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ABSTRACT

AKR mice are highly susceptible to development of spontaneous T-cell
lymphoma. Thymus removal at the age of 1-3 months greatly reduces
T-cell lymphoma. Lymphomas that have the characteristics of T- and/or
B-cells occur sporadically in peripheral lymphoid tissues of old thymec-

tomized AKR/J mice. These thymectomized mice were shown to carry
dormant potential lymphoma cells. Transplantation of lymphoid cells
from 8-12-month-old AKR/J mice, thymectomized at the age of 6 to 8
weeks, into intact or thymectomized young recipients yielded 80-100%
I >-l ' pre-B or B-cell lymphomas. In the YKK-1A-I1' congenie strain the
/â€¢'>â€¢-/"alÃeleof AKR/J mice was substituted with the AV-/' alÃele,thereby

limiting viral replication and spread of the endogenous N-tropic murine
leukemia virus. As a result of this restriction in virus spread, AKR-Fv-lb

mice develop a low spontaneous incidence (7%) of T-cell lymphomas and
about 28% of !.>-!' B-cell lymphomas at old age. In spleens of 15-18-
month-old thymectomized AKR/J mice and intact AKR-Fv-lb mice, 30-
60% of the B-cells were of the Ly-1* B type. Analysis of the IgH locus in
these normal old spleens and Ly-1 ' B lymphomas indicated mono- or

oligoclonality. One particular IgH rearrangement was identified in many
individual old spleens and tumors. A second specific IgH rearrangement
was found in some tumors. Possible mechanisms involved in the expansion
of Ly-1 ' clones and their progression into tumors are discussed.

INTRODUCTION

AKR mice display a high incidence of spontaneous T-cell lympho
mas that arise predominantly in the thymus of 6-12-month-old mice
(1). The susceptibility of AKR mice to spontaneous T-cell lymphoma

development is dependent on the presence of an intact thymus and is
associated with two classes of endogenous retroviruses: the ecotropic
virus inherited in AKR mice at two chromosomal loci (2. 3): and the
recombinant (MCF) virus class derived from recombination of eco
tropic virus with endogenous xenotropic or MCF-like provirai gene

sequences (4, 5). These recombinant viruses are expressed in the
thymus of AKR mice prior to the development of lymphoma (5, 6).
Thymus removal at the age of 1-3 months reduces development of
T-cell lymphoma (7). Lymphomas occur in peripheral lymphoid tis

sues of old thymectomized mice (up to about 30% at a mean latency
of 600 days) and have the characteristics of T- and/or B-cell lympho

mas (8). Although removal of thymus from young AKR mice prevents
the development of spontaneous T-cell lymphoma, these thymecto
mized mice were shown to be carriers of PLC.1 Transplantation of

lymphoid cells from 8-12-month-old AKR/J mice, thymectomized at

the age of 6 to 8 weeks, into intact or thymectomized young recipi
ents yielded 80-100% Ly-l+ pre-B or B-cell lymphomas of AKR or

igin (9). Thus, these PLC could be triggered to develop into overt
lymphomas only after their removal from "restrictive host environ-
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ment" to appropriate compatible young recipients. Recently we dem

onstrated termination of the PLC dormant state in 12-month-old

thymectomized AKR mice by a variety of ways such as syngeneic
thymus grafting, administration of the lymphokine IL-2, treatment
with antibodies against CDS, etc.; 90-100% of such treated mice de
veloped Ly-1 ' (CD5f) B-cell lymphomas (10).

