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Abstract: Klinefelter syndrome (KS) is a chromosomal karyotype abnormality, most commonly presenting with the 
47,XXY karyotype, and it has been associated with a variety of autoimmune diseases (AD). Juvenile idiopathic arthri-
tis (JIA) is a chronic inflammatory disorder of unknown etiology that primarily affects the joints, with pathogenesis 
likely involving interactions among genetic predisposition, immune systems, and environmental exposure. Here 
we report the youngest known case of JIA complicated with KS to date, and the first pediatric case seen in China, 
who was hospitalized in the Pediatrics Department of Huizhou Central People’s Hospital in February 2021. Clinical 
manifestations, physical signs, immunological indices, joint imaging findings, sex hormone levels, and chromo-
somal analysis were evaluated. Relevant literature was reviewed to explore potential mechanisms underlying the in-
creased susceptibility of KS patients to autoimmune diseases. This predisposition may be related to X chromosome 
inactivation and sex hormone imbalance. Greater awareness of KS is warranted, and clinicians should recognize the 
elevated risk of autoimmune disorders in these patients. Chromosomal testing in young male children with autoim-
mune disorders is recommended.
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Introduction

Klinefelter syndrome (KS), a chromosomal 
abnormality with an incidence of approximately 
1/500 to 1/1000 live births, was first described 
in 1942 by Klinefelter at Massachusetts 
General Hospital [1]. The 47,XXY karyotype 
accounts for 80-90% of KS cases [2, 3]. Typical 
clinical manifestations include dysgenesis of 
the external genitalia and secondary sexual 
characteristics, infertility, gynecomastia, learn-
ing and cognitive impairment, and social dys-
function, and the condition may be complicated 
by obesity, metabolic syndrome, diabetes, and 
osteoporosis. KS has also been associated 
with several autoimmune diseases (AID), pos-
sibly due to the presence of an additional X 
chromosome and sex hormone imbalance [4]. 
Previous studies [5] have suggested that indi-
viduals with KS are more likely to develop cer-
tain autoimmune disorders, particularly those 
with higher prevalence in females. To date, no 
pediatric cases of KS complicated by autoim-
mune diseases have been reported in China, 

which may be related to the atypical clinical 
manifestations in childhood. Juvenile idiopathic 
arthritis (JIA) is a chronic, idiopathic inflamma-
tory disorder that most frequently occurs 
between the ages of one and three, with a high-
er incidence in girls than in boys [6]. Although 
the pathophysiology of JIA remains unclear, it is 
believed to result from a combination of genetic 
factors, immune systems, and environmental 
exposure [7]. To enhance clinical understand-
ing of the association between KS and autoim-
mune diseases, and to inform future research, 
we present the diagnosis and management of a 
child with both JIA and KS, who was to our 
knowledge, the youngest such case reported to 
date and the first pediatric case in China.

Cases presentation

Basic case details

Physical examination: In February 2021, a 
1-year-9 month-old boy was admitted to the 
Department of Pediatrics at Huizhou Central 
People’s Hospital, with a complaint of swelling 
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Figure 1. The right wrist joint of the child was notice-
ably swollen and painful at admission. The arrow 
shows the location of the injury.

and pain in the right wrist joint for more than 10 
days and bilateral lower limb pain for 7 days. 
The right wrist swelling developed spontane-
ously without obvious cause, was most pro-
nounced in the morning, and partially subsided 
by evening. The child avoided pushing or mov-
ing the wrist, and cried when asked to bend or 
touch it. Seven days prior admission, he devel-
oped difficulty walking, bilateral thigh tender-
ness and resistance to pressing. He also had a 
history of respiratory infection with fever one 
month earlier.

Medical and family history: Delivered prema-
turely at a gestational age of 35+5 weeks, the 
boy was hospitalized for neonatal asphyxia, 
neonatal respiratory distress syndrome, bron-
chopulmonary dysplasia, and neonatal sepsis, 
requiring mechanical ventilation. He also had a 
history of infantile eczema and cow’s milk aller-
gy, as well as recurrent wheezing episodes fol-
lowing respiratory infections, which were con-
trolled with prescribed nebulization therapy. 
Family history was unremarkable, and the par-
ents were not consanguineous.

