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Abstract

Accumulated sequence analyses of the antibody repertoire have
revealed that most autoantibodies and developmentally regu-
lated antibodies share a small set of germline Ig-variable region
(V) genes. The findings have prompted speculation that certain
autoantibodies are of developmental importance and may be
instrumental in maintaining homeostasis of the adult antibody
repertoire. In order to evaluate this hypothesis critically, it is
first necessary to determine the V gene usage in human antibod-
ies against foreign substances. Unfortunately, only a few such
antibodies have had their heavy and light chains characterized.
To rectify the situation, we adapted the anchored polymerase
chain reaction to clone and analyze rapidly the expressed V
genes for three anti-virus IgG antibodies. The results show
that all three heavy chain V (Vh) genes are highly homologous
to the known autoantibody-related Vh genes. In contrast, two
light chain V (VL) genes of the VX1 subgroup are similar to a
non-autoantibody-related germline VX1 gene. Taken together
with the reported Vh and VL sequences of several antibodies
against viruses and bacteria, the data show that many anti-
pathogen antibodies may use the same small set of Vh genes
that encode autoantibodies, but diverse VL genes that are dis-
tinct from autoantibody-related VL genes. Thus, only a small
portion of the potentially functional germline Vh genes are used
recurrently to generate most antibodies in a normal antibody
repertoire, regardless of their reactivities with either self or
non-self. (J. Clin. Invest. 1992. 90:2197-2208.) Key words:
anchored polymerase chain reaction * antibodies * herpes sim-
plex virus * immunoglobulin V genes * varicella zoster virus

Introduction

A major characteristic of the humoral immune system is its
ability to respond to the enormous number of different anti-
gens routinely encountered in the environment. This is accom-
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plished by an antibody repertoire composed of - I07 to 108
distinct antibody molecules. They differ from each other
mainly in their variable (V) regions,' which are responsible for
the binding specificities of different antibody molecules. This
enormous antibody diversity is generated by: (a) independent
assortments of numerous V genes, diversity (D) genes, and
joining (J) genes, coupled with imprecise joining and inser-
tions of N region sequences; (b) random pairing of heavy (H)
and light (L) chains; and (c) somatic diversification, including
mutations, gene conversions and gene replacements ( 1, 2). To
date, accumulated data indicate that there are about 200 H
chain V (Vh) genes, 80 K L chain V (VK) genes, and 100 X L
chain V (VX) genes (3-7); among these V genes, about 30-
50% are nonfunctional, owing to various defects in their coding
regions, recombination and splicing signal sequences, and
transcriptional regulatory regions.

During the last 5 years, intensive studies have revealed that
many autoantibodies of different specificities recurrently use a
small set of Ig V genes (8-12). For example, Humkv325 en-
codes the K L chains of several rheumatoid factors (RFs), two
antibodies against low-density lipoprotein, one antibody
against intermediate filaments, and a few cold agglutinins (8,
13); similarly, VH26 encodes the H chains of the 16/6 idio-
type-positive anti-DNA antibodies and an IgM antibody that
binds to IgG, thyroglobulin, and other antigens (9, 10, 14-16).
On the other hand, analysis of Vh gene expression during early
ontogenic development showed that a small number of Vh
genes were expressed frequently ( 17-19). For example, among
24 randomly chosen Vh clones characterized, 6 derived from
the 56pl gene, 3 from the 20pl gene, and 2 each from five
different Vh genes. Strikingly, most of these developmentally
regulated Vh genes have been found to encode the H chains of
autoantibodies (8-10, 12, 19). Taken together with similar
findings in mice, these data prompted postulation of a network
hypothesis (20), which contends that, in the sterile fetal envi-
ronment, only self-reactive B cells are stimulated and are thus
selectively expanded to form the initial functional antibody
repertoire.

Alternatively, the recurrent usage of a restricted set of Vh
genes during early development may imply a broader immuno-

1. Abbreviations used in this paper: APCR, anchored polymerase chain
reaction; CDR, complementarity-determining region; CMV, cytokega-
lovirus; FR, framework region; H chain, heavy chain; Hib, Haemophi-
lus influenzae type b; HLA, human leukocyte antigen; HSV, herpes
simplex virus; L chain, light chain; PCR, polymerase chain reaction:
RF, rheumatoid factor; V, variable region; Vh, H chain V; VK, K L
chain V; VX, L chain V; VZV, varicella-zoster virus.
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logical importance. In addition to coding for autoantibodies, a
restricted Vh gene group might also encode the H chains of
antibodies against commonenvironmental pathogens, such as
the herpesviruses. In support of this contention, it was shown
previously that the EVI- 15 anti-cytomegalovirus (CMV) anti-
body utilized the autoantibody-related Humhv1051 and
Humkv325 genes, the Vh and the VK genes that encode many
Wa-positive RFs (8, 21-23). To examine this hypothesis fur-
ther, we adapted the anchored polymerase chain reaction
(APCR) to clone and analyze rapidly the expressed V genes for
three IgG antibodies against herpes simplex virus (HSV) and
varicella-zoster virus (VZV), both of the herpes family. We
found that the H chains of all three antibodies apparently use
Vh genes which had been shown to encode autoantibodies. In
contrast, the L chains of two analyzed antibodies likely employ
a VX1 gene that does not encode any autoantibody. Taken
together with other findings (see Discussion), the current data
indicate that certain Vh genes are utilized recurrently to encode
both autoantibodies ofdevelopmental importance and antibod-
ies against commonenvironmental pathogens.

Methods

Characterization of hybridomas and their RNAisolation. The genera-
tion and characterization of all three hybridomas have been reported
previously. Briefly, for H2 and H3, tonsil lymphocytes were obtained
from patients with tonsillitis who were otherwise normal, stimulated in
vitro with inactivated viral particles of the KOSstrain of HSV- I and
pokeweed mitogen for 6 d, and fused with mouse myeloma P3
X 63Ag8U1 cells (24, 25). Although the donors had anti-HSV antibod-
ies in their sera, no anti-HSV hybridomas were obtained when the
tonsil lymphocytes were either fused directly without preculture or cul-
tured alone without HSVor pokeweed mitogen (24). For VI, spleen
lymphocytes were obtained from one patient with idiotypic thrombo-
cytopenic purpura, stimulated in vitro with the sonicated VZV-in-
fected cells, and fused with P3 X 63Ag8U 1 (26). It should be noted that
most hybridomas obtained from the in vitro stimulated lymphocytes
secreted IgGl antibodies (including H2, H3, and VI), suggesting that
they came from a secondary immune response. Moreover, all three
monoclonal anti-virus antibodies neutralized the respective viruses at
a concentration of I ig/ml; such activities are as potent as murine
monoclonal antibodies derived from hyperimmunized mice. Together,
the data indicate that these three anti-virus antibodies represent the

high-affinity antibodies that are normally found in a secondary im-
mune response. Their major characteristics are summarized in Table I.
The mRNAwas isolated from 10' cells for each hybridoma with the
Extract A Gene Kit (Oncor Inc., Gaithersburg, MD) according to the
manufacturer's instructions.

