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Abstract

Fifty patients with chronic myelocytic leukemia (CML) grouped into four stages on the basis
of clinical and hematological results were analyzed with chromosomal banding techniques. Of
the 50 patients, 48 hand the “standard” type of Phl translocation, t(9 ; 22) (q34 ; q11) and the re-
maining 2 had Ph1-negative diploid karyotype. The frequency of numerical chromosomal changes
and/or structural chromosomal changes other than the Ph1 translocation varied with the stages; the
frequency was 1 of 28 cases (3.6%) for patients in stage I (chronic phase), 5 of 11 (45.5%) in stage
II (early stage of blastic phase), 11 of 13 (84.6%) in stage III (blastic phase) and 2 of 7 (28.6%)
in stage IV (remission phase). Numerical changes in hyperdiploid leukemic cells correlated well
with the appearance of extra #8 and extra Phl In 5 cases with hypodiploid leukemic cells, one of
the #7 pair was absent in 4 cases and Y in 1 case. As structural changes, partial excess of chromo-
some 1, isochromosome 17q, isochromosome 1q, tdic (20p+ ; 21q-), del (7) (q11), t(2p+ ; 11p-),
#12q+ and Xp+ were observed. Chromosomal analysis alone is not the best marker to diagnose
the onset of blastic phase; however, it is a useful parameter when considered in combination with
clinical and hematological results.
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Abstract. Fifty patients with chronic myelocytic leukemia (CML)
grouped into four stages on the basis of clinical and hematological re-
sults were analyzed with chromosomal banding techniques. Of the 50
patients, 48 had the “standard” type of Ph! translocation, t (9; 22) (q34;
qll) and the remaining 2 had Ph'-negative diploid karyotype. The
frequency of numerical chromosomal changes and/or structural chro-
mosomal changes other than the Ph! translocation varied with the
stages ; the frequency was 1 of 28 cases (3.6%) for patients in stage I
(chronic phase), 5 of 11 (45.5%) in stage II (early stage of blastic phase), 11
of 13 (84.6%) in stage III (blastic phase) and 2 of 7 (28.6%) in stage IV
(remission phase). Numerical changes in hyperdiploid leukemic cells
correlated well with the appearance of extra $8 and extra Phl. In5
cases with hypodiploid leukemic cells, one of the #7 pair was absent in
4 cases and Y in 1 case. As structural changes, partial excess of chro-
mosome 1, isochromosome 17q, isochromosome lq, tdic (20p+ ; 21q—),
del (7) (qll),t (2p+ ; 11p—), #12q+ and Xp+ were observed. Chromo-
somal analysis alone is not the best marker to diagnose the onset of blas-
tic phase ; however, it is a useful parameter when considered in combi-
nation with clinical and hematological results.

Key words : Ph'-positive chronic myelocytic leukemia, Phl-negative
chronic myelocytic leukemia, chromosome abnormali-
ties, chronic phase, early stage of blastic phase, blastic
phase.

Chronic myelocytic leukemia (CML) has some specific characters: a) Ph!
translocation is frequent, b) blastic crisis generally occurs in the course of the
disease and c) patients generally die in the course of blastic crisis. Because
therapeutic approaches are ineffective and survival time is very short once the
disease reaches the blastic phase, it is important to diagnose the onset of the
blastic phase. The present study reports the results of chromosomal analysis to
diagnose the onset of the blastic phase in 50 patients with CML. CML was
grouped into the following four stages: (stage I) cases in the chronic phase,
(stage II) cases satisfing more than one parameter of Kitazima’s criteria for
early diagnosis of blastic crisis (1), (stage III) cases with clearly recognized
hiatus leukemicus, and (stage IV) cases in remission.
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MATERIALS AND METHODS

The 50 patients (age 21 to 80 years) included in this study were followed in
the Division of Pathology, Cancer Institute, and in the 2nd Department of Inter-
nal Medicine at the Okayama University Medical School from January 1979 to
June 1980. Bone marrow (BM) aspirates (0.5-1.0ml) and peripheral (5-10 ml)
blood cells (Bl) were used for chromosomal examinations. BM cells were dis-
persed in 10 ml RPMI 1640 medium containing 20% bovine serum and 0.4%
lactoalbumin or McCoy 5a medium containing 10% fetal calf serum, then cul-
tured at 37°C for about 24 h in 5% CO; in an air atmosphere. Mitotic cells were
arrested with Colcemid at 0.5 #g/ml for 2-3 h and metaphase cells were treated
with 0.075 M KCI hypotonic solution for 13 min at 37°C. Usually, slides were
made according to a routine air-dry method immediately after the fixation. For
banding studies, the Q-, G-, C- and R-banding methods were used (2-5). Peri-
pheral blood samples obtained from some patients were processed under the
same conditions as BM specimens and cultured for 24 or 48 h without phytohemag-
glutinin (PHA). In all cases, 50 mitotic cells were counted, and at least another 10
cells were photographed and analyzed with banding. Chromosomes were iden-
tified and karyotypes were expressed according to the Paris nomenclature (6).