Findings on admission: the patient presented 
with no skin rash, no superficial lymphadenopa-
thy, no abnormal findings on cardiac, pulmo-
nary or abdominal examination. Physical exami-
nation revealed swelling and tenderness of the 
right wrist joint (Figure 1) without erythema or 
local temperature elevation, a positive four-
character sign in bilateral hip joints, and no 
abnormalities or restriction of movement in 
other limb joints.

Auxiliary examinations

Laboratory results: Upon admission, the patient 
underwent comprehensive laboratory tests 
(reference ranges are shown in parentheses). 
Anti-streptolysin O (ASO) and anti-nuclear  
antibody (ANA) were within normal limits. 
Rheumatoid factor (RF) was markedly elevated 
at 561.70 IU/ml (14 IU/ml), anti-cyclic citrulli-
nated peptide antibody (ACCP) was 42.104 RU/
ml (0-5 RU/ml), and the erythrocyte sedimenta-
tion rate (ESR) was 42 mm/h (0-20 mm/h). 
These four measurements - ESR, CRP, RF, and 
ACCP - were all significantly above normal, with 
RF exceeding the reference value by approxi-
mately 40-fold (Table 1). Five ANCA vasculitis 
panels and eleven ANA profile tests were nega-
tive. Bone marrow smear revealed active prolif-
eration. Routine blood, urine, stool tests, blood 
smear, serum biochemistry, liver and renal 
function, cardiac enzymes, lipid profile, coagu-
lation studies, and humoral immune indices 
were unremarkable. Sex hormone panel (seven 
items) was within normal ranges. Human leuko-
cyte antigen HLA-B27 was negative. Tuber- 
culosis screening (PPD skin test, tuberculosis 
antibody), Epstein-Barr virus (EBV) nucleic acid, 
and mycoplasma pneumonia serological test 
were all negative. The results of the ophthalmo-
logic examination were normal. 

Imaging results: Ultrasound examination of 
major limb joints revealed no significant abnor-
malities in other extremity joints, but showed 
mild synovial thickening in the left wrist, a small 
effusion in the right knee, and minor effusions 
in both hip joints. Ultrasound findings on heart, 
liver, gallbladder, pancreas, spleen, mesenteric 
lymph nodes, retroperitoneum, and urinary 
tract were normal.

Chest CT showed (1) blurred lung texture, dis-
persed patchy, faint opacities in both lungs with 
indistinct margins; (2) several translucent foci 
were present in the upper lobe of the left lung, 
possibly reflecting small alveolar dilatation or 
localized hyperinflation. 

Contrast-enhanced MRI of the right wrist 
revealed multiple patchy T2WI-weighted hyper-
intense lesions with blurred margins beneath 
the articular surfaces of the distal radius and 
ulna, part of the carpal bone, the 2nd-4th meta-
carpophalangeal joints, the 1st-5th proximal 
interphalangeal joints, and some distal inter-
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Table 1. The patient’s growth, development, and treatment course

Age CRP 
(mg/L)

ESR 
(mm/h)

RF  
(IU/ml)

ACCP 
(RU/ml)

Height 
(cm)

Weight 
(kg) Treatment

2 years 13.78 42 561.7 42.104 85 9.7 TNF-α receptor antibody fusion protein
2 years and 3 months old 2.5 8 1351.5 180.756 88 10.5 TNF-α receptor antibody fusion protein
2 years and 6 months old 16.03 45 1498.7 - 90.5 10.5 Adalimumab
2 years and 9 months old 4.25 6 2383.2 - 92 11 Adalimumab
Note: The CRP, ESR, RF, and ACCP stand for reactive protein, erythrocyte sedimentation rate, rheumatoid factor, and anti-cyclic citrullinated 
peptide antibody, respectively. “-” means not measured.

Figure 2. Enhanced MRI images of the right wrist joint of the child. A. Mul-
tiple patchy hyperintense lesions on T2WI seen observed beneath the distal 
articular surfaces of the radius and ulna, as well as portions of the carpal 
articular surfaces. B. Mild synovial thickening with patchy T2-weighted hy-
perintense lesions within the joint cavity. The arrow shows the location of 
the lesion.

phalangeal joints, with enhancement on post-
contrast images. Patchy T2 hyperintensity was 
observed in the joint cavity with mild synovial 
thickening. Edema of the right wrist joint and 
spotty T2 hyperintense lesions with ill-defined 
borders were observed, along with a modest 
quantity of effusion (Figure 2).

