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Trisomy 13 with a 13-X Translocation

BARBARA F. CRANDALL,"12 ROBERT E. CARREL,2 JUDY HOWARD,'
WALTER A. SCHROEDER,3 AND HELGA MULLER2

INTRODUCTION

Translocations involving the X chromosome are rare events compared to autosomal
translocations. The effects of X-autosome translocations on random X inactivation,
the extent of this inactivation, and its role in modifying the expected phenotype
are of considerable interest. This report describes a 15-month-old girl who has
some but not all of the features of trisomy 13. Chromosome analysis with trypsin-
Giemsa banding shows a translocation of the major part of the long arm of a no. 13
to the long arm of an X chromosome, making her a partial trisomy 13.

SUBJECTS AND METHODS

Case Report
The patient (BP 050172) is the only child of a 22-year-old mother and a 34-year-old

father. There is no history of abortion. The pregnancy was uneventful except for minimal
vaginal bleeding in the third month. This full-term infant's delivery was uncomplicated,
and her birth weight was 2,675 g. Immediate examination revealed preauricular skin tags
on the left and a small supernumerary digit on the ulnar side of the left hand, both of which
were removed. Abnormalities of the eyes were noted at birth. At seven weeks there was
no report of apneic spells, and the infant's height and weight were less than the tenth
percentile; the head circumference was at the tenth percentile (35 cm). Examination of
the head revealed the following: prominent metopic suture, narrow bitemporal diameter,
epicanthal folds, sloping forehead, large nose, normally situated ears, prominent antihelices
with small external auditory meatus on the right, and a high-arched palate without a cleft.
A prominent nevus flammeus was present over the occiput and glabella, and there were
smaller capillary nevi over the scalp. Ophthalmic examination under anesthesia (Children's
Hospital, Los Angeles) revealed microphthalmia with microcornea and aniridia, colobomata
of both retinae, optic nerve hypoplasia on the left, and aplasia on the right. The EKG,
chest X-rays, and IVP were normal.
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FIG. 1.-Patient at age 13 months. Note epicanthal folds, microphthalmia, microcornea, ptosis
(left), and large nose.

When the baby was seen at 13 months of age (fig. 1), repeated myoclonic seizures
were present and there was moderate generalized hypertonia. No cardiac abnormality was
detected. Her abdomen and external genitalia were normal. There was no prominence of
her heels, but her feet showed minimal metatarsus varus. Developmentally, she continues
to make slow progress. At chronological age of 57 weeks, gross and fine motor develop-
ment was at 28 weeks, adaptive and language development at 29 weeks, and personal-
social at 36 weeks. Her overall developmental quotient was 53 (normal = 80-100). The
infant readily responds to sounds, mouthes and transfers objects, and makes vowel but not
consonant sounds.
The family history is noncontributory; the mother had been on birth control pills until

6 months prior to conception.

Methods
Chromosome studies on peripheral blood lymphocytes involved routine studies, quina-

crine mustard fluorescence [1], trypsin-Giemsa banding [2], and autoradiography with
3H thymidine [3]. Skin fibroblasts were also studied for their chromosome complement.
Sex chromatin studies were carried out on buccal smear cells, hair root sheath cells, and
skin fibroblasts. Hemoglobin analyses for fetal hemoglobin (Hb F) were done with
alkali denaturation initially, but subsequent samples at 8, 91, and 13 months used
DEAE-sephadex chromatography [4, 5]. The Hb F estimations and the ratios of the two
gamma chains (Gy:Ay) were determined by the method of Schroeder et al. [6, 7]. Qualita-
tive studies of red cell antigens, red cell enzymes, and serum enzymes used standard
methods.

RESULTS

The initial chromosome analysis on the patient revealed a 46,XX,Cq+ comple-
ment in all cells studied. The fluorescent karyotype demonstrated that the C-group
chromosome bearing the translocation was an X, but did not clarify the source of
the translocation. Trypsin-Giemsa studies (fig. 2) demonstrated that the material
translocated to the X came from a no. 13 and amounted to about three-fourths of
that chromosome. The translocation appears to be reciprocal with probable loss of
the distal band of the long arm of the X and the centromere of the no. 13 in the
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FIG.*2.-Full karyotye wh tsn a b g;:..ao...w s .th ..X

FIG. 2.-FUll karyotype with trypsin-Giemsa banding; arrow denotes the Xq+.

