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Analysis of expressed immunoglobulin heavy chain genes in familial B-CLL

Akira Sakai, Gerald E. Marti, Neil Caporaso, Stefania Pittaluga, Jeffrey W. Touchman, Falko Fend, and Mark Raffeld

In this study, we wished to determine
whether familial chronic lymphocytic leu-
kemia of B-cell phenotype (CLL) shares
with sporadic B-CLL the same immuno-
globulin (Ig) heavy chain variable region
(VH) gene usage and occurrence of
somatic mutation, to gain insight into the
pathogenetic relatedness of these epide-
miologically distinct forms of CLL. We
therefore analyzed the expressed Ig heavy
chain genes in 23 cases (11 families) of
familial CLL, and compared these results
with data previously reported for spo-
radic CLL. In addition, we assessed the
relationship of the occurrence of somatic
mutation to several clinical and pheno-

typic features. The distribution of VV genes
among these cases was similar to that
observed in sporadic CLL: VH3
VH4. Thirteen of the 23 cases (57%)
showed germ line VH gene sequences,
whereas somatic mutations were de-
tected in 10 cases (43%). The average
mutation frequency of these latter 10
cases of was 6.7% (ranging from 1.7% to
8.8%), and evidence of antigen selection
was noted in 6. Intraclonal variation,
followed by clonal evolution and the
appearance of a second clone over a
20-year period was observed in 1 case,
suggesting that mutations can continue
to accumulate after neoplastic transforma-

> VH1 >

tion. The presence of somatic mutations
correlated with age at presentation, low
white blood cell (WBC) count, and low
fluorescence intensity of surface CD5,
and the potential significance of these
relationships is discussed. Our data indi-
cate that familial and sporadic B-CLL
display a similar pattern ofimmunoglobu-
lin gene usage and frequency of somatic
mutation, and are consistent with a com-
mon ontogeny and immunogenetic origin
for these 2 epidemiologically distinct
forms of CLL. (Blood. 2000;95:1413-1419)

© 2000 by The American Society of Hematology

Introduction

Chronic lymphocytic leukemia of B-cell phenotype (CLL) is themutation3-1® more recent analyses have shown that a substantial
most common leukemia in the adult population in the United Stat€&0%-50%) percentage of cases show somatic mutations, suggest-
and Europé.This is a clinically indolent neoplasm and results froning that CLL may arise from either pregerminal center naive
an accumulation of CD5neoplastic B-cells with a low prolifera- B-cells, or germinal center exposed B-céll€:2° These studies
tive rate. The normal counterpart of B-CLL is believed to be thalso suggest that the presence or frequency of somatic mutation
B-1a cellz which accounts for 5% to 30% of the normal circulatingcorrelates with immunophenotypéthe usage of variable region
B-cell population, and is characterized by surface expression géne (VH) familie$® and the presence of specific chromosomal
IgM/IgD and CD5, and the ability to produce autoantibodi€d.L.  abnormalities? Fais et al® reported somatic mutation in 50% of
has been reported to show nonrandom usage of VH region familtbe IgM+ expressing cases, with the highest incidence noted in the
and genes, an observation hypothesized to be related to the B-s#13 family, compared with VH1 and VH4. Oscier et&hoted that
subset of origin, and to the peculiar antibody-mediated autoimmeases with trisomy 12 lacked somatic mutation, whereas cases with
nity sometimes accompanying this leukerhfa. 1314 deletion showed significant levels of somatic mutation. The
Traditionally, CLL has been viewed as a homogeneous diseasgistence of CLL lymphocytes having undergone somatic mutation
with its characteristic immunophenotype and indolent clinicauggests that a subset of CLL is derived from memory B cells that
course. However, more recent cytogenetic and immunogenetiave passed through the germinal center stage of B-cell differentia-
studies have challenged this viewpoint. Several different cytogéen. Taken together, the above observations indicate that CLL is
netic abnormalities have been reported, each with somewlmabre heterogeneous than previously thought and may develop
different accompanying clinical and/or phenotypic featdres. either from ontogenically naive B lymphocytes or from a more
Trisomy 12 and 11923 deletions have been associated withmature antigen-exposed memory B cells.
shorter median survivdll? whereas cases with 13gq14 deletions Familial aggregation of CLL (familial CLL) has been observed
appear to have a more favorable outcdrhe. more frequently than in any other type of leukemia, and immunoge-
Further evidence for heterogeneity in CLL comes from investietic factors related to HLA type have been implicated in its
gations of the expressed immunoglobulin genes. Although eadgvelopment!-2® Besides familial and genetic predisposition,
studies of the IgH gene in CLL failed to demonstrate somatenvironmental factors may also play a role in this clustering of
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cases. Although familial CLL is indistinguishable from sporadi@0°C. After cooling on ice, the reaction mixture was added to a final volume
CLL in its morphology and immunophenotype, the pathogenetﬂf 20 pL containing 200 U of Super Script 11,2 First Strand Buffer (50
relationship between these epidemiologically distinct forms @mol/L Tris-HCI, pH 8.3, 75 mmol/L KCI, 3 mmol/L MgG), 10 mmol/L
CLL has not been clearly established. There are virtually rR;R?_TE;Sh;s;iNa&%;”ﬂzzo:ézggo?{ivi:;no(g#o‘;:ne;c?o?'\i-gpnfﬁ‘h?;oat
cytogenetlc or molecqlar genetlc stydles comparing famlllal CL C followed byg:so minutes at 42°C. Sulfsequently, the enzyme was
with sporadic CL.L. LIKEWISG, s_tudles of |mmunoglobulln 9€N§ - ctivated for 15 minutes at 70°C.

