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Note added in proof
Since submission of the manuscript, two additional

cases of trisomy 22 have been reported (Alfi, Sanger,
and Donnell, 1975; Zellweger, Ionasescu, and Simpson,
1975).

REFERENCES
Alfi, 0. S., Sanger, R. G., and Donnell, G. M. (1975). Trisomy 22:
a clinically identifiable syndrome. Birth Defects, XI (5), 241-245.

Zellweger, H., Ionasescu, V., and Simpson, J. (1975). Trisomy 22.
Journal de Gdnitique Humaine, 23, 65-75.

Inclusion of satellites in an 18/21
translocation chromosome shown
by ammoniacal-silver staining
(sat-banding) in case of partial

trisomy 18*

Summary. A male infant with a
partial trisomy 18 and a 46,XY,-21,
t(18;21)(18qter-÷18q12: :21 pl3->21qter)
chromosome complement is described.
The translocation chromosome is of
special interest because it includes the
satellites of chromosome 21. This was
shown by differential satellite staining
with the ammoniacal-silver technique.

The first case of partial trisomy 18 involving a
translocation (with a D group chromosome) was
reported in 1962 by Brodie and Dallaire. Since
that time numerous cases have been reported involv-
ing translocation of 18q material with B group
chromosomes (Gagnon et al, 1963; Valdmanis et al,
1967; Freiman and Wilton, 1967; Alberty et al,
1968; France and Butler, 1969; Eriksson et al,
1971; Rudd and Lamarche, 1971); with C group

* This study was supported in part by the Birth Defects Institute,
New York State Department of Health, Albany, NY, Contract
60793 and the General Research Support grant RR05402 from the
National Institutes of Health, Bethesda, Md.

chromosomes (Orye and vanCaster, 1972), D group
(Hecht et al, 1963), and with E group chromosomes
(Rohde, Lee, and Sapin, 1963; Jenkins, Weed, and
Sandstrom, 1974).
The case presented here is that of an infant whose

features suggest trisomy 18 (Fig. lA, B), and who has
a translocation of 18q material to the short arms of a
chromosome 21. The case appears to be unique in
that we are not aware of another such translocation
and that the 18q material seems to be attached to
the 21 satellites. This was shown by using a special
satellite staining technique.

Case report
The propositus was the third child born to a healthy

34-year-old mother and a 38-year-old father. The
birth was characterized by a vertex presentation and low
Apgar scores; birthweight was 2405 g. The infant was
fed by gavage in the immediate newbom period. At 15
days of age he developed congestive heart failure, and a
large defect in the interventricular wall was identified by
angiocardiography. Since then the patient has been
under control with digitalis. At age 2 months seizures
developed, which could be controlled with pheno-
barbitone, 15 mg twice per day. Casts were applied
because of congenital bilateral equinovarus deformity.
The patient was referred to this unit at 7 months of age
for evaluation because of his anomalies and develop-
mental retardation. At this time his weight was 5208 g,
length 60.5 cm, and head circumference 41.25 cm (all
much below the 3rd centile). The skull was elongated;
a swirl pattern was noted at the midline over the parietal
prominence, and hirsutism was present on the forehead.
Other noteworthy features included: slight upward slant
of the palpebral fissures, micrognathia, high-arched
palate, tongue with a bilobulated appearance marked
by what appeared to be a median raphe, and anteverted
nostrils. Each ear had a very small lobe. The neck
was short and there was redundant skin on the nape. A
dimple was present at the cubital head area on the left
wrist. Radial deviation of the left hand was noted.
Dermatoglyphic analysis revealed an arch pattern on all
10 fingers, and multispotted areas of undefined pattern
on the palms and soles. The toenails were hypoplastic.
There was unilateral (left) cryptorchidism and first degree
hypospadias with a small penis. A small umbilical and
large inguinal hernia were noted on the left side.
An intravenous pyelogram showed duplication of the

left collecting system. Audiological assessment indi-
cated perception of high-intensity stimuli; an otological
examination was normal. An electroencephalogram
showed a mild but definite abnormality caused by left
central temporal spike activity.

Cytogenetic studies
A chromosome analysis from peripheral blood was

initiated at the time of examination because of the
abnormalities just described. The chromosome comple-
ment was found to contain a Gp + chromosome in all
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FIG. IA, B. The propositus at 6 months of age.

S :

A

FIG. 2. The translocation (t) numbers 18, 21, and 22 G-banded
chromosomes from five metaphases. They all show the transloca-
tion to be composed of a chromosome 21 and 18q material.

metaphases examined. Chromosome preparations from
the patient were treated with either trypsin or a warm
saline solution before Giemsa staining. The resulting
banded chromosomes revealed the Gp+ chromosome
to be a number 21, with probable 18q material attached
to its short arms (Fig. 2).
The translocation chromosome itself was easily

identified in the complement because of what appeared
to be satellite stalks ofchromosome 21 still visible between
the 21p and 18q material. The ammoniacal-silver stain-
ing technique of Howell, Denton, and Diamond (1975)
was used to stain differentially the satellite regions of the
acrocentric chromosomes to determine if satellite material
itself might also be present in the translocation. The
results indicated conclusively that the 18q material was
attached to the satellites of chromosome 21 (Fig. 3).
The chromosome complements of the patient's parents

and sibs were normal.

