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Abstract: Eunuchs are people with abnormal sexual behaviour, uncharacterized sex, neither male nor female and known as
transgender people. They have abnormal or non-functional external genitalia. XX male syndrome, also known as a De la Chapelle
syndrome, is a rare congenital intersex condition where an individual with a 46, XX karyotypehave phenotypically male characteristics
that vary among cases. The SRY gene plays an important role in sex differentiation along with other genes such as SOX9, DAX1, WT1,
WNT4 and FGF9. The rarest form of the genetic abnormality- 46, XX sex reversal is caused by random genetic mutations. Materials
and Methods: Peripheral blood leukocyte culture and microarray analysis were performed for the present study. Results: Two cases of
46, XX male sex reversal without the SRY gene were reported out of 36 unrelated blood samples of eunuchs. None of the patients had
an autosomal sex reversal hence neither autosomal nor X-linked genes are involved in it. Conclusion: Sex reversal may be one of the

causes of the development of eunuchism.
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1. Introduction

Eunuchs are with abnormal sexual behaviour or
uncharacterized sex and popularly known as transgender
people. Since the 9th century, they are an integral part of our
society (Sharma, 2012). As per the American Heritage
Dictionary (4th ed, 2000), individuals whose external
genitalia are non-functional/abnormal or have been
artificially removed are called eunuchs or transgender. The
word eunuch originated from the Greek word “eunoukhos”,
“eunu” means “bed” and “ekhein” means to “keep” (Sindhe,
2012). Scientifically, Eunuchs are feminine men with sexual
and congenital abnormalities.

Sex chromosomes play an important role in the development
of sex while sex-determining region Y (SRY) or Testis-
determining factor (TDF) and other related genes involved
in sexual differentiation. However, autosomal genes; SOX9
(17924.3), WT1 (11p13), WNT4 (1p36.12), FGF9
(13g12.11) and DAX1 X-linked gene are also involved in
sex determination and genital development (She and Yang,
2014). SRY gene is located on the distal region of the Y
chromosome. The chromosomal anomalies and gene
mutations affect sex determination or can cause sex reversal
during early development (Wilhelm et al., 2007). Sex
reversal is a condition in which a phenotypically normal
male has a female genotype (XX) (De la Chapelle, 1972). A
type of rare genetic condition XX male is prevalent 1 in
25,000 newborns (Rajender et al., 2006). Besides, several
other chromosomal aberrations also cause congenital
abnormalities. The present study was conducted with the
aim to find out the genetic basis of the eunuchism if any
present in the Gujarati population.

2. Materials and Methods

Case background

As per the discussion with transgender, they were found to
be infertile and or homosexual. Moreover, they were
suffering from moderate to severe genital ambiguity.
However, a physical examination of their gonads was not
possible due to their religious beliefs. The transgender
community maintains a registration of each and every
person based on their ambiguity like MSM (male sex male),
intersex and medically transgender.

Sample collection

A group of 36 individuals from the Eunuch community was
selected for the present study as per the records of eunuchs
maintained by the Kutir foundation, Ahmedabad (Gujarat).
Out of total 36 eunuchs, four categories were selected; i) 10
medically transgender, ii) 10 MSM (male sex male), iii) 10
feminine males and iv) 6 uncategorized (table 1). Blood
samples were collected in heparin and EDTA vials (2 and 3
ml respectively). Samples were collected after verification
of their registration. The blood samples were stored and
transferred at 4 °C till cytogenetic analysis.

Cytological analysis

The cytological analysis was performed using the
conventional peripheral blood lymphocyte culture using
complete media RPMI 1640 (Gibco, Thermo scientific)
supplemented with antibiotics (penicillin and streptomycin),
L- glutamine, fetal bovine serum and Phytohemagglutinin
(PHA). The cells were cultured for 72 hours in a CO2
incubator. To arrest metaphase, 100ul of 0.2% colchicine
(Himedia) was added 2 hrs prior to harvesting. The cells
were separated by centrifugation at 150 g for 5 minutes,
followed by hypotonic treatment with 0.56% KCI (Fisher
Scientific) for 20 minutes at 37°C and fixed in 3:1 ratio of
methanol and glacial acetic acid. Finally, cell suspension
was dropped on slides and air-dried for Giemsa staining and
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GTG banding. The Chromosome slides were analysed under
the microscope for possible chromosomal aberrations.

