylation levels of STAT3 were 
examined using ELISA assay and results showed that p-
STAT3 proteins were inhibited by STAT3 suppression and 

further reduced by miR-147a upregulation (p = 0.007 for 
the siSTAT3 group compared to siNC group; p = 0.005 for 
the combined group compared to siSTAT3 group; Fig. 4D).

Discussion

Houttuyninum can suppress tumor growth through 
downregulating HER2/neu phosphorylation, which indi-
cates that Houttuyninum can provide therapeutic value 
in tumor treatment.24 Considering chemical instability 
of Houttuyninum, SNH was compounded for increasing 
stability, which inhibited metastasis in not only A549 and 
NCI-H1299 cell lines but also in lungs of mice.18 In this 
study, SNH significantly decreased cell viabilities in cancer 
cell lines but seldom downregulated the viability of normal 
BEAS-2B cell line, indicating that SNH could be a use-
ful medicine for blocking cell progression of cancer cells. 
Moreover, SNH also increased apoptosis of cancer cell 
lines. Lower cell viability and higher apoptosis of A549 
cells resulted from SNH treatment. Based on those results, 

Fig. 4. MiR-147a enhanced SNH induced radiosensitivity in NSCLC through suppressing STAT3

A. RNA expression of STAT3 was examined in control siNC group, siSTAT3 group and the combined group of siSTAT3 and miR-147a mimics. ** significantly 
different (p < 0.05) from the control group; ## significantly different (p < 0.05) from the siSTAT3 group. B. OD values of A549 cells transfected with siNC, 
siSTAT3 and siSTAT3 and miR-147 mimics were evaluated with CCK-8 methods after cells were treated with SNH (0.3 mM). ** significantly different (p < 0.05) 
from the control group; ## significantly different (p < 0.05) from the siSTAT3 group. C. Apoptosis rates of cells in the three groups after different doses 
of irradiation were detected with flow cytometry. ** significantly different from the control group; ## significantly different (p < 0.05) from the siSTAT3 
group. D. The phosphorylation of STAT3 was examined using ELISA. ** significantly different from the control group; ## significantly different (p < 0.05) from 
the siSTAT3 group. Each experiment was repeated 3 times.
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SNH was proven to be a useful medicine to suppress cell 
viability and promote apoptosis of  A459 cells. As  for 
miR-147a, it was reported that miR-147a could suppress 
cell proliferation and promote apoptosis in A549 cell line 
by negatively regulating pRB and HOXD-AS1.15 After ir-
radiation, miR-147a was significantly upregulated in irra-
diation-induced thymus injury,25 implying that miR-147a 
is a potential regulator of radiotherapy. We have measured 
that SNH treatment in A549 cells significantly increased 
expression of miR-147a, which was remarkably low in can-
cer cells, especially in A549 cells. Furthermore, overexpres-
sion of miR-147a downregulated cell viability but upregu-
lated apoptosis of A549 cells after irradiation. According 
to these results, SNH was shown to facilitate apoptosis 
of A549 cells and enhanced radiosensitivity of A549 cells 
by increasing miR-147a RNA level.

STAT3 was proven as  the  target gene of  miR-147a 
through luciferase report assay after putative binding 
sites were provided by Starbase. STAT3 was discovered 
as a component of activated acute phase response factor 
complex of interleukin 6 (IL-6) over 20 years ago and its 
activation was to form dimer by combination of mutual 
SH2 domain-phosphotyrosine, which was determined 
as the key activation mechanism of STAT3 transcriptional 
function stimulation.26–28 It is constituted by 770 amino 
acids, containing 6  functional domains.29 STAT3 was 
proven to play an important role in occurrences of tu-
mors, and it promoted cisplatin resistance after activation 
by periostin in NSCLC.30,31 Activation of STAT3 acceler-
ated proliferation and repressed apoptosis through accu-
mulation of the large granular lymphocyte in leukemia.32 
Suppression of STAT3 significantly declined the viability 
of MDA-MB-231 breast cancer cells.33 Moreover, STAT3 
inhibited radiosensitivity in VEGFR2 low expressed Calu-1 
cell line and in A549 cell line, which contains high level 
of VEGFR2.22 STAT3 has 1 phosphorylation site called 
Tyr705, which has been detected to  activate STAT3 
in  melanoma.34 Phosphorylated Y705 STAT3  has also 
been shown to be highly expressed in NSCLC cells and 
its suppression reduced NSCLC cell growth.35 Therefore, 
STAT3 was checked in A549 and HCC827 cell lines and 
normal BEAS-2B cell line showing that STAT3 was highly 
expressed in cancer cell lines, especially A549 cell line. 
Suppressed STAT3 was produced to  inhibit RNA level 
of STAT3 and apoptosis rate of A549 cells was downreg-
ulated with irradiation. Results of apoptosis with STAT3 
determined that STAT3 could ihibit radiosensitivity 
in lung cancer through inhibiting apoptosis. As miR-147a 
and STAT3 were measured, correlation of those 2 genes 
after SNH treatment in lung cancer cells was detected, 
indicating that STAT3 RNA expression and phosphory-
lated STAT3 protein expression were notably suppressed 
by STAT3 inhibition, and upregulation of miR-147a further 
inhibited STAT3 and cell viability. Nevertheless, apoptosis 
rate was upregulated by siSTAT3 and became higher with 
miR-147a mimics. Based on these detections, STAT3 was 

the direct target gene of miR-147a and played the opposite 
role that downregulated radiosensitivity of A549 cells and 
attenuated therapeutic effect of SNH. In previous studies, 
BIBR1532, a selective telomerase inhibitor, increased ra-
diosensitivity in NSCLC cells and mice models.36 MiR-30a 
and miR-30b were overexpressed by low-dose radiation 
resulting in low cell viability and EMT in NSCLC cells 
and even in vivo orthotopic xenograft mouse models.37

Limitations

The limitation of this study lies in the lack of animal 
models, which might help to display the role of SNH and 
mir-147a/STAT3 in vivo.

Conclusions

In our study, we have shown that miR-147a, increased 
by SNH, could enhance cell radiosensitivity by inactivat-
ing the STAT3 signaling pathway in A549 cells. There-
fore, it is possible that miR-147a might also have the ability 
to promote radiosensitivity in animal models and at clini-
cal stage.
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Abstract
Background. In recent years, the clinical significance of collateral circulation in vascular embolism has 
been gradually found.

Objectives. To investigate the relationship between collateral circulation and short-term prognosis of wake-
up stroke patients.

Materials and methods. The present observational study enrolled 269 cases of wake-up ischemic stroke 
patients. All patients presented with mismatched low perfusion volume/main infraction volume and received 
thrombolytic therapy after admission. The hemorrhagic transformation rate was recorded. The American Soci-
ety of Interventional and Therapeutic Neuroradiology/Society of Interventional Radiology (ASITN/SIR) grading 
was used for evaluation of collateral circulation. The stroke condition was determined using the National 
Institutes of Health Stroke Scale (NIHSS). The Barthel Index (BI) score was used for measurement of quality 
of life. The Modified Rankin Scale (mRS) was used for measurement of prognosis.

Results. The hypertension, diabetes and current smoker rates were significantly higher. The baseline NHISS 
scores and NIHSS scores after 24 h were remarkably lower. The NIHSS scores were markedly lower in ASITN/SIR 
grade 2–3 patients compared with ASITN/SIR grade 0–1 patients at 1 week, 2 weeks, 4 weeks, and 3 months 
after treatment. Patients with ASITN/SIR grade 2–3 had lower mRS score and higher BI scores. The ASITN/
SIR grade was an independent risk factor for bad prognosis of wake-up ischemic stroke patients in 3 months.

Conclusions. Collateral circulation condition may be associated with short-term prognosis of wake-up stroke 
patients. Patients with worse collateral circulation may present higher risk for bad short-term prognosis.

Key words: outcomes, coronary collateral circulation, NHISS, wake-up stroke
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Background

Despite the development of treatment methods and mo-
lecular mechanisms, the incidence of stroke is still high, 
with almost 7 million of  ischemic stroke patients and 
3 million of hemorrhagic stroke patients worldwide in 2013 
among 20–64 years-old adults.1–3 It is also reported that 
about 1.5~2.0 million of new stroke cases are diagnosed 
every year in China.4,5 Among the stroke patients, about 
20–25% ischemic stroke patients are healthy before sleep 
and wake up with neurological deficits.6–8 Since the ac-
curate time of stroke onset is difficult to determine for 
wake-up stroke patients, the application of thrombolysis 
treatment for these patients is still controversial.9,10

In recent years, the clinical significance of collateral 
circulation in vascular embolism has been gradually no-
ticed.11 It is thought that collateral circulation is associ-
ated with intravenous thrombolysis,12 coronary chronic 
total occlusion13 and also ischemic stroke.14 However, up 
to now, few studies focused on role of collateral circulation 
in wake-up stroke.

Objectives

In the present study, we demonstrated for the first time 
that collateral circulation was associated with short-term 
prognosis of wake-up stroke patients. The worse collateral 
circulation predicted higher risk for bad short-term prog-
nosis. This research might provide more clinical evidence 
for collateral circulation in wake-up stroke patients.

Materials and methods

Subjects

The  present observational study enrolled 269 cases 
of wake-up ischemic stroke patients who reported to our 
hospital from January 2017 to June 2019. All patients were 
healthy before sleep and were found to show typical stroke 
symptoms after waking up, including a side face, arm or leg 
numbness or sudden onset of deviation, hemiplegia, con-
fusion, difficulty in speaking or understanding, difficulty 
in single or binocular vision, difficulty in walking, dizziness, 
and loss of balance or coordination. The diagnosis of isch-
emic stroke was confirmed with computed tomography 
(CT) or magnetic resonance imaging (MRI) methods ac-
cording to the guidelines of Chinese Medical Association.15 
All patients were consecutively enrolled. The following pa-
tients were excluded: patients with hemorrhagic stroke, pa-
tients who received anticoagulation therapy within 1 month 
before the study, patients who received intracranial or spi-
nal surgeries within 3 months before the study, patients 
who had stroke or brain trauma within 3 months before 
the study, and patients with severe dysfunction of liver, 

kidney or heart. Written informed consent was obtained 
from all study participants. The present study was approved 
by the Ethic Committee of Shanghai Pudong New Area 
Hospital of Traditional Chinese Medicine, China.

Thrombolytic therapy

All patients included in this research received thrombo-
lytic therapy after admission. The computed tomography 
perfusion (CTP) was conducted using a Dual Source Imag-
ing System (Siemens, Munich, Germany). The multimode 
MRI was performed using a General Electric Corporation 
3.0T Magnetic Resonance Instrument (Signa Excite HD; 
General Electric Medical Systems, Chicago, USA). The im-
age reconstruction was then conducted using MIStar® 
software (Apollo Medical Imaging Technology Ltd., Mel-
bourne, Australia). The peak time picture of cerebral blood 
flow (Tmax) was obtained and the area with Tmax > 6 s was 
defined as low perfusion volume.16 The diffusion-weighted 
imaging (DWI) high-signal volume or a volume of lesion 
side which reduced more than 30% of  the normal side 
on the cerebral blood flow (CBF) picture was regarded 
as the main infraction volume. The thrombolytic therapy 
was only conducted for patients with low perfusion vol-
ume/main infraction volume ≥120% and ≥10 mL.17–19

The thrombolytic therapy was conducted using the re-
combinant tissue plasminogen activator (rt-PA) with a dose 
of 0.9 mg/kg. The first 10% of the drug was intravenously 
injected at once, and the rest of  the dose was injected 
using a venous micropump within 60 min. The hemor-
rhagic transformation was evaluated using CT or MRI 
after 24 h of treatment.

Evaluation of collateral circulation

For evaluation of collateral circulation, the American 
Society of Interventional and Therapeutic Neuroradiology/
Society of Interventional Radiology (ASITN/SIR) grading 
was used after digital subtraction angiography (DSA).20 
The ASITN/SIR grade 0–1 was defined as bad collateral 
circulation compensatory, ASITN/SIR grade 2 was defined 
as moderate compensatory and ASITN/SIR grade 3–4 was 
considered as good compensatory.

The study population was then divided into 2 groups: 
ASITN/SIR grade 0–1  patients and ASITN/SIR grade 
2–3 patients.

Data measurement

Demographic data such as age and gender, and clini-
cal information including complications and medication 
condition were also recorded. The stroke condition was 
determined using the National Institutes of Health Stroke 
Scale (NIHSS). The Barthel Index (BI) score was used for 
measurement of quality of  life after 3 months of  treat-
ment. The  Modified Rankin Scale (mRS) was used for 
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measurement of prognosis after 3 months of treatment. 
The mRS score ≤2 was defined as good prognosis while mRS 
score >2 was a bad prognosis. The NIHSS scores were mea-
sured before treatment, 24 h after treatment, and 1 week, 
2 weeks, 4 weeks and 3 months after treatment. The follow-
up lasted for 3 months.

Statistical analysis

Continuous data was expressed using mean ± standard 
deviation (SD). The χ2 test was used to compare the count-
ing materials and rates. Comparison between the 2 groups 
was performed using the Student t-test. The Kaplan–Meier 
(K–M) curve was used to determine the relationship be-
tween NHISS scores and three-month mortality. Logical 
regression was used to analyze risk factors for three-month 
prognosis using a binary logistic regression model with 
step-back method. A value of p < 0.05 was considered 
statistically significant. All calculations were made using 
SPSS v. 22.0 (IBM Corp., Armonk, USA).

Results

Basic characteristics for all patients

The basic characteristics of all patients were shown in Ta-
ble 1. Among the 269 patients, 142 cases had the ASITN/
SIR grade 0–1 and 127 cases had the ASITN/SIR grade 
2–3. The  hypertension, diabetes and current smoker 
rates were found significantly higher in ASITN/SIR grade 
0–1 patients (p < 0.05). Besides, the baseline NHISS scores 
were remarkably lower in ASITN/SIR grade 2–3 patients 

(p < 0.05). Moreover, NIHSS scores after 24 h were also 
lower in ASITN/SIR grade 2–3 patients (p < 0.05). No sig-
nificant differences were found in other indices.

Dynamic changes of NIHSS scores  
and its relationship with ASITN/SIR grading

To further investigate the relationship between ASITN/
SIR grading and clinical outcomes of  wake-up stroke, 
NIHSS scores were evaluated before treatment, 24 h after 
treatment, and 1 week, 2 weeks, 4 weeks and 3 months after 
treatment. As shown in Fig. 1, at all timepoints, the NIHSS 
scores were remarkably lower in ASITN/SIR grade 2–3 pa-
tients compared with ASITN/SIR grade 0–1  patients 
(p < 0.05), indicating that the ASITN/SIR grade at admis-
sion might be associated with the treatment outcomes.

Table 1. Basic characteristics for all patients

Variables All patients (n = 269) ASITN/SIR 0–1 (n = 142) ASITN/SIR 2–3 (n = 127) p-value*

Age [years] 56.64 ±10.09 56.44 ±10.07 56.85 ±10.15 0.742

Gender (male:female) 153 (56.9): 116 (43.1) 78 (54.9): 64 (45.1) 75 (59.1): 52 (40.9) 0.668

Complications, n (%)

Hypertension 126 (46.8) 78 (54.9) 48 (37.8) 0.023

Diabetes 74 (27.5) 49 (34.5) 25 (19.7) 0.026

Current smoker 139 (51.7) 85 (59.9) 54 (42.5) 0.016

Atrial fibrillation 21 (7.8) 11 (7.7) 10 (7.9) 0.602

Stroke family history 54 (20.1) 29 (20.4) 25 (19.7) 0.570

TOAST type, n (%)
cardiogenic embolism
large-artery atherosclerosis
small-artery occlusion
others

81 (30.1)
76 (28.3)
79 (29.4)
33 (12.3)

45 (31.7)
37 (26.1)
33 (23.2)
20 (14.1)

36 (28.3)
39 (30.7)
36 (28.3)
13 (10.2)

0.644

Baseline NIHSS 12.02 ±4.20 14.28 ±3.12 9.50 ±3.82 <0.001

NIHSS after 24 h  10.22 ±4.00 12.66 ±2.98 7.50 ±3.15 <0.001

Hemorrhagic transformation, n (%) 71 (26.4) 39 (27.5) 32 (25.2) 0.749

* ASITN/SIR 0–1 compared with ASITN/SIR 2–3. The χ2 test was used to compare the counting materials and rates. Comparison between the 2 groups 
was performed using the Student’s t-test. ASITN/SIR – the American Society of Interventional and Therapeutic Neuroradiology/Society of Interventional 
Radiology; NIHSS – the National Institutes of Health Stroke Scale; N/A – not applicable.

Fig. 1. Dynamic changes of NIHSS and their relationship with ASITN/SIR 
grading
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Prediction value of ASITN/SIR grading 
for three-month prognosis of wake-up 
ischemic stroke patients

Finally, we analyzed the relationship between ASITN/SIR 
grading and three-month prognosis of wake-up ischemic 
stroke patients. Both mRS and BI scores were measured 
3 months after treatment. Results showed that patients 
with ASITN/SIR grade 2–3  had lower mRS score and 
higher BI scores than patients with ASITN/SIR grade 0–1 
(Table 2). However, the three-month mortality rate did not 
show significant difference. Then, we defined mRS score >2 
as bad prognosis and analyzed risk factors for three-month 
prognosis. Results showed that the ASITN/SIR grade was 
the independent risk factor for bad prognosis of wake-up 
ischemic stroke patients in 3 months (Table 3). The K–M 
curve showed patients with ASITN/SIR grade 2–3 might 
have longer survival in 3 months; however, the difference 
was not statistically significant (Fig. 2, p = 0.116).

