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Abstract

Background. So far, little is known about the properties of human epididymis protein 4 (HE4) in multiple
sclerosis (MS). This type 4 glycoprotein belongs to a family of genes encoding proteins whose expression
is associated with the process of spermatogenesis in the epididymis. The biological function of HE4 is not
fully understood. Overexpression of HE4 has been found in several malignant tumors, particularly in ovarian
cancer, as well as in mesothelioma, lung, endometrial, breast, and kidney cancers.

Objectives. To evaluate serum HE4 in patients with relapsing-remitting multiple sclerosis (RRMS) as com-
pared to healthy controls.

Material and methods. Fifty patients with RRMS undergoing first-line immunomodulatory treatment
were enrolled in the prospective study. We analyzed correlations between serum HE4 levels and gender, age,
disease duration, the Expanded Disability Status Scale (EDSS), annualized relapse rate (ARR), and magnetic
resonance imaging (MRI) lesions.

Results. The patients from the study group had higher concentrations of HE4 than the subjects from
the control group. Patients with EDSS > 2 had significantly higher concentrations of HE4. Positive correla-
tions were found between HE4 concentrations and age as well as between HE4 concentrations and disease
duration. No significant correlations were found between HE4 concentrations and EDSS or between HE4
concentrations and ARR.

Conclusions. The results of the study indicate a novel aspect of the HE4 protein in the pathomechanisms
of MS.

Key words: multiple sclerosis, autoimmune diseases, biomarker, human epididymis protein 4, relapsing-
remitting multiple sclerosis
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Introduction

Serum human epididymis protein 4 (HE4) antigen
was discovered by Kirchhoff et al. in 1991.! Its useful-
ness as a potential tumor marker of ovarian cancer was
described by Schummer et al. in 19992 and confirmed
by Hellstrém et al. in 2003.2 This type 4 glycoprotein be-
longs to a family of gene-encoding proteins containing
whey-acidic-protein (WAP) motifs, whose expression is as-
sociated with the process of spermatogenesis in the epi-
didymis.* The HE4 is a protein from the group of small
thermostable molecules involved in inhibiting the activ-
ity of proteases. Since it is released into the circulation,
it is possible to determine its concentration in blood serum.

The biological function of this protein is not fully under-
stood. It is known that HE4 promotes tumor growth and
the migration and adhesion of ovarian cancer cells. Overex-
pression of this protein has been found in several malignant
tumors, particularly in ovarian cancer, as well as in meso-
thelioma, lung, endometrial, breast, and kidney cancers.>®
Compared with cancer antigen 125 (CA-125), its increase
in benign lesions and non-neoplastic diseases is much less
common in premenopausal women (8% vs 29%).”

Reviewing the literature on HE4, it can be seen that
HE4 has been analyzed from many perspectives. The most
recent reports have assessed its usefulness as a marker
in ovarian cancer and pulmonary tuberculosis, or inves-
tigated the relationship between HE4 and renal function
and diabetic kidney disease in patients with type 2 diabe-
tes mellitus.® Furthermore, Gasiorowska et al. analyzed
the level of HE4 in blood serum in relation to smoking and
age; they suggested that permanent inflammation caused
by smoking may induce an increase in HE4.° Other authors
have indicted an association between HE4 and an increase
in myocardial injury expressed by N-terminal pro-b-type
natriuretic peptide (NT-proBNP) and troponin T.10

It is known that autoimmune and chronic inflammatory
processes are involved in the pathomechanism of multiple
sclerosis (MS). However, it seems that oxidative stress (OS)
isalso crucial to cancer development, and recent studies have
demonstrated that some drugs effective in MS (e.g., fingoli-
mod (FG)) may also be helpful in cancer treatment.!! It seems
that in light of this, the assessment of HE4 in MS may provide
new information, particularly due to the fact that diagnostic
and prognostic markers are constantly being sought in MS.12

We have found no reports that analyzed HE4 in patients
with MS. The aim of this study was to evaluate serum HE4
in MS patients compared to a control group.

Material and methods

We assessed serum HE4 in MS patients in relation
to gender, age, disease duration, degree of disability in
the Expanded Disability Status Scale (EDSS), annualized
relapse rate (ARR), and MRI Gd + lesions.

B. Adamczyk et al. HE4 in patients with RRMS

The study involved 50 patients diagnosed with relapsing-
remitting multiple sclerosis (RRMS) according to the 2010
McDonald criteria, who were treated mainly with first-
line immunomodulatory therapy. The study also involved
26 healthy volunteers as a control group. Among the pa-
tients, 54.28% (19) were being treated with interferon 3-1a
(IFNB-1a) (30 ug intramuscularly (i.m.) weekly or 44 ug s.c.
3 times weekly); 31.43% (11) with IFNB-1b (250 ug every
second day s.c.); 11.43% (4) with glatiramer acetate (20 mg/
daily s.c.); and 2.86% (1) with fingolimod (FG) (0.5 mg/daily
p.o.). Only FG is approved as second-line therapy.

