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Tracking of the V,_34 (V14-21) gene in human tonsil reveals clonal isotype switch
events and a highly variable degree of somatic hypermutation
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SUMMARY

The V,4_34(Vx4—21) gene has been found to encode certain IgM autoantibodies, and is mandatory for
pathological IgM anti-erythrocyte antibodies of I/i specificity. The gene is also commonly used by
normal IgM-positive B lymphocytes, but its involvement in B cells which have undergone class
switching to 1gG or IgA is less clear. In order to track M, gene usage and class switching events
during a normal immune response, we have probed RNA in a limited area of human tonsil. Results
indicate that the Y_szsgene undergoes class switching to 1gG or IgA, with the progeny either remaining
unmutated or containing large numbers of somatic mutations. Mutational patterns indicate possible ‘hot
spots’, and some mutations appear deleterious. At the level of individual B cells, we have tracked a
clonal isotype switch event from IgM to IgA, with each retaining close to germ-line configuration. In
addition, we have followed a clonal switch from a mutated IgM to 1gG, with no further accumulation of
somatic mutations. These data indicate that thesygene is involved in a maturing immune response,
and that the routes to production of IgG or IgA antibodies are various.
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INTRODUCTION gene is used in response to immunization with blood group Rh

_ . antigens, mainly by those of IgM class [7]. It has also been found to
The Vasa(Vi4-21) gene segment, a member of thet\tamily, S0 ™2 i o dies against bacterial lipid A, again of IgM class

has been widely studied. One of the reasons for this has been trﬁo 11]. The fact that Y._as is used early in development, and
availablility of our MoAb, 9G4, which has been found to be highly continues to be expresse_d&dlayﬁ% of normal adult B cells [12’13]

specific for immunoglobulins encoded by, M4 [1-3]. Using this ) ) .
reagent, we were able to show that the gene is active early il§uggests that the encoded immunoglobulin represents an important

S . (fomponent of the repertoire. However, levels of_Ysencoded
development, and that a significant percentage of B cells in normaImmuno lobulin are surprisinaly low in normal serum 1aM or 1aG
lymphoid tissue expresses immunoglobulins encoded ayN1]. 9 P gy 9 9

A further interesting aspect, confirmed by sequencing the involve&l]’ suggesting that the circulating B cells may be anergic. If that is

V4 genes, is that the gene is mandatory for the pathological antighe case, anergy can be easily broken by infection with Epstein-—

erythrocyte antibodies of I/i specificity [4,5]. Thes\as gene is Barr virus (EBV) orMycoplasma pneumoniaghere serum levels

also able to encode anti-DNA antibodies, and certain other antican Increase dramatically [2] .
The ability of B cells using the ¥ 34 gene to undergo

bodies [6,7]. One of the structural features of the gene product is that lobulin cl itching to 1aG in blood | h
recognition of erythrocyte antigen appears to be via a frameworl ' munogiobulin class switching 1o 19% In blood lymp ocytes

sequence [8]. ¥_zsencoded antibodies therefore can bind autoanti-has been analys_,ed at the genetic level [1.4’15]' In normal blood,
. . . . - - V4_34Cy transcripts were found, although in small numbers, and
gen via unconventional sites in a manner similar to binding of

Staphylococcal protein A by y8-encoded antibodies [9]. In con- with evidence of expanded clonally related B cells [15]. Following

trast, recognition of DNA by Y_ssencoded immunoglobulin infection with EBV, V,_34C~ transcripts were again identified,

. . : . ST and cells secreting Mazsencoded IgG were immortalized in
appears to be via conventional sites in CDR3 [6], indicating that : . .
bp [61, 9 ulture [14]. However, in both studies, only limited numbers of

this V4 gene, and possibly others, can recognize autoanti en%. ) . . . .
throug?n c?if'ferent regti))ns of ¥heh\/sequence. 9 9 istinct V,;_34 sequences which have switched to IgG were identi-

