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Abstract

Background: Patients with Turner syndrome (TS) exhibit an in-
creased susceptibility to autoimmune and chronic inflammatory dis-
eases compared to the general female population. Recent studies have 
implicated immune regulatory genes, including cytotoxic T-lympho-
cyte-associated protein 4 (CTLA-4), a key player in immunosup-
pression, in this predisposition. This study investigated the CTLA-4 
rs3087243 (G>A) polymorphism and gene expression profiles in pa-
tients with TS to assess their potential association with immunologi-
cal dysregulation.

Methods: A genetic association study was conducted in 112 patients 
with TS (with and without autoimmune/inflammatory diseases) and 
compared to 241 healthy women using TaqMan genotyping. Addi-
tionally, CTLA-4 mRNA levels were quantified via quantitative poly-
merase chain reaction (qPCR) in 15 TS patients and 15 controls, in-
cluding TS subgroups with (n = 9) and without (n = 10) autoimmune/
inflammatory conditions.

Results: The G allele was more prevalent in TS patients with autoim-
mune diseases (P = 0.047; odds ratio (OR) = 0.51; 95% confidence 
interval (CI) = 0.25 - 1.02), while the GA genotype appeared protec-
tive in controls (P < 0.001; OR = 0.14; 95% CI = 0.06 - 0.3). No as-
sociation was found between CT60 and inflammatory diseases in TS. 
Notably, CTLA-4 expression was significantly downregulated in pa-

tients with TS compared to controls (-19.38-fold change; P < 0.001), 
although no differences were detected between TS subgroups with 
and without immune-related conditions (P = 0.8413).

Conclusions: These findings highlight a possible role of CTLA-4 in 
TS-associated immune dysregulation, particularly through reduced ex-
pression, which may contribute to altered immune responses. Although 
the rs3087243 polymorphism showed limited clinical association, its 
differential distribution in patients with TS versus healthy controls un-
derscores the genetic complexity of immune regulation in TS. Further 
research is needed to elucidate the mechanistic links between CTLA-4 
variants, expression patterns, and autoimmune susceptibility in TS.

Keywords: Autoimmune diseases; Inflammatory diseases; CTLA-4; 
Gene expression; rs3087243; Immune dysregulation; Turner syn-
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Introduction

Turner syndrome (TS) is a chromosomal disorder caused by 
the partial or complete loss of one X chromosome, occurring in 
approximately 1 in 2,500 live female births [1, 2]. It is the only 
monosomy compatible with life and typically results from 
chromosomal non-disjunction. The most common karyotype, 
45,X, accounts for 40-60% of cases, whereas mosaicism (e.g., 
45,X/46,XX) and structural X chromosome abnormalities 
(e.g., isochromosomes and deletions) occur in 30% of patients. 
Additionally, 10-12% of individuals harbor a second lineage 
with Y chromosome material [3, 4].

Common phenotypic features include short stature, go-
nadal dysgenesis, pubertal delay, ovarian insufficiency, and 
infertility, along with characteristic physical findings, such as 
a short/webbed neck, wide chest, and cubitus valgus. These 
patients also face an elevated risk of endocrine, cardiovascular, 
and autoimmune disorders, including Hashimoto’s thyroiditis, 
type 1 diabetes, celiac disease, and rheumatoid arthritis [3-5].

Patients with TS have approximately twice the risk of de-
veloping autoimmune disease (AID) and chronic inflamma-
tory disease (CID) compared to the general female population, 
establishing these conditions as hallmark clinical features of 
the syndrome [6]. Hashimoto’s thyroiditis is the most preva-
lent autoimmune manifestation, while other frequently associ-
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ated conditions include type 1 diabetes mellitus, celiac disease, 
inflammatory bowel diseases (including Crohn’s disease and 
ulcerative colitis), juvenile rheumatoid arthritis, and endocrine 
disorders such as Addison’s disease [7, 8]. Additional autoim-
mune comorbidities include autoimmune hepatitis, psoriasis, 
vitiligo, and alopecia. Despite well-documented clinical as-
sociations, the underlying immunological mechanisms remain 
poorly understood, with particularly limited investigation of 
immune-related genetic factors in patients with TS [9, 10].

