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Abstract

The immune repertoire to Haemophilus influenzae type b cap-
sular polysaccharide (Hib PS) appears to be dominated by cer-
tain light chain variable region genes (IgVL). In order to exam-
ine the molecular basis underlying light chain bias, IgVL genes
have been cloned from a panel of heterohybridomas secreting
human anti-Hib PS (antibody) (anti-Hib PSAb). One hybrid-
oma, representative of the predominant serum clonotype of
anti-Hib PSAb in older children and adults following immuni-
zation or Hib infection, uses a V.II segment identical to the
germline gene A2, and a JK3 segment. A second kappa hybrid-
oma uses a member of the V1I family and a JK4 segment. Four
lambda antibodies, all cross-reactive with the structurally re-
lated antigen Escherichia coli K100 PS, use VAVII segments
which are 96-98% homologous to one another, and may origi-
nate from a single germline gene. Two additional lambda anti-
bodies, not K100-cross-reactive, are encoded by members of
the VII family. All lambda antibodies use highly homologous
J.2 or J.3 segments. The VJ joints of all lambda antibodies and
the VIK-encoded antibody are notable for the presence of an
arginine codon, suggesting an important role in antigen binding.
Although more complex than heavy chain variable region gene
usage, a significant portion of serum anti-Hib PS Ab is likely
to be encoded by a limited number of V, and VA segments and
VJ combinations, which may be selectively expressed during
development, or following antigen exposure. (J. Clin. Invest.
1992: 89:729-738.) Key words: B-cell repertoire * somatic mu-
tation * gene rearrangement * carbohydrate antigen

Introduction

The development of the antibody repertoire involves the re-
combination of individual members of two or three groups of
germline segments, nucleotide insertion or deletion at these
junctions, and somatic mutation of rearranged genes (1-4).
The individual contributions of these molecular mechanisms
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to the generation of the immune repertoire against a specific
antigen has been extensively studied in murine systems, but it
is uncertain whether these findings can be extrapolated to hu-
mans. The chromosomal organization of the human heavy and
light chain variable region segments within the immunoglobu-
lin loci differ from those of mice (5-7). Furthermore, the re-
sponse of highly inbred laboratory animal strains, and the use
of simple haptens in most studies, may not be comparable with
the human response to clinically relevant antigens, such as
those presented by microbial pathogens.

The immune response to Haemophilus influenzae type b
capsular polysaccharide (Hib PS)' is an excellent model to ex-
amine the immune repertoire to a functionally significant anti-
gen. Hib is a major bacterial pathogen in young children and
antibody directed against the capsular polysaccharide, a repeti-
tive polymer of polyribosylribitol phosphate, protects against
invasive infection (8). Similar to the response to other polysac-
charide antigens, the immune response to Hib PS is age-depen-
dent. Children under 5 yr have lower antibody responses and
are at greatest risk of infection. Additionally, there appear to be
variations in individual and ethnic susceptibilities to invasive
Hib disease (9-1 1). Analysis of the immune response to Hib PS
will contribute to our understanding of the development of the
human antibody repertoire, and provide insight into age-re-
lated and possible genetic predisposition to infection caused
by Hib.

Previous studies employing partial amino acid sequencing
of anti-Hib PS serum antibody purified to clonality have
shown that light chains of anti-Hib PS antibody are encoded
by V., and at least three V. gene families (12). Although highly
informative, these studies have inherent technologic limita-
tions. To obtain sufficient antibody for analysis, only individ-
uals with antibody concentrations much higher than those elic-
ited in young infants could be studied (12). Amino acid se-
quences were unobtainable on V.-encoded antibodies, and
certain regions of V,,-encoded antibodies (12, 13). Obtaining
nucleic acid sequences of variable region genes encoding anti-
Hib PS Abs would permit precise comparison of variable re-
gion genes obtained from different individuals, allowing classifi-
cation of these genes into germline families and subfamilies,
analysis of D- and J-segment usage, and assessment of the role
of somatic mutation in the clonal evolution of this immune
response. Additionally, this information could be applied to
examination of the germline and expressed immune repertoire

1. Abbreviations used in this paper: Ars, anti-p-azophenylarsonate;
Hib, Haemophilus influenzae type b; Hib PS, Hib capsular polysaccha-
ride; IgVL, light chain variable region gene; PCR, polymerase chain
reaction; SSC, standard saline citrate.
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of individuals of various ages, and populations at high risk for
invasive Hib infection.