Rapid cloning ofthe y HandX L chain Vregion (Vh and VX) cDNA
byAPCR(27, 28). Recently, a synovium-derived RFwas found to use
a novel VX 8 gene (29). To avoid any possible problems with unknown
V gene families and to clone rapidly the expressed V genes in hybrid-
omas, we adapted the reported APCRmethod (28). Briefly, for each V
gene, the first strand cDNAwas synthesized from 1 tig of hybridoma
mRNAwith an oligo(dT) primer and Moloney murine leukemia virus
reverse transcriptase; the cDNAwas extracted once with phenol-chloro-
form, precipitated with 2.5 Mammonium acetate, and resuspended in
water. Then, a poly(dG) tail was added to the 3' end of the cDNAwith
terminal deoxynucleotidyl transferase. The tailed cDNAwas amplified
with two 5' universal primers and a 3' primer for either they Hchain or
the X L chain. The 5' primers were the AN (for "anchor") primer
(5'-CACGT-CGACC-TAGGC-GGCCG-CGG) and the ANpolyC
primer (5'-AN-CCCCC-CCCCC-CCCC, where ANstands for the AN
primer sequence) (28); they were used at the 9:1 ratio. The 3' primers
for the y chain and the X chain, respectively, were the GClc primer
(where G, C, and c stand for the "gamma chain," "constant region,"
and the "complementary strand"; 5'-TGAGT-TCCAC-GACAC-
CGT, complementary to a sequence marked in Fig. 1) and the LCc
primer (where L stands for "lambda chain"; 5'-AGTGT-GGCCT-
TGTTG-GCTTG,complementary to nucleotides 410-391 in Figure
2). These two primers were designed to prime all y and X chains. Either
a BamH1 or a Pstl site was added to the 5' end of these two primers.

To the tailed cDNAand the appropriate primers, all four deoxynu-
cleotide triphosphates and Taq polymerase were added, and the mix-
ture was amplified for 30 cycles in a buffer containing 1.5 mMMg".
Each cycle consisted of a 45-s denaturation at 94°C, a 45-s primer
annealing at 46°C, and a 1-min (except for a 7-min in the last cycle)
extension at 72°C. The amplified products were visualized by running
one tenth (10 ,ul) of the reaction on a 1% agarose gel.

For each Vh gene and the H3 VXgene, to increase the quantity and
quality of the desired y and X gene products, the amplified products of
the expected size were enriched from the low melting gel and reampli-
fied with the 5' AN primer and two new 3' primers, GCc and LClc
(complementary to sequences marked in Figs. 1, 3, 4, and 5), respec-
tively. Amplification was done in the same aforementioned conditions,
except for annealing at 55°C.

Cloning and sequencing of the amplified DNA. The amplified DNA
was digested with the appropriate enzymes, and was cloned into
Ml 3mp8 (30). For the H and the L chain cDNAs, the recombinant

Table I. Immunological Properties of Three IgG Anti-virus Antibodies

Name H2 H3 VI

Isotype -y I X2 y I X3 y I X2
Specificity HSV-1,2 HSV-1,2 VZV
Cross-reactivity none none HSV- 1,2
No binding to uninfected cells* uninfected cells uninfected cells

VZV, CMV,* EBV* VZV, CMV, EBV CMV, EBV
Antigen gBt gB gpII
Neutralization + + +
Protection in mice + + not tested

Balb/c mice was inoculated with a lethal dose of HSV- I or -2, with or without the testing antibodies. All infected mice without antibodies died
within 15 d after inoculation. * All the viruses were propagated in human embryonic lung (HEL) cells; the uninfected cells represented
uninfected HEL cells. t gB is a 120-kD glycoprotein of HSV- I and gpII represents 116-, 105-, and 64-kD glycoproteins of VZV.
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phages were screened with the GC3(TCC-ACC-AAG-GGC-CCA-TC,
positions 376-392 in Fig. 1) and the LC4 (TCG-GTC-ACT-CTG-
TTC-CCG, positions 355-372 in Fig. 2) primers, respectively. The
hybridization was done in 6x SSPE(20X SSPEis 3.6 MNaCl, 200 mM
sodium phosphate, 20 mMEDTA, pH 7.4) containing 5x Denhart's
solution (I x is 0.02% Ficoll, 0.02% polyvinylpyrrolidone, 0.02% bo-
vine serum albumin), at 50°C. Hybridized filters were washed with 6x
SSPEfour times at room temperature for 15 min each and one time at
50°C for 1 min; then, the positive clones were visualized by autoradiog-
raphy. Single-stranded DNA was prepared from the chosen M13
clones, and the inserted DNAwas sequenced by the method of Sanger
using the universal Ml 3 sequencing primer. Because of possible base
infidelity generated during PCRamplification, each of the presented
sequences represents either at least two completely identical sequences
from the amplified DNAor a consensus sequence from at least three
99%homologous sequences. The computer programs of the University
of Wisconsin Genetics Computer Group were used to assemble, edit,
and analyze all sequence data (31 ).

ha3h2 AGCTCTGAGAGAGGAGCCCAGCCCTGGGATTTTCAGGTGTTTTC

VH26.-

L S W L F L V A I L K G V Q C
ha3h2 GCTGAGCTGGCTTTTTCTTGTGGCTATTTTAAAAGGTGTCCAGJ

VH26 ----------- --- ---- --

G S L R L S C A A S G F T F S
ha 3h2 GGGGTCCCTGAGACTCTCCTGTGCAGCCTCTGGGTTCACCTTTJ

_______+_______+_________+_________+___CRVH26 --------------------------------- A----------

CDR2
E W V S A M S A N G L R T Y

ha 3h2 GGAATGGGTCTCAGCTATGAGTGCTAATGGTCTTAGGACGTACI
---------+------Ile+--GlySer-+-GlySer--+----

VH26 ---G--------------T----G--G----GG---C--A----

K N T L H L Q M N S L R A G E
ha 3h2 CAAGAACACGCTGCATCTGCAAATGAACAGCCTGAGAGCCGGGC

---------+---Tyr---+-------+---------+Glu-
VH26 -------------T---------------------------A-
Dkl
Jh6

