Clin Rheumatol (2018) 37:757-763
https://doi.org/10.1007/s10067-017-3880-6

@ CrossMark

ORIGINAL ARTICLE

Toll-like receptor 9 in systemic sclerosis patients: relation
to modified Rodnan skin score, disease severity, and functional

status

Tamer A Gheita' - Safaa Sayed' - Gada S Azkalany' - Nouran Abaza” -

Nevin Hammam>*® - AH Eissa®

Received: 12 September 2017 /Revised: 10 October 2017 / Accepted: 15 October 2017 /Published online: 26 October 2017

© International League of Associations for Rheumatology (ILAR) 2017

Abstract The objective of this study is to assess toll-like re-
ceptor-9 (TLR9) expression in CD3-positive T lymphocytes
and CD19-positive B lymphocytes in systemic sclerosis (SSc)
patients and to study their relation to the extent of skin fibrosis,
disease characteristics, and severity as well as the functional
status. Fifty-five female SSc patients and 30 matched controls
were included. Skin thickness was scored according to the
modified Rodnan skin score (mRss). The severity of major
organ involvement was assessed using the Medsger severity
score (MSS). Scleroderma health assessment questionnaire
(SHAQ) was measured to evaluate patients’ functional status.
Expression of TLR9 in CD3-positive T lymphocytes and
CD19-positive B lymphocytes was studied using flow cytom-
etry. The mean age of the patients was 40.5 + 9.1 years, and
their disease duration was 6.7 + 3.3 years. There were 21
(38.2%) with diffuse (dcSSc) and 34 (61.8%) with limited
cutaneous (IcSSc) subtypes. There was a significant increase
in the expression of TLR9/CD3 and TLR9/CD19 in the SSc
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patients (44.9 = 18.1 and 24.1 £ 9.6) compared to that in the
control (1.4 £ 0.97 and 1.3 £ 0.94; p < 0.0001 for both, re-
spectively) being higher in those with dcSSc. TLR9/CD3 ex-
pression was significantly increased in SSc patients with
arthralgia/arthritis and digital resorption compared to those
without. The TLR9/CD3 significantly correlated with the
mRss and MSS (» = 0.37, p = 0.006 and » = 0.31, p = 0.02;
respectively). Both the TLR9/CD3 and TLR9/CD19 expres-
sions were significantly correlating (» = 0.53, p < 0.0001). On
regression analysis, only TLR9/CD3 was a significant risk
factor of the mRss and MSS (8 = 0.43, p = 0.009 and
8 = 0.33, p = 0.015, respectively). TLR9, especially
TLRY/CD3, is highly expressed in SSc patients particularly
those with dcSSc subtype and could form a potential marker
for skin fibrosis and disease severity.

Keywords CD19 - CD3 - mRss - SHAQ - Systemic
sclerosis - Toll-like receptor 9

Introduction

Scleroderma (SSc) is a complex and heterogeneous connec-
tive tissue disease mainly characterized by autoimmunity, vas-
cular damage, and fibrosis that mostly involve the skin and
lungs [1].

Toll-like receptors (TLRs) represent a family of pattern
recognition receptors involved in the recognition and in the
defense of the host from invading microorganisms. They
sense a wide range of pathogen-associated molecular patterns.
TLR activation plays a critical role in the activation of the
downstream signaling pathway by interacting and recruiting
several adaptor molecules. Studies suggested that TLRs cas-
cade system plays an important role in the pathogenesis of
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many autoimmune rheumatic diseases such as SSc, systemic
lupus, and Bechet disease [2]. In SSc, TLR signaling is likely
to be involved in tolerance breakthrough and chronic inflam-
mation via combined Fc gamma receptors and TLR recogni-
tion of immune complexes [3]. TLRs on both immune and
non-immune cells represent not only the first line of defense
against microbial pathogens but are also increasingly being
implicated in the progression of chronic autoimmune and fi-
brotic diseases [4]. Elevated expression of TLR9 has been
demonstrated previously in the lungs of patients with idio-
pathic pulmonary fibrosis (IPF), where its levels were shown
to correlate with rapid disease progression [5]. The question of
whether increased TLR9 expression in SSc skin correlates
with disease severity or activity, or can predict disease pro-
gression, awaits further study.

