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Abstract

Angiopoietin-like protein 2 (Angptl2) plays a key role in chronic inflammation and tissue remodeling. We evaluated whether
serum Angptl2 is associated with interstitial lung disease (ILD) in primary Sjogren’s syndrome (pSS) patients. A total of
158 consecutive pSS patients and 25 normal healthy controls, which completed lung HRCT, were enrolled in our research.
The levels of serum Angptl2 and TGF-f1 were measured by enzyme-linked immunosorbent assay. We investigated the
correlation between the activity indexes of pSS-ILD patients and the serum Angptl2 levels. There were 71 of 158 (44.94%)
patients interpreted pSS-ILD by radiologists at the initial presentation. The median interquartile range for serum Angptl2
was 16.55 ng/mL (range 10.82-41.07) in pSS patients, compared with 6.05 ng/mL (range 3.53-9.91) in normal healthy
controls (P <0.001). Importantly, differences between Angptl2 levels in pSS-ILD patients and pSS-N-ILD patients were
also statistically significant [29.80 ng/mL (range 15.42-54.40), 14.75 ng/mL (range 9.85-40.48), P <0.001]. A logistic
regression analysis suggested that anti-Ro52, serum Angptl2 and DLCO were associated with pSS patients with interstitial
lung disease, with aORs and 95% CIs of 2.06 (1.14-7.65), 4.13 (1.25-15.89) and 9.51 (2.10-37.74), respectively. Moreover,
anti-Ro52 (r,=0.48, P=0.016) and TGF-p1 (r,=0.64, P=0.003) were significantly correlated with the serum Angptl2 in
pSS-ILD patients. And, in pulmonary function tests, the serum Angptl2 was significantly correlated with DLCO (r,=—10.40,
P=0.009) and FVC (r,=-0.37, P=0.020). Serum Angptl2 may display a peculiar role in the pathogenesis of pSS-ILD and
might be a potential biomarker.
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Introduction

Primary Sjogren’s syndrome (pSS) is a chronic systemic
autoimmune disease which primarily affects the exocrine
glands. But, interstitial lung disease (ILD) has been shown to
be the most common involved in the damage of pulmonary
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in pSS patients [1-4]. The incidence estimates of pSS-ILD
are dependent on screening methods and the selection of
patient [3, 5, 6]. In Chinese population, our recent study
found that the prevalence of pSS-ILD was 39.10% by HRCT
[5]. ILD patients with poor prognosis: A recent registry
data-based retrospective study showed that pSS-ILD patients
had a fourfold higher risk of death than those without ILD
[3]. Finding biomarkers related to pSS-ILD has novel clini-
cal value.

Angiopoietin-like protein 2 (Angptl2), which functions in
angiogenesis and tissue repair, belongs to the angiopoietin-
like protein family. However, it has recently been shown that
excessive Angptl2 signaling mediates chronic inflammation
and subsequent pathological irreversible tissue remodeling.
[7]. Transforming growth factor beta 1 (TGF-p1) plays an
important role in tissue homeostasis and tissue remodeling
during structurally related processes, including interstitial
lung disease [8, 9]. It has been reported that mechanical
stress induced by the expression of Angptl2 can promote
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the activation of TGF-p1/Smad signaling and increase the
expression of TGF-f1 in the ligamental flavum tissue degen-
eration [10]. Meanwhile, Angptl2 is associated with liver
fibrosis in hepatitis B patients [11].

Moreover, the level of Angptl2 in serum was higher in
patients with NSCLC (non-small cell lung cancer) [12],
whether the circulating concentration of Angtpl2 was
increased in interstitial lung disease, particularly in pri-
mary Sjogren’s syndrome-related interstitial lung disease
(pSS-ILD) patients was unknown. So, we hypothesized that
Angptl2 participates in interstitial lung disease in pSS-ILD
and would be a potential biomarker. In this research, we
studied the correlation between the activity indexes of pSS-
ILD patients and the serum Angptl2 levels.

Patients and methods

The medical records of pSS patients admitted to the second
hospital of Shanxi Medical University from March 2018 to
February 2019 were retrospectively analyzed. Demographic
characteristics, test data and clinical features were extracted
from the database. This study was approved by the ethics
committee of the second hospital of Shanxi Medical Univer-
sity, and the whole research process followed the principles
of the Helsinki Declaration. The inclusion criteria for this
study met the 2002 international classification criteria for
Sjogren’s syndrome [13] or the 2016 ACR/EULAR classifi-
cation criteria for Sjogren’s syndrome [14]. Exclusion crite-
ria were pulmonary surgery, tumors, infectious diseases and
overlap of other SS with other well-defined connective tissue
diseases. All participants gave written informed consent.