Our previous work, and that of others, indicated that the
heavy chains of anti-Hib PS Abs are encoded by a very re-
stricted number of VHIII gene segments, in combination with a
variety of D and JH segments (12, 14). Wehave extended our
studies to examine light chain variable region gene (IgVL) usage
in the human anti-Hib PS response. A major component of
serum anti-Hib PSAb expresses a cross-reactive idiotype asso-
ciated with the use of a VJII gene (15, 16). Antibodies express-
ing this light chain account for the majority of anti-Hib PS
antibody in older infants and adults following invasive Hib
disease or immunization. Most lambda-encoded anti-Hib anti-
bodies and some kappa-encoded (VJI and VJIII) anti-Hib PS
Abs cross-react with the capsular polysaccharide of E. coli
Kl00 (12, 17). Naturally acquired antibody of the majority of
children expresses KI00 PS cross-reactivity, and thus, coloni-
zation with this organism may provide protective immunity
before exposure to Hib (18). Our results indicate that two im-
potant anti-Hib PS light chains, one associated with VJII ex-
pression and the other with lambda antibodies cross-reactive
with KlIO PS, are encoded by two germline elements that may
be expressed with little or no somatic mutation. Moreover, a
nwngermline-encoded arginine at the VJ joint is seen in the
majority of anti-Hib PS Ab light chains, a result suggesting an
essential role in antigen recognition.

Methods

Hybridomas. Heterohybridomas secreting human monoclonal anti-
Hib PS antibody were obtained, as previously described (14). Volun-
teers were immunized with either plain Hib-PS vaccine (Praxis Biologi-
cals, Rochester, NY) or Hib-PS diphtheria toxoid conjugate vaccine
(Hib-PS-D) (Connaught Laboratories, Swiftwater, PA). 7 d following
immunization, peripheral blood lymphocytes were harvested and
fused to the nonsecreting mouse myeloma SP2/O-Agl4. Anti-Hib PS
Ab was detected by binding to Hib PS in an ELISA, as previously
described (14). Specificity was documented by antibody binding to
'251-labeled antigen (19), and by inhibition of binding by 1.25 ,gg/ml of
soluble Hib PS in an ELISA (20). Cross-reactivity with E. coli KI00 PS
was assayed by inhibition of binding to Hib PS-poly-L-lysine with 100
ug/ml of soluble KI00 PS in an ELISA. An antibody concentration was
selected that gave half-maximum absorbance in the ELISA. Greater
than 15% inhibition was considered positive. The E. coli KIOO PS was
prepared from E. coli strain Easter, by the same method used to prepare
Hib PS (19). The generation of hybridoma line 16M3C8was described
previously (2 1).

Cloning and sequencing of IgVL genes. Total RNAwas prepared
from 106 hybridoma cells using the guanidine isothiocyanate method
(22). 2 to 8 ugg of total RNAserved as template for first-strand cDNA
synthesis, as previously described (14). 10 pmol of a consensus anti-
sewne primer corresponding to conserved sequences within the
human kappa or lambda constant region (23) (C. codons 181-
172:5'CAGCGTCAAGCTTCTGCTGTGGCTGTAGGT3', C,, co-
dons 171-181 :5'CAGGCTCAGGAAGCTITCTGGCCGCGTACTTG-
TT 3) was used to initiate cDNA synthesis by avian myeloblastosis
virus (AMV) reverse transcriptase (RT; Life Sciences, St. Petersburg,
FL). One half (10 Ml) of the cDNA reaction was directly diluted into
polymerase chain reactions (PCR), (24).

PCRconditions were as previously described, except that 70 pmol
of an internal constant region consensus primer (C. codons 125-
117:5'CAACGGATCCTCTGATGGCGGGAAGAT3', C. codons
125- 117:5'TGGGGATCCAGCTCCTCAGAGGAGGG3') and 70
pmol of a degenerate 3' kappa or lambda leader sequence primer
(kappa:5'GGGAATTCATGGACATG(GA)(GA)(GAXGATXTC)CC-

(ACT)(GAC)G(TC)(GT)CA(GC)CTT 3', lambda 5'GGGAATTCA-
TG(GA)CCTG(GC)(AT)C(TC)CCTCTC(TC)T(TC)CT(GC)(AT)-
(TC)C 3') were used to amplify rearranged variable region genes
(14, 25).

