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Conflicting results have been reported regarding differing studies on the association be-
tween T-cell immunoglobulin and mucin domain 3 polymorphisms and autoimmune disease.
The purpose of the present study was to evaluate the association of TIM-3 rs1036199 (4259
G/T) polymorphism with autoimmune disease susceptibility. A meta-analysis was performed
to obtain a more precise evaluation of the association. Ten eligible studies were retrieved by
searching PubMed, Embase and Web of Science databases, and statistical analyses were
performed using STATA software. The pooled results indicated that TIM-3 rs1036199 poly-
morphism was significantly associated with an increased risk of overall autoimmune disease
in allele comparison (G versus T: OR = 1.59, 95%CI: 1.17-2.17) and heterozygous compar-
ison (GT versus TT: OR = 1.68, 95%Cl: 1.37-2.06). Subgroup analyses based on disease
type demonstrated that TIM-3 rs1036199 polymorphism was associated with an increased
risk of rheumatic arthritis (G versus T: OR = 1.88, 95%ClI: 1.45-2.44; GT versus TT: OR =
2.02, 95%ClI: 1.53-2.65), especially in Asian populations.

Introduction

Autoimmune diseases (ADs) are a major health issue worldwide, affecting nearly 10% of the population
[1]. Human ADs are often complex diseases caused by the interplay of genetic and environmental factors
[2]. It has been widely reported that several different ADs share a significant genetic background [3-5].
A growing body of evidences suggests that T-cell immunoglobulin and mucin domain (TIM) proteins
participate in both the regulation of helper T-cell immune response and in ADs [6-12].

TIM-3 is a negative regulator of immune responses and can be expressed on activated Th1 cells, CD8*
T cells and at a low level on Th17 cells [13-15]. These cells produce decreased amounts of cytokines or are
less proliferative when TIM-3 is activated by galectin-9 [16,17]. Blockade of the TIM-3 signaling pathway
restores proliferation and enhances cytokine production in vaccine-induced CD8" T cells [18]. TIM-3
also induces peripheral tolerance through interacting with galectin-9, revealing an inhibitory action on
T-cell responses [19,20].

Several studies have demonstrated that TIM-3 polymorphism could be associated with ADs, such as
multiple sclerosis (MS), Graves’ disease (GD), Hashimoto’s disease (HD), autoimmune thyroid diseases
(AITDs), ankylosing spondylitis (AS), idiopathic thrombocytopenic purpura (ITP), systemic lupus ery-
thematosus (SLE) and rheumatoid arthritis (RA) [21-32]. Results, however, have been inconsistent, pos-
sibly due to the low statistical relevance of the individual studies. We, therefore, present a meta-analysis
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Materials and methods

Literature search strategy

For the meta-analysis, PubMed, Web of Science and Embase databases were searched without language limitations.
The final search was performed on July 7, 2018, using search terms: ‘T cell immunoglobulin and mucin domain 3
OR TIM-3 OR 4259 G/T OR rs1036199, ‘autoimmune diseases OR autoimmunity’ and ‘polymorphism OR variant’
In order to identify additional eligible studies, references from all relevant articles were also included.

Inclusion criteria

Selection criteria were independently assessed by two researchers, based on several factors. First, assessment of the
association between TIM-3 rs1036199 and ADs; second, only case-control studies were included, and finally that
sufficient genotype data were available for odds ratio and confidence interval calculations. Agreement was reached
via discussion in the case of any conflicts.

Data extraction

Data were extracted from the eligible studies by two independent researchers. The following data types were extracted:
the first author, publication year, country, ethnicity, disease type, genotyping method, source of control, total number
of cases and controls, Hardy—Weinberg equilibrium and amount of cases and controls for every genotype. Any dispute
was resolved by discussion.