L fied. One of the reasons for this may be that there are few IgG-
Involvement of \4_s4 in immune responses to exogenous ositive B cells in blood. Interestingly, /34 has so far not been
antigens has not been as thoroughly investigated. However, t : 9 434 Na
ound to encode an IgG or IgA myeloma protein ([16], and our own
Correspondence: C. J. Chapman, Molecular Immunology Group,UnpUt.)”ShEd study of over 200 ‘myeloma proteins), raisihg the
Tenovus Laboratory, Southampton University Hospitals, Tremona Roadguestion of the frequency with which these B cells undergo isotype
Southampton SO16 6YD, UK. switching. In fact, one study of ¥ gene expression in the tonsil of
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a 4-year-old child revealed a predominence of IgM sequences anmlanscripts (MD1) were identified, possibly indicative of clonal
only a single 1gG sequence, which showed a relatively low degre@xpansion.
of somatic hypermutation [17]. In order to extend these observa- Eight of the sequences utilize the;\44 gene in germ-line
tions in a site where immunoglobulin class switching is known toconfiguration. The C-terminal amino acid of thg Yene segment
occur, and to follow accumulation of somatic mutations in a widerin two of these cases appears mutated, but the changes are
profile of immunoglobulin classes, we analysegl ¥rCpu, V4_34 probably due to recombination events. Analysis of the other
Ca and V,;_34Cr transcripts in tonsil. four clones shows that the number of somatic mutations varies
from one silent mutation in MF4 (which also has a change in the C-
terminal amino acid) to at least 15 replacement and two silent
MATERIALS AND METHODS mutations in the non-functional ME3 transcript. This gives an
Cell preparation overall mean mutation frequency of0% for the \,;_s3+Cpu-
Tonsils were removed from a 6-year-old boy undergoing a routinél€rived sequences, with the mean mutation frequency being
tonsillectomy. Approximately 5—10mg of solid tissue were dis- 0-4% when the ME3 transcript is removed from the calculation.
sected and lysed in RNAzol B (Cinna Biotecx, Houston, TX). TheNo concentratlon of replacement mutations in the CDRs was
RNA was isolated and reverse transcribed using an oligo d1ePserved in these clones (Table 1).

primer according to the manufacturer's protocol (Promega, A variety of D segment genes was used by these transcripts
Madison, WI). (Fig. 5), giving a variable range of length of the CDR3 from 6 to 20

amino acids. A predominance ofi4b and J5b genes was also
used, with the J genes all being in germ-line configuration (Fig.
%3 A similar predominance of4db gene usage has been noted in
normal B cells [21].

Amplification and sequencing of thg M, genes

A nested polymerase chain reaction (PCR) approach was used
allow amplification all the \{_s4; sequences present within the
tissue section. One tenth of the cDNA was initially amplified with
primers specific for the W4 leader [2] together with either ayC
[2], Ca (Call) or Cvy (Cv100) primer [14]. One twentieth of this
initial PCR product was then further amplified with a; M4+
specific primer [14] and internal primers foru(18], Co [14]
and Cy [19]. PCR conditions in both cases consisted of an initial
denaturation step of 9& for 5 min followed by 25 cycles of 9€,
1min; 56'C, 1 min; and 72C, 1 min, followed by a final extension .
step of 72C for 5min. Amplified products were gel-purified, cated sequence among 20 clones (unpuk_)llshed d?ta)~ )
cloned by ligation into pGEM-T vector and transfected into . Two of the V;_ssCy sequences were in germ-line configura-
JM109 competent bacteria (Promega). Nucleotide sequence anf’:\(-)n (Table 1), indicating that isotype switching can occur with no

s was by e cideonychan teminaton method using e 201CCUTRO of somale mutalons Mtalona anabss of e
and reverse M13 primers. Alignment was made to V-BASE p y

