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We studied 48 patients with multiple myeloma and its related disorders (plasma cell dyscrasias :
PCD). Clonal changes were observed in 19 patients (39.6%), which included 9 untreated and 10 treated
patients. Chromosomal gains of 3, 11 and loss of 13 were the most frequent numerical chromosome
aberrations. Chromosome 13 was lost at an early stage and 17p (p53) abnormality appeared in an
advanced stage of the disease. The most common additional region was 1q which contained a locus of
the IL-6 receptor gene instead of 7p, the locus of the IL-6 gene. The break points were clustered at 1p13,
6q21, 7pl11.2 14932, 17p11 and 19p13.3, which were the loci of protooncogenes, tumor suppresser genes or
immunoglobulin-related genes. Three patients showed a balanced translocation of t(11;14)(q13;q32). The
characteristic features of chromosomal changes in PCD were frequent chromosomal gains and losses and
rare balanced translocations. These findings are similar to those found in secondary leukemias and solid
tumors, rather than de novo leukemias.
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revealed that the immunoglobulin heavy chain

INTRODUCTION gene (IGH) is frequently involved in the
Multiple myeloma and its related disorders chromosomal translocations in multiple
are malignant diseases of plasma cells (plasma myeloma®. The partner genes of IGH (14q32)
cell dyscrasias: PCD). Chromosome analysis of include FGFR3/MMSET, MUM]I1, and MAF in
leukemias has revealed specific changes in the addition to CyclinD1 of t(11;14)(q13;q32) and
disease. These findings led to the discovery of MYC of t(8;14)(q24;q32)%". Although the FISH
the genes responsible for each subtype of leuke- technique has an advantage over cytogenetic
mia'?. These results enabled us to reach a pro- studies conducted with metaphase analysis to
found understanding of the disease. On the other detect these changes in tumors of low prolifer-
hand, specific chromosomal changes have been ative capacity, only the cytogenetic study detect-
hard to find in PCD despite long-term efforts*™*. ed chromosomal changes as a whole and enabled
This may be, in part, because tumor cells with a us to evaluate the clonal evolution and to provide
low mitotic index are hard to obtain metaphase clues in the search for novel genes. It is also
cells. However, the application of fluorescence in known that there are geographical and racial
situ hybridization (FISH) to these patients differences in incidence®*®* ', To expose the
cytogenetic background it may be necessary to
compare the outcomes of clinical studies. We
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MATERIALS AND METHODS

Patients

We studied 48 patients with PCD. The
patients’ clinical features are shown in Table 1.
This study included 32 untreated patients and
another 20 patients had prior chemotherapy for
PCD. Among the 48 patients, three patients had
histories of chemotherapy for lung cancer, renal
pelvis and renal cell carcinoma. Twenty-eight
patients were male and 20 female. The age range
was 28 to 89 years old (median 59). Diagnosis and
clinical stage were assigned according to those of
SWOG (Southwest Oncology Group)!” and Durie
& Salmon®. The 48 patients included 37 with
multiple myeloma (MM), 6 with plasma cell leu-
kemia (PCL)', 3 with macroglobulinemia (WM)
and 2 with monoclonal gammopathy of undeter-
mined significance (MGUS)?. Two patients with
erythroleukemia and myelodysplastic syndrome
(MDS) that occurred after treatment for MM are
included. Immunoglobulin subclasses were 18
patients with IgG, 16 with IgA, 2 with IgD, 3 with
non-secretory type and 3 with IgM. Kappa type
light chains were present in 29 patients and
lambda type in 18. Ten patients were in clinical
stage I, 5 in stage II and 28 in stage III according
to Durie and Salmon®®.

Methods

We used a standard technique for chromo-
some analysis. Bone marrow was aspirated from
patients and cultured overnight in RPMI1640
medium supplemented by 209 fetal bovine serum
without a mitogen at 37°C in a 5% CO, incubator.
Colcemid at 0.02 xg/ml was added 2 hours before
harvest. Cells were exposed to a hypotonic solu-
tion of 0.075M KCI for 20 min at room tempera-
ture and fixed with methanol and acetic acid (3:
1). Fixed cells were spread on slides and dried
over steam. The G-band after the treatment by
trypsin was used for karyotypic analysis. Kar-
yotypes were described according to ISCN 19952,

RESULTS

All the karyotypes of patients with abnormal
clones are shown in Table 1. All patients having
chromosome abnormalities were mosaic.

Clonal chromosome abnormalities were
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found in 19 patients (39.6%) and 4 patients
showed a single cell abnormality (SCA). Fifteen
of 37 patients with MM (40.5%), and 4 of 6
patients with PCL showed clonal chromosome
abnormalities, but none of the WM or MGUS
patients showed chromosomal changes. Prior to
chemotherapy 9 of 32 patients (28.195) showed
abnormal clones, including 6 of 23 patients with
MM and 3 of 5 patients with PCL. Two patients
with MM showed only SCA. Patients examined
after chemotherapy showed clonal chromosome
changes in 9 MM patients and one PCL of 20
patients (5095). Among patients who had the
second time of chromosome analysis, 3 of 4
patients showed chromosome abnormalities at a
later time, including 2 patients who were at a
leukemic phase.