Discussion

Despite numerous studies on ischemic stroke, the wake-
up stroke is still a clinical problem, especially due to the dif-
ficulty to determine the accurate time of onset. In recent 
years, the importance of collateral circulation has been 
noticed in embolism diseases. In a clinical trial, it was found 
that the coronary collateral circulation could be increased 
by intensive exercise for coronary artery disease patients.21 
In  patients with celiac artery compression syndrome, 
the authors also found that different types of collateral 
circulation were also observed in patients with celiac artery 
compression syndrome.22 However, up to now, no research 
reported the relationship between collateral circulation and 
wake-up stroke. In the present research, we demonstrated 
that collateral circulation condition was associated with 
short-term clinical outcomes of wake-up stroke patients 
after thrombolytic therapy. Better collateral circulation 
condition predicted better clinical outcomes, and collat-
eral circulation was also an independent risk factor for bad 
short-term prognosis of wake-up stroke patients.

The treatment of wake-up stroke is still a clinical challenge 
and the application of thrombolytic therapy shows differ-
ent outcomes in different studies. Kurz et al. considered 
that stroke onset occurred close to wake-up and not dur-
ing earlier sleep phases in the wake-up stroke patients, and 
thus the proper use of MRI could select patients who would 
benefit from thrombolysis.23 Another clinical research also 
demonstrated that the wake-up stroke and normal stroke 
within therapeutic window had similar clinical severity, im-
aging characteristics and clinical outcome.24 Odland et al. 
also stated that current diffusion-weighted imaging-fluid-
attenuated inversion recovery (DWI-FLAIR) mismatch con-
cept might exclude lager amount of wake-up stroke patients 
who might benefit from thrombolysis.25 In our research, 
we also used thrombolytic therapy only in patients with 
mismatched low perfusion volume and main infraction vol-
ume. Results showed the application of thrombolytic therapy 
could achieve good clinical outcomes. Meanwhile, the treat-
ment outcomes were associated with collateral circulation.Fig. 2. Kaplan–Meier curve for three-month mortality

Table 2. The mRS and BI scores after 3 months of treatment

Variables ASITN/SIR 0–1 (n = 142) ASITN/SIR 2–3 (n = 127) p-value*

mRS 2.19 ±1.41 1.49 ±1.14 <0.001

BI 71.81 ±7.61 79.41 ±8.67 <0.001

Mortality, n (%) 15 (10.6) 7 (5.5) 0.216

mRS – Modified Rankin Scale; BI – Barthel Index; ASITN/SIR – the American Society of Interventional and Therapeutic Neuroradiology/Society 
of Interventional Radiology.

Table 3. Relationship between ASITN/SIR grade and mRS score >2 as bad prognosis

Variable Wald OR 95% CI p-value

ASITN/SIR grade 0–1 15.750 0.313 0.731 (0.627~0.853) <0.001

OR – odds ratio; 95% CI – 95% confidence interval; ASITN/SIR – the American Society of Interventional and Therapeutic Neuroradiology/Society 
of Interventional Radiology; mRS – Modified Rankin Scale.
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Studies on collateral circulation in stroke have also been 
reported. It was considered that the premature rarefaction 
of the collateral circulation might be associated with isch-
emic tissue injury, and cardiovascular risk factors might 
enhance the risk.26 In a review, Iwasawa et al. demonstrated 
the development of collateral circulation in ischemic stroke 
and pointed that good collateral circulation was associ-
ated with better neurological outcomes and smaller infarct 
volume in stroke patients.27 Seyman et al. demonstrated 
in a clinical research that collateral circulation determined 
cortical infarct volume in anterior circulation ischemic 
stroke.28 A meta-analysis also showed that good collateral 
circulation predicted favorable outcomes in intravenous 
thrombolysis in stroke patients.12 In this study, we demon-
strated for the first time that better collateral circulation 
condition was associated with better clinical outcomes 
of wake-up stroke patients.

Limitations

The present study has also some limitations. Firstly, 
the study only included a small sample size. Secondly, 
we mainly showed the relationship between ASITN/SIR 
grading, NIHSS score and prognosis. The relationship be-
tween ASITN/SIR grading and other laboratory indices 
requires further studies to confirm.

Conclusions

We conducted a prospective observational study and 
found that collateral circulation condition was associated 
with short-term prognosis of wake-up stroke patients. 
Patients with worse collateral circulation might present 
a higher risk for bad short-term prognosis. This study 
might give more clinical evidence for the use of collat-
eral circulation measurement in prediction of prognosis 
of stroke patients.
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Abstract
Background. Palmoplantar pustulosis (PPP) is a chronic inflammatory disease with poorly understood 
pathogenesis. The disease has a chronic course with improvements and exacerbations. Due to palmoplantar 
location, PPP has a severely negative impact on patients’ quality of life.

Objectives. To identify demographic and environmental factors, concomitant diseases, medications, and 
bacterial factors which may affect the course of PPP.

Materials and methods. A total of 51 patients suffering from PPP took part in the study. They were clas-
sified according to the Palmoplantar Pustulosis Psoriasis Area and Severity Index (ppPASI) into 3 groups due 
to the severity of the disease. Pack-year of smoking score was established as a quotient of packets smoked 
every 24 h and the years of being addicted. Diagnosis of metabolic syndrome was based on the IDF criteria from 
2009. Chlamydia trachomatis was detected using enzyme-linked immunosorbent assay (ELISA) technique, 
Staphylococcus aureus by the culture swabs. Contact hypersensitivity was examined with the T.R.U.E. test.

Results. Significantly high severity of PPP was observed in patients addicted to smoking with a high 
pack-year score (p = 0.03). Significantly lower intensity of PPP lesions was observed in patients treated 
with ibuprofen (p < 0.01). There was no correlation between severity of PPP skin lesions and comorbidities.

Conclusions. Addiction to cigarette smoking and a high pack-year score aggravates the course of PPP. 
Treatment with ibuprofen can improve the course of the disease.

Key words: smoking addiction, pack-year score, comorbidities, ibuprofen, palmoplantar pustulosis
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Background

Palmoplantar pustulosis (PPP) is a chronic inflammatory 
disease with poorly understood pathogenesis. The lesions 
are localized on the palms and soles, usually symmetri-
cally.1,2 Sterile pustules on the erythematous skin, with 
superficial scaling and fissures are observed. The disease 
has a chronic course with improvements and exacerbations. 
Middle-aged women are more common affected than men. 
Palmoplantar pustulosis has a severely negative impact 
on quality of life. Clinical observations and research data 
indicate that genetic, immunological and environmental 
factors play a role in the development of PPP.2 The disease 
is classified by some authors as a variant of psoriasis, and 
by others treated as a separate condition.2–5 Some lesions 
are common for psoriasis and PPP. The co-occurrence 
of cutaneous psoriatic lesions and psoriatic nail changes 
is observed in patients with PPP. Some patients with PPP 
report arthralgia as well as a positive family history of psori-
asis. Moreover, focal bacterial infections seem to play a role 
in the pathogenesis of both diseases.1,6,7 On the other hand, 
there are differences between psoriasis and PPP. Palmoplan-
tar pustulosis occurs more often in middle-aged women and 
it does not occur in children. Many publications confirm 
the relationship between PPP and cigarette smoking, as well 
as the co-occurrence of contact allergies8–11 and other co-
morbidities.8–15 Thyroid dysfunction in PPP patients is ob-
served more frequently than in the case of psoriasis.16,17

Objectives

The objective of this study was to identify demographic 
and environmental factors, concomitant diseases, medi-
cations, and bacterial factors that may affect the course 
of PPP.

Materials and methods

A total of 51 people suffering from PPP, who had been 
hospitalized in the Dermatology Department of Wroclaw 
Medical University, Poland, took part in the study. The se-
verity of PPP was assessed according to the Palmoplantar 
Pustulosis Psoriasis Area and Severity Index (ppPASI). 
The ppPASI is a modification of  the PASI index with 
evaluation of erythema, vesicles/pustules and scaling/
desquamation. Patients were classified into 3 groups due 
to the severity of the disease: mild (ppPASI: 0–9), moder-
ate (ppPASI: 10–19) and severe (ppPASI: 29–72) disease. 
Pack-year of smoking score was established as a quotient 
of packets smoked every 24 h and the years of being ad-
dicted. The diagnosis of metabolic syndrome was based 
on the International Diabetes Federation (IDF) criteria 
from 2009.18 Chlamydia trachomatis was detected in ure-
thral specimens with enzyme-linked immunosorbent 

assay (ELISA) technique. Staphylococcus aureus (S. au-
reus) colonization of the nasal vestibule was established 
using culture swabs. Contact hypersensitivity was exam-
ined with the thin-layer rapid-use epicutaneous (T.R.U.E.) 
test with 35 allergens.

The influence of age, sex, co-occurrence of psoriatic le-
sions and metabolic syndrome, environmental factors such 
as: cigarette smoking, contact allergies, medications taken 
for other diseases, and infectious factors on the severity 
of PPP skin lesions were assessed.

The results obtained during the research were statisti-
cally analyzed using STATISTICA v. 12.0 (StatSoft Pol-
ska Sp. z o.o.; Kraków, Poland). Student’s t-test, χ2, Kol-
mogorov–Smirnov test, Pearson correlation, the Yates’s 
correction, and the analysis of variance (ANOVA) were 
used. The analysis was performed at the significance level 
of p = 0.05.

The  study was approved by  the  Ethics Committee 
of Wroclaw Medical University. All study participants 
signed informed consent forms.

Results

The results of the study are presented in Table 1. A total 
of 51 patients with PPP, 11 (22%) men and 40 (78%) women, 
aged 20–77 years (mean age: 54.2 years), were included 
in the study. The predominance of women among the pa-
tients was statistically significant (p = 0.03). Skin lesions 
were most often located on: hands and feet in 36 (70.6%) 
patients, in 5 (9.8%) patients only on the hands, and in 10 
(19.6%) only on the feet. The values of ppPASI ranged from 
2.4 to 72 with the average value of 21.64. Nine (17.65%) 
patients were classified into the group with mild disease 
(ppPASI < 10), 18 (35.29%) with moderate (ppPASI 10–19) 
and 24 (47.06%) with severe disease (ppPASI ≥ 20). There 
was no correlation between the severity of skin lesions and 
the age or sex of patients (p = 0.66; p = 0.81, respectively). 
The disease onset was between 45 and 65 years of age 
(mean: 47.1 years). The duration of the disease ranged 
from 1 year to 45 years. The age of onset and duration 
of the disease did no influence the severity of PPP skin 
lesions (p = 0.63; p = 0.91, respectively).

Concomitant psoriasis

In 14 (27.45%) patients with PPP, pustular lesions were 
accompanied by plaque psoriasis. The majority of these 
patients (8, 57.1%) suffered from severe PPP (ppPASI > 20), 
and only 1 patient (7.4%) had mild disease (ppPASI < 10); 
however, no significant correlation was established.

Cigarettes smoking

In  the  study group, 47 (92.2%) patients were active 
cigarette smokers. Four non-smoking patients had 
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mild-to-moderate lesions. Severe course of  the  dis-
ease with ppPASI > 20 was observed only in smokers. 
The mean pack-year score among patients with PPP was 
21.36. Significantly higher severity of PPP was observed 
in patients with a higher pack-year score (p = 0.03).

Concomitant contact hypersensitivity

Contact hypersensitivity was found in 14 (27.5%) patients. 
The most common allergen was nickel. An allergy to this 
metal was present in 7 (14.73%) patients. Four (7.84%) pa-
tients were allergic to preservatives used in cosmetics and 
topical medications. Two patients reacted to KATHON™ 
CG, 2 to thiomersal and 3 to: sterol alcohols from lanolin, 
cobalt hydrochloride, p-tert-butylphenol-formaldehyde 
resins, a mixture of parabens, a mixture of carbon deriva-
tives, potassium dichromate, and a thiuram mix. There 
was no correlation between the severity of PPP skin lesions 
and the presence of contact allergy (p = 0.89).

Co-infections

Chlamydia trachomatis urethritis was found in only 2 
(3.92%) patients, and S. aureus colonization of the nasal 
vestibule was found in 10 (19.61%) patients. There was no 
statistically significant correlation between the severity 
of PPP and the coexistence of chlamydia infection or S. au-
reus colonization.

Treatment of comorbidities

Due to comorbidities, 33 (64.71%) of the studied patients 
were taking medications. Severe PPP with ppPASI ≥ 20 was 
observed in 8 of 10 patients treated with β-blockers and in 6 
of 7 patients treated with angiotensin-converting-enzyme 
(ACE) inhibitors. However, there was no correlation between 
the severity of PPP and treatment with these medications, 
 although the p-value was low (0.06). On the other hand, signifi-
cantly lower intensity of PPP lesions was observed in patients 
treated with ibuprofen (p < 0.01). Only 4 patients were treated 
with ibuprofen, but 3 of them had mild disease (Table 2).

BMI and metabolic syndrome

Patients’ BMI ranged from 17.18 to 48.33, with mean 
value of 26.82. Twenty-one (41.18%) patients had normal 
weight, 19 (37.25%) were overweight and 11 (21.57%) were 
obese. Despite the fact that over half of obese patients had 
severe disease (ppPASI ≥ 20), no correlation was found be-
tween the severity of skin lesions and their BMI (p = 0.3). 
A total of 24 patients had metabolic syndrome that did not 
correlate with the PPP severity.

Thyroid disease and arthralgia

Of all 51 of the studied patients, 14 (27.45%) had thyroid 
disease or had a history of thyroid disease. Twenty-six 
patients (50.98%) complained of arthralgia. However, these 
conditions did not correlate with the severity of PPP.

Table 1. Severity of PPP symptoms depending on concomitant treatment

Medicines Use 
of medications

Number of patients with different intensity of skin lesions in the course of PPP
(n = 51)

p-valuemild 
(ppPASI < 10)

n (%)

moderate 
(ppPASI 10–19)

n (%)

severe 
(ppPASI ≥ 20)

n (%) 

β-blockers
no 8 (19.5%) 17 (41.5%) 16 (39%)

0.06
yes 1 (10%) 1 (10%) 8 (80%)

Angiotensin converting 
enzyme (ACE) inhibitors

no 8 (18.2%) 18 (40.9%) 18 (40.9%)
0.06

yes 1 (14.3%) 0 (0%) 6 (85.7%)

Statins
no 8 (20%) 14 (35%) 18 (45%)

0.69
yes 1 (9.1%) 4 (36.4%) 6 (54.5%)

Ibuprofen
no 6 (12.8%) 18 (38.3%) 23 (48.9%)

<0.01
yes 3 (75%) 0 (0%) 1 (25%)

Indapamide
no 8 (17.4%) 18 (39.1%) 20 (43.5%)

0.2
yes 1 (20%) 0 (0%) 4 (80%)

Hydrochlorothiazide
no 9 (18.8%) 17 (35.4%) 22 (45.8%)

0.66
yes 0 (0%) 1 (33.3%) 2 (66.7%)

Acetylsalicylic acid (ASA)
no 9 (19.6%) 17 (37%) 20 (43.5%)

0.27
yes 0 (0%) 1 (20%) 4 (80%)

Levothyroxine
no 6 (15.4%) 15 (38.5%) 18 (46.1%)

0.61
yes 3 (25%) 3 (25%) 6 (50%)



M. Putra-Szczepaniak et al. Smoking exacerbates palmoplantar pustulosis192

Table 2. Severity of PPP symptoms depending on lesions location, demographic factors, duration of the disease, smoking, concomitant diseases, bacterial 
factors, and coexistence of metabolic syndrome

Factors potentially influencing 
the severity of PPP

Number of patients with different intensity of skin lesions in the course of PPP
PPP

(n = 51)
p-value

mild
(ppPASI < 10)

n (%)

moderate
(ppPASI 10–19)

n (%)

severe
(ppPASI ≥ 20)

n (%)

Localization of skin lesions 0.21
hands 2 (40%) 3 (60%) 0
feet 2 (20%) 4 (40%) 4 (40%)
hands and feet 5 (13.88%) 11 (30.56%) 20 (55.56%)

Age 0.66
<30 years 1 (33.3%) 1 (33.3%) 1 (33.3%)
30–54 years 2 (10%) 9 (45%) 9 (45%)
≥55 years 6 (21.4%) 8 (28.6%) 14 (50%)

Sex 0.81
women 7 (17.5%) 15 (37.5%) 18 (45%)
men 2 (18.2%) 3 (27.3%) 6 (54.5%)

The onset of the disease 0.63
<30 years 3 (33.3%) 2 (22.2%) 4 (44.4%)
30–55 years 3 (12%) 11 (44%) 11 (44%)
≥55 years 3 (17.6%) 7 (41.2%) 7 (41.2%)

Duration of the disease 0.91
<10 years 7 (17.9%) 15 (38.5%) 17 (43.6%)
10–19 years 1 (14.3%) 2 (28.6%) 4 (57.1%)
≥20 years 1 (20%) 1 (20%) 3 (60%)

Coexistence of cutaneous psoriasis 0.44
PPP without psoriasis 8 (21.6%) 13 (35.1%) 16 (43.2%)
PPP with psoriasis 1 (7.4%) 5 (35.7%) 8 (57.1%)

Smoking 0.09
smoker 7 (14.9%) 16 (34%) 24 (51.1%)
non-smoker 2 (50%) 2 (50%) 0 (0%)

Pack-year score 0.03
<10 4 (50%) 2 (25%) 2 (25%)
10–19 0 (0%) 5 (41.7%) 7 (58.3%)
≥20 3 (11.1%) 9 (33.3%) 15 (55.6%)

Patch test 0.89
negative 6 (16.2%) 13 (35.1%) 18 (48.7%)
positive 3 (21.4%) 5 (35.7%) 6 (42.9%)

C. trachomatis infection 0.75
yes 0 (0%) 1 (50%) 1 (50%)
no 9 (18.37%) 17 (34.69%) 23 (46.94%)

S. aureus colonization 0.62
yes 1 (10%) 3 (30%) 6 (60%)
no 8 (19.51%) 15 (36.59%) 18 (43.9%)

BMI 0.3
normal 4 (19%) 9 (42.9%) 8 (38.1%)
overweight 2 (10.5%) 8 (42.1%) 9 (47.4%)
obese 3 (27.3%) 1 (9.1%) 7 (63.6%)

Metabolic syndrome 0.07
present 7 (29.2%) 9 (37.5%) 8 (33.3%)
absent 2 (7.4%) 9 (33.3%) 16 (59.3%)

Thyroid disease 0.3
yes 4 (28.6%) 3 (21.4%) 7 (50%)
no 5 (13.5%) 15 (40.5%) 17 (46%)

Arthralgia 0.17
yes 6 (23.08%) 10 (38.46%) 10 (38.46%)
no 2 (8.33%) 8 (33.33%) 14 (58.33%)



Adv Clin Exp Med. 2021;30(2):189–195 193

Discussion

Palmoplantar pustulosis is a rare disease. In Western 
Europe, the incidence of this disease ranges from 0.01% to 
0.05%,1 and in the Japanese population it is 0.12%.6 Palmo-
plantar pustulosis accounts for 20% of hand and foot skin 
diseases.19 The etiopathogenesis of the disease is not fully 
understood. In the literature, PPP is classified as a subtype 
of psoriasis or a separate disease entity. In our study, about 
1/3 of patients with PPP had comorbid psoriasis, which 
is slightly more than data from other studies (about 20%).1 
Typically, PPP occurs in adults. The age of PPP patients 
varies from 21 to 50 years1; however some authors pointed 
a higher mean age (56.7 years).6

Most of our patients, as in other publications,20 suffered 
from skin lesions located both on hands and feet. Among 
our patients, the disease onset was between 18 and 74 years 
of age (mean: 47.1 years). The duration of the disease was 
1–45 years (mean: 7.14 years).

