
Original Article

Genetic polymorphism predicting Methotrexate efficacy in Chinese
patients with psoriasis vulgaris

Ye hong Kuanga,1, Yan Lua,1, Ke xiang Yanb, Pan pan Liua, Wang qing Chena,
Min xue Shena, Yi jing Hea, Li sha Wuc, Qun Shi Qina, Xing chen Zhoua, Jie Lia, Juan Sua,
Cheng zhi Lvd, Wu Zhua,*, Xiang Chena,*
aDepartment of Dermatology, XiangYa Hospital, Hunan Key Laboratory of Skin Cancer and Psoriasis, Central South University, Changsha, Hunan, China
bDepartment of Dermatology, Hua Shan Hospital, Fu dan University, Shanghai, China
cInstitute of medical science, Xiangya Hospital, Central South University, Changsha, Hunan, China
dClinical Centre for Psoriasis, Dalian Skin Diseases Hospital, Dalian, Liaoning, China

A R T I C L E I N F O

Article history:
Received 25 December 2017
Received in revised form 4 June 2018
Accepted 24 June 2018

Keywords:
Methotrexate
Psoriasis
Efficacy
SNP
Whole exome sequencing
MassARRAY

A B S T R A C T

Background: Methotrexate is the first systemic therapeutics of psoriasis. It is reported that 40% of the
patients achieved a PASI75 after 12 weeks with a small dose of methotrexate (15 mg / w) treatment. So far
there is not any large-scale exome sequencing been used to predict the efficacy of methotrexate in the
treatment of psoriasis vulgaris.
Objective: To analyze the genetic polymorphism to predict methotrexate efficacy in Chinese patients with
psoriasis vulgaris.
Methods: In this study, we used the whole exon high-throughput sequencing technology to detect the
DNA sequence of 22 psoriasis vulgaris patients (11 responders, 11 non-responders) treated with
methotrexate and captured approximately 236 variants with statistically significant in the whole exon
sequencing, then in accordance with statistical differences and clinical relevance, we further selected 36
SNPs and 14 SNPs that have been reported in articles associated with the response of methotrexate. We
used MassARRAY method to verify the 50 SNPs in 100 psoriatic patients treated with methotrexate.
Results: We found 3 SNPs, rs216195T > C in SMG6, rs1050301G > A in IMMT, rs2285421T > C in UPK1A
which might associate with the drug response of methotrexate.
Conclusion: We have searched 3 new SNPs that could predict the efficacy of methotrexate in psoriasis
vulgaris to some extent, providing a theoretical basis for precision medicine of methotrexate in future.

© 2018 Published by Elsevier B.V. on behalf of Japanese Society for Investigative Dermatology.

1. Introduce

Psoriasis is an immune-mediated chronic, relapsing, inflam-
matory, polygene genetic disease characterized as erythrocyte
plaque, hyperplasia of keratinocytes and infiltration of lympho-
cytes [1–4]. Currently, the clinical drugs for psoriasis is increasing,
the traditional drugs included methotrexate, retinoids, and
cyclosporine A, etc [5]. There are a lot of new biological agents
included TNF-α inhibitors, anti-IL-17, anti-IL-23 antibodies in
clinical or under clinical studies. Although the treatment of
psoriasis has entered a new era of biological agents, traditional
medicines still hold an important position in the treatment of

