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SUMMARY

The ST series of multiple myelomas (MM) and Waldenstrsém’s macroglobulinaemia-like lym-
phomas (WM), which developed spontaneously in ageing mice of the C57BL/KaLwRij strain,
shows clinical and biological features that closely resemble their corresponding human diseases.
In order to compare the patterns of somatic mutation in Vy genes of mouse tumours with those
of human counterparts, we have determined and analysed sequences of immunoglobulin V genes
in five cases of murine MM, two of WM and one of biclonal benign monoclonal gammopathy
(BMG). Four of five MM and 2/2 WM cases used Vy genes of the large J558 family; one MM
used a gene of the VGAMS3.8 family, and both clones of the BMG used genes of the 36-60 family.
N-region insertions were observed in all cases, but D-segment genes were only identified in 6/9
cases, which were all from the D-SP family and translated in reading frame 3. Compared with
human MM, in which the Vy genes have been found to be consistently hypermutated
(mean% + SD =8-8 4+ 3-2), the degree of somatic mutation in the murine tumours was significantly
lower (mean% +SD=2-9+42-3). There was no significant evidence of clustering of replacement
mutations in complementarity determining regions (CDR), a feature considered to be characteristic
of antigen-selected sequences. However, one clone of the biclonal BMG case showed intraclonal
variation, a feature described in some cases of human BMG. These results indicate that murine
Vy genes in mature tumours differ from human counterparts in the level and distribution of

somatic mutations, but support the concept that BMG may be distinct from MM.

INTRODUCTION

Monoclonal B-cell proliferative disorders are a common fea-
ture in the elderly, both in humans and in laboratory animals.
Benign and malignant forms are able to produce large quantit-
ies of monoclonal immunoglobulins, which are detectable in
the serum. Multiple myeloma (MM) is the most common
malignant plasma cell tumour, producing IgG, IgA, IgD or
IgE. However, there is a benign counterpart of MM that also
involves plasma cells, but with stable levels of the monoclonal
immunoglobulin and no clinical characteristics of malignant
disease. This benign form has been designated as BMG
or monoclonal gammopathy of undetermined significance
(MGUS), the latter term being used on the grounds that only
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time will show whether a monoclonal disorder is truly benign
or will develop into malignant disease. In fact, the rate of
conversion from MGUS to MM is approximately 15% within
a median time of 9:6 years.? In humans, Waldenstrsom’s
macroglobulinaemia (WM) is a relatively rare low-grade
lymphoma involving lymphoplasmacytoid cells that secrete
monoclonal IgM. The course of disease tends to be influenced
by the molecular nature of the IgM, with hyperviscosity or
cryoglobulinaemia as common features.

In human disease, immunoglobulin V gene sequences of
various B-cell tumours have been investigated extensively.
Recent data indicate that the malignant cell of MM is a B cell
that has passed the germinal centre and undergone somatic
hypermutation.®>~> Both immunoglobulin Vy and V, genes are
extensively mutated and do not show intraclonal variation,
indicating that the malignant plasma cells are no longer able
to accumulate further mutations. Furthermore, there is clus-
tering of replacement mutations in complementarity determin-
ing regions (CDR) in Vy; genes in 25% of cases,>® consistent
with a role for antigen in selecting Vy sequences. Clustering
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has also been found in V, in some cases.® The lack of
intraclonal variation might be a distinctive feature of MM,
since data from human MGUS studies demonstrated that a
proportion of cases of MGUS showed intraclonal variation,
indicating that the tumour cell may still be under the influence
of a mutation mechanism.” There have been fewer studies of
WM, but the limited sequence data on Vy and V, genes show
evidence for somatic mutation and intraclonal homogeneity.®

The 5T series of MM and WM, which developed spon-
taneously from ageing mice of the C57BL/KalLwRjj strain,
shows clinical and biological features that closely resemble
those of the corresponding human diseases and could be used
as experimental models.®!° Studies on the influences of T-cell
function, antigenic stimulation and genetic background on
monoclonal gammopathy (MG) development have been
described previously.!!!? In this paper, we report sequences
of immunoglobulin Vy genes for five MM, two WM and one
biclonal BMG. The sequences are analysed in comparison
with human disease counterparts.

MATERIALS AND METHODS

Cells

Spontaneously developed mouse MM and WM lines have
been maintained and propagated by intravenous transfer of
bone marrow or spleen cells for several generations in syng-
eneic C57BL/KaLwRij recipients. Their cytogenetic abnor-
malities are relatively stable, as reported previously.!® In this
study, we used spleen cells of mice in terminal phase with high
levels of serum monoclonal proteins, as detected by serum
electrophoresis. The following established tumour lines were
studied: 5T2, an IgG2ak-secreting myveloma; 5ST7, an IgG2bxk-
secreting smouldering myeloma; 5T13 and 5T33, both [gG2bxk-
secreting aggressive myelomas; 5T 14, an IgG1k-secreting mod-
erately aggressive myeloma; and 5T10 and 5T16, both aggress-
ive IgMx-secreting WM.