RESULTS

Fifty patients with GML grouped into four stages on the basis of the clinical
and hematological results were analyzed by chromosomal banding techniques.
Of the 50 patients, 48 had the “standard” type of Ph! translocation, t (9 ; 22)
(g34;ql1) and the remaining 2 had a Ph'-negative diploid karyotype. The
frequency of numerical chromosomal changes and/or structural chromosomal
changes other than the Ph! translocation varied with stages.

Chromosomal and other pertinent data in stage I (the chronic phase) are
given in Table 1. Twenty-seven of the 28 cases were Ph!-positive and one was
Phl-negative. All cases had a modal chromosome number of 46. One case had
a clone with chromosome abnormalities (24 %) in addition to the major leukemic
clone of the “standard” type of Ph! translocation. Chromosomal abnormalities
other than Ph! occurred in 1 of 28 cases (3.6%). The abnormal karyotype was
46,%X,Yq—, Phl/45,X, Yq, —7, Ph! (24%). This patient advanced to the blas-
tic phase two months later.

Of the 11 cases in stage II (the early stage of the blastic phase), Ph! trans-
location only was observed in 6 cases, numerical or structural changes other
than Ph! were seen in 4 cases, and Ph!-negative was present in 1 case. The
distribution of the chromosome numbers in the 11 cases is given in Table 2. Of
the 11 cases, 10 had only one modal number and 1 bimodal. Of the 10 cases
with only one mode, 9 had a diploid mode and 1 a hyperdiploid mode. The case
with bimodal chromosome distribution had both hyperdiploid and diploid modes.
Chromosomal, clinical and hematological data are shown in Table 3. Of 11
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cases, 7 advanced to stage III a few months after being examined for chromo-
some analysis. The remaining 4 cases died unexpectedly before reaching the
stage III. Numerical chromosomal changes and/or structural chromosomal
changes other than the Ph! translocation were found in 5 of 11 cases (45.5%).
Some of the cases in stage II having karyotypic abnormalities are described
below in detail.

Case 1 (T. O., female) had a sharp mode of 46 in the chromosome number.
Forty of 44 colls with the mode of 46, which were studied with the banding
techniqu=s, had a karyotype of 46, XX, Ph', t (2; 11) (p25; p12) ; whereas the
remaining 4 cells had the “standard” type Ph! chromosome.

Although case 2 (S. S, male) revealed Ph!-negative metaphase on March 5,
1979, chromosomal changes were present on September 7, 1979, in bone mar-
row cells, The modal chromosome number was 46. Twenty-seven of 30 cells
with the mode of 46, which were studied with Q -, G-, R- and C-banding tech-
niques, had a normal karyotype of 46, XY, whereas the remaining 3 cells had
hypodiploid cells, i.e., the karyotype was 45, XY, —7 (Fig. 1).

Cas= 5 (I. Y, female) had a sharp mode of 51 in the chromosome number.
The karyotype was 51, XX, Ph!, +8, +9, -+14, +19, +Ph! (Fig. 2). The two
Ph' chromosomes were morphologically identical, but 2 chromosomes consisting
of trisomy of chromosome 9 were of normal type and the remaining 1 was of
“9q+ translocated from one of the Ph'’s chromosomes.

In case 6 (Y. U., male), the chromosome number ranged {rom 46 to 50 with
a modal number of 46. Twenty-five of 30 cells with the mode of 46, which
were studied with banding techniques, had a karyotype of 46, XX, Ph!; whereas
the rema‘n’ny cells had somewhat different chromosome constitutions, i.e., 47,
XY, Ph!, +8 in 2 cells and 50, XY, Ph!+8, +13, +Ph!+i (1q) in 3 cells. The
extra i (1q) was an isochromosome formed by the centromeric fusion of two lq
arms.

Cas=9 (S. F, male) had bimodal distribution of 46 and 48 in chromosome
number. Of the cells with a modal of 46, which were studied with the banding
techniques, 6 cells all had a karyotype of 46, XY, Ph!. On the other hand, four
of 48 modal cells all had a karyotype of 48, XY, Ph!, +8, +Phl.