The AKR-Fv-lh congenie strain differs from the AKR/J mice at the

Fv-1 gene which encodes a product which inhibits viral replication by
blocking integration of the DNA provirus (11). In the AKR-Fv-lh
congenie mice the Fv-1" alÃeleof AKR/J mice was substituted with the
Fv-lh alÃele.This substitution limits viral replication and spread of

the endogenous N-tropic murine leukemia virus in thymocytes, sple-
nocytes, and bone marrow of AKR-Fv-lh mice (12, 13). As a result
of this viral restriction these AKR-Fv-lh mice develop a low inci
dence of spontaneous T-cell lymphomas and a similar Ly-1 ' B-cell

lymphoma incidence to that observed in old thymectomized AKR/J
mice.4

The development of Ly-1 ' B-cell lymphomas in AKR/J mice and
AKR-Fv-lh mice and the identification of PLC in spleens of old
"normal" mice raised the question whether the number of Ly-l +

B-cells was increased in the spleens of older mice, whether Ly-l +

B-cell populations were clonal, and whether the pattern of IgH rear
rangements in those clones was similar to that observed in Ly-l +

B-cell lymphomas developing in these strains of mice. We find that
normal spleens of old AKR/J and AKR-Fv-lh mice contain clonal
populations of Ly-14 B-cells. A common IgH rearrangement is de

tected in these cells as well as in a substantial number of lymphomas
originating in AKR/J mice. A second common IgH rearrangement is
found in some AKR lymphomas. This phenomenon is probably re
lated to the unique properties of Ly-1 B-cells.

MATERIALS AND METHODS

Mice. AKR/J mice were obtained from The Jackson Laboratory (Bar Har
bor. ME). Breeding pairs of AKR-Fv-lh congenie mice were kindly provided

by Dr. E. Boyse (Sloan Kettering Memorial Institute. New York. NY) and bred
at the Weizmann Institute of Science. Thymectomy was performed on 6-8-
week-old mice, as described previously (10).

Tumors and Cell Lines. Tumors were induced as described (9). Briefly,
spleens, bone marrows, or lymph nodes were obtained from individual I -year-

old preleukemic AKR/J mice which were thymectomized at the age of 2
months or from spleens of 16-24-month-old AKR-Fv-lh and transplanted

(from one donor to one recipient) into AKR/J x DBA/2 F, recipients. Lym
phomas of AKR origin developing in the F, recipients, 30-180 days following

cell transfer, were characterized for their phenotype and genotype. The lym
phomas of AKR origin identified as Ly-1 ' B were further analyzed for im-

munoglobulin rearrangement. Flow cytometry was performed on a FACS II
or on Coulter Profile, using methods described previously (9). Several cell
lines (24-182; 24-666; 24-674; 24-675; 24-683; 25-197) were established
from primary AKR/J Ly-1 ' B lymphomas in collaboration with Dr. D. Zi-

pori. All primary lymphomas used for the establishment of cell lines ex
pressed surface p chain as well as B220. la, and Ly-1. Three of the tumors

also expressed surface K light chain. During in vitro maintenance these lym
phoma cell lines lost their surface u and K expression but retained cytoplas-
mic u, B220, and Ly-1. Lymphomas obtained by retransplantation of the cells

from tissue culture back into animals regained their surface u and K.

4 N. Haran-Ghera. unpublished observations.
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Ly-r B-CELLS AND IgH REARRANGEMENTS IN MOUSE LYMPHOMA

Flow Cytometry Analysis and Cell Sorting. Single cell suspensions from
spleens were prepared in phosphate-buffered saline-0.05% sodium azide. For
analysis, aliquots of 1-3 x IO6 cells were incubated with goat anti-FITC

(Sigma) or biotinylated anti-Ly-1 (CDS) (Becton-Dickinson), followed by
streptavidin-PE (Biomeda). Double staining of cells with FITC-labeled/

biotinylated antibodies was carried out in the combinations of IgM/CD5. All
incubations were done for 30 min at 4Â°C.The stained cells were examined by

FACScan (Becton-Dickinson) using a FITC/PE filter system. Lymphocyte

populations were gated by forward versus side scatter and fluorescence inten
sity was expressed by logarithmic amplification. Spleen cell populations used
for Ly-l + B-cell sorting were treated with ammonium chloride to lyse RBC

with ami-Thy-1.1 monoclonal antibody (clone HO-22-1) and low toxic rabbit
complement (Cederlane) to eliminate T-cells. Viable cells were collected
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Fig. I. Cumulative incidence of spontaneous T- and B-cell lymphoma in intact and
thymectomized AKR/J mice. A, T-cell lymphoma in intact AKR/J mice. B, B-cell lym
phoma in thymectomized AKR/J mice. Thymectomy was performed at the age of 40-60
days. C, T-cell lymphoma in AKRFv-lb mice. D. B-cell lymphoma in AKR-Fv-lb

from a Ficoll-Hypaque gradient and cells were stained as stated above. Sort
ing was performed on a FACStar* (Becton-Dickinson).