The biclonal BMG arose in a long-term immunosuppressed
old C57BL/KaLwRij mouse.!! Both paraproteins, IgG2ak and
IgG2bk, were detectable in the serum for more than 6 months
without clinical signs of progression, and can therefore be
considered as BMG rather than MGUS. Bone marrow cells
were flushed out of the femura and tibiae of the mouse and
subsequently used in this study.

c¢DNA synthesis and amplification

Total mRNA was extracted from the cells by RNAzol B
(Cinna Biotex Labs Inc., Houston, TX). Single-stranded
cDNA was synthesized using oligo (dT) primer in a reverse
transcription system (RT) (Promega, Madison, WI). The
immunoglobulin Vy genes were amplified by polymerase chain
reaction (PCR) using Taq DNA polymerase and a 5" universal
FR1 Vy primer, or a mixture of 5’ primers specific for each of
the Vy leader sequences in combination with a mix of Jy
primers, or an appropriate 3’ constant region primer ( Table 1).
The conditions of the PCR amplification after initial denatur-
ation of the cDNA at 94° for 5 min, comprised 30 cycles of
1 min at 94°, followed by 1 min at 60°, decreasing in the first
five cycles with 1° each cycle to 55°, and a final 1 min at 72°.
The PCR products were run in a 1-5% agarose gel, and the
bands were cut out and purified using the Geneclean kit (Bio
101 Inc., Vista, CA). The purified products were ligated into
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Table 1. Primers used in mouse Vy gene amplification

VH FRI1 consensus 5-AGG TSM ARC TGC AGS AGT CWG G-3’

L-J558 5-ATG GRA TGG ASC TGG RTC TTT-3'
L-VGAM 5'-ATG GAA TGG CTG TGG AA-3
L-IIc 5-ATG AAA TKC AGC TGG RTY AT-3'

L-Va 5-ATG ATR GTG YTR AKT CTT YTG-3'

MHALTI 5-TGG RAT GSA GCT GKG TMA TSC TC-3'

MHALT2 5-ATG RAC TTC GGG YTG AGC TKG G-3'

MHALT3 5-ATG GCT GTC TTG GGG CTG CTC-3’

JH1 5“TGA GGA GAC GGT GAC CGT GGT
CCC-3

JH2 5“TGA GGA GAC TGT GAG AGT GGT
GCC-3'

JH3 5-TGC AGA GAC AGT GAC CAG AGT
CCC-3

JH4 5“TGA GGA GAC GGT GAC TGA GGT
TCC-3'

5T13 FR1 5-GGC TGA GCT TGT GAA GCC TGG-3¥'

5T13 CDRI1 5'-ACC AGC TAC TGG ATG CAC TGG-3'

VH heptamer 5'-ATG TGG TTR CAA CRC TGT GTC-3’

Cy 5-CAC AGG RRC CAG TGG ATA GAC-3’

Cp 5-GCT CTC GCA GGA GAC GAG GGG
GA-¥

TUPAC-IUB codes for nucleotides are used.

pGEM-T vector (Promega). The ligation mixture was used to
transform JM 109 competent cells. Plasmid DNA was prepared
from overnight cultures using QIAprep Spin Plasmid kit
(QIAGEN GmbH, Hilden, Germany). At least six clones were
sequenced for each case.

Screening of 5T13 Vy-related germ line gene

C57BL genomic DNA was amplified by PCR using 5’ primers
based on 5T13 Vi FR1 and CDRI1 region sequences together
with a 3'-primer based round the heptamer recombination
sequence (Table 1). The PCR conditions were as above except
that the final annealing temperature was 50°. The PCR prod-
ucts were purified, cloned and sequenced.

Sequencing and sequence assignments

The nucleotide sequences of amplified V; genes were deter-
mined by the dideoxynucleotide chain termination reaction
using the Sequenase® kit (United States Biochemicals Corp,
Cleveland, OH) or the T7 Sequencing kit® (Pharmacia Biotech
Inc., Uppsala, Sweden). Both T7 and SP6 promoter primers
(Promega) were used for sequencing. Sequence alignment
analysis was carried out by searching the Entrez databases of
the National Center for Biotechnology Information (NCBI)
using the BLAST program.!*

RESULTS

Five MM, two WM and one BMG were studied. The disease
phenotypes and Vy; gene usage are summarized in Table 2.
Comparison of the sequences with the NCBI’s Entrez database
was made, and the most homologous germ line genes were
considered as the germ line donors. In some cases, sequences
were aligned to rearranged genes for best match, since the
closest germ line genes were far less homologous and probably
not the actual germ line counterparts.
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Table 2. Analysis of tumour-derived Vy gene sequences