Statistical analysis

The Chi-squared test was used to examine the Hardy—Weinberg equilibrium within the control group, with P<0.05
considered as a statistically significant disequilibrium. Odds ratio (OR) and 95% confidence interval (CI) were cal-
culated to assess the association between TIM-3 rs1036199 polymorphism and ADs. Pooled OR results were derived
from the combination of each study through comparison in allelic (G versus T) and heterozygote (GT versus TT)
models. A Z-test was used to determine pooled OR results, and a P value <0.05 was considered significant. Hetero-
geneity was assessed using a standard Q-statistic test and an I* test was used to quantify inconsistency. If the P-value
of the Q-test was less than 0.1, or an I value >50%, ORs were pooled according to the random-effective model.
Otherwise, the fixed-effective model was employed. Sensitivity analyses were conducted toward every genetic model
to assess the influence of each individual study on combined ORs by sequentially deleting each study. Additionally,
subgroup analysis was stratified by disease, ethnicity and source of control. Publication bias was evaluated by Egger’s
test and Begg’s funnel plots. All statistical analyses were performed using STATA software, version 14.0 (StataCorp,
College Station, TX).

Results

Literature review and description of included studies

The study selection process is illustrated in Figure 1. In total, 246 relevant studies with the TIM-3 rs1036199 polymor-
phism and AD were identified through PubMed, Embase and Web of Science. Initially, 38 publications were excluded
due to duplication. Next, 191 studies were removed after screening the titles and abstracts. Subsequently, 17 articles
were evaluated by reading the full-text and 8 articles were removed because of incomplete or irrelevant data focusing
on other TIM-3 polymorphisms [21,25,27,31-35]. Finally, 9 publications meeting the inclusion criteria were selected
[22-24,26,28-30,36,37]. In addition, one article included two case—control studies featuring different populations
[24,30], so in total, 10 eligible studies, amounting to 2166 ADs and 2034 controls, were enrolled. These investigations
presented data on several different autoimmune disease types, such as MS, GD, AITDs, AS, RA and ITP. Among the
10 studies, 9 were conducted in Asian populations and 1 in an African population. The genetic distributions of the
control groups in all investigations were consistent with the Hardy—Weinberg equilibrium. The characteristics of the
selected investigations are summarized in Table 1.

Quantitative data synthesis

The results are displayed in Table 2. In the overall analysis, TIM-3 rs1036199 polymorphism was associated with an
increased risk of ADs in allelic (G versus T: OR = 1.59, 95%CI: 1.17-2.17, Figure 2A) and heterozygous models (GT
versus TT: OR = 1.68, 95%CI: 1.37-2.06, Figure 3A). As shown in Table 2, no significant heterogeneity was found
in the heterozygous model (P=0.142, I* = 33.3%), but slight heterogeneity was found in allele model (P=0.030, I*
= 51.3%). Subsequently, subgroup analysis was conducted by ethnicity, source of control and disease type. When
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Figure 1. Process of study selection in this meta-analysis

subgroup analysis was performed based on ethnicity, significant correlation was detected between rs1036199 poly-
morphism and increased risk of ADs in Asian populations (G versus T: OR = 1.76, 95%CI: 1.43-2.18; GT versus
TT: OR = 1.82, 95%CI: 1.46-2.28, Figures 2B and 3B), but not in African populations. When results were stratified
by source of controls, increased risk of AD was detected in both population-based studies (G versus T: OR = 1.93,
95%CI: 1.08-3.45; GT versus TT: OR = 2.10, 95%CI: 1.28-3.43, Figures 2C and 3C) and in hospital-based studies (G
versus T: OR = 1.45, 95%CI: 1.07-1.97; GT versus TT: OR = 1.41, 95%CI: 1.02-1.94, Figures 2C and 3C). Moreover,
significant associations were reached in the subgroup of rheumatoid arthritis using the two genetic models (G versus
T: OR = 1.88, 95%CI: 1.45-2.44; GT versus TT: OR = 2.02, 95%CI: 1.53-2.65, Figures 2D and 3D).

