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Introduction: T-cell immunoglobulin and mucin domain-4 (TIMD-4) are likely to impact 
autoimmune diseases (e.g., rheumatoid arthritis (RA)). It is hypothesized here that TIMD-4 
gene polymorphism is likely to display a correlation with the RA risk.
Methods: For examining the effect exerted by TIMD-4 genetic variant in the RA risk, 
a case–control study containing 379 RA cases and 432 healthy control groups in Chinese 
population was performed. This study conducted genotyping with the use of a custom-by- 
design 48-Plex single nucleotide polymorphism (SNP) Scan™ Kit. Blood serum conditions 
of TIMD-4 in RA cases and matched control groups were measured by enzyme-connected 
immunosorbent assay (ELISA).
Results: Our results demonstrated that the TIMD-4 rs7700944 polymorphism could increase 
the RA risk in Chinese population. According to stratification analyzing processes, the 
TIMD-4 rs7700944 polymorphism displayed the correlation to the elevated RA risk in the 
females, smokers and cases aged ≥55 years. Cross-over analyses also indicated that the 
combined effect of smoking or drinking and GA genotype of rs7700944 locus contributed to 
an elevated risk of RA. In addition, the TIMD-4 rs7700944 polymorphism was also related to 
RA cases with DAS ≥ 3.20, ESR ≥25.00 mm/h and positive anti-ccp. Moreover, compared 
with the control groups, the average expression level of TIMD-4 in the serum of RA cases 
was apparently increased.
Conclusion: In conclusion, the TIMD-4 rs7700944 polymorphism may increase the sensi-
tivity to RA in Chinese population.
Keywords: TIMD-4, polymorphism, rheumatoid arthritis, Chinese population

Introduction
Rheumatoid arthritis (RA) refers to one multiple-factorial disease displaying 
a correlation to synovitis, progressive erosions, and cartilage destruction.1 The 
globally average prevalence of RA is about 0.5–1.0%, with genetic elements 
accounting for 60% of RA risk elements.2 Though etiology of RA is poorly 
understood, there is a consensus that inherited genetic elements may be involved 
in the development of RA when exposed to environmental triggers.3 Previous study 
identified that more than 30 genetic areas display a correlation to RA,4 with HLA- 
DRB1 being the strongest of numerous known genetic risk elements.5 Genome- 
wide correlation study (GWAS) by Leng et al demonstrated five new sensitivity loci 
displaying a correlation to RA risk and identified that comprehensive genetic study 
can provide important information for pathogenesis of RA.6 Gene polymorphism 
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study is likely to clarify RA developing process, such as 
T-cell immunoglobulin and mucin domain-4 (TIMD-4).

On the whole, B and/or T cell hyperresponsive is 
likely to facilitate chronic tissue inflammatory process, 
i.e., a notable characteristic exhibited by autoimmune 
diseases.7 It is evidenced that TIMD-4 as phosphati-
dylserine (PS) receptor is capable of maintaining peri-
toneal macrophages’ homeostatic function8 and 
regulating adaptive immunity based on the alteration 
of Ag-particular T cells’ clearance.9 It is noteworthy 
that TIMD-4’s dysregulating process was identified 
under several autoimmune states, in particular inside 
immune cells.7 In addition, TIMD-4 was identified to 
be over-expressed in Systemic lupus erythematosus 
(SLE) cases.10 In addition, Abe et al revealed that 
TIMD-4 has two distinct functions depending on the 
stage of arthritis and anti-TIMD-4 treatment could 
inhibit the development of arthritis.11 Based on these 
observations, we guessed that TIMD-4 may have 
effects on autoimmune diseases by regulating T cells, 
e.g., RA and SLE.

Thus far, the TIMD-4 gene polymorphism is proved 
correlated to numerous diseases, covering childhood ato-
pic dermatitis,12 asthma13,14 as well as RA.15–17 The 
SNP rs7700944, having the location inside the TIMD-4 
gene’s intron region. Introns take up most non-coding 
DNA inside the genome of humans and have the loca-
tions close to coding areas, which may play an important 
role in genome evolution. They cover function-related 
vital sequences impacting gene regulating and evolving 
processes, as well as protein binding motifs regulating 
particular proteins’ changeable splicing. Polymorphisms 
in numerous SNPs with the location inside genes’ intron 
areas display a correlation to sensitivity to RA inside 
a range of populations.18,19 Previously, Xu et al found 
that the TIMD-4 rs7700944 gene polymorphism could 
increase the RA risk in the Ningxia Hui Autonomous 
Region of China.15 The allele frequency from different 
areas of China may have a relatively large distinction. In 
accordance with data from 1000 Genomes database, the 
frequency of allele A at the TIMD-4 rs7700994 locus 
was 10.8% and 19.4% in Xishuangbanna Chinese popu-
lation and Beijing Chinese population, respectively. 
Therefore, we conducted this hospital-based case–control 
study involving 379 cases and 432 control groups to 
examine the correlation between the TIMD-4 rs7700944 
polymorphism and RA sensitivity in other Chinese 
populations.

