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Abstract
Background. The urokinase plasminogen activation system is associated with metastatic potential of cancer in 
several tumors. Its specific membrane receptor (uPAR) is released from cancer cells and can be detected as the 
soluble fraction of the plasminogen activator receptor (suPAR). Ferritin (FRT) is a poor prognostic factor in vari-
ous neoplasms.
Objectives. We analyzed the serum concentrations of suPAR and FRT in patients with gastrointestinal cancer. 
Tumor localization, stage of the disease, possibility of surgery and histopathological diagnosis were considered.
Material and Methods. The analysis involved 48  patients (8  females/40  males) treated in the Department of 
Gastrointestinal and General Surgery, Wroclaw Medical University. Thirty two patients had esophageal, 7–gastric, 
9-colorectal cancer. Fifteen  patients underwent resection surgery, 33 palliative therapy. The control comprised 
10 healthy donors. The serum concentration of suPAR was determined by enzyme-linked immunosorbent assay 
(ELISA), expressed in pg/mL. Concentration of the serum FRT was detected using immunonephelometry method, 
expressed in µg/L.
Results. Serum concentration of suPAR ranged from 1789 –7320, x = 3676.2, SD = 1042 and was significantly 
higher (p = 0.0002) than in the control group. In patients who underwent palliative therapy, the concentration of 
suPAR was significantly higher (p = 0.05) than in those after resection, also in patients with esophageal cancer com-
pared to those with colorectal one (p = 0.02). Serum concentration of FRT in patients with gastrointestinal cancer 
was significantly higher than in control group. Serum FRT concentration was higher in patients with esophageal 
cancer compared to patients with gastric cancer (p = 0.05), in persons with IV compared to patients with I–III stage 
of the disease, patients who underwent palliative compared to surgical therapy.
Conclusions. In patients with gastrointestinal cancer the level of suPAR is high, with highest values in advances 
disease with remote metastases. The FRT concentration is sensitive indicator of the disease process: its level is high-
est in pts with IV stage who underwent palliative therapy (Adv Clin Exp Med 2014, 23, 6, 959–967).
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The stage of the tumor is one of the most im-
portant prognostic factors in alimentary tract can-
cers, and the evaluation of the clinical stage of the 

disease is based on the assessment of infiltration of 
the wall, lymph nodes involvement and presence 
or lack of remote metastases.
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The invasion of cancer cells, both, in situ, as 
well as leading to metastasis, is affected by the uro-
kinase-type plasminogen activator (uPA) system 
which consists of the urokinase-type plasminogen 
activator (uPA), tissue-type plasminogen activator 
(tPA), the uPA receptor (the urokinase-type plas-
monogen activator receptor: uPAR or CD87), its 
form deprived of the glycolipid anchor, the soluble 
form of uPAR: suPAR, and 2 major inhibitors: the 
plasmionogen activator inhibitor-1 (PAI-1) and 
plasminogen activator inhibitor-2 (PAI-2). The 
tPA is mainly involved in intravascular thrombol-
ysis, while uPA is involved in pericellular prote-
olysis, and plays the main role in the process of 
plasmin formation from plasminogen. Plasmin 
hydrolyses fibrin bonds, fibronectin and lamin 
and activates metalloproteinases, which digest col-
lagen and other matrix proteins [1, 2]. This tissue 
remodeling together with matrix desorganization 
stimulate the development of endothelium and the 
formation of new blood vessels which supply the 
tumor tissue and enable the tumor cells to pass the 
anatomical barrier separating the tumor from the 
host’s healthy tissues  [3–5]. Recent studies have 
demonstrated that neovascularisation is an essen-
tial metastasis risk factor in patients suffering from 
colorectal cancer [6–8]. It was shown that blocking 
the activity of uPA and/or uPAR, e.g. by means of 
endostatin, may inhibit angiogenesis and the inva-
sion of the tumor [9]. Przybyłowska demonstrat-
ed a correlation between the level of uPAR and the 
density of blood vessels in cancer tissue of patients 
with colorectal cancer  [10]. Thus uPAR is func-
tionally engaged in cancer invasion and its high 
levels affect the survival time in patients with gas-
tric, endometrial and breast cancers  [11–13]. As 
a result of enzymatic exfoliation of uPAR from the 
surface of tumor cells and/or matrix cells, the plas-
ma level of suPAR in patients with cancer of lung, 
breast, ovarian and colorectal was significantly 
higher than in healthy subjects [14–17]. Stephens, 
who examined 591 patients before surgical treat-
ment, was first to prove that high level of suPAR 
is a poor prognostic factor in cancers in the lower 
part of alimentary tract [18]. Similar observations 
were reported by Fernebro and Riisbro [17, 19]. 