Numerical chromosome aberrations

The modal chromosome number is shown in
Fig. 1. The range of modal chromosome number
was hypodiploidy and the modal number of the
chromosome was 45. Chromosomes gained were
+3, +5, +10, +11 and lost were —13, —16, —18,
—21 and —Y (Fig. 2). Chromosome changes at
stage III were +5, +10, —13, —21 and —Y. Loss
of chromosome 13 was found in untreated
patients and » type. Their survival times were 3.
5, 4, 10 and 7 months, respectively and the
patients associated with —13 were resistant to
chemotherapy. The Y chromosome was lost in
patients at 38, 45, and 47 years of age.

Structural chromosome aberrations

Structural changes of 1, 6, 14, 17 and 19 were
found frequently (Fig. 3). Five types of change
were found in more than one case, this included 4
deletions and one balanced translocation of t(11;
14)(q13;q32). Deletion types were distributed as
del(1)(pl3) in 5 patients, del(1)(q21) in 2, del(2)
(g23) in 2 and del(6)(g21) in 3 patients.

Chromosomal gains and losses

Common added and deleted regions are
shown in Fig. 4. The gain of 1q (1p13—1qter) was
at the most common region.

The del(1)(pl3) was found in 5 patients, in-
cluding 3 patients with MM at stage III, one PCL
and one patient who progressed from MM to
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Fig. 2. Clonal gains and losses of whole chromosomes
in 48 patients with PCD. Solid bars and cross-
hatched bars represent chromosome gain and
loss, respectively.
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Fig. 3. Structural abnormalities found in each chro-
mosome.

PCL. The del(1)(gq21) was found in a patient with
PCL and PCL progressed from MM. The del(2)
(g23) was found in two patients with MM (IgD)
and PCL occurred 4 years after treatment of a
renal cell carcinoma. The del(6)(q21) was found
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Fig. 4. Ideogram depicting breakpoints for clonal
chromosomal rearrangements seen in 48
patients with PCD.

in PCL, MM and MM with MDS. Their survival
times were 7, 4, and 2 months, respectively.

Translocations

A Dbalanced translocation, t(11;14)(q13;q32),
was observed in two patients with PCL and one
patients with SCA. The only balanced transloca-
tion found in more than a patient was t(11;14)(q13;
q32). The others were all unbalanced transloca-
tions, which included add(12)(p11.2) in 2, add(14)
(g32) in 2, and add(17)(p11.2) in 3 patients.

Break points cluster regions

All breakpoints in clonal abnormality are
illustrated in Fig. 4. The sites of clustered
regions were 1pl3 (9 cases), 6q21 (4 cases), 7q11.2
(4 cases), 14g32 (5 cases), 17pll (5 cases) and
19p13.3 (5 cases). The most frequent loci of
chromosomal breaks were found in chromosome
1. Breakpoints of 6q were frequent.



Chromosomal breaks at 17pll was found in 4
patients with stage III and one patient with PCL.
Five patients had breaks at 19p13.3.

DISCUSSION

Recent advances in molecular biology have
clarified the most important genes in leu-
kemias™?. Based on specific chromosomal
changes, many genes could be cloned from the
chromosomal break points and enabled us to
make a diagnosis at the molecular level2

On the other hand, little of the pathogenesis
of myeloma has been clarified. The difficulty in
obtaining an abnormal metaphase hampered the
further study of molecular basis of PCD. The
major cause of this difficulty was the slowly-
growing character of myeloma cells®®. It has
been confirmed that normal metaphase cells in
PCD originate from hematopoietic cells other
that plasma cells. Reported rates of
chromosomal abnormalities are quite variable,
between 279%° and 4698 but is approximately
409 in most published series. Our data showed
that 39.6% of patients had chromosomal changes.
These data may depend on the stage of the
patients included and on whether the patient
received treatment prior to chromosome analy-
sis. Although the initial chromosomal changes
were expected to be retained in each patient,
many additional abnormalities may be included
as a result of secondary events which give an
increased proliferative activity to tumor cells. It
may follow that abnormal clones are observed in
advanced stages of myeloma and that the
prognoses of these patients are poor?.