Diagnosis and treatment

The child was diagnosed with: (1) suspected 
JIA; (2) preschool wheezing; (3) bronchopulmo-
nary dysplasia. Treatment included oral ibupro-
fen (30 mg/kg/d), Taurine granules and calci-
um and vitamin D supplementation. The child 
was discharged after his arthralgia improved, 
with no movement restrictions in the lower 
limbs. 

Genetic testing: With parental 
consent, whole-exome gene 
sequencing was performed for 
the patient and his parents, 
revealing no pathogenic muta-
tions associated with the dis-
ease phenotype. Peripheral 
blood chromosome G-banding 
analysis revealed a karyotype 
of 47,XXY, with both X chromo-
somes derived from the mater-
nal homolog (Figure 3). 

Treatment process: after six 
weeks of treatment, the child 
continued to present with 
active arthritis. Based on the 
2001 International League of 
Associations for Rheumatology 
(ILAR) diagnostic criteria for JIA 
[8] and karyotype results, the 
final diagnoses were (1) JIA and 
(2) KS. Methotrexate (MTX, 10 
mg/m2 once a week) was initi-
ated, and recombinant human 
type II TNF-α receptor antibody 

fusion protein (0.8 mg/kg, subcutaneous injec-
tion once a week) was administered from the 
second week. The inflammatory markers nor-
malized after 3 months of biological therapy 
(CRP 2.5 mg/L (0-6 mg/l), ESR 8 mm/h (0-20 
mm/h)), although RF and ACCP remained sig-
nificantly elevated at 1351.50 IU/ml (14 IU/ml) 
and 180.756 RU/ml (0-5 RU/ml), respectively. 
Right wrist joint swelling was lessened (Figure 
4), with no signs of active arthritis, pain, or 
movement restriction in other joints. Enhanced 
MRI of the right wrist demonstrated a reduction 
in the original lesion.

Following 5 months of biologic treatment, the 
patient was readmitted with severe pneumonia 
and respiratory syncytial virus infection, neces-
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Figure 3. The child’s peripheral blood chromosome results: karyotype 47, 
XXY. The sex chromosomes are in the red box.

Figure 4. The child’s right wrist joint swelling was 
significantly relieved after 3 months of MTX+biologic 
treatment. The arrow shows the location of the in-
jured area.

sitating a 3-week treatment interruption. After 
discharge, joint pain and swelling recurred, and 

adalimumab (20 mg, subcuta-
neous injection every 2 weeks) 
was introduced as the biologic 
agent. Subsequent therapy led 
to gradual improvement of joint 
symptoms, with normalization 
of inflammatory parameters, 
including CRP of 4.25 mg/L 
(0-6 mg/l) and ESR of 6 mm/h 
(0-20 mm/h), although RF 
remained significantly elevated 
at 1498.7 IU/ml (14 IU/ml). The 
patient’s growth, development, 
and treatment course are sum-
marized in Table 1.

Literature review

An electronic search of the 
China National Knowledge 
Infrastructure (CNKI) (https://
www.cnki.net/), Wanfang data-
bases (https://www.wanfang-
data.com.cn/), and PubMed 

(https://pubmed.ncbi.nlm.nih.gov/) was con-
ducted without restrictions on time or language, 
up to January 31, 2022. The search terms used 
were “Klinefelter syndrome”, “juvenile idiopath-
ic arthritis”, and “rheumatoid arthritis”. No rel-
evant reports were identified in CNKI or 
Wanfang databases. In PubMed, seven articles 
were retrieved [4, 9-14]. As summarized in 
Table 2, these included one adolescent case of 
JIA with KS and six adult cases of rheumatoid 
arthritis (RA) with KS.

The adolescent patient with JIA and KS was 
diagnosed with KS (47, XXY) at age 6 and com-
menced testosterone therapy at age 14. At age 
16, he developed bilateral “claw hands” and 
generalized morning stiffness of the proximal 
and distal phalanges. The patient’s examina-
tion reveal swelling across the proximal and dis-
tal phalanges, bilateral wrist and finger joints, 
bilateral shoulder joints, involvement of the left 
ankle joint, but no abnormalities in the thorac-
ic, lumbosacral, and sacroiliac joints, negative 
RF, and positive HLA-B27. The final diagnosis 
was JIA (polyarticular, RF negative), and symp-
toms improved after oral non-steroidal anti-
inflammatory drugs (NSAIDs) and methotrexate 
(MTX) [4]. The other six cases involved adult 
patients with RA and KS, aged 29-65 years, all 
presenting with elevated RF titers. Two cases 
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Table 2. Characteristics of previously reported cases
Case Author/year Sex Age (years) Diagnosis/karyotype Treatment
1 Mirkinson et al., 2006 Male 16 Klinefelter’s syndrome, 47XY Non-steroidal anti-inflammatory (NSAID).