CDR3 D
Y Y Y N G M D V W A Q G T T N

ha 3h2 CTACTACTACAACGGTATGGACGTCTGGGCCCAAGGGACCACG(
---------+Tyr------+--------Gly------------

Jh6 ----------T------------------G-------------
71

A P S S K S T S G G T A A L
ha3h2 GGCACCCTCCTCCAAGAGCACCTCTGGGGGCACAGCGGCCCTG4

_________+_________+_________+_________+___.

.+
_______________

---------- ------------------

CAT

Results

Molecular characterization of the H2 Vh and VX cDNA. The
amplified DNAfrom APCRwith GCcand LCc were analyzed
by gel electrophoresis and were found to contain clean bands of
expected sizes; the bands also hybridized respectively with the
GC3and the LC4 primers (located upstream of the GCcand
the LCc primers). The results indicated that the bands con-
tained the Vh and VX cDNAs, respectively. Accordingly, the
amplified DNAwas cloned into Ml 3 and the recombinants
were analyzed. The results showed that the H2 antibody has a

Vh3 gene and a VX1 gene, designated as Humha3h2 and
Humlalh2, respectively (Figs. 1 and 2).

A comparison of the V gene-encoded regions in ha3h2 and
lalh2 with both Genbank and EMBLdatabases revealed that
the expressed Vh and VX genes were most homologous to
VH26 and IGLV 1S2 (abbreviated lvls2) (15, 32-34), respec-

M E F G -16
TTGGTGATCAGGACTGAACAGAGAGAACTCACCATGGAGTTTGG-47

.____+_________+_________+_________+________-+

C E V Q L L E S G G G L V Q P G 15
Ty~v~ar~v~rzrev~vv~nan~rrrrwrar~nvvnrvan~nenv~n A A

1 +. . . +---_______+-___ -___+

CDR1 -
S G Y A M S W V R Q A P G K G L
AGCGGCTATGCCATGAGCTGGGTCCGCCAGGCTCCAGGGAAGGGGCT
---Ser+---------+------------------+---------+
---A-------------------------------------------

Y A D S V K G R F T I S R D N A
TACGCAGACTCCGTGAAGGGCCGGTTCACCATCTCCAGAGACAATGC
-_____+__-______+_________+_________+________-+

___________________---------------------------T-

45
134

75
224

CDR3
D T A V Y F C A K T K D M A T S 105
GACACGGCCGTATATTTCTGTGCGAAAACGAAAGACATGGCTACATC314
------+--------Tyr--------+-----------------Tyr

------------A---------

-A

V T V S S A S T K G P S V F P L 135
GTCACCGTCTCCTCAGCCTCCACCAAGGGCCCATCGGTCTTCCCCCT404
______+_________+_________+_________+____ ____+--------+ - +-+ --

G C L V K D Y F P E P V T V S W 165
,GGCTGCCTGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTG494
-- + GCc -+ . +-+---- GClc

N S 167
ha3h2 A&A&-TA 501

GC1c -

Figure 1. The nucleotide and amino acid sequences of the H2 H chain V region, designated Humha3h2, and abbreviated ha3h2 (accession no.
M97920). The nucleotide sequence in the Vh gene-encoded region was compared with all Vh gene sequences in the GenBank and EMBOdata-
bases, and the most homologous VH26 gene is given for comparison (32, 33). The expressed V gene was rearranged to a Jh6 and a 'y1 genes
(1 1, 37); their reported germline sequences are included for comparison. The nucleotide sequence in the CDR3of ha3h2 was compared with
all reported Dh gene sequences, and the most homologous Dk1 Dh gene segment is given for comparison (36). The complete nucleotide and
amino acid sequences of ha3h2 are given, while all other sequences are given only at the positions where they differ from ha3h2, in the overlap-
ping regions. The bars denote the identities. The regions of two oligomers are underlined and their names are given underneath. The CDRsare
marked.
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tively; the latter two germline gene sequences are included in
Figs. 1 and 2 for comparison. Significantly, ha3h2 is identical
to VH26 in the 5' flanking region of 79 bp and the leader region
of 57 bp. It is known that among different gene members of a
Vh gene family, their flanking regions are normally more het-
erogeneous than their coding region counterparts; as such, the
5' flanking region of an expressed Vh gene generally provides
the best clue about its germline origin. In this context, the afor-
ementioned data suggested very strongly that ha3h2 was en-
coded by VH26.

Therefore, the 13 nucleotides by which ha3h2 differs from
VH26 represent somatic mutations; they consisted of one dou-
ble-base change and 11 single-base changes (Fig. 1 ). Of the 13
mutations, 8 were in the complementarity-determining regions
(CDRs) and 5 in the framework regions (FRs). Interestingly,
seven of eight (88%) changes in CDRs were replacement
changes, while only three of five (60%) changes in the FRwere
replacement changes; thus, the ratio of replacement over silent
changes (R/S) is 7 in CDRsand 1.5 in FRs, respectively. Gen-
erally, an R/S ratio of > 2.9 suggests an antigen-driven re-
sponse (35). Accordingly, an R/S ratio of 7 in the CDRsof
H2 is consistent with its generation from HSV-immunized B
cells (25).

On the other hand, although lalh2 differs from lvls2 by
two nucleotides in their 5' flanking regions, the deviated Cand
G in lalh2 were shared by lal vl (to be described later in Fig.
6), suggesting that these two different bases are likely to repre-

lalh2

lv1s2

lalh2

lv132

sent allelic differences, or alternatively a highly related but dif-
ferent VX 1 gene. Nevertheless, among the five base differences
between la 1 h2 and lv s2, two are in CDRsand three are in
FRs. Interestingly, both different bases in CDRscause amino
acid changes, while only one of three in FRs leads to amino
acid change.

The CDR3of ha3h2 contained a stretch of a 7-bp segment
which was identical to the Dkl gene (36) (Fig. 1). Also, the
ha3h2 H chain employed a Jh6 and a Cy 1 gene (Fig. 1 ); its Jh
region deviated from a Jh6 sequence by three replacement
changes ( 11 ), while its Cy 1 region was identical to the reported
Cy 1 sequence over a 77-bp region (37). On the other hand, the
lalh2 L chain utilized a JX2 and CX2 gene (38, 39), instead of
the closely related CX3 gene, based on a single diagnostic base
(G vs. A) at nucleotide position 372 (Fig. 2). The expressed
JX2 sequence deviated from the reported germline sequence by
one replacement change, while its CX2 sequence was identical
to the known CX2 gene over a 56-bp region.

