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Abstract

Background: The infertility is an important health problem, affecting about 15% of
couples. The important role of genetic factors in pathogenesis of infertility is now
increasingly recognized. The value of karyotyping women in the routine work-out of
couples referred for sterility has long been recommended.

Objective: The aim of this study was to define the frequency of all chromosomal
aberrations among women which referred to our department due to infertility during
the 21-year period.

Materials and Methods: In this 21-year retrospective study, for the first time, we
investigated 896 women which referred to our department due to infertility during
1986 to 2006. For chromosome analysis, heparinized peripheral blood samples were
cultured, harvested and banded according to standard methods.

Results: Out of 896 patients, 710 patients (79.24%) had a normal karyotype, and
186 patients (20.76%) showed abnormal karyotype. Among the abnormal ones 48
patients (25.81%) showed Turner's syndrome (45,X), and 45 patients (24.19%) were
sex reversal with 46,XY karyotype. The rest of 93 patients (50%) revealed a wide
range of chromosome abnormalities.

Conclusion: Our results emphasized the importance of the standard cytogenetic
methods in assessing the genetic characteristics of infertile females, which allows
detecting a variety of somatic chromosome abnormalities, because some of these
may interfere with the success of reproduction.
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Introduction

a collaborating investigation, single-gene
defects are most likely to be found among

he infertility is an important health
problem, affecting about 15% of
couples (1). The important role of
genetic factors in pathogenesis of
infertility is now increasingly recognized (2).
Chromosome aberrations may cause infertility
in both men and women (3, 4). At the present
time, although various laboratory tests are
available to find out the cause of infertility,
even at the molecular level, peripheral blood
chromosome study remains the first choice in
assessing the genetic characteristics of an
infertile couple (5). The main cause of female
infertility is amenorrhea, and it has been
suggested that the prevalence of amenorrhea
not due to pregnancy, lactation or menopause
is around 3-4% (6, 7).

Four conditions are accounted as main
factors for amenorrhea including: polycystic
ovary syndrome (PCOS), hypothalamic
amenorrhea, hyperprolactinemia, and
premature ovarian failure (POF). According to

patients with hypogonadotropic hypogonadism
(8). Statistics shows that in the reproductive
referral centers, the majority of visited cases
were due to primary and secondary
amnorrhea (9-11).

POF is characterized by absent menarche
or premature depletion of ovarian follicles/
arrested folliculogenesis before the age of 40
(12, 13). This condition is distinguished by the
presence of primary or secondary amenorrhea
for at least 4 months, hypoestrogenism and
elevated serum gonadotropin concentrations
(14, 15). The diagnosis is confirmed by two
blood tests at least 1 month apart to measure
FSH (16, 17). POF incidence in patients with
46, XX karyotype was estimated one in
10,000 and 1,000 women by age 20 and 30,
respectively. The familial form of POF is rare,
representing 4-31% of all cases (18).

Multiple causes of POF can be defined and
result in follicle reduction and/or defects in the
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follicular development stimulus mechanism
(13). Ovarian dysfunction can be secondary to
autoimmune diseases, infections,
chemotherapy and radiation treatment and
metabolic diseases, but for most of the cases,
the etiology is idiopathic and probably genetic
(17, 19). The genetic basis to the disease is
supported by the occurrence of families with
several affected women (18, 20, 21).
Regarding the genetic causes of POF, they
can be chromosomal or caused by single
genes (22). The X chromosome abnormalities
represent 13% of the cases, and also there
are many reports that suggested three X-
linked and nine autosomal genes are involved
in POF development (15, 23, 24).

Turner syndrome is a common genetic
disorder with an incidence of 1 in 2,500
females, and has been classically associated
with a 45X Kkaryotype (15). Several X-
chromosomal abnormalities have been
identified in these patients. 45,X karyotype is
found in 50-60% of the cases (25). The other
cases are mosaics with a 45,X cell line
accompanied by others with two or more X
chromosomes or with structural anomalies.
Such structural aberrations of the X
chromosome (isochromosomes of the long
arm, dicentric chromosomes, deletion of the
short arm or ring chromosomes) are present
in approximately 30% of the cases (26).
Finally, around 5% are patients with structural
abnormalites of the Y chromosome
(isochromosomes of the long arm and
dicentric chromosomes) and mosaics with at
least one Y chromosome, whether complete
or not (27).

Mendes et al suggested that about 25% of
patients with Turner syndrome are mosaics
and among them around 40% show Y-
chromosome-specific sequences (28). Studies
showed that the risk of gonadal tumors
including gonadoblastoma and dysgerminoma
is increased in Y-carrying patients with
gonadal dysgenesis (29, 30). This confers
clinical importance to the detection of the Y-
chromosome mosaicism in Turner syndrome
(31, 32). Turner patients are at risk for
development of endocrine, autoimmune, and
structural abnormalities. As many as 1.5% of
the population with Turner syndrome may
develop dissection of the ascending aorta. 5%

of Turners may have abbreviated menstrual
function before developing amenorrhea and
hypergonadotropic  hypogonadism. It is
estimated that 1-2% of all patients may
become pregnant. In nearly 80% of patients
with a 45,X cell line, the X chromosome is of
maternal origin. This suggests that the
abnormality is usually a paternal meiotic or
post-fertilization mitotic error. It is for this
reason that it is not thought to be increased
with advanced maternal age (33).

