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Abstract 
The current work aims to evaluate the association between genetic mutations in thymidylate synthetase (TYMS gene in exon1 
and partial regions of promotor and intron 1 [877 bp, 657,220–658,096 bp]) and the therapeutic outcomes for rheumatoid arthritis 
(RA) Iraqi patients. An observational cross-sectional study involving 95 RA patients with established RA patients based on their 
methotrexate treatment responsiveness. Genetic sequencing of the TYMS gene was performed for all patients according to the 
instruction manuals of the sequencing company (Macrogen Inc. Geumchen, South Korea). Four polymorphisms were identified 
by sequencing 95 randomly selected patients in the noncoding region of TYMS. Three of these polymorphisms were found in the 
NCBI database’s dbSNP (rs2853741, rs2606241, and rs2853742 SNPs), and one SNP polymorphism is novel (657334). The 
CTAT (657334, rs2853741, rs2606241, and rs2853742 SNPs) haplotype was significantly associated with responder with odd 
ratio, 95% confidence interval: 0.506, 0.281–0.912 (P value = .022). In contrast, the other haplotypes were not associated with 
MTX responsiveness. In the multivariate analysis, after adjusting to the effect of age, sex, smoking, and disease duration, the 
TCrs2853741 genotype was associated with non-responders (P value = .030). In contrast, the ACrs260641 genotype, after adjusting to 
the effect of age, sex, and smoking, was associated with non-responders (P value = .035). Genetic polymorphism of the TYMS 
gene, especially in TCrs2853741 and ACrs260641, predicts non-responder to MTX treatment in RA, while the presence of the CTAT 
haplotype predicts a good response to MTX treatment.

Abbreviations: CCSD = Congenital Cardiac Septal Defects, ESR = erythrocyte sedimentation rate, HFS = hand-foot syndrome, 
MTX = methotrexate, NSCLP = Nonsyndromic Cleft Lip and Palate, RA = rheumatoid arthritis, SNPs = single nucleotide 
polymorphisms, TYMS = thymidylate synthase, VNTR = variable number tandem repeat.
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1. Introduction
Rheumatoid arthritis (RA) is a chronic systemic inflammatory 
disorder characterized by pain and swelling in the hands and 
feet on both sides.[1–3] Over time, if persistent inflammation isn’t 
appropriately managed, it might cause permanent damage to 
the joint structures.[4–6] Methotrexate (MTX) is the first-line 
medication that has been used for the treatment of RA since the 
1980s. It is an antifolate with significant anti-inflammatory and 
antiproliferative effects. The mechanism of MTX efficacy in RA 

is related, at least in part, to the intracellular inhibition of thymi-
dylate synthase (TYMS), which is a crucial enzyme for thymidine 
biosynthesis, an essential nucleotide for DNA replication and 
repair. Because of its effectiveness, safety profile, and low cost, 
MTX is widely used to treat RA.[7,8] TYMS is a folate-dependent 
enzyme that catalyzes the reductive methylation of deoxyuri-
dine monophosphate into deoxythymidine monophosphate; the 
methyl group donor in this reaction is N5, N10 methylenetetra-
hydrofolate, which is converted to dihydrofolate.[9]
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Roughly 30% to 50% of patients have a poor response 
to MTX therapy or relapse with inadequate response to 
re-treatment, resulting in drug resistance.[10] Variations in gene 
expression or activity of enzymes along the folic acid-MTX 
pathway have been proposed to underlie the variability in med-
ication pharmacokinetics and responsiveness to MTX seen 
across individuals.[11] Previous research showed that TYMS lev-
els predict MTX therapy in RA patients.[12,13] Genetic polymor-
phisms in the TYMS gene have also been linked to fluctuations 
in TYMS levels,[14,15] which indicates that genetic polymorphism 
in the TYMS gene is the possible cause of the variability of MTX 
response seen in RA patients. To address this issue, pharmacog-
enomics studies focused on alterations in several genes involved 
in the genetic regulation of MTX activity and the impact of 
genetic variations on the clinical response to MTX in patients 
with RA.[16]

Few polymorphisms concerning TYMS have been reported 
in RA patients, rs2853542 polymorphisms which involve a 
change from cytosine to guanine at the twelfth nucleotide 
position inside the second repeat of the VNTR (Variable num-
ber tandem repeat) 3R allele, the presence of cytosine (3RC) 
disrupts the E-box, decreasing transcriptional activation com-
pared to 3RG, thus reducing TYMS levels.[14] Multiple studies 
have investigated the relationship between this SNP and the 
TYMS 28 bp VNTR polymorphism by integrating data from 
both TYMS enhancer region (TSER) polymorphisms.[17,18] 
Even though the TYMS gene is important for MTX activa-
tion and biological activity, no studies examined this gene in 
RA patients and established its importance in predicting MTX 
response during RA treatment; we have undertaken this study 
to shed light on this subject.

This study aimed to investigate the clinical significance of 
previously unexplored regions of the TYMS gene (in exon1 and 
partial regions of promotor and intron 1 [877 bp, 657,220–
658,096 bp]) in the context of MTX treatment outcomes for 
Arab-Iraqi RA patients.

2. Materials and methods

2.1. Study design

An observational study involved 95 Iraqi RA patients with 
established RA according to the revised 2010 American College 
of Rheumatology (ACR)/European League Against Rheumatism 
(EULAR) Classification Criteria for RA.[19]

Patients were divided into 2 groups, in which the responder 
group was defined as (disease activity score) DAS28 ≤ 3.2, and 
non-responder DAS28 > 3.2 after at least 3 months of MTX 
treatment (tablet or parenteral formulations), one reading of 
DAS28 used to calculate treatment response.[20–22] Responder 
groups included 47 patients and 48 patients as non-responders.

2.2. Study settings

All the patients in this study were recruited from the 
Rheumatology Department of Diwaniya Teaching Hospital. 
The study was performed between June 01, 2022 and March 
01, 2023.

2.3. Inclusion criteria

Adult patients (age ≥ 18 years) with confirmed RA according to 
revised 2010 ACR/EULAR RA classification criteria,[23] and all 
patients should be on MTX for at least 3 months.

2.4. Exclusion criteria

Patients with co-existent diseases, other ethnic groups aside from 
Arabic ethnicity, other connective tissue diseases, patients who 

use additional disease-modifying antirheumatic drugs, biologi-
cal drugs, incomplete data, patients with any chronic infectious 
diseases, cancer, hepatic or renal dysfunction, endocrinopathy, 
hematological and cardiac conditions or multiple sclerosis.