PCRproducts were isolated from low melting-point agarose gels
(FMC Bioproducts, Rockland, ME). Artificial restriction enzymes sites
in each primer allowed directional cloning into MI3mpl8 and
Ml 3mp19 phage vectors (Boehringer Mannheim Corp., Indianapolis,
IN). Sequencing of VL genes was performed by the dideoxy technique
(26). Two to five positive clones were obtained and sequenced for each
hybridoma gene.

The 16M3C8 light chain was generated by amplification of first-
strand cDNA, with primers corresponding to amino acid positions -7
of the leader, to position 6 of the lambda light chain
(5'CTGCACAGGGTCCTGGGCCGAGCTCGTGGTGACTCA3),
and the CA constant region (antisense, 5'GCATTCTAGACTATTAT-
GAACATTCTGTAGGGGC3').Blunt-ended PCR products were
cloned into SmaI cut M13 mpl8 and MI3mpl9 and sequencing was
also performed by the dideoxy method.

Southern blot analysis ofgenomic DNA. Peripheral blood was ob-
tained from 10 unrelated healthy adult volunteers, from L.S. (the do-
nor of hybridoma LSF2), and from a parent of L.S. Lymphocytes were
separated on a Ficoll-Hypaque gradient, and genomic DNAwas pre-
pared by Proteinase K digestion (27). 10 Mg of each subject's genomic
DNAwas digested with BamHI (4 U/,Mg DNA) (Boehringer Mannheim
Corp.) at 370C for 16 h, according to manufacturer's specifications.
Digested DNAwas separated by electrophoresis in a 0.8% agarose gel
using TAEbuffer (0.04 MTris-acetate/0.00 I MEDTA), and was trans-
ferred to Duralon UVmembranes (Stratagene Inc., La Jolla, CA), us-
ing a positive pressure blotting apparatus (Posiblotter, Stratagene, Inc.).
To examine germline representation of anti-Hib PS Ig genes, genomic
DNAwas hybridized with a 320-bp EcoRI/Smal VA segment from
hybridoma LSF2 that lacked the associated J. and CA regions. Probe
was radiolabeled to high specific activity using T7 DNApolymerase
(28). Prehybridization and hybridizations were carried out in 5X stan-
dard saline citrate (SSC), 5X Denhardt's solution, and 200 Mg/ml
sheared and denatured salmon sperm DNA(Boehringer Mannheim
Corp.) at 42°C overnight. Filters were washed with 2x SSC, 0.2% SDS
at room temperature twice, then with 0.2x SSC, 0.2% SDSat 55 to
60°C twice, and exposed to X-OMATAR film (Eastman Kodak Co.,
Rochester, NY) for 2-7 d.

In order to further localize germline candidates within V region
families, an oligonucleotide probe corresponding to conserved se-
quences within the CDR-1 region (sense oligonucleotide: 5'GGCTC-
CAGCACTGGAGATGTCACCAGT3', antisense oligonucleotide:
5'GTAGGGATAATGACCACTGGTGACATCTCC3) was hybrid-
ized to genomic DNAusing the method described by Hellman (29). 15
Mgof BamHI-digested human genomic DNAwas separated by electro-
phoresis in 0.8% agarose gel using TBE buffer (0.09 MTris-borate/
0.002 MEDTA). Agarose gels were dried under vacuum and hybrid-
ized in 5X saline/sodium phosphate/EDTA (SSPE), 0.1% SDS, and 106
Mg/ml of sheared and denatured salmon sperm DNAwith 2 X 106 cpm
of probe/ml of hybridization solution at 60°C for 16 h (30, 31). Hybrid-
ization conditions were previously adjusted to minimize nonspecific
binding. Gels were washed with 6X SSC at room temperature for 20
min twice, followed by a 4-h room temperature wash. The gel was
finally washed in 6x SSCfor 3 min at 64°C, and exposed to X-OMAT
AR film for 4 d.

