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Abstract
Objective
This study aimed to evaluate the role of human epididymis protein 4 (HE4) in the diagnosis and determination of
the severity of interstitial lung disease (ILD) in rheumatoid arthritis (RA) patients.

Methods
HEA4 levels in peripheral blood (PB) and bronchoalveolar lavage fluid (BALF) samples were determined via
electrochemiluminescence immunoassays in 102 RA patients (46 patients with ILD and 56 patients without ILD)
and 51 healthy controls (HCs).

Results

Serum HE4 levels were significantly higher in RA-ILD patients (141.8+65.92 pmol/l) than those in the RA-no ILD

patients (82.67+26.17 pmol/l) and healthy controls (35.72+7.6 pmol/l) (p<0.0001). Consistent with serum HE4 levels,
BALF HE4 levels were significantly higher in RA-ILD patients (637.6+154.9 pmol/l) than those in the RA-no ILD patients

(427 .3+111.2 pmol/l) and healthy controls (206.9+£30.46 pmol/l) (p<0.0001). In RA-ILD patients, HE4 levels were

positively correlated with HRCT (high-resolution computed tomography) fibrosis scores, whereas a significant inverse
relationship was found between HE4 levels and lung function parameters (such as, diffusion capacity of the lung for
carbon monoxide (DLCO)). The logistic regression analysis showed that high levels of BALF HE4 (=595 pmol/l) were
associated with RA-ILD (odds ratio [OR] =8.09; 95% confidence interval [CI] =1.317-49.682; p=0.024).

Conclusion
Serum and BALF HE4 levels were elevated in RA-ILD patients and strongly associated with the severity of ILD, thus
supporting their potential clinical value as a new diagnostic aid for patients with RA-ILD.
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Introduction

Rheumatoid arthritis (RA) is a chronic,
systemic, inflammatory disease that
involves the synovial joints and it can
lead to progressive bone destruction
and eventual joint deformity if left un-
treated (1). RA patients may have extra-
articular involvement associated with
impairment in physical function, higher
morbidity, and premature mortality (2).
RA may affect the lung interstitium, air-
ways, and pleurae, whereas pulmonary
vascular involvement is less frequent
(3). Among those involvements, clini-
cal and preclinical interstitial lung dis-
ease (ILD) is the most common and can
be detected in 60% of patients with RA
(4-7). RA-associated interstitial lung
disease (RA-ILD) has a heterogeneous
clinical presentation and disease course.
ILD is still a major cause of mortal-
ity, with a median survival of only 3-9
years after diagnosis (4, 7, 8).

Better methods of early diagnosis and
monitoring of disease progression in
RA-ILD patients are needed to improve
the prognosis of patients. At present,
the diagnosis of RA-ILD mainly de-
pends on the use of HRCT, but costs
and ionising radiation may limit its
use in clinical practice. The discovery
of new non-invasive biomarkers that
could help improve the prospective
evaluation of patients with RA-ILD is
urgently needed.

Human epididymis protein 4 (HE4)
is encoded by the whey acidic protein
four-disulfide domain 2 (WFDC?2) gene,
which is known as a tumour marker in
epithelial ovarian cancers (9), lung can-
cer (10, 11), and endometrial carcino-
mas (12, 13). Additionally, it has been
found to be a potential biomarker for
the detection of renal fibrosis and cystic
fibrosis, as well as being to a potential
target to inhibit fibrosis (14-16). HE4 is
elevated in patients with chronic kidney
disease, and its concentration is associ-
ated with severities in kidney function
and renal fibrosis (14). HE4 suppresses
the activity of multiple proteases, in-
cluding serine proteases and matrix
metalloproteinases, and it specifically
inhibits their capacity to degrade type
I collagen, which suggests a functional
role of HE4 in the pathogenesis of fi-
brosis. In lung disease, the elevated

expression of HE4 mRNA was also de-
scribed in cystic fibrosis (CF) lung bi-
opsy specimens compared with non-CF
control samples, and HE4 serum levels
were positively correlated positively
with the overall severity of CF (14). In
addition, serum HE4 levels were report-
edly higher in patients with IPF than
in patients with no respiratory disease
(17). In patients with progressive fibro-
sing interstitial lung disease (PF-ILD),
serum HE4 levels were shown to have
a positive correlation with the extent of
honeycombing on chest high-resolution
computed tomography (HRCT) (18).
Moreover, higher HE4 levels were as-
sociated with an elevated mortality risk,
which showed that serum HE4 levels
may serve as a potential predictive bio-
marker for prognosis in PF-ILD. More-
over, a recent study showed that HE4
levels in serum and bronchoalveolar
lavage fluid (BALF) were markedly in-
creased in patients with systemic scle-
rosis-related interstitial lung disease
and had a positive correlation with ILD
severity (19).

