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Abstract

Few biomarkers distinguish connective tissue disease-associated interstitial lung disease (CTD-ILD) from idiopathic pulmo-
nary fibrosis (IPF). Latent transforming growth factor-f binding protein-2 (LTBP2), a secreted extracellular matrix protein,
is involved in pulmonary fibrosis. However, the role of LTBP2 in differentially diagnosing CTD-ILD and IPF is unclear. In
this study, enzyme-linked immunosorbent assays quantified plasma LTBP2 concentrations in 200 individuals (35 healthy
controls, 42 CTD patients without ILD, 89 CTD-ILD patients, and 34 IPF patients). CTD-ILD and IPF were further classified
based on chest imaging pattern and pulmonary function test results. Plasma LTBP2 levels were significantly elevated in the
IPF group compared with the CTD-ILD group. ROC analysis further suggested the possible value of LTBP2 in differentially
diagnosing CTD-ILD and IPF. Additionally, CTD-ILD patients with progressive lung fibrosis had higher plasma LTBP2
concentrations than those who did not. Similarly, patients with IPF developing acute exacerbation showed higher plasma
LTBP2 levels than those with stable IPF. This is the first study showing that LTBP2 was closely associated with the usual
interstitial pneumonia (UIP) pattern in theumatoid arthritis-associated ILD (RA-ILD). Moreover, the optimal cutoff values
of LTBP2 for distinguishing IPF from CTD-UIP/RA-UIP were 33.75 and 38.33 ng/mL with an AUC of 0.682 and 0.681,
respectively. Our findings suggest that plasma LTBP2 levels may differentially diagnose CTD-ILD and IPF, and assess their
fibrotic activity. Additionally, clinical LTBP2 evaluation may be a great aid to identifying the presence of the UIP pattern in
RA-ILD and to discriminating IPF from CTD-UIP, particularly RA-UIP.
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Introduction

Interstitial lung diseases (ILDs) are a heterogeneous set
of disorders that range from idiopathic pulmonary fibrosis
(IPF) to secondary variants, including the exposure-related
ILD and connective tissue disease-associated ILD (CTD-
ILD) [1, 2]. Currently, pulmonary function testing (PFT)
and high-resolution computed tomography (HRCT) are
the two main methods for diagnosing and assessing ILDs
[3-5]. However, performing PFT properly can be difficult
to achieve in certain condition, such as in patients with
poor general health. HRCT, a frontline diagnostic tool for
ILDs, verifies pulmonary fibrosis (PF) through typical
scarred tissues, which can easily cause delayed diagnosis
[3, 6]. Additionally, the clinical application of the his-
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topathological examination is limited by various factors,
including the complexity and risk of developing acute
exacerbation (AE) [7]. The aforementioned diagnostic
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dilemmas in ILDs highlight the necessity of validating
noninvasive biomarkers that are easy to evaluate. IPF is
characterized by the histological manifestation of usual
interstitial pneumonia (UIP) [8]. However, the UIP pat-
tern can also occur in CTD-ILD [4]. In clinical practice, it
may be difficult to distinguish between the IPF and CTD-
ILD when the UIP pattern presents before extrapulmo-
nary manifestations of the underlying CTD, particularly
underlying rheumatoid arthritis (RA) [5]. Current treat-
ment paradigms for CTD-ILD and IPF differ. Thus, it is
clinically important to distinguish these diseases.

Latent transforming growth factor-p binding protein-2
(LTBP2) is a secreted extracellular matrix (ECM) protein
[9, 10]. Experimental evidence from two studies proposed
the relationship between LTBP2 and ILDs. A previous study
reported that LTBP2 was a prognostic blood biomarker in
IPF [11]. Our previous study showed that LTBP2 was a
profibrotic cytokine in PF and its silencing suppressed lung
fibroblast-to-myofibroblast differentiation [12]. To date, only
a few biomarkers reflecting the pivotal fibrotic process of
lung fibroblasts differentiation were identified. Although the
potential utility of LTBP2 in the field of PF is emerging, to
the best of our knowledge, the role of LTBP2 in differentially
diagnosing CTD-ILD and IPF remains unclear.