Of the 13 cases in stage III (clearly recognized hiatus leukemicus), 11 had
numerical or structural changes in addition to the Ph! translocation (84.6%) and
2 had only the “standard” type of Ph' translocation t (9q+ ; 22q—). Chromo-
somal and other pertinent data are shown in Tables 4 and 5. The distribution
of the chromosome numbers were single sharp modal numbers. Of the 11 cases
with single modes, 7 had a diploid mode, 3 were hypodiploid and 1 was hyper-
diploid. Another 2 cases had nearly bimodal distribution. Structural or nume-
rical changes were found in the following decreasing order: partial excess of

http://escholarship.lib.okayama-u.ac.jp/amo/vol 34/iss6/3
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Fig. 1. Q-banding karyotype of case 4 (S.S., male} in stage II: 45, XY, —7. The arrow
indicates the missing chromosome 7.
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Fig. 2. Q-banding karyotype of case 6 (I.Y., female) in stage II: 51, XX, Phl, +8, +9,
+14, +19, +Phl. Arrows indicate one “standard” Ph! translocation, 3 trisomies and a second
Phl.
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chromosome 1, iso-17q, tdic (20p+ ;21q—), #9g+, Z12q+ and Xp+ and an
extra Phl, 28, 24, 36, 217, 219, 320 and missing of 37, Y and 4. Some of the
cases having karyotypic abnormalities are described below in detail.

In case 1 (S. A., male), chromosome analysis was performed in stage IV
(remission phase) and stage III (second blastic phase). In stage IV, the “stan-
dard” type Ph! translocation was present ; however, some additional chromo-
some abnormalities other than the Ph' developed in the second blastic phase.
Three of 26 banded cells had 46, XY, Ph!, 17 of them 46, XY, —6, +t (1;6)
(25 ; q25) and 6 of them 46, XY, Ph!, —15, +t(1; 15) (q21 ; p11).

In the specimens obtained from case 3 (M. M., female) on March 16, 1979
(blastic phase) and August 8, 1979 (second blastic phase), cells with the same
chromosomal abnormalities other than the Ph' translocation were present, i.e.,
46, XX, Phl, —4, +t(1;4) (q22;q31), 7q—.

The modal chromosome number in case 4 (Y. Y., female) was 46. Of 18
banded cells, one cell revealed normal karyotype 46, XX, 15 cells 46, XX, Ph!
and 2 cells 45, XX, Ph!, —4. The proximal portion of one of the chromosome
13 pairs in each of the cells was strongly bright with Q -banding stain.

Although examination in the stage III of case 5 (T. T., male) on September
4, 1979, revealed a missing Y, additional chromosome changes were observed in
bone marrow cells when a second examination was made on December 27, 1979.
The karyotype was 49, X, =Y, +8, +2t (9; 22) (q34; ql1), +12.

In case 6 and case 7 (I. Y., male and H. S., male), the initial examination
during the chronic phase revealed a “standard” Ph!; however, hypodiploid
cells were present after patients had advanced to stage III. In both cases, the
karyotype was 45, XY, Ph!, = 7.

The initial examination in the chronic phase of case 9 (T. H,, male) re-
vealed a “standard” Ph! translocation without any additional abnormalities. In
the specimen obtained on January 30, 1980, after the patient had advanced to
stage III, hyperdiploid cells were present. The karyotype was 47, XY, Ph!, +8,
i(17q).

Case 10 (T. T., male) had two clones of leukemic cells: a clone of 46, XY,
Ph! and a clone of 45, XY, Ph!, —9, —20, —21, +tdic (20;21) (p13;q22),
+mar (Fig. 3). The marker chromosome appears to have mainly originated
from two 9q.

The chromosome numbers were distributed from 45 to 48 in case 11 (Y. S.,
male). Of 15 banded cells, 3 cells revealed 46, XY, Ph!, 7 cells 46, XY, Ph!,
i (17q), 4 cells 47, XY, Ph', +Ph' and 1 cell 48, XY, Ph!, +8,i (17q), +Ph’.

The chromosome number in case 13 (K. K., female) ranged from 46 to 59
with a modal number of 59. Of 21 banded cells, 1 cell revealed 46, XX, Ph’
and 20 cells 59, Xp+, —X, Phl, +4, +6, +6,t (7;?) (pl5;?), +t (7;?) (pl5;
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Fig. 3. Q-banding karyotype of case 10 (T. T., male) in stage III: 45, XY, Phl, —9, —20,
—21, +tdic {20;21) (p13; q22), + mar. Arrows indicate the Ph! translocation between chro-
mosomes 9 and 22 and abnormal chromosomes.
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Pig. 4. Q-banding karyotype of case 13 (K. K., female) in stage III: 59, Xp-+, —X, Phl,
+4, +6, +6,t(7;?) (pl5;?), +t(7;7) (plb;?), +8, +8, +12q+, +17, +19, +19, +21, +22,
+Ph!, +Phl. The arrow indicates the Ph! translocation between chromosomes 9 and 22.
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?), +8, +8, + 12q+, + 17, +19, +19, +21, +22, +Ph!, +Ph! (Fig. 4). The
banding patterns of these Ph! chromosomes were typical ; only one of the chro-
mosome 9 pair had the “standard” type of Ph! translocation. Extra chromo-
somal bands were observed on the short arm of X chromosome (Xp+ ) and on the
long arm of chromosome 12 (12q+) but their origin could not be determined.