Molecular characterization of the H3 Vh and VX cDNA.
When I ,tg of mRNAfrom the H3 IgG anti-HSV hybridoma
was amplified and analyzed, it was found that the H3 antibody
has a Vh4 and a VX3 gene, designated Humha4h3 and
Humla3h3, respectively (Figs. 3 and 4). Sequence compari-
sons of the V gene-encoded regions in ha4h3 and la3h3 with
both Genbank and EMBL databases revealed that the ex-
pressed Vh and VX genes were most homologous to Vh4.18
and cML70, respectively; Vh4.18 is a germline gene, while

M A W S P L L L T L L A H
GCTCTGCTTCAGCTGTGGGCACAAGAGGCAGCACTCAGGACAATCTCCAGCATGGCCTGGTCTCCTCTCCTCCTCACTCTCCTCGCTCAC
_________+_________+_________+_________+_________+_________+_________+_________+_________+

-
- C ------------- -------- ------ ------

CDR1
C T G S W A Q S V L T Q P P S V S G A P G Q R V T I S C T G
TGCACAGGGTCCTGGGCCCAGTCTGTGCTGACGCAGCCGCCCTCAGTGTCTGGGGCCCCAGGGCAGAGGGTCACCATCTCCTGCACTGGG
---------+--------. +------Val+------------------+---------+---------.-------------------+
-------------------------- CG---------------------------------------------------------------

CDR1 CDR2
S S S N I G A G Y D V H W Y Q Q L P G T A P K L L I Y G N L

lalh2 AGCAGCTCCAACATCGGGGCAGGTTATGATGTACACTGGTACCAGCAGCTTCCGGGAACAGCCCCCAAACTCCTCATCTATGGTAACCTC
.+ . + .+.--------------------------------+--- +..------- +.----- + .+.-------------Ser

lv1s2 --------------------------------------------- A---------------------------------AG-

CDR2
N R P S G V P D R F S G S K S G T S A S L A I T G L Q A E D

lalh2 AATCGGCCCTCAGGGGTCCCTGACCGATTCTCTGGCTCCAAGTCTGGCACCTCAGCCTCCCTGGCCATCACTGGGCTCCAGGCTGAGGAT
_________+_________+_________+_________+_________+_________+_________+_________+_________+

lvs2 -------_____________________________________________________

CDR3-
E A D Y Y C Q S Y D S S L S G S V F G G G T K L T V L S Q P

lalh2 GAGGCTGATTATTACTGCCAGTCCTATGACAGCAGCCTGAGTGGTTCGGTATTCGGCGGAGGGACCAAGCTGACCGTCCTAAGTCAGCCC
.+ . + . +.+------------------------ ------- +--+ .---------+----------Gly-----+

lv1s2
JX2
CX2

lalh2

CX2

K A A P S V T L F P P S S E E L Q A N K A T
AAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTCAAGCAACAAGGCACACT

.________+_________+_________+_________+.--------+---- LCc -------

-7
-19

24
72

54
162

84
252

114
342

136
410

Figure 2. The nucleotide and amino acid sequences of the H2 L chain V region, designated Humlalh2, and abbreviated lalh2 (accession no.
M97922). The nucleotide sequence of the most homologous iglv 1 s2 gene is given for comparison. The expressed V gene was rearranged to a
JX2 and CX2 gene (38, 39); their reported germline sequences are included for comparison. The complete nucleotide and amino acid sequences
of lalh2 are given, while all other sequences are given only at the positions where they differ from lalh2, in the overlapping regions. The bars
denote the identities; the region of the LCc oligomer is marked. The CDRsare marked.
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M K H L W F F L L L V A A P R W V L S Q L Q 3
ha4h3 GAGTCATGGATCTCATGTGCAAGAAAATGAAGCACCTGTGGTTCTTCCTCCTGCTGGTGGCGGCTCCCAGATGGGTCCTGTCCCAGCTGC7

V2-1 AGC----------------------C----------------------------------------------------------------

_CDR1
L Q E S G P G L V K P S E T L P L T C T V S G D S I N T V H

ha4h3 AGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCGGAGACCCTGCCCCTCACATGCACTGTCTCTGGTGACTCCATCAATACTGTTC
Gly

33
97

CDR1 CDR2
Y Y W G W I R Q A P G K G L E W I G S I Y Y N G R T Y Y N P 63

ha4h3 ATTACTACTGGGGCTGGATCCGCCAGGCCCCAGGGAAGGGGCTGGAGTGGATTGGGAGTATCTATTATAATGGGAGGACCTACTACAACC187
---------+---------+------Pro+---------+-------------------+--------Ser---Ser--+---------. -

V2-1 G-------------------------C- - - - G-C---------

CDR2
S L K S R V T V S V D T S T N Q F S L R L R S V T A A D T A 93

CGTCCCTGAAGAGCCGAGTCACAGTATCCGTGGACACGTCCACGAATCAGTTCTCCCTGAGGCTGAGGTCTGTGACCGCCGCAGACACGG277
---------+---------+---Ile-------------Lys---His---------Lys---Ser----------+---------+
-------C-----T--------CA-------A----------A---C--C----------A------C----------------------

CDR3
V Y Y C A R H A A T V V R G V I I S S N W F D P W G Q G T L 123

ha4h3 CTGTGTATTATTGTGCGAGACATGCCGCAACTGTGGTTCGGGGAGTCATTATTTCGTCTAATTGGTTCGACCCCTGGGGCCAGGGAACCC367

---------C-

---A-------------T-----

V T V S S A S T K G P S V F P L A P S S K S T S G G T A A L 153
ha4h3 TGGTCACCGTCTCCTCAGCCTCCACCAAGGGCCCATCGGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTGGGGGCACAGCGGCCC457

_________+_________+_________+_________+_________+_________+_________+_________+_________+

Jh5 ------------------

G C L V K D Y F P E P V T V S W N S 171
ha4h3 TGGGCy A~AGAC!TAhiTTCCCCGAACCGGTGA GGTCGTGGAACTrA513

Yi
---------+ GCc

_____

GClc

Figure 3. The nucleotide and amino acid sequences of the H3 H chain V region, designated Humha4h3, and abbreviated ha4h3 (accession no.