psoriasis. The individual treatment of psoriasis has been paid more
and more attention in the modern society. The development of
large-scale high-throughput sequencing technology provides a
platform for the precise medication of psoriasis. Studies have been
reported that the SNPs can predict the efficacy of biological agents
[6,7]. Methotrexate is the most widely and effective used for the
treatment of moderate-to-severe psoriasis in system medicine.
Low dose methotrexate (15 mg / w) is used to cure all kinds of
severe psoriasis and has the advantages of high efficacy, fast onset
and good tolerance. Besides, methotrexate combined with
biological agents can improve the efficacy of biological agents to
reduce the generation of anti-antibodies and vascular events
[8–10]. However, there are individual differences in the efficacy of
methotrexate, the efficiency is 40% as reported, several SNPs has
been reported to be associated with good response to methotrex-
ate treatment in patients with psoriasis, it has been reported that
the gene polymorphisms that influence the transporter and
metabolic enzymes of methotrexate metabolic pathway affect
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the clinical efficacy of methotrexate, but there is no whole exon
sequencing method used to predict and analyze the SNPs
associated with efficacy of methotrexate. At present, in the study,
we selected 100 psoriasis patients treatment with methotrexate
(63 responders, 37 non-responders) and found 3 SNPs might
respond to methotrexate therapy in patients with psoriasis by
MassARRAY method.

2. Material and methods

2.1. Patients

The research project was approved by Ethic Committee of
XiangYa Hospital, the registrated number in Chinese Clinical Trial
Registry online with the registration number is ChiCTR�OCH-
14004518. The informed consent was obtained from all patients.
All patients had received methotrexate for treatment of psoriasis
for 12 weeks. Part of the patients were took oral folic acid as
adjuvant therapy.

2.2. Evaluation of efficacy

Patients were stratified as: (i) ‘responders’——those with clearly
documented clinical improvement, using the Psoriasis Area and
Severity Index (PASI), i.e. > 75% reduction in PASI from the start of
methotrexate therapy; and (ii) ‘non-responders’——those patients
who showed no clear improvement, i.e. < 50% improvement in
PASI while on therapy. In cases where the PASI score was not
recorded, an explicit statement of response to therapy recorded in
the clinical records was acceptable.

2.3. DNA extraction

DNA was extracted from the Whole blood cells (200 u L) using a
QIAamp DNA Mini Kit (250) (Qiagen) according to manufacturer’s
instructions. All the blood samples were stored at �80 �C until
used.

2.4. Whole exome sequencing

The qualified genomic DNA sample was randomly fragmented
by Covaris technology and the size of the library fragments was
mainly distributed between 200bp and 300bp. Then adapters were
ligated to both ends of the resulting fragments. Extracted DNA was
amplified by ligation-mediated PCR (LM-PCR), purified, and
hybridized to the exome array for enrichment. Non-hybridized
fragments were then washed out. Captured LM- PCR products were
subjected to Agilent 2100 Bioanalyzer and quantitative PCR to
estimate the magnitude of enrichment. Each qualified captured
library was then loaded on Illumina Hiseq platforms, and we
performed high-throughput sequencing for each captured library
to ensure that each sample met the desired average sequencing
coverage. Sequencing-derived raw image files were processed by
Illumina basecalling Software for base-calling with default

parameters and the sequence data of each individual was
generated as paired-end reads, which was defined as “raw data”
and stored in FASTQ format.

2.5. Sequenom MassArray analysis

SNPs were genotyped using Sequenom1 MassARRAYTM

(Sequenom Inc., San Diego, CA, U.S.A.) technology.

2.6. Data statistics and analysis

Unpaired two sample t-test was used to evaluate whether there
are statistical relevance between the baseline of age, body mass
index (BMI) and PASI with efficacy treated with methotrexate
therapy respectively. χ2 test (Fisher’s exact when the number is
less than 40) was used to compare sex with efficacy treated with
methotrexate therapy. Logistic regression analysis was to get
OR95%CI and p value to text the relation between SNPs with
efficacy after adjust for the baseline of age, BMI and PASI and sex.
The statistical software is IBM SPSS Statistics 23.

3. Results

3.1. Clinical features of the psoriatic patients

In the study, all patients are Han Chinese, the baseline of age,
BMI and sex of the patients had no significant difference between
the responder and the non-responder group. But the baseline of
PASI can influence the efficacy (p < 0.05), it will be corrected by
multivariable logistic regression analysis. The details were seen
in Table 1.