POF is the most common cause of delayed
spontaneous puberty in girls, and more of
them had Turner syndrome than 46, XX and,
more rarely, 46, XY-associated POF (9).
Trisomy X is a sex chromosome aneuploidy
and occurs in approximately 1 in 1,000 female
births. Although 47 XXX karyotypes are the
most  frequent, mosaicism occurs in
approximately 10% of cases and in many
combinations such as 46,XX/ 47 ,XXX or 45,X/
47, XXX or 47 XXX/ 48,XXXX or 45,X/ 46,XX/
47, XXX (34).

There have been numerous reports of
women with trisomy X developing POF with
endocrine findings of hypergonadotropic
hypogonadism in the 19-40 year age group
(35). Conversely, another study observed that
3% of patients with POF had trisomy X, and a
high percentage of them were affected by
autoimmune diseases (36). Chromosome
studies have been recommended for women
presenting with  primary  amenorrhea,
premature  menopause, and recurrent
abortions (37-39). Jabbar has emphasized
that management of these patients should be
multidisciplinary and individualized according
to the patients age and symptoms at
presentation, and psychological counseling is
also very important (40).

The overall frequency of chromosome
anomalies in patients attending a fertility clinic
is around 2-3% for women (41, 42). Many
researchers have reported different frequency
of chromosome anomalies among the infertile
women, including 2.01% in women
undergoing intrauterine insemination (IUI),
1.8-2.5% among patients undergoing in-vitro
fertilization (IVF), and 1.1-9.8% in female
patients who  were  candidates  for
intracytoplasmic sperm injection (ICSI) (43-
53).
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This retrospective cross sectional study
reports the frequency of chromosome
aberrations in the lymphocytes of 896 women
which have been referred to our department,
due to infertility, for a period of 21 years.

Materials and methods

In this 21-year retrospective study, we
investigated all the women referred to the
Genetics Group, Cancer Institute of Iran,
Tehran University of Medical Sciences, with a
diagnosis of infertility during 1986-2006. This
study was purely a laboratory (not clinical)
investigation, and all the patients were
referred from all over the country, by many
obstetricians and gynecologists for
cytogenetic studies. The referral clinicians
claimed that their patients had a full medical
history, general clinical examination and the
other work-up including: sonography of uterine
and ovaries/ hysterosalpingography, a full
endocrine study, and semen analysis of the
male partner. Therefore, in this study,
inclusion and exclusion criteria were not
applied.

Cytogenetic investigations were performed
on peripheral blood cultured for 72 hours in
the presence of phytohemagglutinin (PHA)
(54, 55). According to the standard protocol,
5ml of heparinized blood was collected from
every referred patient. Lymphocytes were
cultured in culture media containing 100cc of
RPMI-1640/ Ham’'s F-10/ Ham’s F-12 (from
GIBCO, UK) and or McCoy’s 5A (from SIGMA,
Germany) as a base; 20cc Fetal Bovine
Serum (from GIBCO/Invitrogen, UK); 2cc of
Phytohemagglutinin (from GIBCO/Invitrogen,
UK) as a mitogenic agent; and 1lcc of
Penicillin/Streptomycin (from GIBCO/
Invitrogen, UK). The samples were incubated
for 72 hours at 37°C. The metaphases were
arrested with adding 0.1% Colchicine/
Colcemid (from GIBCO/Invitrogen, UK). High
resolution was performed by using 1%
Thymidine (from SIGMA, Germany) for
obtaining prometaphase chromosome
preparations.

5ml of hypotonic solution (KCI 5.6 g/lit) was
added and mixed well and incubated for 15
minutes at 37°C. The cells were fixed with

three washes of fixative consisted of 3:1,
methanol:acetic acid (from MERK, Germany).

Chromosome  staining and  banding
techniques were as described by de Grouchy
and Turleau, and Benn and Perle (56, 57). G-
bandig was carried out for each sample. In all
cases, for routine chromosome analysis, 30
Giemsa-banded cells were studied; 20-25
cells were counted and 5-10 cells were
analyzed, using two separate blood tubes
from each patient (58). If there was any
indication for mosaicism, in addition to the
mentioned procedure, 200 metaphases were
scanned again from that two separate blood
tubes.

For every abnormal karyotype, except G-
banding, other techniques were used. Q-
banding was performed for confirmation of
chromosome Y abnormalities, sex reversal
cases, studies on acrocentric chromosomes
(59). High resolution banding was carried out
for assurance of structural abnormalities (60).
Due to lack of Automated Karyotyping
Systems or any softwares, all the analyses
were carried out manually, under the light
microscope, by highly expert technicians.

All  karyotypes were interpreted in
accordance with the recommendation of the
International System for Human Cytogenetic
Nomenclature (ISCN) (61, 62).

Results

Cytogenetic analysis was performed on
896 Iranian infertile women for a period of 21
years. 710 patients (79.24%) had a normal
karyotype, and 186 patients (20.76%) showed
abnormal karyotype (Table 1). Among the
abnormal ones 48 patients (25.81%) showed
Turner's syndrome with 45,X karyotype, which
was the most frequent anomaly in our
investigation, and 45 patients (24.19%) were
sex reversal with 46,XY karyotype.