2.5. Variables

2.5.1. Disease activity (DAS28-ESR). In the present study, 
DAS28-ESR [erythrocyte sedimentation rate] (4 variables) was 
used to examine the disease activity of RA patients.[24] This score 
is a validated method for such purpose and has been validated 
in many studies and recognized by ACR/EULAR,[25–28] and it 
was calculated based on the following equation[24]:

DAS28− 4 = 0.56 ∗
√
(Tender Joint Count− 28) + 0.28 ∗

√
(Swollen Joint Count− 28) + 0.70 ∗ ln (ESR) + 0.014 ∗ (General Health)

Patients were classified as remission (<2.6), low (≥2.6–≤3.2), 
moderate (>3.2–≤5.1), and high (>5.1).[28]

2.5.2. Laboratory analysis. Sufficient venous blood samples 
were obtained from all patients (5 mL); the samples were taken 
between 08:00 am and 10:00 am during their routine visit to 
the Rheumatology Department. Measurement of erythrocyte 
sedimentation rate (ESR) was conducted using the modified 
Westergren method, which involves the use of whole blood 
that has been anticoagulated with EDTA (VISION Pro ESR 
Analyzer; Shenzhen YHLO Biotech Co., Ltd, China),[29–31] while 
rheumatoid factor (RF) measured using Chemistry Analyzer, 
Smart – 150; Geno Lab-TEK Corporation, Canada.

2.6. Sample size

Sample size estimation was based on the following equation:

minimum sample size (n) = p
(1− p)Z2

0.95

d2

Where n is the minimal sample size, p is the prevalence of 
2.34% of RA Iraq in 2023.[32] The Z represents the Z-score at 
a 95 % confidence interval, which equals 1.96; d represents the 
marginal error (0.03).[33] Thus, the minimal sample size was esti-
mated to be approximately 97.

2.7. Primer optimization and PCR amplifications

The DNA template was amplified using the primer pair 
(Forward) and (Reverse) at annealing temperatures of 55, 
58, 60, 63, and 65°C. The best annealing temperature for 
the primer was 60°C, as seen in Table 1. The temperature, 
time, and number of cycles for the PCR program are listed 
in Table 2. Table 3 summarizes the calculations used in this 
reaction.

Table 1

Primers sequence, GC%, annealing temperature (Ta), and 
product size of TYMS-gene.

TYMS gene

Ta 60°C
Product size 877 bp
Primers Sequence GC%
Forward primer GCCCTGGCGGTTTTTAATCA 50
Reverse primer CATCGTCCTCCTCGCCTTAC 60

TYMS = thymidylate synthase.
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2.8. SNP identification and genotyping

Genomic DNA was isolated from venous blood using a solid- 
phase DNA extraction method by agarose gel electrophoresis 
(1% agarose) [Bio-Rad Experion Automated Electrophoresis 
System (RRID: SCR_019691)],[34,35] the DNA samples were 
verified by spectrophotometry using Shimadzu UV-1800 UV/
Visible Scanning Spectrophotometer; 115 VAC (Germany).[23,36]

The TYMS gene region [exon1 and partial regions of pro-
motor and intron 1 of TYMS gene] (877 bp, chr18: 657,220–
658,096 bp, NC_000018.10, GI: 568815580) was amplified by 
PCR (TProfessional TRIO combi; Biometra GmbH, Germany) 
from 95 RA patients (as listed in Figure S1, Supplemental 
Digital Content, http://links.lww.com/MD/M728, and Figure 
S2, Supplemental Digital Content, http://links.lww.com/MD/
M729, and Table S1, Supplemental Digital Content, http://links.
lww.com/MD/M732).

The PCR amplicons were commercially sequenced according 
to the sequencing company’s instruction manuals (Macrogen 
Inc. Geumchen, Seoul, South Korea). The PCR product was sent 
for Sanger sequencing using ABI3730XL, an automated DNA 
sequencer, by Macrogen Corporation. The results were received 
by email and then analyzed using Geneious Prime software 
(V2021.1.1) (Biomatters Ltd., Auckland, New Zealand; www.
geneious.com). Only clear chromatographs obtained from ABI 
(Applied Biosystems, Inc.) sequence files were further analyzed, 
ensuring that the annotation and variations were not because of 
PCR or sequencing artifacts.

The positions and other details of the retrieved PCR ampli-
cons were identified by comparing the observed DNA sequences 
of the investigated samples with the retrieved correspondence 
DNA sequences of the NCBI Blastn engine. The retrieved PCR 
fragments’ virtual positions and other details were identified (see 
Figure S3, Supplemental Digital Content, http://links.lww.com/
MD/M730). The sequencing results of the PCR products of dif-
ferent samples were edited, aligned, and analyzed as long as with 
the respective sequences in the reference database using BioEdit 
Sequence Alignment Editor Software Version 7.1 (DNASTAR, 
Madison). The observed variations in each sequenced sample 
were numbered in PCR amplicons and their corresponding 
position within the referring genome. The highlighted SNPs (see 
Figure S3, Supplemental Digital Content, http://links.lww.com/
MD/M730) were visualized in the dbSNP database to check 
their originality. Each particular SNP was positioned according 
to its place in the reference genome. The previous deposition of 
the observed SNP was determined by viewing its correspond-
ing dbSNP position. Then, the dbSNP position for the detected 
SNP was documented. The observed SNPs were submitted to 
the dbSNP database to check their novelty. Each particular SNP 
position was checked in its corresponding reference genome to 
assess whether it was previously deposited in the dbSNP server 
(see Figure S4, Supplemental Digital Content, http://links.lww.
com/MD/M731).

2.9. Ethical considerations

The study was approved by the College of Pharmacy, Baghdad 
University (Approval number: RECAUBCP 6620226, date: June 

06, 2022), and written informed consent was obtained from 
all participants in the study, in accordance with the Helsinki 
Declaration and its later amendments.

2.10. Statistical analysis

The genotyping results were analyzed, and frequencies of alleles 
and genotypes were calculated. Hardy-Weinberg Equilibrium 
(HWE) Calculator for 2 Alleles using online calculator using 
the difference in distribution between the actual frequency of 
genotype compared (observed) to the expected frequency of 
genotype.[37]

Departure from HWE was defined as p-HWE < 10−5 and 
tested by χ2 test of goodness of fit between observed and 
expected genotypes according to the binomial distribution.[38] 
rs2853741T > C and rs2606241A > C did not follow HWE, 
while 657334C > A and rs2853742T > C follow HWE.

Haplotyping analysis was done using SHEsis online software 
based on the partition-ligation-combination-subdivision EM 
algorithm for haplotype inference with multiallelic markers.[39,40]

The Kolmogorov–Smirnov test is used to test the adher-
ence of variables to normality. The discrete variables ana-
lyzed by the chi-square test are used to analyze the discrete 
variable (or Fisher exact test).[41] Two sample t tests were used 
to analyze the differences in means between the 2 groups (if 
both follow a normal distribution with no significant outlier). 
Mann–Whitney U test was used to analyze the differences in 
the median of the 2 groups (if they do not follow a normal 
distribution).[42] Binary logistic regression analysis was used 
to calculate the odds ratio (OR) and their 95% confidence 
intervals when the outcome can be categorized into 2 binary 
levels, and Wald was used to assess which parameters had a 
stronger effect (Wald is t2 which is Chi-Square distributed 
with df = 1). For multivariate binary logistic regression anal-
ysis, an unconditional model was used to address the different 
patients (model 1), disease (model 2), and treatment (model 
3) variables, and the effect of possible interaction between 
different SNPs, where accounted for by the multivariate anal-
ysis. GraphPad Prism version 10.0.0 for Windows [GraphPad 
Prism, Boston (RRID: SCR_002798)] was used to make the 
statistical analysis, with the P value considered when appro-
priate to be significant if ≤ .05.

