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Abstract

The complete amino acid and nucleotide sequences of the vari-
able regions of the heavy and light polypeptide chains of a
human neutralizing IgGI anti-cytomegalovirus (CMV) anti-
body reveal a striking homology to IgM rheumatoid factors
(RFs) of the Waidiotypic family. The anti-CMV antibody and
WaRFs have in commonVKIIIb, JKI, and VHIa gene segments
but use different DH and JH gene segments. The anti-CMV
antibody does not have RF activity and does not express the
Waidiotype. The WaRFs do not have anti-CMV activity. A
subset of WaRFs, however, and the anti-CMV antibody do
share several idiotypes on the VHIa and VKIIIb polypeptides.
Since there are major differences in the antigen binding char-
acteristics and some of the other expressed idiotypes, these
data suggest that the Dand J region amino acids are crucial to
such specificities. Although the use of such highly homologous
gene segments in different immune responses is well-docu-
mented in murine systems, these data represent the first such
example in the human.

Introduction

Although there is extensive structural data on human immu-
noglobulin variable regions, most sequences are derived from
immunoglobulins of unknown antibody specificity or autoan-
tibodies. While this information has been crucial to elucidat-
ing the structure of human antibodies and has formed the basis
of hypotheses relating to the generation of human antibody
diversity, it is likely that much of the human immunoglobulin
variable region repertoire is directed at specific exogenous an-
tigens. The study of immunoglobulins with functional anti-
body activity is key to establishing the biological context of
variable region sequence data and confirming the applicability
of principles based on sequences of myeloma proteins and
autoantibodies.

During the course of continued investigations on the
structure of human antibodies, we examined an MAb
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(EVI-1 5) that neutralizes cytomegalovirus (CMV).' The com-
plete amino acid sequences of the variable regions of this anti-
body revealed a striking homology to human monoclonal
rheumatoid factors (RFs) of the major idiotypic family. Specif-
ically, the VK, JK, and VHgene segments of both the WaRFs
and EVl- 15 are derived from the same or very closely related
germ line gene segments. Consistent with their structural simi-
larity, WaRFs and EVI-1 5 share several serological determi-
nants. The structural and serologic similarity of these mole-
cules provides a possible link between the immune response to
a ubiquitous virus and a commonautoantibody.

The striking similarity of EVI-1 5 to a subpopulation of RFs
raises interesting questions relating to the human variable re-
gion repertoire and the idiotype network theory of immuno-
regulation, as well as the association of viral infection and
autoantibody production. While viral infections have been
implicated in several forms of acute arthritis (1, 2), their role in
the etiology and/or pathogenesis of RA remains unclear (3).
EBV (4-8), rubella (9, 10), hepatitis B (1), vaccinia (11), and
CMV(12, 13) have been associated with RA, although the role
of viruses in the inflammatory process has resisted elucidation.
Postulated mechanisms include (a) cross-reactivity between
viral antigens and host tissue, (b) alteration of host tissue by
virus rendering host tissue antigenic, and (c) chronic infection
and/or destruction of host tissue directly leading to inflamma-
tion (2). The circumstantial evidence implicating viruses in-
cludes rising titers of antiviral antibodies during the course of
rheumatoid disease (7), isolation of live virus from rheumatoid
joint tissue (12), and extensive epidemiologic analysis (3).
Nonetheless, the issue has remained controversial.

A major feature of RA is the autoimmune diathesis present
in most patients. Over 75% of adult patients with rheumatoid
disease produce RF (14), an anti-gamma globulin whose
serum titer has been shown to correlate with disease activity
(15). More significant has been the direct demonstration that
RFs may be produced in vitro by synovial B cells (16). The
finding that RF was virtually the only immunoglobulin syn-
thesized locally in the rheumatoid synovium refocused atten-
tion on RF and its possible primary or secondary role in the
basic disease process.