The rest of 93 patients (50%) revealed a
wide range of chromosome abnormalities
which is shown in Table II. Different mosaics
of Turner’s syndrome were seen in 26 patients
(13.98%). 27 persons (14.52%) were
observed to have isochromosome X, 11 cases
(5.91%) with deletion of chromosome X, and 4
patients (2.15%) with ring chromosome X.
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Table 1. Chromosome analysis of all referred infertile women

Karyotype Number Percentage of total
46,XY (sex reversal) 45 5.03
45X 48 5.37
mos 45,X/46,XX 20 2.24
mos 45,X/46,XY 4 0.45
45,X,inv(1)(p22p34) 1 0.11
mos 47,XXX/46,XX 3 0.33
mos 47,XXX[25]/45,X[20] 1 0.11
47,X,+fis(X)(p10),+fis(X)(q10) 1 0.11
46,X,i(X)(q10) 11 1.24
mos 46,X,i(X)(q10)/45,X 14 157
mos 46,X,i(X)(q10)[33]/45,X[21]/47,X XY [10]/46,XX[6] 1 0.11
mos 46,X,i(X)(q10)[31]/47,XXX[19]/45,X[12]/46,XX[8] 1 0.11
46,X,del(X)(q24) 2 0.22
46,X,del(X)(q11) 3 0.33
46,X,del(X)(q13) 1 0.11
46,X,del(X)(q21) 1 0.11
mos 46,X,del(X)(q13q22)[27]/45,X[18] 2 0.22
mos 46,X,del(X)(p11)[25]/45,X[20] 1 0.11
mos 46,X,del(X)(p11)[36]/46,XX[9] 1 0.11
mos 46,X,del(Y)(q11)[25]/45,X[20] 1 0.11
mos 46,X,r(X)(p22.1626)[22]/45,X[18] 1 0.11
mos 46,X,r(X)(p22.2927.3)[23]/45,X[17] 1 0.11
mos 46,X,r(X)(p11.4q13.3)[34]/45,X[16] 1 0.11
mos 46,X,r(X)(p21.1q13)[38]/45,X[62] 1 0.11
46,X,psu idic(X)(p11) 1 0.11
46,X,psu idic(X)(g24) 1 0.11
mos 46,X,psu idic(X)(p11)[38]/45,X[32] 1 0.11
mos 46,X,psu idic(X)(q22)[51]/45,X[9] 1 0.11
46,X,1(X;2)(922;923) 1 0.11
46,X,1(X;19)(922;g13.3) 2 0.22
47,XX,+mar 2 0.22
mos 46,X,+mar/45,X 6 0.67
46,XX,inv(9)(p11q13) 4 0.45
46,XX,9gh+ 1 0.11
Sub-total 186 20.76
46,XX 710 79.24
Total 896 100
p: short arm of chromosome. g: long arm of chromosome. mos: mosaic. i: isochromosome.  del: deletion.
r: ring chromosome. t: translocation. inv: inversion. h: heterochomatin.  mar: marker chromosome.
psu idic: pseudoisodicentric. fis: fission.
Table 11. Classification of chromosome abnormalities among all referred infertile women
Chromosome Abnormalities Number %
Sex reversal 45 24.19
Numerical abnormalities 45 chromosomes 73 39.25
Number: 78 (41.94%) 47 chromosomes 5 2.69
Isochromosomes X 27 14.52
Deletions X 12 6.45
Structural abnormalities Ring chromosomes X 4 2.15
Number: 63 (33.87%) Pseudoisodicentric X 3 161
Translocations X and autosomes 4 2.15
Markers 8 4.30
Inversions of chromosome 9 5 2.69
Total 186 100
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Figure 1. 45, X

Figure 2. 46,X,i(X)(q10)

Figure 3. 46,X,del(X)(g24)

Figure 4. 46,X,r(X)(p22.2027.3)
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Figure 5. 46,X,psu idic(X)(g22)
Discussion

Although the most common causes of
female infertility are; ovulation disorders,
blocked fallopian tubes, polycystic ovary
syndrome (PCOS) and endometriosis, but
chromosome abnormalities can also be one of
the important causes. In the present study, 48
cases (25.81%) with Turner's syndrome
(Figure 1), 26 patients (13.98 %) with three
various forms of mosaic Turner's syndrome
were the most prevalent abnormalities as
were seen in the previous literatures (50, 63,
64). There was also one case of Turner
syndrome with inversion of chromosome 1
(45,X,inv(1) (p22p34).

Trisomy X or triple X syndrome is
characterized by the presence of an additional
X chromosome in each of a female’s cells.
Although females with this condition may be
taller than average, this chromosomal change
typically causes no unusual physical features.
Some females with triple X syndrome are not
able to conceive children. Several authors
have shown female infertility among patients
with trisomy X or various forms of its mosaics
(50, 51, 63, 64). We had also four cases
(2.15%) with mosaics of 47,XXX syndrome.

Some researchers have reported female
infertility among patients with isochromosome
X, deletion of chromosome X, ring
chromosome X, pseudo-isodicentric X, and
with marker chromosome (44, 52, 62-68).
Similarly, in this investigation we found eleven
cases (5.91%) with 46,X,i(X)(q10) (Figure 1),
and sixteen patients (8.60%) with various
mosaics of isochromosome X; seven patients
(3.76%) with 46,X,del(X) (Figure IIl), and four
cases (2.15%) with mosaic del(X); four
patients (2.15%) with various mosaics of
46,X,r(X) (Figure IV); two cases (1.08%) with

320

pseudoisodicentric X, and two cases (1.08%)
with mosaic pseudoisodicentric X (Figure V);
and eight patients (4.30%) with marker
chromosome.