usage and somatic mutation of immunoglobulin genes are limited

in familial CLL, for comparison to sporadic CL#:% To gain polymerase chain reactions

insight into the pathogenetic relationship between familial CLL and

sporadic CLL, we wished to study the spectrum of immunoglobul@ne microliter of cDNA was amplified using GeneAmp System 2400 (PE,
gFter City, CA) with a 50 pmol specific upstream primer corresponding to

heav)./ Ch.am g?'.”e usage and the presence .Or absence of 5_9;1 olfcthe 6 human VH family leader sequences (VHLECEATGGACTG-
mutation in famllla[ CLL. BeF:ause of the genetic oyerlay t.o famili EACCTGGAGG-3; VHL2, 5'-ATGGACATACTTTGTTCCAGC-3; VHL3,
CLL, we hypothesized that it may be a more restricted disease WHNCCATGGAGTTTGGGCTGAGC-3 VHLA, 5'-ATGAAACACCTGTGGT
regard to its immunoglobulin gene usage or ontogenic developeTT-3'; VHL5, 5'-ATGGGGTCAACCGCCATCCT-3 VHLG, 5'-ATGTCT-
ment, as reflected by presence or absence of somatic mutation. GTCT CCTTCCTCAT-3)26 and a 50 pmol downstream primer (JHd; 5
We therefore investigated the immunoglobulin gene usage aABCTGAGGAGACGGTGACC-3)%’ corresponding to a consensus se-
pattern of somatic mutation in 23 patients from 11 families withuence at the 3end of the J region in a 50 pL volume. The polymerase
familial CLL and compared these findings with those reported #hain reaction (PCR) containedd PCR buffer (10 mmol/L Tris-HCI, pH
sporadic CLL. Furthermore, we examined the relationship betwegr3: 50 mmol/L KCI), 1.5 mmol/L MgCI2 (for VHL1, VHL3, and VHLS) or
the presence or absence of somatic mutation in the expressed\%ﬁmmow MgCI2 (for VHL2, VHL4, and VHLE), 0.2 mmol/L of each

enes, and several clinical and immunophenotypic features P, 1.25 U Taq polymerase (PE, Foster City, CA) mixed with TaqStart
9 ’ P yp ' arﬁibody (Clontech, Palo Alto, CA). First, 1 cycle of amplification was

found. a Pat_tem of immunoglobulin gen_e usage and fsomaﬂgrformed under the following conditions: denaturation at 95°C for 7
mutation similar to that reported for sporadic CLL, suggesting thgfinytes, annealing at 65°C for 4 minutes, and extension at 72°C for 1
familial CLL displays a similar heterogeneity. We also found afinute. The next 40 cycles of amplification were at 95°C for 1 minute, 61°C
unexplained inverse correlation between CD5 antigen density a@€l30 seconds, and at 72°C for 1 minute. The reaction was completed with
the presence of somatic mutation. extension at 72°C for 6 minutes. The PCR products were analyzed on a 3%
NuSieve GTG agarose gel (FMC, Rockland, ME) and visualized by
staining with ethidium bromide.

Three colonies were sequenced for each case if no mismatches between
VH sequences were found. If mismatches among the 3 clones were
Patients/samples identified, at least 2 additional colonies were sequenced.

Materials and methods

Twenty-three individuals with familial B-CLL from 11 families (a mini- Cloning and sequencing of PCR products

mum of 2 members [first degree relatives] per family) were selected on the . .
basis of the availability of stored frozen specimens. The diagnosis of B-CtATte" excision of the PCR products from an agarose gel, DNA was isolated

was confirmed in all affected individuals by using morphologic anHISing a QIAEX DNA extraption kit (Qiagen, Santa Clgrita, CA). The
immunophenotypic criteria, and the patients were subsequently followed ffovered DNAwas ligated into the pCR2.1 vector, following the manufac-

the Family Studies Section Clinic, National Cancer Institute (NCI) in aff€’'s instruction (TA cloning kit; Invitrogen, San Diego, CA). Three to 5

IRB-approved protocol. All analyzed samples were collected before any therggjonies were picked at random and grown overnight in 3 mL LB (Quality
g)loglcal, Gaithersburg, MD) medium. Recombinant plasmids were

was given, with the exception of patient 2a. Two samples from 1988 and 1

were available from 1 member of an affected family (case 2a). This patiéi'ified by DNA affinity columns (Qiagen, Valencia, CA) and selected by
received 1 course of chlorambucil at the time of his second sample. restriction analysis. The double-stranded plasmid was sequenced in an

Peripheral blood mononuclear cells (PBMCs) were obtained frofitomatic DNA sequencer (PE Applied Biosystems 377 Automated

heparinized peripheral blood by Ficoll-lsopaque gradient density centrifuddNA; PE Applied Biosystems, Foster City, CA) using the BigDye
tion (GIBCO BRL, Gaithersburg, MD), then treated with ACK lysing buffer /€rminator Cycle Sequencing Ready Reaction kit (PE, Foster, CA),
(Quality Biological, Gaithersburg, MD) to remove contaminating red bloofP!l0Wing manufacturer's instruction.

cells (RBCs), and resuspended in freezing media (RPMI 1620%

FCS+ 7.5% DMSO). Frozen aliquots were stored in liquid nitrogen, ~ ANalysis of VH gene usage and mutations

) ] Sequences obtained from each sample were compared with germ line
Immunophenotypic analysis sequences in the V Base sequence directory (.M. Tomlinson, MRC Center

Blood samples were washed with phosphate-buffered saline (PBS) and 108" 70tein Engineering, Cambridge, UK) using MacVector 6.0 sequence

fetal calf serum, then double labeled using the following monoclon%naIySiS software (Oxforq Moleculgr Qroup, Campbell, CA), and the
antibodies: CD5 (Leu 1), CD19 (Leu 12), CD20 (Leu 16), CD23 (Leu 2 osest sequence was assigned. Attribution of the D segments was based on
(BDIS, San Jose, CA), kappa and lambda (BDIS, San Jose, CA; Calt identification of at least 6 consecutive bases without mismatches. The
Burling’;ame CA' DAKO Carpinteria, CA) RBCs were removed by" menclature proposed by Corbett @ mlas adopted. We considered a VH

