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ABSTRACT

Background: Rheumatoid arthritis (RA) is described as a systemic and chronic
autoimmune disease characterized by inflammatory polyarthritis. Lymphocyte-
activation gene 3 (LAG3) is a membrane glycoprotein expressed on activated,
exhausted, and regulatory T cells. LAG3 plays a major role in the function of Treg cells.
LAG3 also has a soluble form (sLAG3) with a controversial role. Objective: To
evaluate the serum level of SLAG3 in rheumatoid arthritis patients in comparison with
healthy subjects and assess its association with the disease activity. Methods: This
cross-sectional study was performed on 105 patients with RA referred to Ghaem
hospital of Mashhad, Iran. We divided the participants into four groups: 1) 35 untreated
patients with newly diagnosed RA, 2) 35 active RA patients, 3) 35 patients in the
remission phase of the disease, and 4) 35 healthy individuals matched in terms of age
and sex. After completing the interview and questionnaire, the SLAG3 was evaluated by
commercial ELISA. Results: The serum level of sSLAG3 significantly increased in RA
patients (76.78 ng/ml) as compared with the healthy participants (51.67, p=0.002).
However, there was no significant difference between RA patients in the remission
phase of the disease (114.11 ng/ml) and those with moderate to high disease activity
(63.06 ng/ml, p=0.076). Conclusion: This study provided insights into the role of
sLAG3 in the immunopathogenesis of RA disease, but further investigations are also
warranted.
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INTRODUCTION

As a chronic and systemic autoimmune disease, rheumatoid arthritis (RA) is defined
by inflammatory polyarthritis, particularly inflammations in small joints (1,2). The
prevalence of RA accounts for 0.5-1% of populations; (3) however, its etiology is not
completely clear. RA results from a complex interaction between gene and
environment. Furthermore, innate and adaptive immune system cells are recruited and
accumulated along with the formation of villous projections of synovial tissue that can
attack the cartilage and bone (4,5). Innate immune responses such as complement
activation causes the initiation of inflammation in the synovia. Humoral adaptive
immunity is an important player in the chronic inflammatory response; it generates
anti-cyclic citrullinated peptide (anti-CCP) and rheumatoid factor (RF) and antibodies.
The pathogenesis of RA is based on autoreactive T cells and abnormal thymic
selection of T cell. Regulatory T cells (Tregs) are a group of T lymphocytes that
inhibit the immune system. Tregs are directly released from the thymus, which
contains 5-10% of a CD4 cell (6). They are important for the prevention of
autoimmune diseases and the suppression of inflammation via the secretion of IL-10
and TGF-B and cell-to-cell contact mechanisms (7). Treg cells play an important role
in the pathogenesis of RA and other autoimmune diseases, such as lupus erythematous
(8). An imbalance between Tregs and pathogenic cells was observed in patients with
RA (9). Research findings vary as to whether the number of circulating Tregs in
patients with RA is greater than in healthy controls. However, the number of Tregs in
the synovial fluid of RA patients was higher than in blood, despite high number of T
regs in serum of RA patients, the suppresive function of these cells on immune
activation, is impaired (10,11). Lymphocyte activation gene 3 (LAG3) protein is a
candidate phenotypic surface marker for IL-10-producing Tregs (12-14). Nakachi et
al. revealed that human LAG3" Tregs were more potent supressors of B-cell antibody
production compared with CD25" Tregs in RA patients (12). Previous studies showed
that LAG3 was required for the inhibitory mechanism of the Tregs. However, there is
also a possibility that LAG3 can disrupt the function of Tregs. Zhang Q showed that
mice lacking LAG3 T cells were less likely to develop autoimmune diabetes (15). The
sLAG3 was produced from proteolytic cleavage of LAG3 by metalloproteinases; (16)
also Yu Seri showed that in patients with systemic lupus erythematosus soluble
LAG3, it was released from dendritic cells and increased in SLE patients (17).
Pedersen J showed that soluble LAG3 increased in early RA patients with no
correlation with disease activity (18). Therefore, the role of LAG3 in autoimmune
disease is not completely obvious. The objective of this study was to compare the
serum level of SLAG3 in RA and healthy participants and to assess its correlation with
the disease activity of RA according to DAS28-ESR disease activity score.

