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Introduction 
Systemic lupus erythematous (SLE) is a prototypic sys-

temic autoimmune disease that is characterized by the pro-
duction of multiple autoantibodies against self-antigens 
owing to a breakdown in self-tolerance [1]. One impor-
tant characteristic of SLE is the high female to male ratio. 
The pathogenesis of SLE is complex and recent evidence 
suggests that its etiology encompasses both genetic risk 
factors and environmental factors [2]. Although the exact 
pathogenesis of SLE remains unclear, increased under-
standing of the underlying genetic background of SLE can 
help improve the prognosis for SLE. 

Several studies have pointed to the significance of the 
type I interferon (IFN) pathway in SLE pathogenesis [3-6]. 
SLE patients have been shown to have increased serum 
IFN-α levels; thus, the production of type I IFN may be 
important to the etiology of SLE [7]. The ligation of type 
I IFN with its receptor activates the IFN-α receptor (IF-
NAR), Janus kinases (JAK) 1 and tyrosine kinase (TYK) 2 

and signal transcription factors such as the signal transduc-
er and activator of transcription (STAT) [8]. TYK2 (MIM 
176941; gene ID 7297), a large multidomain kinase, is the 
first member of JAK family, spans 27.9 kb nucleotides and 
comprises 25 exons. It is located on chromosome 19p13.2 
in humans and on chromosome 9 in mice [9]. 

The role of TYK2 gene in the development of autoimmune 
and inflammatory diseases such as Crohn’s disease (CD) 
[10], endometriosis-related infertility (ERI) [11], multiple 
sclerosis (MS) [12], rheumatoid arthritis (RA) [13, 14], sys-
temic sclerosis (SSc) [13], Behçet’s disease (BD) [15] and 
SLE [2, 9, 16-21] has been demonstrated. Several variants 
of TYK2 have been investigated [22]. One rare variant of 
the TYK2 gene, rs34536443 single nucleotide polymor-
phism (SNP) causes the substitution of G to a C nucleotide 
in TYK2, resulting in a Pro1104Ala (P1104A) variation in 
the TYK2 protein. It has been suggested that this alteration 
may cause a conformational change that may affect the 
folding and function of TYK2 protein [23, 24]. The associ-
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ation of TYK2 gene rs34536443 SNP has been linked with 
the risk [22] of MS [12, 23, 25], RA [26], ERI [27], SSc [13] 
and psoriasis [28]. Moreover, it has been shown that two 
naturally occurring variants of TYK2, I684S (rs12720356) 
and P1104A (rs34536443) cause profound defects in basal 
and IFN-α-induced autophosphorylation [29].

Because of the involvement of TYK2 in the pathogenesis 
of some autoimmune diseases, the current study was un-
dertaken to investigate the functional impact of one TYK2 
disease-associated variant, SNP rs34536443, in SLE pa-
tients. The association of this polymorphism and clinical 
manifestations of SLE also were investigated. It is hoped 
that the results obtained from this study enhance under-
standing of the pathogenesis and therapeutic strategies for 
systemic autoimmune diseases, especially SLE.

Materials and Methods
Population and sample preparation
In the present case-control study, SLE patients who met 

American College of Rheumatology [30] criteria were en-
listed from cases referring to the rheumatology clinic of 
Shariati Hospital in Tehran, Iran. Healthy subjects were 
matched with the case group with respect to age, sex, 
and ethnicity. This study was approved by the local ethi-
cal committee of Tehran University of Medical Sciences. 
Before blood sampling, written informed consent was ob-
tained from each participant. Genotyping was conducted 
on the 600 SLE subjects. Table 1 shows the clinical data 
of 235 SLE patients (18 men with a mean age of 37.6 ± 
13.6 years and 217 women with a mean age of 39.1 ± 11.4 
years). The control group comprised 600 healthy matched 
controls with no clinical evidence or history of any type of 
autoimmune disease. 

Table 1. Clinical specifications of SLE patients.