Proliferative disorder Isotype Vy family Dy Ju Most homologous Vy genes % homology
MMS5T2 1gG2ak VGAM3.8 D-SP2.5 Ju3 VGK3 975
MM 5T7 1gG2bk J558 - Jy2 SI.2VH* 996
MM 5T13 1gG2bk J558 D-SP2.3 Ju3 VH124* 923
MM 5T14 IgGlk J558 - Jy4 V102.1* 966
MM 5T33 1gG2bxk J558 D-SP2.5 Jy2 17-1AVH? 99-3
WM 5T10 IgMk J558 D-SP2.2 Iyl VH205.12* 959
WM 5T16 IgMx J558 D-SP2.2 Ju2 MUSIHCVRAt 98-5
BMG 41Ca 1gG2ak 36-60 D-SP2.2 Ju2 6D6VHT 956
BMG 41Cb I1gG2bxk 36-60 - Ju3 VHMRB9Y 989

*The best matched germ line Vy, genes in the Entrez database.
+The best matched rearranged Vi, genes in the Entrez database.

MM V,, sequence analysis

Vy gene sequences. The Vi gene sequences derived from the
five MM cases are shown in Fig. 1. 5T2 used a gene from the
VGAM3.8 family, but the other four cases all used distinct
Vu genes derived from the largest J558 family (for a review of
mouse Vy gene family, see ref. 15). The best germ line match
for 5T2 was VGK7.'® There were six nucleotide substitutions,
of which three were silent and three replacement. 5T7 was
almost identical to the germ line gene S1.2 Vi,!7 with one
silent substitution in FR2 and one replacement substitution in
CDR2, changing Ser to Asn. 5T33 was highly homologous to
an expressed Vy gene from a monoclonal antibody directed
against carcinoma-associated antigen 17-1A.'® One nucleotide
difference was found in FR3, resulting in an amino acid
change. Although 5T33 was aligned against an expressed gene,
the fact that 5ST33 V and 17-1A V; shared very high homology
strongly indicates that they were derived from a common germ
line gene. ST13 V4 and 5T14 Vy were less well matched to
known germ line genes. The closest germ line match of 5T14
found in the Entrez database was the V102.1 gene.!® 5T14 had
nine nucleotide differences, introducing one silent and seven
replacement mutations.

The known germ line gene in the database to which 5T13
Vy was most homologous was VH124.2° Compared to VH124,
5T13 Vg had 14 nucleotide substitutions that resulted in 11
replacement amino acid changes. This low percentage hom-
ology between the 5T13-derived Vy; gene and the closest germ
line gene could be due either to somatic mutation of a germ
line gene, or to the presence of novel germ line gene yet to be
identified. Therefore, the corresponding germ line gene of
5T13 Vy was investigated further by screening PCR products
amplified from genomic DNA isolated from a C57BL mouse
using two 5T13-specific 5-primers and the consensus heptamer
3'-primer. The first 5T13-specific primer is located in FRI,
and the second in CDRI1. Both primers had two mismatches
with VH124 (Table 1 and Fig. 1). In total, 11 clones amplified
with FR1 primer and eight clones with CDR1 primer were
sequenced. Of the 11 FRI1 clones, nine were identical to
VH124; the others differed and had even lower homology
to 5T13 V. Of the eight CDRI clones, four were identical to
VH124, one differed from VH124 by two nucleotides, and the
remaining three clones differed and were less homologous to
5T13 V4. VHI124 was therefore considered to be the genuine
donor of 5T13 Vy.

The distribution of the somatic mutations in MM-derived
Vy genes is shown in Table 3. Analysis of the distribution of
somatic mutations in each sequence was carried out by the
method of Chang & Casali.?! In this method, each V gene
sequence is analysed codon by codon for significance of
deviation from the germ line sequence. A modification of the
binomial distribution model is then used to calculate whether
the probability (P) of an excess (in CDR) or scarcity [in
framework regions (FR)] of replacement mutations resulted
by chance alone. 5T7 and 5T33 were not included, as the
numbers of mutations were too small. In all three cases, the
observed and expected numbers of mutations were not signifi-
cantly (P>0-05) different in either FR or CDR, indicating no
evidence for antigen selection in the Vy; sequences.

CDR3 and JH sequences. The CDR3 of 5T2 was composed
of D-SP 2.5 D segment and a Ji3 gene. Both D and J segments
were used in germ line configuration. N-region nucleotide
insertions, either G or C, were observed at both VD and
D-Jy junctions. The CDR3 of ST7 was short with six amino
acids and the J,;2 gene was utilized. The nucleotides between
Vy and Jy could be derived either entirely from N additions

Table 3. Distribution of mutations in tumour-derived Vy genes

Observed Expected
Tumour Region R S R:S R:S P
5T2 FR 2 4 0-5 34 0-08
CDR 1 0 - 36 0-39
5T13 FR 6 3 2 29 0-06
CDR 4 3 13 54 0-21
5T14 FR 4 2 2 30 0-13
CDR 3 1 3 48 0-18
5T10 FR 5 1 5 31 0-17
CDR 3 2 1-5 49 0-22
5T16 FR 3 1 3 34 0-16
CDR 0 0 - 38 0-43
41C-A FR 5 2 2 29 0-10
CDR 5 1 5 42 0-07
41C-B FR 2 0 - 29 0-36
CDR 2 0 - 47 0-15