MATERIALS AND METHODS

Patients. This cross-sectional study was conducted on 105 RA patients according to
the American College of Rheumatology and European League Against Rheumatism
2010 (ACR/EULAR 2010). The appendix shows the criteria for the diagnosis of RA
and DAS28 criteria. All RA patients who participated in this study were treated with
prednisolone from 2.5 mg to 10 mg daily. Patients were divided into five groups based
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on medication regimen: 1) only prednisolone, 2) prednisolone with sulfasalazine, 3)
prednisolone with methotrexate, 4) triple therapy (prednisolone + sulfasalazine or
hydroxycholoroquine + methotrexate), and 5) prednisolone + methotrexate and
biologic agents including antiTNF alpha. We compared the serum level of SLAG3
between different drug groups. The participants were patients referring to the
Rheumatology Disease Research Center (RDRC) of Ghaem Hospital, Mashhad
University of Medical Sciences, Mashhad, Iran, from November 2016 to December
2017. Healthy controls comprised 35 people referring to the Rheumatology Clinic of
Ghaem Hospital during the research period. They complained about the nonspecific
musculoskeletal symptoms without the diagnoses of RA or other rheumatologic
disease. The patients were divided into three groups:1) untreated patients with newly
diagnosed RA (35 patients), 2) 35 active RA patients, and 3) 35 patients in remission
phase. Disease activity was specified based on the DAS28 ESR criteria in the
Appendix. Patients with active disease had DAS28 ESR>3.2 and those in the
remission phase had DAS28 ESR<2.6. The Disease Activity Score 28-joint count
(DAS28) scores were numerated using erythrocyte sedimentation rate (ESR). The
recommendations of American College of Rheumatology (ACR) on the use of
DAS28-CRP or DAS28-ESR were considered to determine the disease activity of RA.
Of note, the study participants were matched for age and sex. The exclusion criteria
were heart failure, renal or hepatic failure, malignancies, pregnancy, overlap
syndromes, and collagen vascular diseases (systemic lupus erythematosus, primary
Sjogren's syndrome, systemic scleroderma, and inflammatory myopathy) alcohol
usage, infections, and other autoimmune diseases. All the patients and healthy
controls underwent physical examination by a rheumatologist. After the participants
completed the questionnaire and signed the consent form, 10 cc blood sample was
taken. Afterwards, the serum samples were separated through centrifugation,
transferred to the refrigerator, and kept at a temperature of -20°C (it took eight months
to collect all samples).

ELISA. Sandwich enzyme-linked immunosorbent assay was used to detect the
concentration of SLAG3 for each sample. The following kit was used to test soluble
LAG3 kit (ZellBio GmbH, Germany, Cat No: ZB-15103C-H9648) with a normal
range of 20-640 ng/ml. Each patient sample was checked two times by ELISA.
Finally, the serum sLAG3 level of the healthy subjects was compared with the RA
patients. Moreover, the cases with RA were compared in terms of disease activity and
treatment type.

Ethical Considerations. The research method was authorized by the Ethics
Committee of Mashhad University of Medical Sciences, Mashhad, Iran
(IRMUMS.fm.REC.1396.149). Informed consent form was obtained from all study
participants, and they were assured that their data would remain private. They were
allowed to withdraw from the study at any time.

Statistical Analysis. The descriptive data were analyzed using SPSS software
(version 16). To evaluate the normality of data, the Kolmogorov-Smirnov test was
utilized. The qualitative variables were analyzed using the Chi-square tests and
quantitative variables by t-test. Data were expressed as mean + SD. p-values<0.05
were considered as statistically significant.
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RESULTS

The mean age of the participants was 49.86 £ 11.08 years. About 10.71% (n=15) and
89.29% (n=125) of the patients were male and female, respectively. Table 1 shows the
frequency of demographic information in the four groups. No remarkable difference
was observed in the sex distribution among the four groups (p=0.87). The age
distribution was not different among groups (p=0.17).

Table 1. Frequency of demographic information in four groups.