The chromosome number was in the range of
hypodiploidy, which was associated with a poor
prognosis*. Numerical changes common to pre-
vious data were gains of 3, 5, and loss of 13.
Epidemiological studies have shown that up to
one third of MM may emerge from a pre-existing
monoclonal gammopathy of undetermined signif-
icance (MGUS). A very high incidence of
monosomy 13 was observed in MM patients with
a history of MGUS?®. In accordance with the
data of previous reports, monosomy 13 was as-
sociated with a poor prognosis as reported by
several groups who used FISH or conventional
cytogenetics?¢~28, Tumor suppresser gene RB is
located in chromosome 13q14%. The loss of chro-
mosome 13 may suggest the participation of RB
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or an unknown gene at 13q14. However, chromo-
some 13 deletion in chronic lymphocytic leuke-
mia (CLL) has been shown not to guarantee a
poor prognosis?. The divergent clinical implica-
tions of chromosome 13 loss in MM and CLL
remain to be explained until the gene is cloned
from the region.

Loss of the Y chromosome is thought to be
part of the aging phenomenon'. Our patients
were younger than the modal age and -Y was
also found at an advanced stage. These may
suggest that -Y is not merely an aging phenome-
non but the sign of progression of the disease.

Rearrangements of 14q32 were found fre-
quently in the abnormal cases. Over 80% of MM
patients were shown by FISH to involve 1432
translocations. However, we found no balanced
transaction except for t(11;14)(ql3;q32)°. This
translocation is described as the most frequent
chromosome abnormality of multiple myeloma,
especially PCL*%°, We did find this translocation
in two patients with PCL. There have been
conflicting data concerning the prognostic signif-
icance of t(11;14)*'. One recent report suggests
that patients with this translocation appeared to
have better survival and response to treatment,
although they tend to have an aggressive clinical
course®®. This translocation is also found as a
specific chromosome change in mantle cell
lymphoma (MCL)*2. Although the site of genetic
recombination may differ between MCL in VD]
and PCL in the class switch region, it is quite
interesting that these distinct disease subgroups
share the same chromosomal translocation.

Chromosomal changes in PCD had many
additions and deletions of chromosomes, and
balanced translocations were rare. This charac-
teristic feature is similar to secondary MDS and
leukemias and solid tumors rather than de novo
leukemias and lymphomas'?

Our data showed frequent chromosome
breaks at 1p13, which is a locus of N-ras, whose
mutations may be involved in the progression of
myeloma?®®®4,

Loss of 17p11.2-pter was observed frequently.
The higher frequency of p53 gene deletions also
has been observed by FISH and comparative
genomic hybridization (CGH). The p53 tumor
suppresser gene is located in 17p13. The loss of
an allele of 17p resulted in loss of p53. Our data
showed a deletion of 17p in patients at an
advanced stage of disease compared to the
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patients with monosomy 13*°7%7.

Five cases showed a 19pl13.3 abnormality?®.
This locus is involved in t(1; 19) (q23; pl3.3) of
pre B-ALL. This is a locus of E2A which protein
bindes to enhancer elements of the » chain gene.
It remained to be cleared whether the same gene
is affected between ALL and PCD.

IL-6 was originally described as a differ-
entiating factor for B cells. Subsequent studies
have clarified that IL-6 is capable of stimulating
the growth of myeloma cells®®. Fresh myeloma
cells often produce IL-6 and express the IL-6
receptor (CD126: 1g21, CD130: 5qll). While
some experiments suggest that IL-6 is produced
by the bone marrow stromal cell (paracrine
mechanism), others have found that IL-6 is
produced mainly by plasma cells (autocrine loop)
in response to exogenous IL-6%°. The sequence of
IL-6 in MM remains controversial. Our data
support an increase of IL-6 receptors to enhance
production of IL-6, which may support the para-
crine mechanism (Fig. 5).

Two treatment-related disorders occurred,
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Fig. 5. Schematic representation of regional gains
(right) and losses (left).
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myelodysplastic syndrome (MDS) and M6 (FAB
classification). Each case had 5q-, -7, 7q-, which
are changes characteristic of treatment with
alkylating agents®. It has been reported that
secondary leukemia increases in patients treated
with a cumulative dose of melphalan greater than
700 mg. Our two patients had approximately 4
years’ history of treatment with melphalan, at
660 mg in MDS and 1000 mg in M6, respectively.

Experience over decades clearly shows that
finding specific chromosome changes in a disease
or its subgroup lead to great advances in the
understanding of the disease. For this purpose,
chromosome analysis is essential to steady
advances in PCD. As this and previous studies
show, standard cytogenetic techniques have diffi-
culty obtaining metaphase in the early stage of
PCD and in analyzing complex chromosomal
abnormalities, which may hamper finding
disease-specific chromosomal changes. Specific
stimulating factors of myeloma cells, such as IL-
6, may be needed to overcome this limitation®. It
appears clear that multiple adjunct techniques to
G-banding, including FISH, CGH and multicolor
spectral karyotyping (SKY)*°, are necessary to
resolve the complex karyotypes of MM. These
data may be required in addition to cytogenetic
data in leading to further advances.
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