(Tomlinson et al, MRC Centre for Protein Engineering, Cam- W;th amean mutation freqéjency of136, but which ranges from
bridge, UK) using MacVector 4.0 sequence analysis software (IBI,0 % (in GB3 z_md_ .GDG) to 8% (in GA3)' The p_attern_of r_nutatlons
New Haven, CT). revealed a S|gn|f|ca_1nt concentration of R amino acids in the_ CDRs
of the 1gG-expressing clones GA4, GE1 and GG5, suggestive of a
role for antigen selection (Table 1).
One of the \{_3,C~ sequences (GD3) was found to be clonally
related to a \{_s+Cp sequence (MC7) (Fig. 4). Each used the same

gb-segment gene derived from D2, with identical N-additions. The

V,4_34Cy-derived sequences

The deduced amino acid sequences of 14 independent IgG-expres-
sing clones are shown in Fig. 2. All of these appear to be potentially
functional. Eleven copies of one of these transcripts, GA4, were
identified, indicative of a proliferating B cell clone. This over-
representation is unlikely to be due to PCR bias, since a similar
analysis of \,_34C~v sequences in splenic tissue found no dupli-

Mutational analysis of the V genes
The number of expected replacement (R) mutations in the com
plementarity determining regions (CDR) was calculated accordin

to the methods of Chang & Casali [20]. The binomial distribution two sequences also shared several mutations,iand both used

mode! was_ used to calculate whether the excess or scarcity of BHS. However, there were six nucleotide differences between them,

mutations in CDRs and framework regions (FWRs) resulted bYyis, 4 pattern indicative of independent mutational events in IgM-

chance [20]. expressing B cells, not found in the isotype-switched population.
As with the IgM clones a variety of D region genes were used

(Fig. 5) and a variety of,Jgenes were also utilized, both in germ-

RESULTS line, and mutated forms.

Forty-four V,;_341gM-, 19G- and IgA-derived individual sequences

were obtained from the tonsil section, of which 31 unique V,_zsCa-derived sequences

sequences were observed, and are shown in Figs 1-3. In eadthe deduced amino acid sequences of six independent IgA-

case a number of nucleotides from the constant region gene weexpressing clones are shown in Fig. 3. All of these appear to

sequenced to confirm the immunoglobulin class used. Nucleotidee potentially functional. One of these sequences is in germ-line

sequences have been deposited in the EMBL database. configuration, indicating that isotype switching to IgA can also
occur in the absence of somatic hypermutation. However, 5/6
V,4_34Cu-derived sequences sequences showed a considerable degree of somatic hypermutation

The deduced amino acid sequences of 12 independent IgMimean 1@%), with the overall level of deviation from germ-line
expressing clones are shown in Fig. 1. Eleven appear to bsequence in IgA (%) being higher than in IgG (8%). In fact,
potentially functional, whilst one, ME3, is highly mutated and the percentage mutation ranges from 0% (in AF3) ter%6 (in
contains three stop codons (Fig. 1). Three copies of one of thes@B4).
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Table 1. Analysis of distribution of mutations in M, sequences

Percent mutation R&g obs*
V4 34-Cpt from gl R:Swr 0bs  Reprexpt  Repryt
MF4 04 0:0 02
0:0
MC7 32 2:1 16 0288
4:2
MA2 1-4 2:0 07 0254
2:0
Percent mutation R&gr obs*
V4ﬁ34-Ca from gl R:Swr Obs Reor eXpT RCDR)i
AF6 71 6:1 36 0078
8:5
AG6 89 7:1 45 0078
11:6
AB4 167 9:3 84 0141
23:12
AAl 103 4:1 52 0179
17:7
AAB 85 7:1 43 0031
8:8
Percent mutation R&gr obs*
V434-Cy from gl R:Swr Obs  Repr expt  Repr)t
GD5 14 0:1 07 0458
1:2
GG6 14 1:1 07 0394
1:1
GD2 14 2:0 07 0174
2:0
GG3 35 0:2 18
5:3
GD3 25 2:1 13 0279
3:1
GA4 60 6:1 30 0-044
7:3
GA3 89 6:1 45 0135
9:9
GA6 32 3:1 16 0145
4:1
GC5 25 3:1 12 0089
2:1
GE1 43 5:2 21 0-035
4:1
GG5 50 6:3 25 0019
4:1

*R:Scpr/rwr 0bs is the observed number of replacement (R) and
silent (S) mutations seen in the CDRs and FWRs of the potentially

functional, somatically mutated IgM, 1gG and IgA sequences.

