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Abstract. The aim of this study was to describe the clinical and 
laboratory findings associated with a previously unreported 
unbalanced X;6 translocation. Physical examination, reproduc-
tive history and cytogenetic techniques were used to characterise 
a novel chromosomal anomaly associated with gonadal 
dysgenesis. A healthy non-dysmorphic 23 year-old phenotypic 
female with primary amenorrhea and infertility presented for 
reproductive endocrinology evaluation. No discrete ovarian 
tissue was identified on transvaginal ultrasound, although 
the uterus appeared essentially normal. BMI was 19 kg/m2. 
Serum FSH and oestradiol were 111 mIU/ml and 15 pmol/l, 
respectively. TSH, prolactin and all infectious serologies were 
all normal. The karyotype of 46,X,der(X)t(X;6)(q22;p23) was 
determined following cytogenetic analysis of peripheral blood 
lymphocytes via fluorescence in situ hybridisation (FISH) with 
whole chromosome paint for chromosome 6, and a separate 
FISH analysis using a 6p subtelomeric probe. The patient 
was continued on hormone replacement therapy and under-
went genetic counselling; the patient subsequently enrolled 
as a recipient in an anonymous donor oocyte IVF treatment. 
Translocations involving autosomes and chromosome X are 
rare. While female carriers of balanced X;autosome translo-
cations are generally phenotypically normal, the impact of 
unbalanced X;autosome translocations can be severe. This is 
the first known report of an unbalanced translocation involving 
X;6. This abnormality was associated with ovarian dysgenesis, 
but an otherwise normal female phenotype. From this investi-

gation, the observed developmental impact of the unbalanced 
translocation with breakpoints at Xq22 and 6p23 appears to be 
limited to ovarian failure.

Introduction

X;autosome translocations are uncommon and are associated 
with a variable phenotype. In balanced X;autosome females 
the autosomal segments in the X;autosomal translocations 
are capable of being inactivated as a result of the spreading 
of X inactivation from the adjacent X chromosome segment 
(1), thus mitigating any potential adverse phenotype derived 
from the autosomal imbalance. Despite this non-random 
X-inactivation, the majority of X;autosome carriers present 
with abnormal phenotypes including multiple congenital 
abnormalities, developmental delay, a recognisable X-linked 
syndrome or gonadal dysgenesis (2).

Unbalanced X;autosome translocation carriers often 
present with features of Turner syndrome due to X chromo-
some monosomies or X chromosome functional disomy, and 
frequently more severe phenotypes as a result of autosomal 
imbalances. In this study, we report a patient with the first 
known instance of an unbalanced X;autosome translocation 
resulting in deletion of Xq22→qter and autosomal trisomy for 
6p23→pter.

Case report

Clinical presentation. A 28 year-old Caucasian female with 
primary amenorrhea presented with her husband for reproduc-
tive endocrinology consultation. Both partners were in good 
general health and neither were smokers. The female had been 
on low-dose oral contraceptive pills for several years for cyclic 
estrogen/progesterone replacement and to induce menses, but 
had never menstruated spontaneously. On examination, the 
patient had Tanner IV-V breasts; hirsutism or dysmorphic 

Ovarian dysgenesis associated with an unbalanced 
X;6 translocation: First characterisation of reproductive 

anatomy and cytogenetic evaluation in partial 
trisomy 6 with breakpoints at Xq22 and 6p23

ERIC SCOTT SILLS1,2,  PHILIP D. COTTER3,4,5,  KEVIN D. MARRON2,  
LYUDA V. SHKROBOT2,  HARRIET M.A. WALSH6  and  RIFAAT D. SALEM1

1Division of Reproductive Endocrinology Research, Pacific Reproductive Center, Irvine, CA, USA;  2Division of 
Reproductive Endocrinology, The Sims Institute/Sims IVF, Department of Obstetrics and Gynaecology, School 
of Medicine, Royal College of Surgeons in Ireland, Dublin, Ireland;  3Department of Pediatrics, University of 

California San Francisco, San Francisco, CA, USA; 4Department of Pathology, Children's Hospital and Research 
Center at Oakland, Oakland; 5Pacific Diagnostics, Irvine, CA, USA;  6Marian College, Dublin, Ireland

Received May 27, 2011;  Accepted August 11, 2011

DOI: 10.3892/mmr.2011.589

Correspondence to: Dr Eric Scott Sills, Office for Reproductive 
Endocrinology Research, Pacific Reproductive Center, 10 Post,  
Irvine, CA 92618, USA
E-mail: dr.sills@prc-ivf.com

Key words: translocation, X;autosome, ovarian dysgenesis



SILLS et al:  CYTOGENETIC CHARACTERISATION OF NOVEL UNBALANCED X;AUTOSOME TRANSLOCATION30

features were absent. The BMI of the patient was 19. Elevated 
serum FSH (111 mIU/ml) and an abnormal female karyotype 
were noted, including a translocation between chromosomes X 
and 6. Records from earlier paediatric clinics also indicated a 
partial trisomy 6 diagnosis. External genitalia were normal but 
pelvic ultrasound did not identify any ovarian tissue. The uterus 
appeared normal. The couple were referred for anonymous 
donor oocyte IVF and further diagnostic refinement.

