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Abstract

Background: Rheumatoid arthritis (RA) is a chronic autoimmune inflammatory disease characterized by joint
destruction and functional impairment. Tumor Necrosis Factor inhibitors (TNFi) are widely used biologic therapies
for RA; however, patient outcomes show significant individual variation. Genetic factors, including polymorphisms
in the PTPRC gene, have been investigated as potential predictors of TNFi efficacy, but results remain inconsistent.

Methods: We conducted a systematic review and meta-analysis following PRISMA guidelines to evaluate the
association between PTPRC polymorphisms and TNFi treatment response in RA patients. A comprehensive search
was performed in PubMed and Scopus databases up to April 2025. Studies were screened and quality assessed
using the Q-Genie tool. Meta-analyses employed Mantel-Haenszel methods with fixed and random effects models.

Results: Five studies met eligibility criteria, including data from 12 European cohorts totaling 1,543 RA patients. The
main polymorphism assessed was rs10919563. Meta-analysis revealed the rs10919563 A allele was significantly
associated with increased odds of non-response to TNFi (allelic model OR: 1.94; 95%CIl: 1.31-2.88). The recessive
models supported these findings, and no publication bias was detected.
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Conclusions: Our results consolidate evidence supporting the PTPRC rs10919563 polymorphism as a potential
predictive genetic biomarker for TNFi efficacy in RA, which could be integrated into personalized treatment
strategies. Further studies are required to validate clinical utility across diverse populations.

Keywords: Rheumatoid arthritis, PTPRC gene, tumor necrosis factor inhibitors (TNFi), genetic polymorphisms,
treatment response biomarkers

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic autoimmune inflammatory disease characterized by progressive
joint destruction, leading to pain, stiffness, and significant functional impairment"’. RA is estimated to affect
approximately 0.5% to 1% of the global population, with a considerable impact on patients’ quality of life
and substantial socioeconomic costs associated with its management?. Tumor Necrosis Factor inhibitors
(TNFi) represent one of the main classes of biologic therapies used in the treatment of RA, providing
symptom relief and slowing disease progression. However, the response to TNFi varies significantly
among patients, with a substantial proportion exhibiting only a partial response or no response to
treatment!™. This variability has driven the search for genetic biomarkers capable of predicting TNFi efficacy
and enabling a more personalized approach to RA management!*”.

The PTPRC gene (Protein Tyrosine Phosphatase Receptor Type C), also known as CD45, encodes a protein
that is essential for regulating lymphocyte activation and plays a fundamental role in the adaptive immune
response*"'. Genetic polymorphisms in this gene have been implicated in the modulation of immune
activity and may influence the response to biologic therapies, including Tumor Necrosis Factor
inhibitors”>"”. Functionally, PTPRC encodes the CD45 phosphatase, which regulates T and B cell receptor
signaling. Polymorphisms such as rs10919563 may alter CD45 expression or activity, potentially modulating
downstream TNF signaling pathways and influencing patient response to TNF inhibitor therapy!*.

Several studies have investigated the association between the PTPRC rs10919563 polymorphism and the
efficacy of TNFi treatment in rheumatoid arthritis, but the findings remain inconsistent. While some studies
found a significant association between the G allele and improved TNFi response!*'®), others reported no
association”"". In a multicenter cohort study, heterogeneity in results among different populations was also
reported"”. These discrepancies may be attributed to differences in study design, sample size, ethnicity of
the populations evaluated, clinical response criteria, and the type of TNF inhibitor used, highlighting the
need for a more robust and updated systematic analysis. It should be noted that all available cohorts
included in these studies were composed predominantly of European or European descendant populations.
This geographic homogeneity limits the generalizability of findings to non-European populations, which
constitute the majority of global RA patients. Differences in genetic diversity across populations may
influence expected effect sizes and treatment response, highlighting the need for caution when extrapolating
these results to other ethnic groups.

Two meta-analyses published in 2016 and 2017 evaluated the association between genetic variants,
including the PTPRC gene, and treatment response to anti-TNF therapy in patients with rheumatoid
arthritis"**. The 2016 meta-analysis found a significant association between the A allele of the rs10919563
polymorphism in PTPRC and a reduced likelihood of response to TNF-a inhibitor treatment, suggesting its
potential as a predictive biomarker®. The 2017 meta-analysis, which reviewed a broader set of genetic
variants associated with anti-TNF response, confirmed the involvement of PTPRC among other genes
related to inflammatory signaling and lymphocyte activation, although it emphasized that robust clinical
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biomarkers for therapeutic selection were not yet available"”.