All patients received HRCT scan of chest with 1-2-mm-
thick incision. When inhaled in supine position, the scan
was carried out. And images were evaluated blindly by two
experienced radiologists [15]. All lung function test results
are expressed as a percentage of the predicted value [16]. All
patients completed pulmonary HRCT examination. The pSS
patients were divided into ILD group (pSS-ILD) and non-
ILD group (pSS-N-ILD) according to the HRCT manifesta-
tions. Serum of 71 patients with pSS-ILD and 87 patients
with pSS-N-ILD was collected. Serum of the control group
was taken from health staff of the second hospital of Shanxi
Medical University (n=25).

Measurement of serum Angptl2 and TGF-f1

The enzyme-linked immunosorbent assay (ELISA) kit (Cata-
log Number: CSB-E13881h and CSB-E04725h, CUSABIO,
Beijing, China) was utilized to perform the manufacturer’s
protocol for the determination of serum Angptl2 and TGF-
p1 levels (capture antibody: murine monoclonal antibody;
detection antibody: goat polyclonal antibody). The assay
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has high sensitivity and excellent specificity for detection of
human Angptl2 and TGF-p1. No significant cross-reactivity
or interference between human Angptl2 (or TGF-f1) and
analogues was observed. All the blood samples obtained in
the study were used to produce small aliquots, which were
stored at —80 °C to ensure that all the samples underwent
only one freeze—thaw cycle. We detected serum Angptl2
and TGF-P1 concentration in seventy-one patients with
pSS-ILD, eighty-seven pSS-N-ILD patients and twenty-five
healthy people as control.

Statistical analysis

Statistical analysis software (SPSS18.0, SPSS Inc, Chicago,
IL, USA) was used for data analysis. Two-sided statistical
analysis was carried out. P <0.05 was considered statisti-
cally significant. Continuous variables were expressed as
mean and standard deviation of normally distributed data or
median values of non-normally distributed data (P,s, P;s),
which were compared by Student’s ¢ test or Mann—Whitney
U test. The categorical variables were expressed as percent-
ages and were compared using the Chi-square test. Logistic
regression was used to compute the odds ratios of differ-
ent variables for primary Sjogren’s syndrome patients with
interstitial lung disease. Variables were included in the anal-
ysis using the backward likelihood ratio selection method.
Pearson or Spearman’s rank correlation analysis was used
to analyze the relationship between serum Angptl2 level and
other variables.

Results

Serum Angptl2 and TGF-1 levels were elevated in primary
Sjogren’s syndrome-related interstitial lung disease patients.

Of the 158 patients, 71 were diagnosed as primary
Sjogren’s syndrome-related interstitial lung disease (pSS-
ILD) by radiologists at the first visit, with a prevalence of
44.94%. Clinical characteristics of pSS-ILD and pSS-N-ILD
patients are shown in Table 1. Among the normal health con-
trols (NHCs), 15 were women and 10 were men, 6 smokers
all male. The age of the NHCs was 56.15 + 12.61 years old.
There were no significant differences between patients with
pSS and NHCs in terms of age, proportion of female gender
and smoke ever. Serum levels of angiopoietin-like protein 2
(Angptl2) and transforming growth factor p1 (TGF-p1) were
detected by ELISA in 87 patients without interstitial lung
disease (pSS-N-ILD), 71 pSS-ILD patients and 25 healthy
controls (Table 2).

As shown in Fig. 1, the median interquartile range for
serum Angptl2 was 16.55 ng/mL (range 10.82-41.07) in pSS
patients, compared with 6.05 ng/mL (range 3.53-9.91) in
normal healthy controls (P <0.001). Importantly, differences
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Table 1 Comparison of clinical v, yp1es pSS-N-ILD (1=87) pSS-ILD (n=71) P value