Sensitivity analysis

Sensitivity analysis was conducted to investigate the individual study’s effect on the pooled ORs. After every individual
study was sequentially excluded from the pooled analysis, the results indicated that there was no remarkable change
of data for the two models (Figure 4A,B). This provided evidence of the consistency of the results.
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Figure 2. Forest plot of OR with 95% CI for TIM-3 rs1036199 polymorphism and AD risk in allele model (G vs T)
(A) Overall results; (B) stratified analysis by ethnicity; (C) subgroup analysis by design of study; (D) stratified analysis by AD types.
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Figure 3. Forest plot of OR with 95% CI for TIM-3 rs1036199 polymorphism and AD risk in heterozygote model (GT vs TT)
(A) Overall results; (B) stratified analysis by ethnicity; (C) subgroup analysis by design of study; (D) stratified analysis by AD types.

License 4.0 (CC BY).

(© 2018 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution



Bioscience Reports (2018) 38 BSR20181235 °
https://doi.org/10.1042/BSR20181235 '. (] BROE%ELAND
°

Table 1 Characteristics of the included studies

Source
of
Study Year Country Ethnicity Diseases Genotyping controls Case Control HWE
TT TG GG TT TG GG
Pouladian [35] 2017 Iran Asian MS RFLP HB 102 34 4 116 21 1 0.963
Inoue [22] 2017 Japan Asian AlTDs RFLP HB 273 14 0 66 4 0 0.806
Wang [27] 2014 China Asian AS RFLP HB 262 20 0 279 19 0 0.570
Liang [24] 2012 China Asian GD PCR-SSP PB 172 10 0 147 3 0 0.902
Xu [28] 2011 China(Hui)  Asian RA PCR-SSP PB 198 28 0 224 7 0 0.815
Xu [28] 2011 China Asian RA PCR-SSP PB 90 13 0 103 0 0.806
Song [26] 2011 China Asian RA TagMan HB 335 31 0 365 24 0 0.530
Radwan [34] 2011 Egypt African ITP RFLP PB 62 35 0 131 68 9 0.963
Du [21] 2009 China Asian ITP RFLP HB 178 9 0 120 3 0 0.891
Chas [20] 2004 Korea Asian RA SBE PB 203 93 0 256 63 0 0.050

Abbreviations: AITD, autoimmune thyroid disease; AS, ankylosing spondylitis; GD, Graves’ disease; HB, hospital-based; HWE, Hardy-Weinberg equilibrium
of controls; ITP, idiopathic thrombocytopenic purpura; PB, population-based; PCR-SSP, polymerase chain reaction with sequence specific primers; RA,
rheumatoid arthritis; RFLP, restriction fragment length polymorphism.

Table 2 Summary of OR and 95% CI values for TIM-3 rs1036199 polymorphism and AD risk

GvsT GTvsTT
Variables N OR (95%Cl) P/ (%) OR (95%Cl) P/ (%)
Total 10 1.59 (1.17-2.17) 0.030/51.3 1.68 (1.37-2.06) 0.142/33.3
Ethnicity
Asian 9 1.76 (1.43-2.18) 0.257/21.0 1.82 (1.46-2.28) 0.237/23.1
African 1 - - - -
Source of control
HB 5 1.45 (1.07-1.97) 0.577/0.0 1.41 (1.02-1.94) 0.685/0.0
PB 5 1.93 (1.08-3.45) 0.004/74.2 2.10 (1.28-3.43) 0.046/58.7
Disease type
RA 4 1.88 (1.45-2.44) 0.120/48.6 2.02 (1.53-2.65) 0.123/48.1
Others 6 1.23 (0.94-1.61) 0.147/38.8 1.35 (1.00-1.83) 0.511/0.0

Abbreviations: HB, hospital-based; N, number of studies; P, P value of Q-test for heterogeneity; PB, population-based.
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Figure 4. Sensitivity analysis of association between TIM-3 rs1036199 polymorphism and AD risk. (A) allele model; (B)
heterozygote model.