Association between the level of stored iron 
and cancers risk has been investigated by research-
ers for many years. As the data shows, a high lev-
el of iron may be observed in cancer of the pan-
creas, liver, esophagus, stomach, colon, breast, as 
well as multiple myeloma and other hematological 
malignancies [20–25].

FRT is the major Fe storage protein in the cells 
and at the same time an acute phase protein. One 
FRT molecule is able to store about 4500 Fe3 +. FRT 
is present in the liver, spleen, bone marrow cells 

and serum. An estimation of serum concentrations 
of FRT is a good indicator of resources of Fe and is 
the most common clinical method of assessing the 
concentration of Fe in patients without conditions 
that cause acute phase responses such as inflamma-
tion, infection. The main reason for the increased 
concentration of FRT are states of Fe overload, or 
block of the availability of Fe.

In Fe overload conditions, unbound Fe gener-
ates oxygen free radicals which are mutagens and 
cause damage to cellular and sub-cellular mem-
branes, cellular organelles membranes, leading to 
failure of cells, tissues and organs  [26]. Stevens 
first reported that there is a link between the satu-
ration of the transferin (iron binding transporter), 
and the risk of colorectal cancer [27]. In 33 stud-
ies analyzed by Nelson in 2001 it has been shown 
that there is a positive association between iron in 
diet and colon cancer risk [21]. Nelson stated that 
the development of precancerous lesions in colon, 
colonic adenomas and polyps is correlated with 
body iron storage [20]. In 2003 Elmberg described 
an increased risk of extrahepatic cancers and he-
patocellular cancer in patients suffering from hae-
mochromatosis [28]. In addition, a risk of cancers 
among blood donors is lower, and it correlates 
with the frequency of donation and in the same 
time iron loss [29]. Data may indicate the partici-
pation of Fe in the process of carcinogenesis.

The study was undertaken to evaluate the se-
rum concentration of suPAR and ferritin in pa-
tients with alimentary tract cancer in relation to 
tumor localization, stage of the disease, possibility 
of surgery and histopathological diagnosis.

Material and Methods
We analyzed 48  patients (pts) treated in the 

Department of Gastrointestinal and General Sur-
gery, Wroclaw Medical University. The group 
consisted of 8  females (F) aged 50–71  years 
(mean  =  60.6  years) and 40  males (M) aged 
39–82  years (mean  =  58.7  years). Thirty-two pa-
tients (3/29 F/M) were diagnosed with esophageal, 
7 (2/5 F/M) – with gastric and 9 (1/8 F/M) – with 
colorectal cancer. All patients were histological-
ly verified. All the patients underwent standard 
staging examinations, including endoscopic eval-
uation together with biopsy studies, ultrasound 
examination of the neck and abdomen, and CT 
scans of the thorax and abdomen. Stage of the dis-
ease was based on TNM classification. Fifteen pa-
tients underwent resection surgery, 5 of them for 
esophageal, 4 –  for gastric and 6 –  for colorectal 
cancer. Table 1 lists the demographic data of the 
analyzed group.
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Blood samples (5  mL) for analysis were tak-
en at diagnosis; the serum concentration of su-
PAR was determined by enzyme-linked immuno-
sorbent assay (ELISA) and expressed in pg/mL. In 
all patients serum FRT concentration was detected 
using immunonefelometry method and expressed 
in µg/L. Patients with iron deficiency anemia were 
excluded, all were free of infectious complication 
at the time of study.

The control group comprised 10 (5/5  F/M) 
healthy donors. Written informed consent was ob-
tained from all patients and donors.

Statistical evaluation was performed using the 
Student’s t, c2 and Fisher’s exact tests. All the re-
sults were considered statistically significant for 
p < 0.05. All statistical analyses were performed in 
Statistica software (StatSoft, Inc. (2011). STATIS-
TICA (data analysis software system), version 10. 
www.statsoft.com.).

