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Retinoblastoma has been reported in 3 subjects
whose karyotypes showed partial deletion of the
long arm of a D (13-15) chromosome (Lele, Pen-
rose, and Stallard, 1963; Thompson and Lyons,
1965; Van Kempen, 1966). The child reported
here is an additional case of retinoblastoma with
partial deletion of the long arm of chromosome 14.

Case Report
A Caucasian girl was first seen at this hospital at 18

months of age with bilateral retinoblastoma, complete
midline cleft of the secondary palate, and eczematoid
dermatitis. There was moderate retardation of develop-
ment and growth.

This child had been born at term, weighing 3150 g.,
after an uncomplicated gestation and delivery. She was
born to a healthy 20-year-old primigravida mother. The
age of the father is unknown. Since the birth of this
child, the mother has had two normal children. The
three children have had different fathers.
There was no maternal family history of retinoblas-

toma, congenital malformations, or mental retardation.
Information about the father was unknown or withheld.
The infant ate poorly and gained weight slowly. At 1

year of age, clouding of the right pupil was noted. The
child crawled at 15 months, stood with support at 17
months, and walked alone at 20 months. Medical his-
tory included two episodes of uncomplicated pneumonia,
recurrent otitis media, intermittent asthma, and persistent
eczematoid dermatitis.
On admission at 18 months of age, the child's right

eye, which was extensively invaded by tumour, was
enucleated. Post-operative treatment included irradi-
ation with 3250 rads (total) to both orbits, intracarotid
artery injection of triethylenemelamine (0-08 mg./kg.),
and photocoagulations of the tumour in the left eye,
followed by enucleation. Microscopical examination of
the enucleated tissue from both eyes showed active
retinoblastoma extending into the choroid and vitreous.

Physical Examination. At this time (January,
1968) the child is 51 years of age and presents an attrac-
tive appearance, except for temporary orbital prostheses
(Fig. 1). Height and weight are less than the 3rd per-
centile for age. The teeth are at a normal developmental
stage for age, but are irregularly shaped, stubby, and
carious. There are transverse palmar creases. The
only other evident anomaly is the cleft palate. She feeds
herself without assistance and is toilet trained. Her
motor abilities represent her least retarded behaviour;
she runs and participates in games. Her vocabulary,
however, is less than 10 words, and her general be-
havioural quotient is estimated at 30-50 by Gesell de-
velopmental testing.

Laboratory and Investigative Studies. Normal
laboratory studies included blood counts, urine analysis,
serum proteins, serum bilirubin, prothrombin, and
alkaline phosphatase. Blood type was AjRh positive.
Normal percentages of haemoglobins F and A2 in peri-
pheral blood were found by column chromatographic
techniques. Amino acid screening tests of urine and
plasma yielded normal results. X-rays of the skull,

FIG. 1. Patient at 5* years of age. Temporary orbital prostheses
are in place.
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FIG. 2. Karyotype of leucocyte culture from the patient. The arrow indicates the deleted D chromosome.

cervical and thoracic vertebrae, chest, and limbs were
normal. An electroencephalogram was normal.

Cytogenetic Studies. The buccal smear was sex
chromatin positive. The Barr bodies in the positive
cells were single and of normal size. Karyotypes were
examined from three peripheral blood cultures; the re-
sults are summarized in Table I. The modal number of
chromosomes was 46, and the karyotype showed an XX
female pattern. In all 87 cells analysed, there were only
5 normal appearing chromosomes of the D (13-15)
group. An unpaired acrocentric chromosome which

TABLE I
CHROMOSOME ANALYSIS FROM PATIENT AND

MOTHER

Chromosome No. of Cells
No./Cell

44r -An- Analysis44 or Coun- Ana-I
fewer 45 46 47 ted lysed

Patient
Leucocyte

cultures 4* 4* 57 0 65 87 46,XX,?14p-
(No.=3)

Mother
Leucocyte

culture 1* 0 23 0 24 24 46,XX
(No. = 1)

*Random loss.

was intermediate in size between a D-group and G-
group chromosome was assumed to be a D chromosome
with about one-quarter deletion of the long arm (Fig. 2).

