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Abstract

The relationship between abnormal chromosomal constitution and sex anomalies has been
established since the development of cytogenetic and molecular methods. In order to investigate the
relationship between sex dysplasia and sex-determining region Y (SRY) gene, 108 patients with
sexual abnormality were analyzed by cytogenetic and molecular genetic methods. SRY gene was
amplified by polymerase chain reaction (PCR) and its mutation was detected by direct sequencing.
The results showed that among 108 patients, 49 were positive for SRY and the remaining negative
for SRY. In the patients positive for SRY genes, with 45, X/46, XY 46, XXY,46,XX karyotype, In
the patients negative for SRY, with 46,XY,46, XX karyotype It was concluded that SRY gene is
strongly involved in male sex determination, while a sequence of other genes may be taken into
account in sexual development. . It is also essential for defining genotypic and phenotypic
correlation and understanding the basic mechanism involved in sex determination.
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Introduction

The SRY (sex-determining region Y), which is normally located in the distal part of the short
arm of the Y chromosome is a genetic 'master switch' of gonadal differentiation (1), the product of
which is present in the male genital ridge before testis formation and is required for the regular
development of male genitalia (2). SRY encodes a transcription factor that is a member of the high
mobility group (HMG)-box family of DNA binding proteins and in mammals triggers the
development of undifferentiated gonads towards a testicular phenotype (1,3). In humans, zygotes
bearing mutations in SRY develop into XY females (4,5), while XX individuals with the presence
of SRY typically show a normal male phenotype (6), but may occasionally show ambiguous
genitalia (7). One example is testicular regression syndrome (XY gonadal regression syndrome), in
which there are no gonads, and variable development of Mullerian and Wolfian ducts depending on
the stage of fetal development at which the embryonic testis involutes; in most cases this happens
before Mullerian tissues have regressed and before testosterone synthesis has started, the etiology is
unknown but affected siblings have been reported (8).

However, the erroneous exchange between homologous but normally non-recombining regions
can also occur resulting in the transfer of differing amounts of Y chromosomematerial, including
the SRY gene, most often to the short arm of the X chromosome, leading to a 46,XX male
phenotype (9,10).

XX maleness is a rare genetic condition affecting one in 24,000 newborn males (11). XX
maleness is a genetically heterogeneous condition. The SRY gene is present in the majority of
patients (12), although several studies have shown that approximately 10% of patients lack Y
material, including the SRY gene (13,14). While the majority of XX males are carriers of an X/Y
translocation, XX maleness may also arise as a consequence of a genetic mutation permitting
testicular differentiation in the absence of SRY, or result from undetected mosaicism for a cell line
carrying the Y chromosome (6,9, 15). Previously, we found a 46, XX male infant without the
presence of the SRY gene, derived from intracytoplasmic sperm injection (ICSI) (16). Whether ICSI
had enhanced the production of this 46, XX male is unclear.

The phenotype of the XX male varies greatly. Some XX males may have normal internal and
external male gonads (17), whereas others may have small testes, abnormal secondary sexual
characteristics (11), and hypospadias (18,19,20). Most men are diagnosed in adulthood due to
infertility caused by azoospermia (11). A small proportion of SRY positive XX individuals are true
hermaphrodites (7,21). It is not yet clear how one genotype can give rise to different phenotypes. It
has been proposed that the variation in phenotype observed in SRY positive XX individuals is
primarily dependent on X chromosome inactivation (XCI) pattern and the amount of Y material that
has been translocated to the X chromosome, or a combination of both (7, 22,23)Therefore, a more
masculine phenotype is expected when the Y bearing X chromosome preferentially escapes
inactivation and when more Y chromosome material is present on the X, presumably protecting the
SRY gene from the spread of inactivation (7,22,23). However, more recently, another mechanism,
known as the position effect, has been proposed to delineate the observed phenotypic differences
(24)Under this hypothesis, the phenotypic differences are dependent on the proximity of the
breakpoint to the SRY gene as well as the presence or absence of cryptic rearrangements affecting
the expression of the SRY gene(24).
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In the human, there are normally 46 chromosomes, two sex chromosomes and 22 chromosome
pairs for which one copy is inherited from each parent at conception. The sex chromosomes are
called the X and the Y chromosome. Everyone needs at least one X chromosome to survive.
Females normally have two X chromosomes whereas males typically have one X and one Y
chromosome. In the absence of a Y chromosome, babies will develop as females. When the Y
chromosome is present, they will develop as males. As a result, it is obvious that for SRY,
deletions/mutations may cause sex reversal in humans.