M9792 1). The nucleotide sequence in the Vh gene-encoded region was compared with all Vh gene sequences in the GenBank and EMBOdata-
bases, and the most homologous V2-1 gene is given for comparison (41). The expressed V gene was rearranged to a Jh5 and a ylI genes ( 11, 37);
their reported germline sequences are included for comparison. The nucleotide sequence in the CDR3of ha4h3 was compared with all reported
Dh gene sequences, and the most homologous Dxp'1 Dh gene segment is given for comparison (36). The complete nucleotide and amino acid
sequences of ha4h3 are given, while all other sequences are given only at the positions where they differ from ha4h3, in the overlapping regions.
The bars denote the identities. The regions of two oligomers are underlined and their names are given underneath. The CDRsare marked.

cML70 is a cDNAcloned from the spleen of an 86 year acci-
dent victim (7, 40). The reported Vh4. 18 gene was cloned by
PCRand contains only the Vh gene-encoded region, but not its
5' flanking, leader, intron and leader' regions; however, Vh4. 18
differs from the V2- 1 germline Vh4 gene by only 1 replacement
change, and the 5' flanking and leader-intron-leader' regions of
V2-1 had been characterized (41 ). Thus, V2-4 is given in Fig. 3
for comparison. The cML 70 is also given in Fig. 4 for com-

parison.
As can be seen in Fig. 3, ha4h3 differs from V2-1 by four

bases in the 5' flanking region, suggesting that ha4h3 may be
encoded by a yet unidentified Vh4 germline gene. Neverthe-
less, among the 24 nucleotides by which ha4h3 differs from
V2-1 in the secreted V region, 9 are in CDRs, including 7
replacement changes, resulting an R/S ratio of 3.5; of the 15
differences in FRs, 9 are replacement changes, resulting an R/
S ratio of 1.5.

The CDR3of ha4h3 contains a 23 bp segment which is very

similar to the Dxp'l gene (36), suggesting that the ha4h3 heavy
chain apparently uses this Dh gene (Fig. 3). Also, the ha4h3 H
chain employs Jh5 and C-y 1 genes (Fig. 1); its Jh region de-
viated from a Jh5 sequence by one silent change ( 11 ), while its
Cy 1 region was identical to the reported Cy 1 sequence over a

77-bp region (37). On the other hand, the la3h3 L chain uti-
lized a JX3 and CX3 gene (38, 39), instead of the closely related
CX2gene, based on a single diagnostic base (A vs. G) at nucleo-
tide position 363 (Fig. 4). The expressed JX3 sequence de-
viated from the reported germline sequence by two replace-
ment changes and two silent changes, while its CX3 sequence
was identical to the known CX3 gene over a 39-bp region.

Molecular characterization of the VI Vh and VX cDNA. In
addition to two IgG anti-HSV antibodies, we also analyzed one
IgG anti-VZV antibody, termed VI . The results showed that
the V1 antibody has a Vh and VX1 genes, designated as
HumhaI v I and Humla I v 1, respectively (Figs. 5 and 6). A
computer sequence analyses revealed that hal v was most
closely related to the VH1GRRgermline gene, and that la v 1

was most homologous to lv s2 (42, 43); the latter two germline
gene sequences are included in Figs. 5 and 6 for comparison.
Significantly, ha v 1 is identical to VH1GRRin the signal pep-
tide region (of 27 bp). Thus it is very likely that ha v 1 is en-
coded by VH1GRR. Among the difference of 22 nucleotides
between hal v and VH1GRR, 12 are in CDRs, including 10
replacement changes and resulting an R/S ratio of 5; of the
remaining 10 in FRs, 2 are replacement changes, resulting in
an R/S ratio of 0.25.
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M A W T V L L L G L L S H C T G S G
GTGGGCCCAAGGACGCAGCACTGGTGGTGCCTCAGCCATGGCCTGGACCGTTCTCCTCCTCGGCCTCCTCTCTCACTGCACAGGCTCTGG

.-- ---+. + . + ._____+._____---+.___----_+._-. + .Val----------+--------Val

CDR1
T S Y V L T Q P P S V S V A P G Q T A R I T C G V N K I E A

GACCTCCTATGTGCTGACCCAGCCACCCTCGGTGTCAGTGGCCCCAGGACAGACGGCCAGGATTACCTGTGGGGTAAACAAGATTGAGGC
---- .+-------------.---------+---------+---------Lys------Ser--------+---Gly---Asn---GlySer
------------------T------------------------------A----------T-------------G--- T--C----GAAG

CDR1 CDR2_
K S V H W Y Q Q K P G Q A P L L V I Y D D I D R P S G I P E

la3h3 TAAAAGTGTGCACTGGTATCAGCAGAAGCCAGGCCAGGCCCCTCTCCTGGTCATCTATGATGATATCGACCGGCCCTCAGGGATCCCTGA
---------+---------+---------+---------+---Val---+--Val----+----Ser--+---------+---------+

cML70 ------------------C------------------------G-G------G------------G------------------------

CDR3
R F S G S N S G N T A T L T I S R V E A G D E A D Y Y C Q V

la3h3 GCGATTCTCTGGTTCCAACTCTGGGAACACGGCCACCCTGACCATCAGCAGGGTCGAAGCCGGGGATGAGGCCGACTATTACTGTCAGGT

-2
-5

29
86

59
176

89
266

CDR3_
W D S N S D H V V F G G G T R L T V L S Q P K A A P S V T L 119

GTGGGACAGTAATAGTGATCATGTGGTCTTCGGCGGCGGGACCAGGCTGACCGTCCTAAGTCAGCCCAAGGCTGCCCCCTCGGTCACTCT356

la3h3

c03

F P P S S E E L Q A N K A T
GTTCCCACCCTCCTCTGAGGAGCTTCAAGCCMCASSCCACA
_________+_________+___ . + LCc -+

133
401

Figure 4. The nucleotide and amino acid sequences of the H3 L chain V region, designated Humla3h3 and abbreviated la3h3 (accession no.

M97924). Because of limited information about VX3 genes, the nucleotide sequence of the most homologous cML70 cDNAis given for com-

parison (7). The expressed V gene was rearranged to a JX3 and CX3 gene (38, 39); their reported germline sequences are included for compari-
son. The complete nucleotide and amino acid sequences of la3h3 are given, while all other sequences are given only at the positions where they
differ from la3h3, in the overlapping regions. The bars denote the identities; the regions of two oligomers are marked and their names are given
at below. The CDRsare marked. Primer LClc is complementary to nucleotides 409-426.

On the other hand, the one base difference between la lvI

and lvls2 in their leader region suggests that lalvl might be
encoded by a yet unidentified VX1 gene. Nevertheless, among

the 17 base differences, 11 are in CDRs and 6 are in FRs.
Interestingly, 9 of 11 differences in CDRslead to amino acid
changes, resulting in an R/S ratio of 4.5; in contrast, only 3 of 6
differences in FRs are replacement changes, resulting in an

R/S ratio of 1.
The CDR3 of haMvl contained two nonoverlapping

stretches which were respectively similar to the Dn4 and the D2
genes in their reverse orientations (Fig. 5) (36). Also, the
ha lvI H chain employed Jh3 and Cy 1 genes (Fig. 5); its Jh

region deviated from a Jh3 sequence by 1 replacement change
( 11 ), while its Cy 1 region was identical to the reported C'1 1

sequence over a 77-bp region (37). On the other hand, the
lalvI L chain utilized a JX2 and CX2 gene (38, 39), instead of
the closely related CX3 gene, based on a single diagnostic base
(G vs. A) at nucleotide position 375 (Fig. 6). The expressed
JX2 sequence deviated from the reported germline sequence by
one replacement change, while its CX2 sequence was identical
to the known CX2 gene over a 56-bp region.