In light of this, we conducted a systematic review and meta-analysis to assess the association between
PTPRC gene polymorphisms and the response to TNF inhibitors in patients with rheumatoid arthritis. Our
objective is to consolidate the available evidence and update the existing knowledge since the last published
reviews - particularly the 2017 meta-analysis® - providing a more comprehensive and current overview of
the potential role of PTPRC as a predictive genetic biomarker for TNFi efficacy in RA.

METHODS

This systematic review was registered on the PROSPERO platform (CRD420251079455), following
international guidelines for systematic reviews. Searches were conducted in the PubMed and Scopus
databases, covering relevant studies published up to April 30, 2025. The selection and analysis process
adhered to the PRISMA guidelines (Preferred Reporting Items for Systematic Reviews and Meta-Analyses),
ensuring methodological transparency and reproducibility of the findings.

The search strategy employed Boolean logic, combining terms related to: (i) rheumatoid arthritis
(“rheumatoid arthritis”, “Arthritis, Rheumatoid”), (ii) genetic factors (allele, genotype, genetic variation,
genetic predisposition to disease, polymorphism), and (iii) the PTPRC/CD45 gene and its synonyms (PTPRC,
CD45, LY5, B220, T200, CD45R, GP180, L-CA, protein tyrosine phosphatase receptor type C). For PubMed, a
single comprehensive search algorithm was applied. For Scopus, the search had to be split into four separate
queries due to system limitations on query length. The full search strings for each database are provided in
Supplementary Material I.

Studies were included if they met the following criteria: (i) publication in English; (ii) investigation of
genetic associations involving the PTPRC gene and therapeutic response to anti-TNF drugs in rheumatoid
arthritis. Genome-wide association studies (GWAS), systematic reviews, meta-analyses, and studies not
addressing the genetics of rheumatoid arthritis were excluded. Study screening was independently
conducted by two reviewers, and disagreements were resolved by consensus.

Quality assessment of the studies

The methodological quality of the included studies was evaluated by two independent reviewers using the
Q-Genie tool” >, which considers criteria such as the scientific justification of the research, definition of
comparison groups, sample size, and description of planned statistical analyses. Since all studies had a case-
control design, the quality classification followed previously proposed criteria (scores < 35 indicate low
quality, > 35 and < 45 moderate quality, and > 45 good quality, on a scale ranging from 7 to 77 points)"'.

Statistical analyses

Statistical analyses and all main figures were performed/generated using R software (version 4.2.1). Hardy-
Weinberg equilibrium was assessed in both case and control groups for each cohort included in the meta-
analysis using Fisher’s exact test. The combined evaluation of polymorphisms was conducted through meta-
analysis using the Mantel-Haenszel method, applying fixed- and random-effects models via the metabin
function®. A significance level of 5% was adopted. To assess publication bias, Egger’s test and visual
inspection of the funnel plot were used.

RESULTS

A total of five studies evaluating the association between PTPRC gene polymorphisms and therapeutic
response to tumor necrosis factor inhibitors (TNFi) in patients with rheumatoid arthritis were deemed
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eligible after the screening process. Of these, four studies were included in the meta-analysis, encompassing
12 distinct cohorts. All cohorts were from European populations, including Spain, Greece, the Netherlands,
the United Kingdom, Sweden, and Portugal, as well as individuals of European descent from the USA
[Figure 1]. Quality assessment using the Q-Genie tool classified all five studies as good quality, with a mean
score of 50.46 and a standard deviation of 3.82, indicating overall good methodological quality. The item
with the lowest average rating was item 3, "Selection and comparability of comparison groups”, with a mean
score of 2.7 (SD = 1.1), suggesting potential limitations in group matching or representativeness. In contrast,
the best-rated items were item 1, "Rationale for study”, and item 11, "Appropriateness of inferences drawn
from results”, with mean scores of 6.36 (SD = 0.40) and 6.42 (SD = 0.58), respectively, indicating strong
conceptual justification and appropriate interpretation of findings [Supplementary Table 1]. The results of
the Hardy-Weinberg equilibrium tests for the cohorts included in the meta-analysis are presented in
Supplementary Table 2.

It is noteworthy that one study was excluded from the meta-analysis because it included patients from the
BRAGGSS cohort, which overlapped with another included cohort"**!. This exclusion was made to avoid
sample overlap and ensure independence of the data analyzed. A minimum of three studies was required to
perform each meta-analysis.

The anti-TNF agents used in the included studies were etanercept (ETAN), infliximab (INFLIX),
adalimumab (ADALI), and golimumab (GOLI), with only the study by Canhao et al. (2015) including
patients treated with golimumab"®. All studies employed the Disease Activity Score 28 (DAS28) as the
criterion for therapeutic response assessment, with a DAS28 score of < 3.2 considered indicative of a good
response. Furthermore, to ensure comparability, only studies evaluating response after a minimum period
of six months were included.