Characteristic Yes No

Serositis 6 (2.6%) 229 (97.4%)
Malar rash 147 (2.6%) 88 (37.4%)
Palmar erythema 21 (8.9%) 214 (91.1%)
Vasculitic ulcers 15 (6.4%) 220 (93.6%)
Discoid rash 30 (12.8%) 204 (86.8%)
Mucosal lesion 105 (44.7%) 129 (54.9%)
Photosensivity 144 (61%) 91 (38.7%)
Musculoskeletal arthritis 170 (3%) 65 (27.7%)
Aseptic necrosis 14 (6%) 221 (94%)
Muscle weakness 37 (15.7%) 198 (84.3%)
Raised muscle enzyme 26 (11.1%) 209 (88.9%)
Muscle biopsy myositis 6 (2.6%) 228 (97%)
Cast 29 (12.3%) 205 (87.2%)
Hematuria 89 (37.9%) 146 (91.9%)
Raised Creatinine 19 (8.1%) 216 (91.9%)
Hypertension 44 (18.7%) 191 (81.3%)
Renal biopsy-Class1 0 (0%) 235 (100%)
Renal biopsy-Class2 12 (5.1%) 223 (94.9%)
Renal biopsy-Class3 16 (6.8%) 219 (93.2%)
Renal biopsy-Class4 37 (15.7%) 198 (84.3%)
Renal biopsy-Class5 12 (5.1%) 223 (94.9%)
Renal biopsy-Class6 1 (0.4%) 234 (99.6%)
Pericarditis 16 (6.8%) 219 (93.2%)
Cardiomyopathy 2 (0.9%) 223 (94.9%)
Libman sack 1 (0.4%) 234 (99.6%)
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Characteristic Yes No
Valvular lesion 35 (14.9%) 200 (85.1%)
Ischemic heart disease 2 (0.85%) 233 (99.1%)
Raynaud syndrome 42 (17.9%) 193 (82.1%)
Thrombophlebitis 6 (2.6%) 229 (97.4%)
Pleuritis 32 (13.6%) 203 (86.4%)
Lupus pneumonitis 5 (2.1%) 230 (97.9%)
Interstitial fibrosis 0 (0%) 235 (100%)
Pulmonary hypertension 2 (0.9%) 233 (99.1%)
Embolism 3 (1.3%) 232 (98.7%)
Convulsion 28 (11.9%) 207 (88.1%)
Psychosis 5 (2.1%) 230 (97.9%)
Peripheral neuropathy 18 (7.7%) 217 (92.3%)
Central involvement 10 (4.3%) 225 (95.7%)
Raised hepatic enzyme 200 (85.1%) 35 (14.9%)
Hepatitis 1 (0.4%) 234 (99.6%)
Sjögren Syndrome 1 (0.4%) 234 (99.6%)
Retinitis 1 (0.4%) 234 (99.6%)
Leukopenia 84 (35.7%) 209 (88.9%)
Lymphopenia 26 (11.1%) 167 (71.1%)
Thrombocytopenia 48 (20.4%) 187 (79.6%)
Anemia 73 (31.1%) 162 (68.9%)
Hemolytic anemia 12 (5.1%) 223 (94.9%)
Coombs test 42 (17.9%) 193 (82.1%)
C Reactive Protein 157 (66.8%) 78 (32.2%)
FANA 201 (85.5%) 34 (14.5%)
Anti-dsDNA 200 (85.1%) 35 (14.9%)
Low_CH50 56 (23.8%) 179 (76.2%)
Low_C3 106 (45.1%) 129 (54.9%)
Low_C4 114 (48.5%) 121 (51.5%)
Antimalarial drug 234 (99.6%) 1 (0.4%)
Plasmapheresis 0 (0%) 235 (100%)
Anti-SSA 3 (1.3%) 232 (98.7%)
Anti-SSB 0 (0%) 235 (100%)
Positive anticardiolipin IgG 6 (2.6%) 229 (97.4%)
Positive anticardiolipin IgM 5 (2.1%) 230 (97.9%)
Positive lupus anticoagulant 3 (1.3%) 232 (98.7%)
Anti-β2GP1 lgG 3 (1.3%) 232 (98.7%)
Anti-β2GP1 lgM 0 (0%) 235 (100%)
IVIG 2 (0.9%) 233 (99.1%)
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Sampling and genotyping
About 5 ml of whole blood in EDTA anticoagulant were 

gathered by means of venipuncture under sterile conditions 
from all participants. Extraction of genomic DNA was 
performed on peripheral blood leukocytes using a stand-
ardized phenol–chloroform technique [31]. The purity of 
the isolated genomic DNA was quantified spectrophoto-
metrically using Nanodrop 2000c (Thermo Fisher Scien-
tific; USA) and showed that the A260/A280 ratio extended 
from 1.7 to 1.9, indicating good quality DNA. The samples 
were stored at -20°C until analysis. For DNA genotyping, 
approximately 10 ng of the genomic DNA was used. Gen-
otyping of TYK2 (rs34536443) was performed by the 
MGB TaqMan allelic discrimination method (Applied 
Biosystems; USA). All DNA samples were genotyped for 
rs34536443 by StepOnePlus real-time PCR (Applied Bio-
systems) according to manufacturer instructions.

