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Gonadal dysgenesis in a patient with an X;3
translocation: case report and review
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SUMMARY A patient with primary amenorrhoea and absence of secondary sex characteristics was

found to have a balanced X;3 translocation. This phenotype is reported in approximately one-third
of the balanced X;autosome translocation cases. The normal X chromosome is inactive in the
present case which is in agreement with most of the similar cases. A review of the 66 balanced
X;autosome translocations reported to date is presented.

Up to mid 1979, 102 cases of balanced and un-
balanced X;autosome translocations have been the
subjects of 53 reports. These cases have provided
information on the patterns of inactivation of the
X chromosome and on the relative position of
various loci on this chromosome. Associated with
these chromosomal rearrangements are a variety of
clinical findings including amenorrhoea, hypogona-
dism, and multiple congenital anomalies and mental
retardation (MCA-MR) in the majority of the
balanced carriers and MCA-MR syndromes in the
unbalanced carriers.
We present a patient with a balanced de novo

X;3 translocation. A review of the phenotypes and
patterns of X inactivation in patients with balanced
X;autosome translocations reveals the complexities
of X chromosome inactivation.

The patient has three sisters, all ofwhom have had
normal sexual development. There is no family
history of similar developmental disorders. There
was no consanguinity between the parents. The ages
of the mother and father at the time of the patient's
birth were 33 and 35 years, respectively.
A buccal smear was 24% positive for sex chroma-

tin. The Barr bodies appeared normal in size.
Karyotype analysis from peripheral blood revealed
a balanced X;3 translocation (fig 1). The G banded
karyotype was 46,X,t(X;3)(Xpter-*Xq22::3pl1l*
3pter;3qter-*3pl I :Xq22-*Xqter). Fig 2 illustrates
the breakpoints in the long arm oftheX chromosome
and the short arm of chromosome 3. Using the
BUdR terminal pulse technique followed by staining
with acridine orange,' the normal X chromosome
was identified as late replicating in all of the 49

Case report

A 17-year-old girl was referred for primary amenor-
rhoea and lack of secondary sex characteristics.
During a laparoscopy, bilateral streak gonads and a
markedly hypoplastic uterus were noted. A normal
vagina and cervix were present and no abnormalities
of the external genitalia were observed. The serum
follicle stimulating hormone (FSH) level was
greater than 100 mouse uterine units/24 h and the
luteinising hormone (LH) level was 36 mIU/ml
at the age of 14. Repeat gonadotrophin levels at
the age of 15 gave values of greater than 100 mouse
uterine units/24 h for FSH and 59 mIU/ml for LH.
Her weight and height were 37 kg and 156 cm,
respectively.
Received for publication 20 July 1979
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FIG 1 G banditng of the normal and derivative 3 and X
chromosomes of the patient.
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3 der 3
FIG 2 Diagram of the tranislocation breakpoints.

metaphases analysed. The karyotypes of the parents
were normal.
Dermatoglyphic analysis of the proband showed

an essentially normal pattern with a total finger
ridge count of 138. Gene marker studies including
red cell antigens, Xga, and 20 selected enzymes on

the proband and her parents were not informative.

Discussion

X;autosome translocations have been reported in-
volving each of the autosomes except for chromo-
somes 10 and 11, and a large number of breakpoints
on the X chromosome and the autosomes have been
identified. Carriers of unbalanced translocations
present with MCA-MR syndromes reflecting the
partial aneuploidy of the autosomal segments in-
volved and the X inactivation pattern. The balanced
translocation carriers express different phenotypes
ranging from clinically normal females to those with
MCA-MR syndromes. In the patients with MCA-
MR syndromes, a position effect or spreading of
inactivation over the autosomal loci involved may

be the underlying cause. A review of the 66 balanced
translocation cases included in the 45 reports to
date is given in the table. Seventeen of these patients,
including the case reported here, had primary
amenorrhoea. In two separate studies, a total of
150 women with primary amenorrhoea were

identified and two were found to have X;autosome
translocations (1 .3 %).22 36 However, a report of
429 women with primary amenorrhoea including
these two cases gave an incidence of 05%.47 Two
hypotheses have been proposed to explain the
gonadal dysfunction observed in such patients: (1)

der X x

the effective hemizygosity of a recessive gene
inhibiting gonadal development as a result of
inactivation of one X chromosome, and (2) the
breakage or deletion of a gene for gonadal develop-
ment as a result of translocation. Sarto et a/36
identified a 'critical region' for such loci from
approximately Xq21 to Xq25. Summitt and associ-
ates48 propose extending the boundaries of this
region to Xql3 and Xq27.