reciprocal product (fig. 3). The patient is therefore trisomic for four-fifths of the
long arm of the no. 13 chromosome and monosomic for the distal end of the long
arm of the X. Chromosome analyses from skin fibroblasts confirmed these findings.
Sex chromatin studies revealed a normal female pattern (26%o). Although the
X-chromatin body sometimes appeared to be larger than normal, particularly in
skin fibroblasts, this finding was not consistent. Autoradiographic studies (fig. 4)
showed that in the 35 cells counted, the X bearing the translocation (Xt) was always
late replicating. Except for a short segment in the proximal part of its long arm,
the no. 13 chromosome is also late replicating so that spread of inactivation from
the X into the autosomal fragment would be hard to detect. Examination of these
karyotypes revealed that 75%o of cells had a similar density of grains on the trans-
located autosomal fragment as its no. 13 homologs. In 25% of cells the Xt was
the most heavily grained chromosome; these grains were unevenly distributed
throughout the Xt, a pattern which suggests partial inactivation of the translocated
no. 13. Chromosome analysis in both parents demonstrated normal karyotypes.

Dermatoglyphics in the patient showed both palmar axial triradii in the t
position and two arches and three ulnar loops on the right with four arches and
one ulnar loop on the left. Neither plantar pattern showed fibular S arches. The
parents both have palmar axial triradii in the t position and unremarkable digital
patterns. Hemoglobin electrophoresis in the parents showed 98%o Hb A and 2%
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FIG. 3.-Diagram of formation of 13-X translocation. The break in the no. 13 appears to be
through the no. q12 band, and that on the X, through the q27 band. The translocation (46,XX,
t[13;X][q12;q27]) appears to be reciprocal.

Hb A2; Hb F estimations by alkali denaturations were normal. At 7 weeks, blood
smears from the patient did not show an increase in nuclear projections from
polymorphonuclear leukocytes. Gene marker studies were carried out to see whether
an additional allele could be detected in the HL-A, Hp, Rh, and AcP systems;
none was found. The Xg typing was not informative.

DISCUSSION

The patient described here had some of the clinical signs of trisomy 13 resulting
from the translocation of approximately three-fourths of that chromosome to an X.
Although trisomy 13 has a wide spectrum of malformations, review of 30 reported
cases showed that each of 12 phenotypic changes were present in approximately
50%o or more of patients [8, 9] (table 1). Four of the reported cases had four of
these changes, four had five, two had six, and the largest number, nine, had seven
of them. Only two of these abnormalities were noted in our patient; the absence
of a cardiac defect, survival beyond 1 year of age, and the level of the develop-
mental quotient were particularly significant. There seems little doubt that the
modified trisomy 13 phenotype in our patient resulted from an incomplete trisomy,
but whether it was due to partial inactivation of the translocated fragment or to
the partial trisomy is uncertain.

Searle [10] noted the rarity of translocations involving the X chromosomes in
radiation-induced translocations in mice. This was confirmed recently by Seabright
[11], who reported not only the rarity of structural changes of the X chromosome
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FIG. 4.-Autoradiograph of X chromosomes and no. 13, 14, and 15. The Xt was late labeling
in all cells examined. In the majority of cells, the grains on the no. 13 and Xt were generally of
equal density. (A no. 14 is missing in partial karyotype C.)

TABLE 1

FINDINGS IN 30 CASES OF D TRISOMY COMPARED TO OUR PATIENT

Abnormality Frequency Our Patient

1. Death prior to 6 months ......... ......... 28/30
2. Distal palmar triradius ........... ......... 12/13 --
3. Polydactyly ............................. 22/30 +
4. Cardiac abnormality ...................... 19/28 --
5. Microphthalmia and/or coloboma ..... ..... 20/30 +
6. Single palmar or simian crease ...... ....... 13/18
7. Cleft lip or palate ........................ 18/30 --
8. Apneic spells ............................ 17/30
9. Hyperconvexity of nails .......... ......... 17/30

10. Low set ears (+ malformations) ..... ..... 16/30
11. Lose skin folds of neck ........... ......... 14/30
12. Scalp defect ............................. 13/30
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but also the isolation of the X from interchanges with autosomes. Whether this
reflects conservation of the X chromosome [12] or selection against such re-
arrangements is not known. There are only about 16 reports of X-autosome
translocations in man. Six of these were translocations of material from the X
to an autosome, and nine were from an autosome to the X chromosome [13, 14].
The possible effect of X-autosome translocations on random X inactivation