Both intracellular TLRs, such as TLR3, TLR7, and TLR9
and also cell surface TLRs, especially TLR2 and TLR4, play
an essential role in the development of autoimmune diseases
including SSc and afford multiple therapeutic targets [6]. A
critical role of TLR4 signaling in the development of tissue
fibrosis makes it a potential therapeutic target in SSc [7].
CD19 deficiency suppresses fibrosis and autoantibody pro-
duction by inhibiting TLR4 signals in scleroderma [8].
TLRO is not present at the cell surface; rather, it is synthesized
in the endoplasmic reticulum in an inactive form, which upon
cell activation, traffics through the Golgi complex to
endosomal compartments, where it undergoes proteolytic
cleavage [9]. There is strong evidence supporting a pathogenic
role of TLRY in fibrotic skin disease of SSc patients [10].
Epstein-Barr virus is able to persistently infect human SSc
fibroblasts inducing an aberrant innate immune response and
the TLR activation induces the expression of selected
interferon-regulatory factors, transforming growth factor-{31
(TGF-f1), and several markers of fibroblast activation that
all play a key role in determining the pro-fibrotic phenotype
in SSc [1]. Furthermore, fibroblast activation mediated
through TLR9 might be an important factor contributing to
the progression of skin fibrosis in SSc¢ [10]. There are emerg-
ing evidences for the implication of B cells in the pathogenesis
of SSc. B cells from patients with SSc overexpress CD19, a
stimulatory B cell receptor (BCR). Expression of interleukin-
10 (IL-10) by regulatory B (Breg) cells after stimulation with
TLRY was impaired in patients with SSc [11]. The altered
TLR-mediated activation of dendritic cells (DCs) may be re-
sponsible for T helper type 2 (Th2)-skewed T cell activation in
SSc that may be orchestrated by fibrogenic T cell cytokines,
such as IL-4 and IL-13. Targeting DCs could thus offer new
avenues for therapeutic intervention [12].

The aim of this work was to assess TLR9 expression in
CD3-positive T lymphocytes and CD19-positive B lympho-
cytes in SSc patients and to study their relation to the extent of
skin fibrosis, disease characteristics, and severity as well as the
functional status.

@ Springer

Methods
Study subjects

Fifty-five adult female systemic sclerosis patients were re-
cruited from the rheumatology outpatient clinic, Cairo
University Hospitals. All patients fulfilled the American
College of Rheumatology criteria for systemic sclerosis [13]
and grouped as limited (IcSSc) or diffuse cutaneous (dcSSc)
subtypes according to LeRoys et al. classification system [14].
Patients with any other associated rheumatic diseases were
excluded. Thirty age-matched normal females were included
as control. The study conforms to the 1995 Helsinki declara-
tion and was approved by Cairo University Hospitals’ ethical
committee. Informed consent was obtained from all patients.
Thorough history taking and physical examination were per-
formed to all patients. Skin thickness was scored according to
the modified Rodnan skin score (mRss) method [15]. The
severity of involvement of major organs was assessed using
the Medsger severity score (MSS) [16]. Scleroderma health
assessment questionnaire (SHAQ) was measured [17].
Relevant laboratory investigations were performed to patients.
Furthermore, plain X-rays of the hands and wrists, high-
resolution chest computed tomography (HRCT), and forced
vital capacity (FVC) were carried out to all patients.

