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The treatment of fibrosis faces a significant challenge due to the lack of effective therapies that can reverse
established fibrosis. Early detection is vital for intervention, yet distinguishing fibrosis from normal tissue repair is
complex. Human Epididymis Protein 4 (HE4), a traditional tumor marker, has been found to be increased in some
non-neoplastic conditions, such as fibrosis related diseases. According to properties analysis, HE4 has been
characterized as a highly stable cross-class protease inhibitor, which interacts with key fibrotic proteins (such as
MMP2 and PRSS family members) and potentially involves in the progression of fibrosis by inhibiting the
enzymatic activity of these proteins. Meanwhile, studies indicated that HE4 may be involved in fibrosis through
PI3K/AKT, NF-kB, MAPK, and other signaling pathways. Here we summarized the latest research progress of HE4
in pulmonary fibrosis, renal fibrosis, myocardial fibrosis, liver fibrosis, and autoimmune diseases induced fibrosis.
As reported in this review, HE4 was closely related to disease severity and prognosis, and also was a promising

prognostic evaluation marker and therapeutic intervention target for fibrotic diseases.

1. Introduction

Fibrosis is a continuous pathological change that occurs in response to
various forms of tissue damage and plays a role in the development of
numerous diseases, including idiopathic pulmonary fibrosis (IPF),
chronic obstructive pulmonary disease (COPD), myocardial fibrosis,
chronic kidney disease (CKD), and systemic lupus erythematosus (SLE).!
These kinds of diseases contribute to a high global burden of illness and
death. While the Food and Drug Administration (FDA) has approved
several antifibrotic medications for managing different fibrotic condi-
tions, current therapeutic approaches are limited to symptom relief and
do not adequately address the prevention of fibrogenesis, reversal of
established fibrosis, or cure of the disease, particularly in advanced
stages.” Early detection of fibrosis is crucial for timely intervention,
which may prevent disease progression and maintain organ function.
Consequently, the discovery of key biomarkers for early diagnosis and
monitoring of fibrosis can greatly benefit patients.

Human Epididymis Protein 4 (HE4), an epididymal protein, is a
member of whey acidic protein four-disulfide core (WFDC) family with
high expression in ovarian serous cancer, lung adenocarcinoma, breast
cancer, pancreatic cancer, and transitional cell cancer.>* With the
advancement of research, it has been discovered that HE4 is also

* Corresponding author.
E-mail address: chenli18995889811@163.com (L. Chen).

https://doi.org/10.1016/j.jhip.2024.12.001

expressed at moderate or high levels in various non-neoplastic condi-
tions, including renal insufficiency, cystic fibrosis, and heart failure,
suggesting that it may be involved in the progression of fibrosis.”® Here,
we elucidate the mechanism of HE4 in the process of fibrosis in multiple
organs, providing a basis for its clinical application as an indicator of
early fibrosis detection and disease monitoring and providing ideas for
therapeutic strategies targeting HE4.

2. The pathogenesis of fibrosis

Fibrosis, characterized by excessive deposition of extracellular matrix
components resulting from disruption of the normal tissue repair mech-
anisms, is involved in the advancement of numerous diseases and leads to
organ function impairment and eventual failure in severe cases.” The
molecular process of fibrosis shares many mechanisms with the normal
wound healing process and can be broadly categorized into 4 compo-
nents: blood vessel leakage and extravascular clotting, inflammation and
immune response, fibroblast activation and myofibroblast differentia-
tion, and extracellular matrix (ECM)accumulation and reconfiguration
(Fig. 1). Damage to tissues from toxins, infections, or other causes, can
initiate a complex sequence of events aimed at wound healing.'° At the
outset, epithelial and/or endothelial cells, when damaged, release
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Fig. 1. Presentation of molecular mechanisms of fibrosis.

