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SUMMARY

Results of cytogenetic studies of a patient with
acute granulocytic leukemia are described. The
modal number of chromosomes in cells from bone
marrow samples was 43, and the karyotype was
characterized by missing chromosomes in groups B,
C, and E. According to successive studies of the
same metaphases by fluorescent staining and auto-
radiographic techniques the Y chromosome in
leukemic cells had a late-replicating pattern similar
to that of normal male cells, but had an unusual
fluorescent pattern, lacking the bright fluorescence
characteristic of Y chromosomes in normal male
cells.

INTRODUCTION

Recently, fluorescent staining of human chromo-
somes has been developed to the point where each
chromosome in the normal complement can be
clearly identified, and further, various numerical
and structural abnormalities from pathological
conditions can be characterized.!™  Autoradio-
graphy is an established method for identification
of some specific chromosomes.® The present paper
describes the use of autoradiographic and fluorescent
staining techniques to characterize the chromosome
constitution and cytogenetic features of a patient
with acute granulocytic leukemia.
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CASE REPORT

A boy (MF 478556), aged 7, was admitted to the
ABCC ward in Hiroshima on 29 June 1970
because of anemia. Physical examination showed
fever and minimal right axillary lymphadenopathy.
Blood studies (Table 1) revealed markedly decreased
red blood cell and platelet counts. The white blood
cell count was low and showed a few immature
granulocytes. Bone marrow showed 29.6% myelo-
blasts and promyelocytes, with occasional bi- or tri-
nucleated normoblasts and megaloblastoid cells.
Despite treatment with blood transfusion and
combined programs of 6-MP or Vincrinstine and
Dexamethasone, the patient did not improve, and
died on 10 October 1970. Autopsy revealed
infiltration of leukemic cells in the various organs
as well as subarachnoid bleeding. The final
diagnosis was acute granulocytic leukemia. Detailed
clinical features and the family history of the
patient have been given elsewhere,'}r since his sister
also died of acute monocytic leukemia at the age
of 14.

Cytogenetic Findings

Chromosome Constitution: A bone marrow sample,
taken prior to therapy, was prepared directly for
chromosome analysis according to the technique of
Tjio and Whang (1962).% A second bone marrow
sample was taken on the 36th day after the initiation
of chemotherapy and blood transfusion, and cells
were incubated and grown in vitro for 6 and 24
hours in absence of phytohemagglutinin (PHA) and
for 72 hours in the presence of PHA. On the 22nd
day after chemotherapy and blood transfusions,
leukocytes from the peripheral blood of the patient
were cultured for 48 hours with PHA, and chromo-
some slides were prepared according to the routine
air-dry method.

Table 2 shows the chromosome number distribution
in cells from the bone marrow and peripheral blood.
The cells from the first bone marrow sample had a
modal chromosome number of 43. On detailed
kKaryotypic analysis of the bone marrow cells,
abnormal karyotypic patterns deviated from normal
constitution were observed. The abnormalities did
not appear to be random loss or gain of certain
chromosomes, but seemed to be related to certain
specific groups of chromosomes (Figure 1). The
following abnormalities were seen in these cells:
three chromosomes were missing, one each from
group B4-5, group C6-X-12, and E17 (Figure 2).
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TABLE 1| HEMATOLOGICAL DATA ON BLOOD AND BONE MARROW SAMPLES FROM A PATIENT
WITH ACUTE GRANULOCYTIC LEUKEMIA