Cases and Methods
Study Subjects
Totally 379 rheumatoid arthritis (RA) cases were consecu-
tively recruited from the Changzhou Second Hospital – 
Affiliated Hospital of Nanjing Medical University between 
September 2015 and October 2019. RA cases were diagnosed 
in accordance with the criteria for RA set by the American 
College of Rheumatology (1987).20 Clinical data with poten-
tial diagnostic value, e.g., age, sex, age at onset, disease dura-
tion, treatment duration, physicians presented function-related 
class, anti-cyclic peptide containing citrulline (anti-CCP), RA 
disease Activity Score (DAS28), C-reactive protein (CRP), 
erythrocyte sedimentation rate (ESR) and rheumatoid factor 
(RF) were provided. The respective RA case received the 
interviewing based on trained personnel through 
a standardized questionnaire for determining the risk elements. 
The control groups were free of RA and recruited by the 
identical institutions in the identical period. The subjects who 
had other autoimmunological diseases, infectious diseases, 
a current or previous history of malignancy or a family history 
of autoimmune diseases were excluded. In brief, the controls 
were healthy subjects. The control groups were matched with 
patients by age (± 5 years) and sex. Smoker received the 
classification to be smoking at least one cigarette per day for 
at least 1 year. Alcohol consumer had the definition of drinking 
alcoholic beverages at least once a week for over 1 year. 
Informed consent was obtained from all cases and control 
groups prior to their participation. The protocol here gained 
the approval from the Ethics Committee by the Changzhou 
Second Hospital – Affiliated Hospital of Nanjing Medical 
University. This study was conducted in accordance with the 
Declaration of Helsinki.

DNA Extraction
For the exploration of TIMD-4 polymorphism, all participants 
of this study presented 2 mL of peripheral blood inside ethy-
lenediaminetetraacetic acid (EDTA) tubes and then conducted 
the storing process at −80 °C for further application. DNA 
received the extraction with the use of the QIAamp DNA 
Blood Mini Kit (Qiagen, Hilden, Germany).

SNP Genotyping
The present study conducted SNP genotyping with the use of 
a custom-by-design 48-Plex SNP scanTM Kit (Genesky 
Biotechnologies Inc., Shanghai, China). The primers of 
rs7700994 polymorphism employed to achieve polymerase 
chain reacting process (PCR) referred to 5ʹ-CTTAG 
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CTGGCTTAGGAGTAGC-3ʹ (forward); 5ʹ-GGTCCACGA 
TAAAGGAGAAA-3ʹ (reverse). About 10% of the samples 
received the re-genotyping process for replicating existing 
outcomes, the 100% uniformity was obtained. The present 
study employed enzyme-linked immunosorbent assay 
(ELISA) Kit (Boster, Wuhan, China) for detecting the serum 
level of TIMD-4 in RA cases and healthy control groups.

Statistical Analyses
The demographic and clinically related features exhibited by 
participants of this study received the evaluation with the use of 
the Chi-square (χ2) test and Student’s t-test. The present study 
employed 95% confidence intervals (CIs) and odds 
ratios (ORs) for estimating the correlation of TIMD-4 
rs7700944 polymorphism and RA risk by logistic regression 
analyses. This study carried out the stratification analyzing 
processes in accordance with age, sex, smoking and alcohol. 
Hardy–Weinberg equilibrium (HWE) for TIMD-4 genotype 
distributing results in control groups received the testing pro-
cess with the use of the Chi-square (χ2) test. A cross-over 
analysis was used to assess the effects of the interactions 
between environmental factors, such as smoking and/or drink-
ing, and genetic factors on the RA risk. The present conducted 
all statistics-related investigations with the use of the SAS 
software package (var. 9.1.3; SAS Institute, Cary, NC, USA). 
P < 0.05 exhibited statistically related significance.

Results
Clinical Parameters of the Study 
Population
The clinically related parameters regarding individuals for the 
case–control analysis are presented in Table 1. The subjects 
had the full matching in terms of sex and age (p =0.482 and 
0.930, respectively). In addition, several clinically related 
parameters, covering function-related class, anti-CCP anti-
body, DAS28, RF, CRP, ESR, treatment duration, disease 
duration and onset age were also listed in the column of 
cases. HWE analysis revealed no distinction in the control 
group (P = 0.932). As revealed from the power analyses, the 
sample size of this study was enough to indicate the associa-
tion between TIMD-4 gene polymorphism and RA risk.