Probes. Immunoglobulin probes included the pJl 1 genomic fragment con
taining J3 and Â¡4( 14), pm 173 1CÂ»complementary DNA clone of the kappa chain
locus (15), Hopcl A20 complementary DNA derived from the A chain locus

(16), and a genomic Xbal fragment containing the u gene (17). All probes were
provided by Drs. O. Bernard and J. Adams.

DNA Blotting, Cloning, and Sequencing. High molecular weight DNA
was extracted by standard procedures (18). Aliquots of 10 ug were digested
with restriction enzymes, electrophoresed on 0.8% agarose gels, and blotted
into nitrocellulose filters. Hybridizations were conducted in 50% formamide
at 42Â°Cas described (19). EcoRl DNA fragments were cloned into the Wes B

vector (18) following size enrichment. Sequencing was done by the chain ter

mination method (20) using the Sequenase kit of U.S.B. Primers were syn
thesized on the basis of sequence information obtained sequentially.

RESULTS

Spontaneous Lymphoma Development in AKR/J and AKR-
Fv-lb Mice. AKR/J mice display a high incidence of spontaneous

T-cell lymphomas, 94% (17 of 18) at a mean average age of 250 days
(Fig. 1). Thymus removal at the age of 1-3 months prevented T-cell

lymphoma incidence (2 of 30; 6% beyond the age of 1 year) and
usually about 30% of these thymectomized mice developed Ly-l +

B-cell lymphomas at the mean latency of 600 days. In AKR-Fv-lb

mice spontaneous T-cell lymphoma was observed in 7% (5 of 70) of
mice at a mean latency of 470 days (Fig. 1). Ly-l+ B-cell lympho
mas developed in 28% (20 of 70) of AKR-Fv-lb mice at a mean la

tency of 680 days. In vivo elimination of T-cell subsets by adminis
tration of monoclonal antibodies (anti-CD8) to 12-month-old AKR/J
mice, thymectomized when 2 months old, enhanced markedly Ly-1"1"

B-cell lymphoma development (up to 80-100%) (10). Similar in

B

Fig. 2. FACS analysis for the expression of u chain and Ly-1 (CD5)
antigens on spleen cells from grossly normal 18-month-old (A, topi
and 6-month-old (B, lop) intact AKR-Fv-lb mice, compared to 15-
month-old M, bottami and 6-month-old (B, bottom) thymectomized
AKR/J mice. Cells were stained with biotinylated Ly-1 followed by
streptavidin-PE and goat anti-mouse FITC.
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Fig. 3. Southern blot analysis of "normal" spleen DNA sam

ples digested by EcoRl. Blots were hybridized to the Jn probe.
Each lane represents a different spleen. A, spleens from
2-month-oldAKR-Fv-lb(Lonesa. Â¿(andAKR/J (Lanec) mice.
B. spleens from 12-month-old thymectomized AKR/J mice. C.
spleens from 24-month-old AKR-Fv-1b female mice. D. spleens
from 24-month-old male AKR-Fv-lh mice. gl. germ line.
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vivo treatment administered to 18-month-old intact AKR-Fv-lb mice Jn probe. This probe contained the genomic segments J, and J4 of the
resulted in development of Ly-l+ B-cell lymphoma in 80% of the

animals.5
Level of l,y-1" B-Cells and Pattern of IgH Rearrangements in

Normal Spleens of Old AKR-Kv-1" and Thymectomized AKR/J
Mice. The analysis of the Ly-1+ IgM+ B-cell population was done on
spleens from 15-18-month-old and 6-month-old grossly "normal"
mice. The percentage of Ly-1+ B-cells in each individual spleen was

determined by FACS analysis of cells double labeled with anti-Ly-1
and anti-n antibodies. In spleens derived from 15-month-old thymec
tomized AKR/J mice, 30-60% of the B-cells were of the Ly-1 + B type