However, little is known about the role
of HE4 as a biomarker for the diagnosis
of RA-ILD. The purpose of this study
was to evaluate the predictive value of
HE4 and to examine the correlation be-
tween HE4 and ILD severity.

Methods

Study population

We recruited 56 consecutive Chinese
Han patients with newly diagnosed RA-
no-ILD, 46 patients with RA-ILD, and
51 healthy controls (HCs) at the Yantai
Yuhuangding Hospital, Qingdao Medi-
cal University, China (Table I). The di-
agnosis of RA was based on the 2010
American College of Rheumatology/
European League Against Rheumatism
(ACR/ ELAR) criteria (20). Patients
were excluded from this study if they
presented with signs of other pulmo-
nary diseases (such as pulmonary infec-
tion, pulmonary tuberculosis, chronic
obstructive pulmonary disease, and ILD
caused by pneumoconiosis and other
causes, a history of malignancy, a histo-
ry of chronic kidney disease, or a recent
clinically significant infection (such as
human immunodeficiency virus or viral
hepatitis). The diagnosis of ILD was
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based on clinical findings, pulmonary
function tests (PFTs), and HRCT scans
at entry. The common clinical symp-
toms of RA-ILD include chronic dry
cough, exertional dyspnoea, fatigue,
and generalized weakness. Healthy
controls included volunteers who were
recruited and who were age matched
with the case groups without evidence
of any diseases. The study protocol (no.
2018-26) was approved by the Eth-
ics Committee of Yantai Yuhuangding
Hospital, and all the participants pro-
vided written informed consent.

Pulmonary function tests

Screening spirometry was performed
with the Master Screen PFT System
(JAEGER, Germany), in accordance
with American Thoracic Society/Euro-
pean Respiratory Society recommenda-
tions (21). The forced expiratory vol-
ume in 1 second (FEV1), forced vital
capacity (FVC), FEV1/FVC ratio, and
diffusion capacity of the lung for car-
bon monoxide (DLCO) were recorded.
These values were expressed as a per-
centage of the predicted value com-
pared with individuals of similar sex,
age, weight, and height. A restrictive
pattern was defined as a FVC of <80%
of that predicted in the absence of con-
comitant obstructive abnormalities.

Chest high-resolution computed
tomography analysis

All the images were independently
evaluated by two experienced thoracic
radiologists who were blinded to the
clinical data. Discordant interpretations
were resolved via a consensus between
both radiologists. HRCT results were
analysed for ILD scoring. Scoring was
performed in each of 3 lung zones: the
upper zone (lung apex to aortic arch),
the middle zone (aortic arch to infe-
rior pulmonary veins), and the lower
zone (inferior pulmonary veins to dia-
phragm). HRCT scans were semi-quan-
titatively graded based on lung involve-
ment by using a Likert scale (O=absent,
1=1-25%, 2=26-50%, 3=51-75%, and
4=76-100%) for the extent of 4 cat-
egories of parenchymal abnormality
(ground glass opacity: hazy parenchy-
mal opacity in the absence of reticular
opacity or architectural distortion; lung
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Table I. Demographics and clinical data of the study participants.