Therapy, Methotrexate (MTX).

2 Bosmanský et al., 1979 Not provided. Not provided. Not provided. Not provided.

3 Lamotie et al., 1965 Not provided. Not provided. Not provided. Not provided.

4 Macsween et al., 1965 Not provided. Not provided. Not provided. Not provided.

5 Tsung et al., 1974 Not provided. Not provided. Not provided. Not provided.

6 Kobayashi et al., 1994 Male Not provided. Klinefelter’s syndrome associated 
with rheumatoid arthritis (RA).

A mild clinical course.

7 Al-Arfaj et al., 2010 Not provided. Not provided. Klinefelter’s syndrome. Not provided.

were complicated by diabetes mellitus, and the 
other two by malignant lymphomas [9-14]. 
Taken together, the literature indicates that the 
child described in our study represents, to our 
knowledge, the youngest reported case of JIA 
with KS, and the first such case documented in 
China.

Discussion

Juvenile idiopathic arthritis (JIA) is the most 
common pediatric rheumatic disease of 
unknown etiology, characterized by chronic 
arthritis that may involve multiple systems and 
is a leading cause of childhood disability and 
blindness. Rather than being an isolated dis-
ease, JIA is considered a syndrome with hetero-
geneous etiologies [15]. Similar to most auto-
immune disorders, its pathogenesis involves 
the interplay of genetic factors, immune dys-
regulation, and environmental exposure. Acc- 
ording to the 2001 ILAR JIA diagnostic and clas-
sification criteria, JIA refers to arthritis of 
unknown origin that develops before the age of 
16 and lasts for more than 6 weeks. JIA is cat-
egorized into seven subtypes. In 2018, the 
Pediatric Rheumatology International Trials 
Organization (PRINTO) revised these into six 
subtypes [8, 16, 17]. Globally, the estimated 
incidence ranges from 1.6 to 23.1 per 100,000 
children, with a female predominance (male  
to female ratio 0.57:1), although sex distribu- 
tion varies across subtypes [18]. For instance, 
males are more susceptible to enthesitis relat-
ed arthritis (ERA) [19, 20]. The immunopatho-
genesis of JIA resembles that of adult RA, and 
the pathological changes are primarily chronic 
synovitis, which is characterized by infiltration 
of synovial tissue with T and B lymphocytes, 
monocytes, plasma cells, and proliferation of 
fibroblasts and macrophage-like synovial cells 
[21]. However, JIA differs from RA in several 

aspects, including the rarity of subcutaneous 
nodules and RF positivity as well as the absence 
of some subtypes’ corresponding adult diseas-
es. Although multiple autoantibodies can be 
detected in JIA, none of them are pathogno-
monic. RF and ANA are the most frequently 
assessed laboratory markers, useful for dis-
ease stratification and prognostic evaluation, 
though they lack specificity and sensitivity for 
diagnosis. In adult RA, ACCP is highly specific, 
and ACCP positivity in children is typically seen 
in RF-positive kids [22]. According to the 2001 
JIA classification criteria, the present case was 
classified as RF-positive polyarticular JIA, with 
onset before the age of two years. Such sub-
type accounts for only 5-10% of JIA cases and 
occurs predominantly in female children, with a 
study reporting a male-to-female ratio of 
5.7:12.8 [15].

