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In New Zealand mice, the major histocompatibility complex (MHC) controls the development of both
auteimmune disease and B cell chrenic lymphocytic leukemia (B-CLL). While H-2¢/H-2* heterozy-
gosity acts as one major predisposing genetic element for autoimmune disease, H-2"/H-2" homozygosity
acts as an element for B-CLL. In the H-2°/H-2* homozygotes, there was an age-dependent increase in
frequencies of CD5 B cells in the blood and spleen, and such CD5 B cells showed oligoclonal to
monoclonal expansion, giving rise to B-CLL. B-CLL cells from these mice had surface phenotypes
typical of CD5 B lineage cells, and expressed high levels of proto-oncogene bel2. Elevated bcl-2
expression was also observed in premalignant B cells in the aged mice, thereby suggesting that
apoptosis-resistant, long-surviving CD5 B cells with a self-renewal capacity form the basis of
malignant transformation. This model not only provides clues for analyzing multiple steps of genetic
alterations involved in the generation of B-CLL, but also sheds light on the correlation between

B-CLL and autoimmune disease.
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Chronic lymphocytic -leukemia: (CI:L)-is a type of
leukemia most often occurring among close relatives.”?
The frequent occurrence of immunological abnor-
malities, including autoimmune diseases, in patients with
CLL and/or in their family members is another charac-
teristic.>® There is also a report that paiients with CLL
share HLA haplotypes with relatives with autoimmune
diseases.” Since most cases of CLL seen in Caucasians
are B cell-type CLL (B-CLL) with cell surface molecules
of CD5 (Leul), they are thought to originate from cells
that belong to CD5 B cell lineage.”' As opposed to the
role of conventional B cells in acquired immunity, CD5 B
cells mainly participate in the production of polyreactive
natural antibodies and autoantibodies.'” Thus, certain
regulatory abnormalities in proliferation and differentia-
tion of CD5 B cells are likely to be involved in both
B-CLL and autoimmune disease.

In earlier studies on newly established H-2-congenic
New Zealand mouse strains, NZB, NZW and (NZB X
NZW)F1, we found that different, but related major
histocompatibility complex (MHC) haplotypes predis-
pose either to autoimmune disease or to B-CLL. While
H-29/H-2% heterozygosity acts as one genetic predispos-
ing element for autoimmune disease, H-2*/H-2* homo-
zygosity acts as one element for B-CLL."> '® All the New
Zealand mice homozygous for H-2* haplotype had abnor-
mally high frequencies of splenic CD5 B cells, and such
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CD35 B cells showed an age-dependent oligoclonal to
monoclonal expansion, giving rise to B-CLL.'"

Chromosomal translocation related to the abnormal
expression of bck2 and c-myc genes has been noted in
human B-CLL."® ' Activation of proto-oncogenes such
as c-fgr and Ick was also proposed to be involved in the
oncogenesis.?” Therefore, the accumulation of multiple
genetic alterations is likely to be involved in the malig-
nant transformation of CD5 B cells. However, the pro-
cess of this transformation is poorly understood, as there
is a paucity in studies on premalignant B cells.

We now report that the H-2°/H-2* homozygous New
Zealand mice show an age-associated increase of pre-
malignant and malignant CD3 B cells in the blood, and
thus can serve as an excellent spontaneous model of
B-CLL and contribute to analyses of events occurring in
the process of leukemogenesis, including the abnormal
expression of proto-oncogenes.

MATERIALS AND METHODS

Mice NZB (H-2%), NZW (H-2%), (NZBx NZW)FI
(H-2¢/H-2%) and C57BL/6 (H-2") mice were obtained
from Shizuoka Animal Center (Shizuoka) and were
maintained in our laboratory, H-2-congenic mouse
strains (NZB.H-2* and NZW H-2%) were established by
selective backcrossing for 12 generations as described
elsewhere.”"