Immune regulatory genes, particularly cytotoxic T-lym-
phocyte-associated protein 4 (CTLA-4), have been implicated 
in various diseases [8]. Located on chromosome 2q33, CTLA-
4 encodes a critical cell surface protein that functions as a com-
petitive inhibitor of CD28 receptor binding to CD80/CD86 li-
gands on antigen-presenting cells, thereby suppressing T-cell 
activation and proliferation [11, 12]. Predominantly expressed 
in activated CD4+ and CD8+ T cells, this immune checkpoint 
molecule serves as a fundamental negative regulator of im-
mune response. Through its inhibitory function, CTLA-4 main-
tains peripheral tolerance, prevents autoimmunity, and contrib-
utes to immune system homeostasis [11, 13, 14].

This study investigated the CTLA-4 rs3087243 (CT60) 
polymorphism in patients with TS, evaluating its association 
with AID and CID, and analyzed CTLA-4 gene expression to 
explore its potential contribution to immune dysregulation in 
TS. Through a comprehensive evaluation of these genetic vari-
ations and their immunoregulatory consequences, we sought 
to elucidate the molecular mechanisms underlying the height-
ened susceptibility to autoimmune and inflammatory disorders 
characteristic of TS.

Materials and Methods

Study design and participants

This cross-sectional study aimed to provide a comprehensive 
cytogenetic and molecular characterization of patients diag-
nosed with TS between 2006 and 2018. The participants were 
recruited from the Pediatric Endocrinology Service at Hospital 
de Clinicas, Universidade Federal de Pernambuco (UFPE) and 
the Medical Genetics Service at Instituto de Medicina Integral 
Professor Fernando Figueira (IMIP). Clinical data were ex-
tracted from medical records.

Inclusion criteria required a cytogenetic diagnosis of TS. 
Individuals with 46,XX or 46,XY karyotypes were excluded. 
The healthy control (HC) group consisted of individuals of the 
same sex, with normal karyotypes and without autoimmune, 
endocrine, or inflammatory disorders. Controls for gene ex-
pression analyses were recruited from the community and 
completed a questionnaire to confirm eligibility.

Ethical considerations

This study received ethical approval from the Research Eth-
ics Committee of Health Sciences Center at Universidade 
Federal de Pernambuco (UFPE) (approval number: CAAE 

0485.0.172.000-11) and IMIP (approval number: 802/06). 
Written informed consent was obtained from all participants 
or their legal representatives, following the guidelines of the 
Declaration of Helsinki.

DNA extraction, selection of SNPs, and genotyping

Genomic DNA was extracted from peripheral whole blood 
samples using the Illustra™ Blood GenomicPrep Mini Spin 
Kit (GE Healthcare, Little Chalfont, UK) following the manu-
facturer’s standardized protocols. The extracted DNA samples 
were subsequently stored at -20 °C until further analysis to 
maintain genomic integrity.

For genotyping analysis, the CTLA-4 gene single nucle-
otide polymorphism rs3087243 (G>A transition, assay ID: 
C_3296043_10) was specifically selected based on its minor 
allele frequency (MAF < 10%) in the target population. The 
genotyping procedure was performed using commercially 
available TaqMan® SNP Genotyping Assays (Applied Biosys-
tems, Life Technologies, Carlsbad, CA, USA) and analyzed on 
an ABI PRISM® 7500 Sequence Detection System (Applied 
Biosystems, Foster City, CA, USA) according to the manufac-
turer’s recommended thermal cycling conditions.