Patterns ofX inactivation in these cases have been
shown by terminal pulsing of chromosome cultures
with 3H thymidine or bromodeoxyuridine (BUdR)
before autoradiography or differential staining
with acridine orange. Therman et at49 proposed that
an X inactivation centre on the proximal part of Xq
is essential for inactivation of any X chromosome.
In cases of balanced X;autosome translocations,
the normal X is usually found to be late replicating
(inactive) as in the present case.47 A few exceptions
have been reported in which the X portion of the
translocated chromosome,7 131819 23 2631 32 or the
entire translocated X,6 40 46 iS late replicating. It is
not known whether there is preferential inactivation
of the normal X chromosome or random inactiva-
tion followed by selective survival of cells in which
the translocated X remains active. Inactivation
usually results in the least genetic imbalance and
thus the expression of the mildest phenotypic
effects. However, the exceptional case reported by
Thelen et a!40 in which the patient expressed the
characteristics of the 18q- syndrome through in-
activation of the translocated autosomal as well as
the X chromosomal segment points out the un-
predictability of this phenomenon.
During genetic counselling of fertile balanced
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X;autosome translocation carriers, the risk of having
unbalanced offspring with multiple congenital
anomalies should be emphasised. The parents of
patients with reproductive failure and de novo
translocations, however, can be counselled with
confidence that the risk of recurrence of the same
abnormality in other female family members is
remote.

We thank Dr Robert S Sparkes for the gene marker
studies and Sandy Quay, Gaurang Munshi, and
Katy Jones for technical assistance. This study was
supported by Medical Services Grant C-261 from
the National Foundation-March of Dimes.

References
Laurent C, Biemont MC. Sur quatre nouveau cas de
translocation du chromosome X chez 1'homme. Hum
Genet 1975 ;26:25-46.

2 Allderdice PW, Miller OJ, Klinger HP, Pallister PD,
Opitz JM. Demonstration of a spreading effect in an
X-autosome translocation by combined autoradiographic
and quinacrine-fluorescent studies. Excerpta Medica Int
Cong Ser 1971 ;233:14.

3 Bartsch-Sandhoff M, Terinde R, Wiegelmann W, Scholz
W. Karyotyp-phenotyp-correlation bei einem 46,X
del(X)(p22)-befund. Hum Genet 1976;31 :263-70.

4 Buckton KE, Jacobs PA, Rae LA, Newton MS, Sanger
R. An inherited X-autosome translocation in man.
Ann Hum Genet 1971 ;35:171-8.
Buhler EM, Jurik LP, Voyame M, Buhler UK. Pre-
sumptive evidence of two active X chromosomes in
somatic cells of a human female. Nature 1977;265:142-3.

6 Canki N, Dutrillaux B, Tivadar I. Dystrophie musculaire
de Duchenne chez une petite fille porteuse d'une trans-
location t(X;3)(p21 ;ql3) de novo. Ann Genet (Paris)
1979 ;22:35-9.

7 Cohen MM, Lin CC, Sybert V, Orecchio EJ. Two human
X-autosome translocations identified by autoradiography
and fluorescence. Am J Hum Genet 1972;24:583-97.

8 Davis JR, Heine MW, Lightner ES, Giles HR, Graap
RF. X-short arm deletion gonadal dysgenesis in 2
siblings due to unique translocation (Xp-,16q+). Clin
Genet 1976;10:202-7.

9 de la Chapelle A, Schroeder J. Apparently non-reciprocal
balanced human (3q- ;Xq+) translocation: late replica-
tion of structurally normal X. In: Wahrman J, Lewis KR,
eds. Chromosomes today. vol 4. New York: Wiley,
1973:261-6.