According to Van der Ven et al, Clementini
et al, Papanikolaou et al, and review by
Chantot-Bastaraud et al gonosomal mosaics
including 45,X cell lines, and also various
inversions, reciprocal and Robertsonian
translocations are commonly found in infertile
females (5, 51, 68, 69). Most of these
aberrations could also be detected in our
study, such as two cases (1.08%) with t(X;19),
and one patient (0.54%) with t (X;2).

In the present study we found 45 females
(24.19%) with sex reversal and 46,XY
karyotype. Swyer syndrome, or XY gonadal
dysgenesis, is a type of hypogonadism in a
chromatin negative person whose karyotype is
46,XY. The patients appear to be normal
females who do not, however, develop
secondary sexual characteristics at puberty,
do not menstruate, and have streak gonads.
Affected sisters were reported by Cohen and
Shaw, and twins by Frasier et al (70, 71).
Sternberg et al observed 3 cases, each in a
different sibship of a family connected through
normal females (72). A high incidence of
neoplasia (gonadoblastomas and
germinomas) in streak gonads of patients with
the XY karyotype was shown by Taylor et al
(73).

Polymorphic variants, particularly involving
the heterochromatic region of chromosomes
1, 9, 16 and the nucleolar organizing region of
acrocentric chromosomes, are known to occur
in 2.7% of the general population. However,
much higher frequencies (12.2-38%) have
been reported in infertile individuals (74, 75).
Studies by Sahin et al; Minocherhomji et al
and Purandare et al also showed that
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heteromorphisms shown by paracentric long-
arm regions of chromosomes 1, 9 and 16
were associated with infertility (76-78). In this
investigation we found one patient (0.54%)
with 46,XX,9gh+.

Inversion of chromosome 9 is commonly
seen in normal humans and the frequency has
been reported to be 1 to 3% in the general
population, and some authors account the inv
as a normal variant (9, 67, 79-81). Capkova et
al investigated chromosomal abnormalities in
couples with reproductive disorders, and
showed that structural aberrations, including
inversion 9, were more frequent among
infertile couples (82). Some authors reported
inv among women with recurrent abortions,
suggesting that these inversions can have a
role in the causation of infertility, especially in
cases with de novo inversions. Khaleghian
and Azimi's suggestion further confirmed this.
We also had four cases (2.15%) with
46,XX,inv  (p11gl3) karyotpe among our
sample (9, 83-85).

The observed overall frequency of such
chromosome abnormalities varies between
different investigations. For instance, Mau-
Holzmann reported abnormal karyotypes of
8.7% among 4327 female patients (86).
Another review was carried out by de
Braekeleer et al on 8390 women, and showed
the mean rate of abnormal karyotypes of 4.2%
(87). Rajangam et al found 11.5% of females
with  bad obstetric history such as:
spontaneous abortions, live births with
congenital malformations, and stillbirths have
had a chromosomal abnormality as a genetic
cause (63). In contrast, the frequency of
aberrations in some other studies varies from
0.87 to 2.34% for female patients (68, 88-90).

In accordance with other investigations (86,
87) a considerable number of our female
patients revealed a phenomenon known as
low-level sex chromosome mosaicism, i.e. the
occurrence of a few metaphases with
hypoploidy and/or hyperploidy of sex
chromosomes. Although the exact role of low
level sex chromosome mosaicism in ovarian
function has not yet been clarified, the
association of low-level 45,X mosaicism with
POF could somehow help us understand this
role (91, 92).

Since there is a high rate of X chromosome
loss in patients with POF, varying degrees of
the disease is observed which could be
attributed to  chromosome  mosaicism.

Moreover, it was suggested that premature
menopause could occur in women with X
chromosome mosaicism (65, 91-93). Usually,
the loss of an X chromosome is more frequent
than its gain as also ascertained in the
present study (86). de Braekeleer et al
concluded that the presence of two 45,X cells
or more reflects true mosaicism (87).

Many researchers have reported a lower
frequency of chromosome anomalies among
the infertie women. In the present
investigation, we found 20.76% of our referred
female patients with chromosome
abnormalities, which it was higher than other
reports. The reason is that our patients were
highly selected group. Our patients have been
passed through many filters, including they
have been examined and tested by
obstetrician/gynecologist, endocrinologist, and
if the diagnosis of them was chromosome
abnormality, then they were referred to us.
Our data is in agreement with the results of
Devroey et al which found that up to 26% of
women with non-surgical primary ovarian
failure show an abnormal karyotype (94).

They suggested that the overall frequency
of chromosomal aberrations is strongly
influenced by gynecological and andrological
causes. Baronchelli et al emphasized the
importance of X chromosome in the etiology
of POF and highlighted the potential role of
low-level sex chromosome mosaicism in
ovarian aging that may lead to a premature
onset of menopause (95). Therefore, along
with Gekas et al, Papanikolaou et al, Romero
Tovar et al and Rosenbusch our studies
confirm that, routine peripheral blood
chromosome analysis remains the first choice
in assessing the genetic characteristics of
infertile women (5, 64, 96, 97).

Conclusion

Our results emphasized the importance of
the standard cytogenetic methods in
assessing the genetic characteristics of
infertile females, which allows detecting a
variety of somatic chromosome abnormalities,
because some of these may interfere with the
success of reproduction.