The CT60 polymorphism (rs3087243) was analyzed using 
a systematic two-stage approach. In the first stage, 24 TS pa-
tients diagnosed with AIDs were compared with 88 TS controls 
without autoimmune manifestations. The second stage involved 
a comparative analysis between 22 patients with TS presenting 
with CIDs and 90 TS controls lacking such pathological condi-
tions. To provide a broader context, an additional comparative 
analysis was performed between the combined TS patient cohort 
(n = 112) and an HC group (n = 241) previously characterized 
by Bufalo et al [15]. The HC group was deliberately selected to 
comprise exclusively female participants, with a mean age of 
36.86 years (standard deviation (SD) ± 12.95), ensuring appro-
priate sex matching with the TS study population.

RNA extraction, cDNA synthesis, and gene expression 
assay

Total RNA was extracted from peripheral blood leukocytes 
using TRIzol® Reagent (Invitrogen, USA) according to the 
manufacturer’s protocol. Prior to cDNA synthesis, the RNA 
concentration was standardized to 500 ng per sample to ensure 
consistency across all the experimental conditions. Comple-
mentary DNA (cDNA) synthesis was subsequently performed 
using the ImProm-II™ Reverse Transcription System (Prome-
ga, USA) following the manufacturer’s specifications.

Gene expression analysis was conducted using TaqMan® 
probes specifically designed for the target gene CTLA-4 
(Hs.00175480, Thermo Fisher Scientific). Relative gene ex-
pression levels were normalized using two endogenous ref-
erence genes: hypoxanthine phosphoribosyltransferase 1 
(HPRT1) and beta-2-microglobulin (B2M) (Thermo Fisher 
Scientific). These reference genes were analyzed using the 
SYBR Green detection system with their respective primer 
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sequences: HPRT1 (forward: 5'-ACAGGACTGAACGTCTT-
GCT-3', reverse: 5'-GAGCACACAGAGGGCTACAA-3') and 
B2M (forward: 5'-TGAGTGGCATGAAGAAGGTGT-3', re-
verse: 5'-GGCAGTTCTTTGCCCTCTCT-3') (Thermo Fisher 
Scientific). The selection of these endogenous reference genes 
was based on their demonstrated expression stability across 
the tested samples and experimental conditions, as validated 
by the GeNorm analysis. All quantitative PCR assays were 
performed using an ABI 7500 Real-Time PCR System (Ap-
plied Biosystems, Foster City, CA, USA). Gene expression 
analysis was conducted based on quantification cycle (Cq) 
values, and relative mRNA levels were calculated using the 2-
ΔΔCt normalization method [16], following the quality criteria 
established by MIQE guidelines [17].

CTLA-4 gene expression analysis encompassed two dis-
tinct comparative frameworks. The primary analysis involved 
15 patients with TS serving as the case group (mean age 21.07 
± 9.33 years) compared with 15 healthy female volunteers 
constituting the control group (mean age 30 ± 10.01 years). 
Subsequently, a secondary analysis was conducted to examine 
intragroup differences within the TS population, comparing 
nine TS patients diagnosed with AIDs and/or CIDs (mean age 
21.67 ± 8.26 years) with 10 TS patients without such clinical 
manifestations (mean age 21.3 ± 7.89 years), thereby serving 
as an internal control group.

Statistical analysis

Statistical analysis for the association study was conducted us-
ing a comprehensive approach employing multiple analytical 
platforms. Genotype and allele frequency analyses were per-
formed using the SNPStats web-based tool [18] in conjunction 
with R statistical software version 4.1.2 [19].

Hardy-Weinberg equilibrium (HWE) assessment and de-
termination of allele and genotype frequencies were evaluated 
using the Chi-square test (χ2). Statistical significance for differ-
ences in allelic and genotypic distributions between groups was 
determined using Fisher’s exact test, with statistical significance 
set at P < 0.05. To ensure adequate statistical power, post-hoc 
power analysis was conducted using G*Power software (ver-
sion 3.1.9.7 [20]), with a type I error probability (α) of 0.05.

For gene expression analyses, data normality was assessed 
using the Shapiro-Wilk test to determine the appropriate statis-
tical approach. Subsequently, either Student’s t-test (for para-
metric data) or the Mann-Whitney U test (for non-parametric 
data) was applied, maintaining a significance threshold of P < 
0.05. All statistical computations were performed using R sta-
tistical software, and data visualization and graphical represen-
tations were generated using GraphPad Prism software version 
8.0 (GraphPad Software, San Diego, CA, USA).