Flow cytometry for TLR expression in peripheral blood

Samples were split into two tubes, each containing 1 x 10°
cells and incubated with surface monoclonal antibodies
against CD3- and CD19-conjugated phycoerythrin (PE;
BDPharmingen, San Diego, CA, USA), at a concentration of
20 L/1 x 10° cells, in darkness at room temperature for 30 min.
The cells were then fixed and permeabilized using an intracel-
lular TLR staining kit according to the manufacturer’s proto-
col (Imgenex, San Diego, CA, USA). The cells were then
incubated with monoclonal antibodies against TLR9 conju-
gated with fluorescein isothiocyanate (FITC) and their corre-
sponding isotype controls (Invivogen, San Diego, CA, USA),
at a concentration of 4 L/1 x 10° cells, in darkness at room
temperature for 30 min. Cells were then washed in PBS and
assessed using flow cytometry.

Statistical analysis

Statistical Package for Social Science (SPSS) program version
15 was used for analysis of data. Data was summarized as
mean + SD or median and range. Data were tested for normal-
ity by Shapiro-Wilk test. Mann-Whitney U test was used for
comparing and analysis of two quantitative data. Spearman’s
correlation was used for detection of the relation between
TLRY9/CD3 and TLR9/CD19 with the other variables.
Multivariable linear regression tests were used with mRss
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and MSS were the outcome variables and the results
expressed as beta coefficient () and p value. p value was
considered significant if < 0.05.

Results

The present study included 55 SSc female patients with a
mean age of 40.5 £ 9.1 years and disease duration of
6.7 + 3.3 years as well as 30 matched female control of com-
parable age (38.4 + 8.6 years; p = 0.28). The SSc patients were
21 (38.2%) with dcSSc and 34 (61.8%) with 1cSSc. Table 1
shows the demographic features, clinical characteristics, med-
ications received, and scores in both dcSSc and 1¢SSc patients.
All the patients had Raynaud’s phenomenon and were receiv-
ing a median steroid dose of 10 mg/day (5-15 mg/day). ANA
positivity and anti-scl70 were significantly different between
dcSSc and 1¢SSc patients (p < 0.01), Table 2.

Table 1 Demographic features, clinical characteristics, medications
received, and scores in diffuse and limited cutaneous systemic sclerosis
patients

Parameter mean + SD orn (%) dcSSc (n=21) 1cSSc(n=34) p

Age (years) 40.2 + 8.6 40.7 +9.6 0.85
Disease duration (years) 8.8+3.9 54+2.1 0.001
Age at onset (years) 314+73 353+9.03 0.09
Clinical manifestations

Pitting ulcers 18 (85.7) 24 (70.6) 0.27
Telangiectasia 3(14.3) 9 (26.5) 0.04
Calcinosis 3(14.3) 13 (38.2) 0.21
Digital gangrene 9 (42.9) 5(14.7) 0.02
Digital resorption (X-ray) 16 (76.2) 20 (58.8) 0.18
Hand erosions (X-ray) 6 (28.6) 10 (29.4) 0.95
Dysphagia 18 (85.7) 26 (76.5) 0.67
Esophageal dysmotility 13 (61.9) 23 (67.6) 0.17
Pulmonary hypertension 5(23.8) 3 (8.8) 0.56
IPF (HRCT) 18 (85.7) 20 (58.8) 0.02
Arthralgia/arthritis 14 (66.7) 17 (50) 0.23
Medications

Steroids 21 (100) 34 (100) -
Methotrexate 10 (47.6) 8 (23.5) 0.08
Cyclophosphamide 16 (76.2) 20 (58.8) 0.18
Scores

mRss 274 +10.7 20.1 £6.8 0.01
MSS 16.7+4.7 139+2.8 0.02
SHAQ 1.7+ 0.59 1.6 £0.65 0.5

Values in italics are significant at p < 0.05

dcSSc diftuse cutaneous systemic sclerosis, /cSSc limited cutaneous SSc,
IPF interstitial pulmonary fibrosis, HRCT high-resolution computerized
tomography, mRss modified Rodnan skin score, MSS Medsger severity
score, SHAQ scleroderma health assessment questionnaire

Table 2  Laboratory investigations and TLR9/CD3 and TLR9/CD19
expression in diffuse and limited cutaneous systemic sclerosis patients