manifestations between primary

Sjogren’s syndrome patients Age of diagnosis (year) 57.75+11.08 61.78+11.04 0316

M ﬁg%‘;tsj:iw“h interstitial Female [1 (%)] 53 (60.92%) 44 (61.97%) 0.524
Disease duration (month) 48.15+31.09 50.76 +£28.04 0.091
Smoke ever [n (%)] 16 (18.39%) 24 (33.80%) 0.005
Dry cough [n (%)] 11 (12.64%) 56 (78.87%) <0.001
Dry mouth [1 (%)] 79 (90.80%) 63 (88.73%) 0.479
Dry eyes [n (%)] 60 (68.97%) 49 (69.01%) 0.617
Arthritis [n (%)] 9 (10.34%) 8 (11.27%) 0.490
Globulin (g/L) 36.98+9.78 37.81+8.31 0.431
ESR (mm/h) 38.61+25.31 37.82+24.39 0.827
CRP (mg/dl) 1.42 (0.83, 3.61) 1.59 (0.51, 3.29) 0.869
IgG (mg/dl) 1687.05 +596.24 1894.36 +1009.47 0.415
IgA (mg/dl) 348.86+115.01 337.05+204.44 0.511
IgM (mg/dl) 128.30+85.18 147.91+89.48 0.057
RF (IU/ml) 110.00 (37.30, 136.00) 109.00 (28.00, 165.74) 0.095
Anti-Ro52 (+) [n (%)] 20 (22.99%) 28 (39.44%) 0.002
Anti-Ro60 (+) [1 (%)] 16 (18.39%) 12 (16.90%) 0.235
Pulmonary hypertension [n (%)] 7 (8.05%) 8 (11.27%) 0.061
FVC (% predicted) 102.19+18.05 81.56+21.58 <0.001
DLCO (% predicted) 77.54+24.78 53.49+20.13 <0.001
Small airway involvement [1 (%)] 13 (14.94%) 46 (64.79%) <0.001

ESR erythrocyte sedimentation rate, CRP C-reactive protein, /gG immunoglobulin G, IgA immunoglobulin
A, IgM immunoglobulin M, RF rheumatoid factor, FVC forced vital capacity, DLCO diffusion capacity of

the lung for carbon monoxide

Table2 Logistic regression analysis of predictors for primary
Sjogren’s syndrome patients with interstitial lung disease

Variables aOR 95% CI P value
Age of diagnosis 1.12 0.43-1.98 0.790
Female 0.41 0.28-2.24 0.558
Disease duration 0.99 0.96-1.57 0.213
Smoke ever 0.82 0.49-2.45 0.657
Anti-Ro52 (+) 2.06 1.14-7.65 0.015
Dry cough 1.38 0.77-3.28 0.242
Serum Angptl2 4.13 1.25-15.89 0.002
Serum TGF-f1 1.35 0.85-2.39 0.454
FVC 0.67 0.79-2.03 0.526
DLCO 9.51 2.10-37.74 <0.001

aOR adjusted odds ratio, CI confidence interval, Angptl2 angiopoi-
etin-like protein 2, TGF-f1 transforming-growth factor beta 1, FVC
forced vital capacity, DLCO diffusion capacity of the lung for carbon
monoxide

between Angptl2 levels in pSS-ILD patients and pSS-N-
ILD patients were also statistically significant [29.80 ng/
mL (range 15.42-54.40), 14.75 ng/mL (range 9.85-40.48),
P <0.001]. Meanwhile, the median interquartile range for
serum TGF-p1 was 11.70 ng/mL (range 6.40-17.75) in pSS
patients, compared with 3.01 ng/mL (range 1.84-3.95) in

normal healthy controls (P <0.001). Differences between
TGF-B1 levels in pSS-ILD patients and pSS-N-ILD patients
were also statistically significant [16.50 ng/mL (range
10.12-22.85), 9.50 ng/mL (range 3.94-14.73), P <0.001].
TGF-p1 plays an important role in structure-related pro-
cesses in tissue homeostasis and tissue remodeling, includ-
ing interstitial lung disease and pulmonary fibrosis. In pSS-
ILD patients, serum TGF-B1 (r,=0.64, P=0.003, Table 3)
was significantly correlated with the serum Angptl2. Those
results revealed that serum Angptl2 levels may associated
with interstitial lung disease.