substances that increase endothelial permeability (i.e., blood vessel leak)
and trigger a cascade of events leading to anti-fibrinolytic clotting (i.e.,
extravascular clotting).! Subsequently, an inflammation and immune
response phase takes place, characterized by the recruitment, activation,
and proliferation of leukocytes like macrophages, neutrophils, and T/B
lymphocytes, which are attracted and stimulated by the chemokines and
growth factors (GFs) released by epithelial and/or endothelial cells,
platelets, and early inflammatory cells.'! In this process, myofibroblasts
and epithelial and/or endothelial cells release matrix metalloproteinases
(MMPs), which break down basement membranes and facilitate the
recruitment of inflammatory cells to the area of injury.'? During the
acute phase, resident or activated macrophages and neutrophils clear
dead cells and harmful substances.'® As the tissue repair phase com-
mences, macrophages contribute to anti-inflammatory effects as well as
the migration and proliferation of fibroblasts and endothelial cells.!!
Concurrently, activated leukocytes release profibrotic cytokines and GFs,
such as transforming growth factor beta (TGF-p), interleukin 13 (IL-13),
and platelet-derived growth factor (PDGF), which are key in the
recruitment, proliferation, and activation of fibroblasts.'* In a normal
wound healing response, activated myofibroblasts would be cleared from
the wound site via apoptosis after injury repair.'®> However, in the
fibrotic process, myofibroblasts fail to undergo apoptosis and are
continuously activated, resulting in excessive deposition of ECM, which
ultimately leads to the occurrence of fibrosis.'® The identification of
excessive ECM deposition is the gold standard for the diagnosis of
fibrosis. ECM is a non-cellular three-dimensional macromolecular
network composed of collagens, proteoglycans/glycosaminoglycans,
elastin, fibronectin, laminins, and several other glycoproteins.!” The
dynamic balance between ECM production and degradation is the key to
the pathogenesis and development of fibrosis. Under physiological con-
ditions, proteases such as MMPs, contribute to the maintenance of this
equilibrium by hydrolyzing ECM components, such as collagen, into
small peptides.'® The dysfunction of proteases impairs the degradation of
ECM components in fibrotic diseases, resulting in excessive ECM depo-
sition in fibrotic tissues, which is a common pathological feature in
fibrosis.
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3. The structure and character of HE4

HE4 is encoded by the Whey-Acidic Four-Disulfide Core domain
protein 2 (WFDC2) gene that is one of 14 homologous genes on chro-
mosome 20q12-13.1. The WFDC2 gene spans approximately 12kbp and
contains five exons. Full-length HE4 is the result of splicing of exons 1, 2,
4, and 5. Exons 3 and 4 can exist in three forms, two of which can be
spliced. The protein encoded by WFDC2 gene is characterized by its
stable disulfide-bonded structure formed by two WFDC domains rich in
conserved cysteine residues. The long polypeptide of 124-amino acid is
secreted and exists predominantly as disulfide-bonded homotrimer, with
each monomer weighing about 14 kDa.'® N-glycosylation contributes to
the protein's stability, which allows HE4 remarkably resilience across a
broad pH and temperature range, maintaining its structure even in
extreme conditions, such as boiling or the presence of SDS.?° The
expression of HE4 is influenced by factors such as the activation of the
NF-kB signaling pathway, tissue-specific expression, hypoxic conditions,
estrogen levels, and variability in gene expression.>!*>> These factors
collectively determine the expression levels of HE4 across different tis-
sues and pathological states. Based on the research findings from Mary T
Galgano et al., the expression of the HE4 gene and protein varies
significantly across different tissues under normal conditions.”® Oligo-
nucleotide microarray analysis revealed that the HE4 gene expression is
highest in the normal human trachea and salivary glands, followed by the
lung, prostate, pituitary gland, thyroid, and kidney. Meanwhile, tissue
microarray and immunohistochemistry methods demonstrated that HE4
protein is expressed in the glandular epithelium of the female repro-
ductive tract, breast, prostate, vas deferens, distal convoluted tubules of
the kidney, bronchial epithelium, ductal epithelium of the salivary
glands, scattered cells in the anterior pituitary, oxyphilic thyrocytes,
lacrimal glands, sweat glands, and colonic epithelium, with varying in-
tensities of expression.?® Biologically, HE4 has been implicated in various
functions, including its role as a cross-class protease inhibitor.?® It has
been shown to inhibit a broad spectrum of serine, cysteine, and aspartyl
proteases, suggesting that it may be involved in the regulation of pro-
teolytic activity in biological systems.?’ The inhibition of proteases by
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HE4 is essential for its proposed protective role against microbial viru-
lence factors of proteolytic nature, which points towards its significance
in innate immunity.24

In the context of pathology, elevated HE4 levels have been associated
with certain cancers.?>?° HE4 is highly expressed in ovarian cancers,
particularly in serous ovarian carcinomas. Lung adenocarcinomas and
breast cancers also exhibit varying levels of HE4 expression, while lung
squamous cell carcinomas and prostate cancers show relatively lower
levels. Pancreatic and biliary tract cancers, papillary renal cell carci-
nomas, and certain gastrointestinal cancers demonstrate moderate to
high HE4 expression. Malignant mesotheliomas commonly express HE4,
and partial expression is observed in thyroid and salivary gland tumors.?>
These variations underscore the potential utility of HE4 as a biomarker in
cancer diagnostics and therapeutics. Additionally, there is a growing
interest in the relationship between HE4 and fibrosis. Fibrosis, the
thickening and scarring of tissues, often involves dysregulated proteo-
lytic activity. Although the direct link between HE4 and fibrosis is not yet
fully established, its broad-spectrum protease inhibition could theoreti-
cally influence the fibrotic process by modulating the balance between
proteases and their inhibitors, thereby affecting extracellular matrix
remodeling. In a vitro study, the recombinant HE4 protein showed pro-
teinase inhibitory activity towards trypsin, elastase, and MMP9.?
Moreover, extracellular HE4 protein increased DNA synthesis and
modulated mRNA and protein levels of cell cycle marker proliferating
cell nuclear antigen (PCNA) and cell cycle inhibitor p21.%8 All these
suggest that HE4 might play a role in the pathogenesis of fibrotic
diseases.