T Repr €xp is the total expected number of replacement mutations

in CDRs.

1 Pcor is the probability that an excess of R mutations, in the

CDRs, resulted by chance. Significant P values are underlined.
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Analysis of the pattern of mutations in the IgA-derived clones
(Table 1) revealed that all the sequences had a high R:S ratio in the
CDRs. However, in only one case (AA6), did the concentration of
R mutations in CDRs reach the significance required to indicate a
role for antigen selection [20].

The V4_34Ca sequence which was unmutated in the V
region, AF3, was found to be clonally related to a_¥+Cu
sequence, MF4 (Fig. 4). Each used the same D-segment gene
derived from D4, with similar N-additions. However, the IgA-
derived sequence used the D-segment gene in germ-line config-
uration, whereas the IgM-derived sequence had a single nucleotide
change, converting threonine to proline (Fig. 4). There were three
further nucleotide differences between them, with two in the N-
regions. This pattern would again be consistent with independent
mutational events occurring in IgM-positive cells, which may not
be found in the isotype-switched clonal relatives.

A variety of D region genes (Fig. 5) andg, §enes were also
utilized, both in germ-line, and mutated forms.

Mutational ‘hot spots’

Inspection of Figs 1-3 indicates that a number of codons,in V

34 are particularly prone to mutational change, often resulting in
the same amino acid substitution. Examples include Lys81, which
undergoes the same nucleotide chang&®Ao AGG) in a total of

six sequences among all isotypes, with one of these sequences,
AAB, also having an additional silent mutation. A further site of
high mutational activity is Ser35 in CDR1, in which the nucleotide
substution, &C to ACC, occurs in three of the sequences, and
AGC to AAC in three others. Hot spots of silent mutations are also
seen, with the codon at Val71 undergoing 8S and 5R changes, and
that at Val92 undergoing 5S and 3R.

DISCUSSION

Events occurring in V-genes of B cells as they traverse the
germinal centre of the lymph node are being unravelled. Inves-
tigations in the mouse have revealed that somatic hypermutation
takes place mainly in the germinal centre, providing an array of
sequences which can be selected by local antigen for generation
of plasma cells or memory cells [21]. In the human, similar events
occur, and analysis of single cells has shown that germinal
centres may be dominated by a few large B cell clones which
are undergoing somatic hypermutation [23]. In contrast, B cells
in the follicular mantle tend to be clonally diverse and less
mutated [23]. Such studies of human material are invaluable,
particularly as there may be differences between mouse and
man in the detailed routes to generation of high-affinity anti-
bodies. It is now clear that the human,\gene repertoire is
much smaller than that of mouse [24,25], and recombination
events and somatic hypermutation may therefore be more
important in creating a diverse expressed repertoire in man.

In a recent study of \f gene patterns in B cell subpopulations
in human tonsil, it was found that the somatic hypermutation
machinery was activated only after B cells reach the germinal
centre at the centroblast stage [26]. At this point, the IgM-positive
cells had accumulated a mean of7 Joint mutations per \
gene segment, demonstrating that the mutator was activated
prior to isotype switch [26]. Similar conclusions had been
reached by tracking the )6 gene in splenic lymphocytes [27].
The tonsil study went on to show that 1gG-positive cells

© 1996 Blackwell Science LtdClinical and Experimental Immunolog$05360—-368
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IgM
MF1
D4

MF3
DN1
DXP'1

MA3
D4
D23-7rc

ME6
D2
DA4

MG3
D21-9

MG5
D21-7
D2
D2rc

MD1
DXPlrc
D21-10rc

ME1
DXP4/D23-7
DAl

MF4
DXP'1/D2
D4

MA2
DK4
DHQ52 rc

MC7
D21/7
D2

IgA
AF3
D4

AF6
DN4

D2
DLR1lrc

AG6
D21-10
D23-7rc/DXP4rc

AB4
D23-7rc/DXP4rc
D3

Dlrc

AAl
DXP1
D21-7rc/DXP'lrc

ARG

DM2
DM5-a/D
D4

(see next page for caption.)

ggC GCC

ggcC

ggC

gqT

996G

gCT

TTG
..A

996G

.o

GTG
. <A ... ...