Discussion
The clinical findings in this case are consistent

with those of a partial trisomy 18: developmental

am AM,1

,4 &SR g-^

D t G
FIG. 3. D, G, and the translocation (t) chromosomes from two
metaphases stained with the ammoniacal-silver technique. The
darkly staining satellites of chromosome 21 are present in the
translocation chromosomes.
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retardation, micrognathia, short neck with redund-
ant skin on the nape, congenital heart disease,
cryptorchidism, arch pattems on all 10 fingertips,
and failure to thrive.
To our knowledge, the propositus represents the

first reported case of a partial trisomy 18 in which
the 18q material (18ql2-18qter) has translocated
to the short arms of a 21 chromosome. Moreover,
the satellites of the 21 are included in the transloca-
tion. Thus, the patient's chromosome comple-
ment would be designated as 46,XY, - 21,t(18;21)
(18qter-sI8q12: :21 p13 --21qter).
The translocation chromosome is interesting.

Heretofore, translocation formation was believed to
require two breaks. In this case, however, the 18q
material appears to have adhered to the satellites of
chromosome 21 indicating that only one break may
have occurred. Satellite associations are a recog-
nized phenomenon, and it may be that satellites also
have an affinity for broken chromosome ends in
close proximity. This idea can be verified by the
use of 'sat-banding' (satellite banding) techniques in
cases oftranslocations involving acrocentric chromo-
somes. Indeed, one other case with the inclusion
of satellites in a translocation chromosome has
already been published (Eiberg, 1974).
As with a number of techniques used in human

cytogenetics, the mechanism involved in ammonia-
cal-silver 'sat-banding' is not known. Evidently,
satellite composition and/or organization differs in
some way from that of the rest of the chromosome.
The satellites are thought to be composed of acidic
protein (Matsui and Sasaki, 1973; Howell et al,
1975) and DNA cistrons coding for rRNA (Hender-
son, Warburton, and Atwood, 1973) and/or possibly
rRNA itself (Comings et al, 1973). It remains to
be seen whether it is one of these components, a
chromosomal product functioning in nucleolar
organization, or some peculiarity of satellite struc-
ture which reacts with the ammoniacal-silver stain.

RIcHARD L. NEU, CLAUDIO C. ORTEGA,*
GALE A. BARG, WALTER PINTO, JR,t
LYTT I. GARDNER, W. M. HOWELL4t

and T. E. DENTON*

The Department of Pediatrics, Genetic and
Endocrine Unit, State University of New York
Upstate Medical Center, Syracuse, NY 13210

USA

REFERNCES
Alberty, J., Th6odorid6s, M., Guillard, J. M., Sandler, B., and

Verger, P. (1968). Une paire de chromosomes asymetriques dans
le groupe B (4-5) chez une enfant dont le phenotype pr6sente les
charact&es d'une trisomie du groupe E (Edwards). Bordeaux
Medicale 11, 2039-2050.

Brodie, H. R. and Dallaire, L. (1962). The E syndrome (trisomy
17-18) resulting from a maternal translocation. Canadian
Medical Association Journal, 87, 559-561.

Comings, D. E., Avelino, E., Okada, T. A., and Wyandt, H. E.
(1973). The mechanism of C- and G-banding of chromosomes.
Experimental Cell Research, 77, 469-493.

Eiberg, H. (1974). Satellite staining of human chromosomes.
Lancet, 2, 836-837.

Eriksson, B., Fraccaro, M., Hulten, Maj., Lindsten, J., Thoren, C.,
and Tiepolo, L. (1971). Structural abnormalities of chromosome
18. II-Two familial translocation, B/18 and 16/18, ascertained
through unbalanced forms. Annales de Gdndtique, 14, 281-290.

France, N. E. and Butler, L. J. (1969). Trisomy 18 associated with
a familial translocation t(Bq-;18q+). Annales de Gdndtique, 12,
46-50.

Freiman, I. and Wilton, E. (1967). Trisomy 16-18 in the Bantu.
South African Medical,Journal, 41, 558-561.

Gagnon, J., Archambault, L., Laberge, E., and Katyk-Longtin, N.
(1963). Trisomie partielle 18 par insertion ou translocation 4/18.
Union Medicale du Canada, 92, 311-319.

Hecht, F., Bryant, J., Arakaki, D., Kaplan, E., and Gentile, G.
(1963). Trisomy-18 syndrome due to de-novo translocation.
Lancet, 1, 114.

Henderson, A. S., Warburton, D., and Atwood, K. C. (1973).
Ribosomal DNA connectives between human acrocentric chromo-
somes. Nature, 245, 95-97.

Howell, W. M., Denton, T. E.,and Diamond, J. R. (1975). Differen-
tial staining of the satellite regions of human acrocentric chromo-
somes. Experientia, 31, 260-262.

Jenkins, E. C., Weed, R. G., and Sandstrom, M. McH. (1974). An
additional case of partial trisomy 18. Annales de Ginitique, 17,
45-48.

Matsui, S.-I. and Sasaki, M. (1973). Differential staining of
nucleolus organizers in mammalian chromosomes. Nature, 246,
148-150.

Orye, E. and VanCaster, A. (1972). Familiaire partiele trisomie 18.
Acta Paediatrica Belgica, 26, 41-52.

Rohde, R. A., Lee, A., and Sapin, S. (1963). A new trisomy-
translocation chromosome (long-arm E/E). Lancet, 2, 1309-1310.

Rudd, N. L., and Lamarche, P. H. (1971). Gene deletion and
duplication effects on phenotype and gamma globulin levels.
Journal of Medical Genetics, 8, 97-106.

Valdmanis, A., Pearson, G., Siegel, A. E., Hoeksema, R. H., and
Mann, J. D. (1967). A pedigree of 4/18 translocation chromo-
somes with type and countertype partial trisomy and partial
monosomy for chromosome 18. Annales de Gdnitique, 10, 159-
166.

Renal function studies in an infant
with 4p (-) syndrome*

Summary. An infant with the syn-
drome of deletion of the short arm of
chromosome 4 is described. In addition,
this child had renal insufficiency, which
is found rarely in association with the
4p(-) syndrome. Previous reports of
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