Publication bias
Begg’s funnel plots were performed to assess any possible publication bias, and no obvious asymmetry evidence was
found according to the shape of the funnel plots (Figure 5A,B). Subsequently, Egger’s linear regression was utilized
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Figure 5. Begg’s funnel plot evaluating evidence of publication bias from the eligible studies. (A) allele model; (B) heterozy-
gote model.

to quantitatively estimate the publication bias, the P-value of Egger’s test indicated a lack of publication bias for
rs1036199 polymorphism (P=0.374 for the allelic genetic model; P=0.510 for the heterozygous genetic model).

Discussion

TIM-3 gene is located on chromosome 5q33.2 and is mainly expressed in Th1 cells [38]. The TIM-3-galectin-9 sig-
naling pathway induces cell death and ends the Th1 response at tissue sites [39]. Given that TIM-3 can reduce the
antigen-specific T-cell responses, we speculate that TIM-3 polymorphism conferred individual risk for ADs by in-
creasing TIM-3 expression and/or enhancing TIM-3 activity.

The 4259 G/T polymorphism is located within exon 3 of TIM-3. A switch from T to G leads to the amino-acid
substitution of arginine by leucine [40]. The effects of amino acid substitution at this site remain unclear. Perhaps
the amino acid substitution arising from the SNP leads to the alteration of TIM-3 structure and thus influences the
immune function of the cell. The variation may also affect the susceptibility to ADs. Most SNPs are associated with
more than one autoimmune disease, indicating shared immunological pathways that are disrupted when immune tol-
erance is broken [3]. However, relatively few studies were conducted on the association between autoimmune diseases
and other TIM-3 SNPs. For example, only two publications investigate the relationship between TIM-3 -1541C>T
polymorphism and autoimmune diseases [27,30].

To the best of our knowledge, no previous meta-analysis has comprehensively investigated the association between
rs1036199 polymorphism and AD risk. Our analysis revealed that TIM-3 rs1036199 polymorphism was significantly
associated with an increased overall risk of AD. The AD risk was markedly more pronounced in Asian populations
using allelic and heterozygous genetic models. Subgroup analyses based on disease type further revealed that TIM-3
rs1036199 polymorphism was only associated with an increased risk of rheumatoid arthritis and might have no effect
on GD or ITP.

There are, however, some limitations to the meta-analysis. First, for several ADs, the sample of studies is small,
which may lead to insufficient power to detect a slight association. Second, most of the investigations analyzed were
conducted on Asian populations, so further investigation into other ethnic populations is required. In addition, more
eligible investigations on different kinds of autoimmune disease are recommended.

In conclusion, our analysis indicates that TIM-3 rs1036199 polymorphism increases the susceptibility to AD in
the overall population and in Asian populations. In particular, it shows that the TIM-3 rs1036199 polymorphism is
associated with an increased genetic susceptibility to rheumatoid arthritis.

Author Contribution
R.L. conceived and designed the study. X.W. and X.C. were responsible for the data extraction, and S.W. and H.Z. were responsi-
ble for the quality assessment. X.W. and S.W. wrote the manuscript, and R.L. revised the manuscript.

Competing Interests
The authors declare that there are no competing interests associated with the manuscript.

8 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons

Attribution License 4.0 (CC BY).



Bioscience Reports (2018) 38 BSR20181235
https://doi.org/10.1042/BSR20181235

Funding

The authors declare that there are no sources of funding to be acknowledged.

Abbreviations

95% Cl, 95% confidence interval; AITD, autoimmune thyroid disease; AS, ankylosing spondylitis; GD, Graves’ disease; HB,
hospital-based; HD, Hashimoto’s disease; HWE, Hardy-Weinberg equilibrium; ITP, idiopathic thrombocytopenic purpura; OR,
odds ratio; PB, population-based; PCR-SSP, polymerase chain reaction with sequence specific primers; RA, rheumatoid arthri-
tis; RFLP, restriction fragment length polymorphism.