The inclusion criteria for the study group were as follows:
age 218 years, RRMS diagnosed according to the 2010 Mc-
Donald criteria, no relapse, and written informed consent
for participation in the study. The exclusion criteria were
refusal to give written informed consent to participate
in the study and confirmed cancer or other severe disease.

The inclusion criteria for the control group were as fol-
lows: generally healthy individuals (treatment of hyper-
tension was not a contraindication) and written informed
consent to participate; the exclusion criteria for the con-
trols were the same as for the patient group.

A 10 mL venous blood sample was obtained from all
participants, taken a minimum of 4 h after the MS patients
were administered their medications. After centrifuga-
tion of the blood samples, the obtained serum was frozen
at —20°C. In all the samples, HE4 concentration was deter-
mined using chemiluminescence commercial kits (Abbott
Laboratories, Abbott Park, USA). Concentrations below
22 pg/mL were considered normal.

Demographic data, disease duration, clinical disease on-
set, the clinical form of MS, the type of treatment, the de-
gree of disability in the EDSS, ARR and lesions on magnetic
resonance imaging (MRI) were obtained from medical
databases from Department of Neurology at the Medical
University of Silesia (Zabrze, Poland).

STATISTICA v. 9.1 software (StatSoft Inc, Tulsa,
USA) was used for the statistical analysis. P-value <0.05
was considered statistically significant. The normality
of the distribution was checked using the Shapiro—Wilk
test. Demographic characteristics and all the results were
expressed as the number (n), the arithmetic mean, stan-
dard deviation (SD), and percentage (%). The homogeneity
of continuous variables between the groups was analyzed
using the parametric analysis of variance (ANOVA) test
(for normally distributed variables) or the non-parametric
Kruskal-Wallis ANOVA (for variables whose distribu-
tion was not normal). Post hoc analysis using Tukey’s test
with the Bonferroni correction was conducted in the case
of statistically significant differences. Student’s t-test and
the non-parametric Mann—Whitney U test were used
to compare the 2 groups. The relationships between the at-
tributes were evaluated using the nonlinear Spearman
correlation. The results were stored in a database prepared
specifically for this purpose in Microsoft Excel (Microsoft
Corp., Redmond, USA).
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Results

Table 1 presents the characteristics of the study groups.
The mean age of the MS group was 38.66 +8.24 years,
and of the control group 37.69 +8.64 years. The number
of female patients was higher than the number of males
(Table 1).

Table 2 shows an analysis of the study group considering
the clinical and radiological indicators of disease activity,
such as disease duration, EDSS, ARR, and T2 MRI lesions.
The patients were mainly treated with IFNP. The mean
disease duration in the MS group was 8.91 +5.52 years.

Patients from the MS group had higher concentrations
of HE4 than the subjects from the control group. A post
hoc analysis was conducted for women and men in both
groups. No differences were found between male and

Table 1. General characteristics of the groups

MS group Control group | p-value
n 35 26 -
Age [years] 38.66 +8.24 3769 £8.64 0.7
Gender (% of females) 74.28 61.54 -

MS group — multiple sclerosis group; statistical significance at p < 0.05.

Table 2. Clinical characteristics of the study group

Group | MS group

Type of treatment in I-line:

IFNB 1a (%) 54.28 (19)

IFNB 1b (%) 31.43(11)

glatiramer acetate (%) 1143 (4)
Il line treatment:

fingolimod (%) 2.86 (1)
Disease duration [years] 891 £5.52
EDSS (score) 224 +1.13
T2 MRI lesions (N) 19.16 +2.80

MS group — multiple sclerosis group; IFNB — interferon beta;
EDSS - Expanded Disability Status Scale; ARR — annualized relapse rate.
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female MS patients’ concentrations of HE4. The women
and men with MS had higher concentrations of HE4 than
the women and men in the control group (Fig. 1).

A comparison was made between patients with and with-
out a relapse within the last year, and the analysis did not
show any differences in the serum HE4 concentrations
of these patients. However, patients with EDSS > 2 had
significantly higher concentrations of HE4 than those with
lower EDSS scores (Table 3).

No significant correlations were found for gadolinium-
enhancing (Gd+) lesions or ARR. A moderate negative
correlation was revealed between Gd+ and HE4. Among
the women with MS, a positive correlation was found be-
tween HE4 and EDSS scores. No significant correlations
were noted for men with MS (Table 4).