Materials and methods

Cytogenetic analysis was performed on peripheral blood from the patient and from a fertile male
and a fertile female (controls). Lymphocytes were cultured according to the standard method.
Banding patterns were analyzed using GTG techniques. The karyotypic descriptions were according
to the ISCN recommendations.

Genomic DNA was extracted with phenol and chloroform from peripheral leukocytes for PCR.
SRY gene sequences (8) were amplified by PCR from the DNA of the patient, as well as from the
fertile XX female and fertile XY male controls. SRY primer sequences were as follows: SRY F
50-GAATATTCCCGCTCTCCGGAG-30, SRY R 50- ACCTGTTGTCCAGTTGCACT-30 were
used to amplify a 418 bp fragment. The PCR mixture consisted of 0.2 pg of genomic DNA, 2.5 U
of Taq polymerase (MBI Fermentas Inc.), 0.5 umol/L of each primer, 100 mmol/L dNTPs, 3.0 mM
MgCl2 and 1X PCR buffer in a final volume of 50 pl. The PCR conditions were 2 min at 94;C for
pre-heating, 35 cycles of 94;C for 30 seconds, 57 jC for 30 seconds and 72;C for 1 min, and 72;C
for 10 min post-extension in an automated thermal cycler (Techne Genius). Reaction products were
electrophoresed on 1.7% agarose-TBE gels containing 0.5 pg/ml ethidium bromide and documented
with an gel electrophoresis visualizing system (Vilber Lourmat).

Twenty metaphases from the patients and from each control were examined cytogenetically. The
use of specific primers for SRY sequence allowed us to detect the characteristic band corresponding
to the amplified 418 bp DNA fragment in the XY male and in the patient by PCR analysis (Figure
1). Both yielded a 418 bp product as expected, while no detectable product was obtained in the
46,XX female.
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Combined results of cytogenetic and molecular studies of patients