and the role of the latter in contributing to the phenotype is an intriguing one.
An exception to random X inactivation occurs with an abnormal X chromosome
(isochromosome, deletion, or ring) which is always inactivated. All of the reported
patients with translocation of material from the X to an autosome have shown
inactivation of the normal X chromosome (Xn). With one exception, the struc-
turally abnormal X and its autosomal fragment have been active, and separation
of the fragment from the X-inactivation center has been postulated as the reason,
despite the fact that one translocation involved the short arm and the remainder
involved the long arm of the X. The patient reported by Cohen et al. [ 13 ] showed
inactivation of the translocated fragment in one-third of cells examined, in addition
to Xn inactivation. All of these translocations appeared to be balanced, and except
for the last report, patients had normal phenotypes or primary amenorrhea.
When material is translocated from an autosome to an X chromosome, the X

carrying the translocation (Xt) is invariably inactivated, usually in all the cells
examined. A very pertinent finding is that, with one exception, all of these translo-
cations appear to have been unbalanced. This suggests a selective factor in that
complete Xt inactivation in a balanced translocation would result in a partial
monosomy. The case reported by Thelan et al. [15] appears to be the single
exception: this patient with an apparent balanced translocation (46,X,t[Xq+;
18q-]) had physical findings suggestive of the 18q- syndrome; 80%o of cells
showed Xt and the rest Xn inactivation. Another point of interest is that in six of
the nine reported cases, the entire Xt was inactivated; and in the remainder, Xt
inactivation did not appear to involve the autosomal fragment. Although proximity
to the X-inactivation center has been suggested to explain this spread of inactiva-
tion, it is also possible that the type of translocation may be a factor. For example,
complete inactivation of the Xt might occur in an insertional but not in a reciprocal
translocation, the former being analogous to Cattanach's translocation in mice [16].
We suggest that the type of translocation determines the extent of inactivation on
the Xt. The trypsin-Giemsa banding studies in our patient demonstrated a probable
reciprocal translocation involving the last band of the X and the proximal band of
the no. 13 chromosome. However, we could not be certain from the autoradiographic
studies that inactivation of the autosomal fragment had not occurred, although
the abnormal phenotype and high Hb F levels would argue against this.

Prior to completion of the trypsin-Giemsa studies, support for the diagnosis of
trisomy 13 in our patient came from routine hemoglobin electrophoresis. Although
the level of Hb F of the normal child is of the order of 5%o at 6 months [17], the
percentage in our patient was 18%o at 13 months. The adult level of Hb A2 is
2.0%o-3.5% and is reached by the normal child at about 3 months of age [18].
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The value found in our patient is only at the lower limit of this range at 13 months
of age. The Gy and Ay chains are the products of nonallelic structural genes and
differ in the presence of a glycyl or an alanyl residue at residue 136 of the y chain
[7]. At birth, the Gy: Ay ratio is about 3:1, approximates 2:3 by the age of 6
months, and is also about 2:3 in the traces of Hb F in the adult [17]. However,
this "adult" ratio of 2:3 varies between about 1:2 and 1: 1. Consequently, the
ratio of 1:1 in our patient at 9- months is approximately normal despite the high
percentage of Hb F. Few cases of D trisomy survive beyond 3 months, but three
patients followed by Huehns [19] had Hb F levels of 6.4%o, 5.9%o, and 2.6%o at
2* years, 2- years, and 43 years, respectively. Trisomy D appears to be the only
chromosomal abnormality with increased levels of Hb F. This specificity is further
supported by the report of an adult with erythroleukemia and trisomy D in bone
marrow culture who had clones of red cells containing Hb F [20]. The fact that
both the level of Hb F and the proportions of the two types of y chain are revert-
ing, although abnormally slowly, to the adult pattern suggests that this is not due
to a structural gene in triplicate but to a regulatory mechanism controlling the
switch from y to /8 chain production. The level of Hb F in our patient indicates
that the distal three-fourths of this chromosome is involved in hemoglobin
maturation.
The relationship of the no. 13 chromosome to eye defects is also of interest.

Eight patients with retinoblastoma have been reported with a partial deletion of
the no. 13 chromosome. A recent study with trypsin-Giemsa banding identified an
intercalary loss of material between the q22 and q32 bands on the no. 13 chromo-
some in a patient with retinoblastoma [21]. The spectrum of eye abnormalities
seen in trisomy 13 includes cyclops, anophthalmia, microphthalmia, optic and
retinal agenesis, and apparently normal eyes. These findings suggest the presence
of a locus controlling retinal development on the long arm of the no. 13 chromo-
some. Examination of partial trisomies could be helpful in localizing this locus,
but so far none has been accurately identified with differential staining.

SUMMARY

A child of 13 months with some of the clinical findings suggestive of trisomy 13
was found to have a 13-X translocation resulting in a partial trisomy. Autoradio-
graphic studies confirmed that the X bearing the translocation was always in-
activated, but it is uncertain whether the modified phenotype is the result of partial
inactivation of the translocated autosome or of the incomplete trisomy.
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