4. HE4 involved in fibrosis related diseases
4.1. HE4 and pulmonary fibrosis

4.1.1. Cystic pulmonary fibrosis (CPF)

CPF is an autosomal rare monogenic condition resulting from muta-
tions in the cystic fibrosis transmembrane conductance regulator (CFTR)
gene.?’ More than 2000 mutations have been identified in the CFTR gene
with the major p. Phe508del-CFTR mutation accounting for approxi-
mately 80% of all, and other common CFTR mutation types including
G511D, R553X, G542X, and I1023R. The CFTR gene encodes the CFTR
protein, which acts as a chloride (Cl-)/bicarbonate (HCOs-) channel
regulating fluid transport across various epithelial surfaces.?’ Elevated
expression levels of HE4 are observed in both serum and lung biopsy
samples obtained from cystic fibrosis (CF) patients and positively
correlated with fibrosis markers.>° Moreover, overexpression of HE4
enhanced the secretion of inflammatory cytokines and the expression of
fibrosis markers. NF-xkB and MAPK signaling have been implicated in
inflammation and ECM destruction associated with CPF, and the
HE4/MAPK/MMPs signaling cascade disrupts normal ECM and promotes
fibrosis.>! Furthermore, studies have confirmed a positive correlation
between serum levels of HE4 and overall disease severity as well as
pulmonary dysfunction in CF lung patients.>® Therefore, HE4 can serve as
a valuable blood biomarker for diagnosing CPF.

Through a comprehensive analysis of biomarkers in blood, sputum,
and bronchoalveolar lavage (BAL) samples of CPF patients to evaluate
the pulmonary inflammatory state and treatment effect of CPF patients,
the BENE Z team determined that HE4 could be used as a predictive
biomarker to monitor the progression of CF lung disease and evaluate the
treatment outcome.>? Following administration of the CFTR modulator
ivacaftor (IVA) to individuals with p.Gli551Asp-CFTR mutation, plasma
HE4 concentration significantly decreased compared to baseline levels
before treatment initiation and continued to decrease within 6 months of
treatment.*° Pulmonary function parameters, specifically forced expira-
tory volume in 1 s (FEV1; expressed as % predicted), can serve as a
valuable clinical tool for evaluating the efficacy of CFTR modulation
therapy. Previous studies have demonstrated a negative correlation be-
tween plasma HE4 levels and improvements in lung function (delta
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FEV1) among CF patients undergoing IVA treatment.>® In individuals
with p.Phe508del-CFTR mutation, combination therapy involving CFTR
modulators lumacaftor (LUM) and IVA has shown promising results in
enhancing lung function, nutritional status, and reducing pulmonary
deterioration rates, and the plasma level of HE4 exhibited an inverse
relationship with improvement in lung function assessed by percent
predicted FEV1.%3

Recently, the BENE Z group demonstrated that the CFTR-mediated
NF-kB pathway played a crucial role in the regulation of HE4 expres-
sion in cystic fibrosis bronchial epithelial (CFBE) cells.>* Dysfunction of
CFTR and exposure to external proinflammatory stimuli such as TNF-a
through the NF-xB pathway can upregulate HE4 expression and cytokine
production, including IL-6, in epithelial cells associated with CF.
Conversely, by improving CFTR function using CFTR modulators
(LUM/IVA or TEZ/IVA), it is possible to effectively attenuate the proin-
flammatory response of CFBE cells by inhibiting the NF-xB pathway and
preventing excessive expression of IL-6 and HE4. Therefore, this further
demonstrates that HE4 can be used as a plasma biomarker to monitor the
therapeutic effect of CFTR correctors and enhancers in routine clinical
practice and has diagnostic value in monitoring the degree of inflam-
mation reduction in CF patients as a result of restoration of CFTR
function.>*