3.2. Whole exome sequencing analysis

In this study, we selected 22 patients for whole exome
sequencing analysis to reconcile the clinical findings with
molecular data in psoriatic patients, then we obtained 31, 522
variants. And the most significant SNPs rs483532 (Fisher.
p = 1.84 � 10�4) as shown in Fig. 1. After all the variant base-
calling, Fisher’s exact-test and the Cochran–Armitage trend as well
as different genetic models (dominant, recessive and general)
analyses were used to identify variants that were significantly
associated with drug response (p < 0.05). In fact, 236 variants were
found to be associated with drug efficacy (Table S1). Moreover,
according to the Fisher. p, mutation location and significance, 36
positive SNPs were selected and validated by MassArray in
independent samples.

3.3. Univariate analysis of fifty positive SNPs

In this study, we selected 14 SNPs previously reported
associated with response to methotrexate therapy, besides 36
SNPs, total 50 SNPs for validation by MassARRAY method. For
quality control, only SNPs with a frequency above 5% and with a

Table 1
The Demographic data of the patients in two phase.

Discovery Phase(n = 22) p Verification Phase(n = 100) p

PASI reduce<50% PASI reduced>75% PASI reduce<50% PASI reduce>75%

Age(mean � SD) 44 � 13 48 � 15 0.569 53 � 13 51 � 14 0.803
Male 6(50.0%) 6(50.0%) 1.000a 26(39.4%) 40(60.6%) 0.490
Female 6(50.0%) 6(50.0%) 11(32.4%) 23(67.6%)

BMI (mean � SD) 23.25 � 4.80 23.71 � 3.05 0.793 23.90 � 2.68 23.74 � 3.24 0.805
0 W PASI (mean � SD) 14.82 � 5.75 14.76 � 7.61 0.985 11.13 � 7.62 15.72 � 8.17 0.007

a Fisher’s exact-test (n<40); PASI: Psoriasis Area and Severity Index; 0 W PASI: the baseline of PASI; BMI: Body Mass Index; SD: standard Deviation.
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genotyping rate �95% and agreed with the Hardy–Weinberg
equilibrium (p > 0.05) were included in the final statistical
analysis. So a total of 42 SNPs were qualified. Among other 8
unqualified SNPs, 7 SNPs were only not agreed with the Hardy–
Weinberg equilibrium,1 SNPs were rejected with a genotyping rate
<95% and not agreed with the Hardy–Weinberg equilibrium too.
The details were seen in Table 2.

3.4. Binary logistic regression analysis of 50 SNPs

First, we performed single-factor binary logistic regression
analysis for the 50 SNPs respectively and got a crude P value. Then,
in order to adjust for the baseline of age, BMI and PASI and sex of
onset of psoriasis, we introduced these factors together with the
SNP into independent variables for binary logistic regression
analysis and got another adjusted P value. Finally, we got the 6
SNPs (P < 0.05). The result that P < 0.05 were seen in Table 3, the
others were seen in Table S3. Although these differences became
non-significant (P > 0.001) with Bonferroni correction (n = 50), the
variation of these SNPs is different between responders and non-
responders to MTX treatment. So we then excluded the last two
SNPs rs2838956 and rs3744786, because they did not meet gene
dose dependence, and we conducted a multivariate binary logistic
regression analysis using the other 4 SNPs together with factors
such as the baseline of, age, BMI and PASI and sex of onset of
psoriasis as independent variables in the next paragraph.

