Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy Dove

3

ORIGINAL RESEARCH

Serum Human Epididymis Protein 4 is a Potential
Biomarker for Early Chronic Kidney Disease in an
Obese Population

Shubo Tan

Yongmao Zeng

Shiliang Kuang

Jianjun Li

Department of Urology, Second Affiliated
Hospital of the University of South China,

Hengyang City, 421000, People’s Republic
of China

Correspondence: Jianjun Li

Department of Urology, Second Affiliated
Hospital of the University of South China,
No. 35, Jiefang Avenue, Zhengxiang
District, Hengyang City, 421000, Hunan
Province, People’s Republic of China

Tel +861301734996

Email liundefy666@126.com

This article was published in the following Dove Press journal:
Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy

Methods: The association between was analyzed in a retrospective
study. A cohort of 506 patients_wi
Central Hospital, China, fro:

Results: Serum HE4 leve

ropathy who were hospitalized at Weihai
er 2019 were included.

with increasing stage of CKD and significantly
elevated in patients with 1-2 (P<0.001). In multivariate linear regression
analyses, HE4 legels were
odel 2% .001). HE4 (area under the curve; AUC=0.934) had

m creatinine (SCr; AUC=0.770) and blood urea nitrogen

E4 levels can be positively associated with the severity of CKD and
valuable clinical biomarker for predicting early-stage CKD.
iomarker, chronic kidney disease, obese, human epididymis protein 4

Introduction
Chronic kidney disease (CKD) is a serious health problem worldwide. With
increasing prevalence, CKD has enormous social and economic consequences in
our society.' > However, most early-stage CKD patients have no obvious clinical
symptoms, and the clinical indicators of renal function, such as serum creatinine
(SCr) and blood urea nitrogen (BUN) levels, do not exceed the normal range
because of the strong compensatory ability of the kidney. It is difficult to detect
the reduction in renal function at an early stage by traditional urine and blood tests,
which hampers the timely diagnosis and treatment for early-stage CKD patients.*
In 1991, the human epididymis protein 4 gene located on chromosome 20q12-13.1
was successfully cloned by Kirchhoff et al in the human epididymal epithelium, and
the authors discovered that human epididymis protein 4 (HE4), encoded by the gene,
is involved in the maturation of sperm.>® The immature HE4 protein contains two
four-disulfide core domains (WFDC2) with antiproteinase activity, and mature HE4 is
a 20-25 kDa glycoprotein found in the cytoplasm, cell membrane and circulation.”®
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HE4 is moderately or highly expressed in ovarian and endo-
metrial cancer, breast cancer and pancreatic cancer.”'’
Meanwhile, studies have also shown that HE4 is expressed
in normal tissues of the human body, including the kidney,
digestive tract, and other organs.'"!?

Thus far, the significance of HE4 in the context of
CKD has not been extensively studied. Only several stu-
dies have shown that serum HE4 levels are elevated in
CKD."™ ' It

a sufficiently sensitive marker to distinguish patients with

is uncertain whether HE4 could be

early-stage CKD from healthy individuals. Accordingly, in
this study, we studied whether serum HE4 can be used as
a sensitive and specific indicator for predicting early-stage
CKD. We additionally investigated the association of HE4
levels with pathological changes in CKD patients.

Materials and Methods
Study Population

Because most of the patients in the study have been dis-
charged and cannot be contacted, for research needs, the
Ethics Committee of Renmin Hospital of Weihai Central
Hospital approved this retrospective study and the require-
ment for informed consent was waived according to
guidelines of the Declaration of Helsinki. In this study, t
privacy of the included patients is strictly confidential an

a control group. P
other serious diseases

Inclusion eria, Definition of CKD

Inclusion criteria was ®ased on the definitions for CKD accord-
ing to the KDIGO guidelines:'®> “CKD is defined as abnorm-
alities of kidney structure or function, present for >3 months”.
Thus, the diagnosis of CKD was made when estimated glo-
merular filtration rate was reduced (eGFR<60 mL/min/
1.73 m?) and/or signs of kidney damage were present.
Kidney damage was ascertained by kidney disease proven by
kidney biopsy, pathological hematuria and proteinuria or
examination results  (computed