4.1.2. Interstitial lung disease (ILD)

ILD is a group of pathological diseases characterized by diffuse
inflammation and fibrosis in the pulmonary parenchyma and alveoli.®® It
is a broad term encompassing various disease groups that present with
clinical symptoms such as dyspnea, widespread infiltrative opacity on
chest X-ray, restrictive ventilation impairment, reduced diffusion ca-
pacity (DLCO), and hypoxemia.>> Among them, idiopathic pulmonary
fibrosis (IPF) is characterized by unexplained diffuse inflammation of the
lower respiratory tract, which invades the alveolar wall and adjacent
alveolar space, resulting in alveolar septal thickening and pulmonary
fibrosis.>® Recently, the research team led by TIAN M found that serum
HE4 expression was notably elevated in patients with IPF, especially in
those with acute exacerbation of IPF (AE-IPF). This finding suggests that
serum HE4 can serve as a valuable biomarker for assessing disease
severity and predicting poor prognosis in IPF patients.>” Furthermore,
serum HE4 has been further considered as a potential biomarker for
connective tissue disease-associated interstitial lung disease (CTD-ILD)
and usual interstitial pneumonia associated with connective tissue dis-
ease (UIP-CTD)and can be used as a biomarker to assess disease severity
and predict prognosis in patients with UIP-CTD.>® Additionally, there is a
substantial increase in both serum and alveolar lavage fluid levels of HE4
among individuals with rheumatoid arthritis-interstitial lung disease
(RA-ILD). Therefore, HE4 is expected to be a screening tool and severity
assessment marker for RA-ILD patients.>’

In summary, the present studies show that HE4 can participate in
pulmonary fibrosis through MAPK/MMPs and NF-kB signaling (Fig. 2).
More studies are needed to elucidate the comprehensive mechanism in
the future.

4.2. HE4 and renal fibrosis

Kidney diseases caused by diverse etiologies may develop into renal
fibrosis, and ultimately lead to renal failure. Renal fibrosis is a chronic
pathological process characterized by tissue remodeling and scar for-
mation within the kidney. During this process, tissue damage, inflam-
matory response, cytokines, and other factors contribute to the
proliferation of myofibroblasts, as well as the synthesis and secretion of
ECM. Impaired ECM degradation leads to excessive deposition of ECM,
which disrupts the normal architecture of renal tissues and eventually
leads to progressive loss of renal function.*’

In the early stages of renal fibrosis progression, TGF-p1 binds to the
type I receptor ALK-5 and the type II receptor BMPR-II on renal tubular
epithelial cells, further phosphorylating and activating Smad2/3. The
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Fig. 2. HE4 promotes fibrosis through MAPK/MMPs and NF-kB pathways in lung.

activated Smad2/3 then complexes with Smad4, translocating to the
nucleus and inducing a series of morphological changes such as the
formation of fibrous bundles in the renal tubular epithelium, the reduc-
tion or disappearance of the apical brush border, the destruction of the
basement membrane, and the dissolution of tight junctions between
epithelial cells. Subsequently, these cells begin to express mesenchymal
markers, transitioning into myofibroblasts with mesenchymal charac-
teristics.*® Myofibroblasts are widely recognized as the primary effector
cells in renal fibrosis. Activated myofibroblasts augment the expression
of a-smooth muscle actin (<SMA) and ECM production. Active proteases,
including matrix metalloproteinases and serine proteases, stimulate the
generation of angiotensin II (Ang II), which promotes fibrosis through
binding to AT1 receptors on myofibroblasts and is considered as a pivotal
mediator in renal fibrosis.*! Study has demonstrated that the dynamic
equilibrium between the expression of active protease, protease in-
hibitors such as HE4, and extracellular matrix proteins like collagen and
fibronectin may determine whether the outcome of renal injury is
reparative healing or fibrosis.*?

Matrix proteins (biglycan, Bgn; desmin, Des; decorin, Dcn), serine
proteases (Prss23 and Prss35), and protease inhibitors(SerpinF1 and
SerpinalQ) have been demonstrated to be associated with fibrosis.*> In
2013, Le Bleu et al. used a transgenic mouse model expressing fluorescent
HE4 protein under the control of the aSMA promoter to identify HE4 as
the most up-regulated gene in fibrosis-related myofibroblasts.* HE4 is a
pan-serine protease inhibitor and inhibitor of matrix metalloproteinases
(MMP2 and MMP9), which can promote renal fibrosis by inhibiting the
degradation of type I collagen.*® By inhibiting the serine protease activity
of Prss35 and Prss23, HE4 prevents these enzymes from degrading
collagen. Administration of neutralizing antibodies against HE4 accel-
erates type I collagen degradation and inhibits fibrosis.** Therefore, HE4
is considered to be a biomarker for predicting renal fibrosis as well as a
new therapeutic target.

