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Abstract                      

Introduction: Fragile X syndrome (FXS) is one of the most prevalent genetic causes of 

developmental disability, representing the most frequent form of inherited severe cognitive 

deficit. The present study was undertaken to investigate FXS and its prevalence in moderate 

mentally retarded people in patients. 

Materials and methods: Nineteen people with moderate mental retardation (MR) who were 

clinically suspicious to have FXS were screened for FXS by using cytogenetic and molecular 

methods. Blood samples were collected and cultured in specific culture media. G-Banding 

method was used for karyotyping. To ensure correct results of cytogenetic testing, four 

suspected case of FXS were tested by PCR. Results were analyzed using logistic regression 

analysis. 

Results: Four patients (4%) were found to express fragile X site at q27.3. The results showed 

that the relationship of FXS with familial, economic status was not significant, but the 

relationship of FXS with MR and family history was significant. 

Conclusion: The frequency of FXS positive cases found in this study is similar to other reports 

of FXS in preselected patients. 
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Introduction 

Mental retardation (MR) means delay in 

mental development; it means an 

impairment of the intellectual processes of 

the mind, making it difficult for the person 

to cope with environment in which they 

find themselves. FXS (FXS) is one of the 

most prevalent genetic causes of MR, 

representing the most frequent form of 

inherited severe cognitive deficit, second 

only to Down syndrome as a genetic cause 

of MR. It is estimated that the FXS affects 

approximately 1 in 2,500 individuals (1-

4).The syndrome is inherited as an X-linked 

dominant trait with reduced penetrance 

80% in males and 30% in females (5). 

According to studies conducted in Iran the 

frequency of FXS have been reported to be 

63% (6). The syndrome is mainly 

characterized by a variable degree of MR, 

typical long and narrow facial appearance 

with large ears, prominent fontanels and 

large testis (7). FXS can be cytogenetically 

diagnosed by the expression of 

chromosome X-fragile site at band Xq27.3 

(8). The unique mutation that results in FXS 

consists of expansion of the CGG 

trinucleotide repeats (>200) in the 3' 

untranslated region of the FMR-I gene at 

Xq27.3 as well as hypermethylation of the 

repeat and its flanking region resulting in 

absence of the FMRI protein (9). FMR1 is 

a highly conserved gene that consists of 17 

exons and spans ∼38 kb (10-11). Within the 

4.4 kb of FMR1 transcript, a CGG 

trinucleotide repeat is located at the 5′-

untranslated region (5′-UTR). Among 
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normal individuals, this CGG repeat is 

highly polymorphic in length and content, 

often punctuated by AGG interruptions (12-

16). The normal repeat size ranges from 7 

to ∼60, with 30 repeats found on the most 

common allele. In most affected 

individuals, a CGG repeat are massively 

expanded over 230 repeats (full mutation) 

and becomes abnormally hypermethylated, 

which results in the silence of the FMR1 

gene. Alleles with between 60 and 230 

CGG repeats are called permutation. They 

are generally unmethylated with normal 

transcript and protein level, but are 

extremely unstable during transmission to 

next generation (17). Expansion of 

premutation into full mutation can only 

occur by maternal transmission and 

depends on the length of the maternal pre 

mutation. Due to X-linkage, affected males 

have more severe phenotypes than affected 

females, whose phenotype is modulated by 

the activation ratio of the normal X 

chromosome. Identification of other 

mutations of the FMR1 gene, such as 

deletions and point mutation among 

patients with usual phenotype but without 

fragile site expression, firmly established 

that the FMR1 gene is the only gene 

involved in the pathogenesis of FXS (18). 

Thus, the absence of the FMR1 gene 

product, fragile X MR protein (FMRP), is 

the typical cause of FXS (18). 

Laboratory diagnosis of FXS by various 

methods, such as Southern blot, PCR and 

Karyotype is detected and which in this 

study two methods, karyotype and PCR 

were used. Power to detect a suspected 

diagnosis of FXS karyotype is 99 percent 

for men and 95 percent for women have 

been reported (16-18). Due to high PCR 

accuracy for diagnosis of FXS, in 7 patients 

who showed signs of phenotypic Better, 

PCR analysis was used to identify these 

individuals. Since there is no statistical 

analysis concerning this field in east of Iran 

, thus collected data on incidence of the 

disease in the district, has a valuable 

importance in management of the disease, 

genetic consultation, and designing future 

plans for patients. 

Materials and methods 

In this descriptive study, 90 mentally 

retarded (MR) males were selected from 

MR centers of Kermansh, Sanandaj and 

Abhar cities. 