Comparison of clinical manifestations
between primary Sjogren’s syndrome patients
without and with interstitial lung disease

We compared the clinical manifestations of primary
Sjogren’s syndrome patients without and with interstitial
lung disease (Table 1). Of the 158 pSS patients, 71 were
diagnosed as pSS-ILD by HRCT at the first admission, and
the prevalence of pSS-ILD in this study was 44.94%. In both
pSS-ILD group and pSS-N-ILD group, no significant differ-
ences were observed in terms of age, sex and disease dura-
tion. The pSS-ILD group with smoking and dry cough was
higher than compared with the pSS-N-ILD group (P <0.01
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Fig.1 Serum Angptl2 and TGF-f1 levels were elevated in primary
Sjogren’s syndrome-related interstitial lung disease patients. Serum
Angptl2 and TGF-f1 levels in 87 primary Sjogren’s syndrome
patients without interstitial lung disease (pSS-N-ILD), 71 patients

Table 3 Serum Angptl2 levels in primary Sjogren’s syndrome-related
interstitial lung disease patients correlate with disease activity of
interstitial lung disease

Variables T P value
Angpt]2 vs. TGF-p1 0.64 0.003
Angptl2 vs. anti-Ro52 0.48 0.016
Angptl2 vs. FVC -0.37 0.020
Angpt]2 vs. DLCO -0.40 0.009
Angptl2 vs. small airway involve- 0.52 0.031

ment

TGF-p1 transforming-growth factor beta 1, Angptl2 angiopoietin-like
protein 2, FVC forced vital capacity, DLCO diffusion capacity of the
lung for carbon monoxide

and P <0.001). However, there were no statistically signifi-
cant differences between the two groups in dry mouth, dry
eyes and arthritis.

Although there were no significant differences in serum
globulin, IgA, IgM and IgG levels between groups, the data
of the pSS-N-ILD group were lower than those of the pSS-
ILD group. In our study, the RF titres, ESR and CRP were
high and have no statistical differences. However, higher
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with interstitial lung disease (pSS-ILD) and 25 normal healthy con-
trols (NHCs) are shown, as measured by enzyme-linked immunosorb-
ent assay (*P<0.05, **P<0.01, ***P<0.001)

anti-Ro52 antibody positive rate was observed (P<0.01),
indicating that anti-Ro52 antibody might have unique advan-
tage to identify ILD in pSS patients.

No significant difference was found for pulmonary hyper-
tension in echocardiography.

There was a significant difference in carbon monoxide
diffusion capacity (DLCO) and forced vital capacity (FVC)
between patients with pSS-ILD and those without ILD.
Therefore, the patients with pSS-ILD were mainly char-
acterized by diffuse dysfunction and restrictive ventilatory
dysfunction. Significantly, both groups suffered from small
airway disease, and the pSS-ILD group had a higher rate
than the pSS-N-ILD group (64.79% vs. 14.94%, P <0.001).

Predictors for primary Sjogren’s syndrome patients with
interstitial lung disease.

Logistic regression was used to compute the odds ratios
of different variables for primary Sjogren’s syndrome
patients with interstitial lung disease. To develop a good-fit
model, age, sex, disease duration, smoking, anti-Ro52 (+)
and significant variables derived from univariate analyses
were entered into the model. Logistic regression analy-
sis suggested that anti-Ro52, serum Angptl2 and DLCO
were associated with pSS patients with interstitial lung
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disease, with aORs and 95% CIs of 2.06 (1.14-7.65), 4.13
(1.25-15.89) and 9.51 (2.10-37.74), respectively.

Disease activity of pSS-ILD correlates with serum
Angptl2 levels

TGF-B1 (r,=0.64, P=0.003) was significantly correlated
with the serum Angptl2 in pSS-ILD patients. Meanwhile,
anti-Ro52 (r,=0.48, P=0.016) significantly correlated
with the serum Angptl2 in pSS-ILD patients. And, in pul-
monary function tests, the serum Angptl2 was also signifi-
cantly correlated with small airway involvement (r,=0.52,
P=0.031), diffusion capacity of the lung for carbon mon-
oxide (ry=—0.40, P=0.009) and forced vital capacity
(ry=-0.37, P=0.020).

Discussion

Currently, research showed that Angptl2 is directly involved
in disease-related pulmonary, kidney and liver fibrosis [11,
17-19]. However, the roles of Angptl2 in pSS-ILD patients
are still unknown. To our knowledge, this is the first study to
show a significant elevate in serum Angptl2 levels in patients
with pSS, especially in patients with pSS-ILD.

In terms of connective tissue diseases, it has been
reported that the concentration of Angptl2 in joint fluid of
RA patients was significantly higher than that of osteoar-
thritis patients. In the proliferative rheumatoid synovium
of RA patients, Angptl2 was expressed in large quantities,
especially in fibroblast-like synovium cells and macrophage-
like synovium cells [20]. Meanwhile, Angptl2 was abundant
in keratinocytes from dermatomyositis patients’ skin erup-
tions [21], and treatment of keratinocytes with exogenous
Angptl2 could increase the expression of IL-1f and IL-6
by activating the NF-kB inflammatory signaling pathway.
Surprisingly, our study found that serum Angptl2 level in
pSS patients was significantly higher than that in the normal
healthy control group.