Clinical studies and case reports indicate that certain ge-
netic, environmental and infectious factors affect the onset 
and/or the exacerbation of PPP. Recently, the pathogenic 
relationship between PPP and cigarette smoking was ana-
lyzed in the literature.10 Cigarette smoke contains over 4000 
chemicals, 300 of which are carcinogens or have pro-inflam-
matory activities.21 Hagforsen et al. documented the rela-
tionship between smoking and the occurrence of PPPs, and 
found that this addiction increases the risk of developing 
PPP seventy-fold.22 In our study, we found a statistically 
significant correlation between the severity of skin lesions 
and pack-year score. The relationship between the severity 
of PPP skin lesions and cigarette smoking has not been pub-
lished before. The mechanism of smoking impact on the PPP 
symptoms has not been precisely established. Characteristic 
locations of the lesions on the palmar and plantar region 
support the theory that sweat glands and acetylcholine re-
ceptors (AChR) play the role in the PPP pathogenesis. There 
are 2 main types of acetylcholine receptor receptors: nico-
tinic (nAChR) and muscarinic (mAChR), which are found 
on keratinocytes and on sweat gland cells. The increased 
expression of alpha7 nAChR which controls homeostasis 
and terminal differentiation of epidermal cells was observed 
on the sweat glands and in the epidermis of patients with 
PPP compared to healthy individuals.22–24 These receptors 
show greater affinity for nicotine than for acetylcholine. 
New theory explains that nicotine-stimulated nAChR play 
a role in the PPP pathogenesis by leading to the accumula-
tion of neutrophils and eosinophils in the epidermis.25,26 
Additionally, peripheral arterial disease caused by smoking 
may probably trigger PPP. This idea is supported by the case 
report of a patient with Leriche syndrome. Symptoms of PPP 
improved after smoking cessation and authors observed 
complete cure of skin lesions after vascular surgery and 
improved arterial circulation.27

Contact hypersensitivity may coexist with PPP, or may 
have an impact on the course of the disease.28 In our study, 

27.5% of patients had positive result of patch tests. Nickel 
was the most common allergen. In the  literature, even 
higher percentage of PPP patients with coexisting contact 
hypersensitivity (39–60%) has been reported.8,11 The most 
common contact allergens in these patients were: nickel, 
balsam of Peru and a mixture of fragrances. More fre-
quent use of jewellery and cosmetics may promote the PPP 
occurrence in women. Furthermore, patients with PPP, 
due to the chronic disease, use topical medications and 
cosmetics for a long time and contact allergy to creams 
and ointments ingredients can exacerbate skin symptoms. 
Therefore, patch tests should be performed in patients 
with no reaction to topical therapy or if disease worsening 
during topical treatment is observed.

The  relationship between focal bacterial infections 
and the severity of skin lesions in PPP has recently been 
discussed in the literature. Tonsillectomy or treatment 
of any bacterial infections led to significant improvement 
or cure of PPP in some patients.29,30 The etiopathogenetic 
relationship of PPP and Helicobacter pylori infection has 
been observed as well.31,32 No relationship between the ap-
pearance or exacerbation of PPP skin lesions with bacte-
rial infections or symptoms of gastric ulcer was observed 
in our study. However, 26 (51%) of study participants suf-
fered from tooth caries. According to the literature, odon-
togenic and other infections may exacerbate skin lesions 
in the course of PPP.29,30,33,34

Pustular skin lesions are also observed in the course 
of reactive arthritis caused by chlamydia infection. Iso-
lated PPP caused by C. trachomatis was considered re-
cently and higher level of chlamydial antibodies in PPP 
patients in  comparison to  healthy people was docu-
mented.35 Nevertheless, only 2 (3.92%) of our patients 
had chlamydia infection. In recent years, the colonization 
of skin and mucous membranes by S. aureus in patients 
with psoriasis has been carefully examined. Immuno-
logical processes triggered by bacterial antigens probably 
play a role in the course of this disease. Keratinocytes 
stimulated by bacterial antigens produce antimicrobial 
proteins (e.g., protein S-100) that contribute to local in-
flammation. Elevated levels of these proteins have been 
shown in psoriatic lesions. Studies on the colonization 
of  the skin and nasal vestibule in people with psoria-
sis were performed, but their results are ambiguous. 
A higher and similar percentage of psoriatic patients 
with S. aureus colonization in the atrium of the nasal 
vestibule in comparison to control was documented.36 
So far, colonization of the nasal vestibule by S. aureus 
in PPP patients has not been studied. In our study, bac-
teria were found in 10 (19.61%) patients. In 6 patients, 
we observed severe PPP (ppPASI ≥ 20); however, there 
was no correlation between staphylococcal colonization 
and PPP severity.

The correlation between PPP and treatment of comorbid-
ities should be also taken under consideration. A significant 
percentage of patients with PPP described in the literature 
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were simultaneously treated for concomitant diseases.14 
However, the influence of drugs on the course of the dis-
ease has not been observed. In our study, most of the stud-
ied patients receiving medications for high blood pressure 
suffered from severe PPP. In the group of 10 patients treated 
with β-blockers, 8 (80%) had severe PPP. Similarly, 7 pa-
tients treated with ACE inhibitors presented severe skin 
lesions with ppPASI ≥ 20. No relationship was observed 
between the occurrence or exacerbation of PPP lesions 
and starting treatment for hypertension. Only 1 person 
claimed that the PPP lesions began after introducing a new 
drug (amlodipine) and improved a few weeks after discon-
tinuation of this calcium channel blocker. Stanford et al. 
described the occurrence of PPP following the initiation 
of β-blockers.37 On the other hand, statistically significant 
lower severity of skin lesions was observed in patients tak-
ing ibuprofen (p < 0.01). Anti-inflammatory activity of this 
medication could have a beneficial effect on the severity 
of PPP symptoms. This positive impact of ibuprofen in PPP 
requires further verification due to a small group of pa-
tients taking this drug in our study.

A numerous publications of  increased prevalence 
of  the  metabolic syndrome in  patients with psoriasis, 
as well as more severe course of psoriasis in patients with 
this condition38 encouraged us to study the coexistence 
of PPP and the metabolic syndrome. Among our patients, 
47.1% had the metabolic syndrome and the PPP course was 
more severe in these patients (p = 0.07).

Inflammatory and pustular lesions located on the hands 
and feet are very characteristic for PPP, but these lesions 
are also observed in chronic inflammatory disorders such 
as SAPHO (synovitis, acne, hands and feet pustulosis, peri-
osteal hyperplasia and osteitis) syndrome, pustular osteo-
myelitis (PAO), and Sonozaki syndrome.39 None of our 
patients had SAPHO, PAO or Sonozaki syndrome. How-
ever, 26 participants (50.98%) reported arthralgia, but no 
correlation was observed between the severity of PPP skin 
lesions of and joint pain.

Conclusions

Cigarette smoking has been shown to affect the PPP 
course. As this is a modifiable factor, patients with PPP 
should be advised to quit smoking. As the research re-
sults show, a positive effect of ibuprofen on skin lesions 
in the course of PPP and the use of ibuprofen in the ther-
apy should be considered, but it requires further studies 
on a larger number of patients.
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Abstract
Background. Despite advances in medicine, there is currently no effective procedure for predicting and 
the early diagnosis of preterm premature rupture of membranes (pPROM).

Objectives. To apply measurements of selected biochemical markers of inflammation for diagnosing cases 
of pPROM without clinical signs of infection.

Materials and methods. This is a prospective cohort study. Three groups were compared, a study group: 
82 women between 22 and 37 weeks of pregnancy hospitalized due to pPROM, a control group: 64 women 
between 22 and 37 weeks of pregnancy in the 1st stage of preterm labor with intact fetal membranes, and 
a reference group: 99 women between 37 and 42 weeks of pregnancy in the 1st stage of physiological term 
labor and intact fetal membranes. To assess the concentration of cytokines, a multiplex method was used 
for measurement of: IGFBP-1, IGFBP-2, BDNF, L-selectin, E-selectin, PECAM-1, ICAM-1, and VCAM-1, MIP-1d, 
MIP-3b, BLC, eotaxin-1, and eotaxin-2.

Results. Out of the studied molecules, we found that eotaxin-2 concentrations in the study group were 
significantly lower than in the control group and the reference group: 9.22 pg/mL compared to 13.76 pg/mL 
and 14.14 pg/mL (p = 0.014), respectively. We also showed that serum concentration of eotaxin-2 below 
8.24 pg/mL could be used as a cut-off level of pPROM (sensitivity: 0.58; specificity:  0.57).

Conclusions. Findings of significant differences in eotaxin-2 can be the basis for further studies on the use 
of this molecule as a biochemical marker of pPROM.

Key words: preterm rupture of membranes, cytokine, preterm labor, molecular biology
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Background

Premature rupture of  membranes (PROM) is  one 
of the major complications of physiological pregnancy re-
sulting in the leakage of amniotic fluid. It occurs in around 
3% of singleton pregnancies and around 7–20% of multiple 
ones.1–3 Despite application of advanced immunohisto-
chemical tests, including detecting vaginal fetal fibro-
nectin, insulin-like growth factor binding protein-1 and 
placental alpha-microglobulin-1, in some clinical cases 
diagnosis of PROM still remains difficult. An extremely 
important event in the context of obstetric complications 
is preterm PROM (pPROM), defined as the rupture of fetal 
membranes before the 37th week of pregnancy, or more 
than 24  h before the  onset of  labor.4 Preterm PROM 
is the cause of about 1/3 of premature births.5 The di-
agnosis of pPROM mainly depends on a medical inter-
view carried out with the patient. Up to 90% of cases can 
be diagnosed on this basis.6,7 The diagnosis of pPROM 
is usually confirmed based on accessory examinations, 
which include: nitrazine test and/or immunochromato-
graphic tests, based on the detection of placental alpha-
microglobulin-1 (PAMG-1) or insulin-like growth factor 
binding protein-1 (IGFBP-1), present in  vaginal secre-
tion.13,14 In contrast to the rupture of membranes dur-
ing term labor, in the etiology of pPROM inflammatory, 
mechanisms linked to infection are far more common. 
Cytokines, including chemokines produced by activated 
immune cells, are the largest group of biochemical factors 
involved in the pathogenesis of pPROM and can potentially 
be used as valuable biomarkers of preterm labor.15

In the fetal membranes, cytokines may exhibit direct 
autocrine or  paracrine activity. Endocrine cytokines 
might also be released by cells located within other sites 
of the pregnant woman’s body.8,9 Despite advances in medi-
cine, there is as yet no effective test to predict pPROM. 
Endothelial cells express endothelial-specific adhesion 
molecules (integrins): L-selectin, E-selectin, ICAM-1, 
VCAM-1, and PECAM.8,9 They are involved in the regu-
lation of migration as well as permeability of blood cells 
through the endothelium. This process may play an im-
portant role in the pathogenesis of pPROM by participat-
ing in the formation of inflammation in the placenta and 
fetal membranes.

Chemokines: MIP-1d, MIP-3b, eotaxin-1, eotaxin-2, and 
B lymphocyte chemoattractant (BLC), as factors associ-
ated with inflammatory processes, may also play a role 
in the pathogenesis of pPROM through chemotactic effects 
on inflammatory cells. In the reproductive system, MIP-1d, 
MIP-3b, eotaxin-1, eotaxin-2, and BLC interact with nu-
merous peptides that induce smooth muscle contractions. 
They are biologically active by interacting with G-protein 
binding membrane receptors (chemokine receptors) that 
are selectively located on the surfaces of target cells.

The 3rd group of potential biochemical markers that were 
the subject of research in this work are circulating proteins 

with variable expression during the inflammatory phase: 
IGFBP-1, IGFBP-2 and BDNF. They can be associated with 
the formation of inflammatory infiltrates within the fetal 
membranes, placenta and/or umbilical cord, and thus are 
involved in the pPROM pathogenesis.

The development of research methods, including multi-
plexed technologies,10 may be the basis for implementation 
of new diagnostic methods for early diagnosis of this com-
plication or even identification of high-risk groups, which 
could contribute to improvement in antenatal monitoring.

Objectives

This paper attempts to apply paralleled measurements 
of selected biochemical markers of inflammation for diag-
nosing pPROM in pregnant women without clinical signs 
of infection.

Materials and methods

This is a prospective cohort study reviewed and ap-
proved by an institutional review board of a Local Bio-
ethics Committee before it began. The study group con-
sisted of 82 women between 22 and 37 weeks of pregnancy 
hospitalized due to pPROM. The control group consisted 
of  64  women between 22 and 37  weeks of  pregnancy 
in  the  1st stage of  preterm labor with cervical dilata-
tion of up to 3 cm, and intact fetal membranes. We used 
the reference group consisting of 99 women between 37 
and 42 weeks of pregnancy in the 1st stage of physiological 
term labor, with cervical dilatation of up to 3 cm, and intact 
fetal membranes. As exclusion criteria we considered anti-
biotic treatment up to 3 weeks prior to the study, placenta 
previa, multiple pregnancy, and clinical symptoms of in-
fection: temperature above 37°C, cough, chills, and fetal 
tachycardia. The diagnosis of pPROM was based on ACOG 
recommendations,11 that is: 1) gynecological examination 
– visualization of amniotic fluid passing from the external 
cervical os; 2) nitrazine test (change in the color of paper 
impregnated with nitrazine from yellow to blue); 3) im-
munochromatographic tests.

The diagnosis of pPROM was confirmed by the presence 
of at least 2 of the 3 criteria. The average time between 
fetal membrane rupture and the patient’s inclusion was 
3 h 46 min (min. 30 min, max. 26 h). A total of 79 women 
were in early pPROM (up to 18 h) and 3 women were in late 
pPROM (more than 18 h passed between the rupture and 
the onset of labor).

Samples collection

Whole blood samples of 15 mL were collected from 
the ulnar vein of each pregnant woman using 2 tubes: 
5 mL for serum into a test tube with a serum separating 
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tube (SST) and 10 mL for plasma into an EDTA tube. 
In the study group, blood was collected immediately after 
pPROM diagnosis. In the control and reference groups, 
blood was collected at the onset of labor with cervix dila-
tation below 3 cm. In all 3 groups, samples were taken 
before pregnant women were given any medication. From 
the EDTA tube, 2 × 2.5 mL were pipetted and the rest was 
centrifuged together with the serum (taken to the separa-
tor tube), at 3000 rpm for 5 min at 4°C. Serum and EDTA 
treated plasma were titrated 10 × 250 μL, each separately. 
Samples were preserved immediately at –80°C. The con-
centrations of the following biochemical markers were de-
termined in the patients’ blood serum: 1) Circulating pro-
teins expressed during inflammation: IGFBP-1, IGFBP-2, 
and BDNF; 2) Adhesion molecules involved in leukocyte-
endothelial transduction: L-selectin, E-selectin, PECAM-1, 
ICAM-1, and VCAM-1; 3) Chemokines: MIP-1d, MIP-3b, 
BLC, eotaxin-1, and eotaxin-2.

Determination of  the  level of  biochemical markers 
was made using protein macroarrays in accordance with 
the detailed specifications of the manufacturer (RayBio-
tech, Norcross, USA).

Statistical analyses

We used the Shapiro–Wilk test for analysis of normality.  
We compared study group with the control group, and 
study group with the reference group. When comparing 
2 groups for quantitative data that did not come from 
a normal distribution, the U Mann–Whitney test was used. 

For data with a normal distribution, Student’s t-test was 
used to evaluate eotaxin-2 threshold value; receiver operat-
ing characteristic (ROC) curve was performed. Statistical 
significance level was assumed at p < 0.05.

Results

Characteristics of the groups

The mean age of women with pPROM was 26.4 years 
(ranging from 18 to 41 years), and was not statistically 
significantly different (p > 0.05) from the age of women 
in the control and reference groups. There were no statisti-
cally significant differences (p > 0.05) between the groups 
in the number of pregnancies, urine pH, hemoglobin, and 
white blood cells levels. There were important differences 
in smokers in the study group compared to reference group 
and vaginal pH between study group compared to control 
and reference groups due to pPROM (Table 1).

