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Purpose: To investigate the prognostic value of human epididymis protein 4 (HE4) in patients with acute myocardial infarction (AMI).
Patients and Methods: A total of 212 consecutive patients diagnosed with AMI in the Department of Cardiovascular Medicine of
Hunan Provincial People’s Hospital from June 2020 to May 2021 were enrolled. We determined plasma HE4 levels at baseline. The
patients were followed up regularly and the occurrence of major adverse cardiac events (MACE) was recorded after discharge.
Results: After a mean follow-up period of 242 (159-427) days, 67 patients had MACE. Multivariate Cox regression analysis showed
that HE4 was an independent predictor of MACE in patients with AMI [HR = 1.004 (1.002-1.007), P = 0.002]. Kaplan-Meier survival
curves showed that patients with HE4 levels > 532.9 pmol/L had higher MACE compared with patients with < 532.9 pmol/L HE4
levels (HR=4.044, 95% CI 2.373-6.890, P <0.001). Receiver operating characteristic (ROC) curve analysis showed that the area under
the curve (AUC) of HE4 for predicting MACE was 0.734 (95% CI: 0.669-0.792, P < 0.001).

Conclusion: Human epididymis protein 4 (HE4) might be a novel biomarker for predicting the prognosis of patients with AMI.
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Introduction

Acute myocardial infarction(AMI) is an acute heart disease with a high disability rate and mortality. Although current
reperfusion therapy has improved the short-term prognosis of AMI to some extent, some survivors are repeatedly
readmitted for heart failure (HF) after myocardial infarction due to necrotic cardiomyocytes fail to regenerate. The 1-year
mortality rate of patients with AMI remains as high as 9% after discharge, which places a heavy burden on families and
public health.* Cardiac biomarkers can reflect the pathophysiological characteristics of AMI from different perspectives
such as myocardial ischemia injury, ventricular remodeling, and oxidative stress, and have good advantages in the
prognostic evaluation of AMI.®> The traditional biomarker N-Terminal B-type natriuretic peptide (NT-proBNP) can
predict the prognosis of patients with AMI to some extent.* However, its evaluation value has certain limitations. Its half-
time is relatively short, and it is affected by factors such as Body Mass Index (BMI), renal function, infection, cirrhosis,
and B-blockers.>® Therefore, searching for novel biomarkers for precise risk stratification and prognostic evaluation of
AMI patients as well as the early intensive intervention of patients according to risk stratification is important to improve
the prognosis of AMI patients.

Human epididymis protein 4 (HE4) was first discovered as a secreted protein in the human epididymis and is
currently mainly used in the diagnosis and treatment of gynecological neoplastic diseases.” Several studies reported that
HE4 was associated with the severity of HF and can predict the prognosis of patients with HF, which was independent of
NT-proBNP.*® Our previous study showed that HE4 could predict the prognosis of idiopathic pulmonary arterial
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hypertension (IPAH) patients with right HF and ischemic cardiomyopathy (ICM) patients. The area under the curve
values of HE4 were higher than that of NT-proBNP in these studies.'®!" A recent study showed that in acute ST-segment
elevation myocardial infarction (STEMI) patients undergoing revascularization, HE4 levels were significantly increased
in patients with low left ventricular ejection fraction (LVEF).'? The decrease in LVEF was closely related to the

occurrence of adverse cardiovascular events after AMI,13’14

suggesting that HE4 may be a novel biomarker of poor
prognosis in AMI. Therefore, this study was intended to detect HE4 levels at admission in patients with AMI and to

investigate its value in predicting the prognosis of AMI.