#1 [EEHEamE 1z B 5 Mk s & U # o L% 5 695 TR

Blood Bone Marrow
Item Item
Date Sampled Date Sampled
6/29/70 7/20/70 8/3/70 6/29/70 8/4/70
RBC X 10* 164 246 280 DIFFERENTIAL COUNT (%)
Hgb gm/100 ml 4.7 8.1 8.2 Blast cells 16.8 18.0
Platelet X 10% 50.0 30.0 60.0 Promyelocytes 12.8 2.8
WBC 3,250 2,750 4,550 N-Myelocytes 10.0 8.0
———————————————————————————— N-Metamyelocytes 15.2 7.2
DIFFERENTIAL COUNT (%) N-Stab 5.6 12
Blast cells 4] 0 0 N-Seg. 2.0 0.4
Promyelocytes 0 1.0 0 Eosinophils 0.4 0.8
N-Myelocytes 3.0 1.5 0 Basophils 0 0
N-Metamyelocytes 2.0 0 0 Monocytes 0 0.4
N-Band 3.0 0 0.5 Lymphocytes 16.0 224
N-Seg. 11.0 5.0 1.0 Plasma cells 0.8 0.4
Eosinophils 0 0 . 0 Reticulum cells 1.2 1.2
Monocytes 4.0 1.0 0 Mitosis 0.8 0.4
Lymphocytes 77.0 90.0 97.5 Proerythroblasts 1.2 0.4
Immature lymph. 0 1.0 0.5 Erythroblasts
Plasmacytes 0 0.5 0.5 Baso. 0.8 4.0
Nucleated red cells 7.0 245 3.0 Poly. 8.0 13.6
(per 100 WBC) Ortho. 4.8 18.0
Megaloblastoid cells 3.6 0.8

TABLE 2 CHROMOSOME NUMBER DISTRIBUTION IN CELLS FROM BONE MARROW AND PERIPHERAL BLOOD OF A
PATIENT WITH ACUTE GRANULOCYTIC LEUKEMIA

# 2 BUREE MR 1 EIC B S b & P L A e o Bk B Al

Date Culture Time Chromosome Number

2 Sample PHA Total
dampled (houry) 41 4%inud3ideddeniidbaiudt widhD wAngutn
6/29/70 Bone marrow 0 - 1 6 26 1 3 2% 0 1 0 40
7/21/70 Peripheral blood 48 + 0 0 0 0 0 20 0 0 0 20
8/04/70 Bone marrow 6 - 2 7 12 2 6 0 0 2 2 33
24 - 2 4 6 5 8 2 2 1 0 30
72 + 0 1 0 0 0 25 0 0 0 26
*Pseudodiploid



This abnormal constitution was found in 17 (65%)
of 26 cells with a modal number of 43. Two cells
having 46 chromosomes appeared to have abnormal
chromosome constitutions, being pseudodiploid.

In the second bone marrow sample, the cells cultured
in presence of PHA had a normal diploid comple-
ment, while the cells cultured in absence of PHA had
a hypodiploid chromosome number. In the 6-hour
culture without PHA, although the modal chromo-
some number was also 43, the range of numerical
variation of chromosomes was slightly wider than
that of the first bone marrow specimen (Table 2).
Here only 12 of 33 cells had 43 chromosomes,
compared with 26 of 40 cells in the first bone
marrow specimen. This variability was more marked
in the 24-hour culture without PHA, and a modal
chromosome number was not evident. The same
karyotypical characteristics seen in the first sample
were also apparent in the second sample (Figure 1).
Moreover, an additional element in group G21-22
was more frequent in the second sample, and this
tendency was even more marked in the 24-hour
culture than in the 6-hour culture (Figure 1). As’in
similar cases reported by others,9 abnormal chromo-
somes, or so-called marker chromosomes, were found
less frequently in the present case than in cells from
solid cancers or their effusions. The above findings
indicate that the cells growing in the bone marrow
cultures without PHA, as well as the cells from the
direct bone marrow preparation, seemed to be
leukemic cells because all the cells had abnormal
chromosome constituents, whereas the cells cultured
with PHA might be derived from nonleukemic cells,
since the cells selectively responsive to PHA and
having a normal chromosome pattern were believed
to be of nonleukemia origin. Indirect evidence for
the above assumption was obtained from the peri-
pheral blood culture with PHA in which 25 of 26
cells analysed had a normal chromosome constitu-
tion, regardless of these cells deriving from the host
or the donors of transfusion.