Flow cytometry Peripheral blood was obtained from
periorbital sinuses and blood smears were stained with
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Giemsa solution. Total numbers of white blood cells
{(WBC) were measured using a Coulter counter (Coulter
Co., Miami, FL). Spleen cell suspensions were obtained
by gently dispersing the spleen tissue with a glass tissue
grinder in RPMI 1640 with 5% fetal calf serum, followed
by lysis of red blood cells with ammonium chloride.
For flow cytometric analysis, aliquots of 5x10°-10°
cells in 20 gl of phosphate-buffered saline (pH 7.4)
supplemented with 0.2% bovine serum albumin (BSA)
and 0.05% NaN; were incubated with FITC-labeled
antibodies and biotinylated antibodies, followed by
phycoerythrin-avidin  (Becton Dickinson, Mountain
View, CA). All incubations were run for 30 min at 4°C.
Monoclonal antibodies used were 331.12 (specific
for mouse IgM),” CD5(Ly-1) (53-7.3),”Y RA3-6B2
(6B2),* CD45RA(Lp-2)*® and CD11b(Mac-1).2® The
stained cells were examined using a FACStar (Becton
Dickinson), equipped with the FITC/PE filter system.
The lymphocyte population was gated by using forward
vs. side scatter. Sorting of CD5*/1gM™ cells was done
using the FACStar.

RT-PCR analysis Cytoplasmic RNA was extracted from
the cells by the method of Favaloro et al,”” in the
presence of the vanadylribonucleoside complex,?® Mouse
bel-2 cDNA was synthesized using reverse transcriptase
(RT) as follows: 750 ng of cytoplasmic RNA were
hybridized with 1 pmol of the primér #1 (5’GCCATAT-
AGTTCCACAAAGGCA) (sequence within exon 2 of
the mouse bel-2 gene),™ in a total of 18 ul of the reaction
mixture containing 55 mM Tris-HCl (pH 8.3), 83 mM
KCl, 11 mM dithiothreitol, 3.3 mM MgCl, and 1.1 mM
each of dGTP, dATP, dTTP and dCTP, at 65°C for |
min, and then at 54°C for 5 min. The first strand of bcl-2
cDNA was synthesized by adding 200 units of Moloney
murine leukemia virus reverse transcriptase (Bethesda
Research Laboratories, Gaithersburg, MD} and 10 units
of human placental ribonuclease inhibitor (Takara
Shuzo, Shiga), followed by incubation at 42°C for a
further 15 min. Polymerase chain reaction (PCR)*? was
carried out by mixing 80 gl of PCR reaction mixture
(12.5 mM Tris-HCl, pH 8.3, 62.5 mM KCi, 1.838 mM
MgCl;, and 0.0013% gelatin) containing 50 pmol of the
primer #2 (5’ ATGGCGCAAGCCGGGAGAACAGG-
G) (sequence within exon 1 of the mouse bel-2 gene?),
50 pmol of the primer #1 and 2 units of AmpliTag DNA
polymerase {Perkin Elmer Cetus, Norwalk, CT) with
thermal cycles of 93°C for 1 min, 55°C for 1 min, and
72°C for 1 min. The total number of thermal cycles was
30. Ten gl of the PCR product was analyzed by 1%
agarose gel electrophoresis, transferred to nylon mem-
brane (Biodyne Nylon Membrane; Pall Biosupport Divi-
siony, Glen Cove, NY) and probed with a 624 bp mouse
bel-2 ¢cDNA. Mouse bel-2 ¢cDNA was obtained from
spleen cells by PCR and subsequently cloned into a
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vector, pSKM13-+. Southern blots thus obtained were
quantitated using a BAS 2000 Bio-Imaging Analyzer
(Fuji Photo Film Co., Tokyo).

