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Abstract 

 

Background/Aim:  The level of human epididymis protein 4 (HE4), a glycoprotein and protease inhibitor, 

increases under many malignancies and inflammatory conditions. HE4 is also associated with cell 

invasion, migration, and adhesion. In this study, we compared the HE4 protein levels in pregnant patients 

with preeclampsia to healthy pregnant and non-pregnant individuals with the aim of finding a biomarker 

that can be used to recognize preeclampsia. 

Methods: Our study is a prospective case control study and included 20 pregnant women with 

preeclampsia, 20 pregnant women without preeclampsia, and 20 healthy non-pregnant women (the 

control). The participants’ serum HE4 levels were analyzed statistically. 

Results: Data analysis revealed that the mean HE4 levels were significantly lower in the preeclampsia 

group than in the other two groups (P = 0.002). Mean HE4 protein levels were also lower in the non-

pregnant women than in the pregnant women without preeclampsia; however, this difference was not 

significant. 

Conclusion: It is difficult to predict preeclampsia, and there is not any sensitive or specific biomarker for 

determining the condition. This study may support that HE4 protein may be useful and significant in 

predicting preeclampsia. The results we achieved provide proof that HE4 levels could be a potential 

biomarker for preeclampsia. Many more comprehensive studies are needed to support the association 

between HE4 protein and preeclampsia. 
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Introduction 

Preeclampsia is one of the leading causes of morbidity 

and mortality during pregnancy and the postpartum period [1] 

and develops in approximately 4.6 % of pregnancies worldwide 

[2]. As the pathogenesis and etiology of preeclampsia are not yet 

fully understood, it is not always possible to predict [1, 3]. 

Although several mechanisms have been proposed to explain the 

development of preeclampsia, one of the most commonly 

accepted theories for its pathogenesis is abnormal placental 

formation due to defective cytotrophoblast invasion [3, 4]. 

During normal placental formation, cytotrophoblasts invade the 

uterus and the muscular layer of the spiral arteries [3]. 

Investigations of the etiopathogenesis of preeclampsia have 

primarily revealed the pathology of impaired cytotrophoblast 

invasion and defects in the molecules that facilitate this invasion, 

including surface adhesion molecules, such as integrins and 

molecules that aid invasion, such as metalloproteinases [4]. In 

particular, metalloproteinases facilitate the movement of 

cytotrophoblasts across the basement membrane; these 

cytotrophoblasts then invade the muscular layers of the uterine 

wall and spiral arteries—like a cancerous invasion—which is one 

of the most important stages of placental formation. 

Experimental studies have shown that various matrix 

metalloproteinase inhibitors disrupt cytotrophoblast invasion [5]. 

Human epididymis protein 4 (HE4) is a protease 

inhibitor, first isolated from human epididymal epithelial cells, 

which is known to be associated with many diseases [6]. Several 

studies have been conducted to determine the role of HE4 in 

gynecological malignancies, such as ovarian and endometrial 

cancers, or in benign gynecological diseases, such as 

endometriosis, which are known to progress upon organ invasion 

[6-8]. HE4 is also associated with several organ malignancies, 

such as breast adenocarcinomas, pulmonary cancers, and 

mesotheliomas [8, 9].  

HE4 is actually a whey acidic protein (WAP), and 

studies have shown that it acts as a protease inhibitor, like other 

WAPs. It is also known to play a role in regulating cell 

migration, adhesion, and invasion [8, 10, 11]. Thus, HE4 may be 

responsible for impaired cytotrophoblast invasion during the 

development of preeclampsia. Moreover, because it is a protease 

inhibitor, it may cause impaired cytotrophoblast invasion (an 

important mechanism in the development of preeclampsia) by 

inhibiting the metalloproteinases needed for the process. 

Studies have shown that cancer antigen (CA) 125 values 

increase during pregnancy and in cases of preeclampsia [12]. 

Considering that HE4 has been associated with many diseases, 

such as cancer and endometriosis, diseases that are also 

associated with increased CA 125 levels, it is necessary to 

investigate the relationship between preeclampsia and HE4 [6-8]. 

Thus, we investigated HE4 levels in patients with preeclampsia 

with the aim of identifying a new biomarker to predict the 

disorder. 

Materials and methods 

Study design 

This study was designed as a prospective case control 

study. Three groups were involved in the study: the preeclampsia 

group, the healthy pregnant group, and the control group. 

Inclusion criteria for the preeclampsia group entailed having a 

gestational age >34 weeks, no chronic systemic disease, a  

preeclampsia diagnosis during this pregnancy period, and being 

between 18-45 years of age. Inclusion criteria for the healthy 

pregnant group entailed having a gestational age >34 weeks, no 

chronic systemic disease, no preeclampsia diagnosis during this 

pregnancy period, no pregnancy problems, and being between 

18-45 years of age. Inclusion criteria for the control group 

entailed being between 18-45 ages, no chronic systemic disease, 

and not being pregnant. 

