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INTRODUCTION

Several groups of investigators'-> have demonstrated that DNA content analysis
of lymphomas of low, intermediate, and high grade malignancy*® showed good
correlation between S phase values and aggressiveness of the lymphomas. There
was considerable overlap of values, however, between intermediate and high
grade lymphomas. As part of a larger study of more than 80 cases of poorly
differentiated lymphocytic lymphomas (PDL) we were able to perform DNA
histograms of 22 cases. Working within the Rappaport classification,® we wanted
to determined how morphologic criteria such as major cell type, number of

¢No longer at Wayne State University School of Medicine; Present Affiliation: U.S. Army,
Tank Automotive Command, Warren, MI 48397.
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transformed cells, blasts, and numbers of mitotic figures correlated with S phase
values. For this we chose a group of poorly differentiated lymphocytic lym-
phomas of different morphologic subtypes.

MATERIALS AND METHODS

Light Microscopic Studies

The fresh cut surface of a lymph node was gently touched to clean microscope
slides. These imprints were air dried and stained with Leishman’s stain.
Transverse sections of the lymph node (2-3 mm in thickness) were fixed in B5
fixative for routine histologic processing. Four to five micron sections were
stained with hematoxylin-eosin (H&E), periodic acid Schiff (PAS), and methyl
green pyronin (MGP). For the present study special attention was paid to the
growth pattern (nodular and/or diffuse), the morphologic characteristic of the
major tumor cell population, the number of large transformed lymphocytes and
blasts, and number of mitoses per high-power field. The latter was determined by
counting mitoses in 10 high-power fields.

Immunologic Studies

The methods for preparing mononuclear cell suspensions and evaluation of
surface immunoglobulin and other antigenic markers and receptors for un-
sensitized sheep red cells, complement (C), and immunoglobulin (Fc) have
previously been described.’ Cytocentrifuge preparations of all cell suspensions
and the rosette tests were made using a Shandon-Elliot cytospin and were stained
with Leishman’s stain.

DNA Analysis

In all cases DNA histogram analysis was performed using cells obtained from
teased lymphoid tissue and peripheral blood Ficoll-Hypaque monolayers. All
cells were fixed in 70% ethanol prior to testing. Chicken erythrocyte nuclei were
used as an external standard for the histograms. The nuclei were prepared by
washing the whole chicken cells with CaCl, (0.332 g/L saline) and lysing the cell
membrane with saponin (50 mg/100 ml saline). Free nuclei were then rewashed
with CaCl, and fixed in 70% ethanol until ready to use. Sample cell concentra-
tions were adjusted to 4 X 10° cells/ml to which 1.2 X 10° cells/ml of the chicken
erythrocyte nuclei were added.! Treatment with RNase (1 mg/ml) at 37°C for 30
minutes followed to eliminate double-stranded RNA. The nuclear DNA was
stained with propidium iodide (5 mg/100 ml) in 0.1% sodium citrate at 4°C for 20
minutes.'? Prior to analysis, each sample was filtered through a 37 ym nylon mesh
to remove cellular debris then sonicated to minimize clumping.

Analysis on 12 cases was performed on a 128 channel Coulter TPS-1 flow
cytometer using the 388 nm line of a SW argon ion laser at 500 mW constant light
output for fluorescent excitation. A 590 nm long pass dichroic filter was placed in
front of the red photomultiplier tube to allow the passage of red fluorescent
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FIGURE 1. PDL of small, cleaved follicular center lymphocytes (Group 1). Few large, transformed lymphocytes and very few mitoses. H&E;
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emissions for the DNA measurements. Data were analyzed on an Amdahl 470V/6
and 470V/8 computer using the DNA histogram program kindly supplied by Dr.
Philip Dean of Livermore Laboratories in California.’

Analysis on 10 cases was performed on a 256 channel FACS 440 (Becton
Dickinson, Sunnyvale, CA) flow cytometry system using 100nW of constant light
output from the same laser. A 488 nm blocking and 575/25 nm narrow band pass
filter system was placed in front of the red photomultiplier tube to detect the
emissions. Data analysis was performed on a PDP-11/23 microcomputer Consort
40 (Becton Dickinson, Sunnyvale, CA) using a similar program also supplied by
Dr. Philip Dean.