Autoradiographic Study. Autoradiographic studies
were carried out on bone marrow cells incubated for
6-, 24- and 72-hours. These cells were obtained on
4 August 1970. 1 pc/ml of tritiated thymidine
(specific activity 5 ¢/mM, the Radiochemical Center,
Amersham, England) was added to the culture for
6 hours before fixation. The culture was treated
with colchicine (final concentration 20 y/ml) during
the last 2 hours of incubation. Slides were prepared
according to the air-dry method, and then stained
with carbol fuchsin.!® Autoradiography was per-
formed with Sakura NRM-2 emulsion (Konishiroku
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CHROMOSOME GROUPS

FIGURE 1. Frequency of the additional & missing chromosomes in leukemic cells of bone marrow
from a patient with acute granulocytic leukemia. | -
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FIGURE 2. Karyotype of a leukemic cell containing 43 chromosomes from the first bone marrow
sample. Three chromosomes are missing, one each from group B4-5, group C6-X-12, & E17.
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Photo. Ind. Co. Ltd., Tokyo). After an exposure
time of 2 weeks, development was made for 4
minutes with Sakura Konidol-X at 16°C.

As shown in Figure 3, the frequency of labeled
metaphases in the 6-hour culture was only 12.1%,
while in the 72-hour culture 65.4% of the meta-
phases were labeled. In the 24-hour culture the
frequency of labeled metaphases was 43.3%. The
intensity of labeling was also stronger in the 72-hour
culture (Figure 3).

As previously reported for cells of normal males, the
Y chromosome shows a late-labeling pattern, which
differs significantly from that of group G auto-
somes."’™® In normal bone marrow cells observed
after 72-hours of culture, 11 labeled metaphases out
of 13 also showed a late-labeling Y chromosome.
This phenomenon was also seen in leukemic cells
from 24-hour cultures. OQut of 10 labeled metapha-
ses available for analyses, 8 cells had the Y chromo-
some showing a heavy labeling pattern. The labeling
patterns of other autosomes of leukemic cells were
generally similar to those observed in normal cultur-
ed leukocytes. However, it is interesting to note
that several leukemic cells had a late-replicating
chromosome in group C6-X-12 which was similar to
the late-replicating X chromosome in female cells,
even though those cells had an XY sex-constitution.

Fluorescent Staining Study. Some of the slides
made for autoradiographic study were also used for
fluorescent staining study according to a modifica-
tion of the method of Pearson et al (1970).1 Prior to
staining with carbol fuchsin, slides were kept in
Mcllvaine’s citric acid-phosphate buffer (pH 4.1) for
5 minutes, then in a freshly prepared 0.5% agueous
solution of quinacrine hydrochloride (‘““Atabrine”,
Winthrop Lab., N.Y.) for 5 minutes, washed and
mounted in buffer for observation under a Nikon
fluorescence microscope, using a BV excitor filter
and Y51 and Wratten 2B barrier filters. After the
fluorescent staining observation, these slides were
also examined autoradiographically, according to
the method already described.

Fluorescent staining observations were made of cells
from the 24- and 72-hour cultures of the second
bone marrow sample, and the 48-hour culture of
peripheral blood of the patient. In each of 20
normal cells from the 72-hour bone marrow culture
and the 48-hour blood culture, a brightly fluorescing
Y chromosome was seen identical with that observed
in cells of normal male individuals."? On the other
hand, in 43 leukemic cells from the 24-hour bone
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FIGURE 3. Frequency of cells incorporating tritiated thymidine in cells cultured from the second
bone marrow sample.
@3 2EHOEMMAEOERC 5 tritiated thymidine BEI% AR o 8.

FIGURE 4. Metaphases of a leukemic cell containing 46 chromosomes from a 24-hour culture of the
second bone marrow sample. A: a fuchsin-stained metaphase having pseudodiploid constitution with a
Y chromosome (arrow) (46; XY; —B, —C, —17, +F, +G, +G). B: the same metaphase after autoradio-
graphy, showing a heavily labeled Y chromosome farrow). C: the same metaphase stained by
quinacrine hydrochloride, showing the moderately fluoreseing Y chromosome {arrow).
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F— b YA rI R EARE B RIET, B ML YIREAE(RM) A2 sh s, C: HEGHPMBBD
Hgr+ ) YRET, PEEOELEETRTYREEHE(RB) A0S,




marrow culture, there was no brightly fluorescing
small chromosome, and the fluorescence of the
presumed Y chromosome was similar to other
chromosomes (Figure 4). After observation of
fluorescent staining, these same cells were examined
autoradiographically. In the labeled leukemic cells
in which the fluorescent pattern of the Y chromo-
some was unusual, the autoradiographic behavior of
the Y was almost identical to that of normal male
cells (Figure 4). The above finding suggests that an
alteration of the fluorescent staining pattern of the
Y chromosome may occur in these leukemic cells,
but its labeling pattern was the same as normal
male cells.