Materials and Methods
Study Population

We enrolled 212 patients who were hospitalized in the Department of Cardiovascular Medicine of Hunan Provincial
People’s Hospital from June 2020 to May 2021 and diagnosed with AMI and underwent percutaneous coronary
intervention (PCI), and the diagnostic criteria for AMI were based on clinical guidelines'® (Figure 1). AMI was
diagnosed if a patient had a cardiac troponin I level exceeding the 99th percentile of a normal reference population
with >1 of the following: (Dischemic chest pain symptoms, chest pain lasting >20 min; @new ischemic electrocardio-
gram changes: new ST-segment and T-wave changes; ®new pathologic Q waves; (9)imaging evidence of new loss of
myocardial activity or new local wall motion abnormalities; (5)coronary angiography confirmed the presence of coronary
thrombosis. As tumor and renal failure can obviously affect the expression of HE4, patients with a medical history of
malignant tumor and end-stage renal disease (requiring dialysis or eGFR < 30mL/min/1.73 m2) were excluded from this
study. Female patients who were preparing to become or had become pregnant were also excluded from our study in
consideration of ethics. eGFR was calculated using the Modification of Diet in Renal Disease (MDRD) simplified
formula. eGFR(mL/min/1.73m2) = 30,849 x [Scr(umol/L)] —1.154 x (age)—0.203 x (0.742 if patient is female). Patients’
baseline data and clinical data were collected through the electronic medical records (EMR) system.

HE4 Measurement
Blood samples for measurement of NT-proBNP were collected from patients with AMI on the day following admission.
All blood samples were allowed to stand in a freezer at 4 °C for half an hour and then centrifuged at 3000 rpm for
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Figure | Flowchart: Patients’ flow-chart in our study.
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10 minutes to obtain plasma, followed by storage in a —80 °C freezer. After all samples collection, HE4 levels were
uniformly detected using an enzyme-linked immunosorbent assay kit (R&D Systems, Minneapolis, Minnesota).
Processing of all blood samples and measurement of the biomarker HE4 were performed at a central laboratory.

Enzyme-linked immunosorbent assay (ELISA) brief procedure: (1) Add 100ul of Assay Diluent RD1W to dilute into
small holes coated with anti-HE4 antibody microplate strips. (2) Add 20ul of standard plasma sample and incubate at
room temperature for 2 hours. (3) Wash the strips with washing buffer salt water and repeat washing 4 times. (4) Add
200ul Human HE4/WFDC2 Conjugate and incubate for 2 hours and wash 3 times. (5) Add 200ul substrate solution and
incubate at room temperature without light for 30 minutes. (6) Observe the reaction by adding a stop solution and
determine the optical density at 450 nm in the spectrometer. All blood samples were multiwell tested.

Endpoint and Follow-Up

The endpoint was the composite of major adverse cardiovascular events (MACE), which were defined as readmission for
unstable angina and revascularization, readmission for HF, nonfatal myocardial infarction, and all-cause mortality.
Readmission for unstable angina and revascularization was defined as hospital readmission for which unstable angina
and revascularization was the primary reason. Readmission for HF was defined as an unplanned admission for worsening
HF. Patients had to have typical symptoms and signs of HF. Nonfatal myocardial infarction was diagnosed following
established criteria as described.'®> Follow-up data were obtained by regular telephone and outpatient follow-up by
healthcare professionals at 1 month, 3 months, 6 months, 12 months, and 18 months after discharge in combination with
the review of medical records of the hospital. The follow-up contents mainly included the treatment effect on the
patient’s disease, medication, and the occurrence of endpoint events. The follow-up time was from discharge to the time
of the endpoint event or until December 05, 2021.