Microarray analysis

Microarray was performed on two samples of XX-males and
8 other samples which were phenotypically looking like
female with body hair and breast. For the microarray
analysis, DNA was extracted by a kit (Qiagen mini prep
DNA extraction Kit). Purity and quantity of DNA were
measured using the Nanodrop Light (Thermo scientific).
Pure DNA samples with OD nearby ~1.80 were selected for
the microarray analysis. The microarray was performed by

using the SureScan D Microarray (No. G2600D) by the
Agilent Technologies.

3. Results and Discussion

The peripheral blood leukocyte culture was performed for
36 unrelated samples, 50 G-banded metaphases were
analysed for each sample. Karyotyping revealed that two
samples exhibited XX male (46, XX) without any other
chromosomal aberrations, whereas all other samples
exhibited 46, XY. However, no other structural or numerical
chromosomal aberrations were detected in all the samples as
mentioned in table 1.

Table 1: Details of the eunuchs with their phenotypes and genotypes. Phenotypically all the eunuchs look like males

Category of eunuch Medically Phenotype resemblance (male / female / Microarray performed
Patient ID | transgender, MSM, Feminine male, uncategerized) as per the register of Kutir Karyotype v
. - es/No
uncategorized foundation, Ahmedabad
MSMO01 Male sex male Strong look like female (no body hair) 46, XY No
MSMO02 Male sex male Strong look like female (no body hair) 46, XY No
MSMO03 Male sex male Strong look like female (no body hair) 46, XY No
MSMO04 Male sex male Strong look like female (no body hair) 46, XY No
MSMO05 Male sex male look like female: no breast 46, XY No
MSMO06 Male sex male look like female: no breast 46, XY No
MSMO07 Male sex male Uncategorised: breast & body hair 46, XY No
MSMO08 Male sex male Uncategorised: breast & body hair 46, XY No
MSMO09 Male sex male Uncategorised: breast & body hair 46, XY No
MSM10 Male sex male Uncategorised: breast & body hair 46, XY No
MTG11 Medically transgender Ambigous genitalia: look like female 46, XY No
MTG12 Medically transgender Ambigous genitalia: look like female 46, XY No
MTG13 Medically transgender Ambigous genitalia: look like female 46, XY No
MTG14 Medically transgender Mixed sex: look like female 46, XY No
MTG15 Medically transgender Mixed sex: look like female 46, XY No
MTG16 Medically transgender Mixed sex: look like female 46, XY No
MTG17 Medically transgender Mixed sex: look like female 46, XY No
MTG18 Medically transgender Mixed sex: look male 46, XY No
MTG19 Medically transgender Mixed sex: look male 46, XY No
TGO1 Transgender Look like female: with body hair and breast 46, XY Yes
TG02 Transgender Look like female: with body hair and breast 46, XY Yes
TG03 Transgender Look like female: with body hair and breast 46, XY Yes
TG04 Transgender Look like female: with body hair and breast 46, XY Yes
TG05 Transgender Look like male: with body hair and breast 46, XY Yes
TG06 Transgender Look like male: with body hair and breast 46, XY Yes
TGO7 Transgender Look like male: with body hair and breast 46, XY Yes
TG08 Transgender Look like male: with body hair and breast 46,XX Yes
TG09 Transgender Look like male: with body hair and breast 46,XX Yes
TG10 Transgender Look like male: with body hair and breast 46, XY Yes
ENO1 Other Feminine 46, XY No
ENO02 Other Feminine 46, XY No
ENO3 Other Feminine 46, XY No
GYO01 Other Feminine 46, XY No
GY02 Other Feminine 46, XY No
GY03 Other Feminine 46, XY No
GY04 Other Feminine 46, XY No
One of the Karyotypes with 46,XY is depicted in figure 1.
Microarray of corresponding sample is also depicted in
figure 2. Karyotypes were prepared as per the ideogram.
Similarly, One of the XX males and its microarray is
depicted in figure 3 & 4 respectively.
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Figure 1: Karyotype of normal male (46, XY)
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Figure 2: Microarray results of normal male. Blue & Red colours are showing presence of X & Y
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Figure 3: Karyotype of 46, XX male.
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Figure 4: Microarray results of 46, XX male.(Red colour on Y location indicates absence of Y)

Microarray analysis was done for validating the results and
finding of other copy number variations. The 46, XX male
sex reversal was confirmed through the microarray results,
however, other copy number variations were not detected.
None of the two XX males or sex reversal had the SRY gene
or portion of it. Thus, both the cases in present studies were
of sex reversal without an SRY gene.