KS, also known as congenital varicocele dys-
plasia and testicular hypoplasia syndrome, is 
the most common chromosomal disorder in 
males and results from the presence of an 
extra X chromosome (most frequently 47,XXY 
karyotype), which arises from meiotic nondis-
junction in parental germ cells [23]. The likeli-
hood of the extra X chromosome originating 
from either parent is approximately equal. 
Advanced parental age and genetic predisposi-
tion are recognized risk factors, whereas the 
contributions of radiation exposure and viral 
infection remain controversial [3]. Children with 
one or more extra X chromosomes are pheno-
typically male because the sex-determining 
region Y (SRY) gene resides on the Y chromo-
some. The clinical presentation of KS is highly 
variable and evolves with age, with severity 
influenced by the number of extra X chromo-
somes, CAG repeat polymorphisms in the 
androgen receptor (AR) gene, parental origin of 
the extra X chromosome, and mosaic karyo-
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type [24]. Testosterone replacement therapy 
initiated at puberty remains the principal treat-
ment strategy.

Patients with KS have significantly increased 
risks of multiple comorbidities, including meta-
bolic syndrome and diabetes mellitus, likely 
related to genetic defects and chronic testos-
terone deficiency [25]. Similar to JIA, KS has 
also been associated with several autoimmune 
diseases, many of which show a higher preva-
lence in females [26]. In a cohort study of 
2,208 KS patients, Seminog et al. [5] reported 
a significantly increased risk of seven autoim-
mune diseases, including Addison’s disease, 
type 1 diabetes, multiple sclerosis, acquired 
hypothyroidism, RA, Sjogren’s syndrome (SS), 
and systemic lupus erythematosus (SLE). 
Among these, diabetes, RA, SS, and SLE were 
most strongly associated with KS, consistent 
with prior reports. Mirkinson et al. [4] reported 
a 16-year-old boy with KS and JIA who received 
testosterone replacement, NSAIDs, and MTX, 
which alleviated his joint symptoms.

The mechanisms underlying the increased sus-
ceptibility of KS patients to autoimmune dis-
eases (AID) remain incompletely understood. 
Current research has focused primarily on two 
factors: imbalance in the estrogen-to-androgen 
ratio and abnormalities in X-chromosome inac-
tivation. Sex hormones are known to regulate 
immune responses, with androgens generally 
exerting immunosuppressive effects and estro-
gens enhancing immune activation. Hence, the 
high prevalence of AID in women may be relat-
ed to the immunomodulatory effects of sex hor-
mones. In KS patients, an imbalanced andro-
gen/estrogen ratio may therefore contribute to 
the propensity for AID. Spector et al. [27], in a 
study of 276 men with RA and ankylosing spon-
dylitis (AS), found that serum free and total tes-
tosterone levels were lower in RA patients com-
pared to healthy controls. Similarly, Cutolo et al. 
[28] reported that serum testosterone concen-
trations were considerably reduced in RA 
patients compared with age-matched osteoar-
thritis patients. In the present case, however, 
the child had not yet entered puberty, and his 
sex hormone levels were within normal limits. 
The onset of JIA before the age of two indicates 
that mechanisms independent of sex hormone 
imbalance may be involved. Whether estrogen-
related pathways contribute to early-onset dis-

ease in KS requires further investigation and 
long-term follow-up.

Dosage compensation is a genetic phenome-
non ensuring that X-linked genes are expressed 
at comparable levels in both sexes, achieved 
through inactivation of one X chromosome in 
females [29]. In 1962, Lyon [30] proposed the 
concept of X chromosome inactivation (XCI), 
whereby one of the two X chromosomes under-
goes transcriptional silencing during early 
embryogenesis, forming a “Barr body”. This 
inactivation is stably maintained during mitosis 
and usually occurs randomly, and can be either 
paternally or maternally inactivated. However, 
XCI may sometimes be skewed, nonrandom, or 
incomplete [31]. Although the precise mecha-
nisms remain unclear, aberrations in XCI have 
been implicated in human disease. For exam-
ple, female carriers of X-linked recessive disor-
ders may develop clinical manifestations if 
skewed XCI leads to preferential expression of 
the mutant allele [32, 33]. Studies have dem-
onstrated that incomplete or biased inactiva-
tion of X-linked immune-related genes may 
increase susceptibility to systemic lupus ery-
thematosus (SLE) [34, 35]. The presence of an 
additional X chromosome in KS may therefore 
predispose patients to autoimmunity [36, 37]. 
A rare case of a phenotypic male with a 46,XX 
karyotype who developed severe childhood-
onset SLE has been reported [38]. Apart from 
KS and Turner syndrome, this remains the only 
known description of SLE in patients with sex 
chromosome abnormalities. Analogous to 
Turner syndrome, where specific chromosomal 
deletions or duplications have been linked to 
disease risk, mapping the critical X chromo-
some regions in KS may provide important 
insights into autoimmune pathogenesis [39].