RA-no-ILD RA-ILD HCs p-value
(n=56) (n=46) (n=51)

Age (years) 58.29 + 8.83 63.35+8.16 57.16 £4.11 0.000
Female, n (%) 29/27 31/15 26/25 0.179
Smoking history, n (%) 23 (40.1) 12 (26.1) 27 (52.9) 0.027
Current smokers, n (%) 8 (14.3) 10(21.7) 12 (23.5) 0.441
BMI (kg/m?) 23.86 £2.9 2436 +2.73 24.68 £2.95 0.573
RA disease duration (years) 2 (0.08-40) 3 0.5-10) - 0.661
DAS28 (units) 538+1.18 5.67+1.35 - 0.213
RF titre (IU/ml) 93.3 (9.2-1420) 137 (9.2-7560) - 0.000
RF positive, n (%) 46 (82.1) 43 (93.5) - 0.088
Anti-CCP antibody titre (IU/ml) 96.8 (1-200) 200(1-200) - 0.028
Anti-CCP antibody positive,

n (%) 54 (96.4) 45 (97.8) - 0.678
Anti-CCP antibody high titre 23 (41.1) 28(60.87) - 0.047

positive, n (%)

ANA positive, n (%) 40 (71.43) 39(84.78) - 0.108
ESR (mm/h) 41.96 +25.54 49.13 +24.76 - 0.867
CRP (mg/dl) 3231 £26.82 55.64 +108.96 - 0.025

RA-ILD: rheumatoid arthritis-associated interstitial

lung disease; HCs: healthy controls; BMI: body

mass index; DAS: disease activity score; RF: rheumatoid factor; anti-CCP: anti-cyclic citrullinated
peptide; ANA: antinuclear antibody; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein.

fibrosis: reticular opacification, trac-
tion bronchiectasis, and bronchiolecta-
sis; honeycombing: clustered air-filled
cysts with dense walls; and emphy-
sema: lucencies or cysts without walls)
(22). This scoring system is based on
that reported by Kazerooni et al. (23).
The scores for each lung zone were av-
eraged for data analysis.

Sample collection

and measurements of HE4

Serum samples were obtained from
each subject. BALF specimens were
obtained from 38 RA-ILD patients and
30 RA-no-ILD patients according to a
standardised protocol (24). Twenty-one
subjects underwent routine healthy ex-
aminations, received diagnostic bron-
choscopies and showed normal BAL
cytology measurements. The BAL cell
differentials of each group are shown in
Table II. The obtained serum and BALF
samples were centrifuged immediately
at room temperature. All the serum
samples and BALF supernatant samples
were stored at -80°C prior to use. The
concentration of HE4 was determined
via an electrochemiluminescence im-
munoassay (ECLI, Roche Diagnostics
GmbH, Mannheim, Germany) in the
laboratory at Yantai Yuhuangding Hos-
pital according to the manufacturer’s
instructions.

Statistical analysis

All the analyses were performed with
SPSS for Windows v. 17.0 (Chicago,
Illinois, USA). Continuous variables
are summarised as medians (interquar-
tile ranges [IQRs]) or means + standard
deviations (SDs) and categorical data
with frequency (percentages). Groups
were compared by using an analysis
of variance, Student’s t-test, Wilcoxon
rank-sum test, or a %> test (as appropri-
ate). Serum and BALF HE4 levels of
the different groups were compared by
using an analysis of variance. Correla-
tions were assessed by using a Pearson
correlation test or a Spearman’s rank
test. The receiver-operating character-
istic (ROC) curve was used to analyse
the value of HE4 in the diagnosis of
RA-ILD. Sensitivity, specificity, and
positive and negative predictive val-
ues were calculated based on cut-off
levels that were identified in the ROC
analyses that maximised sensitivity
and specificity. A multivariate logistic
regression model was built to identify
risk factors for ILD in RA patients. A
p-value <0.05 was considered to be sta-
tistically significant.

Results

Demographic characteristics

The characteristics of 56 patients with
RA-no-ILD, 46 patients with RA-ILD,
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and 51 healthy controls are summa-
rised in Table I. Twenty-seven RA-ILD
patients (58.7%) showed respiratory
symptoms, of which shortness of breath
was most frequent (18/27, 66.7%).
The mean age of the RA-ILD patients
was 63.35+8.16 years and that of RA-
non-ILD cases was 58.29+8.83 years.
RA-ILD patients were older than RA
no-ILD patients and healthy controls
(p<0.05). RA-ILD patients had higher
rheumatoid factor (RF) and anti-cyclic
citrullinated peptide (ACCP) antibody
titres and higher C-reactive protein
(CRP) levels than RA no-ILD patients
(p<0.05), whereas other general biolog-
ical indices, such as body mass index
(BMI), the duration of the disease pro-
cess, disease activity score (DAS)28,
antinuclear antibody (ANA) positiv-
ity, and erythrocyte sedimentation rate
(ESR), showed no significant differenc-
es between the two groups. Laboratory
findings are shown in Table II.