Analysis of the concentration levels 
of selected biochemical markers

Serum concentrations of  IGFBP-1, IGFBP-2; L-selec-
tin, MIP-1d, BDNF, BLC, eotaxin-1, E-selectin, ICAM-1, 
MIP-3b, PECAM-1, and VCAM-1 were not significantly 
different (p > 0.05) between the study group, control group 
and reference group (Table 2,3). Women with pPROM 
showed lower mean eotaxin-2 concentrations compared 

Table 1. Characteristic of the groups

Factor Study group Control group Reference group p1 p2

Age [years] 
26.4

(18–41) 
25.1

(18–39) 
24.4

(19–40)
0.241 0.182 

Smokers 11 7 5 0.072 0.034

Alcohol abuse 0 0 0 NA NA

Drug abuse 0 0 0 NA NA

Number of pregnancies
2  

(1–6)
1.8 

(1–4)
1.6 

(1–3)
0.112 0.075

Pregnancy age [weeks]
 31.1

(22–36)
28.3

(23–36) 
39.6

(38–41) 
0.068 0.003 

Fetal weight USG [g] 
1761 

(507–2482)
1642

(612–2412)
3620

(3238–4216) 
0.136 <0.001

BMI
27.3 

(24.4–28.3)
25.8

(23.6–29.12) 
32.1

(29.8–35.2)
0.061 0.042 

Vaginal pH 
6.4 

(5.9–7.2)
4.3

(4.0–5.2) 
4.8

(4.4–5.5)
0.026 0.044

Hemoglobin [g%]
11.6 

(10.3–14.3)
11.2

(10.6–13.9)
11.5

(11.2–12.3)
0.072 0.103 

WBC [/1 mm3]
1071 

(7358–13235)
9836

(8532–14533)
12300

(9275–13288)
0.211 0.178

Urine pH 
6.3  

(5.7–6.7)
5.9 

(5.3–7.2) 
6.0  

(5.5–7.6)
0.06 0.078

p1 – study group compared to control group; p2 – study group compared to reference group; NA – not applicable.
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with women with preterm labor and intact membranes and 
to women with physiological term labor (Table 4). Serum 
concentrations of eotaxin-2 below 8.24 pg/mL show sig-
nificance as a potential pPROM biomarker with sensitivity 
of 0.58 and specificity of 0.57 (Fig. 1, Table 5).

Discussion

This study has shown that eotaxin-2 exhibits statis-
tically lower concentrations in  women with pPROM 
than in women in preterm labor and intact membranes 
or women in physiological term labor. This may be an im-
portant factor in the pathogenesis of pPROM, because 

eotaxin- 2, like eotaxin-1, is responsible for the activation 
and chemotaxis of eosinophils,12 as well as neutrophils, 
macrophages and T lymphocytes.13 Its activity was ob-
served in decidual fibroblasts. By modifying the apoptosis 
of decidual cells, eotaxin-2 may contribute to premature 
membrane weakening and rupture. It is worth noting that 
the concentration of  eotaxin-2 receptors is dependent 
on estrogen, progesterone and placental gonadotropin.14

The obtained results indicate that eotaxin-2 may be 
a potential marker of pPROM, and may also play a role 
in the pathogenesis of premature rupture of membranes, 
which could increase the predictive value of this mole-
cule. The biomarker potential of eotaxin-2 is to confirm 
rupture but not to predict latency between rupture and 

Table 2. Analysis of concentration levels of selected biochemical markers

Concentration of markers   
[pg/mL]

Mean Student’s t-test  
p1

Student’s t-test 
p2study group control group reference group

iGFBP-1 177.97 144.57 158.93 0.056 0.096

IGFBP-2 429.72 424.00 422.36 0.695 0.753

L-selectin 2369.2 2379.9 2456.4 0.888 0.687

MIP-1d 25.01 27.79 24.78 0.092 0.132

p1 – study group compared to control group; p2 – study group compared to reference group.

Table 3. Analysis of concentration levels of selected biochemical markers – cont.

Concentration 
of markers 

[pg/mL]

Median Mann–Whitney U test 
(p1)

 Mann–Whitney U test 
(p2)study group control group reference group

BDNF 42.22 38.82 40.93 0.062 0.112

BLC 32.25 34.66 31.78 0.491 0.621

Eotaxin-1 1.42 1.78 1.66 0.178 0.225

E-selectin 380.24 398.18 376.15 0.953 0.871

ICAM-1 435.66 420.22 341.61 0.699 0.575

MIP-3b 22.50 17.02 19.50 0.093 0.182

PECAM-1 26.34 29.15 31.91 0.248 0.154

VCAM-1 37.42 36.85 33.89 0.158 0.344

p1 – study group compared to control group; p2 – study group compared to reference group.

Table 4. Comparison of eotaxin-2 concentrations in the study group vs the control and reference groups (pg/mL)

Concentration 
of markers 

[pg/mL]
Mean Median Lower 

quartile
Upper 

quartile
Standard 
deviation

Standard 
error p1 p2 p3

Study group 9.22 7.45 5.03 11.0 5.64 0.66

0.037 0.014

0.075

Control group 13.76 10.22 7.34 17.46 8.31 2.29

Reference group 14.14 11.90 9.78 16.88 7.26 1.94

p1 – study group compared to control group = 0.037 (Mann–Whitney U test); p2 – study group compared to reference group = 0.014 (Mann–Whitney U 
test); p3 – control group compared to reference group = 0.075 (Mann–Whitney U test).

Table 5. Analysis of sensitivity and specificity of pPROM dignosis based on Eotaxin-2 concentrations

Eotaxin-2 threshold value 
[pg/mL] Sensitivity 95% CI Specificity 95% CI

8.24 0.58 0.496 to 0.821 0.57 0.433 to 0872
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delivery. Despite excluding patients with clinical and labo-
ratory symptoms of infection from the study, the existence 
of asymptomatic inflammation of the fetal membranes 
in women with pPROM cannot be ruled out, which might 
have affected the concentrations of biochemical markers. 
It remains unknown whether the reduction in eotaxin-2 
concentrations in women with pPROM resulted from la-
tent infection or the onset of labor.

When interpreting the results of concentrations of eo-
taxin-2 in women with pPROM, one should take into account 
physiological changes in the concentration of some proteins 
during pregnancy. However, regardless of gestational age, 
there are other mechanisms that affect the concentration 
of  individual biochemical markers in  the blood serum. 
Liu Y et al.15 showed a change in calgranulin B concentra-
tions (a protein whose expression appears on the surface 
of macrophages and epithelial cells of tissues in the acute 
phase of inflammation) synthesized in the fetal membranes 
and decidua in the course of intrauterine infections. These 
changes occur before the onset of clinical symptoms of in-
fection, which gives grounds for searching for biochemical 
markers of pPROM among cytokines. In contrast, not all 
cytokine concentrations undergo modulation in the course 
of intrauterine inflammatory processes.16

Likewise, in this study no significant changes have been 
found in the concentrations of IGFBP-1, IGFBP-2, BDNF, 
L-selectin, E-selectin, ICAM-1, PECAM-1, VCAM-1, as well 
as MIP-1d, MIP-3b, eotaxin-1, and BLC. However, the role 
of expression of some cytokines in the diagnosis of early 
stages of intrauterine inflammations is indisputable and 

some have already been studied in preterm labor.17 De-
spite no women exhibiting symptoms of  chorioamnio-
nitis in the examined group (patients with clinical signs 
of infection were excluded from the study), the presence 
of such infections cannot be ruled out. Asymptomatic in-
flammatory changes in afterbirth can affect the immune 
system. So far, no pathomechanisms are known to occur 
with the reduction of eotaxin-2 concentration, directly cor-
responding to pPROM. There are only suggestions that 
alterations of immune reactivity, such as decreased cervi-
cal cytokines, may predispose to urinary tract infections, 
pPROM and preterm labor.18 Physiological body mass index 
(BMI) alteration is evidenced during pregnancy. Although 
BMI, as a chronic stress state, is a strong pro-inflammatory 
nature disorder, little is known about how body composi-
tion interferes with inflammatory markers during preg-
nancy. Therefore, in this study, we evaluated the biomark-
ers in the reference group, which exclusively include obese 
subjects. This work demonstrates how the amount of fat 
mass interferes with the balance of cytokines. Changes 
in the concentration of pro-inflammatory cytokines may 
result in a reduced immune response, thus contributing 
to a symptomatic infection.19–21 Chronic immune response 
may lead to a decrease in reactivity, manifested by a decrease 
in the concentration of some cytokines.22,23 This study has 
shown eotaxin-2 to be such a phenomenon. In women with 
pPROM, eotaxin-2 concentrations were significantly lower 
compared with the values in the group of women with physi-
ological labor. This interpretation of the reduced level of eo-
taxin-2 in women with pPROM is not the only one. Simhan 
et al. found that a reduced level of some cytokines may be 
a primary phenomenon resulting from genetic conditions, 
which causes decreased intrinsic resistance to intrauterine 
inflammations and promotes the occurrence of pPROM.24 
This is consistent with the studies of  Dizon-Townson et al., 
according to which premature labor, at least in part, is ge-
netically determined,25 which allows a hypothesis that ge-
netically determined decreased levels of eotaxin-2 may lead 
to pPROM. In view of encouraging results, the role of cyto-
kines in the course of pPROM should be the aim of further 
research, as well as the use of eotaxin-2 as a pPROM marker.

Limitations

The weakness of the study is a poor sensitivity and speci-
ficity of this test and its small sample size, which is why 
the presented results should be considered as pilot ones. 
Further studies are necessary on  larger groups, which 
would help define the exact role particular cytokines play 
in premature rupture of membranes.

Conclusions

We concluded that eotaxin-2 could be the basis for fur-
ther studies on the use of this molecule as a biochemical 

Fig. 1. ROC analysis of sensitivity and specificity of pPROM diagnosis 
based on eotaxin-2 concentrations
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marker of pPROM. Defining the potential for eotaxin-2 
as a biochemical marker of pPROM requires further in-
vestigation on a larger group of patients.
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Abstract
Background. Urachal cancer gives metastases through the lymph nodes (LNs). No lymphadenectomy 
scheme in the case of this cancer exist, yet it is proposed as a staging procedure. An assessment of lymphatic 
outflow from the tumor site with the use of single-photon emission computed tomography/computed 
tomography (SPECT/CT) lymphangiography is possible for staging purposes.

Objectives. To perform the mapping of the LNs draining the lymph from urachal cancer with the use 
of radioisotope-based technique and to propose the lymphadenectomy template in case of urachal cancer.

Materials and methods. A prospective study was conducted in 5 patients with urachal cancer. The 99m-
technetium (Tc-99m)-nanocolloid was injected during a cystoscopy prior to the surgery. Lymphangiography 
was performed using SPECT/CT. A radioactive LNs analysis with the use of a hand-held gamma-ray detection 
probe was conducted during the surgery and the sentinel lymph node (SLN) biopsy procedure was performed. 
An additional lymphadenectomy containing the lymphatic basin of identified radioactive LNs was performed. 

Results. In all cases lymphatic outflow from the urachal tumor to the LNs was present. Preoperative SPECT/
CT allowed detecting the activity of the radiotracer in the common iliac region in all the studied patients. 
In 3 cases, bilateral lymphatic outflow, and in 2 cases, unilateral lymphatic outflow was observed. All pre-
operatively visualized LNs were found and excised with the use of a gamma-ray detection probe during 
a lymphadenectomy. In all cases, SLNs did not contain metastases.

Conclusions. Mapping of the LNs draining the lymph from urachal cancer with the use of radiotracer is pos-
sible. Lymphatic outflow in the case of this cancer can be both unilateral and bilateral. No recommendations 
about the extension of lymphadenectomy are proposed. We recommend individual assessment and treatment 
based on additional knowledge about lymphatic outflow. This allows for minimally invasive yet targeted 
treatment as an SLN basin lymphadenectomy.

Key words: lymphadenectomy, urachal cancer, lymphangiography, single-photon emission computed 
tomography/computed tomography, dynamic sentinel lymph node biopsy
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Background

The urachus is a structure measuring from 5 cm up 
to 10 cm that connects allantois and the bladder of the fe-
tus. It consists of 3 layers: the luminal layer composed of cu-
boidal or transitional epithelium, the intermediate connec-
tive tissue, and the outer layer of smooth muscle. In the 4th 
to 5th month of fetus development, the bladder descends 
caudally, urachal lumen is stretched and then obliterated 
until median umbilical ligament is formed, which joins 
the bladder dome with the umbilicus.1,2 Urachal cancer 
is a rare non-urothelial carcinoma. Its incidence rate varies 
from 0.35% to 0.7% out of all bladder cancers and from 22% 
up to 35% of adenocarcinomas of the bladder.3,4 It is formed 
from the malignant transformation of enteric epithelium 
located in the urachus, between the bladders dome and 
the umbilicus. The first description of this malignancy 
was published in 1930 by Begg.5 There are only few case 
series about this neoplasm in the literature and therefore 
the management of each patient should be performed with 
an individual approach.1,6,7 This cancer is most common 
in men and most of the cases are in patients who are over 
the age of 50 years.1

There are 5 histological subtypes of urachal carcinoma 
described by Grignon et al.8 The first symptom of the dis-
ease is  usually hematuria, which usually occurs when 
the disease is already advanced. Mucosuria is another, 
very unusual symptom, found in 9% of patients, which 
indicates the possibility of urachal pathology.4 If urachal 
cancer is suspected, a diagnostic evaluation, physical ex-
amination and urinalysis with cytology should be per-
formed and medical history should be taken. Cystoscopy 
must be performed to evaluate if the tumor penetrates 
the bladder urothelium and to determine the decision for 
a transurethral biopsy. Further diagnosis – the evaluation 
of the local extent, lymph node (LN) involvement and pos-
sible metastases – should consist of magnetic resonance 
imaging (MRI) or computed tomography (CT) of the ab-
domen and pelvis.

The most common metastatic sites are diagnosed in LNs, 
peritoneum and lungs. There are some characteristic fea-
tures of the urachal tumor in imaging findings that help 
differentiate it from other bladder tumors. Solid urachal 
masses and calcification in the tumor mass as well as el-
evated carcinoembryonic antigen indicate urachal adeno-
carcinoma.9 Moreover, an elevated level of carbohydrate 
antigen 19-9 has been described as a tumor marker for 
some urachal carcinomas.10

There are few clinicopathological criteria that can be 
helpful in diagnosing urachal cancer. The criteria include: 
tumor localized in the bladders dome, absence of cystitis 
cystica as well as cystica glandularis, invasion of the blad-
der’s muscle layer and deeper layers with a sharp margin 
between the healthy bladder epithelium and the tumor, 
its extension into the bladder wall and space of Retzius, 
abdominal wall or the umbilicus, the presence of urachal 

remnants in the tumor, and no evidence of primary neo-
plasm elsewhere.1,4 Not every urachal cancer is associ-
ated with the urachal remnants. Some of them develop 
in the presence of cystitis cystica or cystica gladularis.11 
All cases diagnosed as adenocarcinoma of  the bladder 
dome should be treated as urachal cancer until proven 
otherwise.11 Sheldon et al. proposed a staging system that 
is commonly used.4 However, several other staging systems 
have also been proposed.12,13

The treatment of the urachal cancer is rather ineffective. 
Surgical management consisting of partial and radical 
cystectomy and en bloc removal of the median umbilical 
ligament with the umbilicus14 is  the main therapeutic 
option. A retrospective study was performed including 
40 patients with urachal adenocarcinoma where surgi-
cal treatment was associated with higher survival rates.13 
When authors compared partial to total cystectomy, they 
observed no difference in survival between those 2 groups 
of patients,15 but recurrence rate after partial cystectomy 
was higher compared to radical cystectomy.1 Extensive 
tumor resection in non-metastatic patients can be cura-
tive in most cases.14 As for today, there is no evidence 
of the curative effect of lymphadenectomy, chemotherapy 
or radiotherapy.4,16 Even if  the urachal cancer spreads 
through the LNs, no lymphadenectomy template, which 
should be performed during the operation, is proposed. 
There is also no data about the lymphatic regions where 
metastases are found during a  lymphadenectomy. Sev-
eral cases of chemotherapy treatment based on irinotecan 
or oxaliplatin with or without bevacizumab have been 
reported, as it is the first-line chemotherapy for metastatic 
colon cancer. This regiment was used because urachal 
adenocarcinomas are often histologically similar to ad-
enocarcinomas of the gastrointestinal tract,17 but the final 
result of the chemotherapeutic treatment does not bring 
expected results.

Objectives

The goal of the present study was to assess the lymphatic 
outflow from the urachal cancer with the use of a radioac-
tive tracer and mapping of first LNs draining the tumor site 
with the use of SPECT/CT lymphangiography. Moreover, 
we wanted to determine the possibility of sentinel lymph 
nodes (SLNs) mapping in  case of  urachal cancer with 
the use of a 99m-technetium (Tc-99m) radioisotope and 
compare the results of preoperative hybrid single-photon 
emission computed tomography/computed tomography 
(SPECT/CT) lymphangiography with intraoperative detec-
tion of LNs containing radioisotope with the use of a hand-
held gamma ray detection probe. An additional aim was 
to propose a scheme of individually tailored lymphade-
nectomy containing the SLN and its basin in case of this 
cancer. To our knowledge, this is the first study describing 
this issue.
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Materials and methods

Five patients with diagnosed urachal tumor were pro-
spectively included in our study. The diagnosis of urachal 
cancer was based on tumor localization in cystoscopy, 
transurethral tumor biopsy with histopathology of ad-
enocarcinoma, and CT scan of the pelvis and abdomen. 
The exclusion criteria were previous chemotherapy, pel-
vic radiotherapy, and previous abdominal operations. 
The study was approved by the local ethics committee 
(Independent Bioethics Committee for Scientific Re-
search at Medical University of Gdańsk, approval No. 
NKBBN/522/2017-2018).