Statistical analysis
Pearson’s chi-square test was applied to assess the associ-

ation of alleles and genotypes with SLE as well as to eval-
uate the relations of genotypes with the clinical data of the 
patients. All P values were two-tailed. The odds ratio (OR) 

and 95% confidence interval (CI) were also estimated for 
each allele and genotype. The Benjamini-Hochberg cor-
rection method was applied to control for a false discovery 
rate (FDR) in multiple comparisons [32]. All the statistical 
analyses were carried out using SPSS for Windows (ver-
sion 22.0; IBM; USA). SHEsis online software was used 
for genotype analysis, linkage disequilibrium and the Har-
dy–Weinberg equilibrium [33].

Results
One SNP (rs34536443) in 600 SLE individuals and 600 

unrelated healthy controls was genotyped. Table 1 presents 
the clinical specifications of 235 SLE patients.

Allele frequency
In the NCBI SNP tool, the G allele is used as the refer-

ence allele; thus, the frequency of the C allele was reported 
(https://www.ncbi.nlm.nih.gov/snp/?term=rs34536443). 
As shown in Table 2, the frequency of the C allele for 
rs34536443 SNP was 1.70% in the SLE group, which is 
same as what was observed in the control group (2.61%). 
No significant difference was detected in the allelic distri-
bution of rs34536443 variant between the SLE and control 
groups (OR = 0.67, CI: 0.38-1.17, P value = 0.163).

Table 2. Allele and genotype distribution of TYK2 gene rs34536443 SNP in SLE patients and healthy controls.

SNP Allele /Genotype
SLE (N=600)

N (%)
Control (N=600)

N (%)
OR (95% CI) P value

rs
34

53
64

43

C 21 (1.70) 31 (2.61) 0.67 (0.38-1.17) 0.163

G 1179 (98.30) 1169 (97.39) Reference

CC 0 (0) 0 (0) - -

CG 21 (3.40) 31 (5.22) 0.66 (0.37-1.72) 0.15

GG 579 (96.60) 569 (94.78) Reference

HWE P>0.05

SLE, Systemic lupus erythematosus; HWE, Hardy–Weinberg Equilibrium

Genotype frequency
At the genotypic level, the GG genotype was assumed 

as the reference genotype. The heterozygous genotype 
rs34536443 CG was observed in 3.40% of the SLE group 
and 5.22% of controls, which was not a significant differ-
ence (OR = 0.66, CI: 0.37-1.72, P value = 0.15). The CC 
genotype could not be detected in either group. 

Association between genotypes and clinical features
We investigated whether or not the rs34536443 gen-

otypes in the TYK2 gene were associated with specific 
clinical features of SLE patients.Table 3 lists the results. 
None of the clinical data was significantly different be-
tween subjects for the genotypes of GG and CG (none of 
the subjects were genotyped as CC for rs34536443 SNP).
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Table 3. Various clinical features of RA patients in accordance with the frequencies of 34536443 genotypes.