abnormal  imaging

tomography, ultrasound, magnetic resonance imaging or
nuclear imaging). According to the classification of the
KDIGO guideline'® the included 506 CKD patients were
divided into five subgroups according to their eGFR values:
CKD1, eGFR>90 mL/min/1.73 m* CKD2, eGFR=61-90 mL/
min/1.73 m*; CKD3, eGFR=31-60 mL/min/1.73 m* CKD4,
eGFR=16-30 mL/min/1.73 m* and CKDS5, eGFR<15 mL/
min/1.73 m>. Early CKD (CKD1-2) was defined as an eGFR
>60 mL/min/1.73 m”. Advanced CKD (CKD3-5) was defined
as eGFR<60 mL/min/1.73 m?®. We included 487 CKDO

patients without a medical history of 4 gnd/or a eGFR

e sensitivity and specificity of
alue of serum HE4 for diagnosis of early

erum HE4 concentrations were associated with pathological
anges in CKD. All patients with malignant tumors were

excluded.

Measurement of HE4 Levels

Serum samples were prepared immediately by centrifuga-
tion of peripheral venous blood and cryopreserved (—80°C)
for the determination of HE4 levels. Serum levels of HE4
were measured by electrochemiluminescence immunoas-
says (Cobas e 601, F. Hoffmann-La Roche Ltd, Basel,
Switzerland). The samples with HE4 concentrations over
1500 pmol/L were measured again (precision, coefficient of
variation [CV]<5%; analytic measurement range, from 15
to 1500 pmol/L; detection limit, 5 pmol/L).

Laboratory Measurements and

Definitions

Blood samples were collected from the patients after they
had fasted overnight for at least 8 hours. SCr, BUN, beta 2
microglobulin (B2-MGQG), cystatin C (CysC), uric acid
(UA), hemoglobin (Hb) and albumin (ALB) levels were
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measured using a Siemens ADVIA 2400 automatic bio-
chemistry analyzer (Siemens AG).

Renal Biopsy and Histopathological
Staining

In this study, renal biopsy was performed in 51 of 506 CKD
patients. Pathologic materials were processed by conventional
histological procedures. The pathologic samples were used to
evaluate glomerular, renal tubular, and interstitial conditions
by hematoxylin and eosin (H&E) and Periodic Schiftf-
Methenamine (PASM) staining in the pathology department
of our hospital. The CKD scores were evaluated according to
the 2007 Banff classification.'®'” The score for glomerular
lesion (GL) was based on the percentage of diseased glomeruli
as follows: GLO, GL=0% diseased glomeruli; GL1, <25%;
GL2,25-50%; and GL3: >50%. The score for renal interstitial
fibrosis (IF)/tubular atrophy (TA) was based on the percentage
of cortical parenchymal involvement as follows: IF/TAO, IF/
TA<5% cortical area; IF/TA1: 6-25%; IF/TA2; 26-50%; and
IF/TA3: >50%.

Statistical Analyses

The data with normal distributions were expressed as th
+standard deviation (SD). Comparisons between val
with normal distributions were performed by ¢ test or an

of variance (ANOVA). The data that were g 1
tributed were expressed by median (inteig @

early CKD, the diagnostic
, P2-MG and CysC

levels for _ \
acteristjgPR v
the ¢ A ¥ 95% confidence intervals were

calculated. Y@ SPSS 24.0
than 0.05 were considered statistically

was used for the statistical ana-

lyses. P-value
significant.

Result
Clinical Characteristics of the Study

Population

Serum HE4 levels in the CKD patients were significantly
higher than control subjects (CKDO, data not shown). The
clinical characteristics of all CKD subjects are presented in

Table 1. All patients were divided into two groups includ-
ing patients with CKD1-2 and patients with CKD3-5. All
variables were compared between the two groups. The
disease history of the CKD patients was as follows: hyper-
tension in 244 patients, diabetes in 73 patients, primary
kidney disease in 146 patients, nephrolithiasis in 83
patients, and other diseases in 22 patients. Median levels
of HE4 in patients with CKDI1-2 were 267.8 pmol/L.
Median levels of HE4 CKD3-5 were only 578.8 pmol/L.
Significantly, The serum levels of HE4 were significantly
higher in patients with CKD3-5
CKDI1-2 (P<0.001).

t in patients with

I, admission systolic blood pressure (SBP),
ion diastolic blood pressure (DBP), current smoker,
current drinker and CKD etiology and laboratory measure-
ments (Table 2). In the model 3, these factors explained
87.5% of the variance in eGFR.