The expected theoretical inherent R:S mutation ratio and the
probability (P) that observed R mutations resulted from chance only
were calculated according to Chang & Casali.
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Q I QL VQSGPELIKI KUPGETV VI KTISTCIKASSGYTTFT

VGK7 TCCAGTTGGTGCAGTCTGGACCTGAGCTGAAGAAGCCTGGAGAGACAGTCAAGATCTCCTGCAAGGCTTCTGGGTATACCTTCACA
5T2 VH CAGA---=====~—==== - ———- —
—_CDR1L CDR2
T AGMOQWV Q KMUPGI KG GTFI KWIGWTINTHSSGV?PIK]ZY
VGK7 ACTGCTGGAATGCAGTGGGTGCAAAAGATGCCAGGAAAGGGTTTGAAGTGGATTGGCTGGATAAACACCCACTCTGGAGTGCCAAAATAT
ST2 VH ——— B et T —_—— A --
*F *E

A EDVF KGRV FAFSLETS SASTA AYULOQINNTILIKNETSD

VGK7 GCAGAAGACTTCAAGGGACGCTTTGCCTTCTCTTTGGAAACCTCTGCCAGCACTGCCTATTIGCAGATCAACAACCTCAAAAATGAGGAC
5T2 VH =  —= s e e e e A-———~— A-G
*S
CDR3
M A T Y F C D-SP2.5 JH3
VGK7 ACGGCTACATATTTCTGT
5T2 VH —==-===-- G-———————~ GCGAGA GG CTATGGTAACTAC CCC GCCTGGTTTGCTTACTGGGGCCAAGGGACTCTGGTCACTGTCTCTGCA
A R G YGNY P A WFAYWOGQGTTLUV TV S A

EVQLQQSGPETLVI KPS GASVI KIS ST CIKA ASGYTT FT

S1.2VH
5T7 VH

GAGGTCCAGCTGCAACAATCTGGACCTGAGCTGGTAAAGCCTGGGGCTTCAGTGAAGATATCCTGTAAGGCTTCTGGATACACGTTCACT

CDR2

DY YMIKWV KQSPGI KSLEWTIGTDTINZPNNGSGTSY

S1.2VH
5T7 VH

GACTACTACATGAACTGGGTGAAGCAGAGCCATGGAAAGAGCCTTGAGTGGATTGGAGATATTAATCCTAACAATGGCGGTACTAGCTAC
________________________________ A-m——————

A
A
*N

N Q KF KGKATLTVDIEKSSSTAYMOQLNSTULTSETD

S1.2VH
5T7 VH

CDR3

AACCAGAAGTTCAAGGGCAAGGCCACATTGACTGTAGACAAGTCCTCCAGCACAGCCTACATGGAGCTCCGCAGCCTGACATCTGAGGAC

S AV Y Y CARD

JH2

S1.2VH
5T7 VH

TCTGCAGTCTATTACTGTGCAAGAGAT

E R F

___________________________ GAAAGGTT CTTTGACTACTGGGCCCAAGGCACCACTCTCACAGTCTCCTCA
FDYWAaAQGTTULTV S s

Figure 1. Nucleotide and deduced amino acid sequences of Vy; genes derived from MM. Comparisons were made with the closest
germ line or expressed V,; genes. Dashes represent identity with the representative germ line sequence. Replacement amino acids

are starred.

or contributed partially by a D segment too short to be
identified with certainty. The CDR3 sequence of 5T14 was
also short, and again there was no clearly identifiable D gene.
In this case, however, it was more likely that the Vy was
rearranged directly to the Jy4 gene, and the six nucleotides
between V. and Jy were derived entirely from N-region
insertions, since the nucleotides were exclusively C and G,
which have been found to be predominant in N-regions.?? The
CDR3 of 5T13 was composed of the D-SP 2.3 D segment and
Ju3 gene. There were N insertions at both V—D and D-Jy
junctions. The CDR3 of 5T33 V, was formed by the D-SP
2.5 D segment and J,;2 gene. N additions were only seen at
the Vy—D junction. In all cases, there were no mutations in Jy
segments, and N-region nucleotide insertions were predomi-
nantly G and C. In the three cases where the D segments were
identifiable, reading frame 3 was used exclusively.

© 1998 Blackwell Science Ltd, Immunology, 93, 162-170

WM YV, sequence analysis

Vy gene sequences. Two WM cases, 5T10 and 5T16, were
investigated. Again, genes from the J558 family were used in
both cases. The Vy sequences aligned to the best matched
sequences in the Entrez database are shown in Fig. 2. ST10
was 96% homologous to the germ line gene VH205.12.2% 5T10
had 11 nucleotide substitutions; two were silent mutations and
nine replacement. 5T16 was closest to an expressed Vy
sequence derived from a hybridoma producing anti-human
procollagenase antibody.?® There were four nucleotide
differences, resulting in three amino acid changes.