1 x FACS-yse (BDIS, San Jose, CA) after labeling. Immunophenotyping Wgﬁne sequence to be mutated if it had equal or more than 1.5% sequence

erformed by flow cytometry using a FACS scan (BDIS, Sase, CA). erations when compared with the published germ line sequence. Mutated
P Y y i g ( ) cases had between 5 and 26 nucleotide differences. Nonmutated cases had 0

or 1 nucleotide differences from published germ line VH gene sequences.
The probability that somatic mutations in the rearranged VH genes

Total cellular RNA was isolated from cryo-preserved mononuclear celsulted from antigen selection was analyzed according to the method of

suspensions using TRIZOL reagent (GIBCO BRL, Gaithersburg, MOJhang and Casalf, taking into account the inherent susceptibility of VH

according to the manufacturer’s instructions. After DNase | (GIBCO BRLgomplementarity-determining regions (CDRs) to mutations. A binomial

Gaithersburg, MD) treatment, 1 to 5 pg total RNA were incubated with 5@robability model was use®. = [n!/[k!(n — K)!]} X gt X (1 — g)" %, wherenis

pumol of random hexamer primers (PE, Foster City, CA) for 10 minutes #ie total number of observed mutatiofsis the number of observed R

Isolation of RNA and first-strand cDNA
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(replacement) mutations in the CDRs or framework regions (FRs)géd Table 1. Clinical features of the patients

the probability that an R mutation will localize to the CDRs or FRs WBC Duration Mutations
(g = CDR g X CDR K. or FR¢ X FR Rf). The inherent susceptibility of Family Count Rai of Disease of VH
R mutations of the CDRs and FRs (CDR &d FR R, respectively) is  No. Relation ~ Age  (X103/uL)  Stage )* Genest
calculated for each of the identified germ line genes and it is based on any Mother 75 1.6 0 1 _
single nucleotide change that gives rise to an amino acid replacement,, Son 56 343 0 1 _
whereas substitutions that result in stop codons are excluded. &BxiRl 2a Sister 73 30.7 I 20 i
FR ¢ represented the relative sizes of the CDRs and FRs. 2b Brother 59 336 v 10 "
3a Sister 62 21.9 | <1 +
Statistical analysis 3b Sister 61 221 | 2 i
The relationship between age, gender, WBC count, Rai stage, duration of2 ~ Sister 7 16.5 ' 4 +
disease from diagnosis, the intensity of surface antigens, and the presend@  Sister 75 774 ! 18 +
of somatic mutations was examined using a variety of approaches?c Brother 72 161 v 2 +
including Mann-Whitney U test (nonparametric) and independent sample 5@~ Brother 54 6.1 ' 5 -
tests. Multiple linear regression was used to examine the effects of several? ~ Sister 51 124.0 0 4 -
independent variables, but this analysis was limited by the small number of2 ~ Brother 56 217 ' 1 -
subjects. The relationship between the presence of somatic mutation and tHf ~ Brother 53 425 ! 3 -
fluorescence intensity of CD5, CD20, and CD45 on the leukemia cells was’@ ~ Brother & 8.0 0 9 +
analyzed by similar methods. A 2-side®l value of <.05 was co- /P Broter 72 13.3 : <1 *
nsidered significant. 8a  Brother 50 21.9 0 3 *
8b Brother 64 70.9 1l 2 -
9a Sister 40 95.8 | 3 -
9b Brother 43 58.0 | 1 -
Results 10a  Sister 57 148.8 | 8 -
L 10b Brother 45 97.1 | 1 -
Clinical features
11a Brother 65 15.9 | <1 -
The clinical features of 23 cases of familial B-CLL are summarized.b Sister 62 8.8 0 <1 +

in Table 1. The age, WBC count, Rai stage, and duration of disease*E ) ) ) ]
. xpressed in years from time of diagnosis.
correspond to the date when the patients were referred to NIH. Onetmutations of immunoglobin heavy-chain variable region (VH): +, presence of
individual (2a) was evaluated at 2 time points with a 10-yea&pmatic mutations; —, absence of somatic mutations.
interval and the Rai stage remained unchanged. Except for 1 family
(no 4) with 3 affected individuals, there were 2 affected individuals
in each family. In all families but 1, the patients were siblings omparison with the germ line JH gene segments showed the

Thirteen of the 23 cases were male, with an age ranging from 40 o . 0
75 years (median, 61 years). The WBC count ranged from 6.1 referential usage of JH4b, followed by JH6b and JH5b (43.5%,

0, 0, I 1 i
148.8% 103/uL (median, 45.2< 10° /L), and Rai stage at presen- 8.4@, and 13.0%, respectively). D segments were attributed in

0,
tation are listed in Table 1. The duration of disease ranged from Ie7s%/0 of cases.

than 1 year to 20 years. Mutation pattern in familial B-CLL

The mutation analysis data are summarized in Table 2, and the

o ) deduced amino acid sequences of the IgH (VDJ) gene are depicted
All cases had a typical immunophenotype characterized by mongigure 1. The similarity of the VH genes to the closest germ line

typic surface immunoglobulin, CD5, CD19, and CD23 expressiogenes is shown as percentage identity and ranged from 91.2% to
Two- color FACS analysis revealed coexpression of CD5 in MOK)0% (Table 2). Thirteen of the 23 cases showed 99% to 100%
than 99% of the CD19B cells, except for cases 5b, 7b, and 11b, ifygmology to their closest germ line genes. The others showed
which there were some residual normal B cells (1.0%, 4% anfkerences of more than 5 nucleotides (ranging from 5 to 26). It
1.1%, respectively). All neoplastic B cells expressed CB2¥ \.  cannot be excluded that some of these nucleotide differences derive
Clonality was verified by PCR using cDNA generated from PBMGom pCR errors or represent germ line polymorphisms, especially,
and the VH family specific primers. PCR products from all casgg those cases showing 1 nucleotide difference. However, since
showed a single predominant band corresponding to 1 of 6 VrHost, if not all, of VH germline gene segments have been
families. The 3 cases containing 1% or more normal Bcells, 5b, ARentified30 these nucleotide differences were considered to be the
and 11b, showed some additional faint bands presumably origingds it of somatic mutations.