Controls RA remission Newly RA Active RA p-value
Variable (n=35) (n=35) (n=35) (n=35)

Mean Star.lda'\rd Mean Star'ldz.lrd Mean Star}dgrd Mean Star}da}rd

deviation deviation deviation deviation
Age 51.31 10.54  48.11 11.76  48.94 13.31 51.88 1.01 0.17
Age 51.31 10.54 49.31+12.1 0.584

% % % %
Male 11.43 (n=4) 11.43 (n=4) 8.57 (n=3) 11.43 (n=4)

Gender o ale 88,57 (n=31) 88.57 (n=31) 91.43 (n=32) 88.57 (n=31) 0.87

There was no significant different between RA (49.31 + 12.1) and the controls (51.31 +
10.54) in terms of age (p=0.584). The disease duration in the active RA group was less
than one year in 8.7%, between 1-5 years in 31.4%, and more than 5 years in 60%.
Moreover, in patients in the remission phase of the disease, this duration was less than 1
year in 20%, 1-5 years in 34.28%, and more than 5 years in 45.71%. There was no
significant difference between the active (35 patients) and remission groups (35
patients) in terms of disease duration. Six cases (5.71%) with RA had extra-articular
organ involvement, of which five patients (83.34%) were in the active RA group.
Furthermore, among subjects with extra-articular organ involvement, four participants
suffered from interstitial lung disease, one had scleritis, and one patient had co-existing
lung and eye in the form of scleromalacia. The serum concentration of sLAG3
significantly increased in RA patients (76.78 + 32.12 ng/ml) compared with the healthy
controls (51.67 = 28.5 ng/ml) (p=0.002). The assessment of the four groups in terms of
sLAG3 demonstrated that the mean of sSLAG3 concentration was 51.67 ng/ml + 28.5 in
the control group, 114 ng/ml + 39.2 in RA patients in remission phase, 54 ng/ml + 15.17
in those newly diagnosed with RA, and 63 ng/ml + 35.7 in active RA patients (Table 2).

Table 2. Comparison of sLAG3 values by groups by t test.

. Active RA New Case RA  Remission RA Healthy
Variable (n=35) (n=35) (n=35) Control p-value
(n=35)
sLAG3 63 +35.7 54 +15.17 114 +39.2 524285 0.001<

The serum concentration of sSLAG3 among the newly diagnosed RA patients was
significantly lower than active RA patients (p=0.03), as well as in RA new cases lower
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than patients in remission phase of RA (p<0.001), (Table 3). However, no significant
difference was found between the newly diagnosed RA and the healthy controls
(p=0.97), active RA patients and healthy individuals (p=0.18), and active RA patients
and remission groups (p=0.076). Table 4 shows the serum concentration of sLAG3
based on DAS28 ESR. American College of Rheumatology (ACR) has approved a list
of disease activity scales that have been demonstrated its relation with outcome. One of
the most common disease activity scales is DAS 28 ESR.

Table 3. Intra-group comparison of sLAG3 values in groups by Dent 3 test.

Group Compared with p-value
Active RA 0.035
New RA Healthy Control 0.975
Remission RA <0.001
Remission RA 0.076
Active RA Healthy control 0.18
Remission RA Healthy control 0.005

Based on DAS28 ESR, RA patients were divided into four groups: <2.6 means
remission (47 patients), 2.6-3.2 show a low disease activity (1 patient), > 3.2 and <5.1
refer to a moderate disease activity (32 patients), and >5.1 indicate a high disease
activity (25 patients).

Table 4. Serum concentration of soluble LAG 3 based on DAS 28 ESR scale.
Kruskal-Wallis followed by Dunn's multiple comparisons test was used for analysis.

Variable Median Range p-value
Minimum Maximum
*5.1< 52 43.5 61.5
Disease Activity 5.1-3.2 67.5 54.3 88 0,001
Score 28 3.2-2.6 65 65 ’
*<2.6 89 58 139.5

* Difference is between these groups. Results are express as median (range).

Further analysis showed that patients in remission phase (DAS 28 ESR<2.6) had a
higher level of sLAG3 compared to those with high disease activity scores (DAS 28
ESR. >5.1) (p<0.001). Further analysis indicated a modest correlation coefficient
between DAS28-ESR and sLAG3 (r=-0.43). Analysis of sLAG3 concentration in
different drug regimens showed that there was no significant difference between
patients under different drug regimens (p=0.33). Based on the disease duration, RA
patients were divided into three groups, including <1 year, 1-5 years, and >5 years. The
obtained results of K2 test revealed no significant difference between the active RA and
remission RA regarding the disease duration (p>0.05). There was no significant
difference between sSLAG3 serum level and age and sex parameters. A t-test was used to
examine the relationship between the sex and serum level of sLAG3 (p=0.17). A
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correlation test was used to examine the relationship between age and serum level of
sLAG3 with r=0.16 and p=0.06. Therefore, age, sex, drug use, and disease duration, as
confounding factors, did not affect the serum sLAG3 level.