The distribution of the somatic mutations in WM-derived
Vy genes was also analysed according to Chang & Casali
(Table 3).2! Again, there was no significant evidence of antigen
selection in either case (Table 3).
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_ FRl Primer
Q VQLQQSGAETLVI KTPGASVYVI KTLS ST CIEKASTGYTT FT
VH124 CAGGTCCAACTGCAGCAGCCTGGGGCTERAGCTTGTGAAGCCTGGGGCTTCAGTGAAGC TGTCCTGCAAGGCTTCTGGCTACACCTTCACC
STI3 VH  mmmmeeo e P e A---—- =G mm e
*F *M *M *D
— _CDR1 CDR2
S YWMHWVKQRZPGOQGLEWTIGETIUDZPSUDSTYTNY
VH124 AGCTACTGGATGCACTGGGTGAAGCAGAGGCCTGGACAAGGCCTTGAGTGGATCGGAGAGATTGATCCTTCTGATAGTTATACTAACTAC
5T13 VH =~ ==——=m=m—mm A--Temmmmemme A-—mmm o Cmmmm e e cc e
*I *R *T *Y

N Q K F KGKATULTVDI KSSSTAYMOQLS SLTSED

VH124 AATCAAAAGTTCAAGGGCAAGGCCACATTGACTGTAGACAAATCCTCCAGCACAGCCTACATGCAGCTCAGCAGCCTGACATCTGAGGAC
ST13 VH =~ ——mmmmmmmc ToGmmmmmmmmmmmmm e G S T
*R *N
_CDR3
S AV YYCAR D-SP2.3 JH3
VH124 TCTGCGGTCTATTACTGTGCAAGA
5T13 VH =~ ==—=mmmmmmmmmmmm e G-- TCG GGTTACGAC GAC GCCTGGTTTGCTTACTGGGGCCAAGGGACTCTGGTCACTETCTCTGCA

*¢G § G YD D AWV FAYWOGOGTTLVTUV S A

Q Vo LQE SG?PETLVI KUPGASVYVY KL LSCI KA ASGYTT FT

V102.1 CAGGTTCAGCTGCAGCAGTCTGGACCTGAGCTEGTGAAGCCTGGGECTTCAGTGAAGTTGTCCTGCAAGGCTTCTGGCTACACCTTCACA
5T14 VH =~ =mmmmmm oo oo oo Cmmmmmmmmm e A
*D T
CDR1 CDR2

S Y DI NWV VI KQRZPGQGTLEWTIUGWTIYU®PRUDSGSTIKY

V102, AGCTACGATATAAACTGGGTGAAGCAGAGGCCTGGACAGGGACTTGAGTGGATTCGATGGATTTATCCTAGAGATGGTAGTACTAAGTAC
ST14 VH =~ —mmmmmmmmmmem o S -—C-- -— C

*K *C *T

Juny

N EK F K GKATLTVDTSS STAYMETULHSTLTSED

V102.1 AATGAGAAGTTCAAGGGCAAGGCCACATTGACTGTAGACACATCCTCCAGCACAGCGTACATGGAGCTCCACAGCCTGACATCTGAGGAC
ST14 VH =~ —--—--- e S AG-——===mmmmmmmmmmmm e O
*R "V
CDR3
S AV YFCAR JH4
v102.1 TCTGCGGTCTATTTCTGTGCARGA
ST14 VH = ——mmmmmmmmmmmmmmmmmmmee GGCGGG TATGCTATGGACTACTEGGGTCAAGGAACCTCAGTCACCGTCTCCTCA

GG YAMDVYWOGQGTS VTV s s

Q VOQLQESGAETLVRPGTT SV KV SCIE KA ASGYA ATFT
17-1AVH CAGGTCCAGCTGCAGCAGTCTGGAGCTGAGCTGGTAAGGCCTGGGACTTCAGTGAAGGTGTCC TGCAAGGC TTCTGGATACGCCTTCACT
ST33 VH  mmmmmmmmmm oo mm o oo e

CDR1 CDR2
N YL IEWVI K QRLGQDILEWTIGVINZPGSGSGTNY

17-1AVH AATTACTTGATAGAGTGGGTAAAGCAGAGGCTTGGACAGGACCTTGAGTGGATTGGGGTGATTAATCCTGGAAGTGGTGGTACTAACTAC
ST33 VH = cmmmmm o mmmmmmmmmmmmm e m oo o e B e e e

N E KF KGKATULTADTIEKSSSTAYMOQLSSTILTSTDD
Z7-1AVH AATGAGAAGTTCAAGGGCAAGGCAACACTGACTGCAGACAAATCCTCCAGCACTGCCTACATGCAGCTCAGCAGCCTGACATCTGATGAC

5T33 VH =~ ———m==m—mmmmmmmmm—mmm e - B Y G---
*E
CDR3
S AV Y F CAR D-SP2.5 JH2
17-1AVH TCTGCGGTTTATTTCTGTGCAAGA
ST33 VH =~ —=mm=mmmmmmmmmmmmmmmmme e GAGGCT TATGGTAACTGC TTTGACTACTGGGGCCAAGGCACCACTCTCACAGTCTCCTCA

EA YGNGC FDVYWOGOQGTTTULTUV S S
Figure 1. (Continued.)