3. Results
By sequencing 95 randomly selected patients in the noncoding 
region of TYMS, 4 polymorphisms were identified (all of them 
are SNPs), 3 of these polymorphisms were found in dbSNP 
of the NCBI database, and one SNP polymorphism is novel. 
The study included 95 patients with RA, with a mean age of 
43.1 ± 10.6 years; most of the patients were female (85.3%), 
about 35.8% were smokers, most of the patients had disease 
low activity (45.2%), followed by moderate (41.1%), high 
(9.5%), and remission (4.2%). Overall, 49.5% were responders.

Table 2

PCR Program temperature, duration, and number of cycles.

Stage Step Temperature Interval Cycles number

1 Initial Denaturation 94°C 5 min 1
2 Denaturation 94°C 30 s 35
3 Annealing 60°C 30 s
4 Elongation 72°C 90 s
5 Final Elongation 72°C 5 min 1

Table 3

The components of PCR for amplification of TYMS-gene.

Reagents Concentration Volume

Genomic template DNA 10–20 ng/µL 2 µL
Master mix 2.5× 10 µL
Forward primer (100 pmol/µL) 10 pmol/µL 1 µL
Reverse primer (100 pmol/µL) 10 pmol/µL 1 µL
MgCl

2
25 Mm/0.5 mL 0.5

Nuclease free water 10.5µL
Reaction total volume 25 µL

TYMS = thymidylate synthase.

http://links.lww.com/MD/M728
http://links.lww.com/MD/M729
http://links.lww.com/MD/M729
http://links.lww.com/MD/M732
http://links.lww.com/MD/M732
www.geneious.com
www.geneious.com
http://links.lww.com/MD/M730
http://links.lww.com/MD/M730
http://links.lww.com/MD/M730
http://links.lww.com/MD/M730
http://links.lww.com/MD/M731
http://links.lww.com/MD/M731
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There was no significant difference in age, sex, and smoking; 
meanwhile, ESR, RF, DAS28, MTX dose and duration, dura-
tion of disease, and side effect (SE) were significantly lower 
in responders compared to non-responders, as illustrated by 
Table 4.

Four single nucleotide polymorphisms (SNPs) were iden-
tified; 3 of these polymorphisms were previously docu-
mented in the dbSNP of the NCBI database (rs2853741T > C, 
rs2606241A > C, and rs2853742T > C), and one of the docu-
mented SNPs is novel (657334C > A), as illustrated in Figures 
S3, S4, and Table S2, Supplemental Digital Content, http://links.
lww.com/MD/M733.

Three genetic models were taken into consideration during 
the analyses to determine the relationship between the genetic 
polymorphism and RA disease activity (since the novel SNP 
[657334C > A] has only 2 genotypes, CA and CC): a co- 
dominant (3 distinct genotypes for rs2853741T > C: CC, TC, and 
TT; rs2606241A > C: AA, AC, and CC; and rs2853742T > C: TT, 
TC, and CC). A dominant (For the minor allele, heterozygotes 
and homozygotes were paired together for rs2853741T > C: 
CC plus TC vs TT; rs2606241A > C: AA plus AC vs CC; and 
rs2853742T > C: TC plus CC vs TT). And recessive model 
(rs2853741T > C: CC vs TC plus TT; rs2606241A > C: AA vs 
AC plus CC; and rs2853742T > C: CC vs TC plus TT).

The distribution of genotypes for the 657334C > A, 
rs2853741T > C, rs2606241A > C, and rs2853742T > C SNPs 
were not significant according to responsiveness to MTX ther-
apy, while for allele distribution, the rs2606241A > C SNP 
showed significant difference for single allele distribution. In 
contrast, the other SNPs did not show significant differences, as 
illustrated by Table 5.

For the rs2853741T > C genotype in the co-dominant model, 
the TC genotype predicted non-responder significantly com-
pared to the TT genotype. At the same time, CC did not increase 
the risk of non-responders compared to TT in the co-dominant 
model. Meanwhile, the rs2853741 did not follow either the 
dominant or recessive models. For the rs2606241A > C gen-
otype, the SNP followed dominant models in which AA was 
associated with the responder. In contrast, CC and CA were 
associated with non-responder (the bootstrapping technique was 
used to account for the small sample size since the unadjusted P 
value was .053 and after 1000 resampling P values = .045954, 
beta = 0.811, bias = −0.008). Finally, rs2853742T > C SNP did 
not follow any genetic model, as illustrated by Table 6.

The CTAT (657334C > A, rs2853741T > C, rs2606241A > C, 
and rs2853742T > C SNPs) haplotype was significantly associ-
ated with responder with OR: 0.506 (P value = .022), while the 
other haplotypes did not associate with MTX responsiveness, as 
illustrated by Table 7.

In the final multivariate analysis, TCrs2853741 genotypes were 
independently associated with non-responders after adjustment 
for patients, disease, and treatment characteristics, as illustrated 
by Table 8.

4. Discussion
The genetic role in predisposition, development, severity, and 
response for therapeutic intervention of RA is well docu-
mented. MTX is an intriguing subject for pharmacogenomics 
research.[43–50] Pharmacogenomics studies concerning RA have 
emphasized the identification of genetic markers that may pre-
dict a patient’s clinical response or the development of side 
effects for a given therapy, as well as assessing potential inter-
actions between a patient’s genetic profile and environmental 
factors.[51–53]

This field holds promise for advancing personalized medi-
cine and enhancing RA treatment approaches; this is the first 
research in the current literature that examined the association 
between several TYMS genes (657334C > A, rs2853741T > C, 

rs2606241A > C, and rs2853742T > C SNPs) with MTX treat-
ment response.

In the present study, 2 SNPs deviation from HWE 
(rs2853741T > C, and rs2606241A > C), examine these 2 SNPs 
in detail; both had a very low frequency of heterogeneous, 
according to a recent study by Chen et al that examined the 
departure from WHE in a large sample of short variants from 
the 1000 Genomes Project, high frequency of heterozygous 
were mostly associated with the genotyping error, meanwhile, 
low frequency of heterozygous was associated with a variety of 
other causes, including purifying selection, copy number vari-
ation, inbreeding or population substructure,[38] since the low 
frequency of heterozygous found in the current study suggests 
causes other than genotyping error is the cause of deviation; 
other studies support this[54–58] The current sample came from 
the same ethnic group, which has a high rate of consanguinity 
and inbreeding, which is the most likely cause of the deviation 
from HWE.