Southern blot analysis Approximately 10 g of genomic
DNA, extracted from spleen cells, was digested with Eco
R, fractionated on.0.7% agarose gel, transferred to
nitrocellulose filters, and probed with an Ig H-chain join-
ing region (Jy4) probe (PMIJIH), a 2.0-kb Bam HI/Eco R
fragment that includes Ju3 and Ju4 segments. The PMIH
was radiolabeled by hexamer priming. Hybridizations
were done in 6 X SSPE/5 X Denhardt’s solution/0.5%
SDS at 65°C (1 xSSPE=0.18 M NaCl/10 mM sodium
phosphate, pH 7.4/1 mAM EDTA; 1XDenhardis’s solu-
tion=0.02% BSA /0.02% Ficoll / 0.029% polyvinyl-
pyrrolidone).

RESULTS

Fig. 1 compares age-associated changes in the pro-
portion of peripheral blood CD5 B cells in H-2-con-
genic NZB and NZW mice (H-2*/H-2%, H-2¢/H-2? and
H-2¢/H-2%). As compared with the mice either hetero-
zygous for H-29/H-2* or homozygous for H-2/H-2", the
H-22/H-2* homozygous mice showed a marked increase
of CDS5 B cells from 8 months of age onward.

Fig. 2 shows representative two-color flow cytometry
profiles for sIgM and CDS5 expressions of peripheral
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Fig. 1. Frequencies of CD5 B cells in peripheral blood
B cells from H-2-congenic NZB (M) and NZW (@) mice
(H-22/H-2?, H-2%/H-2* and H-2%/H-2%). Note that higher
frequencies of CD5 B cells were observed for mice homo-
zygous for H-2%. Regression coefficients for the age-dependent
increase of CD5 B cells are 4.1, 0.64 and 0.78 for H-2*/H-2*
homozygous, H-2¢/H-2* heterozygous and H-29/H-2° homo-
Zygous mice, respectively.
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Fig. 2. Two-color flow cytometry profiles for sIgM and
CD5 expressions. Peripheral blood Iymphocytes from 12-
month-old H-2-congenic NZW and NZB mice. Note that
H-2%/H-2* homozygous mice showed remarkably high CD5 B
cell frequencies, as compared to mice with other haplotypes
(H-29/H-2? or H-27/H-2%). CD5" cells other than CD5*IgM™*
cells are T cells with much higher CD5 expression.

blood lymphocytes obtained from premalignant 12-
month-old H-2-congenic New Zealand mice. NZW and
NZB mice with the homozygous H-2°/H-2* haplotype
showed remarkably high CD3 B cell frequencies. These
cells were also weakly positive for CD45R(6B2) and
CD11b(Mac-1), a finding characteristic of CD5 B cells
(data not shown). We obtained two transplantable
B-CLL cell lines from these mice.

Stained blood smears obtained from NZW mice that
showed expanded populations of CD3 B cells with homo-
geneous slgM expression in the blood showed medium-
sized B leukemic cells with round nuclei and a high
nuclear-to-cytoplasmic ratio (Fig. 3A). Owing to exces-
sive fragility, neoplastic lymphocytes were often dam-
aged, giving rise to several “smudge” cells. Infiltrations of
leukemic cells were observed in a wide variety of organs
including spleen, lymph node, liver, kidney, salivary
gland and lung (Fig. 3B), in keeping with the observa-
tions in human B-CLL.

To search for possible age-associated changes in the
clonality of B cells, Southern hybridization analysis using
a Jy probe was carried out with genomic DNA obtained
from spleen cells of H-2*/H-2* hymozygous NZB mice
of varying ages. Patterns of rearrangement of immu-
noglobulin BY or VDJ gene segments changed from
smear to oligoclonal and even to monoclonal bands, with
increasing age of the animals (Fig. 4). These features

Murine Model of B-CLL
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Fig. 3. A. Stained blood smear obtained from a 12-month-
old NZW mouse with B-CLL. Leukemic cells have round
nuclei and a high nuclear-to-cytoplasmic ratio. Owing to exces-
sive fragility, neoplastic lymphocytes were often damaged,
giving rise to several “smudge” cells. B. Histological picture of
the lung obtained from a NZW mouse with B-CLL. Medium-
sized leukemic cells have massively infiltrated in alveolar walls
and subendothelial and perivascular spaces of a small vessel
{HE).

were correlated well with the expansion of homogeneous
CD57 sIgM™ B cells on FACS profiles (data not shown).