DISCUSSION

Extensive investigations of chromosome conditions
in human acute leukemia have demonstrated that
the majority of cases with this disease have shown
inconsistent chromosomal patterns with aneuploidy
or pseudodiploidy, but that such chromosome
abnormalities appeared to be unique for each cage.
Further, acute myeloblastic leukemia was shown to
have aneuploidy which was invariably hypodiploid
with the occasional appearance of marker chromo-
somes, and characterized karyotypically by missing
chromosomes, mainly in groups C or G.° The
present case has chromosome abnormalities similar
to that found in cases with acute myeloblastic
leukemia; that is, the stemline was hypodiploid and
characterized by chromosomes missing primarily
from groups B, C, and E.

Recent autoradiographic studies of human chromo-
somes have established that chromosome replication
is asynchronous and the consistency with which
certain chromosomes replicate late or early in the
S period is now well documented.!*!24 Chromo-
some replication patterns in leukemic leukocytes
and cancer cells in vivo and in vitro were studied by
several investigators,15_17 and were not found to
differ significantly from the replication patterns of
normal leukocytes. Characteristic labeling patterns
of an X, a2 Y, and some of autosomes were likewise
not different from normal. The findings of the
present study are in accord with these data and
conclusions.

In the present study, the labeling frequeney of bone
marrow leukemic cells in 24-hour cultures was
lower than that of normal bone marrow cells in
72-hour cultures, which seems to indicate that the
rate of incorporation of tritiated thymidine into
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leukemic cells was lower than that of normal cells in
vitro.  Further, the labeling frequency of the
leukemic cells was lower in the short period culture
(6 h) than in the longer period culture (24 h).
These findings suggest that the duration of G,
period of leukemic cells is longer than that of
normal cells in vitro, but may shorten with
prolonged culture time. Several reports,’”!® sug-
gested the possibility that the Go period of
leukemic cells was longer than that of normal
leukocytes in the presence of PHA in vitro. Our
observations seem to be consistent with the data of
the earlier studies.

The fluorescent staining of human chromosomes
was recently developed, making it now possible to
identify with certainty the Y chromosome and also
each of the autosomes.'™ It is noteworthy that in
the present case the Y chromosome in leukemic
cells from 24-hour bone marrow culture did not
show a bright fluorescing pattern, while almost all
normal cells from leukocyte culture and 72-hour
bone marrow culture from this patient, as well, had
a strong fluorescing Y chromosome. This finding
suggests that the fluorescent staining pattern of the
Y chromosome in the leukemic cells of the present
case seems to differ from that of normal male cells,
although this may not be a common characteristic
of the leukemic cells, because brightly fluorescing
Y chromosomes were found in Phl—positive cells
from the bone marrow of a patient with chronic
myelocytic leukemia.'®

According to the sequential studies of the same
metaphases of leukemic cells by fluorescent staining
and autoradiographic techniques, we have clearly
demonstrated that the Y chromosome with an
abnormal fluorescing pattern nevertheless has a
labeling pattern almost identical with that of
normal male cells. These results indicate that any
alteration of the fluorescing pattern of the Y
chromosome in leukemic cells is not necessarily
accompanied by a detectable change in its replica-
tion pattern. Although detailed analyses of
fluorescent pattern of other autosomes in the
leukemic cell population of this patient were not
performed, analyses by fluorescent staining and
autoradiographic techniques of the same metaphases
will undoubtedly provide new information for
understanding the cytogenetic aspects of normal
and malignant cells.
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