Chromosomal and other pertinent data for stage IV (remission) are given
in Table 6. In cases 4 and 6, a small percentage of clones with chromosomal
abnormalities remained in addition to the major leukemic clone with the “stan-
dard” type of Ph! translocation. In other cases, only Phl-positive cells re-
mained.

DISCUSSION

In the chronic phase of CML, chromosomal abnormalities other than the
Ph! translocation were sometimes observed in bone marrow and blood cells (7).
Sonta ef al. demonstrated that, of the 57 cases, 15 cases (26.3%) had chromo-
somal changes other than the Ph'; the appearance of i (17q), —7, +8 and +Ph!
being most frequent (8). These changes are the ones usually encountered when
CML develops into the blastic phase (9). In the present study, 1 (3.6%) of the
28 cases of chronic phase had chromosomal abnormalities other than the Ph’
translocation. Chromosomal abnormalities other than the “standard” type Ph!
in our cases of stage I (chronic phase) were fewer than in Sandberg’s reports
(27%) (7). This may have been due to the division of CML into 4 stages by
Kitazima’s criteria (1) in our study. In stage II, 6 of the 11 cases had only the
“standard” type of Ph! translocation, 4 had numerical and/or structural changes
other than the Ph! translocation and 1 had Phl-negative cells, in which case a
few cells with a hypodiploid nature, i.e., 45, XY, —7 appeared at the second
examination (Table 2). Mintz et al. reported that 2 of 10 cases of Phl-negative
CML showed evolution of karyotypes involving trisomy No. 8 in the blastic
phase. One case involved t (6q— ; 14q+) initially (10). Numerical chromo-
somal changes appeared to involve —7, +8, +9, +13, +14, +19 and +Ph'.
Structural chromosomal abnormalities were observed in two cases: a trans-
location between chromosomes 2 and 11, i.e, t (2p+; l1p—) in one case and
isochromosome 1q in another case. The most common chromosomal changes in
stage III were extra Phl, extra chromosome 8 and an isochromosome 17q as
others have reported (9). In stage II and III, an extra chromosome 8 appeared
in 7 of 24 cases (29.1%), an extra Ph® in 6 (25.0%) and isochromosome 17q in
3 (12.5%). Two of 13 cases in stage III had chromosomal abnormalities in-
cluding partial trisomy of chromosome 1. Rowley reported duplication of 1q25-
1932 in 34 patients with various hematological disorders including acute leuke-
mia, polycythemia vera and myelofibrosis (11). Recently, duplication of the
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long arm of chromosome 1 has also been reported for myeloproliferative disor-
ders (12), non-endemic Burkitt’s lymphoma (13) and Japanese Burkitt’s lym-
phoma (14). The formation of marker chromosomes involving the long arm of
chromosome 1 may play an important role in proliferation of the affected cell.
In our 50 cases, there were 5 hypodiploid cases; 1 was in stage I, 1 in stage II
and 3 in stage III. One case in stage I proceeded to a blast crisis 2 months later.
Therefore all 5 cases were related to a blast crisis. Four of 5 hypodiploid cases
had a karyotypes with monosomy 7 and one nad a missing Y. In a case report,
Ronald M ¢t al. demonstrated the emergence of a cell with extreme hypodip-
loidy in a blast crisis of CML lacking one of the chromosome 7 pair (15). Loss
of chromosome Y occurs in 8% of chronic phase CML patients and may merely
reflect a nonspecific change associated with aging (16). As stage IV (remission
phase) chromosomal abnormalities, only Ph! translocation and small clones with
an abnormal chromosome in addition to the Ph! translocation are known. Based
on the findings of the present study, the incidence of the appearance of clones
which have abnormal chromosomes in addition to the Ph! chromosome is highest
in blastic phase, intermediate in the early stage of blastic phase (stage II) and
lowest in chronic phase. Chromosomal analysis alone is not the best marker
for diagnosing the onset of blastic phase; however, it is a useful parameter
when used combination with clinical and hematological results.
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