References

1 Marson, A., Housley, W.J. and Hafler, D.A. (2015) Genetic basis of autoimmunity. J. Clin. Invest. 125, 2234-2241, https://doi.org/10.1172/JCI78086

2 \Vyse, T.J. and Todd, J.A. (1996) Genetic analysis of autoimmune disease. Cell 85, 311-318, https://doi.org/10.1016/S0092-8674(00)81110-1

3 Zhernakova, A., Withoff, S. and Wijmenga, C. (2013) Clinical implications of shared genetics and pathogenesis in autoimmune diseases. Nat. Rev.
Endocrinol. 9, 646—659, https://doi.org/10.1038/nrendo.2013.161

4 Richard-Miceli, C. and Criswell, L.A. (2012) Emerging patterns of genetic overlap across autoimmune disorders. Genome Med. 4, 6,
https://doi.org/10.1186/gm305

5 Zhernakova, A., van Diemen, C.C. and Wijmenga, C. (2009) Detecting shared pathogenesis from the shared genetics of immune-related diseases. Nat.
Rev. Genet. 10, 43-55, https://doi.org/10.1038/nrg2489

6 Chae, S.C., Park, Y.R., Song, J.H., Shim, S.C., Yoon, K.S. and Chung, H.T. (2005) The polymorphisms of Tim-1 promoter region are associated with
rheumatoid arthritis in a Korean population. /mmunogenetics 56, 696—701, https://doi.org/10.1007/s00251-004-0743-5

7 Chae, S.C., Song, J.H., Shim, S.C., Yoon, K.S. and Chung, H.T. (2004) The exon 4 variations of Tim-1 gene are associated with rheumatoid arthritis in a
Korean population. Biochem. Biophys. Res. Commun. 315, 971-975, https://doi.org/10.1016/j.bbrc.2004.01.154

8 Garcia-Lozano, J.R., Abad, C., Escalera, A., Torres, B., Fernandez, 0., Garcia, A. et al. (2010) Identification of HAVCR1 gene haplotypes associated with
mRNA expression levels and susceptibility to autoimmune diseases. Hum. Genet. 128, 221-229, https://doi.org/10.1007/s00439-010-0844-1

9 Mosaad, Y.M., EI-Bassiony, S.R., EI-Ghaweet, A.E., Elhindawy, M.M., EI-Deek, B.S. and Sultan, W.A. (2015) TIM-1 rs41297579 G>A (-1454) and TIM-4
rs7700944 gene polymorphisms as possible risk factor for rheumatoid arthritis: relation to activity and severity. Int. J. Immunogenet. 42, 254-264,
https://doi.org/10.1111/iji.12201

10 Xu, J., Yang, Y., Liu, X. and Wang, Y. (2012) Genetic variation and significant association of polymorphism rs7700944 G>A of TIM-4 gene with
rheumatoid arthritis susceptibility in Chinese Han and Hui populations. Int. J. Immunogenet. 39, 409-413,
https://doi.org/10.1111/j.1744-313X.2012.01103.x

11 Xu, J.R., Yang, Y., Liu, X.M., Sun, J.Y. and Wang, Y.J. (2012) Polymorphisms of the TIM-1 gene are associated with rheumatoid arthritis in the Chinese
Hui minority ethnic population. Genet. Mol. Res. 11, 61-69, https://doi.org/10.4238/2012.January.9.7

12 Yoo, Y.J., Gao, G. and Zhang, K. (2007) Case-control association analysis of rheumatoid arthritis with candidate genes using related cases. BMC Proc.
Suppl 1, S33, https://doi.org/10.1186/1753-6561-1-s1-s33