Since the RFs produced in adult RA are polyclonal in
nature, although of restricted heterogeneity (17), most struc-
tural and serologic studies on RFs have taken advantage of the
syndrome of mixed cryoglobulinemia. Extensive studies of
these human monoclonal RFs have defined groups of RFs

1. Abbreviations used in this paper: CDR, complementarity determin-
ing regions; CMV, cytomegalovirus; D, diversity region; Fab, antibody
binding fragment; Fc, crystallizable fragment; H, heavy chain; IDDM,
insulin-dependent diabetes mellitus; J, joining region; L, light chain;
RF, rheumatoid factors; V, variable region.
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based on the expression of cross-reactive idiotypes (18, 19).
The Waidiotypic family, representing - 60% of monoclonal
RFs, has been found to be highly restricted in the use of light
and heavy chain variable region gene segments (20-28). This is
analogous to the restricted use of immunoglobulin variable
region gene segments in murine antigen specific systems,
many of which bear cross-reactive idiotypes. The relationship
between these monoclonal RFs and the RFs present in RAwas
demonstrated by Pernis and his colleagues, who showed that
the plasma cells of patients with RA contained idiotype-posi-
tive material (29). Some of the autoantibodies produced dur-
ing the course of RA thus are structurally similar to the anti-
bodies so extensively studied in mixed cryoglobulinemia (30).
Since anti-idiotypic antibodies to RF have been described in
patients with monoclonal RFs (31), they may play a role in the
regulation of RF production and thus may either initiate or
perpetuate RF synthesis.

Methods

Preparation of monoclonal anti-CMV antibodies. The antibody
EVI- 15 was generated by fusing human splenic B lymphocytes with the
SPAZcell line (Ostberg, L., E. Pursch, and M. Scriba, manuscript in
preparation). This antibody was purified from tissue culture superna-
tants by affinity chromatography using Staphylococcal Protein A.

Preparation of monoclonal IgM RFs. These antibodies were puri-
fied from the plasma (a gift from R. Wistar, Naval Medical Research
Institute, Bethesda, MD) of patients BOR, KAS, and RIV with mixed
cryoglobulinemia as previously described (32).

Antigenic specificity. EVI-15, BOR, KAS, and RIV were tested for
RF activity both by latex agglutination and ELISA. For the ELISA,
plates were coated with 10 Ag/ml crystallizable fragment (Fc) (from
human IgGI) in carbonate-bicarbonate buffer, pH 9.6, for 16 h at 40C.
Incubations were performed with the IgM RFs at concentrations of
0.02-2.0 pM, with a monoclonal IgG RF (SFL) (33) at concentrations
of 20-200 pM, and with EVI-15 at concentrations of 20-500 pM. The
bound MAbs were detected with peroxidase-conjugated goat anti-
human kappa antisera (Cappel Laboratories, Cochranville, PA).
EVI-15, BOR, KAS, and RIV were tested for anti-CMV activity by
neutralization assays and by ELISA (Ostberg, L., E. Pursch, and M.
Scriba, manuscript in preparation).

Sera from 20 patients with classical RA or insulin-dependent dia-
betes mellitus (IDDM) and 40 normal controls were tested for RF
activity by ELISA as above. Sera were diluted 1:50 in PBS for initial
screenings. Total RF, detected by the peroxidase-conjugated goat
anti-human kappa antiserum and IgM RF, detected by peroxidase-
conjugated goat anti-mu (Fc specific) antiserum was measured.

Expressed Idiotype. BOR, KAS, RIV, EV1-15; sera from patients
with RAand IDDMI; and normal controls were analyzed by ELISA for
reactivity to a goat antiserum that detected a private idiotype on
EVI-15 (34). Briefly, plates coated with 10 yg/ml antiidiotypic antisera
were incubated with 100 ,l of monoclonal RFs, 200 ng EV1-15, or sera
from patients or normal controls (diluted 1:100 in PBS). The bound
antibodies were detected with peroxidase-conjugated goat anti-human
kappa antiserum. An irrelevant, peroxidase-conjugated goat anti-
mouse Ig antiserum (Cappel Laboratories) was used in parallel to con-
trol for antibodies reactive to goat immunoglobulin. The BOR, KAS,
RIV, and EVI-15 MAbswere assayed for expression of the Waidiotype
and idiotopes found on human monoclonal RFs as previously de-
scribed (22). Patient and normal sera (as above), the RFs, EVI- 15, and
other random myeloma proteins were analyzed for reactivity to the
antibody binding fragment, (F[ab'J2) of an absorbed rabbit serum
raised to EV1-15 that was affinity purified from the RF BOR, which
defines a new idiotype 1-15(B) by ELISA using the conditions as
outlined for the analysis of the private EVI- 15 idiotype.