Discussion

In an effort to assess the Ig V gene usage by the immunologi-
cally important antibody molecules in normal individuals, we

cloned and sequenced the expressed Ig V genes of three IgG
antibodies which are specific for commonenvironmental path-
ogens, namely HSVand VZV. The results are summarized in
Table II; they show that (a) the H2 anti-HSV antibody uses the
ha3h2 Vh3 gene and the lalh2 VXA gene; (b) the H3 anti-HSV
antibody uses the ha4h3 Vh4 gene and the la3h3 VX3 gene; and
(c) the Vl anti-VZV antibody uses the halvl Vhl gene and
the lal vI VXI gene. The H chains of all three antibodies are of
the IgG 1 subclass; the L chains of H2 and V I are CX2, while the
H3 L chain is CX3.

Although the three expressed Vh genes come from three
different Vh gene families, it is a bit surprising to note that, by
nucleotide sequence comparison, each expressed Vh gene is
very likely to be encoded by (or is most similar to) a germline
Vh gene that has been shown previously to code for certain
autoantibodies (Table III). This provocative finding immedi-
ately prompted us to review all the reported DNAsequences of
human antibodies that are specific for any infectious agents, to
identify their putative germline origins, and subsequently to
determine their usage by autoantibodies and their expression
during ontogenic development. As can be seen in Table 3 (3, 4,
9, 14-16, 18, 19, 21, 32, 40, 41, 43-56), it is astonishing to find
that, without a single exception, the H chain of each anti-path-
ogen antibody apparently derived from a Vh gene that is
known to encode one or a few autoantibodies. In addition, it is

noteworthy that, of nine antipathogen Vh genes, five have been
found in the early antibody repertoire.
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V A A A T G A H S Q V Q L V Q S G A E V K K P G A S V K V S
halvl GTGGCAGCAGCAACAGGTGCCCACTCCCAGGTTCAGCTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGGGCCTCAGTGAAGGTCTCC

halvl

VHlGRR

CDR1 _CDR2
C R A S G Y T F T K Y R I T W V R Q A P G Q G L E W M G W I
TGCAGGGCTTCTGGTTACACCTTCACTAAGTATCGTATTACCTGGGTGCGACAGGCCCCTGGACAAGGGCTTGAGTGGATGGGATGGATC
---Lys.------------+-------Ser---Gly---Ser-------+---------+---------+---------+---------+
_ _ _ _- _- _ -- --___ _ o 1

-_

CDR2_
I T H N G D T N F A Q K I Q G R V T M T T D T S T S T A Y L

halvi ATCACTCACAACGGTGACACAAACTTTGCACAGAAGATCCAGGGCAGAGTCACCATGACCACAGACACATCCACGAGTACGGCCTACTTG
SerAlaTyr+-----Asn-+----Tyr--+------Leu+-------------------+----------+----------+------ Met

VH1GRR -G-G--T----T---A---------A----------C----------------------------------------C--A------A--

halvl

VH1GRR
Dn4r
D2r
Jh3

CDR3
E L R S L R S D D T A V Y F C A R D R A S G S Y P R D D A F
GAACTCAGGAGCCTGAGATCTGACGACACGGCCGTTTATTTCTGTGCGAGAGACAGAGCTAGTGGGAGCTACCCGAGAGATGATGCTTTT
_______--G+__-_______+_________+_________+_________+________+_________+_________+_________

--G--G --------A------------------

21
63

51
153

81
243

111

333

---A-C-------

CDR3
D I W G R G T M V T V S S A S T K G P S V F P L A P S S K S

halvl GATATCTGGGGCCGAGGGACAATGGTCACCGTCTCTTCAGCCTCCACCAAGGGCCCATCGGTCTTCCCCCTGGCACCCTCCTCCAAGAGC
141
423

Jh3 -------------A--------------------------

T S G G T A A L G C L V K D Y F P E P V T V S W N S 167
halvi ACCTCTGGGGGCACAGCGGCCCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCA501

----+--------- +--------- +-- GCc +-----------+----- GC1c -----

Figure 5. The nucleotide and amino acid sequences of the VI H chain V region, designated Humhalvi, and abbreviated ha lvI (accession no.
M979 19). The nucleotide sequence in the Vh gene-encoded region was compared with all reported Vh gene sequences, and the most homologous
VHIGRR gene is given for comparison (43). The expressed V gene was rearranged to a Jh3 and a y I genes ( I 1, 37); their reported germline
sequences are included for comparison. The nucleotide sequence in the CDR3of ha Iv was compared with all reported Dh gene sequences, and
the most homologous Dn4r and D2r Dh gene segments (the "r" denotes the reverse orientation) are given for comparison (36). The complete
nucleotide and amino acid sequences of ha v I are given, while all other sequences are given only at the positions where they differ from ha v 1,
in the overlapping regions. The bars denote the identities. The regions of two oligomers are underlined and their names are given underneath.
The CDRsare marked.

Similar to the Vh genes, the expressed VX genes of the three
currently analyzed anti-virus antibodies also come from differ-
ent VX gene families; lal h2 and lalvI are from the VX1 gene
family, while la3h3 is from the VX3 gene family. Because of
limited information about germline human VX3 genes, we
have included only one other expressed VX3 gene (cML70)
that was most closely related to la3h3 in Fig. 4. On the other
hand, there are four reported germline VX 1 genes, i.e.,
Humlvi 17, VX1. 1, iglvls2, and HumlvILl; all are functional
(34, 42, 57, 58). Amongthem, lv 1 17 is identical to the L chain
of the Kim4.6 anti-DNA antibody and lvi LI encodes the L
chain of the LI IgG RF (Table IV). Moreover, by amino acid
sequence comparison, each ofthese two genes is highly homolo-
gous to 40-50% of VX L chains that have been sequenced,

suggesting that each of them apparently encode many other
autoantibodies ( 57). In contrast, iglvl s2 has not been found to
encode any autoantibody, and is unlikely to encode any one of
the 16 characterized VX1 L chains. Taken together, the H2
anti-HSV and the VI anti-VZV antibodies most likely em-

ploy a VX1 gene that is not related to any autoantibody.
Amongthe additional L chains of anti-pathogen antibodies in
Table III, only the EVI- 15 L chain has been analyzed; it appar-