DISCUSSION

Rheumatoid arthritis (RA) is one of the most prevalent chronic diseases with an
immune-based process characterized by the uncontrolled inflammatory responses
due to the breakdown of self-tolerance (19). Unabated inflammatory responses
mediated by several inflammatory immune cells are among the major causes of RA
(20). Previous studies have noted the importance of SLAG3 in the pathogenesis of
several diseases (17,21,22). This study sought to determine the serum concentration
sLAG3 in RA patients. We found that the serum level of SLAG3 in patients with RA
was significantly higher than that of the healthy controls. Moreover, the serum level
of sSLAG3 was different among the newly diagnosed subjects, patients with active
RA, and patients in the remission phase. However, there was no significant
difference in the serum level of SLAG3 in RA patients in remission phase patients
compared to those with moderate to severe disease activity. As a membrane form,
LAG3 was expressed on the surface of activated T CD4 and T CD8 cells, Treg cells,
and B lymphocytes. Membrane LAG3 has negative regulatory roles in the
proliferation, activation, and function of CD4+ and CD8+ T cells. Interestingly,
expression of LAG3 on cell surface is regulated by two important metalloproteases,
namelyADAM10 and ADAMI17 (16,23,24). These metalloproteases cleave the
membrane form of LAG3 at the site of the connecting peptide in the extracellular
portion, resulting in the formation of its monomeric soluble form (25). Previous
research has demonstrated that SLAG-3 has immune adjuvant activity. Moreover,
growing evidence indicates that SLAG3 can be considered as a marker of THI1
differentiation and activation (26). sSLAG3 can also compete with the membrane
LAG3 on the surface of Treg cells and limit the negative regulatory functions of
LAG3 (16). In a study conducted by Yu et al., it was shown that serum
concentration of sSLAG3 significantly increased in patients with SLE compared to
the healthy controls (17). sLAG3 exerts immune adjuvant activity and induces the
activation and maturation of dendritic cells (DCs), leading to the priming of auto-
reactive T cells, especially TH1 cells, and promoting inflammatory responses in SLE
(17). These results support our findings and indicate that SLAG3 can be considered
as a specific, novel marker for autoimmune diseases such as RA and SLE. Several
research reports have recently demonstrated the potential roles of sSLAG3 in the
pathogenesis and development of autoimmune diseases. In this regard, Zhang Q et
al. revealed that sLAG3 limited the proliferation and function of Treg cells in
autoimmune diabetes. By producing several anti-inflammatory cytokines such as IL-
10, Treg cells play key roles in controlling the inflammatory responses (27).
Therefore, by inhibiting the proliferation and function of these suppressor cells,
sLAG3 can induce autoimmunity (15). In a study conducted by Pedersen J et al.
increased levels of SLAG3 were observed in early RA patients (18). In this regard,
our results confirmed the findings of a previous study. We found higher
concentrations of SLAG3 in RA patients compared to healthy controls. This can be
explained in part by the fact that the majority of TH1 cells release sLAG3, which is
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positively associated with the production of IFN-y (21). THI cells are mainly
responsible for Type 4 hypersensitivity through producing several pro-inflammatory
cytokines such as TNF and IFN-y, which are widely associated with multiple
inflammatory and autoimmune diseases like RA (28-31). In accordance with the
results of Pedersen J, in which no correlation was found between the plasma levels
of sSLAG3 and disease activity, the serum levels of sLAG3 were not higher in
patients with high to moderate disease activity than patients with remission phase in
our study. It seems that SLAG3 plays a crucial role in the pathogenesis of RA;
however, the association of serum sLAG3 with disease activity is yet to be clarified.
The low number of participants and the brief period of follow-up were the main
constraints of this study. Accordingly, our results cannot be generalized to other
people. More studies with larger sample sizes must be carried out to obtain more
accurate results. Moreover, it is recommended that more research be done with
longer follow-up periods to evaluate the potential roles of SLAG3 in the
pathogenesis of RA. Furthermore, more studies need to be performed on the effect
of drugs in the serum concentration of SLAG3 in RA patients. In conclusion, our
results showed that the serum concentration of sSLAG3 significantly increased in RA
patients as compared to the healthy participants. These findings contribute to the
research into the probable roles of sLAG3 in the immunopathogenesis of RA
disease. Based on our findings, sSLAG3 can be considered as a specific, novel marker
for autoimmune diseases such as RA.
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