Autoradiographic studies were done on the peripheral
blood cultures by the technique described by Schmid
(1965) which uses continuous labelling with tritiated
thymidine. A total of 30 cells was considered satis-
factory for analysis. Autoradiography did not always
clearly differentiate the three labelling patterns of the D
chromosomes; however, the majority of analyses indi-
cated that the deleted D was most likely chromosome 14
(Table II). These interpretations were based on the
previously described labelling patterns of the D-group
chromosomes (Yunis, Hook, and Mayer, 1964; Giannelli,
1965). Autoradiographic labelling of the D-group of
chromosomes from 5 cells is illustrated in Fig. 3.
The karyotype of the patient is expressed as 46,XX,

14q -, according to the notation of the Chicago

TABLE II
AUTORADIOGRAPHIC IDENTIFICATION OF DELETED

D CHROMOSOME

Chromosome

13| 13 or 14 14 14 or 15 15

No. of Cells 3 4 19 3 1 Total=30
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Conference (1966). Cytogenetic studies from other
tissues of the patient were not permitted.
Chromosomal analysis from the mother's peripheral

blood culture showed a normal 46,XX pattern (Table I).
The father and the two half-sibs were not available for
examination.

Dermatoglyphs. The dermatoglyphs of the patient
are illustrated in Fig. 4. The dermatoglyphs were un-
usual in that the total ridge count was only 31, average for
females being 127, with a standard deviation of 53 (Holt,
1961). The low ridge count was due to arches on five
fingers, a vestigial radial loop on the second finger of

FIG. 3. Autoradiographs of five D-group chromosomes. Labelling

pattern is most consistent with chromosome 14.

the right hand, and a vestigial ulnar loop on the fifth
finger of the right hand. The case reported by Lele et
al. (1963) had four arches. Only the thumbs and the
fourth right finger of our patient had patterns; these
were small ulnar loops. There were a single transverse
palmar crease and a less developed transverse crease
distally on both palms. The proximal axial triradii
were not elevated distally. Both hypothenar regions
showed loops opening towards the ulnar side. There
was a loop in the third interdigital area.
The hallucal area of both feet showed distal loops.

The case reported by Lele et al. (1963) showed a whorl
on one foot and a loop opening towards the tibial margin
on the other.

Discussion
Descriptions of the four children with retino-

blastoma associated with partial deletion of a D
chromosome are in Table III. These children
were retarded in growth and development, with the
possible exception of the patient described by Lele
et al. (1963), who appeared normal except for an
initial delay in development. The extent of follow-
up is, however, not known in this instance. Cleft
palate and transverse palmar creases were found in
our patient and in the patient described by Thomp-
son and Lyons (1965). An increased proportion of
arches on the fingers was found in our patient and
the child described by Lele et al. (1963). There
were no other congenital anomalies that these
patients had in common.
Our patient and the child described by Lele et al.

(1963) were the least affected. Except for poor
feeding and slow weight gain, these two children
seemed generally healthy up to the time that the
diagnosis of retinoblastoma was made. It has been
believed that detectable autosomal deletions are
usually associated with non-viability or severe
abnormality in the affected subject (Lancet, 1965).
The relatively few congenital defects in these two
patients show that a detectable amount of chro-
mosomal material may be missing from chromo-
some 14 without severe, multiple abnormalities.
An alternative explanation is that some of the de-
leted material has been translocated to another
chromosome where it is not noticeable.
The cases reported by Thompson and Lyons

(1965) and Van Kempen (1966) showed many con-
genital anomalies. Karyotypes from peripheral
blood cultures from these two patients were inter-
preted as showing abnormalities in addition to the
deleted D chromosome.
Chromosomal analyses of the parents and sibs in

the above cases were not always reported. The
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FIG. 4. Dermatoglyphs from hand and foot prints.

TABLE III
DESCRIPTION OF 4 CASES OF RETINOBLASTOMA AND DELETION-D SYNDROME

Present Case Lele el al. (1963) Thomson and Lyons Van Kempen (1966)
l__ l__ _(1965)

Sex F F M M
Maternal age (yr.) 20 33 19 22
Paternal age (yr.) Unknown 29 20 30
Gestation Term Not stated 40 wk. Term
Birthweight (g.) 3150 Not stated 2580 3000
Status at time of report Alive at 54 yr. Alive at 10 + mth. Death at 3 yr. Alive at 6 yr.
Abnormalities* Retinoblastoma, bilat. Retinoblastoma, bilat. Retinoblastoma, OD Retinoblastoma, bilat.

(Dx at 18 mth.); (Dx at 10 mth.); (Dx at 19 mth.); (Dx at 6 mth.);
mental retardation slow development mental retardation (severe); mental retardation

(est. IQ 30-50); Growth retardation; (moderate to severe);
growth retardation; hypotonia; Growth retardation;
cleft palate; convulsions; antimongoloid slants;transverse palmar hirsutism; epicanthal folds;

creases; microcephaly; dental caries;
eczematoid dermatitis; micropthalmia; high arched palate;
dental dysplasia colobomata; small testes;

malformed ears; multiple skeletal anomalies
high arched and cleft

palate;
cryptorchidism;
hypospadias;
multiple skeletal anomalies;
transverse palmar creasesDermatoglyphs Arches on 5 fingers Arches on 4 fingers; Stated to be abnormal Not reported

arch tibial on one foot
Chromosome studies

Tissue Blood Blood, skin, tumour, Blood Blood
conjunctiva

Analysis 46,XX,D(14)q - 46,XX,Dq - 46,XY,Dq - /46,XY,t(C;D) 46,XY,Dq-,t(2;C)
Sex chromatin Positive Not reported Not reported Negative
Chromosome studies Mother normal; Normal Mother 46,XX/46,XX,Dq-; Not reported
on parents father not available father normal