An injection of the radiocolloid was performed 1 day 
before the scheduled operation. The 99m-technetium-
nanocolloid (Nano-Albumon; Medi-Radiopharma Kft. Érd, 
Hungary) was injected during the cystoscopy procedure 
under local anesthesia. Radiocolloid particles of 10–100 nm 
and the total activity of 1 mCi dissolved in 1 mL were used. 
The injection was performed with the use of Williams 
cystoscopy needle 3.7 F (Cook Urological, Spencer, USA) 
around the location of the tumor submucosally divided 
into 4 portions of 0.25 mCi per injection.

Twelve hours after the  radiotracer injection, hybrid 
SPECT/CT lymphangiography was performed in  each 
case with the use of the Symbia™ T6 SPECT/CT (Siemens, 
Erlangen, Germany) dual-head γ-camera equipped with 
a six-row spiral CT scanner.

The  SPECT/CT acquisition parameters used dur-
ing the procedure were as follows: 128 × 128 matrix, 64 
frames at 30 s each, low-dose CT without an intravenous 
injection of contrast media. The imaging time was 30 
miN. Syngo software (Copyright© Siemens AG, Berlin and 
Munich, 2008) was used for the reconstruction and fu-
sion of the images. Additionally, a three-dimensional (3D) 
reconstruction of superimposed images was performed 
for better visualization of the structures before the op-
eration. Any focal activity of  the radiotracer detected 
in the region of  interest excluding the site of  injection 
was considered to be an SLN. In each case, a partial cys-
tectomy with en block resection of the median umbilical 
ligament including the umbilicus was performed. Fur-
thermore, during the surgery radioactive LNs analysis 
with the use of hand-held gamma ray detection probe 
(Neoprobe 2000; Neoprobe Corporation) was conducted 

for radiotracer detection. Afterwards, dynamic sentinel 
lymph node biopsy (DSLNB) procedure was performed 
with additional lymphadenectomy containing the lym-
phatic basin of  identified radioactive LNs. Criteria for 
the SLN was radioactivity at least 10 times higher than 
the background tissue.

Results

Clinicopathological features of  the  described group 
of patients are presented in Table 1. The mean age of pa-
tients was 64.4  years (range: 56–73  years). The  study 
included 4 men and 1 woman. All the patients reported 
gross hematuria during the diagnosis; in 3 patients, ir-
ritative voiding symptoms such as urgency were present. 
Mucinuria was present in 3 patients. Moreover, 1 patient 
reported suprapubic and lumbar pain. In the course of fur-
ther radiological studies, distant metastasis to the spinal 
cord (lumbar part) was diagnosed. In all cases, an ultra-
sound examination of the abdomen with a special focus 
on the bladder was performed (Fig. 1).

All the patients underwent a cystoscopy for the assess-
ment of the presence of the local extension to the blad-
der according to the Sheldon scale (4) with tumor biopsy 
(Fig. 2).

Table 1. Clinicopathological features of the described group of patients

Case Sex Symptoms Tumor localization Tumor histology Sheldon stage

1 M
gross hematuria; mucinuria, suprapubic pain; 

lumbar pain
dome mucinous adenocarcinoma IVB

2 M gross hematuria; urgency dome adenocarcinoma; NOS IIIA

3 M gross hematuria dome mucinous adenocarcinoma IIIA

4 F gross hematuria; mucinuria; urgency dome mucinous adenocarcinoma IIIA

5 M gross hematuria; mucinuria; urgency dome adenocarcinoma; NOS IIIC

M – male; F – female; NOS – not otherwise specified.

Fig. 1. Urachal cancer seen at the dome of the bladder with the use 
of ultrasound examination
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For a potential distant metastases evaluation, a contrast-
enhanced CT examination of the chest, abdomen and pel-
vis was conducted. In 3 cases, partial cystectomy, and in 2 
cases total cystectomy with umbilectomy were performed 
(Fig. 3–5).

In each case, the DSLNB procedure was performed with 
bilateral pelvic lymph node dissection (PLND) containing 
the basin of the SLNs. In all cases, we diagnosed the lym-
phatic outflow with the use of Tc-99m-nanocolloid from 
the urachal tumor site to  the external iliac lymphatic 
region during preoperative SPECT/CT lymphoscintig-
raphy. In 3 cases – bilateral, and in 2 cases – unilateral 
lymphatic outflow was observed. In both cases with uni-
lateral outflow, SLNs were located in the right iliac region. 
A 3D reconstruction of the images allowed for a better 
visualization of the position of the radioactive LNs ac-
cording to the surrounding structures, which enabled 
a better surgeon’s preparation before the scheduled op-
eration (Fig. 6).

All LNs preoperatively identified as SLNs on SPECT/
CT were found intraoperatively with the use of hand-held 
gamma ray detection probe and separately excised during 
a lymphadenectomy for histopathologic examination. In all 
cases neither SLNs nor the rest of excised LNs contained 
metastases. The total number of excised SLNs was 8 and 
the total number of other removed LNs was 41 (mean: 8.2). 
The analysis of lymphatic outflow and excised LNs analysis 
is presented in Table 2.

Discussion

Urachus is an embryological remnant of the urogeni-
tal sinus and allantois. Its spontaneous closure is usually 
observed after forming the medium umbilical ligament 
as its remnant in the third trimester. In about 1/3 of adults, 
urachal remnants persist as a tubular or cystic structure 
from which cancer can develop.18 Morphologically, urachal 

Fig. 5. Specimen after excision containing the umbilicus, remnants 
of the urachus and urachal cancer with the fragment of bladder wall after 
partial cystectomy

Fig. 4. Urachal cancer with extension to the bladder wall (stage IIIA) seen 
during partial cystectomy

Fig. 3. Excision of the remnants of the urachus connecting umbilicus with 
the doom of the bladder

Fig. 2. Urachal cancer seen during cystoscopy examination at the bladder 
dome
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cancers are all adenocarcinomas but not all adenocarcino-
mas of the bladder are urachal cancers. Roughly, 10–40% 
of bladder adenocarcinomas are reported to be of urachal 

origin.1,12,19 Urachal cancer is aggressive, yet its biologic 
behavior presents a long and silent course. Due to its rare 
incidence, there is not enough literature about its treatment 

Table 2. Lymphatic outflow and lymph nodes analysis

Case Lymphatic 
outflow

SLNs 
localization 
in SPECT/CT

SLNs localization 
gamma probe 

intraoperatively
Surgery Number 

of SNLs

Number 
of other 
nodes 

SLN 
metastases

Lymph nodes 
metastases

1 unilateral
external iliac 

right
external iliac right

PC + DSLNB 
+ PLND

1 10 no no

2 bilateral
common iliac 
right and left

common iliac right 
and left

TC + DSLNB 
+ PLND

2 8 no no

3 bilateral
common iliac 
right and left

common iliac right 
and left

PC+ DSLNB 
+ PLND

2 8 no no

4 bilateral
external iliac 
right and left

external iliac right 
and left

TC + DSLNB 
+ PLND

2 6 no no

5 unilateral
external iliac 

right
external iliac right

PC+ DSLNB 
+ PLND

1 9 no no

PC – partial cystectomy; TC – total cystectomy; DSLNB – dynamic sentinel lymph node biopsy; PLND – pelvic lymph node dissection; SLNs – sentinel lymph 
nodes.

Fig. 6. SPECT/CT lymphangiography illustrating the lymphatic outflow from the urachal cancer to the common iliac lymphatic region on the right



W. Połom et al. Lymph node mapping in urachal cancer208

and biology. There are several factors affecting the prog-
nosis of urachal cancer. The most important ones include 
margin status, LN metastases, stage of the disease, distant 
metastases, and pathologic type.20–22 Signet ring cell ad-
enocarcinoma as well as small cell carcinoma are the most 
aggressive types and cause a local invasion and dissemina-
tion even when they appear to be localized.23 On the other 
hand, mucinous adenocarcinoma has a strong tendency for 
a local invasion, which can result in peritoneal dissemina-
tion with a low frequency of distant metastasis.24 Urachal 
cancer is reported to have male predilection.1,2,12 Our study 
confirms this tendency, as male to female ratio was 4:1.

The  prognosis for the  patients with urachal cancer 
is poor, with five-year survival rates reported to be less 
than 50%. The reason for that are: late occurrence of symp-
toms, extravesical growth of the tumor and the risk of early 
metastases.25 A metastatic disease can be often diagnosed 
in case of the tumor not invading the bladder wall, diag-
nosed because of metastatic symptoms.26  Typical symp-
toms, such as gross hematuria and mucinuria, do not occur 
until the tumor invades the bladder wall.27 Other symp-
toms include dysuria, abdominal pain, suprapubic mass, 
and discharge of blood, pus and mucus from the umbili-
cus.1,12,22 In our study, all patients reported gross hematu-
ria. Mucinuria as well as urgency were present in 3 cases. 
One patient reported lumbar pain which in further stud-
ies corresponded to the metastatic site. The most com-
monly described sites of distant metastases are lungs, 
bone with the prevalence to spine, peritoneum, LNs, and 
brain.2 In our study group, only 1 patient was diagnosed 
with distant metastases to the lumbar part of the spine. 
We have not found any metastases to the LNs. The median 
survival rate for patients with a metastatic disease is less 
than 24 months.26 Patients with early stage disease have 
a better prognosis.12,16

Primary surgical resection in case of non-metastatic 
patients is recommended. It consists of a partial cystec-
tomy and en bloc excision of the urachal tumor, urachal 
tract and umbilicus. In some cases, adjacent removal of or-
gans involved with the cancer is required.28 Both partial 
and radical cystectomy provide comparable outcomes.15 
In our group of patients, 3 underwent partial cystectomy 
and 2 total cystectomies because of conditions unrelated 
to the tumor. Survival rate is lower for patients who did 
not undergo umbilectomy.2 What is more, authors agree 
that negative surgical margin status is one of the most sig-
nificant predictors of prognosis.2,14

Urachal cancer gives metastases through LNs, yet it is not 
clear which of them are involved in lymphatic outflow from 
the tumor site, how many LNs should be excised and which 
lymphatic regions should be excised during the lymphad-
enectomy procedure. What is more, lymphatic outflow 
from the bladder in case of bladder tumor is complicated. 
Both unilateral and bilateral lymphatic outflow schemes 
were proven. Authors also describe the position of SLNs 
in non-standard localizations.29 Other urological cancers 

like penile cancer often have the same tendency in lym-
phatic outflow.30 There is no data available about lateral-
ization of the lymphatic outflow in case of urachal cancer. 
Moreover, distant metastases to the parotid LNs are de-
scribed without pelvic LNs involvement,31 which can sup-
port the hypothesis about unpredictable metastatic spread.

Some authors suggest that there is no benefit in sur-
vival for patients who underwent pelvic lymphadenectomy 
when compared with the patients who did not undergo 
this procedure.15 Chen et al. suggested that this proce-
dure should be performed in case of patients with LNs 
involvement confirmed with preoperative imaging studies. 
In their series, 5 out of 17 patients underwent lymphad-
enectomy. In 2 cases, LNs metastases were confirmed, 
while, in 3 cases, LNs were negative in pathological exami-
nations.6 It is not clear why the authors decided to perform 
PLND in 5 patients while LNs metastases were present 
only in 2 cases in preoperative CT scans, and what ra-
diological criteria were applied to distinguish between 
metastatic and non-metastatic LNs involvement. In early 
stages of the disease, micro-metastatic disease has to be 
considered. Micro-metastases are defined as measuring 
between 0.2 mm and 2 mm, and as for now, there is no 
radiological method to distinguish them from the non-
metastatic LNs. When performing DSLNB for the staging 
purposes, we can expect to find the LNs with the most 
chance to acquire metastatic tumor cells from the tumor 
site. With the use of this technique, we can also avoid 
vast pelvic lymphadenectomy, which can cause side ef-
fects and may not bring additional benefits. Lymph nodes 
after DSLNB are also examined by a pathologist according 
to the SLN paragraph which differs from the standard one 
and which can detect a micro-metastatic disease. In our 
group of patients, preoperative radiological examinations 
did not suggest metastases to LNs. The performed SPECT/
CT revealed unilateral lymphatic outflow in 2 cases and 
bilateral in 3 cases. No metastases to SLNs nor metastatic 
cells were found in the rest of the excised LNs.

It is still debatable whether to routinely perform a bilat-
eral lymphadenectomy in patients qualified for surgical 
treatment because of urachal cancer. The procedure may 
be challenging and cause postsurgical complications, but 
on the other hand, omitting lymphadenectomy results 
in the lack of information about the stage of the disease. 
This can have a significant effect on the course of the ad-
juvant treatment.

Patients with a metastatic disease can be treated ef-
fectively with systemic chemotherapy, but as for now, no 
standard chemotherapeutic regiment is proposed. Vari-
ous chemotherapeutics have been used with different 
treatment results.32 Chemotherapeutics used for bladder 
cancer based on cisplatin were used in patients with ura-
chal cancer, with limited clinical effect.33 Other regiments 
including 5-fluorouracil (5-FU) were expected to be ef-
ficient because of the histological and clinical similarities 
of urachal to colonic adenocarcinoma.34 While comparing 
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studies with the use of cisplatin-based, 5-FU-based and 
combined cisplatin + 5-FU-based regiments, the highest 
response rate and lowest progression was observed in case 
of the use of combined regiment.25 Other authors suggest 
the usage of neoadjuvant gemcitabine + cisplatin (GC) and 
subsequently l-leucovorin + 5-FU + irinotecan (FOLFIRI) 
regiment for mucinous adenocarcinoma, aiming at tumor 
shrinkage allowing the curative surgery.24

Our primary results can be used as a recommendation 
to perform an individual assessment of patients with ura-
chal cancer and perform targeted lymphadenectomy con-
taining the SLN and its basin, depending on the results 
of preoperative SPECT/CT lymphoscintigraphy. In case 
of a metastatic disease to the LNs and distant metastases, 
adjuvant chemotherapy should be implemented. In our 
group of patients, we did not find a micro-metastatic dis-
ease while performing pathological examination on SLNs, 
so no recommendations in that case can be presented.

Conclusions

Urachal cancer gives metastases through the LNs. In case 
of this cancer, no lymphadenectomy scheme is proposed, 
and no range of the lymphatic tissue excision is accepted 
as a standard. In case of urachal cancer, lymphadenectomy 
is performed as a staging procedure, but it does not bring 
any benefit for the patient’s survival. Its performance can 
lead to adverse events and complications during and after 
the surgery, like lymphoedema and lymphocele.

An assessment of the lymphatic outflow from the ura-
chal cancer with the use of radioactive tracer and mapping 
of first LNs draining the tumor site is possible. An as-
sessment of lymphatic outflow from the tumor site with 
the use of SPECT/CT lymphangiography is feasible and 
gives additional information to the surgeon, allowing for 
a better planning of the operation.

Lymphatic outflow from the injection site around the ura-
chal cancer can be unilateral and bilateral. The DSLNB 
in case of urachal cancer with the use of an intraopera-
tive gamma ray detection probe is possible. A combination 
of both techniques – preoperative SPECT/CT lymphangiog-
raphy with 3D images reconstruction and an intraoperative 
gamma ray detection probe – allows the surgeon for an ex-
cellent estimation of the localization of radioactive LNs.

Since no recommendations about the  extension 
of lymphadenectomy are proposed, we recommend an in-
dividual assessment of each patient and treatment based 
on additional knowledge about the  lymphatic outflow. 
This allows for a minimally invasive yet targeted treat-
ment as an SLN basin lymphadenectomy. This technique 
can spare the performance of a bilateral pelvic lymphad-
enectomy in case of unilateral lymphatic outflow.

Further studies on a larger group of patients are needed 
for a better lymphatic outflow assessment in case of this 
cancer.
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Abstract
Background. Alopecia areata (AA) is the second most common cause of non-scarring alopecia. Little 
is known on the etiopathogenesis of AA. It is considered an autoimmune disease, with T lymphocytes and 
antibodies directed against hair follicle structures. Topical and systemic therapies are used for the treatment 
of AA, but none of the therapies used to date have a permanent therapeutic effect.

Objectives. To evaluate the efficacy and safety of AA treatment through a single intradermal injection 
of a suspension of allogeneic MSCs extracted from Wharton’s jelly (WJ-MSCs) into the alopecia foci.

Materials and methods. The study involved 4 AA patients who underwent experimental therapy with 
a suspension of WJ-MSCs. The AA intensity was measured using the SALT score. This measure was performed 
3 times during treatment: 1st measure (SALT0) prior to treatment; 2nd measure (SALT12) 12 weeks after 
the treatment; and 3rd measure (SALT24) 24 weeks after the treatment. Furthermore, during each follow-up 
visit (6, 12, 18, and 24 weeks after the administration of WJ-MSCs) the patient’s general condition (physical 
examination) and local condition were assessed, their mood was evaluated, and a photo of the scalp was taken.

Results. Hair regrowth was observed in all patients by an average of 67% at the sites where the cell suspen-
sion was administered. In all cases, we observed greater dynamics of hair regrowth in the first 3 months after 
the treatment, with an average increase of 52.2%, compared to the following 3 months, with an average 
of 32%.

Conclusions. The results of the applied intradermal injections of an allogeneic WJ-MSC suspension were posi-
tive with hair growth observed in all participants and the therapy was found to be safe, with no side effects.