Results

Clinical features

The study cohort comprised 112 TS patients (mean age at di-

agnosis: 12 ± 8.47 years). Table 1 presents a comprehensive 
overview of the clinical characteristics of patients with TS. 
The analysis revealed that 21.43% of patients developed at 
least one AID, including Hashimoto’s thyroiditis, hypothy-
roidism, and alopecia areata. Furthermore, 19.64% of patients 
had CIDs, including obesity, chronic otitis media, dermatitis, 
persistent allergic rhinitis, and recurrent tonsillitis.

Notably, the clinical presentation was complex, as several 
patients exhibited concurrent manifestations of both autoim-
mune and inflammatory conditions. The overall prevalence 
of immunological disorders was substantial, affecting ap-
proximately one-third of the study population (34% of 112 
patients).

The distribution of immunological complications was as 
follows: 14.29% (n = 16) presented exclusively with AIDs, 
12.5% (n = 14) exhibited solely inflammatory conditions, 
and 7.14% (n = 8) demonstrated concurrent autoimmune and 
inflammatory manifestations. These findings underscore the 
significant burden of immune-related complications in pa-

Table 1.  Clinical Features of Patients With Turner Syndrome

Clinical characteristics N (%)
Short stature 86 (76.79)
Sexual infantilism 83a (74.11)
Skeletal abnormalities 50b (44.64)
Short and webbed neck 44 (39.29)
Primary amenorrhea 43 (38.39)
Low posterior hairline 32 (28.57)
Mammary hypertelorism 29 (25.89)
Edema 27 (24.11)
Autoimmune thyroid disease 23 (20.54)
Inflammatory disease 22 (19.64)
Cardiovascular disease 22 (19.64)
Neurological disease 20 (17.86)
Skin redundancy in the neck 19 (16.96)
Ear malformations 18 (16.07)
Skin diseases 18 (16.07)
Arched palate 17 (15.18)
Obesity/overweight 14 (12.5)
Eyes anatomic alterations 13 (11.61)
Osteopenia/osteoporosis 11 (9.82)
Renal malformations 10 (8.93)
Hearing deficiency 10 (8.93)
Dyslipidemia 6 (5.36)
Muscle hypotonia 3 (2.68)
Alopecia 2 (1.78)

aAbsence of breast development, absence of axillary and pubic hair, 
hypoplastic uterus, and absence of ovaries. bThe main clinical condi-
tions are cubitus valgus, xiphoid depression, short metacarpals, and 
genu valgus.
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tients with TS and highlight the multifaceted nature of im-
munological dysfunction associated with this chromosomal 
disorder.

CTLA-4 polymorphism in TS patients with AIDs

The genotype and allele frequencies for the CTLA-4 rs3087243 
(G>A) polymorphism were systematically compared between 
patients with TS presenting with AIDs as the case group and 
patients with TS without AIDs serving as the control group 
(Table 2). Statistical analysis revealed a significantly higher 
frequency of the G allele among patients with TS and AIDs (P 
= 0.047; OR = 0.51; CI = 0.25 - 1.02), indicating a distinctive 
allelic distribution pattern in this patient subgroup. Converse-
ly, the comparison of genotypic distributions between the two 
groups did not yield any statistically significant differences. 
The study maintained a robust statistical power of 97% with a 
5% confidence level. Notably, the observed genotype frequen-
cies deviated from the HWE expectations for the evaluated 
single nucleotide polymorphisms (SNPs).