Cytogenetic and FISH analyses. Cytogenetic analysis and 
GTG-banding from peripheral blood lymphocytes were 
performed using standard techniques. FISH analysis with 
whole chromosome paint (wcp) probes for the X chromo-
some and chromosome 6 (Cambio, Cambridge, UK) and 6p 
and 6q subtelomere probes (Cytocell, Cambridge, UK) were 
performed according to the manufacturer's instructions.

Cytogenetic analysis of the proband revealed an abnormal 
female karyotype with a der(X) chromosome (Fig. 1). FISH 

analysis with a wcpX showed a signal on the entire normal 
X chromosome and a partial signal on the der(X) chromosome, 
indicating chromosomal material from another chromosome 
(Fig. 2A). Additional FISH analysis with a wcp6 identified a 
signal on the der(X) chromosome, indicating a chromosome 6 
origin for the additional material (Fig. 2B). FISH with subtelo-
mere probes for 6p and 6q confirmed the signal for the 6p probe 
on the der(X) chromosome (Fig. 2C). From the GTG-banding 
and FISH analyses, this karyotype was interpreted as 
46,X,der(X)t(X;6)(q22;p23); an unbalanced X;autosome trans-
location resulting in deletion of Xq22→Xqter and trisomy for 
6p23→pter. The paternal karyotype was unavailable, although 
the proband's mother had a 46,XX karyotype.

Discussion

That a critical region responsible for normal ovarian function 
exists on chromosome X is an idea that gradually coalesced 

Figure 1. Partial karyotypes and schematics for normal chromosomes 6, X and the der(X) chromosome.

Figure 2. (A) Whole chromosome paint X showing signal loss at the distal end of the der(X). (B) Whole chromosome paint 6 revealing signal on the 
der(X) chromosome, indicating the additional chromatin derived from chromosome 6 origin. (C) 6p and 6q subtelomere probes showing a signal for 6p on the 
der(X) chromosome.
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from observations of patients with X;autosome translocations 
and premature ovarian failure (POF). Additional studies 
showed that Xq13-q26 was a particularly crucial section of 
chromosome X, since loss or disruption of this region results 
in severe impairment in ovarian function (3-5). This hypoth-
esis was supported by a review of balanced Xq-autosome 
translocation where 23 of 36 phenotypic females had POF 
with a breakpoint between Xq13 and Xq26 (6). However, given 
the extreme rarity of X;autosome translocations (incidence 
approximately 1:30,000 live births) (7), the number of cases 
available for molecular characterisation has been limited.

Our investigation describes a previously unknown X;6 trans-
location and ovarian dysgenesis, where loss at Xq22→Xqter and 
trisomy for 6p23→pter are associated with complete loss of 
ovarian function. A review of the published literature revealed 
one prior instance of X;6 translocation associated with POF 
(8); our case report is believed to be the first description of an 
unbalanced translocation, however. As the proband manifested 
no dysmorphic features or developmental delay (presenting 
clinically in the context of a reproductive endocrinology evalu-
ation secondary to primary amenorrhea/POF), the impact of 
this unbalanced X;6  translocation appears to be limited to 
ovarian structure and function. A diagnosis of POF of genetic 
origin was confirmed, and the patient subsequently enrolled in 
an oocyte donation IVF/embryo transfer program.

Ovarian dysfunction in the setting of this particular unbal-
anced X;6 translocation was likely the result of disruption of 
normal meiosis, or by a position effect. The pattern of POF 
coexisting with Xq deletions suggests that the gene for POF1 
is localised to Xq21.3-q27 (9) or within Xq26.1-q27 (10), thus, 
POF is an unsurprising result of the Xq22→Xqter deletion 
in our patient. By contrast, the clinical consequences of the 
partial chromosome 6 trisomy would be more difficult to 
predict. The absence of significant developmental or pheno-
typic consequences despite trisomy of part of chromosome 6 
may be explained by the inactivation of the translocated 
autosome, since functional trisomy of even a portion of chro-
mosome 6 is typically associated with a grossly abnormal 
clinical picture (11,12). In cases of unbalanced X;autosome 
translocations where all or part of the translocated autosome 
is trisomic, a deleterious functional trisomy is avoided only if 
the translocated autosome is inactivated (13).

In conclusion, this case advances the understanding of 
X;autosome translocations by presenting clinical and cytoge-
netic data on a new unbalanced X;6 translocation. It is believed 
to be the first description of Xq22→Xqter deletion with 
trisomy for 6p23→pter. Notably, the impact of this unbalanced 
translocation with breakpoints at Xq22 and 6p23 appears to 
be limited to POF, and the patient has a bright prognosis for 
pregnancy using oocyte donation and IVF (14).
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