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E describe a patient with a unique mantle-cell

lymphoma, with cycles of acute illness alternat-
ing with spontaneous remissions. During the acute
phase the patient had fever, generalized lymphade-
nopathy, hepatosplenomegaly, increased liver-enzyme
concentrations, leukocytosis, and thrombocytopenia.
These bouts remitted after two to three weeks without
treatment. Fifteen such cycles were documented over a
period of 50 months.

During the acute phase blast-like B lymphocytes in
the blood expressed surface IgM, IgD, and CDJ),
whereas during clinical remission a small population
of IgM and CD5+ lymphocytes persisted. Two B-cell
clones with differently rearranged heavy-chain genes
consistently appeared in the blood during the recurrent
acute phases. During the spontaneous remissions, one
clone (termed the “acute clone”) regressed while the
second clone remained relatively stable. These findings
suggest that proliferation and death of the acute-clone
cells determined the cyclic nature of the disease. The
lymphoma cells of the acute phase, but not those of re-
mission, were shown to undergo spontaneous apoptosis
in vitro. This process was enhanced by inhibitors of
messenger RNA and protein synthesis, suggesting that
it was regulated by preexisting factors with short half-
lives. No molecular alterations were demonstrated in
bel-2 and pd3 genes, which are known to regulate apop-
tosis.

CASE REPORT

A 61-year-old man was hospitalized in March 1990 because of a
high fever, perspiration, abdominal pain, and vomiting of one week’s
duration. Physical examination revealed generalized lymphadenopa-
thy, splenomegaly (spleen palpable 3 cm below the costal margin),
and hepatomegaly (liver tip palpable 5 cm below the costal margin).
Laboratory tests revealed a hemoglobin level of 14 g per deciliter, leu-
kocytosis (68,000 leukocytes per cubic millimeter), and a platelet
count of 44,000 per cubic millimeter. The differential white-cell count
showed 12 percent segmented and 88 percent mononuclear cells, 70
percent of which were blast-like, with large cleaved nuclei and prom-
inent nucleoli. Examination of the bone marrow showed heavy infil-
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tration by the lymphoid cells with the same morphologic features. A
lymph-node biopsy revealed intermediate-grade malignant lympho-
ma of the diffuse mixed, predominantly small-cleaved-cell type. Cell-
surface markers of peripheral mononuclear cells showed that 80 to
90 percent were B cells expressing IgM-«k and CD5 but not CD10.
The diagnosis of mantle-cell lymphoma was established. The t(11;14)
translocation, common in mantle-cell lymphoma,' was not detected.

The bilirubin concentration was 2.8 mg per deciliter (48 wmol per
liter), the serum uric acid concentration was 9.6 mg per deciliter (571
pmol per liter), the blood urea nitrogen concentration was 56 mg per
deciliter (20 mmol per liter), and liver-enzyme levels were substan-
tially increased. Serologic tests for Epstein—Barr virus, cytomegalo-
virus, human immunodeficiency virus, human T-cell lymphotropic vi-
rus type I, herpesviruses 1 and 6, and hepatitis A, B, and C were
negative.

A few days after the leukocytosis reached its peak, the patient be-
came afebrile and the number of white cells and percentage of im-
mature lymphocytes decreased. The differential count showed 70 to
80 percent atypical lymphocytes. Two weeks later, without any ther-
apy, the patient felt well and the lymphadenopathy, splenomegaly,
and hepatomegaly had disappeared. All liver-enzyme, uric acid, and
blood urea nitrogen concentrations returned to normal. The leuko-
cyte count was normal, but 30 to 40 percent of the mononuclear cells
were IgM-k, CD5+ B cells. The spontaneous regression of the acute
phase prompted one of us to withhold therapy.

During the following 50 months 14 additional such cycles oc-
curred. The intervals between the attacks, termed remissions, ranged
from three weeks to six months (Fig. 1). The last five exacerbations
were characterized by severe thrombocytopenia (with counts as low
as 9000 per cubic millimeter), preceding the peak leukocytosis by 48
hours. Even though there was no bleeding, prednisone at a dose of
30 mg per day was instituted, and a week later the platelet count be-
came normal. The attacks that occurred during prednisone therapy
(episodes 11, 12, 13, 14, and 15), were shorter, and the lymphadenop-
athy and hepatosplenomegaly were less prominent.

METHODS

Mononuclear cells from heparin-treated blood were separated
by Ficoll-Hypaque density—gradient centrifugation and used either
fresh or after cryopreservation. Immunophenotyping was per-
formed with a fluorescence-activated cell sorter.? Intracytoplasmic
antigens were identified by the alkaline phosphatase technique.’
Gene rearrangements were identified by Southern blot analyses.*
DNA samples were digested with the HindIII restriction enzyme,
and DNA probes were labeled with phosphorus-32 by multipriming.
The JH and Jk probes, which detect rearrangements in the genes
for immunoglobulin heavy chains and kappa light chain, respective-
ly, were used.” A bel-2 probe that detects rearrangements of the mbr
region of bc/-2 (Pr-1 probe, Oncogene Science) was used. Analysis
for p53 mutations was performed by examination of single-strand
conformation polymorphisms of DNA together with denaturation
gradient gel electrophoresis.® Exons 5 through 8 were examined
after amplification with the polymerase chain reaction. For the
DNA fragmentation assay, samples of 2 million cells were exam-
ined. Intact DNA was removed from fragmented DNA before elec-
trophoresis.’