This study comprehensively investigated the clinical rele-
vance of LTBP2 in the plasma of ILDs (including CTD-ILD
and IPF). The potential role of LTBP2 as a discriminating
biomarker for CTD-ILD and IPF was also evaluated.

Materials and methods
Subjects

A study comprising 35 healthy controls (HCs), 42 CTD
patients without ILD, 89 patients with CTD-ILD, and 34
patients with IPF, was conducted at the Zhongnan Hospital
of Wuhan University. The American College of Rheumatol-
ogy criteria were used to diagnose and classify the CTD-ILD
[13]. Progressive lung fibrosis in CTD-ILD (F-CTD-ILD),
the radiological UIP pattern in CTD-ILD and RA-ILD, and
IPF were diagnosed according to the ATS/ERS consensus
criteria [14]. Healthy volunteers with no sign of comorbidi-
ties were included in the HCs group.

Enzyme-linked immunosorbent assay (ELISA)
Human plasma samples were centrifugated and stored at
—80 °C for further detection. Plasma LTBP2 concentrations

in blood samples were detected using ELISA kits (ELK Bio-
technology, Wuhan, China).
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Statistical analysis

IBM SPSS Version 23.0 (IBM Corp., Armonk, NY, USA)
was used for statistical analyses. Data were expressed as
the mean + standard deviation (SD) or number of individ-
uals (n) and percentages (%). A chi-square test was used
for the count data between IPF and CTD-ILD. Statistical
significance between different groups was estimated by the
Mann—Whitney U-test, Student’s #-test, or one-way ANOVA,
where applicable. Correlation analysis was tested by esti-
mating Pearson’s correlation coefficient. The optimal cut-off
levels for LTBP2 were determined using receiver operating
characteristic (ROC) curve analysis.

Results

Differences in plasma LTBP2 concentrations
between CTD-ILD and IPF

To determine whether LTBP2 correlates with various types
of ILD activity, plasma LTBP2 concentrations were evalu-
ated in ILDs which arose from distinct etiologies. The clini-
cal details of the study population are presented in Table 1.
Plasma LTBP2 concentrations were significantly higher in
the CTD-ILD group and IPF group compared with the HC
group. In particular, patients with CTD-ILD showed higher
plasma LTBP2 concentrations than those with CTD. How-
ever, plasma LTBP2 levels were not significantly different
between patients with CTD and HCs. Additionally, plasma
LTBP2 levels were significantly elevated in patients with IPF
compared to those with CTD-ILD (Fig. 1A).

This study included 36 patients with RA-ILD, 11 with
SSc-ILD, 24 with IM-ILD and 18 with SS-ILD. We com-
pared the plasma LTBP2 levels in various CTD-ILD sub-
groups. The RA-ILD, SSc-ILD, IM-ILD, and SS-ILD
groups showed higher plasma LTBP2 concentrations than
HCs. In particular, there were significant differences in
plasma LTBP2 concentrations between patients with IPF
and those in the four subgroups of patients with CTD-ILD.
However, no significant difference in plasma LTBP2 levels
was found between the four subgroups of patients with CTD-
ILD (Fig. 1B).

Differences in plasma LTBP2 concentrations
between non-F-CTD-ILD and F-CTD-ILD

In many CTDs, progressive pulmonary fibrosis (PPF) is
described. CTD-ILD with evidence of PPF tends to have
a worse prognosis [15]. Thus, we further explored whether
LTBP2 could evaluate the progression of lung fibrosis in
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Table 1 Demographic and clinical characteristics of healthy controls and patients

CTD-ILD
patients (n=89)

Healthy Controls (n=35) CTD patients with-

out ILD (n=42)

IPF patients (n=34) *p

Sex (male), n (%) 17 (48.57) 9(21.43) 23 (25.84) 24 (70.59) 0.001
Age, years, mean +SD 67.09+10.00 64.38+9.50 69.49+13.15 71.06+8.94 0.524
Current/ever-smoker, n (%) - 5(11.90) 11 (12.36) 14 (41.18) 0.001
RA-ILD - - 36 (40.45) - -
SSc-ILD - - 11 (12.36) - -
IM-ILD - - 24 (26.97) - -
SS-ILD - - 18 (20.22) - -
CRP (mg/L), mean+SD - - 24.39+36.83 - -
ESR (mm/h), mean +SD - - 25.67+24.65 - -
Pulmonary function