Discussion

Multiple sclerosis is a biphasic disease.'® Initially, neuro-
inflammation is prevalent,* which induces OS in the ner-
vous tissue, leading to impaired oxidative/antioxidant
balance,'? a loss of blood—brain barrier integrity,'>~'”
demyelination, and neurodegeneration.'> The ultimate
mechanism for the development of MS is not known.
Due to the development of novel methods of MS treat-
ment, the timing of a switch to more aggressive treatment
is of great importance. An ongoing search for new markers
is underway, with the aim of helping to assess the prog-
nosis. In the future, HE4 could be used as a new indicator
of disease progression, as it is in ovarian cancer, endome-
trial cancer, renal failure,'-2° and other diseases.

The WAP four-disulfide core domain protein 2 gene
(WFDC2) encodes HE4. WFDC2 gene expression has
been discovered in the epididymis, vas deferens, the epi-
thelium of the female genital tract, the breast, respiratory
epithelium, intestines, salivary glands, and distal renal
tubules.®?! Studies of the expression of the HE4 protein
in the central nervous system (CNS) have not yet been
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Fig. 1. A comparison of the study group and control group in terms of HE4 and an analysis in subgroups by gender (means and SD)
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conducted. It is difficult to assess whether the observed
increase in HE4 in MS patients is a result of increased HE4
expression outside the CNS or other mechanisms, includ-
ing the involvement of nervous tissue. In the future, stud-
ies should aim at assessing the effect of the HE4 protein
on the integrity of the blood—brain barrier. The aim of our
paper was to provide a preliminary assessment of the con-
centrations of HE4 in MS patients. Due to the fact that no
studies assessing HE4 among MS patients have been con-
ducted, the conclusions from our study have to be treated
with caution.

Significantly higher concentrations of HE4 were ob-
served in the patients with MS compared to the controls.
Patients with a worse course of the disease (EDSS > 2) had
higher HE4 concentrations than patients with EDSS < 2.
Those with EDSS > 2 did not differ in terms of age from
those with lower EDSS scores (data not shown).

The concentration of HE4 did not increase with the age
or disease duration. The lack of age dependence among
healthy individuals may be due to their younger age and
smaller SD, with insufficient numbers to reach statistical
significance. It appears that HE4 levels may be age-related,
because HE4 is an essential marker of ovarian and endo-
metrial cancer in premenopausal women?? and pregnant
women.?

Our study did not find any differences between male
and female MS patients’ HE4 levels. The group of men
was smaller, and a study with a larger cohort is necessary.
Women are more often affected by MS, which may re-
sult from hormonal predispositions?*?®> and various ad-
ditional factors. One study revealed that the concentra-
tions of HE4 in women with ovarian cancer were generally
higher than those in our patients with MS.!® The highest

Table 3. Analysis of selected factors of disease activity in the study group
in relation to HE4

Group | With relapse | With no relapse | p-value
N 9 26 =
HE4 [pmol/L] 4744 +7.65 46.15 +7.75 0.66

Group EDSS < 2 EDSS > 2 | p-value
N 21 12 -
HE4 [pmol/L] 44.66 £6.13 50.96 +8.54 0.019

HE4 — human epididymis protein 4; EDSS — Expanded Disability Status Scale.

B. Adamczyk et al. HE4 in patients with RRMS

concentrations were found in epithelial ovarian cancer,
which may suggest the involvement of epithelial tissue
in HE4 production.!826

The involvement of hormonal disorders may play a key
role in the increase in HE4 among women with MS com-
pared to healthy women. However, this conclusion should
be treated with caution. No studies have been performed
to assess the relationship between HE4 and hormonal dis-
orders in women with MS. It is known that the HE4 protein
causes the resistance of ovarian cancer cells to anti-estro-
gens (e.g., tamoxifen); it has been found that HE4 interacts
with estrogen receptor a (ER-a), and the overexpression
of HE4 reduces the expression of ER-« in ovarian cancer
cells.””

Another analysis of the dependence of HE4 on gender
indicated that the protein has been recognized as one
of the most important prognostic markers not only in ovar-
ian cancer but also in endometrial cancer.!® Higher con-
centrations of the protein have been found among women
with atypical endometrial hyperplasia compared to women
without this condition.! Studies on HE4 indicate that
it has multi-directional effects in men as well. The pro-
tein plays a key role in fertilization, especially in sperm
maturation, motility and capacity.?®

In our study, HE4 concentration was increased in women
with EDSS = 2. This suggests that EDSS and HE4 concen-
tration can be prognostic factors, but further studies are
needed to confirm this.