Reactivity with antisera raised to the complementarity determining
regions (CDR) of a WaRF(SIE). The heavy and light chains of EVI- 15
were separated on SDS-PAGEand immunoblotted with antisera to the
peptides PSL2, PSL3, and PSH3as previously described (35-37).

Preparation offragments for protein sequencing. Fab fragments of
EVI-15 were made by digesting the IgGl with papain (HG papain,
Worthington Biochemicals, Malvern, PA) according the method of
Poljak et al. (38). The Fab and Fc were separated by affinity chroma-
tography using Protein A-Sepharose (Pierce Chemical Co., Rock-
ford, IL).

The purified Fab fragments were chemically cleaved with an equal
weight of cyanogen bromide. The cyanogen bromide digest was re-
duced and alkylated as previously described (39). Peptides were sepa-
rated initially by reverse phase chromatography using a C4 column
(Vydac, Hesperia, CA) and a linear gradient of 0.1% trifluoroacetic
acid in water to 0.1% trifluoroacetic acid in 50% acetonitrile and 15%
isopropanol for 90 min at a flow rate of 1.0 ml/min. The initial peaks
were further resolved using reverse phase chromatography on a C18
column (Aquapore RP300; Brownlee Labs, Santa Clara, CA) devel-
oped with the gradient described above. Peptides that were 2 35 amino
acids long were further digested with trypsin with or without prior
citraconylation (39). The resultant peptides were separated by reverse
phase chromatography as above.

Initial studies showed that the amino terminus of the heavy chain
resisted Edman degradation. Therefore, pyroglutamic amino peptidase
was used according to the method of Podell and Abraham (40) to
cleave the cyclized amino-terminal amino acid.

Protein sequencing. Peptides were subjected to automated Edman
degradation using either the gas phase sequencer (model 470; Applied
Biosystems Inc., Foster City, CA) with the model 120, on-line HPLC
phenylthiohydantoin amino acid identification system, or a spinning
cup sequencer (model 890M; Beckman Instruments, Inc., Fullerton,
CA). In the latter case, the phenylthiohydantoin amino acids were
identified using a NovaPac column in an HPLCsystem (model 840;
Waters Associates, Milford, MA). Compositional analyses of peptides
were done by amino acid analysis using an amino acid analyzer (model
6300; Beckman Instruments, Inc.).

Cloning the EVI-JS rearranged heavy and light chain genes. The
DNAfragments encoding the EVI-15 light and heavy chain variable
regions were identified by Southern filter hybridization. Bam HI-di-
gested DNAfrom human placenta, EVI-15, and the SPAZ cell lines
were probed with a human CK-specific 2.7-kb Eco RI fragment (41)
and a 7.5-kb Hind III fragment encoding the human gamma 1 exons
(42). Methods for the cloning procedures were essentially as described
by Heinrich et al. (43). Briefly, DNAfragments of the appropriate size
were selected from BamHI-digested EVI- 15 DNAon a agarose-gel and
cloned into bacteriophage lambda EMBL4. Approximately 4 X l0
phage plaques were screened with the CK probe and 5 X 104 plaques
were screened with the C probe. Three phage clones for each heavy and
light chain were found to hybridize specifically with the probes. Sub-
fragments encoding the rearranged heavy chain variable region gene,
identified by crosshybridization with human JH specific oligonucleo-
tide probes (synthesized on an Applied Biosystems 380 A DNAsynthe-
sizer), were cloned into bacteriophage Ml 3mp18 for nucleotide se-
quencing.