Fig. 5 compares the levels of bcl-2 expression in trans-
plantable B-CLL cell lines obtained from aged H-2°/
H-2* homozygous NZW mice and spleen cells from
young (2-month-old) and old (12-month-old) NZW
mice. High levels of bcl2 expression were observed for
two transplantable B-CLL cell lines (lanes 1 and 2).
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Fig. 4. Southern hybridization analysis using a Jy probe on
genomic DNA obtained from spleen cells of H-22/H-2* homo-
zygous NZB mice at varying ages (4, 6, 10 and 16-month-
old). Patterns of rearrangement of immunoglobulin DJ or
VDJ gene segments changed from smear to oligoclonal and
even to monoclonal bands with increasing age of the animals.

There was also an age-associated increase in bel-2 expres-
sion in spleen cells from NZW mice prior to the appear-
ance of malignant cells in the blood (lanes 3 and 4). Such
spleen cells from 12-month-old (NZW) mice contained
CDS5 B cells with oligoclonal rearrangements of Jy gene
segments, by Southern blot analysis, but did not give rise
to B-CLL when transplanted into young NZW mice.
Thus, these cells were considered to be at a premalignant
stage. Elevated levels of bcl2 expression were also ob-
served in sorted CD5" B cells in these mice at a pre-
malignant stage (data not shown).

DISCUSSION

We found that New Zealand mice homozygous for
H-2* haplotype showed high frequencies of CD5 B cells
in the blood in association with age-associated oligo-
clonal to monoclonal expansion of these cells. Such an
expanded population of cells was transplantable and
showed phenotypic features of CD5" B-CLL. Indeed,
infiltrations of leukemic cells were observed in a wide
variety of organs, in keeping with the observations in
human B-CLL. Elevated bel2 expression was evident in
CD5 B cells at both premalignant and malignant stages.
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Fig. 5. Levels of bcl2 expression in two transplantable
B-CLL cell lines obtained from aged H-2*/H-2* homozygous
NZW mice and spleen cells from young (2-month-old) and
old (12-month-old) NZW mice. High levels of bck2 expres-
sion were observed for two transplantable B-CLL cell lines
(lanes 1 and 2). There was an age-associated increase in the
bel-2 expression in spleen cells from NZW mice (lane 3; 2-
month-old, lane 4; 12-month-old), No age-associated increase
in the bcl2 expression was observed for C57BL/6 mice (lane
5; 2 month-old, lane 6; 12-month-old). b¢i2 and actin
mRNA were reverse-transcribed and subsequently amplified
by polymerase chain reaction as described in “Materials and
Methods.”

Thus, New Zealand mice homozygous for H-2% haplotype
can serve as a suitable model to study the process of
malignant transformation of CD5 B cells.

Murine CD35 B cells belong to a developmental lineage
distinct from that of conventional B cells, have unique
surface phenotypes, that is, CD5%, dull CD45R(6B2)",
bright sIgM™, and Mac-11 (particularly CD5 B cells in
the peritoneal cavity), are maintained by a self-renewal
capacity and show a distinctly different localization pat-
tern from conventional B cells.'¥ Evidence is accumulat-
ing that CD5 B cells, both in mice and humans, only
participate in natural immunity or in autoimmunity, as
opposed to acquired immunity, and produce most of the
TgM natural antibodies and autoantibodies, including
those to DNA, thymocytes and erythrocytes.'® Since
New Zealand mouse strains have predispositions for
autoimmune disease, such as systemic lupus erythema-
tosus, autoimmune hemolytic anemia and Sjégren’s syn-
drome,’ and since CD5 B cells are likely to be responsi-



ble for such disease,"'® it is possible that self-reactive
CD3 B cells with self-renewal capacity, which have es-
caped from clonal deletion mechanisms, are highly sus-
ceptible to genetic alterations related to leukemogenesis.

