
[CANCER RESEARCH 39, 31 19-31 28, August 1979]
0008-5472/79/0039-0000$02.00

Chromosome Abnormalities in Poorly Differentiated Lymphocytic Lymphoma1

Shirou Fukuhara,2 Janet D. Rowley,3 Daina Variakojis, and Harvey M. Gobomb

Departments of Medicine (S. F., J. D. R., H. M. G.J and Pathology (D. V.], University of Chicago Hospitals and Clinics, University of Chicago Cancer Research
Center (H. M. G.j. and The Franklin McLean Memorial Research Institute' (J. D. R., H. M. G.j, Chicago, Illinois 60637

markers (i.e. , â€˜â€˜null'â€c̃ell type) may be related to increasing
aneupboidy.

INTRODUCTION

The classification of non-Hodgkin's lymphomas remains a
controversial issue, for the individual groups as defined by
Rappaport et al. (32) may be heterogeneous (1, 17, 19, 27).
Recently, transbocations that involve the long arm of chromo
some 14 (14q+) have been observed frequently in cells from
patients with various kinds of Iymphoid cancers (7â€”i1, 13, 21 ,@
22, 28, 30, 31 , 41 , 42). In a recent study, Fukuhara et al. (10)
presented data showing a correlation, in ML-H,5 between par
ticulan chromosome patterns and the histopathobogy classified
according to the recommendation of Lukes and Collins (19).

Thirteen patients with a diagnosis of ML-PDL, have been
studied with banding techniques as reported in 3 series (6, 8,
33). The histopathobogy was not described in detail, however,
and the frequency of a 14q + marker differed among these 3
series.

In the present report, we describe the karyotypes seen in 10
patients with ML-PDL, and we relate specific chromosome
changes to the histopathobogy according to the Lukes and
Collins classification (19) and to cell surface markers.

MATERIALS AND METHODS

Cytogenetic Studies

A specimen suitable for chromosome analysis was obtained
from 10 of 19 patients with ML-PDL. In 7 patients, the cells
were from lymph nodes; cells were obtained from peripheral
blood or bone marrow of 3 other patients who were in the
leukemic phase.

Chromosomes were prepared as previously described in
detail (8), and the analysis was performed with the use of
sequential photography of conventional Giemsa and quinacnine
(0â€”)banding (2) on the same metaphase. In one patient (Case
13), a combination of the 0â€”with the reverse (Râ€”)banding
technique (40) was used for the complete analysis. In another
patient (Case 12), the Giemsa (Câ€”)banding technique was
also used for staining of heterochnomatin (39). Duplicate pho
tographs of the chromosomes stained by each technique were
used for identification according to the Paris nomenclature
(29). The abnormality was considered cbonal when at least 2
cells from a given patient had a similar chromosomabrearrange
ment or when 3 cells were lacking the same chromosome.

5 The abbreviations used are: ML-H, malignant lymphoma, histiocytic type;

ML-PDL, malignant Iymphoma,poorly differentiatedlymphocytic;slg, surface
immunoglobulin; E-rosette, erythrocyte-forming rosette; PHA, phytohemaggluti
nm; B-cells, bone marrow-derived lympheid cells; T-cells, thymus-derived lymph
oidcells.
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ABSTRACT

Thirteen patients with malignant lymphoma, poorly differen
tiated lymphocytic type, were studied with cytogenetic and/or
immunological techniques. When the involved tissues were
grouped according to more current classifications, cells from
11 patients were found to be predominantly of the small cleaved
type, and those from two patients were predominantly of the
small noncleaved type.

Banding studies of chromosomes were performed on cells
from tissues primarily involved by poorly differentiated lympho
cytic malignant lymphoma in nine cases and from a phytohe
magglutinin-stimulated peripheral blood culture in one case.
Chromosomally abnormal cells were observed in every case.
In each patient from whom an adequate sample was obtained,
a consistent cbonalabnormality could be detected.