Regarding genetic models, for the rs2853741T > C genotype 
in the co-dominant model, the TC genotype predicted non- 
responder significantly compared to the TT genotype. At the same 
time, CC did not increase the risk of non-responders compared 
to TT in the co-dominant model. Meanwhile, the rs2853741 
did not follow either the dominant or recessive models. For the 
rs2606241A > C genotype, the SNP followed dominant mod-
els, in which AA was associated with the responder while CC 
and CA were associated with the non-responder. And finally, 
rs2853742T > C SNP did not follow any genetic model. We 
performed haplotype analysis to assess the tetraploid of TYMS 
genes with MTC treatment response; the CTAT (657334C > A, 
rs2853741T > C, rs2606241A > C, and rs2853742T > C SNPs) 
haplotype was significantly associated with responder with OR: 
0.506 (P value = .022), while the other haplotypes did not asso-
ciate with MTX responsiveness.

In the present study, the genetic association between TYMS 
genes in different SNPs was significant only for the allele distri-
bution of the rs2606241A > C SNP (C carrier was significantly 
higher in non-responders), while the distribution of genotypes 
for the 657334C > A, rs2853741T > C, rs2606241A > C, and 
rs2853742T > C SNPs were not significantly according to 
responsiveness to MTX therapy.

Multivariate analysis (sensitivity analysis) was used to 
assess the relationship between TYMS genes with treatment 
responses, and we ran 3 models; in each step, we excluded 
the effect of age, sex, and smoking, disease duration, MTX 
dose, MTX duration, and NSAID. In the final multivariate 
analysis, TCrs2853741 genotypes were independently associated 
with non-responders after adjustment for patients, disease, 
and treatment characteristics.

Table 4

assessment of demographic, laboratory, and disease 
characteristics of RA patients classified by response.

Variables Responder Non-responder P value

Number 47 48 –
Age (yr), mean ± SD 42.7 ± 10.2 43.4 ± 11.1 .759
Sex, n (%)
  Female 40 (85.1) 41 (85.4) .966
  Male 7 (14.9) 7 (14.6)
Smoking, n (%) 20 (42.6) 14 (29.2) .174
ESR (mm/h), median (IQR) 18 (14–22) 38.5 (25–53.8) <.001
RF (U/mL), median (IQR) 18 (14.9–23) 28.5 (23.5–37.4) <.001
DAS28 score, median (IQR) 2.8 (2.7–3) 3.9 (3.5–5.0) <.001
MTX dose (mg), median (IQR) 7.5 (7.5–10) 10 (7.5–10) .005
MTX duration (mo), median (IQR) 12 (9–24) 28 (11–41.5) .003
Duration of disease, median (IQR) 19 (9–29) 30 (16.3–46.8) .004

DAS = disease activity score, ESR = erythrocyte sedimentation rate, IQR = interquartile range, MTX 
= methotrexate, n = number, RA = rheumatoid arthritis, RF = rheumatoid factor, SE = side effect.

http://links.lww.com/MD/M733
http://links.lww.com/MD/M733
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A previous study that examined the genetic polymorphism 
of the TYMS gene effect in MTX treatment response in RA 
patients involved 233 adult RA Portages Caucasian patients 
on continued MTX treatment, diagnosed with similar criteria 
to the current study; most of the patients were female (84%), 
mean age of 51 years, median RA duration of 7 years, and 
median MTX dose 15 mg/wk, which is similar to the current 
study. They reported several polymorphisms in the TYMS gene, 
VNTR (rs34743033), TSER (rs2853542 and rs34743033), and 
1494del6 (rs34489327), which are associated with treatment 
responsiveness [25]. However, they did not report the polymor-
phisms found in the current study.

Others, like Lin et al, in their study, examined the TYMS 
gene polymorphisms in breast cancer women in terms of 
capecitabine-induced hand-foot syndrome (HFS). Their study 
genotyped 22 SNPs for TYMS genes in 342 Chinese breast can-
cer women. The authors found that rs2606241 and rs2853741 
polymorphisms were associated with HFS (P value = .022, .029, 
respectively). For rs2606241, it followed co-dominant and 
recessive models and G carrier genotypes associated with HFS, 
while rs2853741 followed co-dominant, dominant models and 
C carrier genotypes associated with HFS.[59]

Zhao et al examined TYMS gene polymorphisms in the 
Chinese population and its association with Congenital Cardiac 
Septal Defects (CCSD); the study involved 270 unrelated indi-
viduals with CCSD and compared them to 552 healthy controls, 
later 32 unrelated individuals consisting of 16 CCSD patients 
and 16 controls. The authors identified 15 SNP polymorphisms; 
neither rs2853741 nor rs2606241 was associated with CCSD.[60]

The Blanton et al study examined the association between 
the Folate Pathway and Nonsyndromic Cleft Lip and Palate 
(NSCLP). The study involved 120 multiplex NSCLP fami-
lies, 14 genes identified, and 97 SNPs identified, 7 of them 

identified from the TYMS gene. For rs2853741 polymor-
phism, no significant association with NSCLP was reported.[61] 
Pellicer et al study, the risk of chemotherapy-induced toxicity 
by capecitabine treatment was assessed in 301 cancer patients, 
rs2853741 polymorphism (CT/TT vs CC) associated with 
diarrhea (OR = 0.314, 95% CI: 0.133–0.740) in multivari-
ate analysis.[62] In the Lautner-Csorba et al study, the authors 
examined the genetic polymorphism of folate pathways in 
Childhood Acute Lymphoblastic Leukemia; rs2853741 poly-
morphism did not show a significant association.[63] Liu et al 
study the one-carbon metabolizing genes and lung cancer risk, 
rs2853742 polymorphism decrease the risk of lung cancer 
(OR = 0.44, 95% CI: 0.19–0.99).[64]

Table 5

Assessment of genotype of TYMS genes according to disease 
activity.