RESULTS

Light Microscopic Findings

The 22 cases were divided into three histological groups: (1) nodular PDL
composed predominantly of small, cleaved lymphocytes!? (11 cases); (2) follicular
mantle zone lymphoma and those of intermediate differentiation’>-* (6 cases);
and (3) “blastic” PDL (5 cases) in which blasts were more numerous than cleaved
lymphocytes.! Mitoses in Group 1 ranged from 0.1 (Fic. 1) to 5.7/HPF (Fic. 2)
(mean = 2.5/HPF) and the percentage of large cells or blasts correlated well with
the number of mitoses (TasLe 1). In Group 2 the number of mitoses was low in
five cases: 0.2 — 1.1/HPF (mean = 0.7/HPF), but the percentage of large cells was
high because these cells were present in remnants of normal follicle centers and
in malignant pseudo-follicular proliferation centers (Fic. 3). Case 17 in this group
differed from the other five cases in that both the mitotic rate (4.8/HPF) and the
percentage of cells in S phase (10%) were considerably higher. Cytologic
examination of the lymph node (Fic. 4) and blood revealed many prolympho-
cytes in addition to the usual mixture of round and small cleaved lymphocytes,
characteristic of this type of lymphoma. Mitoses were seen predominantly in cells
of the same size as the prolymphocytes rather than in large cells. In Group 3,
blasts predominated although a minor cell population consisted of cleaved
lymphocytes (Fi. 5). This group had the highest mitotic rate (4.5 — 8.8/ HPF:
Mean = 6.1/HPF).

Immunologic Findings

As seen in TasLE 1, all the cases were of B-cell type. The percentage of T cells
varied from 7 to 37 percent. They were considered a nonneoplastic component of
the lymphoid tissue and their numbers did not appear to influence the size of the
S phase compartment.

Cell Cycle Analysis

The correlation of the percentage of cells in the S phase of the cell cycle and
number of mitoses and types of tumor cells are given in TasLg 1. Control values
are given in TasLe 2. A DNA histogram of a lymph node with benign reactive
follicular hyperplasia is seen in FiGure 6.
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FIGURE 3. Lymphoma of intermediate differentiation (Group 2). Many large cells in an area of pseudofollicular transformation centers. H&E;

X 400.



ANNALS NEW YORK ACADEMY OF SCIENCES

184

‘ 8001 X
turels suewysiy] akooydwiAfod e jo ozis oy} |90 € Ul amSy ononw NON ‘saikooydwA] PeABS[ pue ‘punol ‘JEWS JO SIMXIW Jensn oY)

01 uonippe ul sapfooydwikjord Auew are 219y 1, (7 dnoin) /1 ase)) Jo apou ydwif] woiy uorsuadsns 129 Jo uoneredard sfnJinusooif) p TANODII




PALUTKE et al.: LYMPHOCYTIC LYMPHOMAS

b.‘éf‘;’g P :“Q\Qﬂ ve 2.
BT
>. ...g'! o’_“,’..' ; <

-5

N R bt S

)

‘ ?c ' ',‘
f:-_-‘.%--- IR LY

bey ':;s., %Pyt e ?j.t” I

FIGURE 5. “Blastic variant” of PDL (Group 3). Blasts may have round or irregular nuclei. High motitic rate. H&E; X 400. Insert: Similar blasts are

seen in peripheral blood. Case 21. Leishman’s stain; X 1600.
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TaBLE 1. Correlation of Histologic Criteria and Cell Cycle Analysis

Immunology
Case Surface % T
Subtype of PDL Number Instrument Markers Cells
1. Small Cleaved 1 C IgMLC 27
Follicular Center Cell
2 C IgM,LD,C’ 13
3 BD 82% By cells 18
4 C Fc,C' 35
5 BD IsM K Fc,C’ 37
% BD IgMX 25
7 C IsMK 18
8 BD IsMLC' 20
9 BD IgMK,C Fc 37
10 C IsM,L.C’ 34
1 C IeMLC' 23
2. Follicular Mantle 12 C IgM,LFc 10
Zone
Intermediate
13 C MK 18
14 BD IeM,L.D,C’ 5
15 BD IeMK.C' 19
16 BD IgM.K 26
17 BD IgM,L 27
3. “Blastic” PDL 18 C IgM,L 17
19 C Fc 7
20 C IeM,LC' 19
21 C IgMK
22 BD IsM,L 2