10 Dutrillaux B, Couturier J, Rotman J, Salat J, Lejeune J.
Sterilite et translocation familiale t(lq- ;Xq+). C R Acad
Sci (D) (Paris) 1972;274:3324-7.

l Dutrillaux B, Laurent C, Gilgenkrantz S, Frederic J,
Carpentier S, Couturier J, Lejeune J. Les translocations
du chromosome X. Etude apres traitment par le BUDR
et coloration l'acridine orange. Helv Paediatr Acta
1974; 34 (suppl): 19-31.

12 Forabosco A, Giorgi L, Formica A, Tarantino E,
Dallapiccola B. Ovarian dysfunction in balanced X-
autosome translocations: report of two cases involving
band Xq2l. Ann Genet (Paris) 1979;22:1 1-6.

13 Fraccaro M, Maraschio P, Pasquali F, Scappaticci S.
Women heterozygous for deficiency of the (p21-+ pter)
region of the X chromosome are fertile. Hum Genet
1977;39:283-92.

14 Francke U, Busby N, Shaw D, Brown MG. Intra-
chromosomal gene mapping in man: assignment of
nucleoside phosphorylase to region 14cen-14q21 by
interspecific hybridization of cells with a t(X;14)
(p22;q21) translocation. Somatic Cell Genet 1976;2:27-40.

15 Frantz J, Noel B. Dysg6n6sie ovarienne par translocation
familiale, X sur autosome. Alterance de l'inactivation du
chromosome X. Rev Fr Endocrinol Clin 1975 ;16:445-53.

16 Gaal M, Laszlo J. X inactivation pattern in an unbalanced
X-autosome translocation with gonadal dysgenesis. Hum
Hered 1977;27:396-402.

17 Gerald PS, Burns G, Monedjikova V. Location of genes
on the X chromosome by somatic cell hybridization.
Pediatr Res 1973 ;7:344.

18 Gilgenkrantz S, Mauuary G, Dutrillaux B, Masocco G.
Translocation X sur autosome et replication tardive.
Hum Genet 1975 ;26:25-34.

19 Hagemeijer A, Hoovers J, Smit EM, Bootsma D. Replica-
tion pattern of the X chromosomes in three X/autosomal
translocations. Cytogenet Cell Genet 1977;18:333-48.

20 Jacobs PA, Buckton KE, Cunningham C, Newton M.
An analysis of the break points of structural rearrange-
ments in man. JMed Genet 1974;11 :50-64.

21 Jenkins MB, Davis E, Thelen TH, Boyd L. A familial
X-22 translocation with an extra X chromosome. Am J
Hum Genet 1974;26:736-45.

22 Kallio H. Cytogenetic and clinical study of 100 cases of
primary amenorrhea. Acta Obstet Gynecol Scand (Suppl)
1973 ;24:1-78.

23 Leisti JT, Kaback MM, Rimoin DL. Human X-autosome
translocations: differential inactivation of the X chromo-
some in a kindred with an X-9 translocation. Am J Hum
Genet 1975;27:441-53.

25 Lucas M, Smithies A. Banding patterns and autoradio-
graphic studies of cells with an X-autosome translocation.
Ann Hum Genet 1973 ;37:9-12.

26 Mann JD, Higgins J. A case of primary amenorrhea
associated with X-autosomal translocation (46,X,t
(Xq-;5q+). AmJHum Genet 1974;26:416.

27 Marshall LS, Kistenmacher ML, Punnett HH. Presump-
tive evidence for the presence of 2 active X chromosomes
in a balanced X-autosomal translocation. Pediatr Res
1978 ;12:453.

28 Mattei MG, Mattei JE, Ayme S, Malpuech G, Giraud F.
A dynamic study in two new cases of X chromosome
translocations. Hum Genet 1978 ;41 :251-8.

2 9 Mohandas T, Miles J, Sparkes RS, Sparkes MC, Passarge
MB, Kaback MM. Assignment of adenosine deaminase
(ADA) to the long arm of chromosome 20: cytogenetic
and somatic cell studies in an X/20 translocation. Am J
Hum Genet 1978;30:133A.

30 Opitz JM, DeMars RI, Inhorn SL, Elejalde BR. Follow-
up on a human X-autosome translocation first studied
in 1963 and 1964. In: Summitt RL, Bergsma D, eds.
Sex differentiation and chromosomal abnormalities. Birth
Defects: Original Article Series, 14, No 6C. New York:
Alan R Liss, 1978 :365-75.