The modal chromosome number of the aneupboidclone was
in the diploid range for nine of the patients; the tenth patient
had a mixture of dipboid and triploid clones. The karyotype in
most patients was very abnormal, with as many as 17 structural
rearrangements seen in the malignant cells of an individual
patient. One chromosome, however, was consistently abnormal
in some cells from every patient, namely, 14. In nine patients,
this abnormality involved the translocation of material from
another chromosome to the end of No. 14 (14q+). The donor
chromosome in the transbocation was No. 8 in one, No. 11 in
one, and No. 18 in four and possibly in two others. Thus,
although not previously recognized, a t(i 4;i 8) may be a nela
tively common event in poorly differentiated lymphocytic malig
nant lymphoma. Six patients showed an abnormality of No. 1,
including transbocations to either the long or short arm in five.
A loss of one No. 9 and a gain of one No. 12 were each seen
in three patients. Nine of the ten patients studied with banding
had from one to four incompletely identified marker chromo
somes per cell.

Immunological studies were done on seven patients who
were in the leukemic phase; five patients had surface immu
nogbobmn,which was shown to be Mic in three and MA in one.
Two patients had neither bone marrow-derived nor thymus
derived cell surface markers and were classified as â€˜â€˜null.â€˜â€Ño
clear correlation between cytogenetic and immunological
markers was seen in the four patients in whom both studies
were performed. In some patients, failure to express surface
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Pertinent clinical and pathological data for 7 patients withML-PDLThe
tumorin 6 patientswascomposedmainlyof smallcleavedcells;in

one,it containedsmallnoncleavedcellswitha fewlargenoncleavedcells.Diagnosis:

lymph nodec
Survival
period Lukes and Col

Case8 Sex/Age (yr) Therapy Cmos.) Rappaportlins1

M/57 CCb 46 Dâ€•SC(+++)2
F/55 CC 46 NSC(+++)3

M/53 CC 112 NSC(+++)4
M/80 CC 44 NSC(+++)5
M/55 cc 54 NSC(+++)6
M/48 CC 11 N SC(+++)

7 F/52 RT+CC 9e@ SN(+++),LN
(+)

Table2Leukemic
phase of ML-PDL with pertinent clinical, pathological, and immunological data in 7patientsThe

cells from 4 of the 6 patientswith ML-PDL,smallcleaved-celltype, and one patientwith the smallnoncleaved-celltype
areof B-cellorigin.Cellsfrom2 patientswith the smallcleaved-celltypeareclassifiedasnull.Diagnosis:

lymph node Polyvalent Immune
Survival WBC/cu E-rosettes goat anti- logical cell
period Rappa- mm in peripheral (% posi- serum (% type (type

Case Sex/Age (yr) Therapy (mes.)5 port Lukes and Collins blood tive) stained) ofslg)@'1

M/57 CCC 46 D SC(+++) 22,400 (45)d io iooB(Mic)8
M/71 CC 1 N SC(+++) 28,800 (83) 7 100B9
M/35 RT+CC 45 N SC(+++) 19,000 (>90) 13 40B(Mic)10
M/17 CC 6 N SC(+++) 27,900 (70) 5 0Null11
F/72 ND 60 8 SC(+++),SN(+), 8,600 (10) 1 65 B(MA)

LC(Ã·)e12
M/55 CC 27 D SN (+++), SC(+), 806,000 (>95) 1 100B(M,c)LN(+)

13@ M/56 RT + CC 26 N SC (+ + +), LC (+) 25,400 (70) 4 6 Null

S. Fukuhara et al.

Histopathobogy

A histological diagnosis based on the classification proposed

by Rappapont et a!. (32) in 1956 was made on the lymph node
biopsies in 12 patients and on a bone cone biopsy in one
patient (Tables 1 and 2); the same lymph node was used for
the cytogenetic study. All of these specimens were further
classified, according to the criteria of Lukes and Collins (19),
as bymphomascomposed of cells that were large onsmall, with
either cleaved or noncleaved nuclei; this classification was
carried out without knowledge of the results of the cytogenetic
studies.