© 1998 Blackwell Science Ltd, Immunology, 93, 162—-170



Vy gene sequence analysis 167

. FRl Primer
EVQLQOQSGPETLVE KTPGASVYVYZE KIS ST CE KA-ASGYTTFT

'H205.12 GAGGTCCAGCTGCAACAATCTGGACCTGAGCTGGTGAAGCCTGGGGCTTCAGTGAAGATATCCTGTAAGGCTTCTGGATACACGTTCACT
s716vH —meeee Cm==T-
*L *I
CDR1 CDR2
DY YMNUWV YV K QS HGI K SULEWTIGTDTNU PI KNGS GTT DY
VH205.12 GACTACTACATGAACTGGGTGAAGCAGAGCCATGGAAAGAGCCTTGAGTGGATTGGAGATATTAATCCTAACAATGGTGGTACTAGCTAC
5TLG VH ~ —mmmmmmmmmmmmmmmmmee A-—----—- -G--——--=, A-—--- -
*N *D *N
N Q K F K GKATULTUVDI XK S S STAVYMETLU RS STULTSETD
H205.12 AACCAGAAGTTCAAGGGCAAGGCCACATTGACTGTAGACAAGTCCTCCAGCACAGCCTACATGGAGCTCCGCAGCCTGACATCTGAGGAC
5T10 VH =~ === mmmmmmmmm e G---—=--- C-G----- -—— --
2 xS *y
CDR3
S AV Y Y C A R -SP2.2 JH1
WVH205.12 TCTGCAGTCTATTACTGTGCAAGA
5T10 VH =~ —-mmmmmmmmmmmmmmmme T--- GGCCCTCCT TATGATTACGAC GAGGGAAAA TACTTCGATGTCTGGGGCAAAGGGACCACGGTC
G PP YDVYD EGI K Y FDVWSGI KGTTUV
T VvV 8§ s
ST10 VH ACCGTCTCCTCA
_ FRl Primer
E VKL QESGGGULV QP KGSULI KTULST CAASGT FTTFN
MUSTHCVRA  GAGGTGAAGCTGCAGGAGTCTGGTGGAGGATTGGTGCAGCCTAAAGGGTCATTGAAACTCTCATGTGCAGCCTCTGGATTCACCTTCAAT
5T16 VH B G--—====
*S
—  CDRL CDR2
T YA MNWVIRQAUPGI KU GLTEWV VA ARTIIRSI K SNNTYA AT
MUSTHCVRA  ACCTACGCCATGAACTGGGTCCGCCAGGCTCCAGGAAAGGGTTTGGAATGGGTTGCTCGCATAAGAAGTAAAAGTAATAATTATGCAACA
5T16 WH =~ mmmmmmmmm o oo oo R
Y YA DSV KDRTFTTISIRIDIDSQQSMLTYTU LI QMNNTILTIKT
MUSIHCVRA  TATTATGCCGATTCAGTGAAAGACAGGTTCACCATCTCCAGAGATGATTCACAAAGCATGCTCTATCTGCAAATGAACAACTTGAAAACT
5T16 VH  —mmmmmmmmmmmmmme o A== mmmmm e C-=--=== -G -
*A *E
CDR3
E DT AMY Y C V R D-Sp2.2 JH2
MUSIHCVRA  GAGGACACAGCCATGTATTACTGTGTGAGA
3T16 VH

______________________________ C ATGATTACG ACTTTGACTACTGGGGCCAAGGCACCACTCTCACAGTCTCCTCAGAGAGT
H DY

DFDYWGQGTTTULTV VS S E s

Figure 2. Nucleotide and deduced amino acid sequences of Vy genes derived from mouse WM-like lymphomas. Comparisons were
made with the closest germ line or expressed Vy; genes. Dashes represent identity with the representative germ line sequence.

Replacement amino acids are starred.

CDR3 and JH sequences. 5T10 had a long CDR3 sequence
that was composed of the D-SP2.2 D segment and Jy1 gene.
The stretch of nucleotides between V and D and D and J could
not be assigned to any D segments, and were presumably
derived from N additions. By contrast, the CDR3 sequence of
5T16 was very short and formed by D-SP2.2 and Jy 2.