Parameter mean + SD orn (%) dcSSc (n=21) 1cSSc(n=34) p

ESR (mm/1st hr) 42.1+13.9 364+168  0.18
Hb (g/dl) 109+ 1.6 112+1.4 0.49
WBC (x 10°/mm?®) 7.6+2.6 7.9+2.01 0.58
PLT (x 10*/mm’) 2707+ 112.7 3269+1169 0.08
AST (U/) 27.1+12.9 244+102 042
Cr (mg/dl) 0.72 +0.35 078028 051
ANA positivity 19 (90.5) 21 (61.8) 0.01
Anti-Scl70 8 (38.1) 2(5.9) 0.01
Anti-centromere 0(0) 16 (47.1) -
TLRY CD3 551+169  386+161  0.00]
CD19 273492 22.1+94 0.053

Values in italics are significant at p < 0.05

dcSSc diftuse cutaneous systemic sclerosis, /cSSc limited cutaneous SSc,
ESR erythrocyte sedimentation rate, Hb hemoglobin, WBC white blood
cells, PLT platelets, AST aspartate transaminase, Cr creatinine, ANA anti-
nuclear antibody, Anti-Scl7(0 anti-scleroderma70, TLR9 toll-like receptor-
9, CD cluster of differentiation

There was a significant increase in the expression of TLR9/
CD3 and TLR9/CD19 in the SSc patients (44.9 + 18.1 and
24.1 £+ 9.6) compared to that in the control (1.4 + 0.97 and
1.3 £ 0.94; p < 0.0001 for both, respectively) (Fig. 1). The
TLRO expression difference in the presence and absence of
some clinical manifestations and laboratory manifestations is
shown in Table 3.

Table 4 demonstrates the correlation of TLR9/CD3 and
TLRY9/CD19 with demographic features, laboratory find-
ings, and the studied scores. There was a significant posi-
tive correlation between TLR9/CD3 and TLR9/CD19 ex-
pressions (# = 0.53, p < 0.0001). On regression analysis
including the age, disease duration, laboratory investiga-
tions, and TLR9/CD3 and TLR9/CD19 as independent fac-
tors, only TLR9/CD3 was a significant risk factor of the
mRss and MSS (8 = 0.43, p = 0.009 and 3 = 0.33,
p = 0.015, respectively).

Discussion

Systemic sclerosis is an autoimmune disease in which a
breach of tolerance has occurred and leads to fulminant auto-
immunity, dysregulated cytokines, pro-fibrotic mediators, and
activation of fibroblasts leading to fibrosis via collagen depo-
sition. It has become apparent in recent years that the innate
immune system and specifically TLRs are important in dis-
ease pathogenesis—activate an innate immune response ulti-
mately leading to release of a variety of factors that initiate and
perpetuate fibrosis in SSc [18].

@ Springer
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Progressive organ fibrosis due to prolonged fibroblast ac-
tivation accounts for the intractable nature and high mortality
of SSc [19]. Innate immunity is triggered by microbial and
endogenous (damage-associated) ligands that are recognized
through TLRs expressed on both immune and non-immune
cells. The endosomal pathogen sensor TLR9 recognizes

dcSSc  1cSSc Control
SSc patients

nucleic acids and plays vital roles in antiviral defenses [20].
The expression and functional role of TLR9Y in the context of
fibrosis and SSc were of particular interest [21].

In the present study, there was a significantly increased
expression of the TLR9/CD3 and TLR9/CD19 in the SSc
patients especially the diffuse cutaneous subtype. In