Immunological Studies

slg. For the immunogbobulinstudies,5 x 106 cellscollected
from peripheral blood of 7 patients who were in the leukemic
phase were incubated for 30 mm at room temperature with 100
@slof a 1:4 dilution of fluorescein-conjugated IgA, lgG, lgD, 1gM,
lgK, IgA, or polyvalent goat anti-human antiserum (Meboy Lab
oratories, Springfield, Va.). The antiserum was filtered through

Table1

a 0.22-nm filter immediately before use for removal of any
aggregates. The cells were washed 3 times with Hanks' bal
anced salt solution and then examined with UV illumination in
an American Optical fluorescence microscope. For 6 patients
(Cases 1, 8, 9, and 11 to 13), a resynthesis study was per
formed. An aliquot of 10 to 15 x 1O@cells was centrifuged,
resuspended in 15 ml of Roswell Park Memorial Institute Me
dium 1640 containing 15% fetal calf serum (Grand Island
Biological Co., Grand Island, N. V.) and antibiotics, and incu
bated at 37Â°in a moist 5% CO2 atmosphere for 48 hr. After
testing for viability by the trypan blue exclusion method, an
aliquot of 5 x 106 cells was tested for slg as described above.
For one patient (Case 8), only polyvalent goat antiserum was
used initially and at 48 hr.

E-Rosette Formation. An aliquot of 5 x 106 cells was
suspended in 0.4 ml of absorbed fetal calf serum and 0.4 ml of
0.5% washed sheep RBC in 0.01 M phosphate-0.1 5 M NaCl.
The aliquot was incubated at 37Â°for 30 mm, spun into a pellet,
and put on ice for 2 hr. Next, the cells were resuspended by
gentle rolling of the tube, and the percentage of rosette-forming
cells was calculated. Only cells with 3 or more adherent eryth
rocytes were counted as rosette-forming cells.

RESULTS

The pertinent clinical and pathological data for 13 of the 19
patients with ML-PDL (Cases 1 to 13) are shown in Tables 1
and 2. The detailed chromosomal findings for 10 of the patients
are given in Table 3. The remaining 6 patients had no mitotic
cells in the biopsied lymph node and were excluded from the
study. Seven patients with ML-PDL (Cases 1 to 7) had fewer
dividing cells in their lymph nodes than did patients with ML-H
(8); the chromosomes were fuzzy and indistinct, with a poorer
banding pattern. Cytogenetic studies were also performed on
6otherpatientswhowereintheleukemicphase.Twoofthese
patients (Cases 12 and 13) had a large number of mitotic cells
in bone marrow and in cultures of unstimulated peripheral
blood, respectively; 3 patients (Cases 8 to 10) had very few
cells, and they were also excluded from the study since detailed
chromosome analysis was impossible. The remaining patient

These cases correspond to Cases 12 to 18 in Ref. 8.
b cc, combination chemotherapy; RT, radiation therapy.

C D, diffuse; SC, small cleaved cell; N, nodular; SN, small noncleaved cell;

LN, large noncleaved cell; + , 5 to 30%; + + + , 50 to 100%.
d The diagnosis was made in tonsillar biopsy.
e Dead.

a One patient (Case 8) had an accidental death; other patients died in the natural course, except for Cases 1 and 9 who are still alive.
b A resynthesis study was done in 6 patients (Cases 1 , 8, 9, and 1 1 to 13).

C@ combination chemotherapy; D, diffuse; SC, small cleaved cell; N, nodular; RT, radiation therapy; ND, net done; SN, small noncleaved

cell; LC, large cleaved cell; LN, large noncleaved cell; + , 5 to 30%; + + + , 50 to 100%.
d Numbers in parentheses, percentage of abnormal cells.

a The diagnosis was made in the bone marrow biopsy.
t Case 1 3 is Case 9 in Ref. 8.
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S.Fukuharaetal.

(Case 11) showed a moderate number of mitoses only in the
PHA-stimulated peripheral blood.

Prior to the chromosome studies, 5 patients had received
chemotherapy (Cases 3 to 5 and 12) onradiation therapy (Case
13). The other 5 patients (Cases 1, 2, 6, 7, and 11) were not
treated with cytotoxic agents or radiation therapy prior to the
initial analysis; one patient (Case 1), however, had already
received chemotherapy when the bone marrow analyses were
done.