(Fig. 2A, bottom). In contrast, in 6-month-old thymectomized AKR/J
mice only 9% of the B-cells were Ly-l + (Fig. IB, bottom). This
increase in the Ly-1 + B population was encountered in a significant

proportion of animals and further increased with age. In healthy
spleens of 18-month-old AKR-Fv-lb mice, 22-45% of the B-cells

were of the Ly-1 B-type versus 5% in spleens of 6-month-old mice

(Fig. 2, A, top; B, top, respectively). FACS analyses of such spleen
samples are presented in Fig. 2. The results imply that the Ly-l +
B-cell population in AKR/J mice and AKR-Fv-lb mice increases as

the animal becomes older.
The IgH rearrangement pattern in spleens from AKR/J and AKR-

Fv-lb mice of different ages was studied. Spleen DNAs were digested

with Â£coRIand analyzed by Southern blotting for hybridization to the

â€¢¿�'Unpublished observation.

heavy chain locus and could be used to detect all rearrangements of
this locus. When normal spleens from 2-month-old mice were ana

lyzed, only the germ line EcoRI fragment of 6.2 kbp was detected
(Fig. 3/1). Spleens from 6-month-old mice showed the germ line band

as well as many very faint bands corresponding to rearranged IgH
(data not shown). Southern blot analysis of DNA samples derived
from individual spleens of 12-month-old thymectomized AKR/J mice
or from 24-month-old old female AKR Fv-lb mice indicated IgH

EcoRI bands of 6.2 (germ line), 5.0, 2.6 kbp, and others (Fig. 3, fi and
C, respectively). Spleens of 2-year-old Fv-lh males showed more

complex patterns (Fig. 3D). The results imply that the B-cell popu
lation in spleens of these mice is mono- or oligoclonal. It appears that
spleens of young mice (which have less Ly-1 B-cells) contain many

clones, each with a different IgH rearrangement, preventing detection
of individual rearranged bands. In contrast, the spleens of old mice are
composed of only few clones easily detected by Southern analysis.
Reduction to oligoclonality was detected in both old intact mice and
thymectomized mice. The analysis of about 80 "normal" spleens of

old mice indicated several IgH EcoRI rearranged fragments of com
mon size in different spleens. Fragments of 2.6, 2.9, or 5 kbp were
most common and were detected alone or in combinations in about
50% of spleens analyzed.

To show that the clonal rearrangements observed occurred in Ly-1
B-cells, we FACS sorted Ly-l+ B-cells from two spleens of 12-

month-old thymectomized AKR/J mice. The T-cells were eliminated
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Fig. 4. Rearranged IgH DNA in Ly-1 B-cells purified from two "normal" spleens of 12

months old thymectomized AKR/J mice (Lanes a, b).

(by anti-Thy-1.1 antibodies and complement) and the rescued cells
(separated by Ficoll-Hypaque gradient) were double labeled with
FITC-anti-u and PE-anti Ly-1 antibodies and sorted by FACS. DNAs
were extracted from approximately 1-3 X IO6 sorted cells of each

spleen and analyzed by Southern blotting for hybridization to J,,
probe. The Ly-1 + B-cells showed rearranged IgH DNA with or with

out a germ line band (Fig. 4).

Sequence of Rearranged Fragments of Common Size from Nor
mal Spleens. Molecular cloning of the 2.6-kbp EcoRl fragment of the
prominent rearranged species in normal spleens was performed. Sev
eral clones with identical restriction maps were obtained, thus ensur
ing that they represented the species observed by Southern blot anal
ysis. EcoRl fragments (2.6 kbp) obtained from two different AKR-
Fv-lh (2-year-old) spleens were sequenced. The sequences were found

to be identical (Fig. 5), suggesting germ line configuration as well as
the absence of an N region. The V region best fits the Vj gene which
is a member of the VHJ 558 family (21 ). The D region best resembles
Dsp2.Â»(22). Surprisingly, VDJ joining in these molecules disrupts the
open reading frame. Three 5-kbp EcoRl fragments were cloned from
three AKR-Fv-lh "normal" spleens (IgH patterns of these spleens are