GTG
.CA ... ...

CCT CCG
A.. ..

TAC

«.T ...

AAC

«.T ..

GAC GTG

e eee e

TAC

GCC ATT
..T ..

GAG

GTC TAC

CCA GCT CAA

ACA AGA TAC TAT

T CGA CTA GGA TAT TGT AGT AGT CCC AGC TGC TAT ATG

. T.. .

CCC CaG

e eee eee ees o

e eee eee eee

-

CAG CTA TGG ACA ACG

TGT AGT GGT GGT ACC TGC TAC CTT CGT

T CGA GTA GGA TAT TGT AGT AGT ACC AGC TGC TAT ATG

TCC CTT

GGA

ggC CAC

ggC

CGT CCC TTC GGT
.A.
..A ..- A..

GAT GAC TCC AAG

TCC GAC CGC CAT
... A.

.A. ..G

TAT TTT GAC AGT

AAG TTG TTT GCA

C..
.T.
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IgG
GB3
DN1/DN4

GD6
DAl/GA4
DXP'1lrc

GC2
DXP4

GD5
D21-10rc
D2

GG6
DN1
D21-7

GD2
DN1
DLR3

GG3
DN1
D21-10

GD3
D21-7
D2

Ga4d
D21-7rc
D5rc

GA3

DN4

D2
D21-9rc

GA6
D21-10xc
DXP4

GCS5
D4
Dlrc

GE1l
DXP'1/D21-7
DMlrc

DHQ52

GG5
DXP4
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ggC CGT ATA GCA GCA

ee e e e esee e

gCG CCC TAC GGT GAC TAC GAA CCC AAC
A.. A.. ...

ggC CCG ATT TCC

ee eoce o

gTG CCC CCT TAT TGT AGT

GAA

CAA

ggc

TCG

CGC

996G

gCa
.T

ggC

ggA

CTT

GAC

CCC

.T.

ggC CTT

TAT

.G.

CGG
..A

CCT

CAT

GCT

AGT
..C

TCT

TAC

oo

GGT

A..

AGT
..C

TGT

TGG

.A.

Cac
.T.

GTA

GAT

ACA

TGG

A..

AGT

AAC

GTC

TTA

.T.

ACC

TTT

oo

.G. ...

TTC GGG

TAC GGG GGT GAT

T cee e

TGG CTG GCG TTA

-G. .A. ...

GGT GGT ACC TGC
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Fig. 5. Nucleotide sequence comparison between thes&yments expressed in the IgM, 1gG and IgA clones and their closest germ-line D
segment genes. —, Missing nucleotide; rc, reverse complement; lower case, nucleotides contributed ffgerivi-line gene.

had accumulated a mean of59somatic mutations, in line which is prominent in the early immune repertoire [12] and which
with the concept that somatic mutation accompanies isotypés involved in encoding autoantibodies [4,6,13]. Studies of blood

switching [26].