BMG Vy sequence analysis

The BMG had two paraprotein bands, and Vy; gene analysis
also showed that there were two distinct groups of sequences,

© 1998 Blackwell Science Ltd, Immunology, 93, 162-170

both derived from the small 36-60 family (Fig. 3). In the first
group, 41Ca, a number of sequences were closely similar to
each other, with an identical V-D-J junction sequence, indicat-
ing that they originated from the same clone. It is unlikely
that the nucleotide heterogeneity was introduced by Taqg DNA
polymerase, since it was not seen in the other cases, and the
Taq DNA polymerase error rate in our system is much lower
(< 1/5000 bases). All intraclonal nucleotide variations led to a
change in amino acid sequence. The best matched gene found
in the database for this group of sequences was a gene used
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— FRl Primer
Q VQLQESGPGLAZKTPSOQTLS STLTGCSVTGYSTIT

&D&VH CAGGTGCAGCTGCAGGAGTCAGGACCTGGCCTGGCAAAACCTTCTCAGACTCTGTCOCTCACCTGTTCTGTCACTGGCTACTCCATCACC
4ilCa-1 VH
41Ca-2z VH
41Ca-3 VH
— CDRI CDR2
S DY WNWTIURIEKTFUPGI KT KTLETYMGYTISYSGSTVYZYN
4DV AGTGATTACTGGAACTGGATCCGGAAATTCCCAGGGAATAAACTTGAGTACATGGGGTACATAAGCTACAGTGGTAGCACTTACTACAAT
41Ca-1 VH =A== A m oo e Gmmmm e A-- GC
41Ca-2 VH =A== A mmm o e Grmmmmmm e A GC --
41Ca-3 VH ~A--—~A--==——mmm e Cmmm e G == A-- GC- ———-
*N *N *L *N *A
P SL K S RTISTITRUDTS S KNO QYJYLOQLNUSVTTTETDT
5D&VH CCATCTCTCAAAAGTCGAATCTCCATCACTCGAGACACATCCAAGAACCAGTATTACCTGCAGTTGAATTCTGTGACTACTGAGGACACA
4lCa-1 VH  ————mmmmmmmmmm o A-G-—----~- g T - G- -—-
41Ca-2 VH ——-==-==mmmmomeo A-G--~-=-- A-—---——- -—--T -—-G-- -
41Ca-3 VH ——---m-mmmomemm A-G-------, A-————m e B G--—=—=- T--
kQ *\7 *F *A *S
CDR3
A T Y Y C A R D-SP2.2 JH2
5D6VH GCCACATATTACTGTGCAAGA CT G
4lCa-1 VH & —-=-mmmmmmmmmmmm o T TCTATAATAATTAC CCA TACTTTGACTACTGGGGCCAAGGCACCACTCTCACAGTCTCCTCA
GiCa- VH mm oo oo o e
41Ca-3 VH oo mmm o m oo e e e e
F Y N N Y Y F DY WGOQGRTTULTUV S S
—FRl Primer
DVQLQESGZPGLVI KPS SQSLSLT CSVTGYSTIT
VHMRBY GATGTACAGCTTCAGGAGTCAGGACCTGGCCTCGTGAAACCTTCTCAGTCTCTGTCTCTCACCTGCTCTGTCACTGGCTACTCCATCACC
G1Ch VE e o
—  CDRL CDR2
S GY Y WNWTIU RGO QFUPGNIE KTLEWMGY YTISYDGSNN.Y
VHMRB9 AGTGGTTATTACTGGAACTGGATCCGGCAGTTTCCAGGAAACAAACTGGAATGGATGGGCTACATAAGCTACGATGGTAGCAATAACTAC
41Ch VH = e mmmmm e e e A-mm e mmm e G----- A-——————-—-
*R *G tN
N P S L KNUZRTISTITIRUDTSI KNZ QTFTFULIEKILNSVTTTESTD
HMRBY AACCCATCTCTCAAAAATCGAATCTCCATCACTCGTGACACATCTAAGAACCAGTTTTTCCTGAAGTTGAATTCTGTGACTACTGAGGAC
41Ch VH  mmm e o i
CDR3
T A T Y Y C A S JH3
’HMRBE? ACAGCCACATATTACTGTGCAAGT
41Cb VH =~ mmmmmm oo A GGGGGGCCG GCCTGGTTTGCTTACTGGGGCCAAGGGACTCTGGTCACTGTCTCTGCA

*R G G P

A WFAYWGOQGTTULV TV S A

Figure 3. Nucleotide and deduced amino acid sequences of Vy, genes derived from mouse BMG. Comparisons were made with the
closest germ line or expressed Vy; genes. Dashes represent identity with the representative germ line sequence. Replacement amino

acids are starred.

in an anti-MPO antibody (Gilbert ez al., unpublished data,
accession Z37144). 41Ca clones were different from this gene
by between 12 and 15 nucleotides, which were located in
FR as well as in CDR. The D segment used matched equally
well to D-SP2.2 and D-SP2.9, both with one silent and
two replacement nucleotide changes. The D segment was
rearranged to a J,2 gene in germ line configuration. The
second clone, 41Cb, was most homologous to the gene

VHMRB9, which was used in an anti-histone antibody.?®
There were three nucleotide differences, one in FR2 and two
in CDR2, all resulting in amino acid changes. No intraclonal
variation was observed. The CDR3 was short, with no ident-
ifiable D segment. The J3 germ line gene was used. The
nucleotides between V and J were exclusively G and C,
probably derived entirely from N additions.