Results 
The serum concentration of suPAR in patients 

with gastrointestinal cancer ranged from 1789 to 
7320, x = 3676.2, SD = 1042 and was significant-
ly higher (p = 0.0002) than in the control group: 
1791–2646, x = 2211, SD = 329 (Fig. 1). The serum 
concentration of suPAR in patients with esopha-
geal and gastric cancer as well as colorectal cancer 
was significantly higher than in the control group 
p = 0.00002, p = 0.0001, p = 0.01 respectively. In 
patients with esophageal cancer, suPAR concentra-
tion was significantly higher than in patients with 
colorectal cancer (p  =  0.02) and ranged respec-
tively 2799–7320, x = 3693, SD = 1752 and 1789– 
–3722, x = 2955, SD = 1090. The suPAR concen-
tration did not differ between patients with gastric 
and colorectal cancer; however, patients with gas-
tric cancer revealed a tendency to have a higher su-
PAR concentration (p = 0.06) (Table 2).

Table. 1. Basic clinical data of patients with advanced alimentary tract carcinoma at diagnosis

Number of patients (F/M) 48 (8/40)

Age (years), range, mean 39–82 (mean: 61.2)

Localization (F/M) esophagus 32 (3/29)

stomach 7 (2/5)

colon 9 (1/8)

Clinical stage esophagus II//III/IV 1/3/28

stomach I/III/IV 1/3/3

colon III/IV 4/5

Treatment palliative 26

resection (esophagus/stomach/colon) 15 (5/4/6)

Fig. 1. suPAR concentration in 
patiens with alimentary tract 
carcinoma and in control group
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The serum concentration of FRT in patients 
with esophageal and gastric cancer as well as colorec-
tal cancer was significantly higher than in the con-
trol group p = 0.001, p = 0.05, p = 0.01 respectively. 
The serum FRT concentration was the highest in 
patients with esophageal cancer compared with pa-
tients with colorectal cancer (p = 0.05) and ranged 
respectively 84–873 (mean  =  290, SD  =  211) and 
92–258 (mean = 171, SD = 59). 

Patients in the clinical stages I, II and III (sub-
group A) had a  lower expression of suPAR than 
patients in stage IV (subgroup B), but the differ-
ence was not statistically significant (Table 3). The 
serum FRT concentration displayed a similar trend 
with range of 32–271 (mean  =  126, SD  =  156) 
and 65–873 (mean  =  293, SD  =  210) respective-
ly, and the difference was statistically significance 
(p = 0.01).

Fifteen patients who underwent total resec-
tion of the neoplastic lesion were markedly young-
er (p = 0.02) than those with advanced stage who 
were subjected for palliative therapy; it ranged 
58 ± 6.2 years and 65 ± 8.4 years respectively. The 
suPAR concentration in patients who underwent 
resection was significantly lower (p = 0.05) than in 
patients who underwent palliative therapy, it being 
1789–3745, mean = 3078, SD = 922 and 2573–7320, 
mean  =  3898, SD  =  1155 respectively (Table  4). 
A similar trend was observed for FRT concentra-
tion, which was lower in the surgical group com-
pared with the palliative one (p = 0.01).

Patients with squamous cell esophageal carci-
noma had the same concentration of suPAR as the 
patients with gastric or colorectal adenocarcino-
ma (Table  5). However, the serum concentration 
of FRT was higher in patients with squamous cell 

Table 2. The serum concentration of suPAR and FRT in patients with alimentary tract carcinoma according to localization

Data Localization

esophagus
I (n = 32)

stomach
II (n = 7)

colorectal
III (n = 9)

control
IV (n = 10)

p value

range, 
mean, ± SD

range, 
mean, ± SD

range, 
mean, ± SD

range, 
mean, ± SD

suPAR* (pg/mL) 2799–7320
3693 ± 1752

2866–4887
3584 ± 1203

1789–3722
2955 ± 1090

1791–2646
2211 ± 329

p I/III = 0.02
p II/III = 0.06
p I/IV = 0.00002
p II/IV = 0.0001
p III/IV = 0.01

FRT** (µg/L) 84–873
290 ± 211

32–300
189 ± 114

92–258 
171 ± 59

20–280
128.5 ± 113

p I/III = 0.05
p I/IV = 0.001
p II/IV = 0.05
p III/IV = 0.01

  *suPAR – soluble urokinase-type plasminogen activator receptor. 
** FRT – ferritin.