Acknowledgements
This study was supported by Tehran

University of Medical Sciences (grant number
5601).

Iranian Journal of Reproductive Medicine Vol. 11. No. 4. pp: 315-324, April 2013 321


https://ijrm.ir/article-1-404-en.html

[ Downloaded from ijrm.ir on 2025-12-09 ]

10.

11.

12.

13.

14

15.

16.

17.

18.

19.

322

Azimi et al

Conflict of Interest
No competing financial interests exist.
References

Healy DL, Trounson AO, Andersen AN. Female
infertility: causes and treatment. Lancet 1994; 343:
1539-1544.

Gorduza EV, Stoica O, Covic M. The importance of
genetic factors in pathogenesis of central infertility
(hypothalamic and pituitary). Rev Med Chir Soc Med
Nat lasi 2003; 107: 28-34.

. Chandley AC. Chromosome anomalies and Y-

chromosome microdeletions as causal factors in
male infertility. Hum Reprod 1998; 13 (Suppl.):45-50.

. Azimi C, Khaleghian M, Farzanfar F. Cytogenetic

studies among Iranian infertile men: The first long-
term report of 20-year. Afr J Biothecnol 2012; 11:
8973-8978.

Papanikolaou EG, Vernaeve V, Kolibianakis E, Van
Assche E, Bonduelle M, Liebaers I. Is Chromosome
analysis mandatory in the initial investigation of
normovulatory women seeking infertility treatment?
Hum Reprod 2005; 20: 2899-2903.

Pettersson F, Fries H, Nillius SJ. Epidemiology of
secondary amenorrhea. . Incidence and prevalence
rates. Am J Obstet Gynecol 1973; 117: 80-86.
Bachmann G, Kemmann E. Prevalence of
oligomenorrhea and amenorrhea in a college
population. Am J Obstet Gynecol 1982; 144: 98-102.
ESHRE Capri workshop group. Genetic aspects of
female reproduction. Hum Reprod Update 2008; 14:
293-307.

Reindollar RH, Byrd JR, McDonough PG. Delayed
sexual development: a study of 252 patients. Am J
Obstet Gynecol 1981; 140: 371-380.

Mashchak CA, Kletzky OA, Davajan V, Mishell DR.
Clinical and laboratory evaluation of patients with
primary amenorrhea. Obstet Gynecol 1981; 57: 715-
721.

Reindollar RH, Novak M, Tho SP, McDonough PG.
Adult-onset amenorrha: a study of 262 patients. Am
J Obstet Gynecol 1986; 155: 531-543.

Santoro N. Mechanisms of premature ovarian failure.
Ann Endocrinol 2003; 64: 87-92.

Timmreck LS, Reindollar RH. Contemporary issues
in primary amenorrhea. Obstet Gynecol Clin North
Am 2003; 30: 287-302.

.Welt CK. Primary ovarian insufficiency: a more

accurate term for premature ovarian failure. Clin
Endocrinol 2008; 68: 499-509.

Cordts EB, Christofolini DM, dos Santos AA, Bianco
B, Barbosa CP. Genetic aspects of premature
ovarian failure: a literature review. Arch Gynecol
Obstet 2011; 283: 635-643.

Goswami D, Conway GS. Premature ovarian failure.
Hum Reprod Update 2005; 11: 391-410.

Vilodre LC, Moretto M, Kohek MB, Spritzer PM.
Premature ovarian failure: present aspects. Arq Bras
Endocrinol Metabol 2007; 51: 920-929.

Beck-Peccoz P, Persani L. Premature ovarian failure.
Orphanet J Rare Dis 2006; 1: 9-13.

Van Kasteren YM, Schoemaker J. Premature ovarian
failure: a systematic review on therapeutic

20.

21.

22.

23.

24.

25.

26.

27.

28.

20.

30.

31.

32.

33.

34.

35.

36.

37.

interventions to restore ovarian function and achieve
pregnancy. Hum Reprod Update 1999; 5: 483-492.
Fassnacht W, Mempel A, Strowitzki T, Vogt PH.
Premature ovarian failure (POF) syndrome: towards
the molecular clinical analysis of its genetic
complexity. Curr Med Chem 2006; 13: 1397-1410.
Bretherick KL, Hanna CW, Currie LM, Fluker MR,
Hammond GL, Robinson WP. Estrogen receptor
alpha gene polymorphisms are associated with
idiopathic premature ovarian failure. Fertil Steril
2008; 89: 318-324.

Goswami D, Conway GS. Premature ovarian failure.
Horm Res 2007; 68: 196-202.

Conway GS, Hettiarachchi S, Murray A, Jacobs PA.
Fragile X premutations in familial premature ovarian
failure. Lancet 1995; 346: 309-310.

Sherman SL. Premature ovarian failure in the fragile
X syndrome. Am J Med Genet 2000; 97: 189-194.
Stratakis CA, Rennert OM. Turner syndrome:
molecular and cytogenetics, dysmorphology,
endocrine, and other clinical manifestations and their
management. Endocrinol 1994; 4: 442-453.

de Oliveira RMR, Verreschi ITN, Lipay MVN, Eca LP,
Guedes AD, Bianco B. Y. Chromosome in Turner
syndrome: review of the literature. Sao Paulo Med J
2009; 127: 373-378.

Lippe B. Turner syndrome. Endocrinol Metab Clin
North Am 1991; 20: 121-152.