RESULTS

About 80 to 90 percent of the patient’s peripheral-
blood lymphocytes expressed cell-surface IgM-«k and
CD5 but not CDI10 during an acute phase (Table 1).
Low levels of IgD were also detected on 40 percent of
the cells, which is typical of immature lymphocytes in
mantle-cell lymphoma. During remissions, the IgM-k
cells constituted 20 to 40 percent of the lymphocytes,
and almost no surface IgD was detected on the cells.
The analysis was repeated with cytocentrifuged blood
cells, which allows the determination of both cytoplas-
mic and surface proteins. During the leukemic phase,
both IgD and IgM were expressed in 80 to 90 percent
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Figure 1. Blood Counts and Serum Enzyme Levels during Seven Cycles of Remis-
sion and Relapse.

The values are shown for cycles 2 through 8 (September 17, 1990, to February 3,

1993). The initial presentation was considered to have occurred on day 1. The normal

ranges for liver-enzyme levels are as follows: lactate dehydrogenase, 100 to 260 U

per liter; alkaline phosphatase, 45 to 115 U per liter; and aspartate aminotransferase,

remissions we examined the pa-
tient’s blood cells for spontaneous
apoptosis. DNA fragmentation was
not detected in fresh cells at any
phase. However, when cells obtained

7 to 40 U per liter.

of the lymphocytes. In contrast, IgD was not detected
in lymphocytes during the initiation of remission.

The Identification of Two Clones

Figure 2 shows a representative Southern blot anal-
ysis of immunoglobulin heavy-chain and light-chain
genes. DNA samples extracted from the patient’s blood
cells at different stages of the disease were examined
with probes for the J regions of the genes for immuno-
globulin kappa light chain and heavy chains and a
probe for the mbr region of b¢l-2. The analysis demon-
strated that the bc/-2 gene was in its germ-line configu-
ration, a finding in agreement with the negative cytoge-
netic analysis for the t(14;18) translocation. A single
rearranged kappa-light-chain band (HP) was found

during the acute phase were cul-

tured for 16 hours, most of the cel-
lular DNA was cleaved into nucleosomal fragments of
180 base pairs and multimers typical of apoptosis. In
contrast, under the same conditions, cells obtained dur-
ing remissions, containing 30 to 40 percent lymphoma
cells, did not show substantial DNA fragmentation
(Fig. 3). As estimated by trypan blue staining and DNA
staining with propidium iodide, 50 to 60 percent of the
lymphocytes obtained during acute phases died in cul-
ture within 16 hours, whereas 90 percent of lympho-
cytes obtained during remission were viable after three
days. To characterize the mechanism regulating the
death of lymphoma cells, we examined the effect of
macromolecular-synthesis inhibitors. Lymphocytes ob-
tained during an acute phase were cultured for five or
seven hours, during which time apoptosis was limited.

Table 1. Typical Expression of Immunologic Cell-Surface Markers by Peripheral-Blood Lymphocytes
during Acute Phases and Remissions in the Study Patient.*

PHASET WBC IgM IgG IgA Igbh K A
X10~/mm’

Acute 73.0 86 4 1 40 87 2

Remission 7.7 30 3 2 2 34 3

CD20 CDI9 CD40 CD5 CDI0 DR CD2 CD3 CD4 CDS8
% of cells expressing marker

80 90 90 95 0 92 6 7 2 6
27 38 NT 79 1 38 55 46 23 28

*WBC denotes white-cell count, and NT not tested.

‘tRepresentative cell samples were obtained during the sixth acute episode and the ninth remission.
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than 13 years,® but to our knowl-
edge, no cases with repeated spon-
taneous remissions have been re-
ported. The unusual feature in our
patient is an intrinsic mechanism
signaling remission that is consis-
tently activated at the peak of the
leukemic phase.

This pattern of the disease could
reflect a preferential response of one
of the malignant clones (which we
termed the “acute clone”) to both
proliferative and cell-death signals.
Such a mechanism could explain
why two B-cell clones were observed
during acute phases but only one
clone was detected during remis-
sion. Moreover, the Southern gel
band that defined the cells of the
acute clone was undetectable during
five subsequent remissions but be-
came the main band during the fol-
lowing acute phases. Thus, the clone
defined by the acute-phase band
constitutes the majority of the lym-
phoma cells that proliferated during

bcl-2
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Figure 2. Southern Blot Analysis to Identify Gene Rearrangements of Immunoglobulin

Heavy and Kappa Light Chains and bcl-2.