ZHANG L's team used a mouse model of unilateral ureteral obstruc-
tion (Uuo) to investigate the expression and mechanism of HE4 in the
pathogenesis of renal fibrosis.*® The findings revealed that under hyp-
oxia, HIF-1a binded to the promoter region of HE4 to activate its tran-
scription. Subsequently, HE4 expression triggered the activation of the
NF-kB pathway through P65 phosphorylation and nuclear translocation.
NF-kB upregulates tissue inhibitor of metalloproteinases (TIMPs), which
potentially hinder ECM degradation and expedite fibrotic processes by
inhibiting MMPs activity."® Meanwhile, over-expression of HE4 facili-
tates the deposition of ECM by up-regulating the expression of COL4A1
and COL1A1, thereby promoting the initiation and progression of renal
fibrosis.** Clinically acquired nephropathy in patients undergoing coro-
nary intervention is frequently attributed to contrast-induced acute kid-
ney injury (CI-AKI), with the underlying pathological mechanism
involving hypoxic injury of proximal renal tubular epithelial cells.”” A
recent study has revealed that dapagliflozin can effectively mitigate ox-
ygen consumption and intracellular hypoxia level by modulating the
HIF-1o/HE4/NF-xB pathway, thereby reducing the incidence of
CI-AKL*” Consequently, it is postulated that renal fibrosis induced by
hypoxia occurs via upregulation of HE4 and activation of the
HIF-1a/HE4/NF-kB signaling cascade.

Chronic kidney disease (CKD) is a progressive deterioration of renal
function, characterized by the development of kidney fibrosis due to

excessive accumulation of type I collagen and other extracellular matrix
components.*® The previous study found that the expression of HE4 in
renal tubule interstitial positively correlated with the percentage of the
renal tubule interstitial fibrosis in patients with CKDs, and serum HE4
significantly increased in female patients with CKD without gynecolog-
ical tumors.*® Recently, more and more studies have shown that the level
of HE4 is related to the severity and clinical classification of CKD.%*>2
In summary, current studies have shown that HE4 is involved in the
regulation of renal fibrosis by directly or indirectly inhibiting MMPs and
other important proteolytic enzymes in fibrosis (Fig. 3). It suggested that
HE4 has the potential to serve as a clinical biomarker to assess renal
function and predict renal fibrosis. However, further studies are still
required to fully understand the mechanism of HE4 in renal fibrosis.

4.3. HE4 and myocardial fibrosis

4.3.1. Pulmonary arterial hypertension (PAH)

PAH is characterized by extensive narrowing and occlusion of the
pulmonary vascular system, resulting in increased pulmonary vascular
resistance and right ventricular dysfunction.>® Patients with PAH typi-
cally die of right heart failure, which is characterized by right ventricular
fibrosis and remodeling. Jin Q et al. found that elevated serum HE4 level
in patients with idiopathic pulmonary arterial hypertension (IPAH) was
associated with disease severity and could be used as a predictor of
clinical deterioration in patients with IPAH and right heart failure,
revealing the pathophysiological role of HE4 in tissue fibrosis.>
Recently, TANG Y's team reported that HE4 was negatively associated
with the expression of microRNA-325-3p (miR-325-3p) by constructing a
right ventricular fibrosis model and a cardiac fibroblast fibrosis model.
And miR-325-3p effectively mitigates right ventricular fibrosis in PAH
rats by specifically targeting HE4 and regulating the PI3K/AKT signaling
pathway.>®

4.3.2. Dilated cardiomyopathy (DCM)

DCM is significantly associated with morbidity and mortality result-
ing from heart failure. Left ventricular pathophysiological remodeling
serves as a crucial hallmark of DCM and represents one of the most
important indicators of adverse events.>® The activation of fibroblasts
into myofibroblasts, the production of extracellular matrix proteins,
cross-linking enzymes, and matrix degradation metalloproteinase in-
hibitors, and the deposition of extracellular matrix proteins lead to the
occurrence and progression of DCM.*’ By investigating the underlying
mechanism of HE4-induced fibroblast activation in DCM patients,
Yamamoto M's team revealed that HE4 triggered cardiac fibroblast pro-
liferation through extracellular signal-regulated kinase (ERK) signaling,
leading to cardiac fibrosis, which is associated with cardiac remodeling
and future adverse cardiovascular events.”® Recent research has revealed
that serum HE4 levels significantly correlate with the response to drug
treatment in patients with DCM, suggesting that it can be used as a
prediction marker of reactive drug treatment, an assessing biomarker for
persistent cardiac fibrosis, as well as a new therapeutic target.>