13 Sabatos, C.A., Chakravarti, S., Cha, E., Schubart, A., Sanchez-Fueyo, A., Zheng, X.X. et al. (2003) Interaction of Tim-3 and Tim-3 ligand regulates T
helper type 1 responses and induction of peripheral tolerance. Nat. Immunol. 4, 1102-1110, https://doi.org/10.1038/ni988

14 Gorman, J.V. and Colgan, J.D. (2014) Regulation of T cell responses by the receptor molecule Tim-3. /mmunol. Res. 59, 5665,
https://doi.org/10.1007/s12026-014-8524-1

15 Hastings, W.D., Anderson, D.E., Kassam, N., Koguchi, K., Greenfield, E.A., Kent, S.C. et al. (2009) TIM-3 is expressed on activated human CD4+ T cells
and regulates Th1 and Th17 cytokines. Eur. J. Immunol. 39, 2492-2501, https://doi.org/10.1002/eji.200939274

16 Gorman, J.V., Starbeck-Miller, G., Pham, N.-L.L., Traver, G.L., Rothman, P.B., Harty, J.T. et al. (2014) Tim-3 directly enhances CD8 T cell responses to
acute listeria monocytogenes infection. J. Immunol. 192, 3133-3142, https://doi.org/10.4049/jimmunol.1302290

17 Berrocal Almanza, L.C., Munoz, M., Kuhl, A.A., Kamradt, T., Heimesaat, M.M. and Liesenfeld, 0. (2013) Tim-3 is differently expressed in genetically
susceptible C57BL/6 and resistant BALB/c mice during oral infection with Toxoplasma gondii. Eur. J. Microbiol Immunol. 3, 211-221,
https://doi.org/10.1556/EuJMI.3.2013.3.10

18 Fourcade, J., Sun, Z., Pagliano, 0., Chauvin, J.-M., Sander, C., Janjic, B. et al. (2014) PD-1 and Tim-3 regulate the expansion of tumor antigen-specific
CD8+ T cells induced by melanoma vaccines. Cancer Res. 74, 1045-1055, https://doi.org/10.1158/0008-5472.CAN-13-2908

19 Poonia, B. and Pauza, C.D. (2014) Levels of CD56+TIM-3- effector CD8 T cells distinguish HIV natural virus suppressors from patients receiving
antiretroviral therapy. PLoS One 9, 88884, https://doi.org/10.1371/journal.pone.0088884

20 Wang, F., Hou, H., Xu, L., Jane, M., Peng, J., Lu, Y. et al. (2014) Tim-3 signaling pathway as a novel negative mediator in lipopolysaccharide-induced
endotoxic shock. Hum. Immunol. 75, 470478, https://doi.org/10.1016/j.humimm.2014.02.001

21 Bruck, P.,, Ramos-Lopez, E., Bartsch, W., Bohme, A. and Badenhoop, K. (2008) TIM-3 polymorphisms in type 1 diabetes families. J. Hum. Genet. 53,
559-564, https://doi.org/10.1007/s10038-008-0286-y

22 Chae, S.C., Park, Y.R., Shim, S.C., Yoon, K.S. and Chung, H.T. (2004) The polymorphisms of Th1 cell surface gene Tim-3 are associated in a Korean
population with rheumatoid arthritis. Immunol. Lett. 95, 91-95, https://doi.org/10.1016/j.imlet.2004.06.008

23 Du, W.T,, Zhao, H.F., Xu, J.H., Gu, D.S., Xue, F., Ge, J. et al. (2009) The role of T-cell immunoglobulin- and mucin-domain-containing molecule-3
polymorphisms in idiopathic thrombocytopenic purpura. Hum. Immunol. 70, 398-402, https://doi.org/10.1016/j.humimm.2009.03.013

24 Inoue, N., Watanabe, M., Nakaguchi, A., Ueda, D., Kawaguti, H., Hidaka, Y. et al. (2017) Functional polymorphisms affecting Th1 differentiation are
associated with the severity of autoimmune thyroid diseases. Endocr. J. 64, 695-703, https://doi.org/10.1507/endocrj.EJ16-0551

(© 2018 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution License 4.0 (CC BY).