FVC (% predicted), mean + SD - - 73.96+19.76 77.14+£24.77 0.556
DLCO (% predicted), mean +SD - - 57.85+14.61 60.74 +£16.22 0.445
CT/HRCT pattern, n (%)

UIP pattern - - 33 (37.08) 34 (100) 0.001
Non-UIP pattern - - 56 (62.92) - -

RA—rheumatoid arthritis, SSc—systemic sclerosis, IM—inflammatory myositis, SS—Sjogren syndrome, CRP—C-reactive protein, ESR—eryth-
rocyte sedimentation rate, F'VC—forced vital capacity, DLCO—diffusing capacity of the lung for carbon monoxide

“p, p-value obtained after comparison between patients with IPF and those with CTD-ILD
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CTD-ILD. In this study, a significant increase in plasma
LTBP2 levels was found in patients with F-CTD-ILD
(Fig. 2A, Table 2).

Differences in plasma LTBP2 concentrations
between S-IPF and AE-IPF

This study also included 23 stable period of IPF (S-IPF)
and 11 AE-IPF. Next, we compared LTBP2 levels between
S-IPF and AE-IPF to determine whether LTBP2 could

identify patients with IPF at risk of developing AE.
Compared to HCs, both the S-IPF and AE-IPF groups
showed varying degrees of impaired pulmonary function,
whereas patients with AE-IPF manifested a severe decline
(Table 3). Additionally, patients with IPF developing AE
had higher plasma LTBP2 levels (Fig. 2B).
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Fig.2 Plasma LTBP2 concentrations in subgroups of CTD-ILD
and IPF A Comparison of plasma LTBP2 concentrations in non-F-
CTD-ILD and F-CTD-ILD. B Comparison of plasma LTBP2 concen-
trations in S-IPF and AE-IPF. **p <0.01

Plasma LTBP2 concentrations in ILDs with the UIP
pattern

UIP is a radiological pattern that is an important risk factor
for PPF in CTD-ILD [16]. In addition, the UIP subtype of
RA-ILD has several clinical and histopathological charac-
teristics with IPF [17, 18]. Thus, we assessed whether dif-
ferences in plasma LTBP2 expressions correlated with the
UIP pattern in ILDs with different etiologies. Plasma LTBP2
levels were significantly higher in patients with CTD-UIP
than in those without UIP (Fig. 3A). Similarly, a signifi-
cant increase in plasma LTBP2 concentrations was found
in patients with RA-UIP compared with those without UIP
(Fig. 3B). Interestingly, patients with IPF also showed higher
plasma LTBP2 concentrations compared with those in the
CTD-UIP group, particularly the RA-UIP group (Fig. 3C).

Relationships of plasma LTBP2 concentrations
with clinical features

There was a significant negative correlation of plasma
LTBP2 concentrations with FVC% in IPF and RA-UIP.
Additionally, plasma LTBP2 levels significantly negatively
correlated with DLCO% in IPF and RA-UIP (Tables 4 and
5). There were no correlation of plasma LTBP2 levels with
the duration of RA disease, CRP, ESR, FVC%, or DLCO%
in patients with RA-non-UIP or in those with RA-ILD
(Table 5).

Diagnostic value of plasma LTBP2 levels in ILDs

We evaluated the diagnostic value of LTBP2 in ILDs of
different etiologies using ROC curves. The optimal cutoff
value of LTBP2 for distinguishing CTD-ILD from CTD/
IPF was 32.43 and 34.75 ng/mL with an area under the curve
(AUC) of 0.684 and 0.754, respectively (Fig. 4A, B). The
ROC analysis revealed an AUC of 0.771 for distinguishing
F-CTD-ILD from non-F-CTD-ILD, and the best cutoff value
was 40.26 ng/mL. Additionally, the AUC for plasma LTBP2
in predicting AE in patients with IPF was 0.850 (Fig. 4C).