We observed high levels of proto-oncogene bcl-2 ex-
pressions in B-CLL cell lines obtained from H-2°/H-2%
homozygous New Zealand mice. Proto-oncogene bel-2
has been cloned as a gene activated by the translocation
of t(14,18) in human follicular lymphoma.’™® Although
details of the function of bcl2 remain unclear, bel-2 is
thought to be responsible for the inhibition of pro-
grammed cell death (apoptosis), and B cells that over-
express bcl-2 exhibit enhanced cell survival.*® While
bel-2 does not actively promote cell proliferation, it does
provide a distinct survival signal to the cell® Thus,
bel-2 may contribute to the leukemogenesis of B cells
by allowing a clone to persist until other oncogenes
become activated. This notion is consistent with our
present finding that CD5 B cells at the premalignant
stage already expressed high b¢l2. Further studies on
involvement of other oncogenes in the leukemogenesis
of B-CLL in the New Zealand mice are under way in
our laboratory.

Human B-CLL cells have also been reported to express
high levels of b¢cl-2*Y and in about 10%, the bcl-2 gene is
translocated to one of the immunoglobulin loci.™ Our
preliminary studies using genomic Southern hybridiza-
tion with several restriction enzymes showed no evidence
of chromosomal translocation of bel2 gene (data not

REFERENCES

1) Linet, M. 8., Van Natta, M. L., Brookmeyer, R., Khoury,
M. J., McCafferey, L. D., Humphrey, R. L. and Szklo, M.
Familial cancer history and chronic lymphocytic leukemia.
Am. J. Epidemiol., 130, 655-664 (1989}.

2) Conley, C. L., Misiti, I. and Laster, A. J. Genetic factors
predisposing to chronic lymphocytic leukemia and to auto-
immune disease. Medicine, 59, 323-334 (1980).

3) Zulman, J., Jaffe, R. and Talal, N. Evidence that malig-
nant lymphoma of Sjogren’s syndrome is a monoclonal
B-cell neoplasm. N. Engl. J. Med., 299, 1215-1220 (1978).

4) Green, J. A., Dawson, A. A. and Walker, W. Systemic
lupus erythematosus and lymphoma. Lancet, ii, 753-755
(1978).

3) Wyburn-Mason, R. SLE and lymphoma. Lancet, i, 156-
157 (1979).

6) Pirofsky, B. Clinical aspects of autoimmune hemolytic
anemia. Semin. Hematol, 13, 251-265 (1976).

7) Boumsell, L., Coppin, H., Pham, D., Raynal, B., Lemerle,
J., Dausett, J. and Bernard, A. An antigen shared by a
human T cell subset and B cell chronic lymphocytic
leukemic cells. J. Exp. Med., 152, 229-234 (1980).

8) Royston, 1., Majda, J., Baird, §. M., Meserve, B. L. and

Murine Model of B-CLL

shown). To date, no murine B-CLL cell lines have been
reported to have chromosomal translocation with respect
to bel-2.

The role of H-2°/H-2* homozygosity in the develop-
ment of B-CLL remains unknown. A certain gene tightly
linked to MHC is a possible candidate to be involved in
the abnormality of CD3 B cells. The recessive effect of
the gene is also reminiscent of a tumor suppression gene
whose tumorigenic phenotype is recessive.’® It is also
tempting to speculate that difference in the polymor-
phism of MHC class II molecules determines the fate of
CD5 B cells in New Zealand mice, i.e., either clonal
expansion in H-2*/H-2*'" or differentiation into auto-
antibody-producing cells in H-2*/H-2* mice?” (although
other genetic elements are also apparently involved in
both autoimmune disease and B-CLL in these mice). The
murine model of B-CLL we have described here will
make feasible analysis of multiple steps of genetic altera-
tions involved in the process of malignant transformation
of CD3 B cells, as well as allowing us to evaluate putative
correlations between B-CLL and autoimmune diseases.