Heavy and light chain recombination experiments. The heavy and
light chains of EVI-15, BOR, and RIV (the latter a structurally and
idiotypically unrelated RF) were separated and recombined following
the procedure of Jeske et al. (44). Briefly, the immunoglobulin of
interest was reduced and alkylated in the presence of 5 Mguanidine
and 50 mMTris-HCI, pH 8.0. Heavy and light chains were separated
by gel filtration in guanidine, using a S200 column (2.5 X 100 cm)
(Pharmacia Fine Chemicals, Piscataway, NJ). Fractions were analyzed
by SDS-PAGEfor heavy or light chain and then pooled. Heavy and
light chains were mixed to form homologous or heterologous mole-
cules and dialyzed slowly into Tris-buffered saline (50 mMTris-HCl
and 0.15 M NaCl, pH 7.4). Recombined molecules were separated
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from free light and heavy chains by precipitation with 40%ammonium
sulfate. The precipitated molecules migrated at 75-90 kD (depending
on the heavy chain in question) in nonreducing SDS-PAGEand as a
light chain (24 kD) and a heavy chain (50-65 kD) in reducing condi-
tions. Homologous and heterologous chain recombinants were ana-
lyzed for biological activity and expression of idiotype as above.

Results

The light chain variable region sequence ofanti-CMVantibody
EVl-15. Southern filter hybridization using the kappa specific
probe demonstrated hybridization with a 10.5- and 11-kb
fragment in EV1- 15 and placental DNAdigested with BamHI,
respectively, indicating a rearranged CKgene (data not shown).
The probe did not crosshybridize with any SPAZDNAfrag-
ment. This result confirms previous karyotypic analysis of the
SPAZ cell line, which showed that it had lost all but two
human chromosomes. After library screening, the 3.4-kb Eco
RVfragment of the light chain variable region was cloned into
the SmaI site of Ml 3mpl 8. The nucleotide sequence and the
derived amino acid sequence of the cloned EV1- 15 light chain
is presented in Fig. 1. The EV1-1 5 VKgene segment is joined in
frame to the human JK1 gene segment (45). The leader peptide
is interrupted by a 186-bp intron. The amino acid sequence
determined by classical protein sequencing techniques was de-
termined independently and was found to be identical to that
deduced from the nucleotide sequence. The variable region
exon can be classified as a human kappa light chain of the
VKIIIb subgroup (46).

_ -480

-413

_--Irc -346

l-w ___ -279

N E T P A Q L L F
_A~kw.Aacr~aw~omwmm~mmwAMGGmA AC cA GCX; cA cIT CTC TT-220

The heavy chain variable region sequence of anti-CMV
antibody EVI-J5. Southern filter hybridization of EV1-1 5 and
placental Bam HI-digested DNAusing the C probe showed
four and five crosshybridizable fragments, respectively (data
not shown). After library screening, the 2.2-kb BamHI-Hind
III fragment was cloned into the SmaI site of Ml 3mpl 8 for
nucleotide sequence analysis. The heavy chain clone con-
tained only the part of the variable region encoding the mature
variable domain (exon 2) because of a BamHI site within the
leader intron. The amino acid sequence determined by classi-
cal protein sequencing techniques was identical to the se-
quence deduced from the DNAsequence in the coding region
of this rearranged gene (Fig. 2). This variable region can be
classified as a heavy chain belonging to the VHIa subgroup
(22). When the DNAsequence of EV1-1 5 was compared with
another VHIa subfamily member, the 783 rearranged gene
(J. V. Ravetch and S. Korsmeyer, personal communication),
89% nucleotide identity was detected in the coding region and
87% identity in the entire cloned gene (463 bp).

The EVI-15 D segment does not match any published D
segment (47) and is one of the longest D regions described to
date. The junctional V-D amino acid, asparagine (GAT), was
probably formed by the addition of the T (from either the D
gene element or added by terminal transferase) to the GAthat
has been seen in the germ line of an unrearranged, related VHI
gene (48).