Chromosomally abnormal cells were observed in all 9 pa
tients (Cases 1 to 7, 12, and 13) in whom lymphoma tissue
could be studied, namely, 7 lymph nodes including a tonsil,
one unstimulated peripheral blood, and one bone marrow sam
pIe containing leukemic cells; a consistent clonal abnormality
could be detected. In one other patient (Case 11), only 2 of 13
cells that could be analyzed from a PHA-stimulated culture of
peripheral blood were abnormal, and only one of these could
be analyzed with banding. This patient is excluded from the
discussion of clonal abnormalities. The modal chromosome
number in the lymph node cells was pseudodiploid in one case
(Case 5), 47 in one (Case 4), and 48 in 3 (Cases 1 to 3); in
Case 6, 2 cells had 45 and 46 chromosomes, nespectively. In
contrast, the seventh patient (Case 7) had 2 different popula
tions consisting of hypodiploid and near-tniploid cells. The
modal number in the leukemic cells was 43 in one patient
(Case 12) and 53 in another (Case 13); cells from these 2
patients showed highly complex chromosome rearrangements.

Although most of these 9 patients had a very complex
karyotype with many rearranged chromosomes, all had an
abnormality of chromosome 14; in 8 patients this was a 14q+
marker. In 6 patients (Cases 1 to 5 and 13) whose tumor was
composed predominantly of small cleaved cells, the marker
was present in all abnormal cells; whereas in one patient (Case
6), it was present in one of 2 abnormal cells. A 14q + marker
was identified in the 2 hypodiploid cells from a lymph node of
Case 7; the karyotype of the polyploid cells could not be
determined. A 14q anomaly different from the 14qÂ± marker
was seen in all of the leukemic cells in Case 12. On the other
hand, the tenth patient (Case 11), from whom dividing cells
were obtained only in a PHA-stimulated peripheral blood cul
tune, also had 2 abnormal cells, one with a 14q+ marker and
one with a Dq+ marker. Although it is uncertain whether these
cells are related to the lymphoma, the bone marrow biopsy at
this time showed ML-PDL, small cleaved cell type.

The origin of the translocation to the end of the long arm of
No. 14 was identified in 6 of these 10 patients and was
tentatively identified in 2 others. A 14q+ marker chromosome
in 3 patients (Cases 3, 4, and 6) and one of two 14q+ markers
in one patient (Case 13) appeared to result from a 14q trans
location with 18q [t(14;1 8Xq32;q21 )]. In addition, a t(14;1 8)
was compatible with the banding pattern of the 14q+ chno
mosome in Cases 2 and 5. Although the size of the 14q+
marker in Case 1 was similar to that of the above 14q+ marker,
its origin could not be determined because of the poor quality
of banding. The second 14q translocation in Case 13 involved
8q[t(8;14Xq24;q32)]. The banding pattern ofthe 14q+ marker
in Case 6 suggests that the marker could have originated from
a 14q tnanslocation with 1lq [t(1 1;14)(q13;q32)], although a
normal pain of No. 11â€˜swas present. The identification of a
14q + marker (one cell) was impossible; a Dq+ marker in the
same case (Case 11) might have been the result of a tandem

D;D long-arm tnanslocation. One No. 14 in Case 12 could have
been translocated to the short arm of one No. 1
[t(1 ;14)(p21 ;q13)]; this was the only abnormality of No. 14 that
did not yield a 14q+ marker.

Other chromosome abnormalities were noted as well; how
ever, with a few exceptions, these were not the same in
different patients. Thus, No. 1 was involved in structural rear
rangements in 6 patients; loss of No. 11 or structural rearrange
ments of the long arm were noted in 5 patients. A loss of one
No. 9 or a gain of one No. 12 were each seen in 3 patients.
Loss of all of No. 6 was seen in 2 patients, and a deletion of
the long arm was noted in 3 others. Nine of the patients had
one to 4 marker chromosomes of uncertain origin.

At the time of this study, these 1 3 patients were in patholog

ical Stage IV. When the Lukes and Collins classification was
used, the lymphoma tissue in 9 patients (Cases 1 to 6 and 8 to
10) had primarily small cleaved cells (Fig. 1A); in 2 patients
(Cases 7 and 12), the tissue was composed of small non
cleaved cells (Fig. 1B). One patient (Case 11) had a diagnosis
of ML-PDL in the bone marrow biopsy, which showed large
clusters of small cleaved cells together with a few small non
cleaved and large cleaved cells. In the remaining patient (Case
13), the lymph node contained approximately 80% small
cleaved cells and 20% large cleaved cells; this patient had a
previous diagnosis of malignant lymphoma, mixed cell type (8).
A 14q + chromosome was seen in at least a few cells from

every patient with small cleaved cell lymphoma and in one of 2
with the small noncleaved cell type.