shown in Fig. 3C); sequencing analysis indicated that the fragments
represented DJ2 rearrangements, but the D segment was different in
each spleen (data not shown). Thus, while the 2.6-kbp EcoRl rear

ranged fragments detected in individual spleens appear to represent a
unique DNA species, the 5-kbp EcoRl rearranged bands correspond

to at least three different types of rearrangements.
Analysis of the Heavy and Light Chain Loci of Ly-1* Pre-B and

B-Cell Lymphomas of AKR/J Mouse Origin. Twenty-two Ly-1+ B

and pre-B-lymphomas derived from different individual donors (from
experiments done during 1985-1989) were analyzed for rearrange

ment of the IgH and IgL loci. All lymphomas analyzed of AKR/J
origin arose following transfer of lymphoid cells from old thymecto
mized mice into F, recipients. Aliquots of tumor DNAs were digested
with the EcoRl enzyme, electrophoresed on agarose gels, blotted into
nitrocellulose filters, and hybridized to the JM probe. Similar analysis

was performed to examine the loci coding for the light chains of the
immunoglobulins. None of the tumors showed rearrangement of the A

locus (not shown) but most tumors tested contained rearranged K
alÃeles.An example of the Southern blot analysis of the IgH locus of
six Ly-1 + B lymphomas is shown in Fig. 6. The germ line fragment

of 6.2 kbp is detected in three tumors (Lanes a, b, c). A rearranged
fragment of 5.5 kbp appeared in all tumors. In addition, a 2.6-kbp
rearranged DNA fragment appeared in three tumors (Lanes d-f), and
a 3.0-kbp fragment was detected in one lymphoma (Lane a). Diges
tion of DNAs from tumors 24-182; 24-674; 24-675; 24-683 and
25-197 with the Bglll and BamHl enzymes also showed rearranged

fragments of common size (not shown). The results of the entire
analysis for IgH and Igx rearrangements are summarized in Table 1.
The tumors could be divided into 3 categories: group 1, tumors ex
hibiting rearranged fragments of 5.5 and 2.6 kbp; group 2, tumors
showing a 5.5-kbp fragment; and group 3, consisting of 9 tumors with

IgH rearranged fragments of random size. Thus, in many tumors both
IgH alÃeleswere rearranged; lymphomas showing more than two IgH
fragments probably represented a mixture of two original tumors or
were contaminated with normal tissue. Rearranged IgH fragments of
common size were also observed in B-lymphomas from AKR Fv-lb

mice (not shown).
Nucleotide Sequence of the Common IgH Rearrangements in

AKR B-Lymphomas. To further study rearranged fragments of com
mon size, the 5.5- and 2.6-kbp species were molecularly cloned from

several independently derived lymphomas included in group 1. Com
parison of the physical maps of these cloned fragments to the map of
the cloned germ line DNA indicated deletion of sequences upstream of
J2 and J3 in the 5.5- and 2.6-kbp fragments, respectively. The se
quences of the 5.5-kbp fragments derived from the two Ly-l+ B

lymphomas 24-674 (which has a normal karyotype) and 24-683 [with

the (17;18) translocation marker (23)], were identical (Fig. 7). This
indicates the absence of somatic mutations and no insertion of N-re-

gion nucleotides (24). Joining of VDJ segments retained the open
reading frames in phase. Computer search indicated that the sequence
of the V region is nearly identical to that of A 8.1 (25). This VHgene
is a member of the VHQ52 family. The D region best fits the DFL16.2
sequence (22). The sequences of the 2.6-kbp DNA fragments cloned
from Ly-l+ B lymphomas 24-182, 24-674, and 24-675 were identical

to one another as well as to the sequence of the 2.6-kbp fragments
obtained from normal AKR-Fv-lb spleens previously indicated in Fig.

5 (not shown).