4.3.3. Heart failure (HF)
HF is a complex syndrome characterized by impaired cardiac function
resulting in insufficient cardiac output to meet the metabolic demands of
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peripheral tissues.’® Serving as biomarkers for myocardial fibrosis,
Galectin-3 (Gal-3) and soluble growth Stimulation expressed gene 2
(ST2) have been incorporated into the American College of Cardiology
(ACC)/American Heart Association (AHA)heart failure guidelines.®’ In
patients with acute and chronic heart failure, serum HE4 level has been
shown to positively correlate with disease severity and prognosis.®>%*
Multivariate modeling was used to explore the correlation between HE4
and fibrosis biomarkers in HF, and it was found that HE4 was closely
related to Gal-3, suggesting that HE4 may be involved in organ fibrosis
but not specific.®?

Overall, the current studies show that HE4 plays a role in myocardial
fibrosis through PI3K/AKT and ERK signaling (Fig. 4). More and more
studies have focused on this, and it is believed that more findings about
HE4's role in myocardial fibrosis will be discovered in the future.

4.4. HE4 and autoimmune diseases

Autoimmune diseases are a group of diseases characterized by the
aberrant targeting of the immune system against the body's own tissues
and organs. This immunological dysfunction is often manifested through
the production of autoantibodies and the activation of autoreactive T
cells, leading to chronic inflammation and tissue damage. A common
histopathological feature observed across various autoimmune condi-
tions is the presence of fibrosis, which represents a complex and dynamic
process of ECM remodeling.®® In the context of autoimmune disorders,
HE4 has been implicated in Primary Sjogren's Syndrome (pSS), where it
correlates with disease activity and systemic involvements, including
pulmonary and renal manifestations.®® This association suggested that
HE4 potentially played a role in the clinical stratification of pSS through
its expression in affected tissues in the disease. Similarly, in rheumatoid
arthritis and its related interstitial lung disease, elevated HE4 levels in
serum and bronchoalveolar lavage fluid (BALF) are closely associated
with the severity of ILD, indicating that HE4 may be used as a biomarker
for screening and assessing the severity of RA-ILD patients.*” In patients
with systemic lupus erythematosus (SLE) and lupus nephritis (LN), the
serum level of HE4 is significantly increased in adult-onset LN patients,
especially in those with proliferative LN, suggesting that HE4 may be
involved in the pathologic of chronic kidney disease caused by SLE.®”
Furthermore, serum HE4 levels in patients with IgG4-Related Disease
(IgG4-RD) were significantly higher than those in the control group and
were positively correlated with organ damage indicators and fibrosis.®®
In patients with systemic sclerosis (SSc), especially those with SSc-ILD,
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both serum and BALF HE4 levels are significantly increased, positively
correlated with the degree of ILD measured by high-resolution CT
(HRCT), and negatively correlated with pulmonary function parame-
ters.®” Although the mechanism by which HE4 is involved in these dis-
eases has not been clearly defined, it is a potential mediator in the fibrotic
process as a protease inhibitor that inhibits the degradation of type I
collagen. Although these findings are promising, they have limitations
and need to be validated in larger multicenter cohort studies. Future
studies are needed to elucidate the specific mechanisms of HE4 in these
diseases and establish its utility in clinical diagnosis and prognosis.

4.5. HE4 and liver fibrosis

Liver fibrosis is a pathological repair response to chronic liver injury,
which includes damage from viral hepatitis caused by viral infections,
alcohol-induced hepatitis from toxic metabolites and oxidative stress
produced by ethanol metabolism, non-alcoholic fatty liver disease
mediated by lipid metabolism abnormalities, and autoimmune liver
diseases characterized by abnormal immune attacks on liver antigens.
Regardless of the cause of the fibrosis, it involves the activation of hepatic
stellate cells and the excessive deposition of ECM, particularly collagen.”’
Once chronic fibrosis progresses to cirrhosis, it is associated with struc-
tural loss and subsequent functional failure, as well as life-threatening
complications. Liver biopsy is the gold standard for diagnosing liver
fibrosis, but its invasiveness limits its clinical application, making serum
marker detection an important auxiliary diagnostic method. The
commonly used markers include hyaluronic acid, laminin, procollagen
type III, and collagen type IV. However, their diagnostic accuracy and
predictive value are limited, and they cannot effectively help establish
the grading of liver fibrosis.”' As a new clinical marker for ovarian
cancer, HE4 has been found to play a multifaceted role in the progression
of the disease by influencing processes such as cell proliferation, tumor
growth, invasion, migration, adhesion, chemoresistance, and steroid
biosynthesis. Moreover, HE4 is associated with the activation of various
signaling pathways, including the PI3K/AKT pathway, HIF1la, and the
ERK/MAPK signaling pathway, the activation of which may be related to
the worsening of the tumor and the development of therapeutic resis-
tance.”? Different from that, HE4 does not show significant expression in
liver cancer cells.?® While, in an experimental study, Hou et al. found that
serum HE4 levels were significantly higher in liver fibrosis than those of
controls and closely correlated with C-P class.”® Another study about
autoimmune hepatitis also indicated that elevated serum HE4 levels in
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Fig. 4. HE4 promotes fibrosis through PI3K/AKT and ERK pathways in heart.
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AIH-LC patients exhibited a strong correlation with the severity of he-
patic fibrosis.”* These studies suggest that HE4 may has the potential to
be a marker for the severity of liver fibrosis help to establish the grading
of liver fibrosis, although the wunderlying mechanisms remain
elusive.”>’* However, it is important to note that these studies are
retrospective, involve small sample sizes, and have certain limitations.
Longitudinal data are necessary for future studies to establish definitive
causal relationships.