Mendes JR, Strufaldi MW, Delcelo R. Y-chromosome
identification by PCR and gonadal histopathology in
Turner's syndrome without overt Y-mosaicism. Clin
Endocrinol 1999; 50: 19-26.

Bianco B, Lipay MVN, Guedes AD, Oliveira KC,
Verreschi ITN. SRY gene increases the risk of
developing gonadoblastoma and/or nontumoral
gonadal lesions in Turner syndrome. Int J Gynecol
Pathol 2009; 28: 197-202.

Bianco B, Oliveira KC, Guedes AD, Barbosa CP,
Lipay MVN, Verreschi ITN. OCT4 gonadal gene
expression related to the presence of Y-chromosome
sequences in Turner syndrome. Fertil Steril 2010; 94:
2347-2349.

Bianco B, Lipay MVN, Melaragno MI, Guedes AD,
Verreschi ITN. Detection of hidden Y mosaicism in
Turner's syndrome: importance in the prevention of
gonadoblastoma. J Pediatr Endocrinol Metab 2006;
19: 1113-1117.

Bianco B, Lipay MVN, Guedes AD, Verreschi ITN.
Clinical implications of the detection of Y-
chromosome mosaicism in Turner's syndrome: report
of 3 cases. Fertil Steril 2008; 90: 1197.e17-20.
Reindollar RH. Turner syndrome: contemporary
thoughts and reproductive issues. Semin Reprod
Med 2011; 29: 342-352.

Tartaglia NR, Howell S, Sutherland A, Wilson R,
Wilson L. A review of trisomy X (47, XXX). Orphanet
J Rare Dis 2010; 5: 8-14.

Villanueva AL, Rebar RW. Triple-X syndrome and
premature ovarian failure. Obstet Gynecol 1983; 62:
70-73.

Goswami R, Goswami D, Kabra M, Gupta N, Dubey
S, Dadhwal V. Prevalence of the triple X syndrome in
phenopically normal women with premature ovarian
failure and its association with autoimmune thyroid
disorders. Fertil Steril 2003; 80: 1052-1054.

Hens L, Devroey P, Van Waesberghe L, Bonduelle
M, Van Steirteghem AC, Liebaers I. Chromosome

Iranian Journal of Reproductive Medicine Vol. 11. No. 4. pp: 315-324, April 2013


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cordts%20EB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Christofolini%20DM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dos%20Santos%20AA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bianco%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bianco%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Barbosa%20CP%22%5BAuthor%5D
https://ijrm.ir/article-1-404-en.html

[ Downloaded from ijrm.ir on 2025-12-09 ]

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

Chromosome studies among infertile women

studies and fertility treatment in women with ovarian
failure. Clin Genet 1989; 36: 81-91.

Causio F, Fischetto R, Leonetti T, Schonauer LM.
Ovarian stimulation in a woman with premature
ovarian failure and X-autosome translocation. A case
report. J Reprod Med 2000; 45: 235-239.

ESHRE Capri workshop group. Optimal use of
infertility diagnostic tests and treatments. Hum
Reprod 2000; 15: 723-732.

Jabbar S. Frequency of primary amenorrhea due to
chromosomal aberration. J Coll Physicians Surg Pak
2004; 14: 329-332.

Chandler AZ. Infertility and recurrent abortion. In:
Emery AEH, Rimoin DL, eds. Principles and Practice
of Medical Genetics. Churchill Livingstone,
Edinburgh, UK; 1990: 313-319.

Koulisher L, Gillerot Y. Chromosomes and infertility:
study of 7672 cases. Contraception Fertil Steril 1985;
1: 195-202.

Mattei JF, Mattei MG, Moreau N, Guichaoua M,
Bolcioni AM, Mattei A. Chromosome studies in 1042
women before artificial insemination with donor
semen. In: David G and Price WS, eds. Human
Artificial Insemination and Semen Preservation.
Plenum Press, New York, USA; 1980: 389-396.

Hens L, Bonduelle M, Liebaers I, Devroey P, Van
Steirteghem AC. Chromosome aberrations in 500
couples referred for in-vitro fertilization or related
fertility treatment. Hum Reprod 1988; 3: 451-457.
Stern C, Pertile M, Norris H, Hale L, Baker HWG.
Chromosome translocations in couples with in-vitro
fertilization implantation failure. Hum Reprod 1999;
14: 2097-2101.

Schreurs A, Legius E, Meuleman C, Fryns JP,
D'Hooghe TM. Increased frequency of chromosomal
abnormalities in female partners of couples
undergoing in vitro fertilization or intracytoplsmic
sperm injection. Fertil Steril 2000; 74: 94-96.
Peschka B, Schwanitz G, van der Ven K. Type and
frequency of constitutional chromosome aberrations
in couples undergoing ICSI. Hum Reprod 1996; 11:
224-225.

Testart J, Gautier E, Brami C. Intracytoplasmic
sperm injection in infertile patients with structural
chromosome abnormalities. Hum Reprod 1996; 11:
2609-2612.

Mau UA, Backert IT, Kaiser P, Kiesel L.
Chromosomal findings in 150 couples referred for
genetic counseling prior to intracytoplasmic sperm
injection. Hum Reprod 1997; 12: 930-937.

Meschede D, Lemcke B, Exeler JR, De Geyter Ch,
Behre HM, Nieschlag E. Chromosome abnormalities
in 447 couples undergoing intracytoplsmic sperm
injection- prevalrnce, types, sex distribution and
reproductive relevance. Hum Reprod 1998; 13: 576-
582.