Key words: alopecia areata, Wharton’s jelly, mesenchymal stem cells, MSC, WJ-MSC
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Background

Alopecia areata (AA) is  the 2nd most common cause 
of non-scarring alopecia after androgenic alopecia (AGA).1 
The prevalence is estimated at 2% and has increased ten-
fold since the 1970s when it affected 0.1–0.2% of the pop-
ulation.2 It  equally affects both genders.1 The severity 
of the disease varies widely, from a single focus of a few 
centimeters in  diameter to  extensive hair loss in  all 
or some regions of the body, including the scalp, eyebrows 
and eyelashes, and the rest of the body. In some patients, 
nail dystrophy has also been observed. The disease leads 
to a significant deterioration of patients’ quality of life.3 
There are several clinical forms of the disease: focal hair 
loss (the most common), diffuse alopecia, ophiasis, total 
alopecia (total loss of scalp hair), and alopecia universalis 
(loss of all body hair).4 Alopecia focal lesions are not usu-
ally accompanied by subjective complaints, although 14% 
of patients report itching or burning. The course of the dis-
ease is unpredictable, with 90% of patients experiencing 
recurrences after the 1st episode in the first 5 years, and 
some showing spontaneous remissions.5

Little is known on the AA etiopathogenesis. It is consid-
ered an autoimmune disease, with T lymphocytes and an-
tibodies directed against hair follicle structures.6  Indeed, 
histopathological examination of the skin reveals abundant 
perifollicular lymphocytic infiltrates,7,8 and this infiltra-
tion mainly affects follicles in the anagen phase.6

The autoantigenic epitopes are thought to include mela-
nin and melanin-related proteins, and keratinocyte anti-
gens. In the pathogenesis of the disease, the loss of immune 
privilege is also important. Healthy hair follicles are clas-
sified as tissues with immune privilege, i.e., they do not 
induce an aggressive immune response when transplanted 
using an allogeneic regimen. The immunological privilege 
in healthy hair follicles is attributed to the reduced expres-
sion of class I major histocompatibility complex (MHC I) 
antigens on the keratinocytes, a lack of expression of these 
antigens on melanocytes and a lack of antigen-presenting 
cells in the lower part of the hair follicle, together with 
a small number of immunocompetent cells and the pres-
ence of immunosuppressive factors.9,10

Genome-wide association studies (GWAS) have identi-
fied various genes associated with the pathogenesis of AA 
(e.g., IL2/IL21, IL2RA, CTLA4, ULBP3, and STX17).11 
 Genetic factors are also involved in  the  pathogenesis 
of AA, as the disease is also seen in first-degree relatives 
and monozygotic twins.12,13 In 16% of patients, other auto-
immune diseases are also present, most often vitiligo and 
autoimmune thyroid diseases.1,2,12

Topical and systemic therapies are used for the treat-
ment of AA. In topical therapy, the following medications 
are used: glucocorticoids in the form of external prepa-
rations and injections into the affected skin, minoxidil, 
contact immunotherapy (e.g., diphenylcyclopropenone 
and cygnolin), and drugs administered systematically (e.g., 

glucocorticoids, methotrexate, cyclosporine, azathioprine, 
and sulfasalazine).1,6,14 Moreover, treatment also includes 
UV phototherapy in the form of excimer laser and pso-
ralen and ultraviolet A (PUVA) therapy,1 as well as super-
ficial cryotherapy.15,16 However, none of the therapies used 
to date have a permanent therapeutic effect.

The risk of side effects of the commonly used therapies 
significantly reduces their use. New therapeutic alter-
natives are therefore constantly being sought. Recently, 
the efficacy of Janus kinase inhibitors (applied topically 
and systematically), prostaglandin analogues, statins, 
platelet-rich plasma, and stem cells has been reported. 
The medical literature contains limited descriptions of ex-
perimental therapies using autologous mesenchymal stem 
cells (MSCs) extracted from the patient’s adipose tissue for 
the treatment of AA.9,17

Stem cells can be divided into 3 different types: em-
bryonic stem cells (ESCs), adult stem cells (ASCs) and 
induced pluripotent stem cells (IPSCs). The use of ESCs 
raises ethical controversies that do not apply to tissue-
derived stem cells, e.g., MSCs.17 In cell therapies, MSCs are 
used most commonly. The MSCs can be extracted from 
various tissues: bone marrow, adipose tissue, umbilical 
cord blood, Wharton’s jelly (allogeneic MSCs extracted 
from Wharton’s jelly – WJ-MSCs), and the amniotic mem-
brane.18 Cells extracted from bone marrow, adipose tis-
sue and Wharton’s jelly (WJ) are of most practical impor-
tance.17,19,20 It is worth noting that the extraction of MSCs 
from WJ is noninvasive.21 In 2006, the International So-
ciety for Cellular Therapy (ISCT) defined the minimum 
criteria required for a cell to qualify as an MSC: (1) adhe-
sion to plastic; (2) expression of CD73, CD90 and CD105 
surface antigens in the absence of hematopoietic antigens 
CD34, CD45, CD14 or CD11b, CD79α or CD19, and hu-
man leukocyte antigen – DR isotype (HLA DR) surface 
antigens; and (3) the ability to differentiate into osteoblasts, 
adipocytes or chondrocytes in vitro.22

Mesenchymal stem cells possess immunomodulatory 
properties.18 It has been demonstrated that MSCs reduce 
the proliferative properties of T and B lymphocytes and NK 
cells, secrete numerous paracrine factors including anti-
inflammatory cytokines, and have the ability to migrate 
toward the site of damage. The MSCs change the secre-
tion profile of immune cells towards anti-inflammatory 
cytokines and contribute to an increase in the regulatory 
T lymphocyte population.9,22 The most important cytokine 
secreted by MSCs that modulate T lymphocytes is inter-
leukin 6 (IL-6).18

Due to the immunological properties of MSCs harnessed 
from adult and fetal tissues they can be administered 
through an allogeneic regimen without the need to test 
the recipient and donor’s HLA systems and initiate immu-
nosuppressive therapy in the recipient. Unlike embryonic 
cells, MSCs have no tumorigenic potential.23

In  the  European Union, cell therapy products that 
include MSCs have been considered medications since 
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2003.24 They are used to treat shin ulcers25 and hemato-
logical, orthopedic, urological, and gastroenterological 
disorders.26

Previous attempts to use autologous MSCs for the treat-
ment of alopecia have demonstrated the effectiveness and 
safety of this form of treatment.9 So far, allogeneic trans-
plantation of WJ-MSCs has not been used in AA treat-
ment. Due to the limited efficacy of the currently applied 
methods for the treatment of AA, it is important to search 
for new forms of therapy.

Objectives

The aim of this study was to evaluate the efficacy and 
safety of AA treatment through a single intradermal in-
jection of a WJ-MSC suspension into the alopecia foci. 
The primary endpoint was the percentage change in the Se-
verity of Alopecia Tool (SALT) score during treatment.

Materials and methods

This experimental study was conducted with patients 
undergoing treatment at the Regional Specialist Hospital 
in Wrocław, Poland, and was performed in collaboration 
with the Polish Stem Cell Bank (Polski Bank Komórek 
Macierzystych – PBKM). The study protocol was approved 
by  the  local bioethics committee of  the  Research and 
Development Centre of the Regional Specialist Hospital 
in Wroclaw (approval No. KB 01/2019) and all procedures 
performed in the study were carried out in accordance 
with the ethical standards of the Helsinki Declaration. 
All patients were informed in detail about the purpose 
and methods of the study, as well as the potential benefits 
and risks of therapy. All participants provided written in-
formed consent to participate in the study.

Patients

The study involved 4 AA patients who underwent experi-
mental therapy with a suspension of WJ-MSCs. The pa-
tient population included 3 men aged 36, 43 and 49 years 
and 1 woman aged 57 years. The duration of the disease 
ranged from 2 to 9 years (mean of 5 years). Three or more 
AA foci were observed in each patient (Table 1). In the past, 

all of the patients had undergone the following therapies: 
systemic and topical glucocorticoids, topical minoxidil, 
cryotherapy, and phototherapy (UVB 311 nm). One patient 
was treated with contact immunotherapy (diphenylcyclo-
propenone). None of these methods resulted in complete 
hair regrowth.

The patients did not suffer from any skin diseases or sys-
temic diseases other than alopecia. For 6  weeks prior 
to the study, the patients did not take any medications. 
In all patients with AA, additional tests were performed 
prior to the initiation of therapy, which revealed C-reac-
tive protein (CRP) values ≤5 mg/L, negative antinuclear 
antibodies (ANA) panel results, and no hepatitis C virus 
(HCV), hepatitis B virus (HBV) and human immunodefi-
ciency virus (HIV) infections. On the day of administra-
tion of the WJ-MSC suspension, no clinical signs of other 
active infections were found.

Preparation of the Wharton’s jelly 
mesenchymal stem cell suspension

All umbilical cord (UC) collections were performed af-
ter obtaining informed consent of the parents. The UCs 
samples were collected after natural delivery or caesarean 
sections. The fragment of the UC as long as 20–30 cm was 
placed in a sterile container into with 0.9% natrium chlora-
tum solution (Fresenius Kabi, Bad Homburg vor der Höhe, 
Germany) and transported in protective boxes to the labo-
ratory. The transport conditions were monitored and UC 
tissue was processed within 72 h after delivery. Qualifica-
tion of UC tissue requires providing complete responses 
to  a  medical questionnaire and submitting by  donor-
mother a peripheral blood sample for infectious agents 
testing for HBV, HCV, HIV, cytomegalovirus (CMV), and 
syphilis. All steps of manufacturing were performed in ac-
cordance the principles of Good Manufacturing Practice 
(GMP) and Good Laboratory Practice (GLP). Umbilical 
cord fragment was removed from transportation container 
and placed into a new container with 0.9% natrium chlo-
ridum solution (Fresenius Kabi) supplemented with 1% 
Antibiotic Antimycotic (Thermo Fisher Scientific/Gibco, 
Waltham, USA). After washing, the fragment was dis-
sected into 2 cm fragments, put on 90 mm Petri dish (Med-
lab Products Sp. z o.o., Raszyn, Poland) and cut along with 
surgical blade; then, the arteries and the vein were removed 
with tweezers. After all blood vessels were removed, WJ 

Table 1. Characteristics of the patients

Patient/patients’ initials Gender Age [years] Duration of the disease 
[years]

Number of foci 
of alopecia

1/BR female 57 9 3

2/PT male 43 6 4

3/DH male 36 2 4

4/PI male 49 3 9
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tissue was minced into 1–2 mm3 scraps and placed in xeno-
free, serum-free media into culture flasks for primary 
explants cultures development. Flasks were incubated 
in optimal conditions. After 14 days in culture, the tissues 
were removed from culture and the adherent cells were 
trypsinized using TrypLE™ Select 1× (Life Technologies, 
Carlsbad, USA) and passed into new flasks for further ex-
pansion. The criteria for defining multipotent MSCs were 
established in 2006 by ISCT.27 They are based on cells ad-
herence to plastic, presence of specific antigens like CD90, 
CD73 and CD105, together with the absence of hemato-
poietic and immune system markers (CD45, CD34, CD14 
or CD11b, CD79a, CD19) and HLA-DR surface antigens, 
as well as conferring stem cell identity to differentiate into 
osteoblasts, chondrocytes and adipocytes. The pharma-
ceutical form of the product is a frozen preparation of cells 
in a cryoprotective liquid. The administration and dosage 
form of the treatment is a thawed suspension of WJ-MSCs 
with the phenotype CD73(+), CD90(+), CD105(+).

Procedure

For each patient, a  single WJ-MSC suspension was 
administered to several alopecia foci with a  total area 
of about 15 cm2 in the form of intradermal injections. For 
1 treatment, 2 mL of the suspension was used, which con-
tained 5 × 106 WJ-MSCs of phenotype CD73(+), CD90(+), 
CD105(+) suspended in a saline solution. Injections were 
performed into every 0.5 cm of skin surface. For each in-
jection site, 0.01 mL of the suspension was administered. 
A needle (32 G, 0.23 × 6 mm) was used to administer 
the treatment. The scalp was anesthetized locally with 
EMLA cream (5% lidocaine) (Aspen Pharmacare, Durban, 
South Africa) 1 h before the treatment.

On the day of WJ-MSCs administration, patients were 
hospitalized for 1 day. Before the procedure, the severity 
of alopecia was assessed using the SALT score (SALT0), 
the patient’s general condition (physical examination) and 
well-being were assessed, and photographs of scalp skin 
were taken. Patients’ general and local condition and well-
being were reassessed 24 h after the procedure.

Evaluation of disease severity  
and effect of therapy

The AA intensity was measured with the SALT score.28 
For this purpose, the scalp was divided into 4 areas where 
hair loss was assessed (40% vertex, 18% right side, 18% 
left side, 24% posterior); then, the  percentage of  hair 
loss over the entire scalp was calculated.28 This measure 
was performed 3  times during treatment: SALT0 prior 
to treatment; SALT12 12 weeks after the treatment; and 
SALT24 24 weeks after the treatment; then, the observa-
tions concluded.

To evaluate the effects of therapy, we calculated the dif-
ference in alopecia surface area before and after application 

of the WJ-MSC suspension in the 12th and 24th weeks, 
assuming that the condition before treatment commence-
ment was 100%,28 according to the following formula:

(A − B/A) × 100% = I or D,

where A indicates the percentage of baldness before treat-
ment, B is the percentage of baldness after treatment and 
I (improvement) indicates the amount of hair regrowth. 
If  increased hair loss was observed after treatment, 
the condition was indicated by D (deterioration). Regrowth 
observed 12 weeks following treatment was marked as I12 
and regrowth after 24 weeks was marked as I24 (in both 
cases taking the pretreatment condition as baseline). Addi-
tionally, in order to examine the dynamics of hair regrowth 
in relation to the time that had passed since treatment, 
the I24:12 regrowth was determined 24 weeks after the treat-
ment, taking the 12-week condition as baseline.

The efficacy of therapy was assessed for the whole sur-
face of the scalp and for the following individual areas: 
vertex, right side, left side, and posterior (Table 2). Hair 
regrowth or loss in individual areas was determined ac-
cording to the formula:

(I or D)12vertex.

Follow-up visits

Follow-up visits took place on an outpatient basis 6, 
12, 18, and 24 weeks after the WJ-MSCs administration. 
During each follow-up visit, the patient’s general condi-
tion (physical examination), mental wellbeing and topical 
conditions were assessed, and a photo of the scalp was 
taken. When assessing the condition of the topical local 
site, particular attention was paid to symptoms that could 
indicate adverse effects of intradermal cell administration, 
such as redness or swelling. The SALT assessments were 
performed 12 weeks (SALT12) and 24 weeks SALT24) fol-
lowing treatment. Hair regrowth or loss were calculated 
and expressed as (I or D)12, (I or D)24 and (I or D)24:12.

Results

On the day of the administration of the WJ-MSC sus-
pension, the SALT0 score for the 4 patients (Table 2) was 
26.4% for patient 1 (BR), 23.4% for patient 2 (PT), 19.4% 
for patient 3 (DH), and 40% for patient 4 (PI). The average 
SALT0 score for all patients was 27.3% of hair loss.

In all patients, hair regrowth was observed at the sites 
of cell suspension administration 12 weeks after the pro-
cedure, together with a  decrease in  the  SALT12 value. 
The SALT12 values for patients 1, 2, 3, and 4 were 17.6%, 
7.2%, 12.2%, and 22.5%, respectively, with an  average 
SALT12 score of 14.9%.

Further improvement was observed in the 24th week. 
Hair loss after 24 weeks, measured using the SALT24 score, 
was lower than that observed after 12 weeks (SALT12), and 
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was 16.8% for patient 1, 4.8% for patient 2, 9% for patient 
3, and 18.2% for patient 4. The average SALT24 score was 
12.2% (Table 2).

Regrowth (I24) of the scalp where the procedure was 
carried out was between 53% and 80%, with values of 80%, 
79%, 53%, and 54% for patients 1, 2, 3, and 4, respectively 
(Table 2). None of the observed cases achieved 100% hair 
regrowth. The mean hair regrowth in the injected sites 
(I24) was 67%.

All the patients were found to present with more hair 
regrowth after the first 12 weeks (I12) than in the following 
12 weeks (I24:12) at the site where the intradermal WJ-MSC 
suspension was administered (Table 2). For patient 1, the I12 
was 60% for the first 12 weeks and the I24:12 was 50% for 
the following 12 weeks; patient 2 had an I12 of 69% and I24:12 
of 33%; patient 3 had values of 37% and 26%, respectively; 
and patient 4 had an I12 of 43% and I24:12 of 19% (Table 2). 
The mean I12 and I24:12 were 52.2% and 32%, respectively.

A noteworthy case was patient 1 (BR), who received pos-
terior, left- and right-side injections, and by the 12th week 
was found to have hair loss in the vertex area which was 
not treated with injections of the WJ-MSC suspension. 
This deterioration was expressed by the symbol (Dvertex), 
and in the 12th week of therapy, the deterioration (D12vertex) 
was 8% and increased to 12% after the following 12 weeks 

of observation (D24vertex). The rate of hair loss increased 
and the D24:12vertex score was 33% (Table 2). No hair loss 
was found in the remaining area of the scalp, while hair 
regrowth was observed in the injected sites (Table 2).

In patients 2, 3 and 4, no new foci of alopecia were found 
during the 24-week observation period. Improvement was 
observed in all treated areas: vertex, posterior, left side, 
and right side. Detailed results are presented in Table 2.

During the 24-week observation period, patients did not 
present any abnormalities in the physical examination. No 
local side effects (rash or swelling) at the site of intradermal 
injection of the WJ-MSC suspension were found in any 
patients. All patients reported good general health state 
and did not report any subjective symptoms.

Figures 1,2,3 present the condition before the treatment 
and results of the therapy in patient 1.