Correlation Between TIMD-4 Gene 
Polymorphism and RA Risk
Table 2 presents the TIMD-4 rs7700944 polymorph-
ism’s genotyping frequencies in cases and control 

groups. The minor allele frequency of rs7700944 in 
the case group reached over that in the control. Taking 
the GG genotype as a reference group, GA genotype 
displayed a correlation to the elevated RA risk. (GA vs 
GG: OR, 1.37, 95% CI, 1.02–1.86, P = 0.039). 
A significant correlation was found in the dominant 
model (P = 0.017), not in the recessive model (P = 
0.142). Lastly, according to the allelic model, the 
information suggested that A allele improved the sen-
sitivity of RA as well (A vs G: OR, 1.38; 95% CI, 
1.08–1.77; P = 0.011).

Table 1 Patient Demographics and Risk Factors in Rheumatoid 
Arthritis

Variables Cases 

(n=379)

Controls 

(n=432)

P

Age, years 54.65 ± 13.52 54.73 ±10.78 0.931

Gender, no. (%) 0.482

Male 91 (24.01) 113 (26.16)

Female 288 (75.99) 319 (73.84)

Smoking, no. (%) 0.647

Yes 133 (35.09) 145 (33.56)

No 246 (64.91) 287 (66.44)

Alcohol, no. (%) 0.436

Yes 162 (42.74) 173 (40.04)

No 217 (57.26) 259 (59.95)

ESR, mm/h 30.41 ± 10.20

CRP, mg/l 15.04 ± 5.16

Age at onset, years, mean ± SD 48.58 ± 10.64

Disease duration, years, mean ± SD 6.07 ± 3.01

DAS28 4.62 ± 1.03

RF positive, no. (%)

Positive 309 (81.53)

Negative 70 (18.47)

Anti-ccp positive, no. (%)

Positive 321 (84.70)

Negative 58 (15.30)

Functional class, no. (%)

I 42 (11.08)

II 172 (45.38)

III 132 (34.83)

IV 33 (8.71)

Treatment, no. (%)

MTX 258 (68.07)

Biological DMARD 74 (19.53)

Others 47 (12.40)

Note: Values are statistically significant (P<0.05). 
Abbreviations: ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; RF, rheu-
matoid factor; MTX, methotrexate; DMARD, disease-modifying anti-rheumatic drug.
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Stratification analyzing processes were conducted in 
accordance with sex, age, smoking and alcohol (Table 3). 
Our results revealed that the TIMD-4 rs7700944 polymorph-
ism displayed the correlation to the increased RA risk among 
the females, smokers and cases aged ≥ 55 years. In addition, 
the TIMD-4 rs7700944 polymorphism was also related to RA 
cases with DAS ≥ 3.20, ESR ≥ 25.00 mm/h and positive anti- 
ccp (Table 4). However, no significant relationship was found 
in the analyses of CRP, RF status and function-related class.

Correlation of the TIMD-4 rs7700944 
Polymorphism with the Serum TIMD-4 
Levels
Data indicated that the average serum levels of TIMD-4 
were significantly higher in RA cases compared with control 
groups (P < 0.01, Figure 1). Based on the TIMD-4 
rs7700944 genotypes, we compared serum TIMD-4 level 

in RA cases and control groups, and found that there was no 
significant variation among different genotypes (Figure 1).

Cross-over Analyses
We next analyzed the joint effects of the TIMD-4 
rs7700944 polymorphism and either smoking or alco-
hol consumption on RA risk. Crossover analyses indi-
cated that combined effect of smoking or drinking and 
GA genotype of rs7700944 locus contributed to an 
elevated risk of RA (Supplemental Table 1).

TIMD-4 Potential Gene–Gene 
Interactions
Several genes including BAI1. MFGE8, STAB2, 
GAS6, JMJD6, CD300LB, PPP1R3B, MERTK, 
PPP1R8, CMYA5 were involved in the interaction of 

Table 2 Logistic Regression Analysis of Associations Between TIMD-4 rs7700944 Polymorphism and Risk of Rheumatoid Arthritis

Models Genotype Case, n(%) Control, n(%) OR(95% CI) P-value *OR(95% CI) *P-value

Co-dominant GG 232(61.2) 299(69.2) 1.00 - 1.00 -
Heterozygote GA 129(34.0) 121(28.0) 1.37(1.02–1.86) 0.039 1.39(1.03–1.88) 0.034
Homozygote AA 18(4.8) 12(2.8) 1.93(0.91–4.09) 0.085 1.92(0.91–4.07) 0.089