For ILDs with a UIP pattern, the area under the ROC
curve for LTBP2 in distinguishing RA-UIP from RA-non-
UIP was 0.737. The optimal cutoff values of LTBP2 for
distinguishing IPF from CTD-UIP/RA-UIP were 33.75 and
38.33 ng/mL with an AUC of 0.682 and 0.681, respec-
tively (Fig. 4D). A detailed ROC curve analysis is pre-
sented in Table 6.

Discussion

This study demonstrates the clinical relevance and dif-
ferential diagnostic value of LTBP2 in ILDs which arise
from distinct etiologies. In addition, the preclinical results
from our previous study [12] and the clinical data in the

Table 2 Demographic and
clinical characteristics of
patients with CTD-ILD

non-F-CTD-ILD F-CTD-ILD *p

(n=68) (n=21)
Sex (male), n (%) 15 (22.06) 8 (38.10) 0.142
Age, years, mean+SD 70.75+11.07 65.43+18.10 0.105
Current/ever-smoker, n (%) 10 (14.71) 1(4.76) 0.226
CRP (mg/L), mean+SD 23.79+38.87 26.04+31.43 0.826
ESR (mm/h), mean +SD 22.72+21.35 34.81+31.74 0.050
FVC (% predicted), mean + SD 74.17+19.79 73.17+20.57 0.883
DLCO (% predicted), mean + SD 58.61+14.22 54.91+16.72 0.530
UIP pattern, n (%) 23 (33.82) 10 (47.62) 0.253

CRP—C-reactive protein, ESR—erythrocyte sedimentation rate, F'VC—forced vital capacity, DLCO diffus-
ing capacity of the lung for carbon monoxide
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Table 3 Demographic and clinical characteristics of patients with IPF

S-IPF (n=23) AE-IPF (n=11) *p
Sex (male), n (%) 17 (73.91) 7 (63.64) 0.538
Age, years, mean + SD 70.09+9.02  73.90+8.83 0.367
Current/ever-smoker, n (%) 10 (43.48) 4 (36.36) 0.693
FVC (% predicted), 83.33+23.05 49.25+13.86 0.009
mean +SD
DLCO (% predicted), 63.69+14.22 45.00+10.22 0.040
mean +SD

Statistically significant results are highlighted in bold

FVC—forced vital capacity, DLCO—diffusing capacity of the lung
for carbon monoxide

present study collectively suggest that LTBP2 may be a
reliable blood biomarker for reporting the fibrotic activity
of IPF and CTD-ILD.

In the pathogenesis of ILD, activated fibroblasts and
myofibroblasts are core components of ILD progression
[19]. LTBP2 participates in organ fibrosis, including that
of the heart and skin [20, 21]. Our previous study showed

>
w

Cl e I | 809

60— . 60 a

LTBP2 (ng/mL)
o
(=]
1

N
)
1
LTBP2 (ng/mL)
N FN
o o
1 1
E =
wkads
o o

0 T T 0 I 1
("\Q O'O\Q ("\Q Q\Q
& & PO
Q &
C s0q =2iq 807
A A
S =L B
5 A . 5 A oo
R L £ .
E 40 .:: ‘E 40 o090
E g [ at E i o o
4 204 * by 3 204 * §
0 T T 0 T T
& &
o &

Fig.3 Plasma LTBP2 levels in ILDs with the UIP pattern A Plasma
LTBP2 concentrations in CTD-non-UIP and CTD-UIP. B Plasma
LTBP2 concentrations in RA-non-UIP and RA-UIP. C Plasma
LTBP2 concentrations in patients with IPF, CTD-UIP, and RA-UIP.
*p<0.05, **p<0.01

Table 4 Correlation of plasma LTBP2 levels with pulmonary func-
tion tests in patients with CTD-ILD and in those with IPF

Variable CTD-ILD IPF

r P r P
FVC (% predicted) -0.135 0.332 -0.676 0.001
DLCO (% predicted) -0.222 0.174 —0.696 0.001

Statistically significant results are highlighted in bold

r—Pearson’s correlation coefficient; FVC—forced vital capacity;
DLCO—diffusing capacity of the lung for carbon monoxide

that LTBP2 was expressed in lung-activated fibroblasts/
myofibroblasts, and regulated fibroblasts differentia-
tion into myofibroblasts in PF [12]. This study evaluated
LTBP2 as a blood biomarker of ILDs with distinct etiolo-
gies. We found that plasma LTBP2 levels were signifi-
cantly elevated in CTD-ILD and IPF compared with that of
HCs. In particular, patients with CTD-ILD showed higher
plasma LTBP2 concentrations than those with CTD. Fur-
ther classification of patients with CTD-ILD showed that
the RA-ILD, SSc-ILD, IM-ILD, and SS-ILD groups had
higher plasma LTBP2 concentrations than the HCs. Taken
together, these data indicated that LTBP2 levels were ele-
vated in various types of ILDs.