To date, there are currently no reported data on 
prevalence of KS among male patients with 
other female-predominant autoimmune diseas-
es. Further research is required to investigate 
the relationship between the 47,XXY karyotype 
and disorders such as multiple sclerosis, 
Sjögren’s syndrome, rheumatoid arthritis, 
scleroderma, and autoimmune thyroid diseas-
es. Such studies could be performed in large 
male cohorts with these conditions or at the 
population level. Notably, acquired sex chromo-
some abnormalities have also been described 
in autoimmune diseases. Patients with primary 
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biliary cirrhosis [40], scleroderma, and autoim-
mune thyroid disease [41] demonstrate 
increased frequencies of X chromosome mono-
somy in peripheral blood lymphocytes.

The association of KS with AID highlights the 
complex interaction between sex hormones 
and additional X chromosomes in disease 
development. This relationship, whether medi-
ated directly or indirectly, warrants further 
investigation to identify more precise therapeu-
tic targets. KS patients appear particularly sus-
ceptible to AIDs with higher prevalence in 
females, although the underlying mechanisms 
remain unclear and may involve extra X chro-
mosomes or androgen imbalance. Clinicians 
should therefore recognize the increased auto-
immune risk in KS and strengthen awareness 
and monitoring in affected individuals.

Conclusions

KS is a chromosomal defect that frequently 
remains undiagnosed until puberty or adult-
hood, and typically lacks distinctive clinical 
signs in childhood. When encountering a male 
child with early-onset autoimmune disease, cli-
nicians should not only exclude congenital 
genetic disorders but also consider underlying 
chromosomal abnormalities.

Disclosure of conflict of interest

None.

Address correspondence to: Xin Zheng, The Pe- 
diatrics Department of Huizhou Central People’s 
Hospital, No. 41 ELing Noth Road, Huizhou 516001, 
Guangdong, China. Tel: +86-15919390147; E-mail: 
sumszheng@163.com

References

[1]	 Nieschlag E. Klinefelter syndrome: the com-
monest form of hypogonadism, but often over-
looked or untreated. Dtsch Arztebl Int 2013; 
110: 347-353.

[2]	 Lanfranco F, Kamischke A, Zitzmann M and Ni-
eschlag E. Klinefelter’s syndrome. Lancet 
2004; 364: 273-283.

[3]	 Li D, Lai Y, Liao Y, Pan J, Luo Y, Liang Y, Luo B, 
Zhu L, Deng G, Li X, Feng K, Lei F and Lan L. 
Prevalence, spermatozoa, hormonal, and ge-
netic evaluation of rare mosaic klinefelter syn-
drome patients in southern China. Front Genet 
2025; 16: 1573292.

[4]	 Mirkinson LJ, Ceruti R and Katona IM. Klinefel-
ter’s syndrome and juvenile chronic arthritis. 
Clin Rheumatol 2006; 25: 62-64.

[5]	 Seminog OO, Seminog AB, Yeates D and Golda-
cre MJ. Associations between Klinefelter’s syn-
drome and autoimmune diseases: english na-
tional record linkage studies. Autoimmunity 
2015; 48: 125-128.

[6]	 Sullivan DB, Cassidy JT and Petty RE. Patho-
genic implications of age of onset in juvenile 
rheumatoid arthritis. Arthritis Rheum 1975; 
18: 251-255.

[7]	 Zhu TT, Wu J, Wang LY and Sun XM. Phenylke-
tonuria and juvenile idiopathic arthritis: a case 
report. BMC Pediatr 2021; 21: 126.

[8]	 Petty RE, Southwood TR, Manners P, Baum J, 
Glass DN, Goldenberg J, He X, Maldonado-Coc-
co J, Orozco-Alcala J, Prieur AM, Suarez-Alm-
azor ME and Woo P; International League of 
Associations for Rheumatology. International 
League of Associations for Rheumatology clas-
sification of juvenile idiopathic arthritis: sec-
ond revision, Edmonton, 2001. J Rheumatol 
2004; 31: 390-392.

[9]	 Bosmanský K and Kopecký S. Progressive 
polyarthritis and Klinefelter’s syndrome. Fys-
iatr Revmatol Vestn 1979; 57: 160-163.