Responder Non-responder P value

Number 47 48 –
657334C > A genotype
  CA 6 (12.8%) 11 (22.9%) .197
  CC 41 (87.2%) 37 (77.1%)
rs657334 allele
  A 6 (6.4%) 11 (11.5%) .220
  C (wild) 88 (93.6%) 85 (88.5%)
rs2853741T > C genotype [rs2853741T > C]
  CC 13 (27.7%) 17 (35.4%) .452*
  TC 0 (0.0%) 1 (2.1%)
  TT 34 (72.3%) 30 (62.5%)
rs2853741 allele
  C 26 (27.7%) 35 (36.5%) .194
  T (wild) 68 (72.3%) 61 (63.5%)
rs2606241A > C genotype [rs2606241A > C]
  CC 16 (34.0%) 22 (45.8%) .119
  CA 3 (6.4%) 7 (14.6%)
  AA 28 (59.6%) 19 (39.6%)
rs2606241 allele
  C 35 (37.2%) 51 (53.1%) .028
  A (wild) 59 (62.8%) 45 (46.9%)
rs2853742T > C genotype [rs2853742T > C]
  CC 2 (4.3%) 3 (6.3%) .633
  TC 4 (8.5%) 7 (14.6%)
  TT 41 (87.2%) 38 (79.2%)
rs2853742 allele
  C 8 (8.5%) 13 (13.5%) .269
  T (wild) 86 (91.5%) 83 (86.5%)

The Chi-square test was used.
TYMS = thymidylate synthase.
*Bootstrap was performed based on 1000 resampling (P value 99% CI: 0.432–0.458).

Table 6

Assessment of the association between TYMS genes SNP 
polymorphism and disease activity using the 3 genetic models 
to predict non-responders.

Genotype Responder Non-responder OR (95% CI) P value

rs2853741T > C genotype
  Co-dominant model
   CC 13 (43.3%) 17 (56.7%) 1.482 (0.619–3.439) .384
   TC 0 (0.0%) 1 (100.0%) 1.8 × 109 .002
   TT 34 (53.1%) 30 (46.9%) – –
  Dominant genetic model
   CC + TC 13 (41.9%) 18 (58.1%) 1.569 (0.660–3.731) .308
   TT 34 (53.1%) 30 (46.9%) – –
  Recessive genetic model
   TT + TC 34 (52.3%) 31 (47.7%) 0.697 (0.292–1.666) .417
   CC 13 (43.3%) 17 (56.7%) – –
rs2606241A > C genotype
  Co-dominant model
   AA 17 (56.7%) 13 (43.3%) 0.402 (0.140–1.153) .090
   AC 20 (55.6%) 16 (44.4%) 0.421 (0.153–1.155) .093
   CC 10 (34.5%) 19 (65.5%) Reference –
  Dominant genetic model
   AC + AA 37 (56.1%) 29 (43.9%) 0.413(0.167–1.022) .058
   CC 10 (34.5%) 19 (65.5%) – –
  Recessive genetic model
   CC + AC 30 (46.2%) 35 (53.8%) 1.526(0.638–3.647) .342
   AA 17 (56.7%) 13 (43.3%) – –
rs2853742T > C genotype
  Co-dominant model
   CC 2 (40.0%) 3 (60.0%) 1.618 (0.256–10.219) .609
   TC 4 (36.4%) 7 (63.6%) 1.888 (0.512–6.965) .340
   TT 41 (51.9%) 38 (48.1%) – –
  Dominant genetic model
   CC + TC 6 (37.5%) 10 (62.5%) 1.798 (0.596–5.425) .298
   TT 41 (51.9%) 38 (48.1%) – –
  Recessive genetic model
   TT + TC 45 (50.0%) 45 (50.0%) 1.500 (0.239–9.410) .665
   CC 2 (40.0%) 3 (60.0%) – –

Table 7

haplotype analysis of the TYMS genes SNPs (657334C > A, 
rs2853741T > C, rs2606241A > C, rs2853742T > C) with the 
overall response rate.

Haplotyping Non-responder Responder OR [95% CI] P value

ACCC 1.85 (0.019) 2.37 (0.025) – –
ACCT 9.15 (0.095) 3.63 (0.039) 2.607 [0.746–9.111] .121
CCCC 8.15 (0.085) 4.63 (0.049) 1.780 [0.548–5.783] .332
CCCC 15.85 (0.165) 15.37 (0.163) 1.004 [0.465–2.168] .990
CTAT 45.00 (0.469) 59.00 (0.628) 0.506 [0.281–0.912] .022
CTCC 3.00 (0.031) 1.00 (0.011) 2.983 [0.431–20.647] .380
CTCT 13.00 (0.135) 8.00 (0.085) 1.675 [0.659–4.254] .274

All those frequencies < 0.03 will be ignored in the analysis.
SNPs = single nucleotide polymorphisms, TYMS = thymidylate synthase.
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Thymidylate synthase is an essential enzyme in DNA synthe-
sis and repair.[65,66] It is known to be inhibited by methotrex-
ate polyglutamate (MTXPGs), which in turn contributes to the 
antiproliferative and anti-inflammatory effects of methotrex-
ate.[67] Indeed, previous studies have demonstrated that TYMS 
levels can be a reliable predictor of the therapeutic response to 
MTX treatment.[12,13] Previous studies have established a cor-
relation between genetic variations in the TYMS gene and levels 
of TYMS.[17]

Replicating findings in genetic association research is typically 
sophisticated, and establishing comparability between investiga-
tions poses challenges. The most compelling evidence of a cor-
relation persists in replicating this correlation in an independent 
group that shares the same genotype-phenotype and exhibits the 
same direction of impact. Most genetic association studies lack 
adequate statistical power due to the constrained number of 
patients exhibiting the homozygous mutant genotype.[68]

One of the challenges encountered in assessing the effective-
ness of treatment in RA is the requirement for agreement on the 
measures used to determine efficacy. A divergence of viewpoints 
exists regarding issues such as the duration and experimental 
approach required.[69–73] In an ideal scenario, it is desirable to 
establish definitive threshold values for therapeutic purposes, 
enabling the classification of patients as either responders or 
non-responders and facilitating the formulation of treatment 
guidelines. Nevertheless, clinicians are compelled to modify the 
treatment when there is any alteration in the effectiveness met-
rics within clinical practice.[74,75]

4.1. Study limitations

As mentioned earlier, the precise processes that underlie the 
impact of the genotypes on the efficacy of MTX treatment have 
yet to be fully proven. Furthermore, it is imperative to acknowl-
edge that these findings must be regarded as preliminary and 
necessitate further validation. It is recommended that more 
prospective studies be conducted on a larger cohort of patients 
to validate and quantify the observed relationships in addi-
tional datasets. These studies would also contribute to a better 
understanding of the underlying mechanisms responsible for 
MTX responsiveness in patients with RA. Moreover, it is also 

pertinent to continue making extra endeavors to uncover other 
polymorphisms and unusual variations linked to MTX respon-
siveness in individuals with RA. Additionally, the restricted 
sample size of patients included in the present investigation con-
strains the extent to which the findings, as mentioned earlier, can 
be generalized.

5. Conclusion
Genetic polymorphism of the TYMS gene, especially in 
TCrs2853741 and ACrs260641, predicts non-responder to MTX treat-
ment in RA, while the presence of the CTAT haplotype predicts 
a good response to MTX treatment.