Table 3 Difference in

TLRY/CD3 and TLR9/CD19 Parameter mean + SD Systemic sclerosis patients (n = 55)

expression in the presence and

absence of some clinical TLRY/CD3 p TLRY/CD19 P

manifestations, laboratory

findings, and medications Presence Absence Presence Absence

received in systemic sclerosis

patients Telangiectasia 365+ 184 472+175 0.09 21.4+10.8 249+9.2 0.3
Calcinosis 39.7+19.2 47.1+17.4 0.19 20.9 +10.1 254+92 0.14
Digital gangrene 52.9+18.7 422+17.3 0.07 24.1+£99 24.1+95 0.9
Eso. dysmotility 444 +£178 45.8+19.2 0.8 23.8+9.2 24.7+10.5 0.74
Arthralgia/arthritis 495+17.5 389+174 0.03 26.3+£9.7 212+88 0.05
IPF 46.7£179 40.9 £18.3 0.28 24.9+10.2 223 +8.01 0.33
Resorption (X-ray) 48.9£18.5 372+ 149 0.01 25.03+9.4 224+£99 0.34
Hand erosion (X-ray) 448 +18.8 449 +18.1 0.98 209 +8.9 254 +9.7 0.12
Methotrexate 50.5+18.9 422 +21.3 0.12 279+10.2 222 +88 0.05
Cyclophosphamide 479+182 393 +17.1 0.09 25.5+9.7 21.5+9.1 0.14
ANA positivity 455+ 18.7 432+16.9 0.66 243495 23.7 £10.02 0.86
Anti-Scl70 453+17.6 448 +18.4 0.94 262+95 23.6+9.7 0.96
Anti-centromere 353+ 15.01 489+ 179 0.007 23.6+9.1 243+99 0.81

Values in italics are significant at p <0

.05

TLR?Y toll-like receptor-9, CD cluster of differentiation, Eso. esophageal, /PF interstitial pulmonary fibrosis, ANA
antinuclear antibody, Anti-Scl70 anti-scleroderma70
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Table4 Correlation of TLR9/CD3 and TLR9/CD19 with demographic
features, laboratory findings, and scores in systemic sclerosis patients

Parameter 7 (p) SSc patients (n = 55)

TLRY/CD3 TLRY9/CD19
Age (years) 0.04 (0.72) —0.02 (0.88)
Age at onset (years) —0.28 (0.04) —0.26 (0.06)
Disease duration (years) 0.15(0.29) —0.04 (0.76)
ESR (mm/1st hr) 0.21 (0.13) 0.26 (0.05)
Hb (g/dl) —0.01(0.93) —0.04 (0.8)
WBC ( x10*/mm?) —0.03 (0.81) -0.18 (0.2)
Pl ( x10*/mm>) - 0.13 (0.36) —0.1(0.45)
AST (U/l) —0.06 (0.64) —-0.08 (0.59)
Cr (mg/dl) —0.19 (0.17) -0.12(0.39)
mRss 0.37 (0.006) 0.21 (0.13)
MSS 0.31 (0.02) 0.22 (0.11)
SHAQ 0.19 (0.17) 0.25(0.07)

Values in italics are significant at p < 0.05

TLR?Y toll-like receptor-9, CD cluster of differentiation, ESR erythrocyte
sedimentation rate, /b hemoglobin, WBC white blood cells, P/ platelets,
AST aspartate transaminase, Cr creatinine, ANA antinuclear antibody,
mRss modified Rodnan skin score, MSS Medsger severity score, SHAQ
scleroderma health assessment questionnaire

agreement, SSc patients showed upregulation of TLR9 in skin
biopsies and myofibroblasts were found to be the major cel-
lular source for it [10]. TLR9, which can be stimulated by
nucleosome expression, was upregulated in the affected T
cells, B cell IgG production, and proliferation of lymphocytes
in SSc [22] and overexpression of CD19 has been reported
[11]. An increased TLR response was observed in SSc pa-
tients with more inflammatory cytokine secretion [23].

In the current study, the TLR9/CD3 significantly correlated
with clinical determinant of skin fibrosis (mRss). In SSc,
TLR9 was reported to elicit fibrotic responses mediated via
endogenous TGF-[3; the damage-associated TLR9 ligands in
the skin trigger localized activation of TLRY signaling,
TGF-f3 production, and consequent fibroblast activation
[10]. TLRs in SSc are now considered as emerging therapeutic
targets [18]. Disrupting the fibrotic process with inhibitors
targeting TLR9 might therefore represent a novel approach
to SSc therapy [10]. TLRs have been shown to play a key role
in SSc and may represent the link between immune activation,
common in SSc¢, and tissue fibrosis [24].

