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HE purpose of this paper is to report the case of a child who had mongolism
and acute myeloblastic leukemia, in whom chromosomal analyses demon-
strated two populations of cells. One of these populations showed the typical
trisomy of chromosome 21 with the 47 chromosomal count of mongolism. The
second population was of cells with trisomy-21 plus an extra medium-sized meta-
centric chromosome in group C (6-12). We were consistently able to find the cells
with 48 chromosomes more easily in 24-hour cultures than in the usual 72-hour
cultures.
Report of a Case

A 16-month-old Negto girl was admitted to the Cleveland Clinic Hospital on November
27, 1962, because of acute leukemia. She was the thirteenth living child in the family. The
father was 42 years old and the mother 39 years old at the time of the child's admission to
this hospital. All of the siblings were said to be in good health.

The child was said to be the product of a notmal pregnancy and a normal delivery and was
reported to have had a birth weight of 6% pounds. She breathed pootly and sucked poorly
in the immediately neonatal period, and considerable mucus was present in the pharynx. At
six weeks of age jaundice was present and she was given a blood transfusion at her local hospital.
The cause of this jaundice is not known.

The child was well, aside from slowness in her developmental progress, until November
15, 1962, when pallor was noted. She was admitted to the Aultman Hospital, Canton, Ohio.
Blood analysis showed 2 hemoglobin content of 4.1 gm., a hematocrit reading of 15 percent,
red blood cells 1,650,000, and white blood cells 13,300 per cubic millimeter. The platelet
count was 16,500 pet cubic millimeter with 21 percent blast forms in the smear of the peripheral
blood. A diagnosis of acute leukemia was made by Dr. James S. Adler, her referring physician.
The child was given a blood transfusion and was transferred to the Cleveland Clinic Hospital.

Upon admission here the child appeared pale, listless, and chronically ill. Numerous pete-
chiae wete present over the trunk, extremities, mucous membranes, and conjunctivas. The
liver and the spleen were grossly enlarged. The general appearance of the child was that of
mongolism (Fzg. 1). The epicanthic folds were prominent; Brushfield spots were present on
the irises; the joints wete hypermobile, and the hands and the feet showed the usual configura-
tion without well-developed Simian creases.

The initial blood studies showed a hemoglobin content of 5.4 gm. with a hematocrit reading
of 16 percent. The white blood cell count was 18,000 pet cubic millimeter, with 58 percent
blasts. Granules were present within some of these, and promyelocytes and myelocytes could
be identified. The bone marrow was largely replaced with stem cells and blasts, with many
immature cells in the granulocytic series. A diagnosis of acute myeloblastic leukemia was made.

After a blood transfusion the child was treated with G-mercaptopurine, 25 mg. daily, and
prednisone, 5 mg. daily. There was no particular improvement in her hematologic condition
over the next three weeks. On December 11, 1962, a complete thymectomy was performed
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Fig. 1. Photo of 16-month-old Negro girl with mongolism and leukemia.

through a cervical incision as part of a study of that procedure in malignant disease. No bene-
ficial effect of the operation could be observed. Although this child was thrombopenic and
hemorrhagic at the time of the operation, bleeding was not excessive and she tolerated the
procedure with no difficulty.

Over the next few weeks there was some clinical improvement and a partial hematologic
remission. By December 28, 1962, the white blood cell count was 5,800 per cubic millimeter,
with 5 percent blast forms in the differential count. A complete hematologic remission did
not take place. On January 27, the 6-mercaptopurine therapy was discontinued and a course
of amethopterin was started in a dosage of 5 mg. every other day. The child’s general condition
continued to deteriorate, and after a profuse nasal hemorrhage she died on February 6, 1963.
No autopsy examination was made.

Chromosome Studies

Cultures of the peripheral blood and bone marrow were made by a modifica-
tion! of the technic described by Moorhead and associates.? The cells were har-
vested either after 24 hours or after 72 hours. Six cultures were prepared; a total
of 294 cells was counted and 54 karyotypes were constructed.

Culture 1. Blood was first obtained for culture on November 29, 1962. This
was after a transfusion but before other treatment. At that time the white blood
cells were 18,000 per cubic millimeter with 58 percent blasts. This culture was not
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satisfactory, but a few cells could be found after 72 hours of culture to establish
the chromosome count at 47 with trisomy-21, and the diagnosis of mongolism
was confirmed.

Culture 2. Peripheral blood was cultured on December 5, 1962. At that time
the child was being treated with 6-mercaptopurine and prednisone. The white
blood cell count was 12,500 per cubic millimeter with 60 percent blasts. The cell
concentrate from this culture was prepared for study after 24 hours of incubation.
Microscopic counts were made on 50 cells: in each of 46 cells there were 48 chro-
mosomes, and in four cells each, 47 chromosomes. Karyotypes were constructed
from photomicrographs of five cells with a chromosome count of 48, and from
one cell with a chromosome count of 47. All cells demonstrated trisomy-21, The
cells with 48 chromosomes contained in addition an extra chromosome in group
C (6-12). One member of the number 2 chromosome pair was unusually large
(Fig. 2).