Serum HE4 Levels Had a Better
Diagnostic Value Than SCr, f2-MG and
CysC Levels for Early-Stage CKD Patients

To determine the performance of HE4 as a diagnostic
biomarker for early CKD, we performed the area under
the receiver operating characteristic curve (ROC-AUC)
analysis (Table 3). Serum HE4 (AUC=0.982, 95% CI:
0.974-0.999, optimal cutoff 67.6 pmol/L, sensitivity
94.9%, and specificity 98.4%) had better diagnostic per-
formance than SCr (AUC=0.912, 95% CI: 0.884-0.935,
optimal cutoff 66.3 umol/L, sensitivity 76.3%, and speci-
ficity 96.7%) and BUN (AUC=0.834, 95% CI: 0.812—
0.856, optimal cutoff 6.9 umol/L, sensitivity 61.1%, and
specificity 92.6%) for patients with CKD1-5. The AUC for
HE4 was 0.934 (95% CI: 0.925-0.967) for differentiating
patients with CKD1-2 from CKDO, with an optimal cutoff
value of 63.7 pmol/L (sensitivity 88.7% and specificity
98.1%). HE4 had a better diagnostic value than SCr
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Table | Clinical Characteristics of CKD Patients

Variables CKDI-5 (n=506) CKDI-2 (n=235) CKD3-5 (n=271) P value
Age (Years) 64.619.4 65.4+10.6 63.718.1 0.151
Gender (male), n (%) 301 (59.5) 146 (61.6) 155 (57.2) 0.194
BMI (kg/m?) 28.8+4.2 25.6%3.1 32.9+5.2 <0.001
Admission SBP (mmHg) 144 (131-136) 139 (129-134) 149 (133-167) <0.001
Admission DBP (mmHg) 85 (77-92) 83 (73-87) 89 (80-96) 0.003
Current smoker; n (%) 64 (12.6) 29 (12.3) 35 (12.9) 0.407
Current drinker; n (%) 122 (24.1) 57 (24.2) 65 (24.0) 0.905
CKD Etiology -

Hypertension, n (%) 244 (48.2) 101 (43.0%) 143 (52.8%) 0.001
Diabetes, n (%) 73 (14.4) 20 (8.5%) 53 (19.5%) 0.001
Nephrolithiasis, n (%) 83 (16.4) 43 (18.3%) 40 (14.8%) 32
Primary kidney disease, n (%) 146 (28.9) 57 (24.3%) 89 (32.8%

Other diseases, n (%) 22 (4.3) 10 (4.25%)

Laboratory measurements

SCr (umol/L) 175 (149-284) 131 (124-165)

BUN (mmol/L) 6.4 (4.1-8.7) 5.8 (3.7-6.3) <0.001
eGFR (mL/min/1.73 m?) 75.3 (57.2-87.9) 98.2 (86.3—104.5) <0.001
Hb (g/L) 96 (81-110) 106 (94-123) <0.001
UA (umol/L) 391 (352-518) 355 (3124 <0.001
ALB (g/L) 35.4 (28.5-38.4) 37.5 (29 <0.001
HE4 (pmol/L) 398.6 (287.5-679.4) 267.8 (14 578.8 (415.7-1018.3) <0.001

Note: Normally distributed data are presented as the mean+SD, non-normally distributed da e median (interquartile range), and categorical variables
are presented as the n (%).
Abbreviations: CKD, chronic kidney disease; BMI, body mass index; SBP, sys

nitrogen; eGFR, estimated glomerular filtration rate; HE4, human epididymis pr

olic blood pressure; SCr, serum creatinine; BUN, blood urea
lobin; UA, uric acid; ALB, albumin.

erum HE4 Levels Have High Sensitivity
d Specificity in Clinical Practice for
Predicting Patients with Early CKD

To verify the value of serum HE4 in the early diagnosis of
CKD, we collected 102 CKD inpatients who had undergone
eCT examination in our hospital. The mean age of these

patients with CKD1-2.
To further investigate

patients was 65.4 years. According to the optimal cutoff
value of HE4 and SCr calculated above, we further calculated
the sensitivity and specificity of HE4 and SCr (Table 4). HE4
(sensitivity 94.6% and specificity 86.7%) had higher sensitiv-
ity and similarly specificity than SCr (sensitivity 60.3% and
specificity 85.4%) for patients with CKD1-2.

Table 2 The Relatio p Between the HE4 Level and eGFR in CKD Patients

Variables Crude Model | Model 2
R? 0.787 0.797 0.875

SB —0.864 -0.870 —0.808
(95% Cl) —-0.907- -0.822 -0.912- —0.828 —0.854-0.761
P value <0.001 <0.001 <0.001

Notes: Crude: Adjusted for none. Model 2: Adjusted for age, gender, BMI, admission SBP, admission SBP, current smoker, current drinker and CKD Etiology. Model 3:
Adjusted for age, gender, BMI, admission SBP, admission SBP, current smoker, current drinker and CKD etiology and laboratory measurements.