ently derives from Humkv325, a VK3 gene that encodes most,
if not all, Wa-idiotype positive IgM RFparaproteins, as well as

several monospecific IgM RFs from patients with rheumatoid
arthritis ( 13, 21, 23, 59, 60). Very recently, during the course
of revising this communication, the L chains of several anti-
bacteria antibodies in Table III were characterized and re-
ported (61). The results show that they derive from several
different gene families: a VK1 and a VK2 genes, as well as a VX2
and a VX7 genes (Table IV). Of the four, the 012 VK 1 gene
apparently encodes the 15A anti-I cold agglutinin (62, 63). To
counter the possibility that the difference between the V gene
utilization patterns of H and L chains in anti-pathogen anti-
bodies is due to limited information on VL gene usage, Table
IV includes the reported L chain V gene usage of the autoanti-
bodies listed in Table III. Both LS2 and Kim 13.1 are encoded
by the Vg VK3 gene, which is not known to encode any anti-
pathogen antibodies. Also, Table IV contains a RF that uses a
VK2 L chain. Viewed as a whole, the current data show that
there is no extensive overlap between the L chains of autoanti-
bodies and anti-pathogen antibodies.

What is the meaning of the extensive overlap between the
Vh genes used for anti-pathogen antibodies and the Vh genes
used for autoantibodies in Table III? Considering that many
germline human Vh genes remain to be identified and charac-
terized, and that several analyzed human Vh genes are known
to be polymorphic, the sequence differences between each ex-
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M A W S P L L L T L L A H
GGCTCTGCTTCACTGTGGGCACAAGAGGCAGCACTCAGGACAATCTCCAGCATGGCCTGGTCTCCTCTCCTCCTCACTCTCCTCGCTCAC

CDR1
Y T G S WA Q S V L T Q P P S V S G A P G Q R V T I S C T G
TACACAGGGTCCTGGGCCCAGTCTGTGCTGACGCAGCCGCCCTCAGTGTCTGGGGCCCCAGGGCAGAGGGTCACCATCTCCTGCACTGGG
Cys------+--------1+-------Val---------+---------+------------------+-------------------+
-G------------------------CG--------------------------------------------------------------

CDR1 _ CDR2
G S S N L G A N Y E V H W Y Q Q L P G T A P K L L I Y G D T
GGCAGCTCCAACCTCGGGGCAAATTATGAAGTACATTGGTACCAGCAACTTCCAGGAACAGCCCCCAAACTCCTCATCTATGGTGACACC
Ser------T--Ile----+--Glv---ASD.-------------------------------------.---------------ARn.r

CDR2_
N R P S G V P D R F S G S R S G T S A S L A I A G L Q A E D

lalvl AATCGGCCCTCAGGGGTCCCTGACCGATTCTCTGGCTCCAGGTCTGGCACCTCAGCCTCCCTGGCCATCGCTGGGCTCCAGGCCGAGGAT
.----+---------+---------+--------- Lys-------+---------+---------Tyr-------+----------

lvls2 ----------------------------------------A----------------------------A-------------T------

CDR3_
E A D Y Y C Q S Y D N N L S G G G V F G G G T K L T V L G Q

lalvl GAGGCTGATTATTACTGCCAGTCCTATGACAACAACCTGAGCGGTGGGGGGGTATTCGGCGGAGGGACCAAGCTGACCGTCCTAGGTCAG
---------+---------+---------+SerSer---+--------Val+-----------------+-------------------+

lv1s2 -------------------------------G--G------T---
JA2 -T-----------------------------------
cX2 -----

P K A A P S V T L F P P S S E E L Q A N K A T
CCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCGCCCTCCTCTGAGGAGCTTGCCACAAGGCCAT

.+.-------------+ .____+_________+________-+------- LCc -------

-7
-19

24
72

54
162

84
252

114
342

137
413

Figure 6. The nucleotide and amino acid sequences of the Vl L chain V region, designated Humlalvl and abbreviated lalvl (accession no.
M97923). The nucleotide sequence of the most homologous iglv 1 s2 gene is given for comparison (34). The expressed V gene was rearranged to a
JX2 and CX2 gene (38, 39); their reported germline sequences are included for comparison. The complete nucleotide and amino acid sequences
of la lv 1 are given, while all other sequences are given only at the positions where they differ from la lv 1 in the overlapping regions. The bars
denote the identities; the region of the LCc oligomer is marked. The CDRsare marked.

pressed Vh sequence and its putative germline Vh gene may
indicate that the true germline counterpart of that expressed
Vh sequence is yet to be identified. Thus, the tentative germline
gene assignments for some of the anti-pathogen antibodies in
Table III may be incorrect. However, it is very unlikely that all
or the majority of putative Vh genes given in Table III are not
the correct germline counterparts of the analyzed antibodies.
Furthermore, a similar sequence comparison of L chains in
Table IV does not reveal extensive overlap between antipatho-
gen antibodies and autoantibodies. It is also extremely unlikely
that the restricted Vh gene usage merely reflects an artefact of
the hybridoma technology, because the cells compiled in Table
III were generated by various techniques in several different

laboratories. For example, except for M030, all the anti-HIV
antibodies were generated by initial EBV transformation and
subsequent fusion with the SHM-D33 heterohybridoma cell;
anti-Haemophilus influenzae type b (Hib) antibodies were

produced by direct fusion of PBL with the murine SP2/O-
Agl4 cell; similarly, 18/2 was derived from direct fusion of
PBL with the human GM4672 cell; and C6B2 and 2A4 were

generated by EBVtransformation only. Thus, considering all
available data in totality, the observed overlaps between the H
chains of anti-pathogen antibodies and those of autoantibodies
are likely to reflect a real bias in the expressed normal Vh gene
repertoire that utilizes only a selected portion of the total po-
tentially functional set of Vh genes. Importantly, during the

Table 11. Ig Gene Usage of Three IgG Anti-virus Antibodies

Name Vh D Jh C VAJA CX

H2 VH26Vh3 Dkl 6 ayl lvls2VXI 2 2
H3 V2-1 Vh4 Dxp'l 5 ayl cML70 VX3 3 3
VI VHIGRRVhl Dn4r, D2r 3 ayl lvls2 VXl 2 2

Except for the cML70 cDNA, all V and Dgene segments are the germline genes that are most homologous to the respective rearranged genes; the
J and C genes are the accurate assignment for the respective rearranged genes.
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Table III. Shared Ig Vh Gene Usage between Anti-pathogen Antibodies and Autoantibodies