Increased serum and BALF

HEA4 levels in RA-ILD patients

We first investigated the HE4 levels in
serum and BALF among the different
groups. As shown in Fig. 1a, the serum
HE4 levels were significantly elevated
in RA-ILD patients (141.8+65.9 pmol/l)
compared with RA-no-ILD patients
(82.67+26.2 pmol/l) and healthy control
subjects (35.72+7.6 pmol/l) (p<0.0001).
In addition, the serum HE4 levels were
also higher in RA-no-ILD patients
(82.67£26.2 pmol/l) than in healthy
controls (35.72+7.6 pmol/l) (p<0.0001).
As shown in Fig. 1b, BALF HE4 lev-
els were also significantly elevated in
RA-ILD patients (637.6+154.9pmol/l)
compared with RA-no-ILD patients
(427.3+111.2 pmol/l) and healthy con-
trol subjects (206.9+30.46 pmol/l)
(p<0.0001). In addition, the BALF HE4
levels were also higher in RA-no-ILD
patients (427.3x111.2 pmol/l) than in
healthy controls (206.9+30.46 pmol/l)
(p<0.0001). Moreover, a significant re-
lationship was observed between the
serum and BALF HE4 levels (r=0.7606,
p<0.0001, Fig. 2).

Increased HE4 levels correlated

with ILD severity in RA-ILD patients
We also explored the correlation be-
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Table II. Laboratory findings in patients and healthy controls.

RA-ILD RA-no-ILD HCs p-value
(n=38) (n=30) (n=21)

PaO,(mmHg) 73.40 +£10.31 95.14+£3.15 97.65+1.51 0.000
Pulmonary function test
FEV1%, predicted 92.42 +20.56 94.46 +3.49 95.36 £3.47 0.490
FVC%, predicted 86.31 +18.96 95.20 +£3.39 92.74 +£3.21 0.000
DLCO%, predicted 72.88 £22.23 88.80 £4.12 91.17+3.21 0.000
ILD score
GGO score 0.25 (0-3.33) - -
Fibrosis score 1 (0.16-3.83) - -
Honeycombing score 0 (0-3.17) - -
Emphysema score 0 (0-2.33) - -
BAL cellular profile
Macrophage, % 86.32 +£4.66 89.8 £3.77 90.28 +3.12 0.001
Lymphocyte, % 7.13+£3.04 7.31+£3.53 6.12+238 0.394
Neutrophil, % 6.11+2.52 2.34+1.80 3.00+091 0.000
Eosinophil, % 0.85+05 1.07+£0.92 0.60 +0.45 0.057
Serum HE4 (pmol/l) 141.8 £65.92 82.67 +26.17 3572+7.6 0.000
BALF HE4 (pmol/l) 637.6+154.9 42731112 206.9 +30.46 0.000

RA-ILD: rheumatoid arthritis-associated interstitial lung disease; HCs: healthy controls; PaO,: partial
pressure of arterial oxygen; FEV1: forced expiratory volume in the first second; FVC: forced vital
capacity; DLCO: diffusing capacity of the lung for carbon monoxide; GGO: ground glass opacity;
BALF: bronchoalveolar lavage fluid; HE4: human epididymis protein 4.

a.
P <0.0001
4007 | ’
(P<00001 P <0.0001
) 4, {
= 3004 *
g
-~ [ ]
T 200 o%m,
== 02930
] Hgan¥
L
@ . L]
. A
0 1 T T
RAJILD RAnoILD  HC

b. P<0.0001

I 1
10007  P<0.0001  P<00001
2 cone, o '
2 8001 egeg
2 Sesat "
T 6007 ‘ﬁ‘F,T in u
o T gt
T 400{ ®edee
o L A
5 200 Atliehd
=

RAILD RAmoILD  HC

Fig. 1. Serum (a) and BALF (b) HE4 levels in patients with RA-ILD or RA-no-ILD and HCs. BALF:
bronchoalveolar lavage fluid; HE4: human epididymis protein 4; RA-ILD: rheumatoid arthritis-associ-

ated interstitial lung disease; HCs healthy controls.