Culture 3. Periphetal blood was prepared on December 28, 1962, when the
disease was in a partial remission. The white blood cell count was 5,800 per cubic
millimeter with 5 percent blasts. The cells were cultured for three days. Micro-
scopic counts were made on 50 cells; 48 each contained 47 chromosomes, and
two each contained 46 chromosomes. Ten cells were photographed and were
counted: each contained 47 chromosomes. Karyotypes made from five of these
photomicrographs showed only the trisomy-21 of mongolism (Fig. 3).

Culture 4. Bone matrow was cultured on January 16, 1963. At that time the
white blood cell count was 19,000 per cubic millimeter with 58 percent blast
forms. Cells were harvested after 24 hours of incubation. Microscopic counts of
46 cells showed 44 each with 48 chromosomes, and two each with 47 chromosomes.
Both cells with 47 chromosomes, and 10 of the cells with 48 chromosomes were
photographed, and karyotypes were constructed from the photomicrographs.
The cells with 47 chromosomes demonstrated trisomy-21. All 10 cells with 48
chromosomes demonstrated an extra chromosome in group C (6-12). In each
instance one member of the number 2 chromosome pair was unusually large.

Culture 5. On January 17, 1963, the peripheral blood count was the same as
that on the day previously, but 61 petrcent of blasts were present in the differential
count. Aliquots of this blood sample wete cultured for 24 hours and for 72 hours.
One hundred cells of the 24-hour preparation were counted under the microscope.
Ninety-two of these each had a chromosome count of 48, seven had a chromosome
count of 47, and one cell had a chromosome count of 46. Karyotypes were made
from photomicrographs of 10 of the cells with 48 chromosomes; these showed
trisomy-21, an extra chromosome of group C (6-12), and an unusually large
member of the number 2 chromosome pair. Karyotypes made of four of the cells
with 47 chromosomes showed only trisomy-21. One of these cells showed what
we believe to be random loss of one of the chromosomes in group F (19-20) and
probably actually had a 48 chromosomal count. One member of the number 2
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Fig. 2. Karyotypes made from 24-hour culture of the peripheral blood showing cell with 48
chromosomes. There is an extra medium-sized metacentric chromosome in group C (6-12),
and one member of the number 2 chromosome pair is unusually large.
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Fig. 3. Karyotype made from a 72-hour culture of the peripheral blood, demonstrating a
chromosome count of 47 and the usual trisomy-21 of mongolism.

pair of chromosomes was unusually large in this cell. The other three cells with a
47 chromosome count each had an unusually large member of the number 2
chromosome pair. It is possible that there was random loss in the group C (6-12)
chromosomes in these cells.
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Culture 6. The three-day culture of the peripheral blood drawn on January 17,
1963, is considered as culture 6. This was, however, part of the same blood speci-
men as culture 5. In this preparation 45 cells were counted under the microscope.
Forty-seven chromosomes were present in each of 38 cells, 46 chromosomes in
each of seven cells. Karyotypes were made from photomictographs of 10 cells
with 47 chromosomes. All of these demonstrated trisomy-21 and in no instance
was there an unusually large member of the number 2 chromosome pair. Karyo-
types were made from photomicrographs of four cells with 46 chromosomes.
Three of these demonstrated trisomy-21 with what we assume to be random loss
in the group of medium-sized metacentric chromosomes, which includes the
group C (6-12) group plus the sex chromosomes. One cell demonstrated only
four small acrocentrics in group G (21-22).

The chromosomal data are presented in Twble 1. It was our conclusion from

Table 1.—Chromosome counts in a 16-month-old girl with mongolism and leukemia

White Total number of cells
blood .
cell Time Chromosome Analyzed:
count, of count no. of cells/
per Blasts, culture, ——-———— no. o
Culture cu. mm. percent hr. 46 47 48 Counted chromosomes Comment
18,000 58 72 — 3 — 3 3 Unsatisfactory culture, trisomy-21.
2 12,500 60 24 — 4 46 50 1/47 Extra chromosome in group C(6-12)
5/48 in cells with 48 chromosomes.
3 5,800 58 72 2 48 — S0 5/47 Typical mongol trisomy-21.
Bone marrow culture. Cells with 47
4 19,000 58 24 — 2 44 46 2/47 chromosomes showed trisomy-21.
10/48 Cells with 48 chromosomes con-
tained extra chromosome in group
C(6-12).

Probable random loss in cells with 47
chromosomes. Cells with 48 chromo-
somes contajned extra chromosome
in group C(6-12).

(Typical mongol trisomy-21 in cells
6* 19,000 61 72 7 38 — 45 { 4/46 iwlth 47 chromosomes. Probable ran-

5 19,000 61 24 1 7 92 100 { 4;27
10/48

10/47 dom loss in cells with 46 chromo-
somes.