CTLA-4 polymorphism in TS patients with CIDs

Table 2 presents a comprehensive analysis of the CTLA-4 
rs3087243 (G>A) polymorphism distribution among TS pa-
tients with CIDs serving as the case group, compared to TS 
patients without CIDs serving as the control group. Compara-
tive analysis revealed no statistically significant differences in 

either allelic or genotypic frequency distributions between the 
two groups. The study maintained a robust statistical power of 
93% with a predetermined significance threshold of α = 0.05. 
Consistent with the previous AID analysis, the observed allelic 
and genotypic distributions of the evaluated SNPs significant-
ly deviated from HWE expectations. The deviation from HWE 
in the TS cohort may reflect the genetic admixture characteris-
tic of the Brazilian population.

CTLA-4 polymorphism in TS patients compared to the 
HC group

Table 3 presents a comparative analysis of the CTLA-4 
rs3087243 (G>A) polymorphism between patients and HCs. 
While no statistically significant differences were detected in 
allelic distribution between the two groups, a notable and sig-
nificant difference was observed in genotypic distribution (P < 
0.001; OR = 0.14; CI = 0.06 - 0.3). These findings suggest that 
the GA genotype may confer a protective effect in the HC pop-
ulation compared with TS patients. The analysis demonstrated 
optimal statistical power at 100% with a 5% confidence level, 
ensuring the robust detection of true associations.

A critical observation from this analysis is the differential 
adherence to the HWE between the study populations. Nota-
bly, the SNP distributions in patients with TS deviated sig-
nificantly from the HWE expectations, whereas the HC group 
maintained equilibrium. This deviation in the TS cohort may 
reflect underlying population stratification, selection pres-
sures, or the complex genetic architecture inherent to TS and 

Table 2.  Genotype and Allele Distribution of CTLA-4 Gene Polymorphism in TS Patients With AIDs (Case Group), TS Patients With 
CIDs (Case Group), and TS Patients (Control Group)

Polymorphism rs3087243 Case group, N (%) Control group, N (%) Odds ratio (95% CI) P-value
TS with AIDs
    Allele 48 176
    G 26 (0.54) 66 (0.38)
    A 22 (0.46) 110 (0.62) 0.51 (0.25 - 1.02) 0.047
    Genotype 24 88
    GG 12 (50) 28 (31.8)
    GA 2 (8.3) 10 (11.4) 0.473 (0.04 - 2.75) 0.475
    AA 10 (41.7) 50 (56.8) 0.47 (0.16 - 1.36) 0.142
TS with CIDs
    Allele 44 180
    G 16 (0.36) 76 (0.42)
    A 28 (0.64) 104 (0.58) 1.28 (0.61 - 2.72) 0.5
    Genotype 22 90
    GG 6 (27.3) 34 (37.8)
    GA 4 (18.2) 8 (8.9) 2.77 (0.46 - 15.31) 0.21
    AA 12 (54.5) 48 (53.3) 1.41 (0.44 - 5.06) 0.6

Results are expressed in absolute value (relative value). AID: autoimmune disease; CI: confidence interval; CID: chronic inflammatory disease; TS: 
Turner syndrome.
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warrants careful consideration in the interpretation of these 
genetic association results.

CTLA-4 gene expression assay

CTLA-4 mRNA levels were assessed in patients with TS and 
controls using relative gene expression analysis. The initial com-
parative analysis revealed that patients with TS exhibited signifi-
cantly diminished CTLA-4 expression, demonstrating a substan-
tial 19.38-fold downregulation compared to HCs (P < 0.001, P = 
3.073 × 10-14) (Fig. 1a). Conversely, when examining CTLA-4 
expression levels between patients with TS presenting with AIDs 
and/or CIDs (n = 9) and those without such comorbidities (n = 
10), no statistically significant differences in gene expression 
were detected (fold change = 1.0207, P = 0.8413) (Fig. 1b).

Discussion

In the present study, 34% of the sample had some form of au-
toimmune and/or inflammatory disease, consistent with find-

ings from previous studies [6, 21]. However, it is important 
to note that the association between a specific karyotype and 
the development of immunological conditions in TS remains 
controversial [8].

Our study provides novel insights into the role of CTLA-
4 in immune dysregulation among patients with TS, focusing 
on the rs3087243 polymorphism and gene expression patterns. 
These findings underscore the genetic complexity of immune 
regulation in TS and its potential contribution to autoimmune 
and inflammatory susceptibility.