Van der Ven K, Peschka B, Montag M, Lange R,
Schwanitz G, van der Ven HH. Increased frequency
of congenital chromosomal aberrations in female
partners of couples undergoing intracytoplasmic
sperm injection. Hum Reprod 1998; 13: 48-54.
Radojcic BA, Buretic-Tomljanovic A, Starcevic N,
Kapovic M, Vlastelic I, Randic L. Chromosome
studies in patients with defective reproductive
success. Am J Reprod Immunol 2000; 44: 279-283.
Gekas J, Thepot F, Turleau C, Siffroi JP, Dadoune
JP, Wasels R, Benzacken B. Chromosomal factors of

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

infertility in candidate couples for ICSI: an equal risk
of constitutional aberrations in women and men.
Hum Reprod 2001; 16: 82-90.

Hamerton JL. Human Cytogenetics.1® vol General
Cytogenetic. Academic Press, New York, USA; 1971.
Gosden CM, Davidson C, Robertson M. Lymphocyte
culture. In: Rooney DE and Czepulkowski BH, eds.
Human Cytogenetic: A Practical Approach. 2" Ed,
4" vol. Oxford IRL Press, New York, USA; 1992: 31-
54.

de Grouchy J, Turleau C. Clinical Atlas of Human
Chromosomes. John Wiley & Sons, New York, USA;
1994.

Benn PA, Perle MA. Chromosome staining and
banding. In: Rooney DE and Czepulkowski BH, eds.
Human Cytogenetic: A Practical Approach. 2" ed, 4"
vol, Oxford IRL Press, New York, USA; 1992: 91-
118.

Seabright M. A rapid banding technique for human
chromosomes. Lancet 1971; 2: 971-972.

Casperson T, Zech L, Johansson C. Analysis of
human metaphase chromosome set by aid of DNA-
binding fluorescent agents. Exp Cell Res 1970; 62:
490-495.

Rybak J, Tharapel A, Robinett S, Garcia M,
Mankinen C, Freeman M. A simple reproducible
method for prometaphase chromosome analysis.
Hum Genet 1982; 60: 328-333.

Mitelman F. An International System for Human
Cytogenetic Nomenclature (ISCN). S. Karger
Publishers, Inc., Basel, Switzerland; 1995.

Shaffer LG, Slovak ML, Campbell LJ. An
International System for Human Cytogenetic
Nomenclature (ISCN). S. Karger Publishers, Inc.,
Basel, Switzerland; 2009.

Rajangam S, Tilak P, Aruna N, Devi R. Karyotyping
and counseling in bad obstetric history and infertility.
Iran J Reprod Med 2007; 5: 7-12.

Rosenbusch B. Somatic chromosomal abnormalities
in couples undergoing infertility treatment by
intracytoplasmic sperm injection. J Genet 2010; 89:
105-108.

Devi A, Benn PA. X-chromosome abnormalities in
women with premature ovarian failure. J Reprod Med
1999; 44: 1-5.

Pasinska M, Haus O, Skonieczka K, Slezak R, Midro
AT. The results of cytogenetic and molecular genetic
examinations in 35 couples with primary sterility.
Wiad Lek 2006; 59: 38-43.

Meza-Espinoza JP, Anguiano LO, Rivera H.
Chromosomal abnormalities in couples with
reproductive disorders. Gynecol Obstet Invest 2008;
66: 237-240.

Clementini E, Palka C, lezzi I, Stuppia L, Guanciali-
Franchi P, Tiboni GM. Prevalence of chromosomal
abnormalities in 2078 infertile couples referred for
assisted reproductive techniques. Hum Reprod 2005;
20: 437-442.

Chantot-Bastaraud S, Ravel C, Siffroi JP. Underlying
karyotype abnormalities in IVF/ICSI patients. Reprod
Biomed Online 2008; 16: 514-522.

Cohen MM, Shaw MW. Two XY siblings with gonadal
dysgenesis and a female phenotype. New Eng J
Med 1965; 272: 1083-1088.

Frasier =~ SD, Bashore RA, Mosier HD.
Gonadoblastoma associated with pure gonadal

Iranian Journal of Reproductive Medicine Vol. 11. No. 4. pp: 315-324, April 2013 323


https://ijrm.ir/article-1-404-en.html

[ Downloaded from ijrm.ir on 2025-12-09 ]

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

324

Azimi et al

dysgenesis in monozygous twins. J Pediat 1964; 64:
740-745.

Sternberg WH, Barclay DL, Kloepfer HW. Familial XY
gonadal dysgenesis. New Eng J Med 1968; 278:
695-700.

Taylor H, Barter RH, Jacobson CB. Neoplasms of
dysgenetic gonads. Am J Obstet Gynecol 1966; 96:
816-823.

Hsu LYF, Benn PA, Tannenbaum HL, Perlis TE,
Carlson AD, Opitz JM, Reynolds JF. Chromosomal
polymorphisms of 1, 9, 16, and Y in 4 major ethnic
groups: A large prenatal study. Am J Med Genet
1987; 26: 95-101.

Madon PF, Athalye AS, Parikh FR. Polymorphic
variants on chromosomes probably play a significant
role in infertility. Reprod Biomed Online 2005; 11:
726-732.