The findings in immunological studies on 7 patients (Cases
1 and 8 to 13) who were in the leukemic phase are shown in
Table 2. Four of the 6 patients with ML-PDL, small cleaved cell
type (Cases 1, 8, 9, and 11), had slg on the leukemic cells,
confirming their B-cell origin. Three of these patients had
monoclonal slg, lgM,cin Cases 1 and 9, and lgMX in Case 11.
The type of slg in the other patient (Case 8) was not studied.
Most cells from 2 patients (Cases 10 and 13) had neither slg
non E-nosette formation; they were classified as null. One
patient with the small noncleaved cell type (Case 12) had
monoclonal lgM,con the leukemic cells, which were classified
as B.

In 3 (Cases 1, 12, and 13) of 7 patients on whom immuno
logical studies were performed, the result was compared with
the cytogenetic findings. In the 2 patients whose lymphoma
cells were classified as B, lymph node cells of Case 1 had a
14q + marker, whereas the leukemic cells of Case 12 lacked
this marker. On the other hand, leukemic cells in the remaining
patient (Case 13) were classified as null and had the most
complex rearrangements of chromosomes seen in this group
of patients, including two 14q + markers.

DISCUSSION

The observations made in this study indicate that malignant
tissue examined from all 9 patients with ML-PDL had a clone
of chromosomally abnormal cells which contained transloca
tions involving chromosome 14. A 14q+ marker was seen in 8
of these patients. Although this marker was derived from dif
ferent chromosomes, involvement of No. 18 occurred most
often. Thus, in 4 patients (Cases 3, 4, 6, and 13), the donor
chromosome was No. 18, and it may have been the donor in 2
others (Cases 2 and 5). A second 14q + chromosome in one
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Chromosome Banding in Malignant Lymphomas

of these patients (Case 13) was the result of a translocation
from 8q. The translocation could be determined in one other
patient, in whom it involved 11q.

Chromosome analysis with the use of the G-banding tech
nique has been reported in 13 patients with a diagnosis of ML
PDL (6, 8, 33). The frequency of a 14q+ marker was low
compared with that in the present study. In these earlier ne
ports, the marker had been observed in lymph nodes from 5 of
9 patients, in leukemic peripheral blood from one of 3 patients
(one of whom had a normal karyotype), and in the pleural
effusion of one patient. The discrepancy may be due to the
poor quality of the chromosomes obtained from these lympho
mas. In one case studied by Reeves (33), some cells had either
a 14q+ marker or an 18q-,del(18Xq21); only one cell of 6 that
were fully analyzed contained both abnormal chromosomes.
Prior to the use of banding techniques, an abnormal chromo
some resembling a No. 18 with a deletion in the long arm had
been observed in 10 cases of non-Burkitt's lymphoma, of which
8 had lymphoma suggestive of follicular-center-cell origin (26,

33, 38); identification of a translocation of the small deleted
part of the chromosome would have been impossible without
banding techniques. In 2 cases (6), a 14q translocation oc
curned with 1lq [t(1 1;14)(q13;q32)]; in one case (8), a tandem
14: 14 long-arm translocation was observed. Thus, although
not previously recognized, a translocation between the long
arm of Nos. 14 and 18 may be a rather frequent event in ML
PDL.

A 14q + marker chromosome, although found in all abnormal
cells of the lymph node, was not seen in bone marrow cells of
2 patients (Cases 1 and 2), which contained foci showing
involvement with small cleaved cell lymphoma. Kakati and
Sandberg (15) reported that chromosome changes in bone
marrow from patients with non-Hodgkin's lymphoma did not
include a 14q + marker or any other consistent abnormality.
These findings indicate that the cytogenetic analysis of lym
phoma cells must be done either on lymph node cells on on
unstimulated peripheral blood cells cells during the leukemic
phase if the results are to be relevant to the study of lymphoma.
It may be that lymphoma cells do not have the same proliferative
advantage in the microenvironment of the bone marrow as in
the lymph node.