Recent studies have shown that excessive Angptl2 sign-
aling could mediate chronic inflammation and subsequent
pathological irreversible tissue remodeling [7]. TGF-f1
plays a key role in tissue homeostasis and tissue remod-
eling during structurally related processes, including inter-
stitial lung disease [8, 9]. In murine models of pulmonary
fibrosis, inflammatory response and fibrosis were improved
in Angptl2 (—/—) mice by decreasing pulmonary TGF-f1
expressions [18]. Angptl2 may be mediated by alphaSbetal
integrin-mediated activation of extracellular signal-regulated
kinases to increase TGF-P1 expression [17]. Studies have
shown that the expression of Angptl2 induced by mechanical
stress could increase the expression of TGF-B1 in the liga-
mental flavum tissue and promote the activation of TGF-p1/

Smad signaling [10]. In our research, the average level of
serum Angptl2 and TGF-B1 in pSS-ILD patients was sig-
nificantly higher than that of the pSS-N-ILD patients. And
in pSS-ILD patients, serum TGF-f1 was significantly cor-
related with the serum Angptl2. Logistic regression analysis
suggested that not only anti-Ro52 and DLCO, but also serum
Angptl2 was associated with pSS patients with interstitial
lung disease. Those results revealed that serum Angptl2 may
display a peculiar role in the pathogenesis of pSS-ILD.

Studies have reported that the anti-Ro52/60 antibody has
unpredictable value in predicting the occurrence of pSS-
ILD [2, 22]. Higher anti-Ro52 antibody positive rate was
observed in pSS-ILD patients [3]. Consistent with previous
research, in this study, the number of anti-Ro52 antibodies
was significantly increased in pSS-ILD patients compared
with pSS-N-ILD patients. Those results indicating that anti-
Ro052 antibody might have unique advantage to identify ILD
in pSS patients. And anti-Ro52 antibody, which was associ-
ated with the TH17 pathway [23], regulated the activity of
IL-23. This may be related to the involvement of anti-Ro52
antibodies in the pathogenesis of pSS-ILD. Meanwhile,
serum Angptl2 was significantly positively correlated with
anti-Ro52. The interaction between Angptl2 and anti-Ro52
deserves further investigation.

PFTs are sensitive but non-specific. Kelly et al. found
that DLCO was significantly reduced in both limited and
extensive interstitial lung disease [24]. DLCO was reported
to be a highly sensitive screening test for the presence of
interstitial lung disease. There were significant differences in
forced vital capacity (FVC) and carbon monoxide diffusion
capacity (DLCO) between patients with pSS-ILD and those
without ILD. Therefore, patients with pSS-ILD were mainly
characterized by diffuse dysfunction and restrictive ventila-
tory dysfunction. It is worth noting that the two groups of
patients we studied were suffered from small airway dis-
eases, and the pSS-ILD group had a higher rate, which may
be related to inflammatory lymphocytic infiltration or airway
mucosal interstitial lesion itself. Moreover, serum Angptl2
levels were significantly negatively correlated with FVC
and DLCO. Given the current evidences and our results, we
suggest that serum Angptl2 not only may display a peculiar
role in the pathogenesis of pSS-ILD, but also might be a
potential biomarker. However, due to multiple limitations,
further research must be required.

This research dose has some inevitable limitations.
Firstly, this is a retrospective study. Secondly, owing to the
study’s design and enroll patients in a single medical care
center, it is difficult to establish the exact causal relation-
ships. Thirdly, to validate serum Angptl2 as a useful bio-
marker, more comprehensive and detailed follow-up studies
must be conducted.

In conclusion, the serum Angptl2 was significantly
higher in pSS-ILD patients. Logistic regression analysis
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suggested that anti-Ro52, serum Angptl2 and DLCO were
associated with pSS patients with interstitial lung disease.
Anti-Ro52 and TGF-p1 were significantly correlated with
the serum Angptl2. Moreover, the serum Angptl2 was also
significantly correlated with DLCO. Serum Angptl2 may
display a peculiar role in the pathogenesis of pSS-ILD and
might be a potential biomarker.
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