*Significant features found in more than one patient are in italics.
Dx = diagnosis.
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father of our patient was not available for examina-
tion. Van Kempen (1966) reported no chromo-
somal studies from the parents of his case. The
karyotypes of the parents of the case reported by
Lele et al. (1963) were normal. The mother of the
child reported by Thompson and Lyons (1965)
showed a partial deletion of one of the D chromo-
somes in some cells; therefore, in this instance it is
assumed that the deleted D was an inherited abnor-
mality.

Retinoblastoma has not been associated with
deletion short arm D (Grouchy et al., 1966; Bias
and Migeon, 1967), deletion of long arm D (Bloom,
Gerald, and Diamond, 1966; Laurent et al., 1967;
Taylor, 1968); and ring-D chromosomes (Wang et

al., 1962; Turner, 1963; Bain and Gauld, 1963;
Macintyre et al., 1964; Adams, 1965; Reisman,
Darnell, and Murphy, 1965; Jacobsen, 1966;
Gerald et al., 1967; Teplitz et al., 1967; Sparkes,
Carrel, and Wright, 1967; Lejeune et al., 1968).
Autoradiography was done in 5 cases; two dele-
tions and two ring chromosomes appeared to consist
of a No. 13 (Bias and Migeon, 1967; Bloom et al.,
1966; Gerald et al., 1967; Reisman et al., 1965;
Bloom, Gerald, and Reisman, 1967); while the ring
reported by Sparkes et al. (1967) was a chromosome
14. Presumably a ring chromosome is formed after
deletions at both ends of a single chromosome; the
ends then unite in a ring. A different portion of the
chromosome may be lost if a deletion is intercalary
in position. The clinical features of the child
described by Sparkes et al. (1967) did not resemble
our patient.

Retinoblastoma is usually inherited as an auto-
somal dominant trait. This is the fourth report in
which the tumour has been found in association
with a gross chromosomal abnormality. In these
patients, congenital abnormalities and mental re-

tardation were found, but were not always so severe

as to interfere with reproduction by the affected
subject. Most patients with retinoblastoma do not
show congenital abnormalities and those who have
been studied have normal karyotypes; thus the
syndrome of deletion of chromosome D (14) does not
contribute significantly to the total number of cases

of retinoblastoma (Lele et al., 1963; Wiener, Reese,
and Hyman, 1963; Fraser and Friedmann, 1967).

Summary
A girl with retinoblastoma, cleft palate, and re-

tardation of growth and development is described.
All the karyotypes from peripheral blood cultures
of the patient showed a partial deletion of the long
arm of a D chromosome. This is the fourth re-

ported instance in which retinoblastoma has been

associated with this chromosomal structural defect,
and the first in which the deleted chromosome was
shown by autoradiography to be chromosome 14.
Retinoblastoma and deletion of chromosome D (14)
appears to be a verified chromosomal deletion syn-
drome, in which there may not be multiple severe

anomalies.

We are grateful to Mr. Paul Brager and Mr. William
George for technical assistance; to Dr. Jamshed Maval-
wala for analysing the dermatoglyphs; to Dr. Kenneth
N. F. Shaw for amino acid screening; and to the nu-
merous physicians who participated in the medical
management of this child.

REFERENCES

Adams, M. S. (1965). Palm-prints and a ring-D chromosome.
Lancet, 2, 494.

Bain, A. D., and Gauld, I. K. (1963). Multiple congenital abnor-
malities associated with ring chromosome. ibid., 2, 304.

Bias, W. B., and Migeon, B. R. (1967). Haptoglobin: A locus on the
D1 chromosome? Amer. 7. hum. Genet., 19, 393.

Bloom, G. E., Gerald, P. S., and Diamond, L. K. (1966). Auto-
radiographic analysis of the specific D chromosome bearing the
haptoglobin locus. Soc. Pediat. Res. 36th Annual Meeting
(Abstract).
,-, and Reisman, L. E. (1967). Ring D chromosome: A

second case associated with anomalous haptoglobin inheritance.
Science, 156, 1746.

Chicago Conference (1966). Standardization in Human Cyto-
genetics, Birth Defects: Original article series, 2, 1. Ed. by D.
Bergsma, J. L. Hamerton, and H. P. Klinger.