3.5. Multivariable logistic regression analysis of SMG6 rs216195T > G,
IMMT rs1050301 g > a and UPK1A rs228521 t > c

As mentioned in the previous paragraph, We used multivariable
logistic regression analysis to evaluate the 4 SNPs with adjustment
for the baseline of age, BMI and PASI and sex to analysis the data
and found 3 SNPs (p < 0.05). For SMG6 rs216195T > G variation, 12
patients carried the SMG6 rs216195TT genotype, 51 patients
carried the SMG6 rs216195 GT genotype, and 36 patients carried
the SMG6 rs216195GG genotype. SMG6 rs216195GT genotype
(OR = 5.574, 95% CI = 1.1035–30.032, p = 0.046) and SMG6
rs216195GG genotype (OR = 6.147, 95% CI = 1.114–33.922,
p = 0.037) were all probably associated with the effective response
compared to the TT genotype respectively, For IMMT
rs1050301 G > A variation, 28 patients carried the IMMT
rs1050301GG genotype, 44 patients carried the IMMT
rs1050301GA genotype, and 27 patients carried the IMMT

rs1050301AA genotype. IMMT rs1050301AA (OR = 0.246, 95%
CI = 0.061-0.990, p = 0.048) was probably associated with the
ineffective response compared to the GG genotype, For UPK1A
rs2285421T > C variation, 20 patients carried the UPK1A
rs2285421TT genotype, 45 patients carried the UPK1A
rs2285421TC genotype and 35 patients carried the UPK1A
rs2285421CC genotype. UPK1A rs2285421TC genotype
(OR = 4.420, 95% CI = 1.175–16.630, p = 0.028) and rs2285421CC
genotype (OR = 2.795, 95% CI = 0.689–11.331, p = 0.029) were all
probably associated with the effective response compared to the TT
genotype respectively (Table 4). The details were seen in Table 3.

4. Discussion

Methotrexate is widely used in the treatment of many
autoimmune diseases, including rheumatoid arthritis (RA), psori-
asis, and inflammatory bowel disease (IBD). In the past 10 years,
there have been preliminary studies that gene SNPs are response to
the drug-effectiveness and toxicity of methotrexate in the
treatment of disease. Genetic variation in genes involved in
methotrexate transmembrane transport and mediation could
influence efficacy of the methotrexate. It reported that genetic
variation in gene ABCC1, ABCG2, and DHFR are associated with
response to methotrexate therapy in psoriasis [11,12], in rheuma-
toid arthritis, there are also studies reported genetic variation in
gene MTHFR, ATIC, SLC19A1, and GGH are significantly associated
with efficacy of methotrexate [13–15]. Elena V. Tchetina reported
that increased baseline gene expressions of RUNX2, p21 and
caspase 3 in the peripheral blood might predict better responses to
methotrexate therapy [16]. However, these fragmented genetic loci
need to be further validated in clinical, and because of the disease
and geographical differences, the findings also need to be validated
in multicenter large sample populations. With the development of
second-generation sequencing technologies and the reduction of
sequencing costs, it is possible to identify genetic variations of all
the protein coding regions (exomes) and search for new genes that
predict the efficacy of methotrexate quickly and efficiently,
providing a new target gene for methotrexate applied to patients
for individualized and precise medication.

In this study, we performed all exon sequencing of 22 patients
with psoriasis vulgaris treated with methotrexate, and we
searched 31,522 variants which might affect the efficacy of
methotrexate according the p value (p < 0.05). So, according the
Fisher. p value, OR and the gene function, we selected 36 significant

Fig. 1. Manhattan plot of allele association tests of all SNPs (single nucleotide polymorphisms). The different colors mean different chromosomes. Fisher’s exac t-test, the
most significant SNPs rs483532, Fisher, p = 1.84 � 10�4.
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statistically significant SNPs and other 14 SNPs that have been
reported in articles associated with the response of methotrexate
to verify with MassARRAY method in other 100 methotrexate
treated psoriasis patients.