tween HE4 levels and ILD severity in
RA patients by using a Spearman analy-
sis. We found that HE4 levels in serum
and BALF were apparently correlated
with HRCT fibrosis scores in the RA-
ILD group (Fig. 3a: r=0.5256, p=0.0004;
Fig. 3b: r=0.4063, p=0.0114). In addi-
tion, we evaluated the relationship be-
tween HE4 levels and PFTs. In the RA-
ILD group, the HE4 levels in serum and
BALF showed a significant inverse cor-
relation with DLCO% pred (Fig. 4a: r=-
0.3848, p=0.0393; Fig. 4b: r=-0.4472,
p=0.022). Furthermore, the relationship
between HE4 levels and the values of
FVC% pred was analysed in RA-ILD
patients; although the p-value was not
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Fig. 2. Associations between HE4 in serum and
BALF. BALF: bronchoalveolar lavage fluid;
HE4: human epididymis protein 4.

significant, an inverse tendency was
found (Fig. 4c: r=-0.1655, p=0.3909;
Fig.4d: r=-0.3015, p=0.1344).
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d. BALF HE4 vs. FVC% predicted. HE4: human epididymis protein 4; DLCO: diffusing capacity of
the lung for carbon monoxide; FVC: forced vital capacity; BALF bronchoalveolar lavage fluid.

Clinical value of HE4 in

the diagnosis of ILD in RA patients
The predictive power of serum and
BALF HE4 for detecting the presence
of ILD in RA patients was calculated
by Receiver operating curve (ROC)/
area under the curve (AUC) through
plotting sensitivity against specific-
ity. The predictive ROC/AUC of se-
rum HE4 predictive power was 0.782
(95% CI: 0.683-0.881), with a sen-
sitivity and specificity at 65.9% and
86%, respectively (the cut-off value
was 111.1pmol/l; Fig. 5); The predic-
tive ROC/AUC of BALF HE4 predic-
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tive power was 0.856 (95% CI: 0.759-
0.952), with a sensitivity and specific-
ity at 63.1% and 90.0%, respectively
(the cut-off value was 595 pmol/l; Fig.
5). We further identified the variables
that were associated with RA-ILD via
a logistic regression analysis (Table
IIT). Age, sex, smoking history, BMI,
disease duration, RF titre, anti-CCP
antibody titre, ESR, and CRP were in-
cluded in this model. After adjusting for
the mutual influence of variables, the
multivariate logistic regression analy-
sis demonstrated that high levels of
BALF HE4 (=595 pmol/l) (odds ratio

[OR] = 8.09; 95% CI=1.317-49.682;
p=0.024) were significantly associated
with RA-ILD, which meant that high
levels of BALF HE4 may increase the
morbidity of ILD in RA (Table III).
Although the p-value was not <0.05,
there was a trend that high levels of se-
rum HE4 (=111.1 pmol/l) (OR=5.082;
95% C1=0.986-26.188; p=0.052) were
associated with the development of
RA-ILD. If the included sample was in-
creased, the p-value of the results may
be significant.

Discussion

To our knowledge, this is the first study
to research the role of HE4 in RA pa-
tients. In this study, the HE4 levels of
serum and BLAF in RA-ILD patients
were significantly higher than those in
RA-no-ILD patients. Furthermore, the
ROC curve further demonstrated that
HE4 may be a potential biomarker in
discriminating RA-ILD patients from
RA patients. Moreover, the HE4 level
was correlated with impairment in two
parameters for ILD severity, includ-
ing the decrease in DLCO pred% and
higher fibrosis scores for ILD involve-
ment identified in the HRCT. These re-
sults emphasise the potential for HE4
to be used as a novel diagnostic aid for
RA-ILD.

HEA4 is also known as the WFDC?2 pro-
tein, which is a member of the whey
acidic proteins family that displays a
proteinase inhibitor function, and HE4
specifically inhibits the degradation of
type I collagen by suppressing Prss35
and Prss23 serin protease activity (25,
26). The protein was originally identi-
fied as a transcript that is exclusively
expressed in the epididymis and was
proposed as being a specific marker for
this tissue (25). HE4 has widely served
as a routine clinical biomarker in the
diagnosis and follow-up of patients
with epithelial ovarian cancer (27). The
United States Food and Drug Admin-
istration has approved HE4 as a bio-
marker to monitor the recurrence and
the progression of ovarian cancer (28).
HEA4 has been found to be expressed in
a number of normal human tissues out-
side of the male reproductive system,
including the trachea, lung and nasal
epithelium and was also found in a
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Fig. 5. Predictive capacity of serum HE4 and BALF HE4 in the presence of ILD in RA. HE4: hu-
man epididymis protein 4; BALF: bronchoalveolar lavage fluid; RA-ILD: rheumatoid arthritis-related

interstitial lung disease.