Statistical Analysis

Statistical analyses were performed using SPSS 19.0 (SPSS Inc., Chicago, IL, USA) and MedCalc software 18.11.3
(MedCalc Software, Mariakerke, Belgium). Results were presented as mean + standard deviation for continuous
variables that met normal distribution, as the median or interquartile range for continuous variables that were not
normally distributed, and as frequency (percentage) for categorical and ordinal variables. For comparisons between
groups, independent sample #-tests were used for normally distributed variables and U-tests were used for non-normally
distributed variables. The Chi-square test was used for categorical variables. Correlations between the two variables were
investigated using Spearman correlation coefficients. The variables predictive of MACE by univariate analysis (P<0.05)
were then entered into a multivariable Cox regression analysis to determine independent predictors of MACE. Receiver
operating characteristic curves (ROC) were plotted to calculate the area under the ROC curve (AUC) and cut-off points,
and Kaplan-Meier curve analysis was performed to group the cut-off points calculated according to ROC analysis and
identify the differences in events between the two groups using the Log rank test. Univariate and multivariate Cox
proportional hazards regression models were used for survival analysis. Two-sided P < 0.05 was defined as statistically
significant.

Results

Baseline Characteristics

A total of 224 patients with AMI treated with PCI were included in this study, 7 patients (4.8%) in the high HE4 group (> 532.9
pmol/L) and 5 patients (6.5%) in the low HE4 group (<532.9 pmol/L) were not included in the study due to loss of follow-up.
212 patients were finally included in the analysis, including 144 patients with acute ST-segment elevation myocardial infarction
(STEMI) and 68 patients with acute non-ST-segment elevation myocardial infarction (NSTEMI). Table 1 describes the baseline
data and clinical characteristics of the patients. The median age of all subjects was 63 years (interquartile range 54—71), and the
proportion of males was 70.8%. Compared with the no MACE group, the patients in the MACE group were likely to be older
and have hypertension and diabetes. In addition, total cholesterol, HE4, NT-proBNP, Killip class, and triple vessel lesion
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Table | Baseline Characteristics of the Study Population by MACE

Variable Overall (N=212) NO MACE (N=145) MACE (N=67) P-value
Age (yr) 63.0 [53.8, 71.0] 61.0 [51.0, 69.0] 66.0 [58.0, 73.0] 0.008
Sex (male) 150 (70.8) 103 (71.0) 47 (70.1) >0.99
BMI (kg/m? 23.8 [22.0, 25.7] 23.9 [21.9, 25.7] 23.4 [22.0, 25.7] 0.773
Killip class HI/IV 31 (14.6) 13 (9.0 18 (26.9) 0.001
STEMI (%) 144 (67.9) 98 (67. 6) 46 (68.7) >0.99
Smoking (%) 132 (62.3) 88 (60.7) 44 (65.7) 0.587
Hypertension (%) 132 (62.3) 83 (57.2) 49 (73.1) 0.039
Diabetes mellitus (%) 67 (31.6) 36 (24.8) 31 (46.3) 0.003
Atrial fibrillation (%) 9 42) 4 (2.8) 5(7.5) 0.225
Previous PCI history (%) 8 (3.8) 3210 5(7.5) >0.99
CABG (%) 1 (0.5) 1 (0.7) 0 (0.0 >0.99
Main epicardial coronary arteries 270% stenosis 0.042
| 44 (20.8) 34 (23.4) 10 (14.9) 0.155
2 62 (29.2) 47 (32.5) 15 (22.4) 0.136
3 106 (50.0) 64 (44.1) 42 (62.7) 0.012
Left main = 50% stenosis 22 (10.4) 15 (10.3) 7 (10.4) >0.99
WBC (x109/1) 8.8 [7.0, 11.0] 8.8 [7.1, 10.4] 8.8 6.8, 11.8] 0.471
PLT (x109/1) 215.5 [169.3, 260.0] 216.0 [171.0, 260.0] 206.0 [166.5, 261.0] 0.812
Hemoglobin (g/dl) 12.8 [11.5, 14.0] 13.0[I11.7, 14.1] 12.4 [10.8, 13.7] 0.048
eGFR (mL/min/1.73 m2) 87.9 [68.0, 100.1] 90.2 [76.1, 102.7] 71.6 [53.7, 95.8] <0.001
Total cholesterol (mg/dL) 170.9 [142.6, 190.6] 174.0 [149.7, 193.0] 161.3 [133.8, 181.9] 0.078
Triglycerides (mg/dL) 143.4 [98.7, 188.6] 130.2 [93.2, 180.4] 170.0 [107.6, 209.4] 0.042
HDL cholesterol (mg/dL) 37.9 [33.6, 45.6] 39.4 [34.4, 46.8] 36.7 [32.1, 42.5] 0.021
LDL cholesterol (mg/dL) 100.5 [81.8, 124.3] 102.5 [81.2, 126.5] 97.5 [82.4, 119.1] 0.681
Troponin | (ng/mL) 4.0 [0.7, 15.3] 3.6 [0.7, 13.0] 4.2 [0.6, 22.3] 0.644
HE4 (pmol/L) 462.9 [343.9, 565.9] 399.3 [306.3, 518.3] 562.0 [443.4, 603.5] <0.001
NT-proBNP (pg/mL) 1215.0 [388.3, 2897.0] | 1090.0 [364.0, 2060.0] | 1820.0 [481.0, 6720.0] 0.004
HbAlc (%) 6.0 [5.7,7.1] 5.9 [5.6, 6.6] 6.7 [6.0, 8.1] 0.001
LvDd (mm) 48.0 [44.0, 52.0] 48.0 [44.0, 52.0] 48.0 [45.0, 54.0] 0.349
LVEF (%) 52.7 (12.2) 54.2 (11) 49.5 (14.0) 0.009
Aspirin (%) 199 (93.9) 139 (95.9) 60 (89.6) 0.141
P2Y12 inhibitor (%) 185 (87.3) 126 (86.9) 59 (88.1) 0.988
B-blocker (%) 191 (90.1) 131 (90.3) 60 (89.6) >0.99
ACEI/ARB (%) 178 (84.0) 125 (86.2) 53 (79.1) 0.267
Diuretic (%) 31 (14.6) 13 (9.0) 18 (26.9) 0.001
Anticoagulant (%) 9 42) 7 (4.8) 2 (3.0) 0.801
Statin (%) 203 (95.8) 142 (97.9) 61 (91.0) 0.052