The JH gene segment used in EV1- 15 can be classified as a
JH6 (49). The nucleotide and amino acid sequence differences
from the germ line JH6 can be explained by single base substi-
tutions. Alternately, EV1-1 5 uses a JH6 segment that is one
codon shorter than the germ line J segment, similar to that
seen in the heavy chain variable region exon cloned from a
human plasma cell line, ARH-77 (50). The 783 rearranged
gene, which also uses a JH6 gene element, is three nucleotides
longer (5') and is more closely related to the genomic nucleo-
tide sequence of JH6.

GATOIOCI~hGTAO0AFTM~GICICICI~AC or
V Q

GIC CAG -4

L L L L W L P A
CIC CIG Cm CIC 7w CI CA G G

S Q V Q L V Q S G A E V K K P G-161 TOC CMGMGCMTIG GMGCM T GGGGCT GMGMGAMAAG CC GGG +45

94 S S V K V S C K A S G G T F S [T
TC TM GIG AMGIC TOC TGCAAG GO TCT GGA GOCAOC TIC AMC +93

Tr- 27

T T G E I V L T Q S P G
TA7:1=MTVWAT ACT ACC G& GRAAIT GMGTIG ACCMG = CM GOC +27

T L S L S P G E R A T L S CR A S
ACC CIG TCT TMG ITC OKCGG GMK GCCAC CIC TCClICT

A
C +78

Q S V S S N E L A W Y Q Q K P G Q
CAGAM OTT AMC C AAC GMTUL C M TAC CMGCAGAMAIC G CCc+129

A P R L L I S G A S R R A T G I P
GCT COC AMGCIC CIC AMC TrT|GT GC T CCAh AM GM CGV;CATCO +180

D R F S G S G S G T D F T L. T I S
GACAMGTIC MT GOGAM G0G ITT GGGACA GCTIC ACT CIV ACCAM AMC+231

R L E P E D F A M Y Y C Q Q Y G S
WACIG GAGOCT GTmGAT TTOGAMGTAT TAC TIC CWTAT GGhAM +282

T P R T F G Q G T K V E I K R
AO ACGTTC GOCCGAG00 ACCAM GMGGMAM AM OIGAT +331

Figure 1. The nucleotide sequence of the light chain Eco RV frag-
ment of EVI- 15. Amino acids are designated by the single-letter code.
The CDRsare boxed.

Y A F S W V R Q A P G Q G L E W
TAT G! TTC AC TGGOG IG aC CMGOC OCT GGA CA 00G CIT GAGTOG+141

M G rG I I P F L G T T H Y A Q K
GGMGGCATC ATCOC TIC GGGACA AA CAC T GM CWAAA +189

F Q D R V T I T T D E S T R T A
TrC CAQ G8I AI CAGA ATT ACAGGCGAA TCC ACG0CC ACA GOC+237

Y M E L H I L R S E D T A I Y Y
TAT ATGGAA CnA CACATC TTG AGA IT GMGMCACG GCCATA TAT TAT +285

C A R D Q S L E N I E V V P L D
TGT GCGAGAOAT CMA TCC CIVC GA AAT ATT GMA GTGGM CA CIT GMC+333

P N Y F Y D G M D V W G Q G T T
OCT AAT TAC TTC TAC GCGGT AGGC CI TGGGGC CAA GGGACC AMG +381

V T V S S
GCMACC GC ICCTIMT +399

Figure 2. The nucleotide sequence of the heavy chain BamHI-Hind
III fragment of EVI-1 5. Amino acids are designated by the single-let-
ter code. The CDRsare boxed.
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Amino acid sequence similarity ofEVi-15 and human RFs
of the Waidiotypic group. The comparison of the amino acid
sequences of the variable region light and heavy chains of the
anti-CMV antibody, EVI-1 5, and two members of the Wa
family of RFs (22) are presented in Fig. 3 and 4. The EVI- 15
light chain variable region (positions 1-96) has 91 and 92%
amino acid identity to KASand BOR, respectively. BORand
KAS have 93% amino acid identity. It is likely that all three
variable regions (positions 1-96) are derived from the same
KIIIb gene segment. Like BOR, EVI-15 uses a JKl gene seg-
ment. The junctional V-J amino acid in EVI-1 5 is an arginine,
which is the amino acid most frequently (33%) seen at this
position in the 12 WaRF light chains sequenced to date.