After the verification result came out, we firstly used the single
factor binary logistic regression method to analyze these 50 SNPs
separately and got a crude P value. Then we adjusted the baseline of
age, BMI and PASI and sex of onset of psoriasis with logistic
regression analysis and got another adjusted P value. Among these
50 SNPs, there are 6 SNPs (p < 0.05). However these differences
became non-significant (P > 0.001) with Bonferroni correction
(n = 50). Although these differences are not statistically significant,
the variation of these SNPs is different between psoriasis patients
responded and non-responded to MTX treatment, which implied
that these SNPs still has some meaning to some extent. So we still
try to make further statistical analysis based on this results. We
excluded 2 SNPs that did not meet gene dose dependence and

conducted a multivariate binary logistic regression analysis using
the other 4 SNPs together with factors such as the baseline of age,
BMI and PASI and sex of onset of psoriasis as independent
variables. Finally we got 3 SNPs (P < 0.05), they are respectively
rs216195 (T > G), rs1050301 (G > A), rs2285421(T > C). We con-
clude that the 3 SNPs variation might associate with the response
of methotrexate and will provide reference meanings for further
studies based on larger samples.

rs216195T > G is a missense variant in SMG6 gene on
chromosome 17 resulting in a change of amino acid lysine to
glutamine, SMG6 is broadly expressed in all human tissues. It has
dual functions in telomere maintenance and RNA surveillance
pathways. SMG6 is an NMD factor. Nonsense-mediated mRNA
decay (NMD) controls gene expression by eliminating mRNAs with
premature or aberrant translation termination. Degradation of
NMD substrates is initiated by the central NMD factor UPF1, which
recruits the endonuclease SMG6 and the deadenylation-promoting

Table 2
Quality control of 50 positive SNPs.