However, copy number variation (CNV) in autosome genes
such as SOX9, WT1, WNT4, FGF9 and any other sex-
linked genes were also not reported through the microarray
analysis.

4. Discussion

46, XX reversal is the rarest form of genetic abnormality
found 1 in 25,000 globally and 90% of cases are with SRY
positive with translocation of the PAR region (Alves et al,
2010). Partial hermaphrodites and testicular abnormalities
were also reported in 10% cases of SRY negative sex
reversal (Rajender et al, 2006; Abusheikha et al, 2001).

Although the clear reason for testicular 46, XX sex reversal
is still unknown, however, SRY gene and various autosomal
genes play a significant role in deciding one’s sex (Alchamat
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et al., 2010). Notably, not only SRY but SOX9, SOX3,
DAX1, WT1, WANT4 and RSPO1 also have a crucial
function in male sex reversal in the absence of SRY (Wu et
al., 2014). The SOX9 is the second most candidate gene in
sex differentiation besides the SRY, downregulation of it
causes autosomal sex reversal (Lamb et al., 2000). This
clearly indicated that other autosomal or X linked genes
might be involved in the 46, XX sex reversal without the
SRY (Valetto et al., 2011).

Besides, partial hermaphrodites and testicular abnormalities,
azoospermia were also reported in the patients with 46, XX
sex reversal. Although those cases were SRY negative, have
normal genitalia and no sign of under virilization (Nguyen et
al., 2017). Interestingly, testis size is reported below normal
in the case of the present condition (Lee et al., 2016).
Duplication of SOX9 with the inversion of the X
chromosome, 46, XX inv (9) can increase the level of FSH
and LH in the 46, XX sex reversal male which might lead to
autosomal sex reversal (Xia et al., 2015). Moreover, the
upregulation of SOX9 also interferes in sex differentiation,
triplication of the SOX9 gene causes male sex reversal as
well (Vetro et al., 2011). Furthermore, in some more cases,
the duplication of the SOX9 gene induces the male sex
reversal (Rajender et al., 2006).

In other cases of the male sex reversal besides the
azoospermia; ovary, cervix and uterus were also present
without testes (Sajjad et al., 2012). Nonetheless, some cases
of 46, XX sex reversal -SRY were also reported in which
none of the autosomal genes were involved (Alves et al.,
2010). Another possible reason for sex reversal is the down
regulation of some of the important genes of the X
chromosome during the X chromosome inactivation,
although the role of the X chromosome in 46, XX male sex
reversal is unclear (Kolon et al., 1998).

Precisely, a wide range of testicular and genital
abnormalities was reported in male sex reversal but unlike
the 46, XX +SRY, the clear reason for the sex reversal
cannot be rectified till date. In the present study, two cases
of 46, XX -SRY were reported through the cytogenetic and
microarray analysis, although, the role of autosomal or X
linked genes in sex reversal could not be ruled out. Both
patients were infertile and living their life as a eunuch.
Physically, masculinity with some prominent feminine
characteristics such as the presence of breast was also
observed. However, as discussed earlier in materials and
methods, authors could not examine their genitalia due to
their religious belief.

5. Conclusion

Present studies on eunuchs conclude that the two samples
were found to be sex reversal (XX males) without the
presence of the SRY gene (SRY —ve) on none of the X
chromosomes which could because of infertility out of 36
samples. However, causes of infertility in the rest of the
samples (34) are not known whether they are due to
mutation in other autosomal or X linked genes or artificially
removed the gonads at a very early age. Authors are in the
opinion of extensive research by the Government agencies is

required to generate more scientific data so that eunuchs are
classified.
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