According to our power analysis ( = 0.05; 1- [power] 

= 0.080), we required at least 20 participants for each group 

sample. An appropriate sample size, given the population size 

and specified combination of precision, confidence, and 

variability, was 45. 

This study included 20 preeclamptic pregnant women 

with gestational ages of >34 weeks (preeclampsia group), 20 

healthy pregnant women with gestational ages of >34 weeks 

(healthy pregnant group), and a control group comprising 20 

healthy non-pregnant women (non-pregnant group). All visited 

the outpatient clinic of our university hospital between January 1, 

2020, and January 1, 2021 and all participants were included in 

the study after obtaining their verbal and written informed 

consent. The study was initiated following the approval of 

Atatürk University Clinical Research Ethics Committee 

(numbered: B.30.2.ATA.0.01.00/251). The preeclampsia 

diagnosis was determined according to the criteria set by the 

American College of Obstetricians and Gynecologists (ACOG): 

new-onset hypertension occurring after 20 weeks of gestation or 

in the postpartum period in a woman with previously normal 

blood pressure (systolic blood pressure of ≥ 140 mmHg and/or 

diastolic blood pressure of ≥ 90 mmHg in the left lateral 

decubitus position measured at least twice and at least four hours 

apart) that is accompanied by proteinuria and/or end-organ 

damage [13]. Proteinuria is defined as having protein levels > 

300 mg/L in 24-hour urine samples. Additionally, the ACOG has 

defined preeclampsia in patients without proteinuria as the 

presence of elevated blood pressure with at least one of the 

following disorders: renal failure (serum creatinine levels of > 

1,0 mg/dL or doubling of creatinine concentration), liver 

involvement (liver transaminase levels of > 40 IU/L), pain in the 

right upper quadrant of the abdomen, neurological complications 

(eclampsia, stroke, visual scotoma, and/or severe headaches), 

hematological complications (thrombocytopenia with ≤ 100,000 

platelets/mm3), and pulmonary edema [13]. 

Patients who had conditions that met the definition of 

preeclampsia (e.g., multiple pregnancies, fetal anomalies, 

suspected hepatitis A, B, or C or other infectious hepatitis, or 

renal disease before or during pregnancy) or who had gestational 

hypertension, chorioamnionitis, premature rupture of 

membranes, diabetes mellitus, chronic hypertension, a 

multisystem disease, hemolysis, elevated liver enzymes, low 

platelet count (HELLP) syndrome, or those who smoked were 

excluded from the study. Pregnant women without any medical 

or obstetric pathology before or during pregnancy were included 

in the healthy pregnant women group. The non-pregnant group 
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consisted of healthy women who had visited the outpatient clinic 

for routine gynecological examinations. 

Serum samples and laboratory assays 

Venous blood samples were collected to measure the 

HE4 protein levels. After centrifugation, the blood serum was 

separated, frozen at −80 °C, and stored. After all samples were 

collected, HE4 levels were measured using an enzyme 

immunometric assay kit (Fujirebio Diagnostics, Inc., Malvern, 

Sweden) following the manufacturer’s instructions. 

Statistical analysis 

SPSS v20 was used for the statistical analysis (SPSS 

Inc., Chicago, United States). The normality of the parameters 

was assessed using the Kolmogorov–Smirnov test. One-way 

ANOVA and post hoc tests were used to compare normally 

distributed data (i.e., the comparison of HE4 levels among 

pregnant women with preeclampsia, pregnant women without 

preeclampsia, and healthy non-pregnant women). Kruskal–

Wallis tests were used to compare non-normally distributed data. 

Data were recorded as the mean (standard deviation [SD]), and P 

< 0.05 was considered to be significant. 

Results 

The clinical, biochemical, and obstetric characteristics 

of the groups are shown in Tables 1 and 2. There was no 

statistically significant difference between the three groups in 

terms of age, number of pregnancies, pregnancy end week, 

hemoglobin or hematocrit values, or international normalized 

ratios. However, the preeclampsia group had the highest systolic 

(P = 0.001) and diastolic (P = 0.002) blood pressures, urogram 

(P ˂ 0.001) and 24-hour urine protein levels (P ˂ 0.001), 

aspartate aminotransferase (P ˂ 0.001) and alanine 

aminotransferase (P ˂ 0.001) levels, creatine levels (P ˂ 0.001), 

and lactate dehydrogenase levels (P ˂ 0.001), and these levels 

were statistically significant. Platelet values were lowest in the 

preeclampsia group and these were also statistically significant 

(P = 0.007). 
 