Results

Hybridomas
Eight hybridoma cell lines from seven individuals were initially
selected from 20 cell lines. All individuals demonstrated sub-
stantial increases in serum anti-Hib PSAb 1 moafter vaccina-
tion (Table I). Hybridomas were selected to exemplify serologic
characteristics (kappa or lambda expression, and Kl00 PS
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Table I. Summary of Hybridoma Cell Lines*

Serum Anti-Hib PS Ab

Total Ab XKlIOO Inh
Vaccine KlOO Inh

Hybridoma Isotype Age Form of mAb Pre Post Pre Post

RC3 IgA/k Adult PS-D - 1.1 300 1 1 1 1
ED6.l IgG2/k 4 yr PS-D - 0.8 22 0 0
SB5/D6 IgA I/X Adult PS-D + 2.0 688 30 27
RAY4 IgA2JX Adult PS-D + 1.9 28 0 42
LSF2 IgAI/X Adult PS + ND 138 ND 29
JB32 IgA1/X 11 yr PS + 0.3 125 19 33
JB21 IgGJ/X il yr PS - 0.3 125 19 33
l6M3C8 IgG2JX Adultt PS - ND ND ND ND

* Columns show name of hybridoma cell line, isotype of anti-Hib PS
Ab secreted, age of subject at immunization, type of vaccine (PS is
plain polysaccharide, PS-D is Hib PS covalently linked to diphtheria
toxoid), presence (+) or absence (-) of inhibition of binding of anti-
Hib PS Ab by E. coli KlIOO PS, concentration of total serum anti-Hib
PS AB pre- and 1 mopost-immunization, and percent inhibition of
binding of serum lambda antibodies to Hib PS by E. colt KlIOO PS in
pre- and 1 mopost-immunization sera. *Pool of 3 adult donors.
ND, not done.

cross-reactivity) and to represent the response to "T-indepen-
dent" plain polysaccharide, or "T-dependent" polysaccharide-
protein conjugate forms of antigen. (Table I).

Four lambda-expressing anti-Hib PS Ab, obtained from
four different subjects, cross-reacted with K100 PS. One of
these individuals, RAY4, had no detectable serum cross-reacti-
vity before immunization. The Abs JB32 and JB2 1 were ob-
tained from the same individual, and differed in heavy chain
isotype and K1OOcross-reactivity.

GermikeVI VII CAG ACT GTG
RAVO -.
S851DO . .. G .-- -

LSF2 G .-- -

.B32 G .

GTG ACT

IgV~ genes. 1gVL nucleic acid sequences were obtained
from two kappa and six lambda hybridomas. Candidate germ-
line 1gVL sequences were sought by comparing hybridoma se-
quences to those registered with EMBLand GenBank (32).

Four lambda-expressing hybridomas, derived from four
unrelated subjects, use V, segments which are 96-98% homolo-
gous to one another, and are members of the germline V5VII
family of which a single member, 4A, has been previously de-
scribed (33) (Fig. 1). Notably, each of these four V5VII-encoded
hybridomas cross-reacts with KlIOO PS. The high degree of ho-
mology between these segments suggests that these genes may
be encoded by a single, or group of, closely related germline
elements. The four hybridoma genes share a number of nucleic
acid differences (maximum nucleic acid sequence homology
89%) from the only previously sequenced VVII germline gene
4A, implying that these genes may be derived from another, as
yet undescribed, V,~VII germline element.

The homology of the translated amino acid sequences of
these 4 VVII sequences parallels the nucleic acid homology.
The hybridoma V~VII genes are 90 to 97% homologous at the
amino acid level (Fig. 2). Framework regions are 94 to 100%
homologous, whereas CDRregions are 72 to 96%homologous.
Whether these minor differences reflect genetic polymor-
phisms, or somatic mutation, cannot be resolved from these
data.

JB2 1 and 1 6M3C8, the lambda-expressing hybridomas
which do not cross-react with KlIOO PS, are encoded by a V511
gene family member (34), (Fig. 3). JB2 1 is 9 1%homologous to
the germline V.2. 1 gene (99% homologous in framework re-
gions and 74%homologous in CDRs). 16M3C8 is 89%homolo-
gous to V,2. 1 (95% in framework regions and 77% in CDRs).
JB2 1 shares 87% amino acid homology with the translated
V.2. 1 germline sequence (99% in framework regions and 60%
in CDRregions), and 1 6M3C8shares 82% amino acid homol-
ogy (92% in framework regions and 60% in CDRs) (Fig. 4).
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Figure Nucleotide sequences of the V, and J, genes from four hybridoma cell lines (RAY4, SB5/D6, LSF2, JB32), and from the VVII germline

gene, 4A (33). Numbering is according to Kabat (23). These sequence data are available from EMBL/GenBank Data Libraries under accession

numbers M809 17 (RAY4), M809 18 (SB5/D6), M80915 ([SF2), and M809 19 (JB32).
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Figure 2. Translated amino acid sequences of V, and Jx from four hybridoma cell lines (RAY4, SB5/D6, LSF2, JB32), and from the V~VII
germline gene, 4A (33). (See Fig. 1.)