«. 2 PORTLAND
09 press


https://doi.org/10.1172/JCI78086
https://doi.org/10.1016/S0092-8674(00)81110-1
https://doi.org/10.1038/nrendo.2013.161
https://doi.org/10.1186/gm305
https://doi.org/10.1038/nrg2489
https://doi.org/10.1007/s00251-004-0743-5
https://doi.org/10.1016/j.bbrc.2004.01.154
https://doi.org/10.1007/s00439-010-0844-1
https://doi.org/10.1111/iji.12201
https://doi.org/10.1111/j.1744-313X.2012.01103.x
https://doi.org/10.4238/2012.January.9.7
https://doi.org/10.1186/1753-6561-1-s1-s33
https://doi.org/10.1038/ni988
https://doi.org/10.1007/s12026-014-8524-1
https://doi.org/10.1002/eji.200939274
https://doi.org/10.4049/jimmunol.1302290
https://doi.org/10.1556/EuJMI.3.2013.3.10
https://doi.org/10.1158/0008-5472.CAN-13-2908
https://doi.org/10.1371/journal.pone.0088884
https://doi.org/10.1016/j.humimm.2014.02.001
https://doi.org/10.1007/s10038-008-0286-y
https://doi.org/10.1016/j.imlet.2004.06.008
https://doi.org/10.1016/j.humimm.2009.03.013
https://doi.org/10.1507/endocrj.EJ16-0551

™ Bioscience Reports (2018) 38 BSR20181235
.... FF:F?E%ELAND https://doi.org/10.1042/BSR20181235

25 Li, W.X., Chen, G.M., Yuan, H., Yao, Y.S., Li, R.J., Pan, H.F. et al. (2011) Polymorphisms of the TIM-1 and TIM-3 genes are not associated with systemic
lupus erythematosus in a Chinese population. Mutagenesis 26, 507-511, https://doi.org/10.1093/mutage/ger009

26 Liang, T., Wang, X.B., Cai, P.C., Tang, Z.M., Chen, Z.Z. and Hu, L.H. (2012) Polymorphisms of the T-cell immunoglobulin and mucin domain molecule-3
are not associated with autoimmune Graves’ disease in a Chinese Han Population. Clin. Biochem. 45, 1624—1628,
https://doi.org/10.1016/j.clinbiochem.2012.08.004

27 Mazrouei, F., Ganjalikhani-Hakemi, M., Salehi, R., Alesahebfosoul, F., Etemadifar, M., Pouladian, M. et al. (2016) Association of TIM-1 5383-5397ins/del
and TIM-3 -1541C>T polymorphisms with multiple sclerosis in Isfahan population. Int. J. Immunogenet. 43, 131-134,
https://doi.org/10.1111/iji.12264

28 Song, Y.W., Im, C.H., Park, J.H., Lee, Y.J., Lee, E.Y., Lee, E.B. et al. (2011) T-cell immunoglobulin and mucin domain 3 genetic polymorphisms are
associated with rheumatoid arthritis independent of a shared epitope status. Hum. Immunol. 72, 652—655,
https://doi.org/10.1016/j.humimm.2011.04.007

29 Wang, M., Ji, B., Wang, J., Cheng, X., Zhou, Q., Zhou, J. et al. (2014) Tim-3 polymorphism downregulates gene expression and is involved in the
susceptibility to ankylosing spondylitis. DNA Cell Biol. 33, 723-728, https://doi.org/10.1089/dna.2014.2456

30 Xu, J., Yang, Y., Liu, X. and Wang, Y. (2011) The -1541 C>T and +4259 G>T of TIM-3 polymorphisms are associated with rheumatoid arthritis
susceptibility in a Chinese Hui population. /nt. J. Immunogenet. 38, 513-518, https://doi.org/10.1111/j.1744-313X.2011.01046.x