DISCUSSION

Spleens from old "normal" intact AKR-Fv-1b mice or from thymec

tomized AKR/J mice were found to contain large clones (mono- or
oligoclonal) of Ly-l+ B-cells. The size and number of these popula

tions varied between individual mice and between batches of animals.
Similar findings have been described for peritoneal cells of NZB and
NZB X NZW F, females (26, 27) and CB.20 mice (28). Because
Ly-l+ B-cells are long lived and have self-renewal properties, they

have an increased tendency to become malignant (29). The large
Ly-l+ B population in the "normal" spleens might already represent

the preleukemic stage. The preleukemic phase seems to be established
before the pro-B or the pre-B stages since the large Ly-l+ B popu
lations detected in "normal" spleens had germ line configuration of

the IgL loci. We speculate that the different experimental manipula
tions used by us to enhance progression of the preleukemic cells to
overt lymphomas involve breakdown of immunological surveillance
which normally arrests the proliferation of the preleukemic clones.
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V3 GOT GTC CAC TCC CAG CTC CAG CTG CAG CAG CCT GGGGCT GAA CTG CTG AAG CCT GGGGCT TCA
102-28
102-29

V3 GTG AAC CTG TCC TGC AAG GCT TCT GCA TAC ACC TTC ACT AGC TAC TCC ATG CAC TGG GTG AAG
102-28
102-29

V3 CAG ACG CCT GGA CAA GGC CTT GAG TGG ATC GQA GAG ATT GAT CCT TCT GAT AGT TAT ACT TAC
102-28

Fig. 5. Nucleotidc sequence of the VDJ rear- 102-29

rangement within 2.6-kbp DNAs cloned from two
normal spleens (102-28, 102-29) of AKRFv-I"

mice compared to the sequence of V,, D>p2K,andJ, V3 TAC AAT CAA AAG TTC AAG GGC AAG GCC ACA TTG ACT GTA GAC AAA TCC TCC AGC ACA GCC TAC
(see text). , nucleotide identities. 102-28

102-29

V3 ATG CAA CTC AGC AGC CTG ACA TCT GAG GAC TCT GCG GTC TAT TAC TGT GCA AGA
102-28 -

102-29

I D.p2.8 I ->3

Â»AGGGG AGT ATG GG GCC TGG TTT GCT TAC TGG GGC CAA GGG ACTCTG GTC ACT GTC TCT GCA
102-28
102-29

f

KbR_

-5.5

-2.6

IBI f.
Fig. 6. Southern blotting analysis of the IgH locus in AKR Ly-l * B-lymphomas. DNA

samples were digested with Ecofu, and following electrophoresis and blotting were
hybridized to an IgH-specific probe. Lymphomas of AKR/J mice were: 57-450, 95-56,
95-219, 24-182. 25-197. 24-674 (Lanes a-f. respectively).

This enhanced proliferation would increase the risk for additional
genetic alterations culminating in the malignant transition to autono
mous tumors.

Analysis of individual "normal" spleens of old mice and individual
primary Ly-l ' B-cell lymphomas indicated common utilization of

two specific sets of IgH VDJ segments. A 2.6-kbp EcoRl fragment
detected in many "normal" spleens and in 11 tumors was analyzed on

the sequence level in two spleens and three tumors and found identical
in all cases. A 5.5-kbp Â£cÂ«RIDNA detected in 13 tumors was se-

quenced in 2 tumors and found identical. The latter species showed a
common restriction pattern with three enzymes in several tumors and
therefore represented a unique set of VDJ segments. An EcoRl frag
ment of 5-kbp detected in many normal spleens represented several or

many different DNA species as evidenced by sequence analysis of this
fragment cloned from three individual spleens. While in the common
5.5-kbp rearranged DNA detected in tumors the open reading frames

of the VDJ elements were fused in phase, this was not the case in the
2.6-kbp DNA species. It is possible that the latter rearrangement

becomes productive through posttranscriptional or translational mod
ifications such as those found in other systems (30, 31). An alterna
tive possibility is that the 2.6-kbp DNA rearrangement is giving rise