Note: Continuous data are mean * standard deviation or median (interquartile range), and categorical variables are n (%).
Abbreviations: ACEI/ARB, Angiotensin-converting enzyme inhibit or angiotensin receptor blocker; BMI, body mass index; CABG,
coronary artery bypass grafting; PCl, Percutaneous coronary intervention; eGFR, Estimated glomerular filtration rate; HbAlc,
hemoglobinAlc; LDL, low-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol; HE-4, Human epididymis factor-
4; LV, left ventricular; LVEF, left ventricular ejection fraction; NSTEMI, non-ST-segment elevation myocardial infarction; NT-proBNP,
N-terminal pro-brain natriuretic peptide; PLT, platelet; STEMI, ST-segment elevation myocardial infarction; WBC, White blood cell.

proportions were higher in the MACE group, and eGFR, high-density lipoprotein cholesterol, hemoglobin levels, and LVEF
were lower. There was no significant difference in gender as well as smoking between the two groups.

The median follow-up time was 241(159-427) days, and 67 patients developed MACE during the follow-up period,
including 28 patients with unstable angina pectoris, 28 patients readmitted due to HF, 6 patients with nonfatal myocardial
infarction, and 9 patients with all-cause mortality (Table 1).
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Correlation Analysis

With the increase in Killip class, the levels of HE4 were increased [423.1 pmol/L (Killip classl/IT) vs 565.5 pmol/L
(Killip class III/TV), P < 0.001]. Correlation analysis showed that plasma HE4 levels were positively correlated with NT-
proBNP (r=0.362, P <0.001) and age (r = 0.375, P < 0.001), and negatively correlated with eGFR (r = —5.30, P < 0.001)
and LVEF (r = —0.218, P = 0.001).