In Group 1 there was excellent correlation between percentage of large cells or
blasts, number of mitoses and percentage of cells in S phase (1.0 — 5.0%;
Mean = 2.5%) (Fic. 7). In Group 2 the percentage of cells in S phase (3.2 — 6.0%;
Mean = 4.4%) correlated with the size of the large cell component but not with
number of mitoses except for one case (case 17) (FiG. 8). In Group 3 there was a
better correlation of the S phase (9.7 — 22.3%; Mean = 16%) with the number of
blasts than with the number of mitoses (FiG. 9).

Cases 19 and 22 showed two Gy/G, peaks (Fics. 10 and 11) representing
aneuploidy. The coefficient of variation (CV) of several other cases in all three
groups was unusually high and could be a result of aneuploidy.

DISCUSSION

A correlation between the percentage of cells in the S phase of the cell cycle and
clinical behavior of lymphocytic lymphomas of low, intermediate, and high grade
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Histologic Criteria DNA Analysis

Cells Cells
Large % Mitoses  in GG, in 8
Cells Blasts / High Phase Phase DNA

Nodular Diffuse (%) (%) Field (%) (%) Ratio CV
X <10 0.1 979 1.5 426 445
X <10 03 973 14 5.76
X <10 0.6 96.5 22 282 370
X <10 16 974 1.6 333
X 10-20 1.7 95.0 20 410 390
X 10-20 1.7 96.0 1.0 265 320
X <10 22 95.9 33 270 344
X X 10-20 30 95.0 30 274 390
X 20-30 47 90.0 50 333 390
X X <10 10-20 56 97.0 45 300 573
X X 10-20 10 57 953 47 307 515
X 20-30 0.7 924 49 300 504

faintly X 20-30 02 97.1 32 3.14 353
faintly X 20-30 0.7 88.9 44 294 370
faintly X 10-20 1.1 90.0 6.0 271 380
faintly X 20-30 09 93.0 34 250 3.86
faintly X 10-20¢ 43 90.0 100 238 560
X pred 6.5 90.0 97 279 515

X X pred 5.7 84.6 NCb NC NC
X pred 8.8 844 15.6 7.72
X X pred 5.1 711 23 290 563
X X <10 >50 45 NC NC? NC NC

9Many prolymphocytes. ®Not calculated owing to aneuploidy.
‘Done on blood.

malignancies has been described.!-> The study by Diamond et al.! demonstrated
that the range of S phase values is quite broad in the intermediate (4.9 — 21.5%)
and high grade (154 —~ 31.5%) groups.

Our study of 22 cases of poorly differentiated lymphocytic lymphomas,
including six cases of lymphocytic lymphoma of intermediate differentiation, was
aimed at determining whether histologic features had any direct correlation to the
percentage of cells in S phase.

The 22 cases were divided into three groups: (1) small, cleaved follicular center
cell lymphomas;*? (2) mantle zone lymphomas and tymphomas of intermediate
differentiation;'*-* and (3) “blastic” type.!

In Group 1 there was a good correlation between the mitotic rate (.1 — 5.7%;
Mean = 2.5%), the number of large, transformed round cells and/or blasts
(< 10 — 30%), and the percentage of cells in S phase (1.0 — 5.0; Mean = 2.5%).
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FIGURE 6. DNA histogram of lymph node showing benign follicular hyperplasia.
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FIGURE 7. DNA histogram of PDL from Group 1 with small percentage of cells in S
phase, 1.5%.
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DNA histogram of lymphoma of intermediate differentiation with unusually

high S phase (10%), Case 17.
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DNA histogram of “blastic” variant (Group 3). Case 21. S phase = 22.3%.
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FIGURE 10. DNA histogram of “blastic” variant {Group 3). Case 19. Two distinct Gy/G;
peaks are noted. S phase is also high, but was not calculated.
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FIGURE 11. DNA histogram of “blastic” variant (Group 3). Case 22. Most of the tumor
cells are near tetraploid. Normal T cells are 22% in this case and are presumed to be part of