to a truncated immunoglobulin, containing predominantly the V re
gion but not Cp. The reproducible emergence and properties of
clones with particular IgH rearrangements is most likely due to the
characteristics of the cell population from which they derive, the
Ly-l B-cells. These cells vary from the general population of
B-lymphocytes by their establishment early in ontogeny, their self-

renewal capacity, and their propagation in adults as mature IgM-
positive B-cells. The normal Ly-l B-cells isolated from the perito

neal cavity display a unique repertoire to certain antigens and
thereby differ from conventional B-cells (32). Ly-l cells (and their
Leu-1 human counterparts) were shown to be predominant in the fe

tus, rare in the adult, and consisting of a finite number of clones (33,
34). They produce antibodies directed against self-antigens and bac
terial antigens (35, 36) and as such are directly involved in autoim-

munity and in natural defense (32, 34).
Several recent publications have shown repetitive utilization of

certain V,, and/or D segments in hybridomas or Ly-l B-lymphomas
(27, 28, 32, 37-39). For example, Tarlinton et al. (27) showed that
many Ly-l B-cells isolated from peritoneal cavities of different (NZB

X NZW)F1 mice had the same size rearrangements at both IgH and
Igk loci. In one mouse, the productive rearrangements had identical
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Table I IgH and IgK rearrangements in Ly-1^ B lymphomas nfAKR/J origin

No. of
experiment

No. of
mouse

Cells
transferred"

Latency*

(days)
IgH EcoRI

fragment (kbp)
IgKEcoRI

fragment (kbp)

Group 1
24
24
24
24
24
24
24
24
25

Group 2
57
57
95
95

Group 3
24
28
28
57
57
57
95
95
98

182
517
666
667
674
675
682
6X3
197

450
566

56
219

IXI)
94

204
32

4X2
530
23

682
109

BM
BM
BM
BM
Sp
Sp
LN
LN
BM

Sp
BM
Sp
Sp

BM
BM
Sp
BM
LN
Sp
Sp
Sp
Sp

142
152
44
50
30
50
40
55
209

220
65
250
270

150
180
120
130
160
100
110
150
120

5.5; 2.6
gl; 5.5; 2.6
5.5; 2.6
gl: 5.5; 2.6
5.5; 2.6
5.5; 2.6
gl; 5.5; 2.6
5.5; 2.6
5.5; 2.6

5.5;3.0
gl; 5.5;2.9
gl; 5.5
gl; 5.5

gl;2.9
3.1; 2.4
gl; 8; 2.9; 3.3
5.6; 4.5
12; 2.9
6.9; 4.3; 2.6
gl;ll;9.2
6.8; 5.8
6.8; 4.9

gl
ND
gl;21
gl;21
gl; 18.5; 13; 9.4; 7.5
gl; 9.0gl
gl
gl;8.4

gl; 14
gl; 14
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND

old).

' Mice were thymectomized at the age of 40-60 days. Lymphoid cell suspensions (~4 x IO7cells) were transferred from one donor to one recipient AKR/J x DBA/2 F, (2 month

I.
' Latency in development of B-cell lymphoma in the F, recipients. BM, bone marrow; Sp. spleen; LN, lymph nodes; gl, germline; ND. not done.

unmutated VH and D elements joined to different JH elements. Forster
et al. (28) described repetitive utilization of VH segments in hybrido-

mas derived from unrelated clones. Two extreme examples, antibody
produced in cell lines obtained as spontaneous outgrowth cultures of
spleen cells (39) and autoantibodies against bromelain-treated mouse

RBC (37), exhibit the same properties of IgH molecules described in

our work: (a) usage of identical V, D and J elements; (b) lack of so
matic mutations; (c) absence of an N-region. The sequence within
the 5.5-kbp EcoRI fragment shows 88% homology to the IgH ex
pressed in two Ly-lB hybridomas (28). Moreover, the sequence
within the 2.6-kbp DNA species exhibits 94% homology to that of
IgH expressed in the CH 10 and CH 13 tumors (38) and in 12 hybri-