5. The current situation and challenges of anti-fibrotic drug
development

Since the beginning of this century, the search for anti-fibrotic agents
has been underway. According to the mechanism of effect, the anti-
fibrotic drugs under development are mainly classified into three clas-
ses: 1) drugs targeting core signaling pathways in fibrosis; 2) drugs tar-
geting effectors in fibrosis; 3) drugs targeting other contributors to
fibrosis (such as lipid mediator inhibitors, modulators of the cellular
stress response, modulators of the immune system and inflammation, and
drugs of use in cardiovascular/metabolic affections). The three classes of
drugs contain numerous inhibitors and many of them have entered the
clinical trial stage. Among them, the types of drugs targeting core path-
ways are the most numerous, with details shown in Table 1.

However, for more than two decades, only two drugs (Pirfenidone
and Nintedanib) have been authorized against two specific pathologies of
the respiratory tract, and other drugs are still in clinical trials or have not
shown the expected efficacy. According to the literature review, there are
three main reasons for drug development failure: 1) Lack of efficacy,
possibly due to the pharmacological target being "other fibrosis
contributing factors"; 2) Inhibition by a single mechanism often fails to
achieve the desired effect; 3) Safety: Many drugs are limited to clinical
use due to toxic effects, and safety issues often arise for drugs involving
the inhibition of core signaling pathways.’® In addition, the dynamic
balance of multiple factors in the process of tissue injury is widely
involved, and different tissues may have different reactions to different
drugs. These factors together make anti fibrosis drugs face enormous
challenges.

6. Discussion and conclusion

Fibrosis is a key point for many chronic diseases to develop into
irreversible tissue damage and loss of function. The reversal of fibrosis is
crucial to intervene in the development of chronic diseases and improve
the prognosis. The identification of novel biomarkers that facilitate the
early detection of fibrosis is essential for enabling timely clinical
intervention.

HE4, recognized as a biomarker for malignancy traditionally, has
been found to be increased in the serum of patients with certain non-
neoplastic chronic diseases. Moreover, HE4 has been characterized as a
highly stable cross-class protease inhibitor according to properties anal-
ysis, suggesting a significant role in human physiology. Especially, HE4
suppresses the activity of key proteins such as matrix metalloproteinase 2
(MMP2), protease serine 23 (PRSS23), and protease serine 35 (PRSS35),
specifically inhibits their capacity to degrade type I collagen, which is
pivotal for fibrotic.® Therefore, it can be inferred that HE4 is essential to
the process of fibrosis.

This review synthesizes the most recent advancements in research
concerning the role of HE4 in pulmonary, renal, myocardial, liver, and a
series of autoimmune diseases. Although most of these studies have just
focused on correlating serum HE4 levels with disease severity, prognostic
outcomes, and specific disease indicators in clinical cohorts, and few
studies have preliminary tried to explore its mechanism underlying HE4's
involvement in fibrosis, the potential clinical utility of HE4 as a
biomarker in various organ fibrosis is promising. Nevertheless, further in-
depth mechanistic investigations, especially the direct involvement of
HE4 in fibrosis-related diseases, are imperative to substantiate these

Table 1
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The main category of anti-fibrotic drugs and related mechanisms.

Drug Category

Mechanisms in fibrosis

Reference

Drugs targeting core signaling pathways in fibrosis

TGFp inhibitors

CTGF inhibitors

PDGF inhibitors

Pirfenidone and
derivates

Multiple tyrosine

kinase inhibitors

Jak inhibitors

Integrin avf inhibitors

Rock inhibitors

Amphiregulin (AREG)
inhibitors

WNT and hedgehog

pathway inhibitors

miRNA-29 mimic

TGF-ppromotes fibrosis through several
mechanisms leading to activation and
recruitment of myofibroblasts and to
parenchymal cellular death, or directly
induces fibrosis.