Table III. Risk factors for ILD in patients with RA assessed by logistic regression analysis.

variable Odds ratio 95% confidence interval p-value
Univariate analysis

Age (years) 1.075 1.021-1.131 0.006
Male 1.924 0.857-4.322 0.113
Smoking history 1.304 0.534-3.185 0.561
BMI (kg/m?) 1.069 0.857-1.334 0.552
RA disease duration (years) 1.011 0.967-1.056 0.628
DAS28 (units) 1.208 0.872-1.672 0.256
RF titre (IU/ml) 1.001 1.000-1.002 0.118
Anti-CCP antibody titre (IU/ml) 1.001 0.995-1.006 0.846
ESR (mm/h) 1.012 0.995-1.028 0.168
CRP (mg/dl) 1.006 0.996-1.017 0.244
Serum HE4=111.1 11.847 4.242-33.086 0.000
BALF HE42595 16.923 5.527-131.152 0.000
Multivariate analysis

Age (years) 1.054 0.975-1.139 0.186
Serum HE4=111.1 5.082 0.986-26.188 0.052
BALF HE4=595 8.090 1.317-49.682 0.024

BMI: body mass index; DAS: disease activity score; RF: rheumatoid factor; anti-CCP: anti-cyclic
citrullinated peptide; ESR: erythrocyte sedimentation rate; CRP: c-reactive protein; BALF: bronchoal-
veolar lavage fluid; HE4: human epididymis protein 4.

subset of pulmonary epithelial-derived
tumour cell lines (29). Within these tis-
sues, HE4 is most readily detected in the
excretory ducts of both the major and
minor glands. The expression of HE4 at
these sites suggests that it may be re-
leased into the secretions of the glands
and the epithelium. HE4 has recently
been identified as being a component of
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bronchoalveolar lavage (30). The exact
function of HE4 has not been clearly il-
lustrated; however, the protein has been
suggested to function in the innate im-
mune system in the lung (31, 32). It has
antimicrobial and proteinase inhibitor
activities and displays multiple biologi-
cal activities in immunomodulation,
anti-infection and fibrosis formation.

Fibroblast-derived HE4 was identified
as being a mediator in kidney fibrosis
in human and mouse models, which in-
dicated a functional role of HE4 in the
formation of fibrosis (14). Significant
increases in the expression and locali-
sation of HE4 were observed in patients
with cystic fibrosis. In addition, HE4
showed a positive correlation with the
degree of lung impairment.

Our results, regarding the association
between HE4 and ILD in RA patients,
were similar to the findings by Zhang
et al., who observed that the HE4 levels
in serum and BALF were significantly
elevated in patients with SSc who had
ILD (20). In the present study, we
also determined the diagnostic power
of HE4 via ROC curve analyses. The
AUC for serum HE4 was 0.782 (95%
CI: 0.683-0.881) at the 111.1 pmol/L
cut-off value, and the AUC for BALF
HE4 was 0.856 (95% CI: 0.759-0.952)
at the 595 pmol/l cut-off value for dis-
criminating RA-ILD from RA, with
appropriate qualities of sensitivity and
specificity. Moreover, the multivariate
logistic regression analysis demonstrat-
ed that the high levels of BALF HE4
(=595 pmol/l) (odds ratio (OR)= 8.090;
95% ClI=1.317-49.682; p=0.024) were
significantly associated with RA-ILD.
Some studies have demonstrated that
serum HE4 plays the role of a dis-
ease progression biomarker for some
diseases, including ovarian cancer,
chronic renal disease, pulmonary tu-
berculosis, cystic fibrosis and SSc-ILD
(13, 15, 19, 33, 34). In our study, the
serum and BALF HE4 concentrations
showed a significant inverse correla-
tion with DLCO% pred in RA-ILD pa-
tients. This result suggested that HE4
could be a potential biomarker for ILD
and disease progression in RA patients.
However, the specific mechanism of
elevated HE4 levels in RA patients is
unknown. We speculate that HE4 inhib-
ited the activity of multiple matrix met-
alloproteinases, specifically inhibited
their contribution to degrade collagen I
and promoted fibrosis formation, which
may be similar to the mechanics in SSc-
ILD patients. However, further research
is needed to confirm this hypothesis.
Until now, there has been no consensus
on the definition of ILD in RA patients,
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the sensitivity of the detection method,
and the temporality of screening (i.e.
RA duration at the time of screening).
Clinically significant ILD will develop
in approximately 10% of RA patients
(35). However, preclinical ILD may be
detected in up to 60% of RA patients
with HRCT (4, 5, 36). The screening
method based on clinical signs and
symptoms will be less sensitive for
detecting ILD than chest HRCT. Con-
sequently, the ILD incidence has been
increasing in recent years (37). In a
recent US study involving a health in-
surance database, the mean total 5-year
costs were $173,405 per patient (SD:
$158,837), which suggested that the
health care use and costs were substan-
tial (8). Therefore, when considering
cost-effectiveness and radiation haz-
ard, serum biomarkers can be easily
and quickly measured, which may be
a priority.