NUf(I‘fber Diagnosis Karyotype Sry 41 | Primer amenore 46,XX -
patient gene 42 Primer amenore 46,XX -
1 Ambigious genitalia 46,XY + 43 Primer amenore 46,XX -
2 Ambigious genitalia 46,XY + 44 Primer amenore 46,XX -
3 Ambigious genitalia 46, XY + 45 Primer amenore 46,XX,1gh+ -
4 Ambigious genitalia | 46,XY(27)/45,X(3) | + 46 Primer amenore 46,XX -
5 Ambigious genitalia 46,XY + 47 Primer amenore 46,XX -
6 Ambigious genitalia 46,XY + 48 Primer amenore 46,XX -
7 Ambigious genitalia 46,XY - 49 Primer amenore 46,XX,9gh+ -
8 Ambigious genitalia 47 XXY - 50 Primer amenore 46,XX,9gh+ -
9 Ambigious genitalia 46,XY + 51 Primer amenore 46,XY,1gh+ +
10 Ambigious genitalia 46,XX - 52 Primer amenore 46,XX -
11 Ambigious genitalia 46,XX - 53 Primer amenore 46,XX -
12 Ambigious genitalia 46,XX 54 Primer amenore 46,XX -
13 Ambigious genitalia 46,XX - 55 Primer amenore 46,XX -
14 Ambigious genitalia 46,XY + 56 Primer amenore 46,XX -
15 Ambigious genitalia 46,XY + 57 Primer amenore 46,XX -
16 Ambigious genitalia 46,XY + 58 Primer amenore 46,XY +
17 Ambigious genitalia 46,XY + 59 Primer amenore 46,XX -
18 Ambigious genitalia 46,XX - 60 Primer amenore 46,XX -
19 Ambigious genitalia 46,XY 61 Primer amenore 46,XX -
20 Ambigious genitalia 46,XY 62 Primer amenore 46,XY +
21 Ambigious genitalia 46,XY 63 Klinefelter syn. 46,XY +
22 Ambigious genitalia 46,XY - 64 Klinefelter syn. 46,XY +
23 Hypogonadizm 47 XXY + 65 Klinefelter syn. 46,XY +
24 Hypogonadizm 46,XY + 66 Klinefelter syn. 47, XXY +
25 Hypogonadizm 46,XX + 67 Klinefelter syn. 47 XXY +
26 Hypogonadizm 46,XX + 68 Klinefelter syn. 47, XXY +
27 Primer amenore 46,XX - 69 Klinefelter syn. 46,XY +
28 Primer amenore 46,XX - 70 Klinefelter syn. 46,XY +
29 Primer amenore 46,XX - 71 Klinefelter syn. 46,XY,1gh+ +
30 Primer amenore 46,XX - 72 Klinefelter syn. 46,XY +
31 Primer amenore 46,XX - 73 Azospermi 46,XY +
32 Primer amenore 46,XX - 74 Azospermi 46,XY +
33 Primer amenore 46,XX - 75 Azospermi 46,XY +
34 Primer amenore 46,XX - 76 Azospermi 46, XY +
35 Primer amenore 46,XX - 77 Azospermi 46, XY +
36 Primer amenore 46,XX - 78 Azospermi 46,XY +
37 Primer amenore 46,XX - 79 Azospermi 46,XY +
38 Primer amenore 46,XX - 80 Azospermi 46,XXY +
39 Primer amenore 46,XX - 81 Azospermi 46,XY +
40 Primer amenore 46,XX,inv(9)(p13q13) - 82 Azospermi 46, XY +
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83 Azospermi 46,XY + 97 Azospermi 46,XY
84 Azospermi 46,XY + 98 Azospermi 46,XY
85 Azospermi 46,XY + 99 Azospermi 46,XY +
86 Azospermi 46,XY + 100 | Azospermi 46,XY
87 Azospermi 46,XXY + 101 | Azospermi 46,XY
88 Azospermi 46,XY - 102 | Azospermi 46,XY
89 Azospermi 46,XY - 103 | Azospermi 46,XY
90 Azospermi 46,XY - 104 Turner syn. 45,X

91 Azospermi 46,XY - 105 | Turner syn. 45,X/46,XY
92 Azospermi 46,XY - 106 | Turner syn. 46,XY
93 Azospermi 46,XY - 107 | Turner syn. 46,XX
94 Azospermi 46,XY - 108 | Turner syn. 46,X,i(X)
95 Azospermi 46,XY

96 Azospermi 46,XY

A total of 108 patients were studied. Of those, 31 were azoospermic men,22 baby with Ambigious
genitalia ,5 Turner syndrome,10 Klinefelter syndrome ,4 with hypogonadism,36 with Primer
amenore . The results of cytogenetic analysis in 108 patients are shown in Table 1. Molecular
analysis of some patients are shown in Figure 1.

22 baby with Ambigious genitalia :5 baby 46,XX karyotype and sry gene negative,15 baby 46,XY
and 10 sry gene pozitif /5 sry gene negative , One baby who had
mos46,XY (27)/45,X(3)mosaicism, and sry gene pozitif,one baby 47,XXY Kkaryotype consistent
with Klinefelter syndrome,

4 patient with hypogonadizm 2 of them 46,XX karyotype and sry gene pozitif ,one patient 46,XY
and sry gene pozitif,one patient 47,XXY 46,XX,inv(9)(p13913)

36 patient with primary amenorrhea 29 normal karyotype and sry gene negative, one patient 46,XX,
inv(9)(p13g13) karyotype and sry gene negative,one patient 46,XX,1gh+ karyotype and sry gene
negative, one patient 46,XY,1qgh+(testicular feminization) karyotype and sry gene pozitif,two
patient 46,XX,9gh+ karyotype and sry gene negative

39 patient with azospermia 23 normal karyotype (46,XY) and sry gene pozitif,12 normal karyotype
and sry gene negative, 5 cases showed 47,XXY karyotype consistent with Klinefelter syndrome and
sry gene positive,one patient 46,XY,1gh+ karyotype and sry gene pozitif.