ACKNOWLEDGMENTS

We thank M. Ohara for critical comments, T. Yoshida for
technical assistance, and M. Morita for secretarial services.
This work was supported by special coordination funds from
the Science and Technology Agency, Japan.

{Received June 16, 1993/Accepted September 17, 1993)

Griffiths, J. C. Human T cell antigens defined by mono-
clonal antibodies: the 65,000-dalton antigen of T cells
(T65) is also found on chronic lymphocytic leukemia cells
bearing surface immunoglobulin. J. Immunol., 125, 725-
731 (1980).

9) Kocks, C. and Rajewsky, K. Stable expression and
somatic hypermutation of antibody V regions in B-cell
developmental pathways. Ann. Rev. Immunol., 7, 537-559
(1989).

10) Casali, P. and Notkins, A. L. Probing the human B-cell
repertoire with EBV: polyreactive antibodies and CD5+ B
lymphocytes. Ann. Rev. Immunol., 7, 513535 (1989).

11) Casali, P. and Notkins, A. L. CD5+ B lymphocytes,
polyreactive antibodies and the human B-cell repertoire.
Immunol. Today, 10, 364-368 (1989).

12) Hayakawa, K., Hardy, R. R. and Herzenberg, L. A.
Peritoneal Ly-1 B cells: genetic control, autoantibody pro-
duction, increased lambda light chain expression, Eur. J.
Immunol, 16, 450-456 (1986).

13) Batata, A. and Shen, B. The importance of surface im-
munoglobulin, mouse rosettes, and CD3 in the immuno-
phenotyping of chronic lymphocytic leukemia and reac-

1277



Jpn. J. Cancer Res. 84, December 1993

14)

15)

16)

17

18}

19)

20)

21)

22)

23)

24)

25)

tive lymphocytosis. Cancer, 68, 355-361 (1990).
Herzenberg, L. A., Stall, A. M., Lalor, P. A., Sidman, C.,
Moore, W. A., Parks, D. R. and Herzenberg, L. A. The
Ly-1 B cell lineage. Immunol, Rev., 93, 81-102 (1986).
Shirai, T., Hirose, 8., Okada, T. and Nishimura, H.
CD5* B cells in autoimmune disease and lymphoid malig-
nancy. Clin. Immunol Immunopathol, 59, 173-186
(1991).

Shirai, T., Okada, T., Nishimura, H. and Hirose, 8. Ge-
netic regulation of CD5+ B cells in autoimmune disease
and in chronic lymphocytic leukemia. Ann. N.Y. Acad.
Sei., 651, 509-326 (1992).

Okada, T., Takiura, F., Tokushige, K., Nozawa, $S.,
Nakauchi, H., Hirose, S. and Shirai, T. Major histocom-
patibility complex controls clonal proliferation of CD5+
B cell in H-2 congenic New Zealand mice: a model for B
cell chronic lymphocytic leukemia and autoimmune dis-
cases, Eur, J. Immunol., 21, 2743-2748 (1991).

Rechavi, G., Katzir, N., Brok-Simoni, F., Holtzman, F.,
Mandel, M., Gurfinkel, N., Givol, D., Ben-Bassat, I. and
Ramot, B. A search for bel1, bel2 and c-myc oncogene
rearrangements in chronic lymphocytic leukemia. Leuke-
mia, 3, 57-60 (1989).

Raghoebier, 8., van Kricken, J. H. J. M., Kluin-Nelemans,
J. C, Gillis, A., van Ommen, G. J. B,, Ginsberg, A. M.,
Raffeld, M. and Kluin, M. Oncogene rearrangements in
chronic B-cell leukemia. Blood, 77, 15601564 (1991).
Abts, H., Jucker, M., Diehl, V. and Tesch, H. Human
chronic lymphocytic leukemia cells regularly express
mRNAs of the protooncogenes lek and c-fgr. Leuk. Res.,
15, 987-997 (1991).