31 Yaghoobi, E., Abedian, S., Babani, 0. and Izad, M. (2016) TIM-3 rs10515746 (A/C) and rs10053538 (C/A) gene polymorphisms and risk of multiple
sclerosis. Iran. J. Public Health 45, 644—-649

32 Xu, G., Zheng, K., Lu, X., Wang, J., Chai, Y. and Wang, J. (2015) Association between polymorphisms in the promoter region of T cell immunoglobulin
and mucin domain-3 and myasthenia gravis-associated thymoma. Oncol. Lett. 9, 1470-1474, https://doi.org/10.3892/01.2015.2845

33 Mazrouei, F., Ganjalikhani-Hakemi, M., Salehi, R., Ale-Sahebfosoul, F., Etemadifar, M. and Zarkesh-Esfahani, H. (2015) The frequency of
TIM-3-1541C>T polymorphisms and its association with multiple sclerosis. J. Isfahan Medical School 33, 1

34 Pouladian, M., Ganjalikhani-Hakemi, M., Salehi, R., Ale-Sahebfosul, F., Khosravi, S., Etemadifar, M. et al. (2015) Comparing the frequency of TIM-3
polymorphism in multiple sclerosis patients with healthy controls. J. Isfahan Medical School 33, 1066—1075

35 Yang, Y., Xu, J.R., Zhang, D.T. and Sun, J.Y. (2011) Correlation between polymorphisms of 4 SNPs of Tim-3 gene and suceptibility of rheumatoid arthritis
in Ningxia Hui population. J. Jilin University Medicine Edition 37, 117-121

36 Radwan, E., Youssef, E., Sewilam, N., Ismail, R. and Arnaout, H. (2014) Study of T-cell immunoglobulin- and mucin-domain-containing molecule 3
polymorphisms in Egyptian childhood immune thrombocytopenic purpura. Comp. Clin. Path 23, 933-939, https://doi.org/10.1007/s00580-013-1716-6

37 Pouladian, M., Ganjalikhani-Hakemi, M., Alsahebfosul, F., Homayouni, V., Khosravi, S., Etemadifar, M. et al. (2017) The +4259A>C polymorphism of
TIM-3 but not -1637C>T polymorphism of TIM-1 is associated with Multiple sclerosis in Isfahan population. Multiple Sclerosis Related Disorders 18,
152-156, https://doi.org/10.1016/j.msard.2017.09.031

38 Meyers, J.H., Sabatos, C.A., Chakravarti, S. and Kuchroo, V.K. (2005) The TIM gene family regulates autoimmune and allergic diseases. Trends Mol.
Med. 11, 362-369, https://doi.org/10.1016/j.molmed.2005.06.008

39 Anderson, A.C. and Anderson, D.E. (2006) TIM-3 in autoimmunity. Curr. Opin. Immunol. 18, 665-669, https://doi.org/10.1016/j.c0i.2006.09.009

40 Chae, S.C., Song, J.H., Pounsambath, P., Yuan, H.Y., Lee, J.H., Kim, J.J. et al. (2004) Molecular variations in Th1-specific cell surface gene Tim-3. Exp.
Mol. Med. 36, 274-278, https://doi.org/10.1038/emm.2004.37

8 (©) 2018 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).


https://doi.org/10.1093/mutage/ger009
https://doi.org/10.1016/j.clinbiochem.2012.08.004
https://doi.org/10.1111/iji.12264
https://doi.org/10.1016/j.humimm.2011.04.007
https://doi.org/10.1089/dna.2014.2456
https://doi.org/10.1111/j.1744-313X.2011.01046.x
https://doi.org/10.3892/ol.2015.2845
https://doi.org/10.1007/s00580-013-1716-6
https://doi.org/10.1016/j.msard.2017.09.031
https://doi.org/10.1016/j.molmed.2005.06.008
https://doi.org/10.1016/j.coi.2006.09.009
https://doi.org/10.1038/emm.2004.37