Discussion

The introduction of stem cell-based therapies to repair 
and regenerate various tissues and organs offers innovative 
therapeutic solutions. Mesenchymal stem cells play an im-
portant role in the production of active agents for tissue 
regeneration, affecting the proliferation and migration 

Table 2. The AA intensity measured using the SALT score in the 4 regions (vertex, right side, left side, posterior) and in the total scalp. Improvement 
or deterioration in the 4 regions (vertex, right side, left side, posterior) and in the total scalp

Parameter Patient 1 (BR) Patient 2 (PT) Patient 3 (DH) Patient 4 (PI)

Injected sites of the scalp posterior, left side, 
right side

posterior,  
right side

vertex, posterior, 
right side

vertex, posterior,  
left side, right side

Follow-up visit week 
0

week 
12

week 
24

week 
0

week 
12

week 
24

week 
0

week 
12

week 
24

week 
0

week 
12

week 
24

Vertex SALT 0% 8% 12% 0% 0% 0% 12% 8% 6% 28% 16% 14%

Vertex improvement I12, I24 – 0 0 – – – – 33% 50% – 42.8% 50%

Vertex deterioration D12, D24 – 8% 12% – – – – 0 0 – 0 0

Vertex improvement D24:12 – – – – – – – – 25% – – 12.5%

Vertex deterioration D24:12 – – 33% – – – – – 0 – – 0

Left side SALT 1.8% 0% 0% 0% 0% 0% 0% 0% 0% 1.8% 0.9% 0.9%

Left side improvement I12, I24 – 100% 100% – – – – – – – 50% 50%

Left side improvement I24:12 – – – – – – – – – – – 0

Right side SALT 1.8% 0% 0% 0.4% 0% 0% 3.6% 1.8% 1.8% 1.8% 0.9% 0.9%

Right side improvement I12, I24 – 100% 100% – 100% 100% – 50% 50% – 50% 50%

Right side improvement I24:12 – – 0 – – 0 – – 0 – – 0

Posterior SALT 22.8% 9.6% 4.8% 18% 7.2% 4.8% 4.8% 2.4% 1.2% 8.4% 3.6% 2.4%

Posterior improvement I12, I24 – 57% 79% – 60% 73% – 50% 75% – 57% 71%

Posterior improvement I24:12 – – 50% – – 33% – – 50% – – 33%

Total scalp SALT 24.6% 17.6% 16.8% 23.4% 7.2% 4.8% 19.4% 12.2% 9% 40% 22.5% 18.2%

Improvement in injection site I12, I24 – 60% 80% – 69% 79% – 37% 53% – 43% 54%

Improvement in injection site I24:12 – – 50% – – 33% – – 26% – – 19%

SALT – Patients’ Severity of Alopecia Tool; Improvement I12, I24/Deterioration D12, D24 – difference between the alopecia surface area before the treatment 
and after the treatment in the 12th and 24th week, assuming that the condition before treatment was 100%; Improvement I24:12/Deterioration D24:12 
– difference between the alopecia surface area after the 12th week and after the 24th week, assuming that the condition in the 12th week was 100%.
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of endothelial cells, fibroblasts and skin cells.29,30 Studies 
also show that, in addition to proangiogenic, chemoattrac-
tive and anti-inflammatory potential, MSCs may modu-
late the activity of the immune system.31 Attempts have 
recently been made to use MSCs to reactivate hair follicle 
stem cells and thus prevent hair loss.32

There are only a few reports in the medical literature 
on the use of MSCs in the treatment of alopecia. The most 
commonly used MSCs in AA therapy are those derived 
from bone marrow or adipose tissue.33–35 In a therapeutic 
experiment, autologous MSCs derived from bone marrow 
were used on a group of 40 people with hair loss, including 
20 people with AA and 20 people with AGA. Six months 
after a single injection of stem cells into the scalp, the au-
thors observed a significant improvement, confirmed with 
digital dermoscopy. There was no significant difference 
in the effectiveness of treatment between the 2 types of alo-
pecia. No serious adverse events were reported.36

Another interesting study reported the use of human 
autologous adipose-derived adult cells of stromal vascular 
fraction (ADSVC) for the treatment of 20 AA patients. Pa-
tients were given a single injection of autologous ADSVC 
cells extracted by lipoaspiration from adipose tissue into 
the alopecia foci at concentrations of 4–4.7 × 106 cells. 
The growth and thickness of the hair improved signifi-
cantly within the first 6 months after treatment. A de-
crease in the intensity of the hair pull test was also ob-
served. No side effects of ADSVC treatment were observed, 
and patients assessed the therapy as satisfactory.34

Mesenchymal stem cells can also be extracted from WJ 
in the umbilical cord. It is an ideal source of stem cells 
due to its availability, noninvasive and painless extraction, 
weak immunogenic potential, no risk of adverse effects for 
the donor or recipient, and no ethical restrictions.22,32,35 
Medical literature suggests the potential effectiveness 
of  WJ-MSCs in  hair follicle regeneration and hair re-
growth.33,34 An additional advantage of using material ex-
tracted from WJ is the possibility of obtaining its decellu-
larized fraction (DWJM), which is considered an excellent 
natural biocompatible 3D scaffold. The DWJM, as a 3D 
scaffold, can be used as a regenerative drug to promote 
stem cell adhesion, penetration, growth, and multiplication 
both in vitro and in vivo.37

In our study, a single suspension of allogeneic WJ-MSCs 
was injected into the selected AA foci at a concentra-
tion of 5 × 106 cells, followed by a six-month observation 
of  the  treatment effects. All patients who participated 
in this experimental study had previously been treated 
with standard procedures, but without significant long-
term clinical improvements. All patients showed a reduc-
tion in the area of baldness by an average of 67%. None 
of the patients experienced complete hair regrowth. No-
tably, we  observed improved hair regrowth dynamics 
in all cases in the first 3 months after the procedure, with 
an increase of 52.2% on average compared to the following 
3 months, when the increase was 32% on average.

Fig. 1. Patient No. 1, posterior region of the scalp, before treatment

Fig. 3. Patient No. 1, posterior region of the scalp, 24 weeks after treatment

Fig. 2. Patient No. 1, posterior region of the scalp, 12 weeks after treatment
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The case of patient 1 (BR) is particularly interesting, 
because in the 12th week of observation, the subject was 
diagnosed with hair loss in the frontal area where no intra-
dermal injection of WJ-MSC suspension was applied. No 
hair loss was detected in the remaining area of the scalp, 
while in the injected sites (i.e., the parietal area, right and 
left side of the scalp), hair regrowth did occur. This case in-
dicates that the applied therapy is effective only at the site 
of cell administration itself.

There are very few reports of allogeneic therapies with 
WJ-MSCs in the medical literature to date. The authors 
of these papers stress the safety of this type of therapy, 
including the lack of tumorigenic potential.22,32,38

Our experiment also evaluated the safety of the proce-
dures used. No side effects were observed during the pro-
cedure or after application of the WJ-MSC suspension 
in the allogeneic system.

Limitations

The limitation of the study was the small number of pa-
tients enrolled.

Conclusions

The presented report supports the effectiveness and 
safety of  the  applied therapy –  intradermal injections 
of an allogeneic WJ-MSC suspension. To our knowledge, 
this is the first clinical study to describe the application 
of  an  allogeneic MSC transplant in  patients with AA. 
The results of treatment were positive, with hair growth ob-
served in all participants, and the therapy was found to be 
safe, with no side effects. The question remains as to how 
many cells should be given to the patient to achieve full 
hair regrowth and how often the treatments should be 
repeated to achieve 100% therapy efficacy with no relapse. 
We emphasize the need to conduct further studies with 
a randomized control group.
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Abstract
Volume overload can be both the cause and effect of chronic kidney disease (CKD). Overhydration often 
 accompanies renal insufficiency. In cardiovascular disease (CVD), fluid overload can also be the cause of renal 
function impairment. Beside salt restriction, loop diuretics are the first-line therapy. Frequently developed 
resistance can be overcome by switching to intravenous administration, adding albumin alone or in combina-
tion with other diuretics. Transient factors like infection or contrast media can impair diuretic response and 
contribute to congestion. Apart from conservative management, ultrafiltration (UF) and peritoneal dialysis 
(PD) are used. In huge congestion with inadequate diuretic effect, hemodialysis with UF plays an important 
role as a temporary or permanent remedy. An increasing amount of data indicates that sodium-glucose co-
transporter-2 inhibitors (SGLT2i) have allowed for a breakthrough in controlling fluid volume in diabetic and 
non-diabetic patients with CKD.  Sodium-glucose cotransporter 2 inhibitors show cardio- and renoprotective 
effects and have a positive impact on hard cardiovascular and renal endpoints.
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Introduction

A patient exhibiting legs swelling, orthopnea and short-
ening of breath with known heart failure (HF) or diabe-
tes mellitus (DM) can develop deterioration of kidney 
function. If correcting the redundant amount of  fluid, 
regardless of the intervention, restores kidney function, 
we can assume that overhydration was the cause of renal 
injury. Progressively declining glomerular filtration rate 
(GFR) in the course of renal disease results in hyperten-
sion, sodium retention and fluid overload. In anuric pa-
tients, overhydration, as the effect of kidney damage, can 
be life threatening. The most frequent clinical situation 
is the mixture of the 2 examples mentioned, best described 
as cardiorenal syndrome (CRS) with overhydration as a net 
effect. In the last few years, new data about how overhydra-
tion correction is beneficial has been published.

Do we have enough  
good quality data in CKD? 

Circulatory system abnormalities occur frequently 
in patients with chronic kidney disease (CKD). Overhy-
dration is one of the symptoms resulting predominantly 
from cardiovascular disease (CVD) cardiac insufficiency. 
Unfortunately, there is still not enough data of sufficient 
quality to fully understand the cardiorenal interactions. 
The problem should not be downplayed, because CKD 
in various stages affects over 850 million people worldwide, 
which doubles diabetes and exceeds twentyfold cancer oc-
currence. Because of the often insidious course of the dis-
ease, many patients are unaware not only of the existence 
of CKD itself, but also of the potential complications, in-
cluding CVD. It should be emphasized that almost half 
of CKD patients die because of major cardiac events.1

Cardiorenal syndromes

Overhydration can be perceived in the context of car-
diorenal crosstalk, which is bidirectional. The systematic 

classification of  the  organ interactions was proposed 
at the consensus conference of the Acute Dialysis Qual-
ity Initiative in 2008.2 An interdisciplinary group of ex-
perts and opinion leaders categorized CRS into 5 classes 
on the basis of the primarily underlying pathology and its 
acute or chronic character: acute cardiorenal syndrome 
(type 1), chronic cardiorenal syndrome (type 2), acute reno-
cardiac syndrome (type 3), chronic reno-cardiac syndrome 
(type 4), and secondary cardiorenal syndromes (type 5). 
Vicious cycle of sodium and water retention is a hallmark 
of most frequent CRS type 2 (Fig. 1).

Although the  cardiovascular mortality among he-
modialysis patients is intuitively more understandable, 
it has been proven that even patients in earlier stages 
of CKD are at higher CVD risk.3 Among CVDs, there 
is  the  lethal triad: congestive HF, acute myocardial 
infarction (MI) and sudden cardiac death that take 
the largest toll.4 Already microalbuminuria, even with 
preserved GFR, speaks for cardiovascular mortality,3 
and the  inf luence of  estimated glomerular filtration 
rate (eGFR) on the major adverse cardiovascular events 
risk is direct.5 Furthermore, CKD patient is less likely 
to  progress to  end-stage renal disease (ESRD) than 
to pass away because of CVD.6 On the basis of numer-
ous analyses including large database examination con-
sisting of over million patients,7 it should be concluded 
that CKD is one of the most significant risk factors for 
cardiovascular events.3 The up-to-date World Health 
Organization (WHO) charts to evaluate ten-year car-
diovascular mortality ratio do not include CKD as a risk 
factor, while CKD is not less meaningful in this regard 
than encompassed DM.3,8 This may lead to underestima-
tion of its meaning.

Overhydration: An effect

Chronic kidney disease inevitably causes volume over-
load in more advanced stages. It  leads to hypertension, 
arterial stiffness, the shift of the fluids to the third space, 
left ventricular hypertrophy, and the development of HF.9,10 
Volume overload is believed to be the most common mor-
tality risk factor in CKD.10,11 Hypervolemia is an adverse 

Fig. 1. Vicious cycle of sodium and water 
retention is a hallmark of most frequent CRS 
type 2
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prognostic factor not only for patients undergoing renal 
replacement therapy, but also for those in pre-dialysis sta-
dium. It is an independent risk factor for the development 
of cardiac dysfunction.12

Overhydration: A cause

It is agreed that good delivery of blood to the kidneys 
is vital to preserve their function, but the proper outflow 
is not less important. “Congestive kidney failure”13 could 
be a good description of a pathology that takes place in pa-
tients with diastolic HF and CKD. It is believed that so-
dium retention is always connected to water expansion, 
a primary therapeutic target, and it increases central ve-
nous pressure (CVP). The association of CVP and kidney 
function impairment and higher all-cause mortality was 
described in a study where cardiovascular patients un-
derwent the catheterization of the right heart.14 Although 
some doubts in blocking activated both renin–angioten-
sin–aldosterone system (RAAS) and sympathetic system 
exist, the need to lower CVP to treat congestion appears 
to be unquestionable.14 In chronic HF, diastolic dysfunc-
tion, which coexists with increased filling pressure, is often 
accompanied by kidney failure (Fig. 1); the diastolic dys-
function progression worsens the mortality outcomes.15 
The exact pathomechanism is yet not well understood, 
but the interstitial overpressure and venous congestion, 
described together as  increased renal afterload, seems 
to play an important role.13 One must remember that tran-
sient exposition to inflammatory mediators, endotoxins 
or changed bowel wall permeability can be additional pro-
congestive factors (Fig. 2). Sometimes, a proper antibiotic 
course can break diuretic resistance by lowering inflam-
matory response.

Treatment

Regardless of the direction of interactions between over-
hydration and the kidneys, effective dehydration is crucial. 
The therapeutic strategy should be subtly tailored, because 

the window for fluid balance in cardiorenal patients is nar-
row. The universal recommendation for the majority of pa-
tients with CKD – low dietary sodium delivery – should 
be the first step.16 In more advanced CKD or HF exacerba-
tion, such management is insufficient and pharmacological 
treatment should be introduced.

Loop diuretics

The most frequently used class of diuretics in HF are 
loop diuretics, which work in the loop of Henle; furosemide 
and torsemide are the most common among them. The in-
evitable, but also undeniable side effect of loop diuretics 
is the increased activity of sympathetic nervous system 
(SNS) and RAAS.

Loop diuretics relieve congestion but do not change 
mortality and rehospitalization rate in the short and long 
term.17 The decrease in its effect in the course of time 
is a common phenomenon, resulting in the reduction of so-
dium and chloride elimination; the causes are multiple. 
Pharmacodynamics and pharmacokinetics play an  im-
portant role. Loop diuretics are highly bound to serum 
proteins and require secretion into the proximal tubule 
to be active. This Na/K/2Cl pump is located on the lumi-
nal side of the nephron. Therefore, loop diuretics must 
reach the tubular fluid to be active. Hence, in patients with 
severe renal insufficiency (e.g., GFR < 15 mL/min), larger 
doses of loop diuretics are required to achieve effective 
concentrations.18 The various loop diuretics differ in intes-
tinal absorption, especially with an edematous bowel wall 
present in decompensated HF. Reduced drug excretion 
to the lumen of the tubule, reduced filtered load of sodium 
and increased RAAS and SNS activation due to HF-related 
underfilling and extracellular fluid volume (ECFV) deple-
tion, which attenuates the peak effect of the diuretic, also 
contribute to the resistance.19,20 The vasopressin release, 
enhanced by angiotensin II and baroreceptor-mediated 
mechanism in more advanced HF, increases nephron water 
reabsorption.21 The braking phenomenon, which impairs 
sodium loss in the course of time, distal tubular hypertro-
phy and hypochloremia, which plays a role in the activation 
of neurohormonal activity, can also contribute to diuretic 
resistance.22 The attempts to break the resistance encom-
pass more frequent dosing, sometimes multiple times per 
day,22 as well as adjusting the dose to the renal function, 
intravenous administration of the drug and switching from 
furosemide to torsemide or bumetanide.16

The combination of different diuretics is another step 
to break the resistance. Blocking sodium reabsorption 
in different sections of nephron seems to be the key target.

Loop diuretic act from the lumen and are responsible for 
inhibition of Na/K/Cl2 cotransporter in thick ascending 
loop of Henle and macula densa. They inhibit the trans-
porter by binding within the translocation pocket through 
the chloride-binding site. The use of loop diuretics leads 
to the increase of sodium concentration in distal parts 

Fig. 2. Pro-congestive factors and renal congestion consequences
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of nephron and stimulates sodium reabsorption through 
the  intensification of  Na/Cl cotransporter activation, 
which is one of the resistance mechanisms.23

Thiazides and thiazide-like drugs also act from the lu-
men through the inhibition of Na/Cl cotransporter in dis-
tal convoluted tubule, and, as a result, decrease sodium 
reuptake. Although their effectiveness finishes with 
the drop in eGFR below 30 mL/min/1.73 m2, the combi-
nation of loop diuretics with thiazides to the certain point 
is justified.

Mineralocorticoid receptor antagonists (MRAs) – spi-
ronolactone and eplerenone – have been shown to im-
prove morbidity and mortality in HF patients, for example 
in RALES study. They inhibit the aldosterone receptors 
in distal nephron and collecting tube, reducing Na channel 
and Na/K ATPase. One must remember that all the di-
uretics that target collecting tubule can cause hyperka-
lemia; therefore, they are not often used in HF patients. 
This, however, can be controlled by giving concomitant 
loop diuretic, oral bicarbonate (if acidosis is confirmed) 
or potassium binders in gut. Natriuretic doses need to be 
greater than 25 mg/day of spironolactone or 50 mg/day 
of eplerenone.

Tolvaptan

Tolvaptan, a selective antagonist for the vasopressin re-
ceptor V2, was investigated in the EVEREST trial to assess 
its usefulness for inpatient HF individuals. It diminished 
dyspnea, edema, body weight, and serum sodium level, but 
did not affect overall survival, mortality connected with 
CVD and hospitalizations for HF.24

Ultrafiltration

When diuretic response is poor or the resistance to di-
uretic therapy develops and the heart or kidney insuffi-
ciency deteriorates, ultrafiltration (UF) is a solution worth 
considering.25 In comparison to loop diuretics, it warrants 
decongestion with more efficient sodium loss and lower 
RAAS stimulation.19 Several randomized trials were con-
ducted to investigate the potential benefits of UF strategy.