31 Palmer C, Nance W, Cleary R, Dexter R. Structural
abnormalities of the X chromosome in pure gonadal
dysgenesis. AmJHum Genet 1973 ;25:57A.

32 Palmer CG, Weaver DD, Hubbard T, Henry W. Partial
trisomy 17 resulting from t(X;1 7) with failure of inactiva-
tion of the translocated segment of the inactive X.
AmJHum Genet 1978 ;30:89A.

33 Pearson PL, van der Linden AGJM, Hagemeijer A.
Localization of gene markers to regions of the human X
chromosome by segregation of X-autosome translocations
in somatic cell hybrids. In: Bergsma D, ed. Human gene

220



Gonadal dysgenesis in a patient with an X;3 translocation: case report and review

mapping. Birth Defects: Original Article Series, 10, No 3.
New York: Intercontinental Medical Book Corp, 1974:
136-42.

3 4 Pearson PL, Sanger R, Brown JA. Report ofthe committee
on the genetic constitution of the X chromosome.
Cytogenet Cell Genet 1975;14:190-5.

35 Phelan JP, Upton RT, Summitt RL. Balanced reciprocal
X-4 translocation in a female with early secondary
amenorrhea. Am J Obstet Gynecol 1977;129:607-13.

36 Sarto GE, Therman E, Patau K. X inactivation in man:
a woman with t(Xq- ;l2p+). Am J Hum Genet 1973;25:
262-70.

3 7 Sauer F, Greenstein RM, Reardon P, Riddick DH.
Secondary amenorrhea associated with balanced X-
autosome translocation. Obstet Gynecol 1977 ;49:101-4.

38 Sujansky E, Hsu LY, Lucas M, Hirschhorn K. Nature of
X-autosome translocation and choice of X-inactivation.
Pediatr Res 1973 ;7:343.

3 9 Summitt RL, Martens PR, Wilroy RS. X-autosome
translocation in normal mother and effectively 21-
monosomic daughter. JPediatr 1974;84:539-46.

4 ° Thelen TH, Abrams DJ, Fisch RO. Multiple abnormalities
due to possible genetic inactivation in an X/autosome
translocation. Am JHum Genet 1971; 23:410-8.

41 Thorburn MJ, Martin PA, Pathak UN. Case report.
Possible X/autosomal translocation in a girl with gonadal
dysgenesis. J Med Genet 1970;7:402-6.

42 Turleau C, Chavin-Colin F, de Grouchy J, Repesse G,
Beauvois P. Familial t(X;2)(p223 ;q323) with partial
trisomy 2q and male and female balanced carriers. Hum
Genet 1977;37:97-104.

Van der Hagen CB, Molne K. An X-autosome trans-
location in a girl with gonadal dysgenesis. Clin Genet
1978;13:118.

44 Van Dyke DL, Weiss L, Abraham JP, Ghosh P. Replica-
tion studies in X chromosome abnormalities. Am J Hum
Genet 1977 ;29:109A.

45 Verellen C, Marbovic V, DeMeyer R, Freund M,
Laterre C, Worton R. Expression of an X-linked reces-
sive disease in a female due to non-random inactivation
of the X chromosome. Am JHum Genet 1978 ;30:97A.

46 Zabel BU, Baumann, WA, Pirntke W, Gerhard-Ratschow
K. X-inactivation pattern in three cases of X/autosome
translocation. Am J Med Genet 1978 ;1: 309-1 7.

4 7Therman E, Patau K. Abnormal X chromosomes in man:
origin, behavior and effects. Hum Genet 1974 ;25:1-16.

48 Summitt RL, Tipton RE, Wilroy RS, Martens PR,
Phelan JP. X-autosome translocation: a review. In:
Summitt RL, Bergsma D, eds. Sex differentiation and
chromosomal abnormalities. Birth Defects: Original
Article Series, 14, No 6C. New York: Alan R Liss,
1978:219-47.

49 Therman E, Sarto GE, Patau K. Center for Barr body
condensation on the proximal part of the human Xq:
a hypothesis. Chromosoma 1974;44:361-6.

Requests for reprints to Dr Burhan Say, Children's
Medical Center, PO Box 35648, 5300 E Skelly Drive,
Tulsa, Oklahoma 74135, USA.

221