Author contributions
Conceptualization: Qassim Mahdi Mutlak, Ali Abdulhussain 

Kasim, Ali Saleh Aljanabi.
Data curation: Qassim Mahdi Mutlak, Ali Abdulhussain Kasim, 

Ali Saleh Aljanabi.
Formal analysis: Qassim Mahdi Mutlak.
Investigation: Qassim Mahdi Mutlak, Ali Abdulhussain Kasim, 

Ali Saleh Aljanabi.
Methodology: Qassim Mahdi Mutlak, Ali Saleh Aljanabi.
Project administration: Qassim Mahdi Mutlak.
Software: Qassim Mahdi Mutlak, Ali Saleh Aljanabi.
Supervision: Ali Abdulhussain Kasim, Ali Saleh Aljanabi.
Validation: Qassim Mahdi Mutlak, Ali Abdulhussain Kasim.
Visualization: Qassim Mahdi Mutlak, Ali Abdulhussain Kasim, 

Ali Saleh Aljanabi.
Writing – original draft: Qassim Mahdi Mutlak, Ali Abdulhussain 

Kasim, Ali Saleh Aljanabi.
Writing – review & editing: Qassim Mahdi Mutlak, Ali 

Abdulhussain Kasim, Ali Saleh Aljanabi.

References
 [1] Mohammed SI, Zalzala MH, Gorial FI. The effect of TNF-alpha gene 

polymorphisms at -376 G/A, -806 C/T, and -1031 T/C on the likelihood 
of becoming a non-responder to etanercept in a sample of Iraqi rheu-
matoid arthritis patients. Iraqi J Pharm Sci. 2022;31:113–28.

Table 8

Multivariate analysis of different genotypes of TYMS genes to predict non-responders.

Unadjusted* Model 1 (patients)* Model 2 (patients and disease)*
Model 3 (patients and disease 

and treatment)*

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

657334C > A
  CA 2.205 (0.496–9.794) .320 2.615 (0.563–12.156) .226 3.302 (0.607–17.959) .269 2.281 (0.362–14.367) .510
  CC Ref Ref
rs2853741T > C
  CC 0.629 (0.097–4.067) .568 0.699 (0.101–4.853) .666 0.512 (0.065–4.034) .507 0.587 (0.056–6.106) .574
  TC 1.4 × 109 .027 1.2 × 109 .026 5.1 × 108 .030 4.2 × 108 .097
  TT Ref Red
rs2606241A > C
  CC 1.621 (0.294–8.942) .518 1.403 (0.237–8.311) .682 1.610 (0.245–10.590) .557 1.587 (0.182–13.880) .540
  AC 3.439 (0.789–14.995) .057 4.025 (0.867–18.674) .035 3.483 (0.681–17.798) .087 2.619 (0.499–13.740) .215
  AA Ref Red
rs2853742T > C
  CC 1.458 (0.194–10.978) .568 1.493 (0.199–11.175) .558 2.124 (0.260–17.340) .412 1.725 (0.197–15.064) .555
  TC 1.649 (0.360–7.566) .533 1.552 (0.323–7.444) .629 1.687 (0.303–9.393) .581 1.950 (0.289–13.140) .513
  TT Ref Red

Model 1 excludes the effect of age, sex, and smoking.
Model 2, in addition to variables in Model 1, excludes disease duration.
Model 3, in addition to model 1 and 2 variables, excludes MTX dose, duration, and NSAID.
MTX = methotrexate, NSCLP = Nonsyndromic Cleft Lip and Palate, TYMS = thymidylate synthase.
*Bootstrap was performed based on 1000 resampling.



7

Mutlak et al. • Medicine (2024) 103:23 www.md-journal.com

 [2] Faiq MK, Kadhim DJ, Gorial FI. The belief about medicines among a 
sample of Iraqi patients with rheumatoid arthritis. Iraqi J Pharm Sci. 
2019;28:134–41.

 [3] Kadhim Jwad R, Jabbar Kadhim D, Hadi Munshed Alosami M, Shareef 
LG. Medication-related burden among Iraqi patients with rheumatoid 
arthritis: an observational study [version 1; peer review: awaiting peer 
review]. F1000Res. 2022;11:1–10.

 [4] Mikhael EM, Ibrahim NT. Neutrophil/ lymphocyte ratio is not cor-
related with disease activity in rheumatoid arthritis patients. Iraqi J 
Pharm Sci. 2017;22:9–14.

 [5] Hadi AM, Ali SH. A comparative study of the effect of selectivity of 
COX-2 inhibition (Meloxicam & Celecoxib) on some cardiovascular 
RiskMarkers in patients with rheumatoid arthritis. Al Mustansiriyah J 
Pharm Sci. 2010;7:90–105.

 [6] Ali SH, Al-Bsaisi HA, Al-Rekabi MA. Modulation of some cardiovas-
cular risks factors with different doses of Quercetin in patient with 
rheumatoid arthritis treated with Azathioprine. Kufa J Vet Med Sci. 
2010;1:52–64.

 [7] Abdul-Wahab FK, Al-Shawi NN. Effects of vitamin D3 on 
methotrexate- induced jejunum damage in rats. Iraqi J Pharm Sci. 
2020;29:260–7.

 [8] Faiq M, Kadhim D, Gorial F. Assessing quality of life among sam-
ple of Iraqi patients with rheumatoid arthritis. Int J Res Pharm Sci. 
2019;10:2856–63.

 [9] Then R. Thymidylate Synthase. In: Enna SJ, Bylund DB, eds. xPharm: 
The Comprehensive Pharmacology Reference. Elsevier; 2007:1–10.

 [10] Inoue K, Yuasa H. Molecular basis for pharmacokinetics and phar-
macodynamics of methotrexate in rheumatoid arthritis therapy. Drug 
Metab Pharmacokinet. 2014;29:12–9.

 [11] Dervieux T, Greenstein N, Kremer J. Pharmacogenomic and metabolic 
biomarkers in the folate pathway and their association with methotrex-
ate effects during dosage escalation in rheumatoid arthritis. Arthritis 
Rheum. 2006;54:3095–103.

 [12] Kumagai K, Hiyama K, Oyama T, Maeda H, Kohno N. Polymorphisms 
in the thymidylate synthase and methylenetetrahydrofolate reductase 
genes and sensitivity to the low-dose methotrexate therapy in patients 
with rheumatoid arthritis. Int J Mol Med. 2003;11:593–600.

 [13] Krajinovic M, Costea I, Chiasson S. Polymorphism of the thymidylate 
synthase gene and outcome of acute lymphoblastic leukaemia. Lancet. 
2002;359:1033–4.

 [14] Mandola MV, Stoehlmacher J, Muller-Weeks S, et al. A novel single 
nucleotide polymorphism within the 5’ tandem repeat polymorphism 
of the thymidylate synthase gene abolishes USF-1 binding and alters 
transcriptional activity. Cancer Res. 2003;63:2898–904.

 [15] Mandola MV, Stoehlmacher J, Zhang W, et al. A 6 bp polymorphism in 
the thymidylate synthase gene causes message instability and is associ-
ated with decreased intratumoral TS mRNA levels. Pharmacogenetics. 
2004;14:319–27.