Dominant GG 232 (61.2) 299 (69.2) 1.00 - 1.00 -

AA+GA 147(38.8) 133(30.8) 1.42(1.07–1.91) 0.017 1.44(1.07–1.93) 0.015

Recessive GA+GG 361(95.2) 420(97.2) 1.00 - 1.00 -

AA 18(4.8) 12(2.8) 1.75(0.83–3.67) 0.142 1.73(0.81–3.64) 0.150
Allele G 593(78.2) 719(83.2) 1.00 - - -

A 165(21.8) 145(16.8) 1.38(1.08–1.77) 0.011 - -

Notes: *Adjust age, gender, smoking, and alcohol. Bold values are statistically significant (P <0.05).

Table 3 Stratified Analyses Between the TIMD-4 rs7700944 Polymorphism and the Risk of Rheumatoid Arthritis

Variables (Case/Control) GA vs GG AA vs GG AA vs GG+GA AA+GA vs GG

GG GA AA OR(95% CI); P-value OR(95% CI); P-value OR(95% CI); P-value OR(95% CI); P-value

Sex

Male 59/67 26/39 6/7 0.76(0.41–1.39); 0.369 0.97(0.31–3.06); 0.963 1.07(0.35–3.30); 0.908 0.79(0.45–1.40); 0.418

Female 173/232 103/82 12/5 1.68(1.19–2.29); 0.003 3.22(1.11–9.31); 0.023 2.73(0.95–7.85); 0.053 1.77(1.26–2.49); 0.001

Smoking

Yes 66/93 60/47 7/5 1.80(1.10–2.95); 0.020 1.97(0.60–6.49); 0.256 1.56(0.48–5.03); 0.457 1.82(1.12–2.94); 0.015

No 166/206 69/74 11/7 1.16(0.79–1.70); 0.459 1.95(0.74–5.14); 0.170 1.87(0.71–4.91); 0.195 1.23(0.85–1.78); 0.281

Alcohol

Yes 102/126 51/41 9/6 1.54(0.94–2.50); 0.083 1.85(0.64–5.38); 0.250 1.64(0.57–4.71); 0.356 1.58(0.99–2.50); 0.053

No 130/173 78/80 9/6 1.30(0.88–1.91); 0.186 2.00(0.69–5.75); 0.193 1.82(0.64–5.21); 0.255 1.35(0.93–1.96); 0.120

Age (years)

<55 122/153 61/66 8/6 1.16(0.76–1.77); 0.492 1.67(0.57–4.95); 0.348 1.60(0.54–4.68); 0.391 1.20(0.80–1.81); 0.376

≥55 110/146 68/55 10/6 1.64(1.06–2.53); 0.025 2.21(0.78–6.27); 0.127 1.88(0.67–5.28); 0.223 1.70(1.12–2.57); 0.013

Note: Bold values are statistically significant (P <0.05).
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TIMD-4 (Supplemental Figure 1), which was discov-
ered by the String online tool ((http://string-db.org/).

Discussion
In the correlation analysis between the TIMD-4 rs7700944 
polymorphism and RA, we found that the TIMD- 
4rs7700944 polymorphism displayed a correlation to the 
elevated RA risk in Chinese population. Furthermore, our 
results also revealed that the TIMD-4 rs7700944 poly-
morphism displayed the correlation to the increased RA 
risk among the females, smokers and cases aged ≥55 
years. Crossover analyses also identified that combined 
effect of smoking or drinking and GA genotype of 
rs7700944 locus contributed to an elevated risk of RA. 
In addition, the TIMD-4 rs7700944 polymorphism was 
related to RA cases with DAS ≥ 3.20, ESR ≥ 25.00 mm/ 
h and positive anti-ccp. Data indicated that the average 
serum levels of TIMD-4 were significantly higher in RA 
cases compared with control groups.