Immunological studies were performed on the leukemic cells
of 7 patients (Table 2); the cells from 5 of these patients were
classified as B and those from the other 2 as null. The lym
phoma of the 2 patients with null cells was of the small cleaved
cell type, which is generally accepted to be of B-cell origin.
None of the patients had more than 13% of cells that formed
E-rosettes (normal, 59 to 77%). Two of 3 patients for whom
the cytogenetic findings were compared had B-cell markers
with an lgMscclone. In Case 1, the dividing abnormal cells from
the lymph node had a 14q+ marker; in the other patient (Case
12) with a small noncleaved cell lymphoma, all of the dividing
leukemic cells lacked a 14q+ marker chromosome and had a
t(1 ;14) instead. Lymphoma cells from the third patient (Case
I 3) were classified as null; all of his dividing leukemic cells had
2 different 14q + marker chromosomes and the most complex
rearrangement of chromosomes in this series. Catovsky et al.
(3) have reported chromosome and immunological studies
performed on ascitic fluid cells from one patient, who was
classified on the basis of lymph node biopsy as having follicular
lymphoma. Almost all of his cells had slg, and the dividing cells

showed the presence of one or 2 different 14q + markers.
Thus, in these 4 patients, 3 of whom had a 14q+ marker, 2
had B-cell markers and one (Case 13) lacked them. One other
patient lacked a I 4q + marker, although he had a monoclonal
slg. This lack of a clear correlation between the cytogenetic
and immunological studies may reflect a change in the biolog
ical function of these cells. The cells may lose the capacity to
express B-cell markers in the leukemic phase; thus, the data
may not exclude the B-cell origin of these leukemic cells. The
loss of differentiated function of these cells (the secretion of
slg in Case 13) may be related to the increasing aneuploidy
and to the complexity of the karyotype noted in the leukemic
cells as compared with cells from the lymph nodes.

Recently, 7 patients with ML-H have been reported (1 1); a
14q+ marker chromosome was present in most of the abnor
mal cells obtained from 3 of these patients whose tumors were
composed predominantly of large noncleaved cells. The marker
was absent in all of the abnormal cells from the 4 patients
whose tumors were composed of a majority of large cleaved
cells. Thus, a 14q + marker chromosome has frequently been
observed in at least 3 types of follicular-center-cell lymphomas
as defined by Lukes and Collins (19), namely, large noncleaved
cell, small cleaved cell, and small noncleaved cell lymphomas.
Among small noncleaved follicular-center-cell lymphomas,
which include Burkitt's lymphoma, Bunkitt's lymphoma has a
consistent 14q translocation with 8q (14q + marker)
[t(8; 14Xq24;q32)] (24, 43), whereas others may have other
14q translocations, as observed in Cases 7 and 12. Our data
are too limited, however, to provide more than suggestive
evidence on this point.

In the myeloproliferative disorders, the study of chromosome
changes, especially translocations, has revealed a close con
relation between a specific translocation and a particular type
of leukemia. Examples are the 9;22 translocation in chronic
myeloid leukemia (35), the 8;21 translocation in acute myelo
blastic leukemia (34, 37), and the 15;1 7 translocation in acute
promyelocytic leukemia (36). The frequent occurrence of ab
normalities of 14q in lymphoid disorders strongly suggests that
rearrangements of 14q provide these cells with a proliferative
advantage (8, 25). A particular 14q translocation might be
preferentially associated with a specific disorder. Thus, an 8; 14
translocation has been seen consistently in Burkitt's lymphoma
(24, 43), and a tandem 14;14 translocation occurs frequently
in ataxia telangiectasia (12, 25). Our observations suggest that
a 14;18 translocation may be common in ML-PDL, small
cleaved cell type. An 11;14 translocation has also been noted
in several patients with ML-PDL. These translocations have
occasionally been seen in various other types of lymphoid
cancers, including ML-H, which has a variable pattern of 14q
translocations (4, 8, 18, 23, 43).