Hirose, 8., Kinoshiota, K., Nozawa, S., Nishimura, H. and
Shirai, T. Effects of major histocompatibility complex on
autoimmune disease of H-2-congenic New Zealand mice.
Int, Immunol, 2, 1091-1095 (1990).

Kincade, P. W., Lee, G., Sun, L. and Watanabe, T.
Monoclonal rat antibodies to murine IgM determinants.
J. Immunol. Methods, 42, 17-26 (1981).

Ledbetter, J. A. and Herzenberg, L. A. Xenogeneic mono-
clonal antibodies to mouse lymphoid differentiation anti-
gens, Immunol. Rev., 47, 63-90 (1979).

Coffman, R. L. Surface antigen expression and immuno-
globulin gene rearrangement during mouse pre-B cell de-
velopment. Immunol. Rev., 69, 5-23 (1982).

Ishida, Y., Ueda, G., Noguchi, K., Nagasawa, R., Hirose,
S., Sato, H. and Shirai, T. Unique cell surface phenotypes
of proliferating lymphocytes in mice homozygous for Ipr
and gld mutations, defined by monoclonal antibodies to

1278

26)

27y

28)

29)

30)

31)

32)

33)

34)

35

36)

MRL/Mp-lpr/lpr T cells. Cell Immunol., 105, 136-146
(1987).

Springer, T., Galfre, G., Secher, D. S. and Milstein, C.
Mac-1: a macrophage differentiation antigen identified
by monoclenal antibody. Euwr. J. Immunol, 9, 301-306
(1979). :
Favaloro, J., Treisman, R. and Kamen, R. Transcription
maps of polyoma virus-specific RNA: analysis by two-
dimensional unclease $1 gel mapping. Methods Enzymol.,
65, 718-749 (1980).

Maniatis, T., Fritsch, E. and Sambrock, J. “Molecular
Cloning: A Laboratory Manual,” Vol. 1, p. 7.3 (1989).
Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, New York.

Negrini, M., Silini, E., Kozak, C., Tsujimoto, Y. and
Croce, C. M. Molecular analysis of mbel2: Structure and
expression of the murine gene homologous to the human
gene involved in follicular lymphoma. Cell, 49, 455-463
(1987).

Saiki, R. K., Gelfand, D. H., Stoffel, S., Scharf, S. I,
Higuchi, R., Horn, G. T., Mullic, K. B. and Erlich, H. A.
Primer-directed enzymatic amplification of DNA with
thermostable DNA polymerase. Science, 239, 487491
(1988).

Shirai, T., Hirose, S., Okada, T. and Nishimura, H. Im-
munology and immunopathology of the autoimmune dis-
ease of NZB and related mouse strains. Jn “Immunological
Disorders in Mice,” ed. B. Rihova and V. Vetvicka,
pp. 95-136 (1991). CRC Press, Florida.

Tsujimoto, Y., Cossman, J., Jaffe, E. and Croce, C. M.
Involvement of the bcl2 gene in human follicular lym-
phoma. Science, 228, 1440-1443 (1985).

Tsujimoto, Y. Overexpression of the human bcl-2 gene
product results in growth enhancement of Epstein-Barr
virus-immortalized B cells. Proc. Natl. Acad. Sci. USA., 86,
19581962 (1989).

Schena, M., Larsson, L. G., Gottardi, D., Gaidano, G.,
Carlsson, M., Nilsson, K. and Caligaris-Cappio, F.
Growth- and differentiation-associated expression of bcl2
in B-chronic lymphocytic leukemia cells. Blood, 79, 2981-
2989 (1992).

Adachi, M., Tefferi, A., Greipp, P. R., Kipps, T. I. and
Tsujimoto, Y. Preferential linkage of bcl-2 to immuno-
globulin light chain gene in chronic lymphocytic leukemia.
J. Exp. Med., 171, 559-564 (1990).

Stanbridge, E. J. Human tumor suppressor genes. Annu,
Rev. Genet., 24, 615-657 (1990).