Cytogenetic method: 5ml of peripheral 

heparinized blood were taken from patients 

provided and then immediately transferred 

to Sanandaj Research Laboratory of 

Genetics and cell culture according to 

standard procedures was performed on the 

FXS Karyotype (11). In this study, the 

RPMI 1640 medium containing 25% fetal 

bovine serum (FBS) , antibiotics as 

Penicillin (300 mg/ml) and thymidine 

(300µg/ml) were used (products of GIBCO 

and Sigma). Medium under the hood and 

near the flame, were prepared. For 

cultivation 5 ml of cell culture medium to 

each tube, 0.1 ml Phytohemaglutinin (PHA) 

and 0.5 ml peripheral blood were added and 

incubated for 72 h with 5% CO2 at 37 °C 

and incubated respectively. Tubes 

containing medium every day were gently 

shaken to the same medium. After this to 

each tube containing medium, 0.1 ml of 

colcemid was added and after half an hour 

harvesting steps was done. Tubes were 

placed for 15 minutes in the serologic bath. 

After centrifugation at 1200 rpm for 10 

min, cells isolated from the culture medium 

and were impressed with the hypotonic 

solution (KCl0.75 M). After centrifugation 

the cells were exposed to the fixative 

solution (acetic acid and methanol at a ratio 

of 1 to 3) placed, and they were centrifuged 

again. After several washing steps with 

fixative solution, a clear suspension of 

lymphocytes obtained and drop shot 

technique was used with sterile Pasteur 

pipette several slides were prepared from 

each sample (12-13). With the G-banding 

method, metaphase spreads were prepared 

on the slides (14). First, metaphase spreads 

were exposed trypsin for 15 seconds then 

placed in Giemsa solution. After 10 

minutes, the slides were washed with 
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distilled water. Pictures taken from slides of 

each patient and using software 

karyotyping were analyzed and descriptive 

statistics were diagnosed. 

Molecular methods: Genomic DNA from 

peripheral blood lymphocytes by standard 

method of salting was extracted. Primers 

for amplification of FMR-1 gene designed 

and produced (15). Amplification products 

were resolved by %8 Polyacrylamide gel 

electrophoresis (PAGE). The gels were 

silver-stained according to Bassam’s 

protocol (16). Molecular analysis (PCR) 

was done, and to identify and confirm the 

repetition of three nucleotides (CGG) were 

analyzed by Southern blot. Genomic DNA 

digested by the restriction enzyme HindIII 

and methylation-sensitive restriction 

enzymes EclXI . 

DNA that samples were digested and size-

separated by electrophoresis on a % 0.8 

agarose gel with using a DIG-labled 

molecular marker and transferred to a 

positively charged nylon membrane. The 

stb probe specific for fragments containing 

the CGG repeat was labeled using a non-

radioactive label. After hybridization, the 

membrane was washed and labeled probe 

was detected by exposure to an X-ray film. 

Results  

Among the patients studied, the karyotype 

results showed that 5 patients (6%) had 

FXS. Parental consanguinity was found in 

4 patients (4.4 %), and family history of 

MR was found in 21 patients (23.3 %) also 

56 families (62 %) had poor economic 

condition. Of the parameters evaluated in 

the study, only the history of retardation 

was significantly associated with FXS 

(P<0.5). 

Discussion  

The study was aimed to determine the 

linkage between FXS and MR in some of 

the patients with MR of unknown origin. 

According to the results of the study which 

was done on 90 cases with MR, 6% of them 

had FXS. Past studies on the prevalence of 

FXS, based on cytogenetic diagnosis has 

been made, 0.4-0.8 of the 1000 for men and 

0.2-0.6 of 1000 for women, was reported. 

Studies based on molecular methods, the 

frequency of FXS in European countries, 

the US and Australia have shown that is 0.6 

per thousand (19). According to studies 

performed in Turkey (which has a similar 

race to Azerbaijan) 14 of 120 MR case had 

FXS; However its frequency in Turkey is 

11.7% (20). Another study performed in 

Antalya province of Turkey, showed that 17 

of 132 patients had FXS which its 

frequency is 12.87% (21). Jenkins (22) 

reported the frequency of this syndrome 

6.3% among MR cases and Butler reported 

6.4% as the frequency (23-24).In selected 

populations of mentally retarded patients, 

an overall prevalence rate of 4.8% of fragile 

X was reported by Proops et al (19). 