On the other hand, a 14q translocation is not specific only
for follicular-center-cell lymphoma of B-cell origin. The trans
location has also been observed in some lymphoid cancers
which are of T-cell origin, namely, one case of mycosis fun
goides (9), 2 cases of chronic T-ceIl leukemia (5), one T-cell
line derived from acute lymphoblastic leukemia (14), and a
clone of PHA-stimulated lymphocytes in telangiectasia (12,
25), a primary immunodeficiency disease which predisposes
to lymphoid cancer (16). The question is thus whether the
precise translocation constitutes a critical change in a partic
ulan lymphoid cell, which may then have a variety of different
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Fig. 1. A, ML-PDL, predominantly composed of small cleaved lymphoid cells in lymph nodes (Case 2). H & E, X 1000. B, Case 7. In this patient with ML-PDL, a
majority of lymphoid cells show noncleaved nuclei. Mitotic figures are present. H & E, x 1000.

Fig. 2. Partial karyotype of cells from 5 patients with ML-PDL. A, banding with quinacrine, illustrating a 14q transiocation with Nos. 8, 11, and 18. The 14q+
marker and other abnormal chromosomes are on the left in each pair, except that there are two 14q + markers in Line c and a normal pair of No. 11 in Line d. Line
a is from Case 2, Line b is from Case 3, showing a possible translocation of 14q and 18q, t(i 4q;i 8q). Line c is from Case 13, showing 2 14q translocations, t(8q;i 4q)
on the right and t(l 4;l 8) on the left. Line d is from Case 7 and could be compatible with a translocation of 11q and 14q. B, partial karyotypes of cells with
conventional Giemsa staining. Lines a, b, and c, the same chromosomes as shown in Lines a, b, and d, respectively, in A. Line d is from Case 11, showing a
Dq+ ;Dqâ€”translocation [t(Dq + ;Dqâ€”)].
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appearances, or whether a particular type of lymphoid disorder
(based on morphology) may have various types of transloca
tions. The resolution of this question will clearly provide a
significant advance in our understanding ofthe biology of these
cells and will therefore permit us to establish a reasonable
system of classification of the lymphoproliferative disorders.
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Fig. 3. 0-banding karyotype of a cell from Case 4. The abnormal chromosome is on the left In each pair. Note the deletion of 8p and 18q; addition of 13q and 14q;
absence of one No. 9, one No. 10, and one No. 16; trisomy for No. 12; and 3 unknown markers (Ml , M2, and M3). Ml might be a deletion of 10q24. and M2 might
contain part of the missing No. 6. The 13q + chromosome and the 14q + chromosome each could be the result of a translocation with 8p and 18g. [ff8; 13Xpl 1;q24)]
and [t(14;18Xq32:q2 1)J,respectively.
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Fig. 4. R-banding karyotype of a cell in Case 13. There is an extra x and No. 20 and less of the V. Note the deletion of 1q (Ieft@,1p (center), 2q, Sq (left), 6g. 8q,
1lq(right), and 18q; addition ef4q, 5p(right), lOg, 1lq(left), 13p, and two 14q's; a gain of the abnormal No. 7 (7q+); and 4 unknown markers(M1 to M4). The lq
chromosome originates from a translocation with 5p [t(1 ;5Xql 1;pl 5)], and the 1pâ€”chromosome could be the result of a translocatlen with No. 17 [t(1 ;17)-
(q21?;pl 3?)]. The two 14q+ chromosomes could be the result of a 14q translocation with 8q and 18q, [t(8;1 4Xq24;q32)] and [Ui 4;18Xq32;q21)], respectively. The
5qâ€” and the 6qâ€” chromosome each could have an interstitial deletion of the long arm, [del(5Xq1 3q31)] and [del(6Xq21 q23)], respectively. The 1 1qâ€”chromosome
has lost the whole long arm. M4 could be a ring chromosome.
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Fig. 5. Q-banding karyotype of a variant cell (+ No. 12) in Case 12. Note the deletion of 6q, 8q, and 19p or q; addition of 1p, 5p, 11q, 13q, 17p, and 22q; absence
of one No. 9. one No. 10, one No. 14, one No. 17, one No. 21, and the V chromosome; and 3 unknown markers (Ml , M2, and M3). One No. 9 with a deletion of q
has an addition of unknown origin at the end of p. The lp+ chromosome could be the result of a translocation with 14q [t(1 ;14Xp22;q13)], and M3 might be the
remaining part of one No. 14 involved in the translocation. The addition of 1lq (1 lq+) could originate from one No. 21 [t(1 1;21Xq23;q22)].
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