CTGF participates in the differentiation,
proliferation and chemotaxis of
myofibroblasts, and synergize with other
profibrotic mediators, such as TGF-§ or Wnt.
PDGF bind to tyrosine kinase PDGF
receptors (PDGFR), whose activation
promote the mitogenic andchemoattractant
effects of mesenchymal cells, and induce
transitional processes in other cell types to
generate myofibroblasts.

Pirfenidone inhibit the action of fibrogenic
growth factors and limit fibroblast
proliferation, myofibroblast differentiation
and ECM production.

This group agent inhibits VEGFR, FGFR,
PDGFR, and Src kinases and can reduce
fibrosis by inhibiting theepithelial-
mesenchymal transition, the proliferation of
fibroblasts and their activation into
myofibroblasts.

The JAK pathway regulates the
differentiation, proliferation, death of cells
and inflammation.

Integrins sense both chemical and physical
properties of ECM, are responsible for
mechano-transduced pathways contributing
to fibrosis, and mediate the release and
activation of the latent ECM-embedded TGF-
B.

Rock family is essential for actin
cytoskeleton remodeling

Amphiregulin plays a critical role in
restoring tissue integrity following infection
or injury by modulating the immune
response

These interconnected signals might regulate
myofibroblast formation and proliferation
and contribute to fibrosis.

MiRNA-29 suppresses the expression of a
wide range of ECM proteins and profibrotic
signaling molecules.

Drugs targeting effectors in fibrosis

HSP47 inhibitors

TG2 inhibitors

LOX/LOXL inhibitors

MMP?7 inhibitors

HSP47 specifically interacts with
procollagens, and is crucial for different
stages of collagen synthesis.

TG2 mediates collagen cross-linking and the
activation of matrix-bound latent TGF-f in
fibrosis.

LOX/LOXL catalyzes the conversion of
lysine into aldehyde residue in ECM
proteins, which allows subsequent collagen
cross linking.

In theory, Matrix metalloproteinases
(MMPs) limit fibrosis though degrading
ECM. However, several evidences show that
MMPs promote fibrotic responses to injury
by modulating many mediators and
processes involved in its progression.

Drugs targeting other contributors to fibrosis

Lipid mediator
inhibitors

Modulators of the
cellular stress
response

During chronic inflammation, the persisted
up-regulation of LPA induces the
proliferation, migration and activation of
fibroblasts.S1P modulates the activation of
myofibroblast, and is part of a complex
crosstalk system of profibrotic mediators
that includes TGF-f.

Oxidative stress (OS) promotes fibrosis
through causing cell damage, promoting
inflammation and inducing fibroblasts
directly activated.

75,76

78

79

83

84

85

87

88

90

91

92

93,94




H. Tian, L. Chen

findings from multiple perspectives, thereby enhancing the predictive
and potentially therapeutic applications of HE4 in fibrotic conditions.

In view of the current status of anti-fibrotic drug research, HE4 is a
potential therapeutic target with the following advantages: 1) A protease
inhibitor: HE4 participates in the control of ECM balance by regulating
protease activity, which is critical in the fibrosis process.*® 2) Participate
in the regulation of inflammatory response: HE4 plays an important role
in the inflammatory process, which is a common trigger of fibrosis.®” 3)
Potential biomarkers: The expression level of HE4 in fibrotic tissues is
correlated with disease activity and can be used as a biomarker for dis-
ease progression, which is helpful for diagnosis and monitoring treat-
ment effect. 4) HE4 is involved in multiple signaling pathways related to
fibrosis. It seems that the simultaneous blockade of several pathways
provides a greater beneficial effect. In fact, Pirfenidone and Nintedanib,
two currently marketed antifibrotic agents, are characterized by multi-
faceted effects on central pathways in fibrosis.’® 5) HE4 is expressed at a
relative low level under normal physiological conditions and only in
some tissues (http://www.humanproteomemap.org/batch.php), which
means it may have a good safety to be a therapy target. Notably, it is
important to acknowledge the challenge in distinguishing the fibrotic
process from the normal tissue repair mechanisms, which complicates
early identification of fibrosis. The expression profile and mechanistic
role of HE4 in this context also warrant urgent exploration to facilitate a
deeper understanding. Another point to note is that the lack of organ/-
tissue specificity is also a challenge in the clinical application of HE4.
Overall, as the role of HE4 in the treatment of fibrosis has not been fully
studied, it provides an area of research to explore new therapeutic
approaches.
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