TLR9/CD3 further significantly correlated with the
Medsger severity score. It is also noteworthy that the se-
verity was significantly increased in deSSc compared to
that of 1cSSc patients. Among patients with dcSSc, the
proportion of TLR9-positive myofibroblasts was signifi-
cantly greater in those with late-stage disease compared
with those with early-stage disease [10]. Damaged cells

trigger inflammation through activation of TLRs and
TLR9 may play a role in the development of liver fibrosis
and hepatocellular carcinoma [25]. Mice lacking TLR9
showed attenuation of fibrosis in the liver [26]. TLR9-
dependent activation of myofibroblasts might contribute
to the progression of skin fibrosis in patients with SSc
and in mice with experimentally induced scleroderma [10].

In the present study, TLR9/CD3 expression was signif-
icantly increased in SSc patients with arthralgia/arthritis
and digital resorption compared to those without. Serum
nucleosome levels, which were able to stimulate TLRO9
expression, were higher in SSc patients with joint affec-
tions compared with those without; however, it was non-
significant [23]. Further data on the activation of B cells in
rheumatoid arthritis (RA) being produced by co-activation
of the antigen receptor and TLR9 and through TLR9 auto-
antibody production may sustain the inflammatory re-
sponse [27]. Many studies showed that TLR9 were
overexpressed not only in peripheral blood but also in hu-
man synovial tissue of RA patients [28]. TLR9, but not
TLR3 or TLR10, gene polymorphism was linked to the
susceptibility of RA but not the autoantibodies in Turkish
population [29]. Active RA patients show an increased
expression of TLR9 on monocyte subsets and display
higher production of inflammatory cytokines [30]. TLR
stimulation of dendritic cells resulted in higher secretion
of IL-6 and tumor necrosis factor-o (TNF-x) in early
dcSSc and 1cSSc patients [12].

Importantly, patients receiving MTX and CYC tended to
have an increased TLR9/CD3 and TLR9/CD19 expression
compared to those not receiving. SSc patients with higher
disease severity and more organ involvement such as arthritis
or IPF are managed with immunosuppressive medications and
that may be cause of high TLRY expression in these patients.
TLRY antagonist reduced dermal and lung fibrosis in SSc
model mice [22]. There is an increasing interest in ligands of
nucleic acid-sensing TLR, especially TLR9, for pharmacolog-
ical intervention in various diseases. Antimalarial drugs have
been reported to act as TLR7/9 antagonists [31]. TLR-
mediated signaling provides numerous potential therapeutic
targets for development of therapies for the treatment of
multi-systemic autoimmune diseases [32].

The present study has several strengths. To our knowl-
edge, the present study is the first one to reveal the corre-
lation of serum expression of TLR9 with several clinical
and laboratory features of fibrosis and severity in SSc pa-
tients. This study opens window for prospective research to
address the expression of TLR9 on different CD4(+) and
CDS8(+) T cell sub-populations (naive, central memory, ef-
fector memory, and terminally differentiated effector mem-
ory). Nevertheless, this study has some limitations. First,
the study population was all female SSc, which may limit
the generalizability of the results. Second, most of patients
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had long disease duration and the expression of TLRY in
the early stage of the disease needs to be addressed. Third,
prospective data to evaluate the role of TLRY as carly
marker for fibrosis progression were not available.

In summary, TLRY, especially TLR9/CD3, is highly
expressed in SSc patients particularly those with deSSc sub-
type and could form a potential marker for skin fibrosis and
disease severity. Disrupting the fibrotic process, especially in
dcSSc patients, with inhibitors targeting TLRY or its down-
stream signaling pathways might represent a novel therapeutic
approach.

Compliance with ethical standards The study conforms to the 1995
Helsinki declaration and was approved by Cairo University Hospitals’
ethical committee. Informed consent was obtained from all patients.

Disclosures None.
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