Among the limitations of our study are the small
sample size and the lack of complete homogeneity be-
tween the groups in terms of age and gender. However,
the results suggest that the protein could be involved
in the pathomechanism of MS in both women and men.
In the literature, HE4 is most often discussed in terms
of ovarian cancer, but it should be borne in mind that
it also plays a significant role in spermatogenesis.* Cur-
rently, OS is postulated in spermatogenic disorders?
and in the development of tumors and MS. An analysis
of the relationship between the functions of HE4 and OS
could be useful in further research.

The role of this unique protein is increasingly being dis-
cussed in relation to many diseases. The HE4 is a useful
marker for differentiating between lupus nephritis and
systemic lupus erythematosus.3® A study has shown that
the participation of HE4 in autoimmune diseases may be

Table 4. Analysis of the most important correlations for the MS group in relation to gender

Parameter Age [years] Disease duration [years]
HE4 NS NS
HE4 NS NS
HE4 NS NS

Gd+ MRl lesions (N)
R=-0.390

N P=0024 MS group
R=0.56 _
P =0003 NS women with MS
NS NS men with MS

HE4 — human epididymis protein 4; MS group — multiple sclerosis group; EDSS - Expanded Disability Status Scale; ARR — annualized relapse rate;

NA - non-applicable; R — Spearman linear correlation coefficient.
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significant: The protein modified the functions of the im-
mune system, for instance, with rendering ovarian tumors
undetectable by immune surveillance.?!

Explaining the role of HE4 and the immune system
in the formation of cancer seems to be essential. It is known
that many molecules such as programmed cell death pro-
tein 1 (PD-1), cytotoxic T-lymphocyte-associated protein 4
(CTLA4), and T-cell immunoglobulin help tumor cells
escape immune targeting and elimination.?? Nivolumab,
amonoclonal antibody that binds to PD-1, prevents tumor
spread.® Shen et al. showed the possibility of using a high-
affinity monoclonal antibody against HE4.3* Monoclonal
antibodies are also widely used in autoimmune diseas-
es. The role of HE4 could be explained by searching for
similarities between the development of MS and cancer.
Many of the same factors may have different key func-
tions in the body depending on the type of activation. This
mechanism is common among tumors, e.g., the action
of dual specificity phosphatase 6 (DUSP6) may depend
on the type and stage of cancer and may enhance or block
tumor growth.*?

The participation of HE4 in the development of ovarian
cancer is better understood. It is known that an increase
in HE4 is associated with a worse prognosis because this
protein induces tumor growth, metastasis, prolifera-
tion, anti-estrogen resistance, and chemoresistance.3?
James et al. explained the effect of HE4 on the develop-
ment of ovarian cancer: In their study, DUSP6 was found
to be upregulated by recombinant human HE4 treatment
in CD8* T and CD56* NK cell subsets of human peripheral
blood mononuclear cells, which enhanced tumorigenesis
in ovarian cancer.

One study revealed that HE4 could be a significant bio-
marker of decreased kidney function and renal fibrosis
in kidney transplant recipients. Furthermore, serum HE4
concentrations increased with disease severity, the severity
of fibrosis and HE4 tissue expression in renal biopsies.?°
In the future, post-mortem examinations of MS patients’
brain tissue should be conducted to determine the con-
centration of HE4.

Wang et al. suggested that HE4 could be a potential
biomarker of kidney damage in acute and chronic renal
dysfunction.?® Other authors did not find any association
between HE4 and liver fibrosis or cirrhosis.3¢

Another limitation of our study was that HE4 concen-
trations were evaluated only in the serum, which may not
reflect the concentrations in the CNS. Additionally, we did
not perform a comparative analysis of patients with more
advanced forms of MS (i.e., primary progressive MS or sec-
ondary progressive MS). However, as already mentioned,
no other studies have been conducted assessing the impor-
tance of HE4 among women and men with MS. Our study
is innovative since it aims to provide an initial analysis
of the MS population relative to HE4.

In the future, HE4 could be used as a new indica-
tor of disease progression in MS as in other diseases.
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The mechanism responsible for the increase in HE4 pro-
tein in MS patients remains unknown. Female hormones
could be involved in the concentration of the protein,
as in ovarian cancer. Studies on HE4 have also indicated
its multi-directional effect in men. Currently, OS is postu-
lated in spermatogenesis disorders; an analysis of the re-
lationship between the functions of HE4 and OS could
probably be useful in further research.

Conclusions

It is possible that among patients with more severe
MS, especially in women, HE4 may be a prognostic fac-
tor. Further studies on the importance of the HE4 pro-
tein in MS are warranted. This protein could be involved
in the pathomechanism of MS and could become a novel
target of treatment.
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