[10]	 Lamotte M, Labrousse C, Perrault MA, 
Kleinknecht D and Rozenbaum H. Severe 
rheumatoid polyarthritis, insulin-resistant dia-
betes, klinefelter’s syndrome. Sem Hop 1965; 
41: 525-528.

[11]	 Macsween RN. Reticulum-cell sarcoma and 
rheumatoid arthritis in a patient with xy/xxy/
xxxy klinefelter’s syndrome and normal intelli-
gence. Lancet 1965; 1: 460-461.

[12]	 Tsung SH and Heckman MG. Klinefelter syn-
drome, immunological disorders, and malig-
nant neoplasm: report of a case. Arch Pathol 
1974; 98: 351-354.

[13]	 Kobayashi S, Yamamoto S, Tanaka M, Hashi-
moto H and Hirose S. Klinefelter’s syndrome 
and rheumatoid arthritis. Report of a case and 
review of the literature. Clin Rheumatol 1994; 
13: 500-503.

[14]	 Al-Arfaj HF. Klinefelter’s syndrome and rheu-
matoid arthritis: report of a case and review of 
the literature. Int J Rheum Dis 2010; 13: 86-
88.

[15]	 Rigante D, Bosco A and Esposito S. The etiolo-
gy of juvenile idiopathic arthritis. Clin Rev Al-
lergy Immunol 2015; 49: 253-261.

[16]	 Martini A, Ravelli A, Avcin T, Beresford MW, 
Burgos-Vargas R, Cuttica R, Ilowite NT, Khub-
chandani R, Laxer RM, Lovell DJ, Petty RE, Wal-
lace CA, Wulffraat NM, Pistorio A and Ruperto 
N; Pediatric Rheumatology International Trials 
Organization (PRINTO). Toward new classifica-
tion criteria for juvenile idiopathic arthritis: first 

mailto:sumszheng@163.com



Childhood Juvenile idiopathic arthritis combined with Klinefelter syndrome

7307	 Am J Transl Res 2025;17(9):7300-7307

steps, pediatric rheumatology international tri-
als organization international consensus. J 
Rheumatol 2019; 46: 190-197.

[17]	 Eisenstein EM and Berkun Y. Diagnosis and 
classification of juvenile idiopathic arthritis. J 
Autoimmun 2014; 48-49: 31-33.

[18]	 Cattalini M, Soliani M, Caparello MC and Cimaz 
R. Sex differences in pediatric rheumatology. 
Clin Rev Allergy Immunol 2019; 56: 293-307.

[19]	 Thierry S, Fautrel B, Lemelle I and Guillemin F. 
Prevalence and incidence of juvenile idiopath-
ic arthritis: a systematic review. Joint Bone 
Spine 2014; 81: 112-117.

[20]	 Gmuca S, Xiao R, Brandon TG, Pagnini I, Wright 
TB, Beukelman T, Morgan EM and Weiss PF. 
Multicenter inception cohort of enthesitis-re-
lated arthritis: variation in disease characteris-
tics and treatment approaches. Arthritis Res 
Ther 2017; 19: 84.

[21]	 Zaripova LN, Midgley A, Christmas SE, Beres-
ford MW, Baildam EM and Oldershaw RA.  
Juvenile idiopathic arthritis: from aetiopath- 
ogenesis to therapeutic approaches. Pediatr 
Rheumatol Online J 2021; 19: 135.

[22]	 Ambler WG, Nanda K, Onel KB and Shenoi S. 
Refractory systemic onset juvenile idiopathic 
arthritis: current challenges and future per-
spectives. Ann Med 2022; 54: 1839-1850.

[23]	 Lee JJY and Schneider R. Systemic juvenile id-
iopathic arthritis. Pediatr Clin North Am 2018; 
65: 691-709.

[24]	 Tüttelmann F and Gromoll J. Novel genetic as-
pects of Klinefelter’s syndrome. Mol Hum Re-
prod 2010; 16: 386-395.

[25]	 Spaziani M and Radicioni AF. Metabolic and 
cardiovascular risk factors in Klinefelter syn-
drome. Am J Med Genet C Semin Med Genet 
2020; 184: 334-343.