Characteristic
Genotype

P value
GG CG CC

Sex Female=209, Male=18 Female=8, Male=0 - >0.99

Serositis No=221, Yes=6 No=8, Yes=0 - >0.99

Malar rash No=83, Yes=144 No=5, Yes=3 - 0.154

Palmar erythema No=207, Yes=20 No=7, Yes=1 - 0.533

Vasculitic ulcers No=212, Yes=15 No=8, Yes=0 - >0.99

Discoid rash No=196, Yes=30 No=8, Yes=0 - 0.601

Mucosal lesion No=124, Yes=102 No=5, Yes=3 - 0.734

Photosensivity No=87, Yes=140 No=4, Yes=4 - 0.714

Musculoskeletal arthritis No=62, Yes=165 No=3, Yes=5 - 0.688

Aseptic necrosis No=213, Yes=14 No=8, Yes=0 - >0.99

Muscle weakness No=191, Yes=36 No=7, Yes=1 - >0.99

Raised muscle enzyme No=201, Yes=26 No=8, Yes=0 - 0.603

Muscle biopsy myositis No=221, Yes=6 No=8, Yes=0 - >0.99

Cast No=198, Yes=29 No=7, Yes=1 - >0.99

Hematuria No=141, Yes=86 No=5, Yes=3 - >0.99

Raised Creatinine No=208, Yes=19 No=8, Yes=0 - >0.99

Hypertension No=184, Yes=43 No=7, Yes=1 - >0.99

Renal biopsy-Class1 No=227, Yes=0 No=8, Yes=0 - -

Renal biopsy-Class2 No=215, Yes=12 No=8, Yes=0 - >0.99

Renal biopsy-Class3 No=212, Yes=15 No=7, Yes=1 - 0.436

Renal biopsy-Class4 No=192, Yes=35 No=6, Yes=2 - 0.615

Renal biopsy-Class5 No=215, Yes=12 No=8, Yes=0 - >0.99

Renal biopsy-Class6 No=226, Yes=1 No=8, Yes=0 - >0.99

Pericarditis No=212, Yes=15 No=7, Yes=1 - 0.436

Cardiomyopathy No=225, Yes=2 No=8, Yes=0 - >0.99

Libman sack No=226, Yes=1 No=8, Yes=0 - >0.99

Valvular lesion No=193, Yes=34 No=7, Yes=1 - >0.99

Ischemic heart disease No=225, Yes=2 No=8, Yes=0 - >0.99

Raynaud syndrome No=187, Yes=40 No=6, Yes=2 - 0.636

Thrombophlebitis No=221, Yes=6 No=8, Yes=0 - >0.99

Pleuritis No=197, Yes=30 No=6, Yes=2 - 0.299

Lupus pneumonitis No=222, Yes=5 No=8, Yes=0 - >0.99

Interstitial fibrosis No=227, Yes=0 No=8, Yes=0 - -

Pulmonary hypertension No=225, Yes=2 No=8, Yes=0 - >0.99

Embolism No=224, Yes=3 No=8, Yes=0 - >0.99

Convulsion No=201, Yes=26 No=6, Yes=2 - 0.244

Psychosis No=222, Yes=5 No=8, Yes=0 - >0.99

Peripheral neuropathy No=209, Yes=18 No=8, Yes=0 - >0.99

Central involvement No=218, Yes=9 No=7, Yes=1 - 0.298

Raised hepatic enzyme No=54, Yes=173 No=1, Yes=7 - 0.685

Hepatitis No=226, Yes=1 No=8, Yes=0 - >0.99

Sjögren Syndrome No=226, Yes=1 No=8, Yes=0 - >0.99

Retinitis No=226, Yes=1 No=8, Yes=0 - >0.99
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Leukopenia No=145, Yes=82 No=6, Yes=2 - 0.715

Lymphopenia No=161, Yes=66 No=6, Yes=2 - >0.99

Thrombocytopenia No=182, Yes=45 No=5, Yes=3 - 0.210

Anemia No=157, Yes=70 No=5, Yes=3 - 0.706

Hemolytic anemia No=215, Yes=12 No=8, Yes=0 - >0.99

Coombs test No=185, Yes=42 No=8, Yes=0 - 0.357

C Reactive Protein No=76, Yes=151 No=2, Yes=6 - >0.99

FANA No=33, Yes=194 No=1, Yes=7 - >0.99

Anti-dsDNA No=33, Yes=194 No=2, Yes=6 - 0.340

Low_CH50 No=173, Yes=54 No=6, Yes=2 - >0.99

Low_C3 No=124, Yes=103 No=5, Yes=3 - 0.733

Low_C4 No=115, Yes=112 No=6, Yes=2 - 0.282

Antimalarial drug No=1, Yes=226 No=0, Yes=8 - >0.99

Plasmapheresis No=227, Yes=0 No=8, Yes=0 - -

Anti-SSA No=225, Yes=2 No=7, Yes=1 - >0.99

Anti-SSB No=227, Yes=0 No=8, Yes=0 - -

Positive anticardiolipin IgG No=222, Yes=5 No=7, Yes=1 - >0.99

Positive anticardiolipin IgM No=222, Yes=5 No=8, Yes=0 - >0.99

Positive lupus anticoagulant No=224, Yes=3 No=8, Yes=0 - >0.99

Anti-β2GP1 lgG No=224, Yes=3 No=8, Yes=0 - >0.99

Anti-β2GP1 lgM No=227, Yes=0 No=8, Yes=0 - -

IVIG No=226, Yes=1 No=7, Yes=1 - 0.067

Discussion 
As TYK2 appears to be a genetic determinant of auto-

immune and inflammatory diseases, the present study hy-
pothesized that TYK2 polymorphism might be involved 
in the pathogenesis of SLE in the Iranian population. The 
genotype and allele frequencies of rs34536443 SNP in 
TYK2 in patients with SLE compared with healthy con-
trols was investigated in relations to the risk of SLE. To 
our knowledge, this study is the first attempt undertaken to 
detect this possible association in SLE susceptibility in the 
Iranian population.