Abbreviations: eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease; HE4, human epididymis protein 4; BMI, body mass index; SBP, systolic blood
pressure; DBP, diastolic blood pressure; S, standardized B; Cl, confidence interval.
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Table 3 Diagnostic Ability of Serum HE4 Values to Assess CKD

Variables AUC 95% CI Optimal Cutoff Sensitivity (%) Specificity (%)
CKDI-5

HE4 (pmol/L) 0.982 0.974-0.999 67.6 94.9 98.4
SCr (umol/L) 0.912 0.884-0.935 66.3 76.3 96.7
BUN (mmol/L) 0.834 0.812-0.856 6.9 6l.1 92.6
CKDI-2

HE4 (pmol/L) 0.934 0.925-0.967 63.7 88.7 98.1
SCr (umol/L) 0.770 0.724-0.840 65.4 534 93.0
BUN (mmol/L) 0.647 0.601-0.724 5.87 454 78.6
CKD3-5

HE4 (pmol/L) 0.955 0.96—1.000 106.4

SCr (umol/L) 0.903 0.873-0.972 87.0

BUN (mmol/L) 0.805 0.756-0.872 6.1

Abbreviations: CKD, chronic kidney disease; HE4, human epididymis protein 4; AUC, area under the curve; Cl,
urea nitrogen.

Serum HE4 Levels Were Strongly and
Positively Correlated with GL and IF/TA

Scores in CKD Patients
To investigate whether serum HE4 levels were asso-

ciated with pathological changes in CKD, we categor- orrelated with ¢GFR according to the mul-

ized 51 of 506 CKD patients with renal insufficie
different degrees from early to advanced stages w

regression analyses; (3) serum HE4 had
vity and specificity for predicting CKDI1-2;
serum HE4 levels had a strong and positive corre-
lation with GL and IF/TA scores in CKD patients.

GFR is the best indicator of renal function in CKD and
is measured as the clearance rate of a filtration marker

undergone renal biopsy into four groups accordin

BUN levels increased with incig
(P<0.001, Table 5). Serum
strongly and positively cor

from serum by the kidneys.”> However, accurate measure-
ments of GFR by inulin and nuclear medicine measure-
(P<0.001; Table 6), whi . ments require the appropriate infrastructure and are time
positive relationship b consuming. SCr is not sensitive or specific for diagnosing
tion in CKD patie early renal insufficiency, making it difficult for clinicians
to timely prevent and treat early CKD. At present, clinical
practice faces the challenge of detecting the early stages of
CKD. No biomarker exists that reliably detects the early
stages of CKD. f2-MG and CysC have been investigated

Table 4 Dj ¢ ili E4 in Clinical Practice for
Predicti

al Sensitivity | Specificity as alternative markers of kidney function to estimate GFR
% %, . .. .. . .
*) *) with similar precision as SCr and with less bias due to
CKDI-2 muscle mass.>*?* However, age, gender, smoking, race
HE4 (pmol/L) 63.7 4.6 86.7 and other factors influence serum CysC concentrations
SC L 65.4 60.3 854 . C e . . .
r (umolll) and reduce its reliability as a biomarker for diagnosing
BUN (mmol/L) 5.87 51.1 82.3 23.25
early CKD.”™ Serum B2-MG levels can reflect GFR
CKD3-5 well, but it is also influenced by many factors in early
HE4 L 106.4 93.5 99.7 . .. . .
(pmol/L) CKD.?* Kidney injury molecule-1 (KIM-1), interleukin-18
SCr (umol/L) 87.0 872 89.4 _ _ _ _ )
BUN (mmoliL) 6.1 795 822 (IL-18), neutrophil and gelatinase-associated lipocalin

- — ) — : (NGAL) are considered biomarkers for acute kidney injury
Abbreviations: CKD, chronic kidney disease; HE4, human epididymis protein 4;

.. . . 26-29
SCr, serum creatinine; BUN, blood urea nitrogen. (AKI), but are hmlted m thelr use fOI‘ early CKD
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Table 5 Major Laboratory Indicators According to Glomerular Lesion Scores in CKD Patients

Variables GLO (n=17) GLI (n=14) GL2 (n=11) GL3 (n=9) P value
eGFR (mL/min/1.73 m?) 57.1 (49.2-68.6) 50.6 (46.4-64.5) 427 (36.5-55.8) 29.2 (24.9-42.6) <0.001
HE4 (pmol/L) 85.3 (66.4-101.3) 170.42 (137.6-236.0) 245.7 (118.8-559.4) 492.5 (155.6-799.2) <0.001

Abbreviations: CKD, chronic kidney disease; GL, glomerular lesion; SCr, serum creatinine; BUN, blood urea nitrogen; HE4, human epididymis protein 4.