Table 3. The serum concentration of suPAR and FRT in patients with alimentary tract carcinoma according to stage of the 
disease

Stage of the disease

I/II/III IV p value

Data A (n = 12) B (n = 36)

range, mean, ± SD range, mean, ± SD

suPAR* (pg/mL) 1789–4203
3178 ± 972

2751–7320
3842 ± 1159

p A/B = ns.
p A/C = 0.005
p B/C = 0.00004

FRT** (µg/L) 32–271
126 ± 156

65–873
293 ± 210

p A/B = 0.01

  * suPAR – soluble urokinase-type plasminogen activator receptor. 
** FRT – ferritin. 
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carcinoma compared to adenocarcinoma (p = 0.04) 
and ranged 84–873 (mean  =  292, SD  =  211) and 
32–300, (mean = 148, SD = 118) respectively.

Hemoglobin levels ranged from 7.6 to 
15.8  g/dL. (mean  =  12.8, SD  =  1.8  g/dL). Fifteen 
patients (10/32 with esophageal, 2/7 with gastric 
and 3/9 with colorectal cancer) were diagnosed 
with anaemia (Hb 7.6–11.0 g/dL). All the patients 
had normocytic anaemia; they did not demon-
strate bleeding from the digestive tract (negative 
benzidine test, normal iron level) or haemolysis 
(normal or decreased reticulocyte number, normal 
serum bilirubin level). In patients with anaemia 
(subgroup A) suPAR concentration was signifi-
cantly higher (p = 0.04) than in the patients with 
normal Hb levels (subgroup B), it being x = 3823.3, 
SD = 1609 and x = 3437, SD = 1010.9 respectively. 
A similar trend was observed for FRT concentra-
tion (Table 6). The serum concentration of FRT in 
subgroups A  and B  was significantly higher than 
in the control group, p  =  0.05. The sTfR (serum 
transferrin receptor)/log ferritin ratio (sTfR/FRT 
index) in both group was below one, 0.248–0.938, 
mean = 0.742 and 0.615–1.25 mean = 0.97.

Discussion
According to the world data of 2003 on the in-

cidence of malignant tumors, every third patient 
from 10  million new cancer cases in the world 
was diagnosed with digestive cancer [30]. Second 
place in this group is occupied by colorectal can-
cer, with the same incidence rate for males and fe-
males. On the other hand, as far as mortality rate 
is concerned, stomach cancer occupies 2nd place 
as the reason of death in men and 4th in women, 
while oesophageal carcinoma, which has the poor-
est prognosis among digestive cancers, with high 
prevalence among men, occupies 8th place among 
malignant tumors [30–33].

Surgical treatment remains the central ther-
apeutic modality. The selection of an adequate 
therapeutic modality is strictly correlated with 
the severity of the tumor [34–36]. In patients with 
esophageal carcinoma, despite extensive surgical 
intervention, 5-year survival after surgery alone 
is observed in only about 20% of patients. Almost 
half of the patients with locally advanced tumors 
will die following cancer recurrence within the 
first 2 years after surgical resection  [32, 36]. This 
means that at the time of diagnosis and surgical 

Table 4. The serum concentration of suPAR and FRT in patients with alimentary tract carcinoma qualified for surgery or 
palliative therapy

Data Treatment

surgical (n = 15) palliative (n = 33) p value

range, mean, ±SD range, mean, ± SD

suPAR* (pg/mL) 1789–3745
3078, ± 922

2573–7320
3898, ± 1155

p = 0.05

FRT** (µg/L) 32–408
84–873

96.8 ± 56
295.7 ± 214

p = 0.01

  * suPAR – soluble urokinase-type plasminogen activator receptor. 
** FRT – ferritin.

Table 5. The serum concentration of suPAR and FRT in patients with alimentary tract carcinoma according to histopatho-
logical diagnosis

Data Histopathological diagnosis

squamous cell carcinoma 
(n = 32)

adenocarcinoma 
(n = 16)

p value

range, mean, ± SD range, mean, ± SD

suPAR* (pg/mL) 2799–7320
3693 ± 1752

1789–4887
3269 ± 1213

p = ns.