 [16] Zhu H, Deng FY, Mo XB, Qiu YH, Lei SF. Pharmacogenetics and phar-
macogenomics for rheumatoid arthritis responsiveness to methotrexate 
treatment: the 2013 update. Pharmacogenomics. 2014;15:551–66.

 [17] Lima A, Azevedo R, Sousa H, Seabra V, Medeiros R. Current approaches 
for TYMS polymorphisms and their importance in molecular epidemi-
ology and pharmacogenetics. Pharmacogenomics. 2013;14:1337–51.

 [18] Jekic B, Lukovic L, Bunjevacki V, et al. Association of the TYMS 3G/3G 
genotype with poor response and GGH 354GG genotype with the 
bone marrow toxicity of the methotrexate in RA patients. Eur J Clin 
Pharmacol. 2013;69:377–83.

 [19] Kay J, Upchurch KS. ACR/EULAR 2010 rheumatoid arthritis classifica-
tion criteria. Rheumatology (Oxford). 2012;51(Suppl 6):vi5–9.

 [20] Sharaki OA, Elgerby AH, Nassar ES, Khalil SSE. Impact of methy-
lenetetrahydrofolate reductase (MTHFR) A1298C gene polymorphism 
on the outcome of methotrexate treatment in a sample of Egyptian 
rheumatoid arthritis patients. Alex J Med. 2018;54:633–8.

 [21] Fransen J, van Riel PL. The disease activity score and the EULAR 
response criteria. Clin Exp Rheumatol. 2005;23(5 Suppl 39):S93–9.

 [22] Fransen J, Creemers MC, Van Riel PL. Remission in rheumatoid arthri-
tis: agreement of the disease activity score (DAS28) with the ARA pre-
liminary remission criteria. Rheumatology (Oxford). 2004;43:1252–5.

 [23] Hegazi MAM, Seleem A, El-Adawy EH, Elhussini MEA. Association of 
IGF-I gene polymorphism with diabetic nephropathy in Egyptians with 
type 2 diabetes. Egypt J Intern Med. 2018;30:191–6.

 [24] Prevoo ML, van ‘t Hof MA, Kuper HH, van Leeuwen MA, van de Putte 
LB, van Riel PL. Modified disease activity scores that include twenty-
eight-joint counts. Development and validation in a prospective longi-
tudinal study of patients with rheumatoid arthritis. Arthritis Rheum. 
1995;38:44–8.

 [25] van Riel PL. The development of the disease activity score (DAS) and 
the disease activity score using 28 joint counts (DAS28). Clin Exp 
Rheumatol. 2014;32(5 Suppl 85):S-65–74.

 [26] Saag KG, Teng GG, Patkar NM, et al.; American College of 
Rheumatology. American College of Rheumatology 2008 recommen-
dations for the use of nonbiologic and biologic disease-modifying 
antirheumatic drugs in rheumatoid arthritis. Arthritis Rheum. 
2008;59:762–84.

 [27] Singh JA, Furst DE, Bharat A, et al. 2012 update of the 2008 American 
College of Rheumatology recommendations for the use of disease- 
modifying antirheumatic drugs and biologic agents in the treatment of 
rheumatoid arthritis. Arthritis Care Res. 2012;64:625–39.

 [28] Fraenkel L, Bathon JM, England BR, et al. 2021 American College 
of Rheumatology guideline for the treatment of rheumatoid arthritis. 
Arthritis Care Res. 2021;73:924–39.

 [29] Horsti J, Kovanen M. Using EDTA as an anticoagulant for ESR to 
replace citrate. Kliin Lab. 2000;17:97–100.

 [30] ICSH. ICSH recommendations for measurement of erythrocyte sedimen-
tation rate. International Council for Standardization in Haematology 
(Expert Panel on Blood Rheology). J Clin Pathol. 1993;46:198–203.

 [31] Koepke J, Van Assendelft O, Bull B, Richardson-Jones A. Standardization 
of EDTA anticoagulation for blood counting procedures. Labmedica. 
1988;1989:5.

 [32] Rashid MK. Prevalence rate of rheumatoid arthritis among patients 
attending rheumatology consultation clinic at Baquba teaching hospi-
tal. Diyala J Med. 2023;24:54–65.

 [33] Daniel WW, Cross CL. Biostatistics: A Foundation for Analysis in the 
Health Sciences. Wiley; 2018.

 [34] Chacon-Cortes D, Griffiths L. Methods for extracting genomic DNA 
from whole blood samples: current perspectives. J Biorepository Sci 
Appl Med. 2014;2:1–9.

 [35] McCormick RM. A solid-phase extraction procedure for DNA purifi-
cation. Anal Biochem. 1989;181:66–74.

 [36] Tataurov AV, You Y, Owczarzy R. Predicting ultraviolet spectrum of 
single stranded and double stranded deoxyribonucleic acids. Biophys 
Chem. 2008;133:66–70.

 [37] Schaid DJ, Batzler AJ, Jenkins GD, Hildebrandt MA. Exact tests of 
Hardy-Weinberg equilibrium and homogeneity of disequilibrium 
across strata. Am J Hum Genet. 2006;79:1071–80.

 [38] Chen B, Cole JW, Grond-Ginsbach C. Departure from Hardy Weinberg 
equilibrium and genotyping error. Front Genet. 2017;8:1–6.

 [39] Li Z, Zhang Z, He Z, et al. A partition-ligation-combination- 
subdivision EM algorithm for haplotype inference with multiallelic 
markers: update of the SHEsis (http://analysis.bio-x.cn). Cell Res. 
2009;19:519–23.

 [40] Shi YY, He L. SHEsis, a powerful software platform for analyses of 
linkage disequilibrium, haplotype construction, and genetic association 
at polymorphism loci. Cell Res. 2005;15:97–8.

 [41] Ghent AW. A Method for exact testing of 2X2, 2X3, 3X3, and other 
contingency tables, employing binomial coefficients. Am Midl Nat. 
1972;88:15–27.

 [42] Hintze JL, Nelson RD. Violin plots: a box plot-density trace synergism. 
Am Stat. 1998;52:181–4.

 [43] Owen SA, Hider SL, Martin P, Bruce IN, Barton A, Thomson W. 
Genetic polymorphisms in key methotrexate pathway genes are asso-
ciated with response to treatment in rheumatoid arthritis patients. 
Pharmacogenomics J. 2013;13:227–34.

 [44] Muss T, AL-Faham M, Gorial F, Zghair A. Galectin-8 gene polymor-
phism among iraqi patients with rheumatoid arthritis. Res J Pharm 
Tech. 2019;12:1643–5.

 [45] Al-Radeef MY, Allawi AAD, Fawzi HA. Interleukin-6 gene polymor-
phisms and serum erythropoietin and hemoglobin in hemodialysis Iraqi 
patients. Saudi J Kidney Dis Transpl. 2018;29:1042–9.