These two VJII-encoded gene segments are 91%homologous to
one another, and have in common a number of nucleic acid
differences from the V.2. 1 germline gene (especially in CDRs).
Whether they derive from another germline gene, or whether
these differences reflect mutation, is unknown.

All four of the V~VII-encoded antibodies are also encoded
by VHIII segments closely homologous to the germline gene 9.1
(5). Similar VHsegments also encode Ab utilizing other V. and
V,, gene segments (Table II) (manuscript in preparation). It is
uncertain whether pairing of 9. 1-like VH and V.VII-encoded
heavy and light chains contributes to binding specificity or avid-
ity. JB21 and RC3, also encoded by 9. 1-like VHgene segments,
but paired with V.11- and VKII-encoded light chains, respec-
tively, do not cross-react with KlIOO PS.

All six of the lambda light chains are encoded by a common
J,\ segment closely homologous to both J,\2 and J,\3 germline
genes (Fig. 1) (2 3). J,\2 is associated with the use of the
(Kem-Oz-)C,\ segment 2, and JA\3 with the (KermfOz')CX seg-
ment 3 (37). Each of these J,\ segments substitutes the codon
GTGfor the reported germline sequence GTAat amino acid
position 97. Interestingly, this change does not result in an
amino acid replacement, and is therefore not of importance in
antigen binding. This minor sequence difference may reflect a
shared genetic polymorphism, rather than somatic mutation.

The hybridoma RC3 uses a V.II segment identical to the
germline VJII gene A2, and a J1.3 segment closely homologous
to the germline sequence (Fig. 5) (13). The second kappa hy-
brioma, ED6. 1, is encoded by a member of the Vj family
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Figure 3. Nucleotide sequences of V. and J. genes from two hybridoma cell lines (JB2 1 and 16M3C8). Also shown is a germline gene V2. 1 (34),
and germline J.2/3 gene (23). An asterisk denotes the beginning of the J., segment. Numbering is according to Kabat (23). These sequence data

are available from EMBL/GenBank Data Libraries under accession numbers M809 16 (JB2l1) and M80921 (16M3C8).
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Figure 4. Translated amino acid sequences of VA and JA genes from two hybridoma cell lines (JB2 1 and 16M3C8). Shown for comparison is the
translated sequence of the VA germline gene VA2. 1, and JA2/3 germline gene. An asterisk denotes the beginning of the J. segment. (See Fig. 3.)

(36), and uses a JA4 segment differing from the germline se-
quence by a single base (Fig. 6). The ED6. 1 sequence is identi-
cal to the partial amino acid sequence reported previously for 2
kappa antibodies purified from serum (12).

VJ joints of seven of these eight hybridoma VL genes are
notable for the presence of an arginine codon (Fig. 7). Compari-
son of germline sequences indicates that in the RC3 VL gene,
the codon CGAcould only have arisen by the addition of a
non-germline-encoded G at the VJ,, joint. In the VAVII-en-
coded antibodies, the relevant germline V. segment is un-
known. The arginine codon may be germline-encoded, or re-
sult from either mutation or N sequence addition. The VJ
splice junction in all lambda antibodies is identical, implying
this VIJ. combination is a necessary prerequisite for genera-
tion of the arginine. Since the CDR-3 region encodes the third
hypervariable region, the frequent finding of an arginine resi-
due at this location, and particularly its presence in both kappa

Table H. Summary of VHand VL Gene Segments*

Hybridoma VH Segment VL Segment

SB5/D6 VHIII 9.1 (5) VAVII 4A (33)
RAY4 VHIII 9.1 VAVII 4A
JB32 VHIII 9.1 VxVII 4A
JB21 VHIII 9.1 VJI 2.1 (34)
RC3 VHIII 9.1 VII A2 (13)
LSF2 VHIII 9.1 VxVII 4A
16M3C8 VHIII VH26 (35) VJI 2.1
ED6.1 N.K. VJI clone KC-1 (36)

* Columns show name of hybridoma cell line and most closely
homologous known germline VH and VL segments. Reference for
germline shown in parentheses. NK, Not known.

and lambda anti-Hib PS Ab clonotypes, implies this residue is
of considerable importance in antigen binding.