Number SNP ID Gene Chr MAF Location Genotype n Genotyping rate p for H–W

1 rs216195 SMG6 17 0.4014 missense_variant TT/GT/GG 12/51/37 99% 0.346398562
2 rs2290610 IL5RA 3 0.4281 missense_variant TT/CT/CC 31/49/20 99% 0.856440726
3 rs4689254 ZBTB49 4 0.1508 missense_variant GG/AG/AA 37/54/7 97% 0.040151884
4 rs2499953 MMP26 11 0.1667 missense_variant AA/AG/GG 59/37/5 100% 0.771325839
5 rs1130409 APEX1 14 0.3756 missense_variant TT/GT/GG 34/45/20 98% 0.518747634
6 rs2240432 INPP5J 22 0.3784 missense_variant GG/AG/AA 22/46/32 99% 0.417197593
7 rs2285421 UPK1A 19 0.3413 missense_variant TT/CT/CC 20/45/35 100% 0.427871704
8 rs818817 SLC22A14 3 0.1637 missense_variant AA/AG/GG 5/37/59 100% 0.771325839
9 rs2301354 KRT36 17 0.4844 missense_variant GG/AG/AA 54/33/13 99% 0.043125755
10 rs2235592 EMILIN3 20 0.2831 missense_variant CC/CT/TT 19/49/30 98% 0.899483105
11 rs2071588 KRT81 12 0.2788 missense_variant CC/GC/GG 31/61/6 97% 0.000819461
12 rs2306359 BNIP2 15 0.1779 missense_variant TT/GT/GG 50/46/3 99% 0.046941295
13 rs2017252 ZNF273 7 0.4559 missense_variant AA/CA/CC 29/47/21 96% 0.878522401
14 rs17138089 CRCP 7 0.0978 missense_variant AA/AG/GG 47/40/13 99% 0.365712296
15 rs1050301 IMMT 2 0.3293 missense_variant GG/AG/AA 28/45/27 99% 0.269315996
16 rs1051340 TRIP11 14 0.2714 missense_variant CC/CT/TT 49/41/10 99% 0.775985656
17 rs1048197 SMPD2 6 0.1100 missense_variant CC/CT/TT 60/36/4 99% 0.60524231
18 rs4871827 DEPTOR 8 0.2995 missense_variant GG/AG/AA 17/43/41 100% 0.357755973
19 rs2272094 CRTAM 11 0.4497 missense_variant AA/AG/GG 35/46/19 99% 0.508012836
20 rs7927048 ADAMTS8 11 0.4692 missense_variant CC/GC/GG 12/55/20 86% 0.013361838
21 rs30489 TCF7 5 0.1534 missense_variant GG/AG/AA 44/40/17 100% 0.187020572
22 rs1529151 ECT2L 6 0.2762 missense_variant GG/AG/AA 49/45/6 99% 0.341632942
23 rs299290 HMMR 5 0.3127 missense_variant TT/CT/CC 27/51/21 98% 0.810300859
24 rs3749172 GPR35 2 0.4840 missense_variant AA/CA/CC 10/44/46 99% 0.991599255
25 rs34639489 ERV3-1 7 0.4714 missense_variant CC/CT/TT 34/40/26 99% 0.061598824
26 rs3742264 CPB2 13 0.3073 missense_variant CC/CT/TT 63/35/3 100% 0.531971058
27 rs1051266 SLC19A1 21 0.4886 missense_variant TT/CT/CC 18/57/24 98% 0.145176604
28 rs10987746 ENG 9 0.4796 intron_variant CC/CT/TT 55/34/12 100% 0.057062208
29 rs11161732 COL24A1 1 0.3702 missense_variant GG/GA/AA 30/51/20 100% 0.919542442
30 rs11702425 COL18A1 21 0.3199 synonymous_codon CC/CT/TT 7/35/59 100% 0.589706042
31 rs32209 FBN2 5 0.2328 missense_variant TT/CT/CC 13/47/40 99% 0.749802984
32 rs12681874 GGH 8 0.2386 intron_variant CC/CT/TT 37/45/14 95% 0.876015576
33 rs12995526 ATIC 2 0.4683 intron_variant CC/CT/TT 57/38/6 100% 0.893929767
34 rs156697 GSTO2 10 0.4407 missense_variant AA/AG/GG 54/41/6 100% 0.599607729
35 rs10030708 TMPRSS11F 4 0.3289 missense_variant CC/CT/TT 26/44/29 98% 0.319581416
36 rs1476413 MTHFR 1 0.2512 intron_variant TT/CT/CC 6/33/62 100% 0.499046565
37 rs248709 CTXN3 5 0.3466 missense_variant AA/AT/TT 45/27/29 100% 7.61602E-06
38 rs17731538 ABCG2 4 0.096 intron_variant GG/GA 13/89 100% 0.486938014
39 rs1136001 NTAN1 16 0.3433 missense_variant GG/GT/TT 43/41/13 96% 0.453652995
40 rs2838956 LOC107987304 21 0.4545 missense_variant AA/AG/GG 23/57/18 97% 0.120347858
41 rs228104 SLC37A1 21 0.1801 missense_variant GG/AG/AA 18/54/29 100% 0.465493521
42 rs35592 ABCC1 16 0.3704 intron_variant CC/TT 12/80 92% 8.66765E-22
43 rs3821353 ATIC 2 0.2454 intron_variant GG/GT/TT 27/31/42 99% 0.000158118
44 rs753778 SLC45A4 8 0.3754 missense_variant GG/AG/AA 57/36/7 100% 0.22674307
45 rs3744786 KRT32 17 0.3255 missense_variant TT/CT/CC 52/35/14 100% 0.058798105
46 rs10489990 CD207 2 0.2843 missense_variant GG/AG/AA 58/36/6 99% 0.920742285
47 rs7499 COL18A1 21 0.4673 intron_variant AA/AG/GG 25/56/20 100% 0.304152649
48 rs7563206 ATIC 2 0.4018 intron_variant CC/CT/TT 57/36/7 99% 0.714570206
49 rs7986131 LMO7 13 0.3131 missense_variant TT/CT/CC 21/49/31 100% 0.90450551
50 rs843358 EIF2B5 3 0.3900 missense_variant AA/AG/GG 19/53/26 97% 0.443663049