Putative Related
germline Percent Related Percent fetal Percent

Name Vh gene similarity* autoantibody similarity* Vh cDNA similarity$

Anti-HSV
H2 VH26 97 18/2 anti-DNA 100 30P1 100

Abl8 polyreact 99 M43 100
H3 Vh4.18 92 mAB61 RF 98 none

(V2-1§ 93)
Anti-VZV

VI VHIGRR 92 LS2 anti-Pr2 97 none
Anti-CMV

EVI-15 hv1051 94 Kiml3.1 poly 99.7 51P1 100
TSl RF 96 60P1 100

Anti-HIV
120-16 71-2 86 C6B2 anti-DNA 93 none

2A4 anti-DNA 92
98-6 71-2 85 same as above 92 none
71-31 hvlflO 92 HAF1ORF 99 none

(21-2 92)
M030 hvIflO 98 HAF1ORF 99 none
268-D Vh4.11 86 Pag-l anti-D 98 58P2 100

(71-4 86) 37P1 100
257-D Vh251 94 SMA-1 anti- 100 83P2 100

striated muscle M61 100
Anti-Hib (capsular polysaccharide [PS])

SB5/D6 9.1 98 4B4 anti-Sm 100 M26 100
RAY4 9.1 98 20P1 98
LSF2 9.1 92
SB1/D8 9.1 83
ED8.4 VH26 98 18/2 anti-DNA 100 30P1 100

The data of H2, H3, and V1 are from the current communication; hv1051 is a germline Vh1 gene cloned recently in our laboratory and is
identical to 51 P1 in the Vh gene-encoded region (unpublished data); all the other data are from the literature: EVI- 15 (21); except for M030 (44),
all anti-HIV antibodies (45); anti-Hib antibodies (46); VH26 (15, 32); Vh4.18 and 4.11 (40); V2-1, 71-2, and 71-4 (3, 41): VH1GRR(43); hv I flO
and HAF0RF (47); 21-2 and 9.1 (4); Vh251 (40, 48); 18/2 (14); Abl8 polyreactive autoantibody (16); mAB61 (49); LS2 cold agglutinin (50);
Kim 13.1 polyreactive autoantibody (51); TS 1 (52); C6B2 (53); 2A4 (54); Pag- 1, specific for the D antigen of the Rh-blood group (55); SMA- I
(11); 4B4 (56); all fetal antibodies (17, 18). * The percent similarity after each germline gene denotes its DNAsequence similarity to the Vh
gene-encoded region in the preceding antibody. t The percent similarity after each expressed Vh sequence denotes its DNAsequence similarity
to the preceding germline Vh gene on the same section. § The germline Vh gene in parentheses is > 99% homologous to the preceding
germline Vh gene in the same section; the two genes may represent either allelic forms of an identical Vh gene or different Vh genes residing in
different loci of a haploid genome.

revision of this paper, a similar conclusion was reported by
Braun et al. (64) using an entirely different approach.

A central dogma of the "clonal selection theory" is that
only B cells that can interact meaningfully with antigens are
stimulated to proliferate. In this context, the current observa-
tion may suggest that, in the sterile environment of a normal
healthy individual, certain germline Vh genes when expressed
on the surface of pre-B cells may interact with self antigens,
and thus are expanded to form the "preinfection" (or "natu-
ral") antibody repertoire. Consequently, when the host en-
counters any environmental pathogen, the preferentially ex-
pressed Vh genes will be the first set of Vh genes to interact with
the invading pathogens and to be selected by such pathogens.
In essence, similar to the positive selection of the T cell V:
genes that interact with human leukocyte antigens (FHLA), the

self-reactive B cell Vh genes may also be selected positively; at
the same time, the Vh genes that react too strongly with the self
antigens are deleted, analogous to the negative selection for
certain T cell V(3 genes that bind with high affinity to self anti-
gens (65). Furthermore, the findings of commonV gene usage
in H chains, but not L chains, of anti-pathogen and self-react-
ing antibodies may suggest that the positive selection is initi-
ated at the pre-B cell stage, when the rearranged H chains
are co-expressed with surrogate L chains (i.e., X5 and
Vpre-B) (66).

In addition, the current data may suggest that the poten-
tially functional Vh gene repertoire is significantly smaller than
the structural Vh gene repertoire. This would imply that many
supposedly functional Vh genes are indeed nonfunctional, per-
haps owing to subtle defects in recombination signal se-
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Table IV. Most Anti-pathogen Antibodies and Autoantibodies Apparently Use Different Light Chain Ig VGenes

Putative Percent Related Percent
Anti-pathogen antibodies germline gene similarity* autoantibody similarity*

Anti-HSV
H2 1v1s2 VX1 97 none
H3 cML70 VX3 90 none

Anti-VZV
VI lvls2 VXA 91 none

Anti-CMV
EVI-1 5 kv325 97 TS1 RF 99.3

SJ3 RF 99
Anti-Hib (capsular polysaccharide [PS])

SB5/D6 4A VX7 91 none
RAY4 4A VX7 91
LSF2 4A VX7 90
16M3C8 2.1 VX2 89 none
JB21 2.1 VX2 91
RC3 A2 VK2 100 none
ED6.1 012 VKI 94 i5A anti-I 99.7

Putative Percent Related anti- Percent
Autoantibodies germline gene similarity* pathogen Ab similarityt

LS2 anti-Pr2 Vg VK3 97 none
Kim I3.1 poly Vg VK3 99.3
2A4 anti-DNA HK102 VKI 85 none
TS3 RF A23 VK2 100 none
Kim4.6 anti-DNA Ivl 7 VXI 100 none
LI RF IvILi VXI 99 none

The data of H2, H3, and VI are from the current communication; all the other data are from the literature: EVI- 15 (21); anti-Hib antibodies
(61); LS2 (50); Kiml3.1 polyreactive autoantibody (51); 2A4 (54); TSl and 3, and SJ3 (59); Kim4.6 and lv1 17 (57); LI RF and IvILl (42);
lvIs2 (34); cML70 (7); Humkv325 (23); 4A VX7 (67); 2.1 VX2 (68); A2 and A23 VK2 (69); 012 VK1 (62); Vg VO3 (70); HK102 VK1 (71); 15A
anti-I (63). * The percent similarity after each germline gene denotes its DNAsequence similarity to the V gene-encoded region in the
preceding antibody. * The percent similarity after each expressed V sequence denotes its DNAsequence similarity to the preceding germline V
gene on the same section.

quences, and transcriptional and translational regulatory se-
quences. To examine these possibilities, the potentially func-
tional antibody repertoires in normal individuals will have to
be analyzed in detail. Further experiments are warranted to
determine the precise relationship between anti-pathogen anti-
bodies and autoantibodies, and eventually to define the expres-
sion and regulation of Ig V genes.
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