*Aliquot of blood sample used from culture 5.

this study that the child had two populations of cells in the peripheral blood. The
cell with 48 chromosomes could best be demonstrated in 24-hour culcures. The
cell with 47 chromosomes was best demonstrated in the customary 72-hour culture.
This is particularly evident from the data of cultures 5 and 6, which were aliquots
of a single blood sample. We believe that the differences in chromosome counts
do not bear a relationship to the severity of the leukemic process.
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Discussion

The normal human somatic cell contains 46 chromosomes. These include 22
pairs of autosomes and a pair of sex chromosomes.? An extra chromosome pro-
ducing a total count of 47 has been observed in the majority of patients with
mongolism.4-7 The extra chromosome is small, acrocentric, and similar to one of
the members of pairs 21 or 22 by the Denver classification.?

The presence of an abnormal, unusually small, acrocentric chromosome has
been described in many cases of chronic myeloid leukemia.?-'® This small chro-
mosome is presumably one of the members of chromosomal pairs 21 or 22. It
has been designated the P4’ chromosome to indicate Philadelphia, the geographic
location of the laboratory in which it was first observed.? It has been suggested
that the P4’ chromosome results from a translocation or a deletion, and that it
may carry on it a genetic locus concerned with leukopoiesis.!” 12

The observation that there is a raised incidence of acute leukemia in patients
with mongolism seems to have been firmly established.’4-1® A possible biologic
relationship between these two conditions was suggested by Krivit and Good in
1956.14 Others'!” 12/ 18 have studied the chromosomal patterns of patients with
both mongolism and leukemia but until recently ... the only consistent ab-
normality has been typical of mongolism itself.”’ 18

Alterations in number, and abnormalities other than the PA" chromosome,
have been found in cases of leukemia.’®27 The consensus, particularly as regards
acute leukemia of childhood, is that visible chromosomal changes are probably
not of etiologic importance in relation to this disease.2?

Ford??: 24 mentioned an intetesting patient with acute blast-cell leukemia in
which there were two populations of cells. One of these populations was cells
with the normal 46 chromosomes; the other had 48 chromosomes with an extra
small chromosome difficult to distinguish from the Y, and an extra medium-length
metacentric chromosome. Details of the appearance of this patient were not given
but it is interesting to speculate that he might have been a mongol mosaic with
leukemia.

Scattered obsetvations have been reported of 48 chromosomes in persons with
mongolism and acute leukemia. Two of the five cases described by Tough and
associates'? showed a few cells each with 48 chromosomes, but they concluded
that “* ... in none of these was any chromosome abnormality found other than
that associated with mongolism.” Johnston?® described many abnormalities in
chromosomal number with fragments and breaks in the cells of a child with mongo-
lism and leukemia. Three cells of 161 counted before treatment each showed 48
chromosomes with an extra chromosome in group C (6-12). Sandberg?® also
mentions a few cells each with 48 chromosomes in one mongol with acute lym-
phoblastic leukemia and one with acute myeloblastic leukemia.

Ross and Atkins®® have reported a unique patient, a girl with mongolism with
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49 chromosomes including seven small acrocentrics. She had a prolonged remission
of leukemia after corticosteroid therapy. Five months before her death, at a time
when there was no hematologic evidence of leukemia, a culture of peripheral
blood demonstrated only the typical findings of mongolism. Three weeks before
her death, cells each with 49 chromosomes were present. Cultures were prepared
from a single sample of blood, one of which was harvested at two days and one
at three days. In the two-day culture, practically all of the cells each contained 49
chromosomes with seven small actocentric chromosomes. In the three-day culrure,
there wete two cell populations: about 75 percent of the cells each contained 47
chromosomes with five small acrocentrics, and 25 percent of the cells each con-
tained 49 chromosomes with seven small acrocentrics.

Vincent and associates®! have recently described a remarkable case of multiple
chromiosome abnormalities in a child with mongolism and acute myeloblastic
leukemija. Many cells were found each with 49 chromosomes, in each of which
were an abnormal pair of large metacentrics similar to chromosome pair number 3,
an extra chromosome in group C(6-12), monosomy in group F(19-20), and tri-
somy-21. They found a significantly greater proportion of abnormal cells in
three- and four-day cultures than they did in two-day cultures.

The case that we describe is similar to that described by Warkany, Schubert,
and Thompson.32 Their patient was a two-year-old girl with mongolism and acute
myeloblastic leukemia. Before treatment, the majority of cells studied demonstrated
48 chromosomes with an extra chromosome in group C(6-12) and trisomy-21.
After treatment with 6-mercaptopurine and amethopterin the majority of cells
studied showed 47 chromosomes with trisomy-21. A minority of the cells still
showed 48 chromosomes each with an extra chromosome in group C(6-12).
Warkany and associates®? related these changes to the treatment of the leukemia.

Summary

The chromosomal analysis of a 16-month-old girl with mongolism and acute
myeloblastic leukemia is reported. This child demonstrated two different popu-
lations of cells. One group of cells contained 48 chromosomes with an extra
chromosome in group C(6-12) and trisomy-21. The second group of cells con-
tained 47 chromosomes with only trisomy-21. Differences in the time of culture
seemed the important factor in demonstrating the differences in the cell popula-
tion. It is possible that in this case the leukemic cell contains an extra abnormal
chromosome and grows at a different rate in tissue culture than does the cell
typical of mongolism.
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