SNP: single nucleotide polymorphism; Chr: chromosome; MAF: minor allele frequency; H–W: Hardy–Weinberg equilibrium; missense variant: a type of non-synonymous;
bold in Genotyping rate mean the result is unqualified; bold in p for H–W mean the result is not consistent with Hardy–Weinberg equilibrium.
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SMG5/7 complex [17–21]. It has been reported that overexpression
or knockdown of SMG6 in human cells causes the shortening or
loss of telomeres and cell cycle arrest. These studies highlight the
important function of Smg6 in various cellular process [22]. In
addition, there are several reports that Smg6 regulates embryonic
stem cell differentiation through NMD function [23,24]. As we all
know, the pathological features of psoriasis are excessive
proliferation and abnormal differentiation of keratinocytes.
Therefore, we speculate that SMG6 is likely to participate in the
development of psoriasis, and the mechanism deserves to study.

rs2285421T > C is a missense variant in UPK1A gene on
chromosome19 resulting in a change of amino acid methionine to
threonine. The protein encoded by this gene is a member of the
transmembrane 4 superfamily, also known as the tetraspanin family.
The proteins mediate signal transduction events that play a role in
the regulation of cell development, activation, growth and motility
[25]. UPK1A is a specific marker of mammalian urothelium. It has
been reported that inhibition of UPK1A can suppress proliferation
and enhance apoptosis of bladder transitional cell carcinoma cells
[26]. And Carlsson H et al have reported that UPK1A upregulated in
the inflammatory skin disorder such as psoriasis but the mechanism
is unknown [27]. But there is no evidence that it directly affects the
methotrexate transport and metabolic processes. We speculated
that UPK1A may play a role in the development of psoriasis and
influence the efficacy of methotrexate.

rs1050301G > A is a missense variant in IMMT gene on
chromosome 2 resulting in a change of amino acid proline to
serine. IMMT gene encodes MICOS complex subunit Mic60 protein

(also known as mitofilin), is a protein of the inner mitochondrial
membrane and a key component of the mitochondrial contact site
and cristae junction organizing system (MICOS). Mic60 is critical
for maintaining mitochondrial membrane structure and function
[28,29]. It has reported that Mic60 knockdown compromises
mitochondrial transcription and OXPHOS activities. And precise
regulation of mtDNA transcription and oxidative phosphorylation
(OXPHOS) is crucial for human health [30]. Mitofilin has also been
reported that can participate in protein input along with other
mitochondrial proteins [31,32] Besides, it has been reported that
mitofilin distinctly functions in cristae remodeling and controls
cytochrome c release during apoptosis [33]. In a word, mitofilin
involved in transcription, protein import, metabolism and
apoptosis. Psoriasis is a hyperplastic and metabolic disorder, and
methotrexate requires transporter. Although there is currently no
report on the association between mitofilin and psoriasis, a lot of
evidence suggests that it will play a role in psoriasis.

Simultaneously, we selected 14 SNPs previously reported
associated with response to methotrexate therapy such as ABCC1
(rs35592), ABCG2 (rs13120400, rs17731538), SLC19A1 (rs1051266,
rs11702425, rs7499, rs2838956), ATIC (rs3821353, rs12995526,
rs7563206), DHFR(rs1232027), MTHFR(rs1476413), GGH
(rs12681874), FPGS(rs10987746) to verify. Unfortunately, none of
the SNPs were found to be associated with the efficacy of
methotrexate in the treatment of psoriasis in our case series.
We speculate on the one hand because the results of this study are
limited by the number of samples, on the other hand, due to
characteristics of disease and geographical differences, the

Table 3
Binary logistic regression analysis of 6 SNPs.

Gene rs number Genotype frequencies responder non-responder P Crude OR(95%)a P Adj Adjust OR(95%)b

N = 63 N = 37

SMG6 rs216195 TT,n(%) 3(4.8) 9(25) 1 1
GT,n(%) 35(55.6) 16(44.4) 0.01 6.562[1.564-27.54] 0.024 5.989[1.269-28.262]
GG,n(%) 25(39.7) 11(30.6) 0.011 6.818[1.542-30.152] 0.019 6.88[1.365-34.67]