 [46] Al-Radeef MY, Fawzi HA, Allawi AA. ACE gene polymorphism and its 
association with serum erythropoietin and hemoglobin in Iraqi hemo-
dialysis patients. Appl Clin Genet. 2019;12:107–12.

 [47] Hussain MATDaA. Role investigation of interleukin- IL-17 rs763780 
T/C gene polymorphism with Iraqi rheumatoid arthritis patients. Iraqi 
J Biotechnol. 2022;21:103–14.

 [48] Ad’hiah AH, Mahmood AS, Al-kazaz A-KA, Mayouf KK. Gene expres-
sion and six single nucleotide polymorphisms of interleukin-6 in rheu-
matoid arthritis: a case-control study in Iraqi patients. Alex J Med. 
2018;54:639–45.

 [49] Al-Saffar EA, Al-Saadi BQ. Study the association of IRAK1 gene poly-
morphism and some immunological markers with the risk of rheuma-
toid arthritis incidence in sample of Iraqi patients. Iraqi J Biotechnol. 
2022;21:46–60.

http://analysis.bio-x.cn


8

Mutlak et al. • Medicine (2024) 103:23 Medicine

 [50] Hadi AS, Gorial FI, Fahad QA, Fawzi HA. Foix-chavany-marie opercu-
lar syndrome. Note. Turk Noroloji Dergisi. 2018;24:342–3.

 [51] Awni AA, Hamed ZO, Abdul-Hassan Abbas A, Abdulamir AS. Effect of 
NLRP3 inflammasome genes polymorphism on disease susceptibility 
and response to TNF-α inhibitors in Iraqi patients with rheumatoid 
arthritis. Heliyon. 2023;9:e16814.

 [52] Younis SS, Issa NK, Sulaiman DM. MTHFR gene polymorphisms in 
Iraqi kurdish rheumatoid arthritis patients: relation to methotrexate 
response and toxicity. Iraqi J Sci. 2022;63:5186–96.

 [53] Mohammed S, Zalzala M, Gorial F. Association of tumor necrosis 
factor-alpha promoter region gene polymorphism at positions -308G/
A, -857C/T, and -863C/A with etanercept response in Iraqi rheumatoid 
arthritis patients. Arch Rheumatol. 2022;37:613–25.

 [54] Weir BS, Hill WG, Cardon LR; SNP Consortium. Allelic association 
patterns for a dense SNP map. Genet Epidemiol. 2004;27:442–50.

 [55] Deng HW, Chen WM, Recker RR. Population admixture: detec-
tion by Hardy-Weinberg test and its quantitative effects on linkage- 
disequilibrium methods for localizing genes underlying complex traits. 
Genetics. 2001;157:885–97.

 [56] Crow JF. An introduction to Population Genetics Theory. Scientific 
Publishers; 2017.

 [57] Cockerham CC. Variance of gene frequencies. Evolution. 
1969;23:72–84.

 [58] Cockerham CC. Group inbreeding and coancestry. Genetics. 
1967;56:89–104.

 [59] Lin S, Yue J, Guan X, et al. Polymorphisms of MTHFR and TYMS 
predict capecitabine-induced hand-foot syndrome in patients with met-
astatic breast cancer. Cancer Commun (Lond). 2019;39:57.

 [60] Zhao JY, Sun JW, Gu ZY, et al. Genetic polymorphisms of the TYMS 
gene are not associated with congenital cardiac septal defects in a Han 
Chinese population. PLoS One. 2012;7:e31644.

 [61] Blanton SH, Henry RR, Yuan Q, et al. Folate pathway and nonsyn-
dromic cleft lip and palate. Birth Defects Res A Clin Mol Teratol. 
2011;91:50–60.

 [62] Pellicer M, García-González X, García MI, et al. Identification of new 
SNPs associated with severe toxicity to capecitabine. Pharmacol Res. 
2017;120:133–7.

 [63] Lautner-Csorba O, Gézsi A, Erdélyi DJ, et al. Roles of genetic poly-
morphisms in the folate pathway in childhood acute lymphoblastic 

leukemia evaluated by Bayesian relevance and effect size analysis. PLoS 
One. 2013;8:e69843.

 [64] Liu H, Jin G, Wang H, et al. Association of polymorphisms in one- 
carbon metabolizing genes and lung cancer risk: a case-control study in 
Chinese population. Lung Cancer. 2008;61:21–9.

 [65] Krajinovic M, Costea I, Primeau M, Dulucq S, Moghrabi A. Combining 
several polymorphisms of thymidylate synthase gene for pharmacoge-
netic analysis. Pharmacogenomics J. 2005;5:374–80.

 [66] Touroutoglou N, Pazdur R. Thymidylate synthase inhibitors. Clin 
Cancer Res. 1996;2:227–43.

 [67] Kremer JM. Toward a better understanding of methotrexate. Arthritis 
Rheum. 2004;50:1370–82.

 [68] Wessels JA, de Vries-Bouwstra JK, Heijmans BT, et al. Efficacy and tox-
icity of methotrexate in early rheumatoid arthritis are associated with 
single-nucleotide polymorphisms in genes coding for folate pathway 
enzymes. Arthritis Rheum. 2006;54:1087–95.

 [69] Pincus T. Assessment of long-term outcomes of rheumatoid 
arthritis. How choices of measures and study designs may lead 
to apparently different conclusions. Rheum Dis Clin North Am. 
1995;21:619–54.

 [70] Albert DA, Huang G, Dubrow G, Brensinger CM, Berlin JA, Williams 
HJ. Criteria for improvement in rheumatoid arthritis: alterna-
tives to the American College of Rheumatology 20. J Rheumatol. 
2004;31:856–66.

 [71] Pincus T, Stein CM. ACR 20: clinical or statistical significance? Arthritis 
Rheum. 1999;42:1572–6.

 [72] van Riel PL, van Gestel AM, van de Putte LB. Development and val-
idation of response criteria in rheumatoid arthritis: steps towards 
an international consensus on prognostic markers. Br J Rheumatol. 
1996;35(Suppl 2):4–7.

 [73] Felson DT. Whither the ACR20? J Rheumatol. 2004;31:835–7.
 [74] Hoekstra M, van de Laar MA, Bernelot Moens HJ, Kruijsen MW, 

Haagsma CJ. Longterm observational study of methotrexate use in a 
Dutch cohort of 1022 patients with rheumatoid arthritis. J Rheumatol. 
2003;30:2325–9.

 [75] Maetzel A, Wong A, Strand V, Tugwell P, Wells G, Bombardier C. 
Meta-analysis of treatment termination rates among rheumatoid 
arthritis patients receiving disease-modifying anti-rheumatic drugs. 
Rheumatology (Oxford). 2000;39:975–81.