TIMD-4, with the major expression inside antigen- 
presenting cells, regulates T-cell activation and tolerance, 
in part by mediating the uptake and engulfment of apop-
totic cells.21 Yeung et al found that TIMD-4 interaction 
with its putative ligand promotes Th2 responses.22 In 
addition, according to Albacker et al, TIMD-4-expressing 
cells regulate adaptive immunity by mediating the removal 
of PS-expressing apoptotic, Ag-particular T cells, which 
regulated the amount exhibited by Ag-particular T cells 
that remain after the clearance of Ag or infection.9 The 
blockade of PS receptor function contributed to lympho-
cyte activation and signs of systemic autoimmunity.21 On 
the whole, the immune systems related to the autoimmune 
disease course cover two aspects: in which the pathologi-
cally related procedure receives the driving from T cells; in 
which the humoral B response conducts the disorder med-
iation through the production of autoantibodies capable of 
forming immune complexes or to binding tissue self- 
antigens.23 For this reason, the correlation between the 

Table 4 The Associations Between the TIMD-4 rs7700944 Polymorphism and Clinical Characteristics of Rheumatoid Arthritis

Characteristics Genotype Distributions

GG GA AA GA+AA

DAS28

≥3.20/<3.20 174/58 112/17 12/6 124/23
OR (95% CI); P-value 1.0 (reference) 2.20(1.22–3.96); 0.008 0.67(0.24–1.86); 0.617 1.80(1.05–3.07); 0.030

CRP (mg/l)
≥10.00/<10.00 183/49 96/33 13/5 109/38

OR (95% CI); P-value 1.0 (reference) 0.78(0.47–1.29); 0.332 0.70(0.24–2.05); 0.509 0.77(0.47–1.25); 0.286

ESR (mm/h)

≥25.00/<25.00 155/77 102/27 10/8 112/35

OR (95% CI); P-value 1.0 (reference) 1.88(1.13–3.11); 0.014 0.62(0.24–1.64); 0.332 1.59(0.99–2.54); 0.051

RF status

Positive/Negative 191/41 106/23 12/6 118/29
OR (95% CI); P-value 1.0 (reference) 0.99(0.56–1.74); 0.970 0.43(0.15–1.21); 0.185 0.87(0.52–1.48); 0.615

Anti-ccp status
Positive/Negative 189/43 116/13 16/2 132/15

OR (95% CI); P-value 1.0 (reference) 2.03(1.05–3.94); 0.033 1.82(0.40–8.21); 0.637 2.00(1.07–3.75); 0.028

Functional class

III+IV/I+II 107/125 53/76 5/13 58/89
OR (95% CI); P-value 1.0 (reference) 0.82(0.53–1.26); 0.356 0.45(0.16–1.30); 0.132 0.76(0.50–1.16); 0.202

Treatment
MTX/non-MTX 156/76 91/38 11/7 102/45

OR (95% CI); P-value 1.0 (reference) 1.17(0.73–1.86); 0.518 0.77(0.29–2.05); 0.595 1.10(0.71–1.72);0.662

Note: Bold values are statistically significant (P <0.05).
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TIMD-4 gene polymorphism and autoimmune disease 
turns out to be the stress of public attention.

Three existing studies explored the correlation between 
the TIMD-4 gene polymorphism and RA, but with contra-
dictory findings. In 2012, Xu et al identified the noticeable 
correlation of the TIMD-4 rs7700944 polymorphism with 
RA in Chinese population (214 cases and 211 control 
groups).15 The positive correlation was confirmed in the 
subsequent study among Egyptian population (128 cases 
and 125 control groups).17 This study also suggested that 
the TIMD-4 minor allele A could be viewed as an 
increased risk factor of RA, with an OR of 3.10 (240 
cases and 240 control groups). However, no significant 
correlation was found in the Iranian population (120 
cases and 120 control groups).16 The distinction can be 
explained in the following aspects. For one thing, the 
study of Mosaad et al achieved the minimum sample 
size.21 Small sample size exhibits insufficient statistics- 

related power, causing false-positive or false-negative 
results. For another, rs7700944 may have an ethnicity- 
particular effect. In accordance with information of 1000 
Genomes database, allele A’s frequency at the TIMD-4 
rs7700994 locus was 19.4% in Beijing Chinese popula-
tion. Specific to the Chinese Han population, the risk allele 
A frequency was 16.8% (this study), which was close to 
the results in the database, indicating that the selection of 
samples in this study was representative. Given the men-
tioned, racial groups and sample size critically impact the 
detection of novel genetic correlation.

Though positive findings were observed, some limita-
tions should be addressed. First, this study refers to one 
case–control study based on hospitals, and selection bias is 
inevitable. Second, gene–gene interacting processes are 
required for in-depth studies. Third, the potential systems 
of the TIMD-4 rs7700944 polymorphism impacting RA 
pathology require investigations.

Figure 1 Associations among the serum level of TIMD-4 and genotype frequency in RA patients and healthy controls (**P < 0.01).
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To sum up, an SNP rs7700944 was reported here in the 
TIMD-4 gene to be a sensitivity locus for RA. Subsequent 
analyses using greater sample sizes and various racial 
groups are required for confirming the mentioned findings.
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