To the best of our knowledge, this is the first study
showing that LTBP2 supported the differential diagno-
sis of IPF and CTD-ILD. To discriminate ILDs of dif-
ferent etiologies is complex because they have analogical
morphological, clinical, and radiological features. How-
ever, combined immunosuppressive treatments have been
shown to have negative effects in patients with IPF [22].
The therapeutic approach is complicated by the fact that
some patients develop ILD years before a diagnosis of
CTD or may primarily manifest as (or are limited to) the
lung manifestations of autoimmune diseases [5, 6, 23].
In the present study, our data suggested that there was a
difference in plasma LTBP2 levels between IPF and CTD-
ILD, which was crucial importance considering its thera-
peutic significance. LTBP2, secreted from lung-activated
fibroblasts or myofibroblasts [11, 12], plays a vital role
in regulating the ECM [24]. However, IPF is character-
ized by abnormal ECM remodeling [14, 19]. This may
explain why LTBP2 can differentiate between CTD-ILD
and IPF. However, future multicentral studies are essential
to further understand and verify the role of LTBP2 in dif-
ferential diagnosis.

Interestingly, we also found that LTBP2 identified IPF
at risk of developing AE, but also predicted PPF in CTD-
ILD. To date, AE is a devastating complication of IPF
[25]. Lung fibroblast-to-myofibroblast differentiation is
often observed in patients with diffuse alveolar injury,
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Table 5 Correlation of plasma

X £ Variable RA-non-UIP RA-UIP RA-ILD

LTBP2 levels with continuous

variables related to disease r P r P r P

features in patients with

RA-ILD Duration of RA disease (years) 0.529 0.178 -0.337 0.201 —-0.099 0.644
CRP (mg/L) 0.076 0.858 -0.013 0.967 0.034 0.884
ESR (mm/h) 0.345 0.248 0.138 0.563 0.225 0.207
FVC (% predicted) 0.266 0.457 -0.781 0.008 -0.313 0.179
DLCO (% predicted) 0.243 0.643 -0.787 0.021 —-0.412 0.143

Statistically significant results are highlighted in bold

r—Pearson’s correlation coefficient; CRP—C-reactive protein; ESR—erythrocyte sedimentation rate;
FVC—forced vital capacity; DLCO—diffusing capacity of the lung for carbon monoxide

Fig.4 Diagnostic value of
plasma LTBP2 concentrations
for patients with ILDs
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regardless of the underlying disease [26]. The above find-
ings support our present data that patients with AE-IPF
typically had diffuse alveolar damage combined with
potential fibrosis with a UIP pattern, and showed higher
plasma LTBP2 levels than those who did not. Additionally,
patients with F-CTD-ILD showed higher plasma LTBP2
levels than those without PPF. The ROC curves suggested
the potential application of LTBP2 as a reliable blood bio-
marker for identifying PPF in CTD-ILD. Therefore, unlike
other biomarkers that can only indirectly reflect initial or
obsolete fibrosis, LTBP2 may be particularly suitable as a
blood biomarker for accurately describing the acute phase
and ongoing fibrogenesis. Therefore, evaluating LTBP2
concentrations in patients with IPF and CTD-ILD may
contribute to the selection of appropriate therapeutic win-
dows. First, early detection of AE in patients with IPF may
be beneficial for the positive intervention with corticoster-
oids. Second, identification of the actively fibrotic phase in
patients with CTD-ILD was conducive to timely conducted
intervention with antifibrotic drugs and reduce the blind
use of antifibrotic agents.
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In this study, other major findings were that differences
in plasma LTBP2 levels were related to the UIP pattern in
RA-ILD. In addition, LTBP2 expression levels were higher
in IPF than in CTD-UIP, particularly in RA-UIP. Charac-
teristic of UIP include the alternating appearance of sub-
pleural fibrosis and patchy areas of normal lung morphology.
At this interface, there is a fibroblast lesion which is the
site where myofibroblasts and ECM accumulate [27]. The
above findings support our present data that RA-UIP showed
higher plasma LTBP2 levels than those without UIP. One of
hallmarks in IPF is UIP; this is also observed in CTD and
exposure-related ILDs [14, 27]. A UIP pattern in certain
ILDs is generally related to more rapid disease progression
[15]. Moreover, RA-UIP has an analogous phenotype and
mortality as IPF [5, 28]. Although IPF and RA-ILD may
overlap, their treatment paradigms differ. Therefore, it is cru-
cial to distinguish these diseases considering the therapeutic
implications.