Several studies investigating serum
Krebs von den Lungen-6 (KL-6), sur-
factant protein D (SP-D) and second-
generation anticyclic citrullinated pep-
tide antibodies (anti-CCP2) have been
useful biomarkers for detecting ILD
in RA patients. KL-6 is a mucin-like
glycoprotein expressed on the surface
membrane of alveolar and bronchiolar
epithelial cells that has profibrotic and
anti-apoptotic effects on lung fibro-
blasts (38). Several studies investigat-
ing the clinical significance of KL-6 in
RA patients have suggested that KL-6
serum levels are useful for detecting
ILD and for evaluating disease activ-
ity. High levels of KL-6 were found to
be correlated with low FVC and a high
mortality rate (39). Surfactant protein
D (SP-D), which is an alveolar epithe-
lial marker, has been associated with
preclinical and clinical RA-ILD (40).
Anti-CCP2 antibodies could constitute
an independent factor associated both
with the presence and the severity of
RA-ILD (41). Interestingly, in a re-
cent study, the tumour markers CA125,
CA19-9 and CEA were increased in
RA-ILD and may play a role in occur-
rence and development, which may be
diagnostic indicators for RA-ILD. Our
study confirmed that serum and BALF
HE4 levels were significantly increased
in RA-ILD patients; a further analysis
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found that HE4 had a positive correla-
tion with HRCT fibrosis scores, which
meant that a high HE4 level was an im-
portant discriminating factor of ILD,
and that it may be a useful predictor for
the severity of ILD in RA patients. One
of any biomarkers alone may not be
sufficient to completely and correctly
screen/diagnose ILD in RA patients.
Different biomarkers have various limi-
tations. We speculated that a combina-
tion of biomarker assays may be more
useful in clinical practice. Future stud-
ies based on a combination of biomark-
ers are needed to verify our preliminary
findings.

Our study also had several limitations.
First, it was a single-centre cross-sec-
tional study. Therefore, it was unable
to demonstrate the causality of HE for
the development of ILD in RA. Fur-
ther studies using longitudinal data are
required to establish exact and definite
causal relationships. Second, the num-
ber of patients included in this study
was relatively small. Third, this study
lacked a validation cohort to confirm
the results. In addition, the external
validity of the results in other racial
cohorts would also be an important
aspect to validate. Finally, the lack of
histopathological examination may also
limit the value of the study. Direct se-
rum/BALF-pathology correlations will
be more convincing for determining
HE4 as being a biomarker for RA-ILD.

Conclusions

In conclusion, this study aimed to iden-
tify new biomarkers in RA-ILD pa-
tients, which could facilitate the early
diagnosis and treatment of this dis-
ease. The results showed that HE4 was
markedly elevated in both the serum
and BALF of RA-ILD patients. More-
over, there was a strong correlation of
HE4 with ILD disease severity in RA
patients. Therefore, HE4 could be a
clinically useful biomarker in screen-
ing and evaluating RA-ILD patients.
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