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ORIGINAL ARTICLE
Impact of Heat Shock Protein and Tumour Necrosis Factor on Klinefelter 

Syndrome

ABSTRACT
Background

status.
Aim
Methods
clinically diagnosed, then karyotype was performed for all patients. Biochemical analyses including heat shock protein 70 (HSP70) 

Results

syndrome and intellectual disability was higher than those without intellectual disability. On the other hand, testosterone level was 

Conclusion
possible association with the severity of Klinefelter syndrome.
Keywords

INTRODUCTION
Klinefelter’s syndrome is a sex chromosomal aberration of 
male infertility. It is the most common form of aneuploidy with 
a prevalence estimated to about 1 in 650 newborn boys (1). 
Patients with Klinefelter syndrome are phenotypically males 
but carry an extra X chromosome (47,XXY). Interestingly, the 
existence of an extra chromosome can produce increased levels 
of gene products and changes in gene expression (2). These 
studies showed that gain of chromosomes triggers replication 
stress promoting genomic instability and possibly contributing 

cryptorchidism, gynecomastia, cognitive impairment, infertility 
and hypergonadotropic hypogonadism (3). Klinefelter syndrome 

may be involved in its pathogenesis (4).
   The heat shock protein family (HSPs) play a critical role 
in avoiding protein misfolding, constraining apoptosis and 
represent a class of proteins potentially involved in Klinefelter 
syndrome pathogenesis. HSP70 is expressed in spermatocytes 
and spermatids in normal and maturation arrest testicular tissues 
in human (4). However, the expression of HSP70 was shown to 
be low in maturation arrest, and no HSP70 was demonstrated in 
Sertoli-only specimens (5). Therefore, the decreased expression 
of the heat shock protein HSP70 may be associated with the 
pathogenesis of male infertility and chromosomal aneuploidies 
(6).
   X chromosome contains genes related to immune regulation, 
suggesting that the number of female chromosomes could play 

expressed by elevated Tumour necrosis factor has been 
demonstrated in patients with Klinefelter syndrome as compared 
to eugonadal males (7). The aneuploid state could provoke a 

   The present research will focus on HSP70 and Tumour Necrosis 

relatioinship in the pathogenesis of Klinefelter Syndrome.

In this cohort were 35 Klinefelter syndrome males, their ages 

to the Clinical Genetics Clinics, National Research Centre 
(NRC), Cairo, Egypt, for diagnosis and counselling. Patients 

for all patients. Biochemical analyses including HSP70 and the 

  Samples were collected after obtaining informed written 
consents from the patients or their parents’ according to 
the Helsinki Declaration of 1975, as revised in 1983, and the 
Institutional Review Board of the National Research Centre.
   Thirty-two healthy children of matching age and sex served 
as controls. Complete medical history taking, three-generation 
pedigree construction, clinical examination, anthropometric 
measurements, echocardiogram, and intelligence quotient (IQ) 
evaluation using Wechsler intelligence scales were performed 
(10). In addition, karyotypes were assessed in all patients.
Cytogenetic studies
By the conventional G-banding technique (11,12). At least 25 
metaphases were karyotyped and nomenclature according to 
that cited in reference (13).
Biochemical Assessment

determined using a double-antibody sandwich enzyme-linked 
immunosorbent assay (ELISA) kit purchased from NOVA 
(Bioneovan, Beijing, China) according to the manufacturer’s 

was determined by interpolation from the standard curve. 

using an ELISA kit from NOVA (Bioneovan, Beijing, China) 
according to the manufacturer’s instructions. The concentration 
of HSP70 in a sample was determined from the standard curve. 

(Bioneovan, Beijing, China) according to the manufacturer’s 
instructions.

RESULTS

families. The patients experienced developmental delay in 
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and the karyotype was 47, XXY in all patients (Figure 1).

Table 1. The clinical data of the Klinefelter syndrome patients
Number

N=35
Percentage (%)

Age in years 8-16

Consanguinity 20/35 57.1

Developmental 
Delay 17/35 48.6

Dysmorphism 10/35 28.6

Gynecomastia 10/35 28.6

Undescended 
Testis 3/35 60

Increased Height 24/35 69.6

Congenital Heart 
Disease 19/35 54.3

Intellectual 
Disability 20/35 57.1

Karyotype 47, XXY 100

Figure 1. A karyogram from a Klinefelter syndrome patient (47, 
XXY).