ATGTGAACTCCAGACA TG CAGAAAATCATTCCTTATGTTCCTCTCCAGGTGCTCCAACAAGCACAGTGTAAATTTCTGTCACC

A8.1
24-674 CA T X 33

A8.1 ATAAAAGCTCACACTAACCTGAGAAGCTCCATCCTCTTCTCATACAGCCTCCATCAGAGCATG GCT GTC TIG GGG CTG
24-674 C C T 121

A8.1....CTC TTC TOC CTG GTG ACÃ•TTC CCA AGC TGTAAGTGTTTCAGGGTTTCAGAAGAGGGACTAAGACATGTCAGCTAG
24-674..â€” â€”¿� X 186

A8.1 GAGATGTGTGACTAATGTTGATGTTGCTTGTCCCCAGGTGTC CTA TCC CAG GTC CAG CTG AAG CAO TCA CCA
24-674 G Tâ€” 258

A8.1 CCI CGC CTA GTG CAG CCC TCA CAG AGC CTG TCC ATC ACC TGC ACA GTC TCT GOT TTC TCA TTA
24-674 321

Fig. 7. Nucleotide sequence analysis of the VDJ
segments,within the rearranged 5.5-kbp DNA frag u^ ^ ^ MI GGTGTACAÂ£.TB(. ,.â€ž coc CM TCT CCAGOAAAGBGI CTOOAGTBO â€ž¿�â€žBOAâ€ž¿�,.
ment. Fragments were cloned from the 24-674, and 2 __ __ .__
24-683 AKR/J tumors. , nucleotide identities;

24-683 â€”¿�â€”â€”â€”¿�â€”â€”â€”¿�â€”â€”â€”¿�â€”â€”â€”¿�â€”â€”___ â€”¿�-_ ___ â€”¿�â€” ___ â€”¿�â€” ___ ___ ___ ___ ___ ___ ___ ___

X. sequence uncertainties. Published sequences
with the closes, similarity are shown for compar,- OOA ^ ^ ^ uc ^ ^
son(A8.1,andD,.L|62).

24-683

A8.1 GAC AAT TCC AAG AGC CAA GTT TTC TTT AAA ATG AAC ACT CTG CAÃ•GCT AAT GAC ACÃ•GCC ATA
24-674 C G 510
24-683 â€”¿�C G

I Â»FL16.2 I J2

A8.1 TAT TAC TGT GCG AQA TT CAT TAC TAC GGT TAC TAC TTT GAC TAC TGG
24-674 â€”¿�C CAÃ•T-C â€”¿�C GTA GG C TAC TGG 655
24-683 â€”¿�C GAA T-C â€”¿�C GTA GG C TAC TGG

J2 CGC CAA CGC ACC ACT CTC ACA GTC TCC TCA GGTCAGTCC
24-674

24-683
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domas (28) and 89% homology to the sequence of IgH expressed in
Ly-1 B-cells found in B/W mice (27).

Repetitive utilization of immunoglobulin gene segments could be
due to favorable rearrangements during the recombination process or
to selection of the cells through their antibody receptors. The first
possibility is usually based on the assumption that the VDJ elements
proximal to each other are easiest to recombine. The VH region within
the 5.5-kbp fragment most commonly used in our tumors is a member

of the VHQ52 family, which is indeed positioned as the second most
proximal to the D region (40). In contrast, the VH region within the
2.6-kbp species belongs to the VHJ 558 family positioned away from
the D-J-C segment. Another possibility is that the prominent Ly-1 B
oligoclones that eventually give rise to Ly-1 B lymphomas in AKR
mice are antigen driven. The antigen could be an AKR self-antigen, an
endogenous virus such as 24-666 isolated from a B-cell lymphoma
(41 ), or an anti-idiotypic antibody. Interestingly, the sequence of the V
region within the 2.6-kbp AKR rearranged DNA fragment is 90%
homologous to VH sequences expressed in lupus-prone mice (42).
Thus, it is possible that the AKR Ly-1 B clones studied here, by virtue

of specific IgH molecules which they express, are stimulated to pro
liferate by repeated exposure and interaction with a self-antigen. Con

tinuous proliferation of these clones would increase their risk for
additional genetic alterations leading to malignant transition.
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