ing from this population (data not shown). Analysis of the distribution of somatic mutations in each
sequence was based on a binomial distribution model of Chang and
Casali?? In 6 of the 10 cases carrying mutations (2a and b, 3a, 7a,
A summary of the data are shown in Table 2. All VH familiesBa, and 11b), there was evidence of antigen selecBona (05) as
except VH6, were observed at least once in these cases of famitlamonstrated by a higher number of replacement mutations than
B-CLL. VH3, VH1, and VH4 families were expressed at theexpected in the CDRs (see Table 2). With regard to the FR regions,
highest frequency (37.5%, 33.3%, and 20.8%, respectively), wighscarcity of replacement mutations reached a level of significance
VH2, VH4, VH5, and VH7 each occurring only once. In 4 familiesjn 4 cases (2a and b, 4a and b) suggesting that these were under
identical usage of the VH family was recognized in at least 2 case®gative selective pressure. A lower than expected number of
ie, VH3 in family nos 3, 4, and 7, VH1 in family no 6. However,replacement mutations in the framework has been suggested to be
only the 2 cases of family no 6 used the same VH gerthe more critical parameter in determining whether a VH gene has
(VH1-69/DP-10). In the other cases, different VH genes were usdmken subjected to antigen selectfdrive examined VH gene

Immunophenotypic analysis and clonality

VH, D, and JH gene usage by familial B-CLL
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Table 2. Mutation analysis of the familial B-CLL

CDR1 + CDR2 FR1 + FR2 + FR3
Observed Observed
VH VH % R/S Inherent R/S Inherent D JH Sequence
Family Family Gene Identity n (Exp. R) R:S P (Exp. R) R:S P Gene Gene Pattern

la VH4 4-34 100 0 0/0 nd nd 0/0 nd nd D3-10 JH4b  germline
1b VH3 3-13 99.7 1 1/0(0.2) 3.23 nd 0/0 (0.6) nd nd D2-2 JH5b  germ line*
2a/1('88) VH1 1-02 91.8 24 8/0(4.4) 4.34 0.035# 719 (13.9) 2.99 2.92 X 103t D6-19 JH5b intraclonal mutation
2a/2('88) VH1 1-02 932 20 6/0(3.6) 4.34 0.085 717 (11.6) 2.99 0.021t D6-19 JH5b intraclonal mutation
2a/3('88) VH1 1-02 91.2 26 8/0(4.7) 4.34 0.051 10/8 (15.1) 2.99 0.021t D6-19 JH5b intraclonal mutation
2a'/1('98) VH1 1-02 91.2 26 8/0(4.7) 4.34 0.051 10/8 (15.1) 2.99 0.021t D6-19 JH5b intraclonal mutation
2a'/2('98) VH7 7-4-1 924 22 3/2(3.9) 3.63 0.209 8/9 (12.9) 2.94 0.023t D2-15 JH4b intraclonal mutation
2b VH4 4-61 94.6 16 6/3(3.0) 4.03 0.042# 4/3 (8.9) 2.61 0.010t1 D3-22 JH4b  somatic mutation
3a VH3 3-73 918 24 9/1(4.4) 3.08 0.015# 10/4 (13.6) 2.99 0.057 D1-7 JH4b  somatic mutation
3b VH3 3-74 932 20 6/0(3.6) 3.90 0.079 9/5 (11.4) 2.80 0.097 D3-9 JH5a  somatic mutation
4a VH4 4-34 938 18 6/1(3.3) 4.50 0.065 4/7 (10.2) 2.73 2.65x 107%t D3-3 JH5a  somatic mutation
4b VH3 3-30 91.2 26  4/7 (4.6) 3.87 0.200 9/6 (14.9) 2.85 0.011t N/A JH4b  somatic mutation
4c VH3 3-30 99.7 1 0/0(0.2) nd nd 1/0 (0.6) 2.85 0.574 D6-25 JH4b  germ line*
5a VH1 1-69 99.7 1 0/1(0.2) nd nd 0/0 (0.6) nd nd D2-2 JH6b  germ line*
5b VH5 5-51 100 0 0/0 nd nd 0/0 nd nd N/A JH6b  germline
6a VH1 1-69 100 0 0/0 nd nd 0/0 nd nd D2-2 JH6b  germline
6b VH1 1-69 100 0 0/0 nd nd 0/0 nd nd D2-2 JH6b  germline
7a VH3 3-30 946 16  2/4(2.9) 4.05 0.242 6/4(9.2) 2.85 0.056 N/A JH4b  somatic mutation
7b VH3 3-7 922 23 8/1(4.3) 4.94 0.032# 11/3 (13.2) 2.84 0.108 N/A JH4b  somatic mutation
8a VH1 1-24 98.3 5 5/0(0.9) 4.08 1.94 X 10~ 0/0 (2.9) nd nd N/A JH6b  somatic mutation
8b VH3 3-9 100 0 0/0 nd nd 0/0 nd nd D3-16 JH4b  germline
9a VH4 4-39 100 0 0/0 nd nd 0/0 nd nd N/A JH5b  germline
9b VH1 1-02 100 0 0/0 nd nd 0/0 nd nd D4-17 JH6b  germline

10a VH1 1-02 100 0 0/0 nd nd 0/0 nd nd D6-19 JH4b  germline

10b VH4 4-39 100 0 0/0 nd nd 0/0 nd nd D1-26 JH3b  germline

11a VH3 3-30 100 0 0/0 nd nd 0/0 nd nd D6-19 JH6b  germline

11b VH2 2-70 96.3 11 5/0(2.1) 4.05 0.031# 5/1 (6.3) 2.90 0.177 D6-6 JH4b  somatic mutation

CDR = Complementarity-determining region; FR = frame work region; R = number of detected R mutations; S = number of detected S mutations; inherent R:S =
mutation ratio of the quotient of total possible R to total possible S mutations (Chang and Casali?®); P = probability; t, statistically significant (P < .05); *, case showing one
nucleotide alteration; N/A = D region not assigned (Corbett et al?8).

family concordance within kindreds but failed to observe seemphasize that the morphologic and phenotypic features of this
significant excess. patient’s disease were fully consistent with CLL (CBD5CD23+).