In both cases, there was no evidence of antigen selection,

© 1998 Blackwell Science Ltd, Immunology, 93, 162-170



Vy gene sequence analysis 169

since no significant difference was found in the observed and
theoretically expected numbers of mutations in either FR
or CDR.

DISCUSSION

We have determined and analysed immunoglobulin Vy gene
sequences derived from five cases of MM, two of WM and
one of biclonal BMG. In contrast to corresponding human
diseases, in which Vy genes have consistently been found to
be extensively mutated with a mean%+SD of 8-8+3-2,5 the
rate of somatic mutation in mouse tumours was significantly
lower (two-sample t-test, P<0-01), with a mean%+SD of
2:9+2-3. In the five mouse MM, 5T2, 5T7 and 5T33 had only
a limited number of mutations. In contrast, 5T13 and 5T14
were considerably different from the closest germ line genes,
with 11 and seven amino acid replacement mutations, respect-
ively. Although the mouse immunoglobulin Vy repertoire has
not been fully sequenced and seems to be more complicated,
with estimates varying between 100 and 1000 members,'* we
could not find a better-matched germ line donor for 5T13 by
sequencing PCR products amplified with 5T13-specific pri-
mers. We believe therefore that the low homology between
5T13 V, and VHI124 is due to somatic hypermutation.
Recent studies indicate that in humans the neoplastic cell
of MM is a B cell that has passed the germinal centre and
undergone somatic hypermutation.>~> Both immunoglobulin
Vy and V, genes are extensively mutated and in a proportion
of cases (~25%) there is evidence for antigen selection, as
significant clustering of replacement mutations has been
observed in CDR regions in either Vi or V.57 In the mouse,
however, the origin of MM cells is less clear, since the mutation
rate of Vy genes varies from case to case. 5T13 and 5T14,
which have numerous nucleotide substitutions, may originate
from B cells that have been exposed to the hypermutation
mechanism in the germinal centre, possibly memory cells.
However, there is no clear evidence for antigen selection, as
the mutations were not clustered in the CDR regions. In
contrast, 5T2, 5T7 and 5T33 have only a small number of
mutations. It is possible therefore that they originated from
naive cells that had not undergone somatic mutation process.
On the other hand, it is generally believed that the rate of
somatic mutation of mouse V genes is lower, especially in old
animals.?® It cannot be ruled out that the precursor cells of
5T7 and 5T33 were at the same differentiation stage as 5T13
and 5T14, but failed to accumulate further mutations. It is
interesting to note that in mouse B-cell lymphomas, BCL1,%
38C13 and A31,% the Vy; genes have just one (BCL1) and no
(38C13 and A31) somatic mutation (our unpublished data).
Compared to human MM, the CDR3 regions of mouse
MM are less complex. Unlike human MM, no D-D fusion
and D segments in reverse orientation were observed and the
D segments identified were all in germ line configuration.
There was evidence of N-region additions in all the murine
tumours investigated; however, it is difficult to compare the
degree of N additions to that of the human tumours because
of the complexity of the D segment usage of the latter.
Interestingly, in two murine MM cases the CDR3 regions
seemed to be contributed mostly by N insertions with no
apparent D segments involved. However, the possibility that

© 1998 Blackwell Science Ltd, Immunology, 93, 162-170

very short or mutated D segments were used could not be
ruled out.

Similar variations in the somatic mutation rate of Vy genes
were also observed in the two cases of WM and the biclonal
BMG. The two BMG clones both used Vy genes from the
much smaller 36-60 family. The clone 41Ca was more mutated
and intraclonal nucleotide variations were observed, suggesting
that the tumour cells may still be undergoing somatic mutation.
In this aspect, mouse BMG is very similar to the human
counterpart, as intraclonal variation has been observed in a
number of human cases.” The degree of somatic mutation in
the clone 41Cb was much lower, with only three nucleotide
substitutions. Similar low frequency of somatic mutation in
one case of BMG has been observed previously.?

The 5T series of MM and WM-like lymphomas is, in many
aspects, closely similar to corresponding human diseases.
However, the rate and pattern of somatic mutation of Vy
genes in some cases are quite different. Obviously, the findings
have implications in using the 5T series of mouse tumours as
experimental models, especially in anti-idiotypic therapy stud-
ies, where it might be anticipated that the number of idiotypic
determinants arising from somatic mutations and genetic
complexity in CDR3 will be more limited than in the human
disease counterparts.
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