Carpenter et al; studied 36 patients with a 

family history of MR and found 13.9% to 

be fragile X-positive cases. Iqbal et al; 

studied 81 patients with a family history of 

MR; among these, 12 patients (14.8%) were 

found to be fragile X-positive, which is 

similar to the report by Carpenter et al 

(25).Foster reported only 3.6% as the 

frequency in a similar Study which was 

done on 200 MR case with positive familial 

history of the disease [19]. In this study, 3 

of 4 cases of FXS patients had familial 

history of MR. In studies performed in 

various countries, there are some specific 

phenotypes defined for patients with FXS, 

which are the primary criteria to diagnose 

the patient. There is no cure for FXS until 

now, although appropriate decisions and 

drugs can improve the ability of 

individuals. The increased understanding of 

the molecular mechanisms of disease in 

FXS has led to the development of therapies 

targeting the affected pathways. 

Management of FXS may include speech 

therapy, behavioral therapy, sensory 

integration occupational therapy, special 

education, or individualized educational 

plans, and, when necessary, treatment of 

physical abnormalities. Persons with FXS 

in their family histories are advised to seek 
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genetic counseling to assess the likelihood 

of having children who are affected, and 

how severe any impairments may be in 

affected descendants.

References  

1. Gustavson KH, Blomquist HK, 

Holmgren G. Prevalence of the fragile-

X syndrome in mentally retarded boys 

in a Swedish county. Am J Med 

Genet.1986; 23(1-2):581-7. 

2. Webb TP, Bundey SE, Thake AI, Todd 

J. Population incidence and segregation 

ratios in the Martin-Bell syndrome. Am 

J Med Genet.1986; 23(1-2):573-80. 

3. Neri S, Sanfilippo L, Pavone F, Mollica 

I, Barberi L, Giuffr C, et al. The fragile 

X in Sicily: An epidemiological survey. 

American Journal of Medical Genetics. 

1988; 30(1-2):665-72. 

4. Rousseau F, Heitz D, Biancalana V, 

Blumenfeld S, Kretz C, Boue J, et al. 

Direct diagnosis by DNA analysis of 

the FXS of mental retardation. N Engl J 

Med. 1991; 325(24):1673–81. 

5. Oberle I, Rousseau F, Heitz D, Kretz C, 

Devys D, Hanauer A, et al. Instability of 

a 550-base pair DNA segment and 

abnormal methylation in fragile X 

syndrome. Science. 1991; 

252(5010):1097- 100. 

6. Pouya A, Abedini S, Mansoorian N, 

Behjati F, Nikzat N, Mohseni M, et al. 

FXS screening of families with 

consanguineous and non-

consanguineous parents in the Iranian 

population. Eur J Med Genet. 2009; 

52(4): 170–3. 

7. Hagerman RJ, Amiri K, Cronister A. 

Fragile X checklist. Am J Med Genet 

1991;38(4):283-7. 

8. Sutherland GR. Fragile sites on human 

chromosomes: Demonstration of their 

dependence on the type of tissue culture 

medium. Science. 1977; 

197(4300):265-6. 

9. Yu S, Pritchard M, Kremer E, Lynch M, 

Nancarrow J, Baker E , et al. Fragile X 

genotype characterized by an unstable 

region of DNA. Science.1991; 

252(5009): 1179-81. 

10. Ashley CT, Sutcliffe JS, Kunst CB, 

Leiner HA, Eichler EE, Nelson DL, et 

al. Human and murine FMR-1: 

alternative splicing and translational 

initiation downstream of the CGG-

repeat. Nature Genet. (1993); 4(3): 

244–51. 

11. Eichler EE, Richards S, Gibbs RA and 

Nelson DL. Fine structure of the human 

FMR1 gene. Hum  Mol Genet. 1993; 

2(8):1147–53.  

12. Fu YH, Kuhl DP, Pizzuti A, Pieretti M, 

Sutcliffe JS, Richards S, et al. Variation 

of the CGG repeat at the fragile X site 

results in genetic instability: resolution 

of the Sherman paradox. Cell J. 1991; 

67(12):1047–58. 

13. Eichler EE, Holden JJ, Popovich BW, 

Reiss AL, Snow K, Thibodeau SN, et al. 

Length of uninterrupted CGG repeats 

determines instability in the FMR1 

gene. Nature Genet. 1994; 8(1), 88–94. 

14. Kunst CB, Warren ST. Cryptic and 

polar variation of the fragile X repeat 

could result in predisposing normal 

alleles. Cell. 1994; 77(6), 853–61. 