FRT** (µg/L) 84–873
290 ± 211

96.8 ± 56
295.7 ± 214

p = 0.01

  * suPAR – soluble urokinase-type plasminogen activator receptor. 
** FRT – ferritin.
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intervention the cancer has already spread far be-
yond its primary focus in the gastrointestinal tract. 
Thus, the search for parameters which would pre-
dict systemic changes in the course of oesophageal 
carcinoma has become an urgent need.

Numerous changes in the activity of uPA, 
uPAR and PAI-1 in matrix cells, among others, 
uPA expression on fibroblast-like cells, uPAR on 
macrophages and cancer cells as well as PAI-1 ex-
pression on myofibroblasts were demonstrated in 
digestive cancers. The changes evidence a  direct 
participation of fibrinolysis in remodeling and dis-
semination of the tumor [37–39]. Seetoo demon-
strated that the overexpression of uPA, uPAR and 
PAI 1 was significantly associated with metasta-
sis to the liver in patients suffering from colorec-
tal cancer [40]. Shiomi examined 56 patients after 
esophagectomy and did not observe the presence 
of uPA, uPAR and PAI-2 in healthy oesophageal 
tissue, while uPA was found on cancer cells on the 
tumor margins. Patients with uPA-positive cells 
more often displayed tumor infiltration beyond 
muscularis propria and metastases to the lymph 
nodes [41]. 

Moreover, other authors reported a  neg-
ative correlation between uPAR, uPA and/or 
PAI-1 expression in cancer cells and the survival 
time and stage of tumor in gastric and colorectal 
cancer [42, 43].

In our material the serum concentration of su-
PAR was significantly higher than in the control 
group. The highest levels were observed in patients 
with oesophageal carcinoma and they were signif-
icantly higher than in colorectal cancer. Oesopha-
geal carcinoma develops insidiously and for a long 
time does not produce characteristic symptoms. 

Difficulties with swallowing, as the first and prima-
ry symptom of cancer, as a rule occur in advanced 
stages of the disease, when the neoplastic infiltra-
tion has already involved all layers of the oesoph-
ageal wall and extended beyond them. The detec-
tion of a potentially early form of carcinoma in the 
asymptomatic stage is associated with implemen-
tation of a  screening programme, which unfor-
tunately has not been considered justified yet. In 
the studied group of 32 patients with oesophageal 
carcinoma, only 4 patients (12.5%) were in a stage 
lower than IV, and resection surgery was possible 
only in 5  persons (15.6%). Among patients with 
stomach cancer and colorectal cancer, 50% were 
staged lower than IV and 62.5% were qualified for 
resection surgery. The level of suPAR in the sub-
group of patients in stage I–III of the disease was 
lower than in patients in stage IV, this finding was 
similar to data reported by Stephens and Riisbro; 
moreover, in patients undergoing resection it was 
significantly lower in comparison to patients who 
did not qualify for resection surgery [17, 18]. In the 
study by Stephens, high preoperative level of su-
PAR increased significantly the risk of death [18]. 
Our studies may also correspond to the findings by 
other authors who analyzed the levels of uPA and 
uPAR as well as uPA and uPAR mRNA in tumour 
tissue. Chen investigated 67 patients with stomach 
cancer and demonstrated that the level of uPA and 
uPAR was significantly increased in stomach can-
cer; moreover, patients with uPA and uPAR ex-
pression had significantly lower survival time in 
comparison to patients who were free from such 
an expression [11].

In the studies by Zhanga performed on 105 
gastric tumor tissue specimens, cells with uPA and 

Table 6. The serum concentration of suPAR, and FRT, TRF and sTfR in patients with alimentary tract carcinoma in relation 
to the level of hemoglobin

Data Hb level (g/dL) 

< 11 g/dL (n = 15) >11 g/dL (n = 33) p value

range, mean, ± SD range, mean, ± SD

suPAR* (pg/mL) 2760–7320
x = 3823 ± 1609

1789–4800
x = 3437 ± 1010.9

p = 0.04

FRT** (µg/L) 84.7–873
x = 266 ± 239

48.8–463
x = 213 ± 139

p = 0.06

TRF*** (g/L) 0.87–2.18
x = 1.7 ± 0.9

1.17–2.55
x = 2.0 ± 0.77

sTfR**** (mg/L) 0.48–2.73
x = 1.8 ± 2.0

1.04–2.81
x = 1.34 ± 1.26

      * suPAR – soluble urokinase-type plasminogen activator receptor. 
    ** FRT – ferritin. 
  *** TRF – transferrin. 
 **** sTfR – soluble transferrin receptor.