morphic V,;_34 gene segment because it represents,agéne

lymphocytes have indicated that the ability of the B cells,
Our study has focused on a more limited segment of tonsillamwhich use this gene, to undergo isotype switching is limited [15],
lymphoid tissue, and has allowed us to follow events occurringand V,_34 usage has not been detected in the isotype-switched
within single clones. We have concentrated on the non-polycells of myeloma. However, M sspositive cells are able to
enter the lymph nodes, and there is also evidence that the gene is
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V,4_340€ene in human tonsil 367
over-represented in IgM-positive follicular lymphoma [28] and 6 Stevenson FK, Longhurst C, ChapmaneEal. Utilization of the Vi;4—
diffuse large cell lymphoma [29]. 21 gene segment by anti-DNA antibodies from patients with systemic
The results presented confirm and extend initial observations in_ lupus erythematosus. J Autoimmun 1998;809-25. _
tonsillar B cells [17] that cells utilizing the ) s,gene are capable ¢ ThompsonK, Sutherland J, Barden G, Melamed M, Randen I, Natvig J,
of undergoing isotype switch events to both IgG and IgA. Since the Pa;cual V. Capra D.' Human monoclonal ant'.bOd'es aga'nSt blood group
. . . antigens preferentially express a;4-21 variable region gene-asso-
source material was RNA, the identified sequences have been ... epitope. Scand J Immunol 198%:509—18.
successfully transcribed, and all but one of the switched sequenceg | ; Y, Spellerberg MB, Stevenson FK, Capra JD, Potter KN. The |
appeared potentially functional. In a separate study, we obtained
IgG-secreting hybridomas from tonsil tissue, which supports the  mined by both ; framework region 1 and complementarity determin-
likelihood that the encoded IgG is functional (unpublished data). ing region 3. J Mol Biol 1996256577—89.
The general increase in mutational level is typical of isotype- 9 Silverman GJ. Human antibody responses to bacterial antigens: studies
switched cells using other,\/genes [22]. IgA is probably of major of a model conventional antigen and a proposed model B cell super-
importance in immunity in the tonsil, and the mean level of  antigen. Int Rev Immunol 19925778
mutations in IgA was high. 0 Bhg}_N_aBAeber MNII, Cr;apm_gnd(_:.l, Sbt_e\éensc;]n FK, Tgng III\INH.dHuhma_n
Numer mmon m ion mon h . ant!-lpl monoclonal antibodies bind to human cells and the 1
Wereuobzec:\lj:dcc;uggc;stiveu?ft ﬁots Szotz Seénaﬂwééo:;aé?sggr?(tass su P antigen on cord red blood cells. J Immunol 19981:5011-21.

’ " ) Spellerberg MB, Chapman CJ, Mockridge CI, Isenberg DA,
as s [30_32]; Many of these mutgtlons are common to dlfferer?t Stevenson FK. Dual recognition of lipid A and DNA by human
clones both within and between isotypes, particularly Ser35 in  antibodies encoded by the VH4-21 gene: a possible link between
CDR1, and Lys81 in FWRS3. In fact, identical hot spots of mutation infection and lupus. Hum Antibod Hybridomas 19%52—-56.
can be observed in )/ z3sexpressing transcripts, isolated both from 12 Stevenson FK, Smith GJ, North J, Hamblin TJ, Glennie MJ. Identifica-
patients with cold agglutinin disease ([4] and unpublished data) tion of normal B-cell counterparts of neoplastic cells which secrete cold
and patients with EBV infection [14]. agglutinins of anti-1 and anti-i specificity. Br J Haematol 1982;9—

The finding of clonally related IgM and IgA sequences which 15 ] ]

carry very few mutations indicates that isotype switching can occuft3 Schutte MEM, van Es JH, Silberstein LE, Logtenberg T4v21-

in the absence of somatic mutations, presumably because the enCOd.ed natu_ral autoantibodies \.N'.th anti- specificity mirror those
. _ . . associated with cold hemaglutinin disease. J Immunol 1993;

unmutated sequence is able efficiently to bind to antigen. A 151:6569—76.

different S|tuat_|on exists in _th(? clonally related Ig_M ajnd_ IgC_B 14 Chapman CJ, Spellerberg MB, Hamblin TJ, Stevenson FK. Pattern of

sequences which share a similar pattern of mutation, indicating usage of the \4—21 gene by B lymphocytes in a patient with EBV

that considerable somatic mutation can occur before switching, and  infection indicates ongoing mutation and class switching. Mol Immunol

need not increase. Clearly, we have obtained a ‘snap-shot’ of

binding specificity of \4_34 (Vy4—21) encoded antibodies is deter-

1995;32:347-53.
events during an immune response. Thg{gene is not locked 15 Kraj P, Friedman DF, Stevenson F, Silberstein LE. Evidence for the
into its role as an IgM autoantibody, but it appears to be as capable overexpression of the M34 (Vi4.21) Ig gene segment in the normal

as other Y, genes of following a wide variety of routes to effective
antibody.

adult human peripheral blood B cell repertoire. J Immunol 1995;
1546406-20.

16 Vescio RA, Cao J, Hong Ckit al. Myelona Ig heavy chain V region
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