Southern blots/analysis of germline VAVII genes
The available repertoire of VAVII family members was exam-
ined by hybridization of human genomic DNAwith the VAVII
probe generated from LSF2. 10 prominent bands, as well as an
additional 5 fainter bands, were demonstrated (Fig. 8). Nota-
bly, polymorphism such as the presence or absence of a 5.0-kb
fragment, and varying intensity of the 3.5-kb fragment, was
demonstrated even within this relatively small sample. The hu-
man lambda variable region locus is believed to contain about
60 members, of which 10 are members of the VAVII family (33,
38). The five less prominent bands may represent members of
other VA families sharing significant homology with the VAVII
family. To determine if the VXVII-encoded antibodies derive
from a single germline gene, an oliogonucleotide probe corre-
sponding to conserved VAVII CDR-l sequence was used to
identify a single 3.7-kb genomic DNA fragment. Although
more than one V gene may be present in a single restriction
fragment, both the repeated isolation of highly homologous
VAVII genes, and the single prominant band detected with the
oligonucleotide probe, suggests that a single VA gene may be
responsible for the generation of lambda anti-Hib PS Ab that
cross-reacts with KI00 PS (Fig. 9). Less prominant higher mo-
lecular weight bands are also present, but hybridize weakly to
the oligomer after subtraction of nonspecific background bind-
ing by high molecular weight DNA.

Discussion

To examine the molecular basis of the immune response to Hib
PS, a panel of hybridomas secreting human monoclonal anti-
Hib PS Ab has been developed. Our previous studies showed
exclusive use of members of the VHIII gene family in this im-
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Figure 5. Nucleotide sequences of V, and J, genes from the hybridoma cell line RC3. Also shown is the translated amino acid sequence of the
RC3 VK gene. Shown for comparison is the nucleotide sequence of a germline V,, gene, A2 (13), and germline J,3 gene. An asterisk denotes the
beginning of the J., segment. Numbering is according to Kabat (23). This sequence data is available from EMBL/GenBank Data Libraries under
accession number M80914 (RC3).
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Figure 6. Nucleotide sequence of VX and J. genes from hybridoma cell line ED6. 1. Also shown is the translated amino acid sequence of the ED6. 1
V, gene. An asterisk denotes the beginning of the J, segment. Numbering is according to Kabat (23). This sequence data is available from
EMBL/GenBank Data Libraries under accession number M80920 (ED6. 1).
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Figure 7. Translated amino acid se-
quences of VJ joints from seven hybrid-
oma cell lines (RC3, ED6. 1, RAY4, SB5/
D6, LSF2, JB21, and 16M3C8). Also
shown are translated amino acid se-
quences of the germline V. gene A2, and
germline J,3, J,4, and JA2/3 genes. (See
Figs. 2, 4, and 6.)

mune response, and the apparent restriction to two or three
germline VHgenes. In contrast, VL gene usage is more complex,
with antibody encoded by a number of V. and V, families (1 2).
Analysis of light chain variable region genes obtained from cell
lines selected to represent various characteristics of serum anti-
bodies showed that despite diversity in the variety of light chain
variable region gene segments utilized, most serum anti-Hib
PS Abs may be encoded by a limited number of V. and VA
germline genes.

1 2 3 4 5 6 7 8 9 10 11 12

21.2 -

Wm- 41 414aw
A 0 4

The light chain distribution of anti-Hib PSAb is character-
ized by a predominance of kappa light chains, although some
individuals predominantly or exclusively express lambda light
chains (39, 40). Scott et al. have shown that VJI light chains are
the most commonly expressed light chains amongclonally puri-
fied serum anti-Hib PS antibodies from adults with high re-
sponses to immunization. Limited amino acid sequences of a
number of these serum antibodies showed that greater than
60% of subjects immunized with plain Hib PS produce anti-
body encoded by a V.11 family member, and further, that a
number of these antibodies show identical amino acid homol-
ogy with the translated amino acid sequence of the germline
V,11 gene A2 (12, 13). Lucas et al. have described an anti-idio-
typic monoclonal antibody (Hibid-1) that identifies anti-Hib
PS antibodies expressing this light chain (16). On average, 60%

1 2 3 4 5 6 7 8 9 10

21.2 -

-- ----I F-4E-_US _ , -_ _b_ ,_ _m _

2.0 - *

Figure 8. Southern blot analysis for VVII family members in
BamHI-digested human genomic DNA. Lane 12 contains genomic
DNAfrom the subject from whomhybridoma LSF2 was obtained.
Lane 9 contains genomic DNAfrom a parent of LS. The remaining
10 donors are unrelated. An arrow indicates the 3.7-kb fiagment
which is identified by the oligonucleotide probe illustrated in Fig. 9.