Table 6 Major Laboratory Indicators According to the Renal Interstitial Fibrosis/Tubular Atrophy Scores in CKD Patients

Variables IF/ITAO (n=19) IF/TAl (n=15)

IF/ITA2 (n=9) IF/ITA3 (n=8) P value

eGFR (mL/min/1.73 m?)
HE4 (pmol/L)

64.2 (56.2-73.5)
73.8 (54.6-81.7)

53.6 (42.7-65.1)

143.6 (105.6-183.5)

<0.001

462 (41.0-60.4)
203.7 (137.2-625.8)

39.6 (38.5-47.6)
399.8 (183.6-8

Abbreviations: CKD, chronic kidney disease; IF, interstitial fibrosis; TA, tubular atrophy; SCr, serum creatinine; BUN, blood urea nitrogen;

Recently, urinary proteomics analysis improved the diag-
detect early CKD.?*!
Unfortunately, this procedure is expensive and complex.

nostic  performance to
A convenient and quick blood test is desirable, making
urinary proteomics analysis difficult for routine clini-
cal use.

Our study showed that compared with patients without
CKD, serum HE4 levels were significantly elevated in
advanced CKD patients. The results of our study are in
accordance with the findings of previous studies.’*2’
Therefore, we further explored the relationship betwe
HE4 and early CKD. Importantly, we found that seru

levels of HE4 were still significantly highe

that HE4 may be useful for
treatment for early-stage
also found that HE4
patients with CKD1
which have been

oreover, we
value for

optimal cut-off value of
of CKDI-2, we calculated

tion without maligiMgt tumors to be high. Although stu-
dies have shown that HE4 is also associated with the age
of the healthy population, smoking habit, inflammatory
diseases, heart failure, etc.>*>® HE4 still showed a high
specificity for the diagnosis of early CKD in the tested
population. Furthermore, HE4 had a sensitivity of 95.7%,
and this high sensitivity was very conducive for screening
for early CKD. Therefore, the results further confirmed the

important value of HE4 for predicting early CKD.

and positively associ
elevated serum H

. Moreover, research has shown that HE4 expression
ted in primary renal disease'? which may be
ssociated with the fact that in early CKD, there is no
bonificant decrease in renal function, but serum HE4 was
significantly increased. Additionally, our results demon-
strated that HE4 levels were clearly correlated with the
severity of IF/TA. The increased serum HE4 levels may be
related to renal fibrosis. HE4 often exhibits antiproteinase
activity, indicating an important role of HE4 in
fibrosis.**** Other proteins with WFDC have also been
correlated with fibrosis formation and inflammatory
processes.*’ Importantly, these processes play an impor-
tant role in the progression of CKD. The studies have
suggested that HE4 is a mediator of renal fibrosis and
when overexpressed, can prevent the degradation of type
I collagen by inhibiting Prss35 and Prss23 serine protease

fibrosis.***!

activities during renal Recently, some
researchers have reported that serum HE4 levels were
associated with heart failure (HF) and speculated that
elevated HE4 levels in patients with HF may be due to
cardiac fibrosis.>”** Since renal fibrosis has been involved
in the development of CKD at an early stage, it may also
give a possible explanation of why the serum levels of

HE4 are significantly increased in the early stages of CKD.
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Limitation

First, our study is a single-center study with a limited
sample size and the results cannot be extrapolated. More
studies are needed to identify the best HE4 cutoff or
recognizing early-stage CKD in other centers or by multi-
center studies. Second, this study excluded patients with
malignant tumors, which may affect the accuracy of HE4
in detecting renal function in some tumor patients.

Conclusion

Our findings showed that serum HE4 levels were posi-
tively associated with the severity of CKD using two
aspects of clinical indexes and renal pathology. HE4 can
be considered a very valuable clinical biomarker for pre-
dicting early-stage CKD. In the future, multi-center and
large sample studies are needed to further confirm the
reliability of the research results.

Disclosure
All the authors declared no conflicts of interest and have
nothing to disclose.
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