Intraclonal mutations in family 2
. Correlation of somatic mutations with clinical and
We were able to analyze 2 samples collected over a 10-year inter

- o Hﬁénotypic parameters

(1988 and 1998) from case 2a (Figure 1). Six independent colonies

were screened from the 1988 sample. All displayed rearrangemehi¢ age at presentation, gender, Rai stage, WBC count, and
of the same VH1 family (VH1-02/DP-75), and used the same D afyration of disease were examined in relation to the presence or
JH region (D6-19 and JH5b, respectively). However, sequenggsence of somatic mutations. Subjects with somatic mutations
variations were detected among the 6 colonies. Three clorfégded to be older 66.8 versus 549 .005 and have lower WBC
formed 1 identical set (a/1), 2 formed a second identical set (a/gpunts 25.1 versus 63.8,= .015 in univariate analysis. The Rai
and the last clone (a/3) had yet a third distinct, although relategiage, duration since presentation, and gender distributions by
sequence. The subsequent specimen, obtained 10 years latghitation status were similar. Small numbers limited the multivari-
1998, contained 2 distinct sequences. '11jawas nearly identical ate analysis.

to the a/3 sequence variant from the 1988 sampling, with the We also examined the relationship between somatic mutation
exception of 2 additional mutations present in CDR2. The secoadd the relative density of expression of several surface markers
sequence was a completely different rearrangement, using a V{&D45, CD20, and CD5), as measured by fluorescence intensity.
family gene (VI-4), and D and JH region genes, D2-15 and JH4bor this analysis, the relative antigenic density of the tumor cells
respectively. These 2 subclones were verified by sequencivgs normalized to the average fluorescence intensity of the
multiple colonies from separate RT-PCR reactions. No additionpérticular antigen as expressed on residual normal cells in the
intraclonal variations were detected. These findings are consistepecimen (CD20 and CD45 on B cells and CD5 on T cells). By
with the occurrence of intraclonal variations in the 1988 biopsy ambrmalizing the flourescence intensities in this way, we could
clonal evolution in 1998 (41), and suggest the emergence of a newompare 1 case with another, eliminating fluorescence differences
clone as shown by thé/2 sequence. Consistent with the moleculaattributable to the particular analysis. Of the 3 markers studied,
data, flow analysis of the 1998 specimen suggested a bimodaly the relative intensity of CD5 expression was significantly
distribution of CD5 positive B cells (data not shown). Becausg@nversely) related to the presence of somatic mutations (Mann-
intraclonal variation is highly unusual in CLL, it is important toWhitney, 2-tailedP = .02, analysis of variande = .012).
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FR1 CDR1 FR2 CDR2 FR3 CDR3 JH
VH 4-34 QVQLOCWGAGLLKPSETLSLTCAVYGGSES GYYWS WIRQPPGKGLEWIG EINHSGSTNYNPSLKS RVTISVDTSKNQFSLKLSSVTAADTAVYYCAR
Case 1-=a = = mommemmmmemmm oo —eeee GRGTMVRGVIITYYFDY WGOGTLVTVSS
VH 3-13 EVQLVESGGGLVQPGGSLRLSCAASGFTFS SYDMH WVRQATGKGLEWVS AIGTAGDTYYPGSVKG RFTiSRENAKNSLYLQMNSLRAGDTAVYYCAR
Case 1-b  memmememm e mmccmnn mmme P QGTRDIVVVPAAMGPVDSSSEL FTGSTPGARE
VH 1-02 QVQLVOSGAEVKKPGASVKVSCKASGYTFT GYYMH WVRQAPGQGLEWMG WINPNSGGTNYAQKFQG RVIMTRDTSISTAYMELSRLRSDDTAVYYCAR
Case 2-a/l ('88) -E~-- 2 Lt F--V- -L g ~---Kf-DIK---N--- ~Y--e-Tr-T-~-~~L---a- DVEMRYGNGWEDP WGQGTLVTVSS
Case 2-a/2 ('88) V=-I- ==RT-D=====T~ DVELRYGTGREDP WOQGTLVTVSS
Case 2~a/3 (‘88) Fe=v- ————KT-D[K-—-N-~~ ——@-Tr-T--=-=--L---a~ DVEMRYGNGWEDP WGQGTLVIVSS

VB 1-02 QVOLVQSGAEVKKPGASVKVSCKASGYTFT GYYMH WVRQAPGQGLEWMG WINPNSGGTNYAQKEQG RVIMIRDTSSTAYMELSRLRSDDTAVYYCAR

Case 2-a’/1(%98) -ER R Lt Fe=V= =Lm=ommomo-an g —===KT=IKY===N=== ==t V-=e=Tr=T - DVEMRYGNGWFDP WGQGTLVIVSS
VH 7-4-1 QVQLYQSGSELKKPGASVKVSCKASGYTFT SYAMN WVRQAPGQGLEWMG WINTNTGNPTYAQGFTG REVFSLDTSVSTAYLQISSLKAEDTAVYYCAR