the diploid G¢/G, population.
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Lymphomas of intermediate differentiation and their variant, mantle zone
lymphoma, (Group 2) are characterized by a mixture of small cleaved and mature
small round lymphocytes and pseudofollicular proliferation centers composed of
large, transformed lymphocytes and remnants of normal follicular centers which
also contain large, transformed lymphocytes. There was no correlation between
mitotic rate (0.2 — 1.1%; Mean = 0.7%) and the S phase component (3.24 — 6.0%;
Mean = 4.4%). The high S phase component may be due to a large number of
large transformed cells, which may have a prolonged S phase. In one of these
cases placed in this group, Case 17, the number of mitoses (4.8/HPF) was
considerably higher than in the other five and the percentage of cells in S phase
(10%) was also higher. In this case a large number of partially transformed
nucleolated cells, prolymphocytes, were noted and mitoses were present in cells of
similar size. This case probably represents an accelerated phase of this type of
lymphoma.

In Group 3 the “blastic” PDLs had high mitotic rates (4.5 — 8.8/HPF;
Mean = 6.1/HPF) and high S phases (9.7 — 22.3%; Mean = 16%). Compared to
Group 1, the S phase component was considerably higher relative to the mitotic
rate and more consistent with the number of blasts in the lesion. The two cases of
distinct aneuploidy also occurred in this group. This group of lymphomas was
considered to have arisen from follicular center cells as evidenced by the presence
of small, cleaved cells and nodular growth patterns in four of the five cases.
Nodular PDL of small, cleaved follicular center cell type (Group 1) may undergo
transformation into lymphomas consisting of large transformed lymphocytes or
blasts.!® These blasts, because of their small size, may be more difficult to
distinguish from the cleaved lymphocytes than are large transformed cells and
thus a transformation of a nodular PDL to a more aggressive lymphoma may be
undetected by the pathologist. Some of the PDLs may be this variant at initial
presentation. Three of the five patients in the “blastic” group died within two
years. The other two have had a much more aggressive course than the patients in
the other two groups.

In summary, in nodular PDLs composed of small cleaved lymphocytes and in
“blastic” PDLs there appears to be a correlation between mitotic rate and the
number of blasts or large transformed lymphocytes. This does not appear to be
the case in lymphomas of intermediate differentiation where relatively high S
values do not correspond to the mitotic rate but may reflect the presence of large
transformed cells. This group of cases, however, is quite small and further studies
are needed. Nodular PDL is considered a lymphoma of low grade malignancy. It
is important to recognize “blastic” transformation or a “blastic” variant of PDL.
Because the prognosis of patients with this form of PDL is considerably worse,!6
they should be considered to lymphomas of intermediate or high grade
malignancy*

SUMMARY

A direct correlation between the percentage of cells in S phase of the cell cycle
and the clinical behavior of lymphocytic lymphomas of low, intermediate, and
high grade malignancy has been described. The histopathologist has used the
mitotic rate and other morphologic criteria such as size of cells and nuclear
characteristics as predictors/indicators of the aggressiveness of a tumor. We
compared the S phase values of 22 cases of poorly differentiated lymphocytic
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lymphoma (PDL) of the B cell type, using flow cytometric measurement of DNA
content, to morphologic features and mitotic rate (MR). The 22 cases were divided
into 3 histologic groups: (1) nodular PDL composed of small, cleaved lympho-
cytes (11 cases); (2) follicular mantle zone lymphoma and those of intermediate
differentiation (6 cases); and (3) “blastic” PDL (5 cases). In Group 1 there was
excellent correlation of MR, percentage of cells in S phase, and proportion of
large cells (transformed lymphocytes) per high power field (HPF). In Group 2,
this correlation was not found between MR and percentage of cells in S phase in
five of the six cases. The high S phase in this group did correlate with the large
proportion of large cells found primarily in pseudofollicular proliferation centers
and in remnants of true follicular centers. These cells may have a prolonged S
phase and thus fewer mitoses were seen. In Group 3, although both MR and S
phases were high, a direct correlation between them as noted in the Group 1 cases
was not seen, but an excellent correlation of the high S phase and the number of
blasts was present. The fact that three of the five patients in this group died
rapidly (within less than 2 years of presentation) and the two survivors were
experiencing rapid progression of disease, supports the concept that this group
represents a clearly different, more aggressive subclass of PDL.
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