Two polymorphisms (rs10919563 and rs6683595) in the PTPRC gene were reported. However, only one
study assessed the association between the rs6683595 polymorphism and response to anti-TNF inhibitors".

Thus, a meta-analysis was conducted only for the rs10919563 polymorphism and non-response to anti-TNF
therapy, with response evaluated using the DAS28. Effect sizes from 12 distinct cohorts were combined,
nine of which were reported in one study"” [Table 1]. A total of 552 non-responders and 991 responders
were included. Funnel plot asymmetry was visually assessed for all three genetic models. Egger’s test
indicated no evidence of publication bias for the allelic model (¢ = 0.33, P = 0.746), the recessive allele A
model (f = -0.73, P = 0.485), or the recessive allele G model (f = -1.29, P = 0.225) [Supplementary Figure 1].

The three genetic models showed statistically significant associations: the allelic and recessive allele G
models were analyzed using a random-effects model, while the recessive allele A model was analyzed using a
fixed-effects model. The allelic model (risk allele A) was associated with a 94% increased odds of treatment
non-response (OR: 1.94; 95%CI: 1.31-2.88) [Figure 2A]. The recessive model for allele A also showed
increased odds of non-response (OR: 3.09; 95%ClI: 1.61-5.95) [Figure 2B]. Conversely, the recessive model
for allele G was associated with a 49% reduction in the odds of non-response (OR: 0.51; 95%CI: 0.31-0.83)
[Figure 2C].

DISCUSSION

This meta-analysis updated the available evidence on the association between the rs10919563 polymorphism
in the PTPRC gene and therapeutic response to Tumor Necrosis Factor inhibitors (TNFi) in patients with
rheumatoid arthritis (RA). The results showed a significant association between the A allele and an


https://oaepublishstorage.blob.core.windows.net/articlepdfpreview202509/jtgg5070-SupplementaryMaterials.pdf
https://oaepublishstorage.blob.core.windows.net/articlepdfpreview202509/jtgg5070-SupplementaryMaterials.pdf
https://oaepublishstorage.blob.core.windows.net/articlepdfpreview202509/jtgg5070-SupplementaryMaterials.pdf

de Araujo et al. J Transl Genet Genom. 2025;9:304-13 | https://dx.doi.org/10.20517/jtgg.2025.70 Page 308

Table 1. Characteristics of the included studies that evaluated the association between TNF inhibitors and the rs10919563 or
rs6683595 polymorphisms

Autor Year Country Sample Polymorphism Anti-TNF agent RAT* RAC* Q-Genie
assessment

Cui (ABCoN) 2010 USA 75 rs10919563 ETAN/INFLIX/ADALI 6 DAS28 Good
months

Cui (AMC) 2010 Netherlands 79 rs10919563 INFLIX/ADALI 6 DAS28 Good
months

Cui (BeSt) 2070 USA 126 rs10919563 INFLIX 6 DAS28 Good
months

Cui 2010 UK 74 rs10919563 INFLIX 6 DAS28 Good

(BRAGGSS) months

Cui (BRASS) 2010 USA 44 rs10919563 ETAN/INFLIX/ADALI 6 DAS28 Good
months

Cui (EIRA) 2010 Swedish 186 rs10919563 ETAN/INFLIX/ADALI 6 DAS28 Good
months

Cui (eRA) 2010 USA 116 rs10919563 ETAN 6 DAS28 Good
months

Cui (KD 2010 Swedish 74 rs10919563 ETAN/INFLIX/ADALI 6 DAS28 Good
months

Cui (JBI) 2010 Netherlands 43 rs10919563 ETAN 6 DAS28 Good
months

Plant 2012 UK 469 rs10919563 ETAN/INFLIX/ADALI 6 DAS28 Good
months

Zervou 2013 Greece 193 rs10919563 ETAN/INFLIX/ADALI 6 DAS28 Good
months

Ferreiro- 2015 Spain 398 rs10919563 and ETAN/INFLIX/ADALI 6 DAS28 Good

Iglesias rs6683595 months

Canhéo 2015 Portugal 135 rs10919563 ETAN/INFLIX/ADALI/GOLI 6 DAS28 Good
months

The table provides information on the author, year, country, sample size, investigated polymorphism, anti-TNF agent used (ETAN: Etanercept;
INFLIX: infliximab; ADALI: adalimumab; GOLI: golimumab), time of response assessment (TRA), response assessment criterion (RAC), and study
quality based on the Q-Genie tool.

increased likelihood of non-response to treatment, with consistency across all three genetic models analyzed
and no evidence of publication bias. These findings reinforce the potential of PTPRC as a predictive genetic
biomarker of TNFi efficacy, which may contribute to more personalized strategies in RA management.