15. Snow K, Doud LK, Hagerman R, 

Pergolizzi RG, Erster SH, Thibodeau 

SN. Analysis of a CGG sequence at the 

FMR-1 locus in fragile X families and 

in the general population. Am J Hum 

Genet. 1993; 53(6):1217–28. 

16. Snow K, Tester DJ, Kruckeberg KE, 

Schaid DJ, Thibodeau SN. Sequence 

analysis of the fragile X trinucleotide 

repeat: implications for the origin of the 

fragile X mutation. Hum Mol Genet. 

1994; 3(9): 1543–51. 

17. Coffee B, Keith K, Albizua I, Malone 

T, Mowrey J, Sherman SL, et al. 

Incidence of fragile X syndrome by 

newborn screening for methylated 

FMR1 DNA. Am J Hum Genet. 

2009;85(4):503-14. 

18. Feng Y, Lakkis L, Devys D, Warren ST. 

Quantitative comparison of FMR1 gene 

 [
 D

O
I:

 1
0.

18
86

9/
ac

ad
pu

b.
jb

rm
s.

3.
2.

53
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jb
rm

s.
m

ed
ila

m
.a

c.
ir

 o
n 

20
23

-0
5-

23
 ]

 

                               4 / 5

http://www.ncbi.nlm.nih.gov/pubmed/?term=Coffee%20B%5BAuthor%5D&cauthor=true&cauthor_uid=19804849
http://www.ncbi.nlm.nih.gov/pubmed/?term=Keith%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19804849
http://www.ncbi.nlm.nih.gov/pubmed/?term=Albizua%20I%5BAuthor%5D&cauthor=true&cauthor_uid=19804849
http://www.ncbi.nlm.nih.gov/pubmed/?term=Malone%20T%5BAuthor%5D&cauthor=true&cauthor_uid=19804849
http://www.ncbi.nlm.nih.gov/pubmed/?term=Malone%20T%5BAuthor%5D&cauthor=true&cauthor_uid=19804849
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mowrey%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19804849
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sherman%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=19804849
http://www.ncbi.nlm.nih.gov/pubmed/19804849
http://dx.doi.org/10.18869/acadpub.jbrms.3.2.53
https://jbrms.medilam.ac.ir/article-1-161-en.html


Original article                                                               J Bas Res Med Sci2016; 3(2):53-57 . 

57 
 

expression in normal and premutation 

alleles. Am J Hum Genet. 1995; 

56(1):106-13. 

19. Lozano R, Rosero CA, Hagerman RJ. 

Fragile X spectrum disorders. 

Intractable Rare Dis Res. 

2014;3(4):134-46. 

20. Froster-Iskenius U, Felsch G, Schirren 

C, Schwinger E. Screening for fra (X) 

(q) in a population of mentally Retarted 

males. Hum Genet. 1983; 63(2): 153-7. 

21. Demirhan O, Taştemir D, Somer DR, 

Firat S, Avcı A. A Cytogenetic study in 

120 Turkish children with intellectual 

disability and characteristics of FXS. 

Yonsei Med J. 2003; 44: 583 -592. 

22. Jenkins EC, Wen GY, Kim KS, Zhong 

N, Sapienza VJ, Hong H, et al. Prenatal 

fragile X detection using cytoplasmic 

and nuclear-specific monoclonal 

antibodies. Am J Med Genet. 

1999;83(22):342-6. 

23. Bilgen T, Keser I, Mihci E, Haspolat S, 

Tacoy S, Luleci G. Molecular analysis 

of FXS in Antalya Province. Ind J Med 

Sci. 2005;59(4):150-5. 

24. Butler MG, Hamil T. Blood specimens 

from patients referred for cytogenetic 

analysis: Vanderbilt University 

experience from 1985 to 1992. South 

Med J. 1995;88(3):309-14. 

25. Carpenter NJ, Leichtman LG, Say B. 

Fragile X-linked MR. A survey of 65 

patients with MR of unknown origin. 

Am J Dis Child. 1982; 136(5): 392-8. 

 

 [
 D

O
I:

 1
0.

18
86

9/
ac

ad
pu

b.
jb

rm
s.

3.
2.

53
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jb
rm

s.
m

ed
ila

m
.a

c.
ir

 o
n 

20
23

-0
5-

23
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               5 / 5

http://dx.doi.org/10.18869/acadpub.jbrms.3.2.53
https://jbrms.medilam.ac.ir/article-1-161-en.html
http://www.tcpdf.org