5.1 - *.

Figure 9. Dried gel hybridization of BamHI-digested human genomic
DNAwith an oligonucleotide probe corresponding to conserved
VVII hybridoma CDR-l sequences. Genomic DNAin lanes 1, 4, 5,
6, 7, 9 and 1O of Fig. 8 corresponds to that in lanes 2, 7, 4, 8, 10, 5
and 9 of Fig. 9, respectively.
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of the total anti-Hib PS antibody of most children and adults
immunized with either Hib PS or Hib PS-conjugate vacine
expresses this idiotype (15, 16). Taken together, this suggests
the most commonclonotype of anti-Hib PS Ab is encoded by
a single VJII gene. The V, locus contains approximately 50
functional genes, of which 40%are members of the VJI family
(41). The VJII A2 germline gene is known to be present in a
single copy (13). Our findings definitively demonstrate that at
least a portion of VJI-encoded antibodies are encoded by un-
mutated germline elements. Our subject R.C. was immunized
with PS-protein conjugate vaccine, whereas Scott's subjects
were immunized with the plain PS vaccine. Thus it is possible
that the unmutated VJII A2 segment is utilized irrespective of
antigen presentation in a T-independent or T-dependent form.

Lambda variable region gene usage appears similarly re-
stricted. The majority of lambda-expressing anti-Hib PSAb in
adults with high antibody responses to vaccine cross-reacts
with E. coii KI00 PS (17). The capsular polysaccharides of Hib
and E. coli K100 are structurally similar and gastrointestinal
colonization with E. coli KI00 induces antibody to Hib PS in
humans (42). "Naturally occurring" anti-Hib PS Ab in chil-
dren commonly cross-reacts with KI00 PS, whereas Ab of indi-
viduals immunized with Hib PSor responding to Hib infection
is less frequently cross-reactive (18). The kappa/lambda ratio
of natural anti-Hib PS Ab is lower in infants than in older
children, and in the vaccine-induced antibody of adults (39).
Further, Hibid-1 (the CRI associated with expression of the
VKII light chain) is expressed less frequently and comprises a
smaller proportion of total anti-Hib PS Ab in preimmune
compared with postimmunization sera. Expression of Hibid-l
following immunization is similar in adults and children.
These results imply that cross-reactive antigens may induce the
natural antibody of children. KI00 PS-cross-reactive antibody
may provide protective immunity in young children upon first
exposure to Hib. These cross-reactive antibodies appear to be
subsequently replaced or dominated by antibody specific for
Hib PS when individuals are exposed to this antigen by immu-
nization, colonization, or infection. Wedemonstrate that cross
reactivity of lambda antibodies may be mediated through a
single light chain germline gene. The mechanism for the clonal
dominance of the VJI antibodies is unclear; the avidity for Hib
PS of these KIOO PS-cross-reactive antibodies from adults is
similar to that of Hib specific PS antibodies (P. Shackelford,
unpublished observation).

Lambda antibodies expressing the VJII gene did not cross-
react with E. coli KI00 PS. Whether all noncross-reactive anti-
bodies are encoded by closely related members of the VJI gene
family will require further characterization of additional anti-
bodies.

By the age of about 5 yr most individuals have acquired
protective anti-Hib PS Ab. All of the hybridomas in this study
were derived from older children or adults, who had detectable
preimmunization antibody. The B cells immortalized by fu-
sion, therefore, most likely represent a secondary immune re-
sponse. Despite this, VH gene segments obtained from these
hybridomas appear to be relatively unmutated (14), and it ap-
pears that some VL genes are similarly conserved. The RC3V,,
gene segment is identical to the A2 germline gene, and al-
though the pertinent VAVII germline gene is not known, the
paucity of differences in ViVII segments from four different
subjects suggests these gene segments are relatively unmutated.
J, and J. segments are also highly homologous to germline ele-

ments. Thus, at least a portion of the anti-Hib PS response
represents the use of unmutated germline elements.