Case 2-a’/2('98) ~--1v—-—-@=~N-=======-—n g-I-= §-=1- ~=-=--g-g--=V- q DL-- Q N-==~H~T y---~ GGIGYCSGDTCYFDY WGQGTLVTVSS

VH 4-61 QVQLOESGPGLVKPSQTLSLTCTVSGGSIS SGSYYWS WIRQPAGKGLEWIG RIYTSGSTNYNPSLKS RVTISVDTSKNOFSLKLSSVTAADTAVYYCAR

Case 2-b A=A T-N---- i- -iFG--R-H=~p-l-- k====-] MLT GYDTGGYMARGFDY WGQGTRVTVSS

VH 3-73 EVQLVESGGGLVQPGGSLKLSCAASGETES GSAMH WVRQASGKGLEWVG RIRSKANSYATAYAASVKG RFTISRDDSKNTAYLOMNSLKTEDTAVYYC

Case 3-a e R ey R---T----SIT D--Ih Q- D H E~LE~ 3 I--c TANYGFDY WGQGTKVTVSS

VH 3-74 EVQLVESGGGLVQPGGSLRLSCAASGFTFS SYWMH WVRQAPGKGLVWVS RINSDGSSTTYADSVKG RFTISRDNAKNTLYLOMNSLRAEDTAVYYCAR

Case 3-b --Hl-Q----——=---moomm Gr==rI-= R-=== —===~- g==lr=== Y=5G---[-Kewmmeos wou-, AR=- = LVF === G~ y-V- DINEPFSGEYKGWFDS WGQGTLVTVSS

VH 4-34 QVQLOOWGAGLLKPSETLSLTCAVYGGSF SGYYWS WIRQPPGKGLEWIG EINHSGSTNYNPSLKS RVTISVDTSKNQFSLKLSSVTAADTAVYYCAR

Case 4-a P —--FF-T -=T-s---- §----G ---Vsv-—~k-g-==-1T--—-—-———--—m-ur GRRFLEWKNSWFDS WGRGTEVTVSS

VH 3-30 QVQLVESGGGVVQPGRSLRLSCAASGFTFS SYAMH WVRQAPGKGLEWVA VISYDGSNKYYADSVKG RFTISRDNSKNTLYLQMNSLRAEDTAVYYCAR

Case 4-b ~~N--g-—-—m-mmmm—— e CEmm~=I-= §-=-= —m-—me———- e--~ vi-HdgGnTNy ——=L RE-H: V-d§-=Emm--= DGARITAANYFEY WGQGTQVTIVSS

VH 3-30 QVQLVESGGGVVQPGRSLRLSCAASGFTFS SYAMH WVRQAPGKGLEWVA VISYDGSNKYYADSVKG RETISRDNSKNTLYLQMNSLRAEDTAVYYCAR

Case 4-¢ =~ —==—m———E-————m——mmmmmmmm oo e TEEWLRGGFDY WGQGTLVTVSS

VH 1-69 QVQLVQSGAEVKKPGSSVKVSCKASGGTES SYAIS WVRQAPGQGLEWMG GIIPIFGTANYAQKFQG RVTITTDESTSTAYMELSSLRSEDTAVYYCAR

Case 5-a = ~m-oooooooooooeegesoeoooooooo- oo EGDIVVVPAAMTSYYYGMDV WGQGTTVTVSS
VH 5-51 EVQLVQSGAEVKKPGESLKISCKGSGYSFT SYWIG WVRQMPGKGLEWMG IIYPGDSDTRYSPSFQG QVIISADKSISTAYLQWSSLKASDTAMYYCAR

Case 5~b = moommmmmmoosmeeeme—mmeoocoooee e RITLGDEWNLDYYGMDV WGQGTTVTIVSS
VH 1-69 QVQLVQSGAEVKKPGSSVKVSCKASGGTES SYAIS WVRQAPGQGLEWMG GIIPIFGTANYAQKFQG RVIITADESTSTAYMELSSLRSEDTAVYYCAR

Case 6-a DLPDIVVVPAAINYYYGMDV WGQGTTVIVSS
VH 1-69 QVQLVQSGAEVKKPGSSVKVSCKASGGTFS WVRQAPGQGLEWMG GIIPIFGTANYAQKFQG RVTITADESTSTAYMELSSLRSEDTAVYYCAR

Case 6-b GGVFGVVIIHYYYYGMDV WGQGTTVIVSS
VH 3-30 QVQLVESGGGVVQPGGSLRLSCAASGFTFS FIRYDGSNKYYADSVKG RFTISRDNSKNTLYLQMNSLRAEDTAVYYCAK

Case T-a H YI-- ==kD=V-sv-= o D=--rP R DSSMTAYYPYYFDY WGOGTLVIVSS

VH 3-7 EVQLVESGGGLVQPGGSLRLSCAASGFTFS SYWMS WVRQAPGKGLEWVA NIKQDGSEKYYVDSVKG RFTISRDNAKNSLYLQMNSLRAEDTAVYYCAR

Case 7-b IT T-A-T P ~=Rq--I-RH ==1}=~~DGN-=V=]===N==reco=lowau DSSVKW WGQGTLVTVSS

vH 1-24 QVOLVQSGAEVKKPGASVKVSCKVSGYTLT ELSMH WVRQAPGKGLEWMG GFDPEDGETIYAQKFQG RVIMTEDTSTDTAYMELSSLRSEDTAVYYCAT

Case 8-a —--FI- NT----- PGGGSGYYYYGMDV WGQGTTVTV'S

VH 3-9 EVQLVESGGGLVQPGRSLRLSCAASGFTFD DYAMH WVRQAPGKGLEWVS GISWNSGSIGYADSVKG RFTISRDNAKNSLYLOMNSLRAEDTALYYCAK

Case 8-b = o —mmmmmmmmmmmmmmmmm e e DMGPLNYDYVWGSYRSKGTGPTED ¢ WGQGTLVIVSS
VH 4-39 QLQLCESGPGLVKPSETLSLTCTVSGGS1S 55SYYWG WIRQPPGKCLEWIG STIYYSGSTYYNPSLKS RVTISVDTSKNQOFSLKLSSVTAADTAVYYCAR