The higher prevalence of the G allele in patients with TS 
and AIDs (P = 0.047) suggests a possible association with 
immune dysfunction, aligning with previous studies linking 
CTLA-4 polymorphisms to autoimmune conditions such as 
Graves’ disease and rheumatoid arthritis [22, 23]. Notably, the 
GA genotype exhibited a protective effect in HCs (P < 0.001), 
a phenomenon absent in patients with TS, likely due to the 
unique genetic and hormonal milieu of TS. This discrepancy 
highlights the distinct immunogenetic landscape of the syn-
drome, which may disrupt typical regulatory mechanisms [5].

The significant downregulation of CTLA-4 expression in 
patients with TS (-19.38-fold, P < 0.001) further supports its 

Table 3.  Genotype and Allele Distribution of CTLA-4 Gene Polymorphism in TS Patients and Healthy Control Group [15]

Polymorphism rs3087243 Case group, N (%) Control group, N (%) Odds ratio (95% CI) P-value
Allele 224 482
G 92 (0.41) 229 (0.48)
A 132 (0.59) 253 (0.52) 1.3 (0.93-1.81) 0.12
Genotype 112 241
GG 40 (35.7) 55 (22.8)
GA 12 (10.7) 119 (49.4) 0.14 (0.06-0.3) < 0.0001
AA 60 (53.6) 67 (27.8) 1.23 (0.7-2.18) 0.5

Results are expressed in absolute value (relative value). CI: confidence interval; TS: Turner syndrome.

Figure 1. Differential CTLA-4 gene expression in TS: (a) patients TS vs. HCs (-19.38 FC; P < 0.001); (b) comparative analysis 
of patients with AIDs and/or CIDs (case group) versus TS without such conditions (control group) (-1.0207 FC; P = 0.8413). AID: 
autoimmune disease; CID: chronic inflammatory disease; FC: fold change; HC: healthy control; TS: Turner syndrome.
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role in immune dysregulation. CTLA-4 is a critical checkpoint 
molecule for maintaining peripheral tolerance, and its reduced 
expression can impair immune homeostasis, predisposing pa-
tients with TS to autoimmunity [11, 12]. However, the lack of 
differential expression between TS subgroups with and with-
out AIDs or CIDs suggests that CTLA-4 downregulation is a 
generalized feature of TS cells rather than a specific marker for 
these conditions. This finding contrasts with studies on other 
autoimmune diseases, such as systemic lupus erythematosus, 
where CTLA-4 dysregulation manifests differently [24], em-
phasizing the need for syndrome-specific investigations.

The absence of HWE in the TS cohort for rs3087243 may 
reflect the population stratification typical of the highly admixed 
Brazilian population or selection pressures inherent to TS [25]. 
While this deviation complicates genetic association analyses, it 
underscores the importance of considering TS-specific genetic 
architectures in future studies. Our results, combined with prior 
work on CTLA-4 polymorphisms in TS [9], suggest that distinct 
variants may contribute differentially to immune dysregulation 
depending on their genomic context and functional impact.

This study presents some limitations, including limited 
screening for certain AIDs, such as celiac disease (CD), the 
small sample size for gene expression analyses, and the devia-
tion from HWE. It is important to note that, in our cohort, only 
a few patients with TS underwent screening for CD, and con-
sidering its potential for subtle and nonspecific presentation, 
underdiagnosed is likely, as described in another study [26]. 
Nevertheless, these results provide a basis for future research 
exploring additional immunological regulators, longitudinal 
outcomes, and potential therapeutic targets in TS.

In conclusion, our study highlights the multifaceted role 
of CTLA-4 in TS-associated immune dysregulation driven by 
both genetic variants and expression alterations. However, 
the interplay between CTLA-4 and other immune regulators 
remains unclear. Further research should explore the mecha-
nistic pathways and potential therapeutic targets to mitigate 
immune-related complications in TS.
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