suPAR and FRT in Alimentary Tract Carcinoma 965

uPAR expression were found to infiltrate the mus-
cular coat, the peritoneum and the greater omen-
tum [44]. Hogdall analyzed 567 patients suffering 
from colorectal cancer and demonstrated that in-
creased levels of suPAR in association with low 
levels of PAI-1 were a poor prognostic factor and 
indicated the presence of remote metastases [45]. 
As soon as in 1995, Heiss proved that the expres-
sion of uPAR in solid tumors may be an indica-
tor of tumor cells dissemination in the bone mar-
row [46]. Prior examinations revealed the presence 
of microdeposits of epithelial cells in bone marrow 
of patients with oesophageal carcinoma [46].

Already in 1983, Ludwig and Linkesch showed 
that the concentration of FRT in myeloma patients 
correlated with tumor mass and the concentration 
of beta-2-microglobulin  [48]. Ludwig research 
published in 2014 confirmed the importance of fer-
ritin as an independent prognostic factor for PFS 
and OS in myeloma patients undergoing autolo-
gous transplantation  [22]. Italian research group 
showed that ferritin subunit L increases angiogen-
esis and cells proliferation rate in an iron-indepen-
dent manner  [49]. In cases of inhibition of ferri-
tin expression, the growth of cells arrested in G1/S 
phase was resumed. An antiapoptotic effect of 
FRT not related with its iron-biding capacity was 
shown [50]. FRT is inducted by proinflamatory cy-
tokines, on the other hand, FRT inhibits apopto-
sis inducted by TNF-alpha by suppressing reactive 
oxygen species. [51]. The correlation between NF- 
-kappa B and ferritin has been shown for inflam-
matory cells and fibroblasts, which play a great role 
in the microenvironment of tumor in cancer. 

The serum concentration of FRT in patients 
with esophageal and gastric cancer as well as 
colorectal cancer was significantly higher than in 
the control group, in particular it was high in pa-
tients with esophageal cancer compared to patients 
with colorectal cancer (p = 0.05), in persons with IV 
stage compared to patients with I, II and III stage 
of the disease, patients who underwent palliative 
therapy, compared to patients who underwent to 

surgical therapy. Consistent with our observations 
are Alkhateeb et al. studies in breast cancer, which 
indicated that the concentration of FRT correlates 
with tumor stage and histological grade. Moreover, 
the authors demonstrated that ferritin may be pro-
duced by tumor infiltrating macrophages.

The level of FRT in squamous cell carcinoma 
was significantly higher than in adenocarcinomas. 
Squamous cell carcinomas involved patients with 
oesophageal carcinoma in most advanced stages. 
However we cannot exclude that the difference 
may have resulted from different metastatic poten-
tials of both histological types of the tumor. Signif-
icantly elevated level of FRT in comparison to the 
control group was also observed among patients 
with anaemia. In this group iron deficiency anemia 
was excluded by calculation of sTfR/log ferritin ra-
tio (sTfR/FRT index), which was 0.742. Interest-
ingly, both the level of suPAR as well as FRT con-
centration were highest in oesophageal carcinoma. 
Just as in myeloma patients, FRT can be produced 
by stromal cells of the tumor and stimulate tumor 
cell proliferation. This requires further research 
and observation on a larger group of patients.

Concluding, suPAR as well as the serum lev-
el of FRT in patients suffering from oesophageal, 
stomach and colorectal cancers, who did not de-
velop bleeding from the digestive tract, is a sensi-
tive marker of the activity of the pathological pro-
cess and may be a  significant prognostic marker 
while making therapeutic decisions.

According to Dass, the investigation of the 
uPA system may be a useful tool in the treatment 
of cancer patients, the evaluation of the efficacy of 
prophylaxis and sensitivity of neoplasms to new 
chemotherapeutic agents  [52]. Already in 1994, 
Fazioli presented a concept of therapy for patients 
suffering, among others, from colorectal cancer, 
which consisted in the administration of recom-
bined uPA receptor or receptor-blocking anti-
bodies in order to inhibit the activity of uPA sys-
tem [53]. Studies on gene therapy used to inhibit 
uPAR expression are currently undergoing [54]. 
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