We acknowledge that the present study has some limita-
tions. Firstly, all patients in the study were from the same
hospital. Thus, to validate our preliminary results, a mul-
ticenter study comprising more types of patients would be
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Table 6 Diagnostic
performance of LTBP2 based
on the ROC analysis

Variables Cut-off Sensitivity (%)  Specificity (%) AUC p
value (ng/
mL)

HC versus CTD-ILD 31.91 46.07 100 0.698  0.0006
HC versus RA-ILD 32.33 41.67 100 0.671  0.0130
HC versus SSc-ILD 33.76 36.36 100 0.652 0.1319
HC versus IM-ILD 31.91 58.33 100 0.745 0.0015
HC versus SS-ILD 32.84 44.44 100 0.718  0.0101
HC versus IPF 32.57 79.41 100 0.895 0.0001
CTD versus CTD-ILD 32.43 44.94 90.48 0.684  0.0007
CTD-ILD versus IPF 34.75 73.53 69.66 0.754  0.0001
RA-ILD versus IPF 33.95 76.47 72.22 0.764  0.0001
SSc-ILD versus IPF 31.55 79.41 63.64 0.717  0.0324
IM-ILD versus IPF 38.34 58.82 91.67 0.761  0.0008
SS-ILD versus IPF 34.75 73.53 77.78 0.747  0.0037
S-IPF versus AE-IPF 39.21 90.91 73.91 0.850  0.0011
non-F-CTD-ILD versus F-CTD-ILD  40.26 47.62 97.06 0.771  0.0002
CTD-UIP versus IPF 33.75 76.47 60.61 0.682  0.0105
CTD-non-UIP versus CTD-UIP 36.73 39.39 85.71 0.603  0.1047
RA-UIP versus IPF 38.33 58.82 76.19 0.681 0.0254
RA-non-UIP versus RA-UIP 27.83 76.19 73.33 0.737 0.0168

Statistically significant results are highlighted in bold

ROC—receiver operating characteristic, AUC—area under the curve, RA—rheumatoid arthritis, SSc—sys-
temic sclerosis, /M—inflammatory myositis, SS—Sjogren syndrome, F-CTD-ILD—progressive pulmonary

fibrosis in patients with CTD-ILD

conducive to offering additional evidence regarding the
clinical relevance of LTBP2 in ILDs. Moreover, we had
no data on plasma LTBP2 concentrations from the same
patient under multiple clinical phases (before, during, and
after PPF or AE). Such dynamic changes may explain why
several patients showed relatively low plasma LTBP2 lev-
els, even during the phase of AE-IPF and F-CTD-ILD.

Despite these limitations, this study demonstrates the
possible value of LTBP2 as a discriminating diagnos-
tic biomarker between IPF and CTD-ILD. Notably, our
findings further suggest that LTBP2 may be suitable for
describing acute-phase and ongoing fibrogenesis and may
potentially predict the activity of fibrotic reactions in IPF
and CTD-ILD. More importantly, plasma LTBP2 concen-
trations are closely correlated with the UIP pattern in RA-
ILD. In this regard, clinical LTBP2 evaluation may be a
great aid to identifying the existence of the UIP pattern in
RA-ILD and to differentiating between IPF and CTD-UIP,
particularly RA-UIP.
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