Table 1: Comparison of the demographic characteristics among the groups 
 

Descriptive Characteristics 

mean (SD) 

(min-max) 

Preeclampsia 

group  

(n = 20) 

Healthy 

pregnant 

group  

(n = 20) 

Non-

pregnant 

group  

(n = 20) 

P-

value 

Age (years) 27.25 (6.27) 

(18-39) 

33.65 (6.63) 

(24-44) 

30.45 (6.00) 

(20-40) 

0.010 

Number of pregnancies 

(gravida) 

2.65 (1.98) 

(1-8) 

3.50 (1.93) 

(1-8) 

3.45 (2.58) 

(1-10) 

0.277 

Pregnancy end week 36 (1.52) 

(34-39) 

36.10 (2.07) 

(34-40) 

- 0.890 

Systolic blood pressure at 

admission (mm Hg) 

165.50 

(18.77) 

(140-190) 

112.00 (12.81) 

(90-135) 

109.50 

(13.46) 

(90-135) 

0.001 

Diastolic blood pressure at 

admission (mm Hg) 

99.00 (13.33) 

(70-120) 

68.50 (9.33) 

(50-80) 

64.5 (8.87) 

(50-80) 

0.002 

 

Min: Minimum, Max: Maximum, SD: standard deviation 
 

The statistical analysis showed that HE4 levels were 

significantly lower (P = 0.002) in women with preeclampsia 

(38.76 pmol/L) than in pregnant women without preeclampsia 

(64.40 pmol/L) and healthy non-pregnant women (59.98 pmol/L) 

(one-way ANOVA). Although the healthy non-pregnant 

women’s HE4 levels were lower than the healthy pregnant 

women’s levels, the finding was not significant (P = 0.477). The 

comparison of HE4 levels among the three groups is shown in 

Table 3. 
 

 

 

 

Table 2: Comparison of the laboratory findings among the groups 
 

Descriptive  

Characteristic 

mean (SD) 

(min-max) 

Preeclampsia 

group  

(n = 20) 

Healthy 

pregnant group  

(n = 20) 

Non-pregnant 

group  

(n = 20) 

P-

value 

Urogram protein 

(+1 - +4) 

1.80 (1.15) 

(0.00-4.00) 

0.30 (0.57) 

(0.00-2.00) 

0.25 (0.55) 

(0.00-2.00) 

˂0.001 

Urogram protein n (%) 

0 

+1 

+2 

+3 

+4 

 

3 (15.0%) 

5 (25.0%) 

6 (30.0%) 

5 (25.0%) 

1 (5.0%) 

 

15 (75.0%) 

4 (20.0%) 

1 (5.0%) 

0 (0.0%) 

0 (0.0%) 

 

16 (80.0%) 

3 (15.0%) 

1 (5.0%) 

0 (0.0%) 

0 (0.0%) 

 

˂0.001 

24-hours urine protein 

(g/L) 

1.76 (1.34) 

(0.30-5.10) 

0.23 (0.16) 

(0.10-0.60) 

- ˂0.001 

Hemoglobin (g/dL) 12.21 (2.27) 

(7.8-16.6) 

11.45 (2.05) 

(7.0-15.0) 

11.8 (0.85) 

(10.0-13.7) 

0.757 

Hematocrit (%) 35.0 (5.50) 

(25.9-45.6) 

33.57 (6.00) 

(21.7-43.4) 

35.14 (2.10) 

(30.5-38.7) 

0.630 

Platelet (µL) 164,900 

(92,109) 

(47,000-

365,000) 

209,000 

(68,372) 

(110,000-

365,000) 

249,850 

(59,823) 

(161,000-

365,000) 

0.007 

Aspartate 

aminotransferase (IU/L) 

269.55 

(293.44) 

(72-1113) 

30.30 (13.06) 

(10-58) 

19.60 (6.09) 

(10-35) 

˂0.001 

Alanine 

aminotransferase (IU/L) 

159.80 

(105.10) 

(51-481) 

31.40 (10.65) 

(11-50) 

15.80 (5.90) 

(10-31) 

˂0.001 

Lactate dehydrogenase 

(IU/L) 

1069.45 

(676.16) 

(512-3051) 

220.15 (44.60) 

(132-284) 

235.15 

(61.04) 

(158-384) 

˂0.001 

International normalized 

ratio (INR) 

0.99 (0.15) 

(0.76-1.37) 

1.10 (0.32) 

(0.85-2.16) 

0.99 (0.09) 

(0.87-1.19) 

0.722 

Creatine (mg/dL) 0.97 (0.90) 

(0.50-4.18) 

0.74(0.27) 

(0.49-1.62) 

0.47 (0.14) 

(0.29-0.85) 

˂0.001 

 

Table 3: Comparison of human epididymis protein 4 levels among the groups 
 

 Preeclampsia 

group  

(n = 20) 

Healthy pregnant  

group  

(n = 20) 

Non-pregnant 

group  

(n = 20) 

P-value 

Mean HE4 level  

mean (SD) 

(min-max) 

38.76 (12,01) 

(17.65-65.34) 

64.40 (12.69) 

(29.39-89.15) 

59.98 (11.15) 

(41.76-81.75) 

0.002 

 

HE4 protein level: pmol/L, n: number of patients 
 

Discussion 

The present study is the first to investigate this topic. 