SLE is a complex, systemic autoimmune disease for 
which a spectrum of modifying and susceptibility genes 
are responsible for disease initiation and perpetuation. It is 
widely accepted that several cytokines are involved in the 
pathogenesis of autoimmune and inflammatory diseases. 
Numerous studies have suggested a role of cytokines such 
as IFN-α in SLE development and has been well docu-
mented that IFN-α is a pleiotropic cytokine involved in the 
immunopathogenesis and development of SLE [34-36]. In 
SLE, IFN-α stimulates a signaling pathway and encoding 
genes involves molecules on this pathway that may be as-
sociated with SLE risk [37]. 

IFNAR, which lacks intrinsic kinase domains, consists 

of the transmembrane subunits IFNAR1 (α-subunit) and 
IFNAR2 (β-subunit). TYK2 encodes a proximal tyrosine 
kinase on the IFN-α signaling pathway and, during anti-
gen stimulation of dendritic cells, induces T-helper 1 dif-
ferentiation [38]. Upon the IFN-α-IFNAR interface, TYK2 
interacts with IFNAR1, which results in TYK2 phospho-
rylation and activation [39]. Activation of TYK2 results 
in IFNAR phosphorylation and JAK1 activation, which 
in turn leads to dimerization and activation of the STAT 
transcription factors. Subsequently, phosphorylated STAT 
proteins form homo/heterodimers and localize to the nu-
cleus, where they regulate transcription of several genes, 
including IFN [40]. 

TYK2 is considered as an interesting candidate for as-
sociation studies with regard to genetic susceptibility to 
autoimmune and inflammatory diseases. The association 
between TYK2 gene polymorphism and autoimmune and 
inflammatory diseases have been examined in many stud-
ies, but the results have been inconsistent [12, 16, 19, 25, 
26, 41,43]. Some studies have reported a strong linkage of 
TYK2 haplotypes or individual SNPs with SLE risk [2, 
9, 16, 41]. The rs34563443 variant of TYK2 alters a con-
served proline (major allele) to alanine (protective minor 
allele) at position 1104 in the tyrosine kinase domain of 

Characteristic
Genotype

P valueGG CG CC
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the TYK2 protein, seemingly conferring a functionally 
less-efficient variant of the TYK2 protein [23]. Moreover, 
TYK2 function in primary T-cells, fibroblasts and B-cells 
is affected by the P1104A variant, leading to dysregulated 
signaling processing of pro-inflammatory cytokines [44].

Peluso et al. reported decreased susceptibility to ERI in 
Brazilian women due to the C allele of TYK2 rs34536443 
polymorphism [11]. Zervou et al. found no significant as-
sociation between the rs34536443 variant and JIA in the 
Greek population at either the genotype or allelic levels 
[45]. Diogo et al. demonstrated that allele C of rs34536443 
protects against inflammatory bowel disease (IBD), RA 
and SLE [44], while others demonstrated that the allele is a 
risk factor for psoriasis [46] and JIA [47]. Tao et al. (2010) 
performed a meta-analysis comprising 21,497 cases and 
22,647 controls to determine the different variants of 
TYK2. They demonstrated the association of rs34536443 
polymorphism with autoimmune and inflammatory dis-
eases [48]. In this study, the C allele of rs34536443 SNP 
did not effect SLE susceptibility in the Iranian population, 
suggesting the role of genetic diversity in different popu-
lations and the involvement of different genes in the etio-
pathogenesis of this multigenic disease.

In the SNP database (http://www.ncbi.nlm.nih.gov/snp/), 
the frequencies of the C and G alleles of rs34536443 were 
estimated to be 0.01 and 0.99, respectively. The results in-

dicated a frequency for the C allele in the control group 
of 2.61%, which is similar to that of the SNP database. 
Moreover, the frequency of the C allele in our SLE group 
was 1.70, which is similar to those of the control group and 
the SNP database. 

Conclusion
In conclusion, the current study demonstrated no influ-

ence of rs34563443 polymorphism on SLE risk in the 
Iranian population. It is worth mentioning that in order 
to reach a definite conclusion, further studies using larger 
sample sizes are required to determine the exact mecha-
nism by which polymorphisms in this gene result in SLE 
development. The information from this and related stud-
ies should increase understanding of SLE pathogenesis 
and the possibility of development of promising therapies 
for the disease.
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