UPK1A rs2285421 TT,n(%) 9(14.3) 11(29.7) 1 1
TC,n(%) 31(49.2) 14(37.8) 0.072 2.706[0.916-7.999] 0.017 4.632[1.318-16.272]
CC,n(%) 23(36.5) 12(32.4) 0.138 2.343[0.761-7.208] 0.097 2.875[0.827-9.995]

IMMT rs1050301 GG,n(%) 19(30.6) 9(24.3) 1 1
GA,n(%) 32(51.6) 12(32.4) 0.658 1.263[0.449-3.552] 0.886 1.084[0.361-3.256]
AA,n(%) 11(17.7) 16(43.2) 0.046 0.326[0.108-0.982] 0.042 0.294[0.09-0.958]

TMPRSS11F rs10030708 CC,n(%) 19(31.1) 6(16.2) 1 1
CT,n(%) 27(44.3) 17(45.9) 0.293 0.553[0.183-1.668] 0.259 0.51[0.158-1.642]
TT,n(%) 15(24.6) 14(37.8) 0.041 0.295[0.091-0.951] 0.025 0.232[0.064-0.835]

LOC107987304 rs2838956 AA,n(%) 18(30) 5(13.5) 1 1
AG,n(%) 31(51.7) 25(67.6) 0.063 0.344[0.112-1.058] 0.041 0.289[0.088-0.95]
GG,n(%) 11(18.3) 7(18.9) 0.236 0.437[0.111-1.72] 0.293 0.458[0.107-1.967]

KRT32 rs3744786 TT,n(%) 27(42.9) 24(64.9) 1 1
TC,n(%) 26(41.3) 9(24.3) 0.048 2.568[1.007-6.55] 0.04 2.835[1.049-7.667]
CC,n(%) 10(15.9) 4(10.8) 0.223 2.222[0.616-8.019] 0.205 2.427[0.615-9.575]

a Without adjusted for the baseline of age, BMI and PASI and sex. Bold and italics in p value mean the significant result;
b adjusted for the baseline of age, BMI and PASI and sex. Bold and italics in p value mean the significant result.

Table 4
Association of 3 positive SNPs with response to methotrexate via logistic regression analysis.

Gene SNPs Genotypes/Alleles PASI<50% PASI � 75% Adjusted OR[95%CI]a P

n = 37 n = 63

SMG6 rs216195 TT,n(%) 9(25) 3(4.8) 1
GT,n(%) 16(44.4) 35(55.6) 5.574[1.035-30.032] 0.046
GG,n(%) 11(30.6) 25(39.7) 6.147[1.114-33.922] 0.037

IMMT rs1050301 GG,n(%) 9(24.3) 19(30.6) 1
GA,n(%) 12(32.4) 32(51.6) 0.809[0.224-2.926] 0.747
AA,n(%) 16(43.2) 11(17.7) 0.246[0.061-0.990] 0.048

UPK1A rs2285421 TT,n(%) 11(29.7) 9(14.3) 1
TC,n(%) 14(37.8) 31(49.2) 4.420[1.175-16.630] 0.028
CC,n(%) 12(32.4) 23(36.5) 2.795[0.689-11.331] 0.150

a adjusted for the baseline of age, BMI and PASI and sex. Bold and italics in p value mean the significant result.
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reliability of these previously reported gene locus is still worth
further study to demonstrate.

In conclusion, rs216195T > G, rs1050301G > A, rs2285421T > C
may influence the efficacy of methotrexate in Chinese patients with
psoriasis vulgaris. There is accumulating evidence regarding the
functional effects of these genes, however, the mechanisms is not
clearly understood. We believe that in future, these variants will be
provedtobeuseful asmarkers for targetingtherapieswith additional
work and they will be widely used in clinical as a precision medical
treatment that is more accurate, more effective and more personal-
ized treatment. Besides, it will reduce unnecessary expenditure for
patients and be prioritized by the patients. Although the deficiencies
of this study are the small sample size, we are now expanding the
sample size to further verify these SNP sites.
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