RAPID-CHF (Relief for Acutely Fluid-Overloaded Pa-
tients with Decompensated Congestive Heart Failure) and 
UNLOAD (Ultrafiltration vs Intravenous Diuretics for Pa-
tients Hospitalized for Acute Decompensated Congestive 
Heart Failure) trials showed superiority of UF in the loss 
of fluid over diuretic therapy.26,27 In CUORE (Continuous 
Ultrafiltration for Congestive Heart Failure) trial, weight 
loss effect was similar in both UF and diuretic groups, 
but the increase in serum creatinine in the group treated 
with diuretics and a minor incidence of HF rehospitaliza-
tions in HF group were observed.28 CARRESS-HF (Car-
diorenal Rescue Study in Acute Decompensated Heart 
Failure) study revealed similar weight loss effect in UF 
and diuretic patients, but also the worsening of serum 

creatinine results and greater adverse effects ratio in pa-
tients undergoing UF.29 Also, in AVOID-HF (Aquapheresis 
vs Intravenous Diuretics Hospitalizations for Heart Fail-
ure) study, greater adverse events ratio in UF patients were 
underlined, while no significant difference in three-month 
rehospitalization between the diuretic and the UF group 
was observed. The trial was terminated prematurely due 
to slow enrollment.30

Sustained low-efficiency dialysis (SLED) is carried out 
in patients with NYHA (New York Heart Association) 
class IV with good clinical effect. Although this solution 
requires central vascular access, it offers better hemody-
namic stability in critically ill patients. The single SLED 
session, in comparison to conventional hemodialysis, lasts 
longer (6–12 h) and uses lower blood (50–200 mL/min) 
and dialysate (200–400 mL/min) flow. Fluid volume is re-
moved slowly over a longer time, ensuring hemodynamic 
stability.31,32

Peritoneal dialysis

The usefulness of peritoneal dialysis (PD) in the man-
agement of volume excess in patients with refractory HF 
and renal failure is  justified by greater sodium removal 
compared with traditional diuretic strategies. Recently, 
both nephrologist and cardiologist appreciate this modal-
ity in CRS.33,34

For CRS type 1, tidal PD was found to be a safe and 
effective mean of removing toxins and large quantities 
of excess fluid. In a small randomized study, it was superior 
to UF therapy when the preservation of renal function, 
improvement of cardiac function and net fluid loss was 
considered.35 Moreover, a higher rate of adverse events was 
noticed in the UF arm. A prospective Brazilian study also 
confirmed the high-volume PD (prescribed Kt/V = 0.50/
session) as effective in CRS type 1 patients, allowing ad-
equate metabolic and fluid control.

In chronic HF with CKD, when eGFR falls below 25 mL/
min/1.73 m2, peritoneal UF may improve daily functioning 
and reduce hospitalizations. A systematic review prepared 
by Ronco group assessed the efficacy of PD in patients 
with refractory CHF.34 Twenty-one studies encompassed 
673 patients; the authors suggested that in patients with 
refractory CHF, PD can be an effective and safe treatment 
option, leading to heart function improvement and better 
weight control.

Wojtaszek et al. showed the efficacy of peritoneal UF 
with nightly, 12-hour, 7.5% icodextrin exchange in the long-
term treatment of refractory HF in the majority of NYHA 
class IV patients.36 One overnight icodextrin exchange ap-
peared to be a promising therapeutic option as an adjunct 
to pharmacological management. The authors emphasized 
that the treatment can have a great impact on the quality 
of life and the total treatment costs.

In  recent years, even more studies confirmed PD 
as a safe and feasible palliative treatment for refractory 
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CHF in type 2 CRS.37 Pavo et al. analyzed multiple fac-
tors to identify patients with refractory HF and congestive 
right ventricular dysfunction who would benefit most from 
PD.38 Patients with more pronounced backward failure, 
less marked residual renal functional impairment and 
those not dependent upon others for assistance are likely 
to profit most from PD.

In  summary, PD should be taken under consider-
ation when refractoriness to  conservative therapy ap-
pears. Typical clinical situations, such as persistent right 
heart congestion, ascites with intensified diuretic treat-
ment, ≥2 hospitalizations within 6 months because of car-
diac decompensation despite optimal medical treatment, 
or acute renal failure during intensified conservative treat-
ment of cardiac decompensations are those in which PD 
should be considered.

The special group of patients: Diabetics

Diabetes mellitus is the most frequent cause of CKD 
in  the  world and is  an  independent death risk factor 
in the course of CVD.39 According to post hoc ACCORD 
trial analysis, in diabetic patients, CKD and/or CVD wors-
ens the  all-cause mortality and cardiovascular events 
prognosis.40 Therefore, modern anti-diabetic drugs are 
expected to be not only a good hypoglycemic effect, but 
also nephro- and cardioprotective result are expected.

Because of  its beneficial characteristics, such as  low 
price, safety of use and possible benefits on cardiovascu-
lar system, metformin is the first-line drug.41 It does not 
have to be ceased in CKD patients, even if the eGFR falls 
below 45 mL/min/1.73 m2, and, under appropriate surveil-
lance, can be used up to 30 mL/min/1.73 m2.39 However, 
for the vast amount of patients, monotherapy is not suf-
ficient. Taking into account the immense cardiovascular 
risk, the studies went in the direction of seeking more 
pleiotropic solutions. Two groups of medicines should 
be distinguished here: sodium-glucose cotransporter 2 
(SGLT2) inhibitors and incretin agent – glucagon-like pep-
tide-1 (GLP-1) receptor agonist.42 These novel antidiabetic 
drug groups reduce cardiovascular death risk, with SGLT2 
inhibitors (SGLT-2i) influencing HF risk, and GLP-1RAs 
reducing MI risk.42

Sodium-glucose co-transporter-2 
inhibitors

The EMPA-REG OUTCOME trial was a study focused 
on assessing cardiovascular endpoints. The researchers 
randomized over 7020 type 2 DM (T2DM) patients with 
high cardiovascular risk and examined the  influence 
of empagliflozin. During the study, the primary outcomes, 
such as death from cardiovascular causes, non-fatal MI 
or non-fatal stroke, and all-cause mortality among patients 
receiving different doses of empagliflozin (an SGLT2 in-
hibitor) and placebo, were assessed. It was concluded that 

the administration of the SGLT2i, which acts in the proxi-
mal tubule by increasing glucosuria, in 2 doses, 10 mg and 
25 mg, significantly reduced hard endpoints (by 14% and 
32%, respectively) compared to placebo. The exact mecha-
nism of action is not well understood, but the protective 
effect of the drug lies probably in changes in lipid levels and 
a reduction in the following: sympathetic activity, blood 
pressure, albuminuria, uric acid retention, oxidative stress, 
and insulin resistance.43,44

Slowing down the progression of CKD was the addi-
tional hypothesized result of empagliflozin. The CKD pa-
tients in stages G1-3b were assessed for the eGFR during 
the trial and it was observed that after the initial tran-
sient drop in eGFR in the first 4 weeks of observation, 
the progression of the disease was stabilized in patients 
receiving empagliflozin, while eGFR declined over time 
in the group receiving placebo.45 The eGFR slope analy-
sis from the EMPA-REG OUTCOME trial evaluated GFR 
variability in 3 different periods, that is, shortly after ini-
tiation of the therapy, during chronic maintenance period 
and after drug cessation. Their observations – eGFR rela-
tive decline in the 1st stage, inhibition of the eGFR loss 
in the 2nd period, and eventually eGFR increase in the last 
phase after drug cessation – support the hypothesis that 
there is a renoprotective effect of empagliflozin, reduc-
tion in  intraglomerular pressure caused by  the  drug 
and the SGLT2i effect on hemodynamic changes and its 
reversibility.46

EMEROR Reduced [ejection fraction] trial assessed 
the effect of empagliflozin on HF, regardless of the dia-
betic status, on patients with ejection fraction of 40% and 
less. In this trial, 3730 patients with NYHA class II–IV HF 
were randomized into 2 groups – placebo and 10 mg empa-
gliflozin once daily. It turned out that the patients receiv-
ing empagliflozin had lower risk of meeting primary out-
comes, such as cardiovascular death or hospitalization for 
HF, than the patients receiving placebo (19.4% compared 
to 24.7%). The study showed not only a positive cardiovas-
cular, but also renal effect of empagliflozin. The secondary 
outcome, the rate of the decline in the eGFR over the dura-
tion of treatment period, was slower in the empagliflozin 
group than in the placebo group (−0.55 mL/min/1.73 m2 
compared to −2.28 mL/min/1.73 m2). Also, a composite 
renal outcome, that is, the beginning of renal replace-
ment therapy (chronic dialysis or renal transplantation) 
or a profound, sustained reduction in the eGFR occurred 
in less patients in the empagliflozin than in the placebo 
group (1.6% compared to 3.1%). It  is worth mentioning 
that 48% of enrolled patients had eGFR of less than 60 mL/
min/1.73 m2.47

The effect of empagliflozin on patients with HF with 
preserved ejection fraction is still being studied in similarly 
designed EMPEROR Preserved [ejection fraction] trial.

Empagliflozin is beneficial for CKD patients because 
of the influence on fluid management. This is important, 
as CRS frequently coexists with overhydration. Positive 
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impact of empagliflozin on HF with both preserved and 
reduced ejection fraction (HFpEF and HFrEF) and hy-
pertension is  explained by  natriuresis enhancement.48 
The resistance to physiological natriuretic peptide and 
administered diuretics in HF is common; the sodium-hy-
drogen antiporter 3 or, in other words, sodium-hydrogen 
exchanger (NHE 3), in the proximal renal tubule, whose ac-
tivation increases in HF, is hypothesized to be the culprit.49 
The NHE3 protein, which co-localizes with SGLT2,50 is re-
sponsible for the majority of sodium reuptake in the tu-
bules. The SGLT2i interacts with NHE3 by its inhibition 
and causes natriuresis. The simultaneous administration 
of loop diuretics can prevent the compensative increase 
in sodium reuptake in different parts of the nephron.51

Another proposed mechanism for empagliflozin effi-
cacy is the hypothesis of renal congestion and SGLT2i 
grip point focused on intracellular water. Because of local 
SGLT2i-induced hypovolemia in the kidney, the interstitial 
fluid passes easily to the vascular space to compensate 
for the fluid loss. Due to this assumption, the circulating 
volume, and thus, the organ perfusion and arterial filling, 
would not be affected. In addition, the interstitial renal 
volume overload reduction decreases and protects renal 
function.52

The other gliflozin worth mentioning is dapagliflozin. 
DECLARE-TIMI 58 (Effect of Dapagliflozin on the Inci-
dence of Cardiovascular Events – Thrombolysis in Myo-
cardial Infarction 58) trial was established to  define 
the dapagliflozin cardiovascular safety profile. In this 
trial, 17,160 T2DM patients were randomized into groups 
receiving the drug or placebo. Dapagliflozin treatment 
lowered the rate of HF hospitalizations and cardiovas-
cular deaths, but did not influence major adverse car-
diovascular events (MACE), defined as cardiovascular 
death, MI or ischemic stroke, in the group of patients with 
primary atherosclerotic CVD or at risk of one.53 Promis-
ing results were observed in Dapagliflozin and Preven-
tion of Adverse outcomes in Chronic Kidney Disease 
(DAPA-CKD) phase III trial, focused on primary renal 
outcomes. In DAPA-CKD trial, the composite endpoint 
(≥50% sustained decline in eGFR, onset of ESKD, or car-
diovascular or renal death) in a comprehensive group 
of CKD patients with eGRF of 25–75 mL/min/1.73 m2 
with and without DM had been assessed.54 At the end 
of March 2020, the  trial was terminated prematurely 
due to the overwhelming efficacy in renal insufficiency 
patients. Similarly designed EMPA-Kidney trial is being 
conducted, but the results we will be available in 2022.

Other SGLT2i were also assessed in the trials. Focused 
on cardiovascular outcomes, CANVAS (Canagliflozin 
Cardiovascular Assessment Study) program encompassed 
2 trials of 10,142 T2DM patients with high CVD risk. 
It was designed to assess the canagliflozin benefit–risk 
balance. The program showed the superiority of SGLT2i 
over the placebo group in cardiovascular events reduc-
tion, but the adverse effects – amputations at the level 

of toe or metatarsal – was more frequent in the cana-
gliflozin group.55 CREDENCE (Canagliflozin and Renal 
Endpoints in Diabetes with Established Nephropathy 
Clinical Evaluation) study was focused on canagliflozin 
primary renal outcomes. Included patients had eGFR 
of 30–90 mL/min/1.73 m2 and an estimated daily pro-
teinuria at the level of 0.3–5 g. The study showed that 
both kidney failure and the risk of cardiovascular events 
were lower in the group receiving canagliflozin compared 
to the placebo group. The study was ceased after planned 
interim analysis, as the demonstration of efficacy was 
obtained already after randomizing 4401 patients.56

The summary analysis of the SGLT2i mentioned above 
is  as  follows: empaglif lozin, canaglif lozin and dapa-
gliflozin were recently collected in a meta-analysis. It was 
concluded that SGLT2i reduce HF hospitalizations, for 
which the evidence is the strongest, MACE and all-cause 
mortality. The evidence is weaker in the group of patients 
with eGFR < 60 mL/min/1.73 m2; yet, the impact on lower-
ing adverse renal effects is observable even in this group 
of patients.57

Among the desirable features of SGLT2i, weight loss, 
blood pressure lowering, uricosuric effect, and lack of the 
hypoglycemia risk are worth mentioning. Gliflozins reduce 
hyperfiltration in the early stages of diabetic nephropathy, 
as they restore tubuloglomerular feedback (TGF).58

CVD-REAL3 was an  observational study to  assess 
the SGLT-2i effects on kidney function in comparison 
to  other glucose-lowering drugs in  real-world clinical 
practice. It was concluded that initiation of the therapy 
with SGLT2i, that is: dapagliflozin, empagliflozin, cana-
gliflozin, ipragliflozin, tofogliflozin, and luseogliflozin, 
was associated with a lower risk of major kidney events 
and a slower decline in kidney function than the initiation 
of other anti-diabetic medications.59

The recommendations of American Diabetes Associa-
tion suggest that second-line DM therapy should be cho-
sen on the basis of the existence of atherosclerotic CVD 
(ASCVD), HF or CKD comorbidity. Heart failure or CKD 
predominance implies SGLT2i usage to reduce CKD pro-
gression and/or HF, while ASCVD predominance suggests 
SGLT2i or GLP-1 receptor agonist usage with suspected 
cardiovascular benefits.60,61

Incretin drugs

Glucagon-like peptide-1 (GLP-1) receptor agonists are 
the other anti-hyperglycemic agents that reveal nephropro-
tective properties, as they prevent macroglobinuria occur-
rence and the impairment in renal function.62 The puta-
tive renoprotective effect of the GLP-1 receptor agonists 
is direct and indirect (dichotomic). Indirect actions con-
sist, among others, of better glycemic and blood pressure 
control, weight loss, and improvement in coronary flow 
and left ventricular wall motion. Direct effects encom-
pass the decrease in renal and systemic inflammation, 
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reduction of oxidative stress, decrease of renal hypoxia, 
and sodium and water modulation.63 Natriuresis seem 
to be the main mechanism of decreasing overhydration. 
It was hypothesized that natriuretic effect of GLP-1 pri-
marily involves inhibition of NHE3 activity in the brush 
border of the renal proximal tubule.64 Other authors, who 
studied the impact of GLP-1 agonists on healthy saline 
loaded men, suggest that the natriuretic effect is rather 
induced through a tubular mechanism in distal nephron 
segments. This mechanism is believed to be secondary 
to suppression of angiotensin II (ANG II) and independent 
of renal hemodynamics. Such hypothesized mechanism 
of action supports the existence of a GLP-1–renal axis.65 
Improving tubuloglomerular feedback and ameliorating 
glomerular hyperfiltration in patients with T2DM would 
also be anticipated.64

In LEADER (Liraglutide Effect and Action in Diabe-
tes: Evaluation of Cardiovascular Outcome Results) trial, 
9340 diabetic patients were randomized. The time-to-
event of death from cardiovascular causes, nonfatal MI 
or nonfatal stroke was assessed. The results showed that 
the time to the first occurrence of the event was shorter 
in liraglutide than in the placebo group.66 There were also 
other trials evaluating GLP-1 agonists, like ELIXA67 with 
lixisenatide, SUSTAIN-668 with semaglutide, AWARD-769 
with dulaglutide, EXCEL70 with exenatide, and LIRA-RE-
NAL71 again with liraglutide. Although there is evidence 
for GLT-1 agonists to reduce albuminuria, the evidence 
for hard renal endpoints are still to be found.62 Surpris-
ingly, in contrast to SGLT2, there are no GLP-1 receptors 
in the renal tubuli or other kidney compartments.

Summary

Cardiovascular disease resulting in HF is a common 
CKD complication, but cardiac insufficiency can also cause 
renal function deterioration. Cardiorenal syndromes pres-
ent a common symptom: overhydration. Because the thera-
peutic target is not always met by means of classical loop 
diuretics because of resistance, alternative management 
of fluid overload is required. Ultrafiltration reduces symp-
toms effectively, but there is no evidence that it improves 
long-term survival. Peritoneal dialysis seems an attractive 
solution in refractory CRS type 2 and in selected patients 
in CRS type 1 treatment. Tolvaptan turned out to dimin-
ish the symptoms, but did not prove to influence hard 
endpoints. The interesting therapeutic option emerges for 
diabetic and non-diabetic patients with CRS. The SGLT2i 
are particularly noteworthy, showing reno- and cardio-
protective effects, for instance, by reducing overhydration 
(mainly by NHE3 inhibition). Liraglutide, a GLP-1 receptor 
agonist, probably shares the NHE3 inhibition effect with 
SGLT2i and also has cardio- and renoprotective properties.

Although the new agents seem promising in overhy-
drated patients with CRS, further studies are required 

to thoroughly assess their potential. To date, the manage-
ment of CKD patients with HF and fluid overload remains 
challenging.
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