Case %-a -~ HGDRYFDWPSVEFTRSWFDP WGQGTLVTVSS
VB 1-C2 QVQLVQSGAEVKKPGASVKVSCKASGYTET GYYMH WVRQAPGQGLEWMG WINPNSGGTNYAQKFQG RVIMTRDTSISTAYMELSRLRSDDTAVYYCAR

Case 9-b = —mem e oo -— VEYGDITYWDYYYYYGMDV WGQGTTVTVSS
VH 1-02 QVQLVQSGAEVKKPGASVKVSCKASGYTET GYYMH WVRQAPGQGLEWMG WINPNSGGTNYAQKFQG RVIMTRDTSLISTAYMELSRLRSDDTAVYYCAR

Case 10-a = = =m-mecosoc o medccccccccae ao-ae EQWLVRASIDY WGQGTLVTVSS

VH 4-39 QLQLQESGPGLVKPSETLSLTCTVSGGSIS S$SSSYYWG WIRQPPGKGLEWIG SIYYSGSTYYNPSLKS RVTISVDTSKNQFSLKLSSVTAADTAVYYCAR

Case 10-b REGIVGTFLPGAFDI WGQGTMVTVSS

VH 3-30 QVQLVESGGGVVQPGRSLRLSCAASGFTFS SYGMH WVRQAPGKGLEWVA VISYDGSNKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAK

€ase 1l-a = = —ommmmoosommmm e oo DGWQWLASYYYYYYGMDYV WGQGTTVTVSSG
VH 2-70 QVTLRESGPALVKPTQTLTLTCTFSGFSLS TSGMCVS WIRQPPGKALEWLA LIDWDDDKYYSTSLKT RLTISKDTSKNQVVLTMINMDPVDTATYYCAR

Case 11-b “L-==-= RP————— R P r—- ~=- NHRLEYSGSSFDY WGQGTLVTVSS

Figure 1. Deduced amino acid sequences of the immunoglobulin gene regions (VH-DH-JH) used in the cases of familial CLL. In each case, the top sequence
represents the closest germ line VH genes. The DH and JH segments of the closest germ line are shown. The individual FR and CDR are indicated according to the V BASE
sequence directory (I.M. Tomlinson, MRC Center for Protein Engineering, Cambridge, UK). Replacement mutations are shown by uppercase letters and silent mutations by
lowercase letters. Identities are represented by dashes.

somatic mutation and antigen selection. This recently recognized
heterogeneity in sporadic CLL led us to ask whether the familial
variant of CLL would show the same heterogeneity with respect to
B-cell chronic lymphocytic leukemia has traditionally been thougtihe expressed immunoglobulin gene as that seen in sporadic CLL,
of as a homogeneous disease because of its rather unifasnwhether familial CLL would show a more restricted profile.
morphology and immunophenotype. Recent cytogenetic and mo- Our study indicates that familial CLL is indistinguishable from
lecular biologic analyses have challenged this view. It has becosyoradic CLL with respect to immunoglobulin VH gene usage and
apparent that cases of CLL may contain distinct and recurritige occurrence of somatic mutation. The majority of cases in this
cytogenetic abnormalities with up to 30% of cases with trisomstudy used either VH1, VH3, or VH4, at frequencies of 33.3%,
12932 45% with del 13g24! and another 20% with deletions of 37.5%, and 20.8%, respectively. This is very similar to the VH gene
11923 Moreover, analysis of the expressed immunoglobulinsage frequencies reported by Fais €€ &br cases of IgM-
genes in CLL indicate that as many as 30% to 50% of cases shsporadic CLL (28.1%, 37.5%, and 30.1% for VH1, VH3, and VH4,
evidence of somatic mutation, with a high percentage of thesespectively). Compared with the pattern of VH family usage in
showing evidence of having undergone antigen seleétidiese adult peripheral blood derived CD5 positive B cells reported by
data suggest that sporadic CLL develops from either a-€D&ive Brezinschek et al® both sporadic CLL and familial CLL show

B cells or from a more mature CB5B cell that has undergone higher than expected usage of VH1 genes, and lower than expected

Discussion
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usage of VH3 genes. However, contrary to a recent report Bglection may need modification. However, because all the compa-
Rosenquist et &} who found a very high usage of the VH1 familyrable literature in sporadic CLL have used the Chang and Casali method,
member VH1-69 in sporadic CLL (6/9), only 2 of our 8 VH1 familyand because we wished to compare the molecular features of Ig usage
cases expressed VH1-69. VH1-69 has been associated with autaind somatic mutation with the published literature regarding sporadic
mune manifestations in sporadic CLL, and although the 2 VH1-89LL, we chose to use the same model, realizing that it may not be
expressing cases in this study have not displayed autoimmupreviding a completely accurate estimate of antigen selection.
manifestations, it is interesting that these 2 patients were membersOne case of familial CLL (patient 2) showed evidence of
of the same family. Consistent with data reported by Johnsonietraclonal variation and clonal evolution occurring over a 10-year
al3 both VH1-69 expressers used JH6b. In contrast to theriod. In this case, 2 samples acquired 10 years apart were
relatively low usage of VH1-69, 4 of 8 (50%) of our familial CLL analyzed. The first sample showed a single rearrangement involv-
cases used VH1-02. Two of these were from the same family, ai@ VH1 (VH1-02/D6-19/JH5b). Several distinct but related sub-
the remaining 2 from different additional families. In sporadi€lones were identified within this sample (intraclonal variation).
CLL, VH1-02 was reported to occur in 4 of 18 (22%) IgM The second sample contained a sequence that was similar to 1 of
cases8 This is higher than the incidence reported in “normal’the VH1-02 variants, but with 2 additional mutations located within
peripheral CD5 B cells, but half the incidence found in the CDR2 (clonal evolution), and a second unrelated sequence using
familial CLL cases. Whether this is a statistical anomaly of oufH7 (VI-4/D2-15/JH4b). It is unclear whether this second se-
cases or a true bias in gene usage will require the examinationd4ence represents a completely new CLL clone or whether it
additional familial cases. Interestingly, VH1-02 has also been reported§Presents a further rearrangement within the original tumor. The
autoimmune disease, although lessimonly than VH1-698 presence qf intraclonal v_arlatlon in this case was unique and
The presence of somatic mutations was demonstrated in 43%:8ptra_s.ts V\_nth _recent stgdles that failed _to demonstrate mtracl_onal
cases (10/23) and evidence for antigen selection was noted in 6gb€rsification in sporadic B-CLE?373%This case suggests that in
of these (6/10). These percentages are again similar to th68E instances, mutations in familial CLL may continue to occur