HE4 and Clinical Outcomes

Univariate Cox regression analysis showed that HE4, NT-proBNP, Age, Hypertension, Diabetes, Killip class, eGFR,
White blood cell, LVEF, and Main epicardial coronary arteries >70% stenosis were all significant predictors of MACE
during follow-up in patients with AMI (all P<0.05). The results of multivariate Cox analysis showed that HE4 [HR =
1.004 (1.002 —1.007), P =0.002] were independent predictors of MACE (Table 2).

Receiver operating characteristic (ROC) curve analysis discriminated MACE showed that HE4 had the largest area
under the curve (AUC), with an AUC value of 0.734 (95% CI: 0.669-0.792, P < 0.001). The cut-off point was 532.9
pmol/L and a specificity of 78.62% and a sensitivity of 61.19%. (Figure 2).

Kaplan-Meier survival analysis was performed to identify the survival difference between the two groups after
grouping patients at the best cut-off point. The study results showed patients in the high HE4 level group (HE4>532.9
pmol/L) had a higher risk of major adverse cardiovascular events (MACE) (log-rank:}2=33.8, HR=4.044, 95% CI
2.373-6.890, P <0.001) (Figure 3). After adjusting for age and sex, the HR was 3.732(95% CI:2.197-6.339, P<0.001).

Discussion

In this study, we evaluated the predictive value of HE4 in patients with AMI. We found that HE4 levels were closely
associated with the severity of HF in patients with AMI, and further analysis indicated that HE4 was an independent
predictor of MACE in patients with AMI.

Human epididymis protein 4, also known as whey acidic protein 4-disulfide core domain 2 (WFDC2), was a novel
cross-class protease inhibitor, which applied to the diagnosis and prognosis evaluation of ovarian and endometrial cancer
currently.'® In normal tissues, it is mainly expressed in the glandular epithelium of the female genital tract, ovarian
surface epithelium, epididymis and vas deferens, respiratory epithelium, distal renal tubules, and salivary glands.”'” In
recent years, it has been found that blood HE4 levels are closely associated with renal function. Its levels are significantly
elevated in patients with chronic renal function and renal fibrosis and are closely associated with renal function,'®'’
which may be mediated through the reduced degradation of type I collagen via the HE4/ mitogen-activated protein
kinase/(Matrix metalloproteinases)MMPs pathway and the reduced MMP2 activity by upregulation of tissue metallo-
proteinase inhibitor 1 in the HIF-1o/HE4/NF-xB signaling pathway to inhibit the chances of extracellular matrix

Table 2 Cox Analysis of Proportional Risks for MACE

Variables Univariate Multivariate

HR 95% Cl P-value | HR 95% ClI P-value
HE4 1.006 | 1.004-1.008 | <0.001 | 1.004 | 1.002—-1.007 | 0.002
Log 10 NT-proBNP 2202 | 1.448-3.35 | <0.001 | 1.041 | 0.611-1.772 | 0.883
Age 1.034 | 1.011-1.058 | 0.003 | 1.004 | 0.978-1.032 | 0.748
Hypertension 1.79 | 1.042-3.075 | 0.035 | 1.418 | 0.798-2.522 | 0.234
Diabetes 2.073 | 1.281-3.354 | 0.003 | 1.432 | 0.858-2.390 | 0.169
Killip class 1l/IV 2.990 | 1.738-5.143 | <0.001 | 1.148 | 0.565-2.330 | 0.703
eGFR 0.977 | 0.967-0.987 | <0.001 | 0.955 | 0.981-1.008 | 0.448
WBC(x10°/L) 1.065 | 1.007-1.127 | 0.027 | 1.012 | 0.945-1.083 | 0.736
LVEF 0.969 | 0.949-0.988 | 0.002 | 0.991 | 0.965-1.017 | 0.478
Main epicardial coronary arteries 270% stenosis | |.511 | 1.079-2.117 | 0.016 | 1.129 | 0.790-1.611 | 0.506

Abbreviations: Cl, confidence interval; eGFR, Estimated glomerular filtration rate; HE4, Human epididymis factor-4; HR, hazard ratio;
LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-brain natriuretic peptide; WBC, White blood cell.
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Figure 3 Kaplan-Meier analysis of human epididymis protein (HE4) for MACEs. Adjusted HR indicates hazard ratio (HR) adjusted for age and gender.

degradation leading to renal fibrosis.”**' These results suggest that HE4 plays an important role in the process of renal
fibrosis.