Table 2.
syndrome patients and controls

Parameters KF Control P

HSP70 
(ng/mL) < 0.001

(pg/mL) < 0.001

Testosterone 
(ng/mL) < 0.001

than controls.

Table 3. Correlation between serum testosterone levels and 

Testosterone
Heat Shock Protein 70

r -0.847 -0.880
p 0.001 0.001

syndrome correlated with the low level of testosterone.

Table 4. 
no intellectual disability and with intellectual disability.

Parameters No Intellectual 
Disability

Intellectual 
Disability p

HSP70 
(ng/mL) 0.003

(pg/mL) 0.05

syndrome and intellectual disability was higher than those 
without intellectual disability.

DISCUSSION

of the patients being diagnosed prior to puberty. Most Klinefelter 
syndrome patients are diagnosed in adulthood owing to the 

data of the studied Klinefelter syndrome patients is summarized 
in Table 1. In the current study we diagnosed these patients in 

of consanguineous marriage, Vallabhajosyula et al., (16) 

syndrome patients. This may be owing to his larger cohort and 

(17,18). Furthermore, it is worth noticing that gynecomastia, 
undescended testis and tall stature are hallmarks of Klinefelter 
syndrome, and their recognition could improve the rate of early 

studies elucidating that the presence of three copies of the SHOX 

gene dosage explains excess height in KS (15,19). Moreover, 

patients. Similarly, Simonetti et al., (21) recorded intellectual 
disability present in Klinefelter syndrome which relied on an 
imbalance in X-chromosome gene expression. On the other 
hand, it was reported that the majority of subjects with 47, XXY 
karyotype have a normal intellectual level (22).

diagnosis of Klinefelter syndrome in all patients (Figure1.). 
This is consistent with previous investigators (15,17,21). The 

and 3.

between cases and controls in terms of HSP70. Previous studies 
concluded that high level of HSPs may enhance the pathogenesis 
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of male infertility (6). Increased serum HSP70 suggests 

immune homeostasis which is likely due to the supernumerary X 
chromosome that contributes to several pathologies in Klinefelter 
syndrome (23,24). Furthermore, we recorded higher levels of the 

in relation to the controls. This is consistent with Lefevre et al., 
(25) who claimed that the excess number of X chromosomes 

pathogenesis of Klinefelter syndrome. The high level HSP70 in 
the patients with Klinefelter syndrome correlated with the low 
level of testosterone in our patients. Recent studies indicated that 
HSP70 have a role in testicular damage (26). Thus, testosterone 
treatment has been the keystone in the care for patients with 
Klinefelter syndrome.

syndrome correlated with the low level of testosterone, this is 
consistent with the previous research that stated that testosterone 

(27).

in HSP70 in Klinefelter syndrome with intellectual disability and 
those with normal mentality (Table 4).  Additional evidence has 
indicated that accumulation of damaged protein aggregates and 
dysfunction of intracellular degradative system are orchestrating 
the neurodegenerative processes (28,29). We suggest that the 
accumulation of the HSP70 in Klinefelter syndrome which plays 
a role in neuronal development could contribute to the intellectual 
disability.

elevated in the patients with Klinefelter syndrome with 
intellectual disability than those without intellectual disability 

associated in the pathogenesis of neurodegenerative disorders 
and cognitive dysfunction. Cytokine dysregulation may highlight 

appear to be an important feature in Klinefelter syndrome. This 

the interactions of HSP70, TLR4 and TNF  in pathological 
processes including binding to dendritic cells and mediating 
cellular response (31).
   In conclusion, the particular impacts of these biomarkers remain 
to be elucidated in future studies to enlighten their importance and 
possible association with the severity of Klinefelter syndrome.
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(Heba A. Elmalt), and (Azzah A. Khedr). Fatma Abdelrahman 
Alzaree and Mohammed M. EL-Sonbaty prepared the material 
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