Sahin FI, Yilmaz Z, Yuregir OO, Bulakbasi T, Ozer O,
Zeyneloglu HB. Chromosome heteromorphisms: An
impact on infertility. J Assist Reprod Genet 2008; 25:
191-195.

Minocherhomiji S, Anthalye AS, Madon PF, Kulkarni
D, Uttamchandani SA, Parikh FR. A case-control
study identifying  chromosomal  polymorphic
variations as forms of epigenetic alterations
associated with the infertility phenotype. Fertil Steril
2009; 92: 88-95.

Purandare H, Fernandes NV, Deshmukh SV,
Chavan S. Heterochromatic variations and
pregnancy losses in humans. Int J Hum Genet 2011;
11: 167-175.

Nielsen J, Wohlert M. Chromosome abnormalities
among 34910 newborn children: results from 13-year
incidence study in Arhus, Denmark. Hum Genet
1991; 87: 81-83.

Teo SH, Tan M, Knight L, Yeo SH, Ng I. Pericentric
inversion 9- incidence and clinical significance. Ann
Acad Med Singapore 1995; 24: 302-304.

Rao BV, Kerketta L, Korgaonkar S, Ghosh K.
Pericentric inversion of chromosome 9 [inv (9)
(p12g13)]: Its association with genetic diseases.
Indian J Hum Genet 2006; 12: 129-132.

Capkova P, Adamova K, Santava A, Braunerova B,
Kolarova J, Polak P. Importance of genetic testing in
couples with reproductive disorders. Ceska Gynekol
2004, 69: 66-71.

Sasiadek M, Haus O, Lukasik-Majchrowska M,
Slezak Paprocka-Borowicz M, Busza H, Plewa R.
Cytogenetic analysis in couples with spontaneous
abortions. Ginekol Pol 1997; 68: 248-252.

Parmar RC, Sira P. Prenatal diagnosis of partial
trisomy 21 associated with maternal balanced
translocation 46, XX, der 21 t (21q; 22q) with
pericentric inversion of chromosome 9. J Postgrad
Med 2003; 49: 154-156.

Khaleghian M, Azimi C. Homozygosity for pericentric
inversions of chromosome 9 in a patient's parents

86.

87.

88.

89.

90.

91

92.

93.

94.

95.

96.

97.

with stillbirth-Report of a new case and review
ofliterature. Iran J Publ Health 2006; 35: 28-33.
Mau-Holzmann UA. Somatic chromosomal
abnormalities in infertile men and women. Cytogenet
Genome Res 2005; 111: 317-336.

de Braekeleer M, Douet-Guilbert N, Le Bris MJ,
Amice V, Amice J, Morel F. Chromosomal
abnormalities in couples undergoing intracytoplasmic
sperm injection. In: de Braekeleer M, ed.
Cytogenetic and infertility. Transworld Research
Network, Trivandrum, India; 2006: 113-129.

Kayed HF, Mansour RT, Aboulghar MA, Serour Gl,
Amer AE, Abdrazik A. Screening for chromosomal
abnormalities in 2650 infertile couples undergoing
ICSI. Reprod Biomed Online 2006; 12: 359-370.
Marchina E, Imperadori L, Speziani M, Omodei U,
Tombesi S, Barlati S. Chromosone abnormalities and
Yq microdeletions in infertile Italian couples referred
for assisted reproductive technique. Sex Dev 2007;
1: 347-352.

Riccaboni A, Lalatta F, Caliari |, Bonetti S,
Somigliana E, Ragni G. Genetic screening in 2710
infertile candidate couples for assisted reproductive
techniques: results of application of Italian guidelines
for the appropriate use of genetic tests. Fertil Steril
2008; 89: 800-808.

.Devi AS, Metzger DA, Luciano AA, Benn PA.

45,X/46,XX mosaicism in patients with idiopathic
premature ovarian failure. Fertil Steril 1998; 70: 89-
93.

Lakhal B, Braham R, Berguigua R. Cytogenetic
analyses of premature ovarian failure using
karyotyping and interphase fluorescence in situ
hybridization (FISH) in a group of 1000 patients. Clin
Genet 2010; 78: 181-185.

Wu RC, Kuo PL, Lin SJ, Liu CH, Tzeng CC. X
chromosome mosaicism in patients withrecurrent
abortion or premature ovarian failure. J Formosan
Med Asso 1993; 92: 953-956.

Devroey P, Braeckmans P, Camus M, Khan |, Smitz
J, Staessen C, et al. Embryo donation in patients
with primary ovarian failure. Hum Reprod 1988; 3:
458-463.

Baronchelli S, Conconi D, Panzeri E, Bentivegna A,
Redaelli S, Lissoni S, et al. Cytogenetics of
premature ovarian failure: An investigation on 269
affected women. J Biomed Biotechnol 2011; 11: 37-
45.

Gekas J, Meens R, Gondry J, Mathieu M, Thepot F.
Value of karyotyping women patients of couples
referred for sterility. Gynecol Obstet Fertil 2003; 31:
66-69.

Romero Tovar S, Juarez Espinosa B, Galindo Garcia
CG, Mendoza Romo M. Prevalence of chromosomal
alterations in infertile patients studied in a clinic of
assisted reproductiom. Ginecol Obstet Mex 2009; 77:
128-135.

Iranian Journal of Reproductive Medicine Vol. 11. No. 4. pp: 315-324, April 2013


https://ijrm.ir/article-1-404-en.html
http://www.tcpdf.org