Fraser, G. R., and Friedmann, A. I. (1967). The Causes of Blindness
in Childhood, pp. 35-42. Johns Hopkins Press, Baltimore.

Gerald, P. S., Warner, S., Singer, J. D., Corcoran, P. A., and

Umansky, I. (1967). A ring D chromosome and anomalous in-
heritance of haptoglobin type. J7. Pediat., 70, 172.

Giannelli, F. (1965). Autoradiographic identification of the D (13-
15) chromosome responsible for D1 trisomic Patau's syndrome.
Nature (Lond.), 208, 669.

Grouchy, J. de, Salmon, C., Salmon, D., and Maroteaux, P. (1966).
Deletion du bras court d'un chromosome 13-15, hypertelorism et

phenotype haptoglobine Hp 0 dans une meme famille. Ann.

Genit., 9, 80.
Holt, S. B. (1961). Quantitative genetics of finger-print patterns.

Brit. med. Bull., 17, 247.
Jacobsen, P. (1966). A ring chromosome in the 13-15 group associ-

ated with microcephalic dwarfism, mental retardation and emo-

tional immaturity. Hereditas (Lund), 55, 188.
Lancet (1965). Leading article. Chromosome deletions. 1, 472.
Laurent, C., Cotton, J.-B., Nevelon, A., and Freycon, M-Th. (1967).

Deletion partielle du bras lond d'un chromosome du groupe D (13-
15). Ann. Genet., 10, 25.

Lejeune, J., Lafourcade, J., Berger, R., Cruveiller, J., Rethore,
M.-O., Dutrillaux, B., Abony, D., and Jerome, H. (1968). Le
phenotype (Dr.). Atude de trois cas de chromosomes D en an-

neau. ibid., 11, 79.
Lele, K. P., Penrose, L. S., and Stallard, H. B. (1963). Chromosome

deletion in a case of retinoblastoma. Ann. hum. Genet., 27, 171.
Macintyre, M. N., Hempel, J. M., Staples, W. I., and Stenchever,
M. A. (1964). A ring chromosome in a human male with con-

genital anomalies. Anat. Rec., 148, 386.
Reisman, L. E., Darnell, A., and Murphy, J. W. (1965). Abnor-

malities with ring chromosome. Lancet, 2, 445.
Schmid, W. (1965). Autoradiography of human chromosomes. In
Human Chromosome Methodology, pp. 91-110. Ed. by J. J.
Yunis. Academic Press, New York.

Sparkes, R. S., Carrel, R. E., and Wright, S. W. (1967). Absent
thumbs with a ring D2 chromosome. A new deletion syndrome.
Amer. j. hum. Genet., 19, 644.

Taylor, A. I. (1968). Autosomal trisomy syndromes: A detailed
study of 27 cases of Edwards' syndrome and 27 cases of Patau's
syndrome. J. med. Genet., 5, 227.

326

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jm
g.bm

j.com
/

J M
ed G

enet: first published as 10.1136/jm
g.6.3.322 on 1 S

eptem
ber 1969. D

ow
nloaded from

 

http://jmg.bmj.com/


Retinoblastoma and Deletion D (14) Syndrome

Teplitz, R. L., Miller, D., Hansson, K. M., and Rundall, T. S.
(1967). A human ring D chromosome associated with multiple
congenital abnormalities. 7. Pediat., 70, 936.

Thompson, H., and Lyons, R. B. (1965). Retinoblastoma and
multiple congenital anomalies, associated with complex mosaicism
with deletion of D-chromosome and probable D/C translocation.
Hum. Chromos. Newsl., 15, 21.

Turner, B. (1963). Cytogenetic studies in mental retardation.
Proc. Aust. Ass. Neurol., 1, 41.

Van Kempen, C. (1966). A case of retinoblastoma, combined with

severe mental retardation and a few other congenital anomalies,
associated with complex aberrations of the karyotype. Maandschr.
Kindergeneesk., 34, 92.

Wang, H.-C., Meinyk, J., McDonald, L. T., Uchida, I. A., Carr, D.
H., and Goldberg, B. (1962). Ring chromosomes in human be-
ings. Nature (Lond.), 195, 733.

Wiener, S., Reese, A. B., and Hyman, G. A. (1963). Chromosome
studies in retinoblastoma. Arch. Ophthal., 69,311.

Yunis, J. J., Hook, E. B., and Mayer, M. (1964). Deoxyribonucleic-
acid replication pattern of trisomy D1. Lancet, 2, 935.

327

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jm
g.bm

j.com
/

J M
ed G

enet: first published as 10.1136/jm
g.6.3.322 on 1 S

eptem
ber 1969. D

ow
nloaded from

 

http://jmg.bmj.com/