We aimed to determine the role of the HE4 protein in the 

pathogenesis of preeclampsia. We found that the mean HE4 

levels were lowest in pregnant women with preeclampsia 

compared to healthy pregnant women and non-pregnant women. 

Our literature search revealed a lack of comparative research. 

Only a few studies have determined HE4 levels during 

pregnancy, and although a recent study evaluated HE4 protein 

levels in pregnant women with HELLP syndrome [14], there are 

currently no studies that have evaluated HE4 levels in women 

with preeclampsia. Furthermore, it should be noted that because 

of the variable range in the HE4 protein levels between studies 

caused by differences in the kits and devices used for 

measurement, the results were not comparable among studies. 

We found that HE4 levels were higher in the healthy 

pregnant group than in the non-pregnant group; however, this 

difference was not significant. In a study by Gucer et al. [15], no 

significant differences were reported between pregnant and non-

pregnant patients. In another study including 1,101 healthy non-

pregnant and 67 pregnant women, Moore et al. reported that 

serum HE4 levels were significantly lower in pregnant women 

than in premenopausal, non-pregnant women, a finding contrary 

to ours. They also found that serum HE4 levels were 

significantly lower in premenopausal women than in 

postmenopausal women [16]. Age had no effect on our study 

results, however, as there was no significant difference in the 

mean age among our groups. 
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In another study, Uslu et al. [11] found that HE4 levels 

decreased in the first and second trimesters, but there was no 

significant difference in the levels of HE4 protein in the third 

trimester compared to pre-pregnancy levels. Unlike Uslu et al., 

we found that HE4 protein levels were higher in the healthy 

pregnancy group than in the non-pregnant (pre-pregnancy) 

group. Wang et al. [17] reported that HE4 levels did not change 

significantly in the first and second trimesters compared with the 

levels in non-pregnant patients. They further indicated that HE4 

levels were significantly higher in the third trimester compared 

with the levels in non-pregnant women. Our results were similar 

to these, but the difference we found when comparing the HE4 

protein levels between the healthy pregnant group and the non-

pregnant group was not significant. 

Gasiorowska et al. [18] found that HE4 levels 

significantly changed with age, which is supported by the 

literature [16, 18, 19], and they found a significant correlation 

between smoking and serum HE4 levels [18]. We excluded 

smokers from the study, so we could not assess that variable. In 

the same study, Gasiorowska et al. [18] compared HE4 protein 

levels among the first, second, and third trimesters and reported 

that while there was no significant difference between the first 

and second trimesters, there was a significant increase in the 

third trimester. 

The literature supports the idea that HE4 protein levels 

are affected by age and gestational length. However, neither of 

these affected our results because all pregnancies in our study 

were over 34 weeks, and age was not statistically different 

among all participants. Thus, our study was not affected by any 

factor that could affect HE4 protein levels, such as age and 

gestational week. 

Kurdoglu et al. [20] researched laminin receptor 1, an 

extracellular matrix protein, to see if it played a role in the 

pathophysiology of preeclampsia. Many studies have shown that 

laminin receptor 1 is involved in cell adhesion, invasion, and 

migration and is effective on protease activity (like the HE4 

protein); in addition, it was shown to have a role in malignancies 

and tumor metastases [20-22]. Kurdoglu et al.’s [20] results were 

statistically significant and showed that laminin receptor 1 was 

less expressed in preeclamptic placentas, but the severity of the 

disease was not related.  

In a recently study conducted by Cam et al. [14] HE4 

protein levels in pregnant women with HELLP syndrome, an 

extremely advanced form of preeclampsia were compared, with 

healthy pregnant women. Similar to our study, they found that 

the mean HE4 protein levels in HELLP syndrome patients were 

lower, but in contrast to our study, the result was not statistically 

significant. 

Limitations 

In this study, we did not investigate the relationship 

between the severity of preeclampsia and HE4 protein levels, nor 

did we measure placental HE4 protein levels. This is a limiting 

factor; thus, further extensive studies are required. 

Conclusion 

To adequately understand preeclampsia and predict its 

complications, the identification of high-risk women could help 

minimize undesirable fetomaternal consequences. Considering 

that the diagnostic criteria for the condition are frequently 

reviewed, we believe that a predictive biochemical marker would 

help improve pregnancy outcomes. Our study suggests that a 

decrease in HE4 protein levels can be used as a new biomarker to 

predict the development of preeclampsia. However, much more 

comprehensive research is needed in the future, as well as studies 

with a much higher number of patients. 
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