5 patient with turner syndrome ;2 patient normal karyotype and sry gene negative, one patient
normal karyotype( 46,XY) sry gene pozitif, one patient 46,X,i(X) karyotype and sry gene
negative,one patient 45,X karyotype and sry gene negative.

Seven cases showed 47,XXY karyotype consistent with Klinefelter syndrome, One patients who
had 46,XY(27)/45,X(3) mosaicism, One patient 46,XX,inv(9)(p13q13) ,3 patient 46,XX,9gh+and .
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Figure 1 : PCR amplification of the SRY gene

Discussion

Human males with a 46,XX karyotype are sterile males with normal female chromosomes. The
reported incidence varies from 1 in 9000 (25) to 1 in 20000 (26) in newborn males. Most cases are
sporadic, that is, they are without familial clustering (11). The majority of cases are due to
interchange of a fragment of the short arm of the Y chromosome containing the region that encodes
the testes determining factor (TDF) with the X chromosome (27,28,2930). Other less likely causes
include mutation in an autosomal or X chromosomal gene, which permits testicular determination in
the absence of TDF, and undetected mosaicism with a Y-bearing cell line. It is now possible to
identify two forms of this syndrome: Y DNA positive and Y DNA negative. The Y DNA positive
males result from a X;Y translocation with a low recurrence risk; the Y DNA negative males are
due to a mutation with a high recurrence risk (31).

All males with discordant phenotype/sex chromosomal pattern are azoospermic due to absence
of the long arm of the Y chromosome containing the azoospermia factor (AZF) gene, which is
necessary for normal spermatogenesis (32,33,34). The majority of cases have normal external
genitalia, but 10-15% of XX males shows various degrees of hypospadias (35). Molecular studies
have detected Y chromosome material in 75% of XX males (36), which explains their testicular
development. On the other hand, many theories have been put forward to explain how patients who
are Y-negative, as in this case, can have testes, despite complete absence of the Y chromosome.
Researchers (29,37) suggested the presence of other mutations (autosomal or X-linked) which could
be responsible for testicular determination in the absence of Y sequences. The presence of hidden
mosaicism with a Y-bearing cell line was proposed (38). More recently, the reporting of a Mexican
family in which two siblings without genital ambiguities were SRY negative (39), suggested that an
inherited loss of function mutation in a gene participating in the sex-determining cascade could
induce normal male sexual differentiation in the absence of SRY gene. This would strengthen what
has been reported (12), that although the absence of Y-specific DNA generally results in incomplete
musculinization, exceptions do occur.
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A total of 60% of true hermaphrodites have a 46,XX karyotype (40). Although the majority of
46,XX true hermaphrodites are negative for the Y-DNA sequence, including SRY gene (41,42,43),
a minority could be positive (44,45,46,47,48). Nevertheless, this diagnosis was unlikely in this
patient because of the presence of normal male external genitalia, absence of gynaecomastia and no
pelvic abnormality detected on examination. Translocations involving the human sex chromosomes
are rarely reported. One of the best-known consequences of such exchanges is sex reversal in
46,XX males and some 46,XY females, due to exchange in the paternal germ line of terminal
portions of Xp and Yp, including the SRY gene . The presence of the SRY gene in the normal male
zygote leads to the development of male genital organs and the absence of this gene leads to the
development of the female genitalia. Patients who carry a structural abnormality of the X
chromosome and ambiguous genitalia have provided opportunities to elucidate the
genotype/phenotype correlation in relation to the X and Y chromosome content and X chromosome
inactivation

We detected the SRY gene in peripheral blood leucocytes of 49 patients with 46,XY,
45,X/46,XY46,XXY, 46,XX karyotype, whereas all other patients were SRY negative. This
incidence of SRY-positive results in sex abnormality patients agrees with the results of other studies
[49,50,51].

In conclusion, our results strongly indicate that X inactivation spreading into a translocated Yp
region containing the sex determining SRY gene and the selection of such a cell line could be the
major mechanism causing phenotypic sexual ambiguity, including the presence of ovarian tissue in
XX (SRY+) subjects. It was concluded that SRY gene is strongly involved in male sex
determination, while a sequence of other genes may be taken into account in sexual development.
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