Our study showed a significant negative correlation between HE4 and renal function, suggesting that HE4 levels
increase as renal function deteriorates.de Boer RA et al found elevated HE4 levels in the blood of patients with chronic
HF and acute HF could reflect the severity of HF and predict the prognosis of patients. In addition, HE4 levels in these
HF patients were significantly positively correlated with GAL3,*? an indicator of fibrosis, indicating that HE4 may be
closely related to myocardial fibrosis. Our previous study found that HE4 could reflect the severity of HF and predict
patients’ prognosis in a population with ischemic cardiomyopathy, further suggesting that HE4 may be involved in
myocardial fibrosis. After AMI, activation of neuroendocrine systems (renin-angiotensin-aldosterone system, sympa-
thetic nervous system, and natriuretic peptide system) and inflammatory immune response lead to myocardial fibrosis and

ventricular remodeling.?>** Myocardial fibrosis and ventricular remodeling play a key role in cardiac events and long-
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term prognosis in patients with AMI>® In our study, we found that HE4 could reflect the severity of HF in AMI, and HE4
could predict the prognosis of AMI, which was independent of other established risk factors, including age, gender, NT-
proBNP level, renal function and LVEF. This result was consistent with previous findings. The reason may be attributed
to HE4 involved in myocardial fibrosis and ventricular remodeling after AMI. However, the exact molecular mechanistic
pathways of HE4 elevation post-acute myocardial infarction is unknown, further studies are needed to explored it.

Recently, Hakan Kilci et al found that HE4 levels were significantly increased in patients with low left ventricular
ejection fraction (the fourth day after admission) in STEMI patients undergoing revascularization, and the authors
hypothesized that HE4 levels might be an evaluation of reduced left ventricular systolic function in STEMI patients
undergoing revascularization.'? Patients with STEMI and NSTEMI were included in this study, and all patients under-
went cardiac ultrasound and HE4 testing the next day, and our results also showed that HE4 levels were high in patients
with low left ventricular ejection fraction. In addition, HE4 levels increased with the elevation of Killip class and HE4
levels were positively correlated with NT-proBNP. Therefore, HE4 is very useful in the risk stratification of AMI
patients.

According to the current guidelines, aspirin, P2Y 12 inhibitors and ACEI/ARB are recommended for all patients with
acute myocardial infarction unless they has contraindications.”® Compared with the no MACE group, the rates of
hypertension and diabetes, NT-proBNP, Killip class, and triple vessel lesion proportions were higher, eGFR, LVEF
were lower in the MACE group, and the patients in the MACE group were older. However, all these factors are not the
contraindications for the use of aspirin, P2Y12 inhibitors and ACEI/ARB. This could be the reason that there was no
statistically significant difference in the history of Aspirin, P2Y12 inhibitor and ACEI/ARB administration between the
two group.

Our study is limited as follows. First, it is a single-center study with a small sample size and short follow-up duration.
Second, we did not perform serial measurements of plasma HE4 levels after the onset of AMI. Larger clinical studies are
still needed to further verify the prognostic predictive value of HE4 for AMI and to further perform basic experiments to
explore its mechanism.

Conclusion
Human epididymis protein 4 independently predicts the occurrence of adverse cardiovascular events in AMI and might
be a novel biomarker for prognostic evaluation in patients with AMI.
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