[26]	 Rovenský J, Imrich R, Lazúrová I and Payer J. 
Rheumatic diseases and Klinefelter’s syn-
drome. Ann N Y Acad Sci 2010; 1193: 1-9.

[27]	 Spector TD, Ollier W, Perry LA, Silman AJ, 
Thompson PW and Edwards A. Free and serum 
testosterone levels in 276 males: a compara-
tive study of rheumatoid arthritis, ankylosing 
spondylitis and healthy controls. Clin Rheuma-
tol 1989; 8: 37-41.

[28]	 Cutolo M, Balleari E, Giusti M, Monachesi M 
and Accardo S. Sex hormone status of male 
patients with rheumatoid arthritis: evidence of 
low serum concentrations of testosterone at 
baseline and after human chorionic gonado-
tropin stimulation. Arthritis Rheum 1988; 31: 
1314-1317.

[29]	 Nadeau JH and Topol EJ. The genetics of 
health. Nat Genet 2006; 38: 1095-1098.

[30]	 Lyon MF. Sex chromatin and gene action in the 
mammalian X-chromosome. Am J Hum Genet 
1962; 14: 135-148.

[31]	 Loley C, Ziegler A and König IR. Association 
tests for X-chromosomal markers--a compari-
son of different test statistics. Hum Hered 
2011; 71: 23-36.

[32]	 Sun Z, Fan J and Wang Y. X-chromosome inac-
tivation and related diseases. Genet Res 
(Camb) 2022; 2022: 1391807.

[33]	 López-Hernández I, Deswarte C, Alcantara-Ort-
igoza MÁ, Saez-de-Ocariz MDM, Yamazaki-Na-
kashimada MA, Espinosa-Padilla SE, Busta-
mante J and Blancas-Galicia L. Skewed 
X-inactivation in a female carrier with X-linked 
chronic granulomatous disease. Iran J Allergy 
Asthma Immunol 2019; 18: 447-451.

[34]	 Lederman S, Yellin MJ, Cleary AM, Pernis A, In-
ghirami G, Cohn LE, Covey LR, Lee JJ, Rothman 
P and Chess L. T-BAM/CD40-L on helper T lym-
phocytes augments lymphokine-induced B cell 
Ig isotype switch recombination and rescues B 
cells from programmed cell death. J Immunol 
1994; 152: 2163-2171.

[35]	 Lu Q, Wu A, Tesmer L, Ray D, Yousif N and Rich-
ardson B. Demethylation of CD40LG on the in-
active X in T cells from women with lupus. J 
Immunol 2007; 179: 6352-6358.

[36]	 Invernizzi P, Pasini S, Selmi C, Gershwin ME 
and Podda M. Female predominance and X 
chromosome defects in autoimmune diseas-
es. J Autoimmun 2009; 33: 12-16.

[37]	 Invernizzi P, Pasini S, Selmi C, Miozzo M and 
Podda M. Skewing of X chromosome inactiva-
tion in autoimmunity. Autoimmunity 2008; 41: 
272-277.

[38]	 Chagnon P, Schneider R, Hébert J, Fortin PR, 
Provost S, Belisle C, Gingras M, Bolduc V, Per-
reault C, Silverman E and Busque L. Identifica-
tion and characterization of an Xp22.33;Yp11.2 
translocation causing a triplication of several 
genes of the pseudoautosomal region 1 in an 
XX male patient with severe systemic lupus 
erythematosus. Arthritis Rheum 2006; 54: 
1270-1278.

[39]	 Sawalha AH, Harley JB and Scofield RH. Auto-
immunity and Klinefelter’s syndrome: when 
men have two X chromosomes. J Autoimmun 
2009; 33: 31-34.

[40]	 Invernizzi P, Miozzo M, Battezzati PM, Bianchi I, 
Grati FR, Simoni G, Selmi C, Watnik M, Gersh-
win ME and Podda M. Frequency of monosomy 
X in women with primary biliary cirrhosis. Lan-
cet 2004; 363: 533-535.

[41]	 Invernizzi P, Miozzo M, Selmi C, Persani L, Bat-
tezzati PM, Zuin M, Lucchi S, Meroni PL, Mara-
sini B, Zeni S, Watnik M, Grati FR, Simoni G, 
Gershwin ME and Podda M. X chromosome 
monosomy: a common mechanism for autoim-
mune diseases. J Immunol 2005; 175: 575- 
578.