The patient’s cells were obtained at different stages and contained the following per-
centage of B4+ (CD19) cells: 88 percent and 82 percent during the acute phases of
the second episode (AC’) and fourth episode (AC), respectively; 65 percent after the
acute phase of the fourth episode (PA); and 38 percent during remission after the
fourth episode (R). Panel A shows representative hybridization patterns with HindllI-
digested cellular DNA and radioactively labeled probes for the J regions of the genes
for immunoglobulin heavy and kappa light chains and bcl-2, which detect germ-line

bands at 11, 5.4, and 4.2 kb, respectively. G denotes germ-line

rearranged heavy-chain bands, and HP a rearranged kappa-light-chain band. In Pan-
el B, a model representing one cycle suggests that the immunoglobulin heavy chains
ST and AC, each of which is associated with the same light chain (HP), are distinct

clones. The stable ST clone exists during all phases, whereas

acute phase and declines during remission. The line shows the leukocyte levels.

The presence of either cycloheximide or dactinomycin
in the culture dramatically increased apoptotic DNA
fragmentation (data not shown).

Analyses of the p53 tumor-suppressor gene in the
lymphoma cells did not reveal mutations in exons
5 through 8, in which the majority of p33 mutations
have been localized.

DISCUSSION

In this unusual case of lymphoma we observed 15
spontaneous exacerbations and remissions over a peri-
od of 50 months. The clinical features, histologic pat-
tern of the lymphoma, and immunophenotype of the
neoplastic cells were those of mantle-cell lymphoma. A
leukemic phase is common in low-grade lymphomas,
either at the onset or during the course of the disease.
The studies of mantle-cell lymphomas published to
date usually involve treated patients, so the natural his-
tory of the disease is unknown. In a few patients ther-
apy was deferred anywhere from 4 months to more
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the leukemic phases. The cells of
this same clone were preferentially
eliminated on spontaneous entry
into clinical remission. We do not
know what makes the cells of one
clone susceptible to death and the
cells of the second clone relatively
stable. The finding that the two
clones share the same kappa light
chain suggests that both originated
from a single malignant clone. In-
deed, in the majority of lymphopro-
liferative disorders, biclonality 1is
due to somatic mutations within the
malignant clone.**

When studied at the peak of acute phases, the
lymphoma cells died spontaneously in vitro within 16
hours as a result of apoptosis. This suggests that pro-
grammed cell death, activated in the neoplastic cells in
vivo at the peak of the acute phase, eliminated most of
the lymphoma cells from the blood. The finding that
inhibiting RNA and protein synthesis in the lymphoma
cells enhanced apoptosis is surprising, because the in-
duction of apoptosis usually requires RNA and protein
synthesis.!’ Nevertheless, in some cell lines either dac-
tinomycin or cycloheximide can induce apoptosis.!»!? It
is possible that the suicide program of the lymphoma
cells is activated on initiation of the acute phase and is
actively suppressed by unstable protective proteins. We
found no indication of molecular alterations in p53 and
bel-2 genes.

What causes the repeated regression of the acute
phases? Autoantibodies with antiidiotypic activity'>!*
are candidates. Indeed, the patient’s circulating B cells
constitutively secreted IgM (data not shown), although

bands, AC and ST

AC dominates the
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Figure 3. Patterns of Fragmented DNA from Cells Obtained from the Patient during Different Phases of the Disease Cycle.

Fragmented DNA was isolated from fresh cells (lanes 1, 3, 5, 7, 9, and 11) or cells incubated for 16 hours at 37°C in RPMI medium

containing 10 percent fetal-calf serum (lanes 2, 4, 6, 8, 10, and 12). The DNA was separated by agarose-gel electrophoresis. Cells

were obtained during remission after the third and eighth episodes (Remission), soon after the onset of the sixth episode (Early

Phase), and during the acute phases of the sixth, seventh, and eighth episodes (Acute Phase). The percentage of B4+ (CD19) cells

in each preparation is indicated. An Haelll digest of OX174 DNA was used to provide the molecular size markers. Origin indicates
where the samples were loaded onto the gel, and front the farthest point of migration of the sample.

the specificity of these antibodies has not yet been ex-
amined. What causes the induction of the leukemic
phases? Expansion and blastogenesis of the lymphoma
cells and induction of IgD, CD23, and intercellular ad-
hesion molecule | on initiation of the acute phase sug-
gest that the neoplastic cells have responded to an ac-
tivation signal. A chronic viral infection could provide
such a signal.

We speculate that activation of the lymphoma cells,
possibly mediated by T cells, enables their escape from
a regulatory mechanism and thereby initiates the leu-
kemic phase. An example of such a regulatory mecha-
nism is the interaction of CD40 molecules on the lym-
phoma cells, with CD40 ligands on activated T cells."”
An alternative mechanism may involve cytokines. The
imbalance in the ratio of lymphoma cells to T cells at
the peak of the acute phase may result in the loss of the
T-cell-mediated survival signal, followed by apoptosis
and clinical remission.
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