reported for sporadic CLE8 and suggest that, like sporadic CLL,aﬂer the_?eoplastlc trganormatl_on. dic CLL h b .
familial CLL is heterogeneous and may arise from pregerminal Specific cytogenetic lesions in sporadic C ave been assocl-

center cells or postgerminal center cells. Although early studies%‘\ed with the presence or absence of somatic mutation. CLL cases

small numbers of cases of sporadic CLL showed minimal numbere V'Y 13q14 deletions showed high levels of mutations com-

of somatic mutations in sporadic CLE4 more recent larger pared with cases with trisomy 22.Unfortunately, the material

surveys have demonstrated a greater than 5% mutation rate in uﬁzgdb:et:I;::;Iodrgnv(\elgsacsrysg:te(s)?rt\;need ’iSgglc?g\?g;?;;?oinzl]}/i’sesszad
32% of IgM+ CLL.318-20|n the study of Fais et df a hierarchy of

mutation was seen with VH3 VH4 > VH1. This same hierarchy patients. Thereff).re, we were unable .to compare the gytoge_rletlc
. . o features of familial CLL with sporadic CLL, and confirm this
of mutation was also seen in our cases of familial CLL.

o . ., __correlation for the familial CLL cases.
The majority of cases with mutated VH genes showed evidence o .
Although this is one of the larger series of molecularly

of antigenic selection. Thls. was determined by the method Sﬁaracterized familial CLL, the number of cases is still relatively
Cha”9 and. Casalf. According to these authors, replacemen_ma” to draw clinical correlations from the data. Nonetheless, we
mutations hlghe.r than expected by chance alone reflects.a pos"é\ft%mpted to correlate several clinical and phenotypic features with the
pressure by antigen, and conversely, replacement mutations lo‘ﬁfersence or absence of mutations. Of the characteristics assessed, the

tharl that ex.pecte.d by change alone indicate a negative pressurgy o, presentation, WBC and CD5 fluorescence intensity showed a
antigen. Using this formulation, we found that 60% of the mutat gnificant relationship to the presence or absence of mutation.

cases (25% of our total cases) showed evidence of antigeNpyients with mutated VH genes tended to be older and had
selection. This percentage is similar to that reported for Spora‘gfqnificantly lower peripheral blood white cell counts than did
CLL by Fais et awho found evidence for antigenic stimulation inpatients without somatic mutations. It is interesting to speculate
20% of their total cases, using the same method. that there may be a tendency in older individuals for the leukemia
Although we used the method of Chang and Casali to estima£originate from an antigen exposed postgerminal center cell, and
antigen selection, recent data from Dorner ét sliggest that this i younger individuals from a naive pregerminal center B cell. The
formula may not accurately assess antigen selection. Dorner efgerence in the number of circulating neoplastic cells could reflect
found that peripheral blood B cells possess similar ratios effferences in homing properties or alternatively, it could reflect
replacement to silent mutations in the CDRs of uneXpressed a”e&ﬁﬁerences in homeostatic properties Of pregermina| and postgermi_
and expressed alleles, suggesting that the analysis of CDR regigBgcenter B cells that ultimately determine the levels of leukemia
cannot provide information regarding antigen selection. On the||s attainable in the blood.
contrary, these investigators found that the most consistent differ- we did not have a sufficiently large enough sample or a long
ence between the expressed and unexpressed alleles waseHuigh follow-up to compare survival in the mutated and nonmu-
conservation of framework regions in the expressed allele, suggasated patients. In light of recent studies by Hamblin é? ahd
ing that there was selective pressure to maintain the immunoglolmamle et a° indicating that mutated cases have much better
lin structure only in the expressed allele. These data suggest thatghevival than nonmutated cases, it will be important to follow these
assessment of antigen selection should focus on mutations oc@étients over time to see if this clinical correlation with mutation
ring only within the framework regions. Because the Chang amfatus holds up in the familial patients.
Casali formulation considers mutations occurring in both the CDRs We also found a significant inverse correlation between the
and the framework regions, this method for assessing antigiumorescence intensity of CD5 and the presence of somatic muta-
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tion. Recently Pospisil et &8*2reported that CD5 has a low affinity clone. Preliminary experiments to investigate this possibility are

EXPRESSED IG HEAVY CHAIN GENES IN FAMILIAL B-CLL
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binding capacity for the Ig heavy chain framework sequence, aaderway in our laboratories.
well as its traditional receptor molecules. These investigators

suggested that the interaction between CD5 and the FR structures
in the VH genes might affect the maintenance and Se'ECthknowledgments
expansion of B cells using specific VH genes, and conceivably play

a role in the growth of transformed cells such as in CLL. It i¥Ve thank Patricia H. Carter for sample preparation and immunophe-
interesting to speculate that these mutations could affect CDbtyping results and Laura Fontaine, RN, for invaluable assistance

binding and thereby alter the proliferative capacity of the leukemigith patient management and specimen organization.
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