VJ joints of the majority of rearranged VL genes also appear
to be an additional source of restriction in the anti-Hib PS
immune response. Although there is variability in the use of J.,
segments, VKI-encoded VL genes are characterized by the pres-
ence of an arginine at amino acid position 95a (13). In the RC3
VL gene and at least one of the antibodies (B-G2a) described by
Scott, this appears to have arisen by N sequence addition. In
four other kappa antibodies described by Scott, alternative
joining may have generated this invariant arginine (13). All of
the lambda VL genes in the present study are similarly charac-
terized by an invariant arginine-96. The germline VAVII seg-
ment is not known; therefore the mechanism used to generate
this codon is uncertain. The invariant presence of this residue
in many anti-Hib PS Abs supports the previous suggestion that
it may be of great importance in antigen binding (13). This also
is supported by studies of the murine anti-p-azophenylarsonate
(Ars) response. Anti-Ars light chains also contain an invariant
arginine at position 96, encoded by intracodonic splicing of a
single V, (Vl0-Ars) and a single J, (J,1) segment (43). This
arginine is essential for Ars binding, and the substitution of
tyrosine for arginine has been shown to abolish binding (44).
The presence of arginine residues clustered within the CDR's
of the heavy chains of murine anti-DNA antibodies correlates
with increased affinity, and the arginine requirement in the
anti-Hib PS response may indicate its participation in the rec-
ognition of the similar phosphate-ester linkage of the repeating
carbohydrate moiety (45). Thus, although diversity exists in the
use of a variety of V and J segments, certain VJ combinations,
which produce arginine codons by junctional flexibility or N
segment addition, may be strongly selected.

Does the restricted nature of VH and VL segment usage in
the human anti-Hib PS response explain the age-related acqui-
sition of immunity to this organism? In both mice and hu-
mans, preferential use of certain VHgene segments is observed
in early development. In mice, biased usage of JH-proximal VH
gene segments occurs in fetal and neonatal animals (46, 47).
Developmental regulation of VL gene usage is less extensively
studied than VH genes. Teale and Morris noted preferential
expression of certain V, families in LPS-stimulated murine fe-
tal B cells compared to adult B cells, with no evidence for posi-
tion-dependent bias (48). Kaushik et al. also described nonsto-
chastic use of VK families in adult mice, suggesting molecular
constraints may persist beyond the neonatal period (49). Two
or three VHgene segments, and a single V. and a single V, gene
segments, appear to encode a large proportion of anti-Hib PS
Ab in immune subjects. The use of highly conserved V gene
segments in human anti-Hib PS response may place consider-
able restraints on the immune response. The inability to utilize
these genes, whether due to chromosomal position or other
molecular constraints, may be responsible for the age-related
susceptibility to Hib infection. The lack of somatic hypermuta-
tion in a portion of these antibodies would also place greater
dependence on the germline repertoire, in that it maybe impos-
sible to improve antibody affinity by antigen-driven selection
of favorable mutations. The absence or polymorphism of these
genes also may contribute to individual and ethnic susceptibil-
ity to invasive Hib disease. In addition, the repertoire differ-
ences detected in some individuals (such as the absence of
kappa antibody, or the absence of the VII-associated CRI) may
be explained by the use of other minor light chains. An individ-
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ual missing the A2 germline gene has been described, although
the functional implications of such a deletion are not
known (13).

Expression of certain VH gene family members in mice is
correlated with B cell subpopulations (50). An alternative expla-
nation for the poor response to plain Hib PS may be a matura-
tional delay in recruitment of a critical B cell population that
selectively expresses important variable region gene segments.
Weand others note that an arginine is expressed at the VJ joint
in the great majority of anti-Hib PS light chains. In some cir-
cumstances- N segment addition is required to generate this
codon. The addition of these extra nucleotides is infrequent in
light chain recombination, suggesting that these B cell precur-
sors may be relatively infrequent (51). Moreover, N segment
addition also appears to be developmentally regulated. Neona-
tal murine B cells lack N sequences, and their presence in
heavy chain recombination increases with time (52). In addi-
tion, Nsequence addition may also correlate with certain B cell
subsets. N segments appear to be rare in Ly 1-B cell-derived
populations (53).

In contrast to plain polysaccharide vaccines, most young
infants respond well to the newer Hib-PS protein conjugate
vaccines (54). It is presently unknown if this antigen formula-
tion recruits an alternative antibody repertoire, or if, by an
uncertain mechanism, developmental restriction of a "dor-
mant" B cell subset is overcome. To address this question, V
gene expression in infants must be examined.
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