Among the included studies, only one evaluated, in addition to the rs10919563 polymorphism, the
r$6683595 polymorphism, which is also located in an intronic region of the PTPRC gene'. However, no
significant association was observed between this second polymorphism and the response to TNFi
treatment"”. Considering the potential regulatory impact of intronic variants on gene expression, it would
be relevant for future studies to attempt to replicate the analysis of rs6683595 in other independent cohorts

25-27]

to clarify its role in the context of rheumatoid arthritis pharmacogenetics* ",

The PTPRC gene encodes the CD45 protein, a membrane-associated tyrosine phosphatase widely expressed
in hematopoietic cells, which is essential for T and B lymphocyte activation through modulation of antigen

28-30

receptor signaling”*’. Polymorphisms such as rs10919563 may influence the expression or function of
CD4s5, thereby altering the activation threshold of these immune cells"”. Given that TNF inhibitors act on
the inflammatory cascade that follows lymphocyte activation, it is plausible that variants in PTPRC may
indirectly affect TNFi efficacy by modulating baseline immune activation or the persistence of the
inflammatory response****”.. Thus, the association observed in this meta-analysis is supported by known

immunological mechanisms, which reinforces the relevance of PTPRC as a potential predictive genetic
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Figure 1. PRISMA flow diagram illustrating the study selection process for the systematic review and meta-analysis. Original figure
created by the authors for this study.

biomarker in rheumatoid arthritis. Ideally, the meta-analysis would be stratified by specific TNF inhibitors,
since - although all classified as TNFi - these agents differ in molecular structure and mechanisms of action,
which may influence therapeutic response™. However, the included studies did not provide stratified
outcome data for each individual drug; instead, they grouped all therapies under the general category of
"TNF inhibitors”, only listing the agents used. This lack of stratification limits the ability to determine
whether the observed associations with PTPRC variants are driven by a particular agent or are consistent
across all TNFi.

Two previous meta-analyses, published in 2016 and 2017, had already explored the relationship between
genetic variants and the response to TNFi, including the PTPRC gene'>*”. However, both included a study
that was excluded from the present analysis due to sample overlap with another cohort"*". This exclusion
was essential to avoid data duplication and ensure the statistical independence of the analyzed samples, even
though it reduced the total number of studies included. Although no new publications on PTPRC and the
response to TNFi have been identified since the last meta-analysis in 2017, this may reflect a shift in
research focus toward other genetic markers or alternative therapeutic modalities. In addition, studies
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A Case Control Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (common) (random)
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Figure 2. Meta-analysis of the association between the rs10919563 polymorphism in the PTPRC gene and response to TNF inhibitor
treatment in patients with rheumatoid arthritis. The three genetic models showed statistically significant associations: the allelic model
(A), the recessive model for allele A (B), and the recessive model for allele G (C). The allelic and recessive models of the G allele were
analyzed using a random-effects model, while the recessive model was analyzed using a fixed-effects model. The combined analysis of
the polymorphisms was performed using the Mantel-Haenszel meta-analysis, applying fixed- and random-effects models through the
metabin function. Original figure created by the authors for this study.
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involving non-European populations or reporting null associations may remain unpublished due to
publication bias, which could explain the predominance of European cohorts in the literature. The present
review updates and consolidates existing knowledge based on more rigorous methodological criteria. In
addition, it applied updated tools for assessing study quality (Q-Genie) and controlling for publication bias,
which enhances the robustness of the evidence presented**.

An important limitation to highlight is the geographic restriction of the included cohorts, all of which were
derived from European populations. This limits the generalizability of the findings to other populations,
such as Latin Americans, Africans, or Asians™*. Although one cohort included 57 individuals with self-
reported Greek Caucasian ancestry, all patients were recruited and treated in hospitals in Spain"?.
Considering the low proportion of these individuals and the absence of stratified ancestry data, the sample
was regarded as a single population predominantly of Spanish origin. Furthermore, population stratification
was controlled in the original study through ancestry covariates, which reduces the likelihood of bias"*.

The absence of new publications since 2017 addressing the relationship between PTPRC and response to
TNFi may reflect a significant gap in the literature. Future studies are needed to validate these findings in
more heterogeneous cohorts and across different clinical and ethnic contexts. Additionally, functional
investigations elucidating the biological mechanisms related to the rs10919563 polymorphism could
strengthen its applicability as a biomarker. Integrating genetic information with clinical data may represent
a significant step forward toward personalized medicine in rheumatoid arthritis.
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