When the heavy chain variable regions are compared (Fig.
4), EVI-15 has 85 and 86% amino acid identity to KAS and
BOR, respectively (KAS and BORare 87% identical). All three
variable regions probably were derived from either the same
VHIa gene or closely related genes of this subsubfamily. In
contrast, the molecules differ markedly in their D and J re-
gions (Fig. 5). EVI-15 has a 14 or 15 amino acid long D region
and uses a JH6 gene element, whereas BORand KAShave a 9
amino acid long D region and a JH4 gene segment (22).

Antigenic specificity of EVi-15 and WaRFs. The human
RFs were found to have no detectable anti-CMV activity,
either by ELISA or by virus neutralization. The anti-CMV
antibody, EVl-15, did not have RF activity by ELISA, even
when assayed at higher protein concentrations and for longer
incubation periods than are usually necessary to demonstrate
the binding of a human IgG RF(SFL) to Fc. Hybrid molecules
formed by the recombination of the BORheavy chain and
either the BORor EVI-1 5 light chain but not the RIV light
chain (VKIIIa) were found to have detectable RF activity. No
molecule formed by the recombination of the EVl-1 5 heavy
chain and any light chain bound Fc. No hybrid molecule of
any combination was found to neutralize CMV.

Idiotypic analysis of EVi-15 and WaRFs. The analysis of
the expression of the idiotypes associated with both Waand
related idiotopes and EVl- 15 is presented in Table I. The
EVI- 15 molecule, as well as BORand KAS, bear the idiotype
l-1SB (which was not found on 20 other random myeloma
proteins, or on SIE or WOL, two other Waidiotypic RFs; data

cma I
20 40

BOR EIV¶EIT ISISPGERAT GOAPR
EV1-15 S

CR II cm III
60 80 00

BOR GSAIPD RFEGSGSGTD SRIEP EDEWYYQSrQIF;Q
KAS _h --V- -A ----S-F-h-¢
EV1-15 - -R-

J
BOR GTKVEI J1
KAS J4
EV1-15 J1

Figure 3. A comparison of the complete amino acid sequences of the
light chain variable regions of two Waidiotypic family RFs, BOR
and KAS, and the anti-CMV antibody, EV1- 15. Amino acids are
given in the single-letter code, numbered according to Kabat (51).
Identical amino acids are represented by dashes, changes in amino
acids are indicated. Boxed areas delineate the CDRsI-III. BORand
KASsequences from reference 22.

CaE I
20 40

BU 4QLVOGAEVSSVVT'SGDQSAMW
HAS - S-G-
EV1-15 <Q - S -Y-F

cm II
60 80

9CR G IAIIPI YAQKFQwRT YSTM EVSSLSEDTALYYCAR
IKAS --CA- .1- -IR-A--LD-M- -K
EV1-15 - -E-D -Y I- -

cm III
110

BOR ~~ vss
F-1 -YGDG- -

EV1-15 DQLNEVLG- -

J4
J4
J6

Figure 4. A comparison of the complete amino acid sequences of the
heavy chain variable regions of two Waidiotypic family RFs, BOR
and KAS, and the anti-CMV antibody, EVI-15. Amino acids are
designated by the single-letter code, numbered according to Kabat
(51). Identical amino acids are represented by dashes, changes in
amino acids are indicated. Boxed areas delineate the CDRsI-III.
BORand KASsequences from reference 22.

not shown), but the EVl- 15 molecule did not react with the
polyclonal anti-Wa sera. The epitope recognized by MAb
17-109 has been reported to recognize a conformational deter-
minant, dependent on intact light chain CDRsfrom RFs (52).
The MAbs G6 and G8 appear to recognize an epitope on a
subset of WaRFs (22, 53, 54). EV1-15 was not recognized by
the MAbs 17-109, G8, or G6. EV1-15 was recognized by the
MAbs B12 and C7, both of which recognize epitopes on the
KIMIb light chain (54). The reactivity of the MAbs to EVl-1 5,
however, was less than their reactivity with BORand KAS.

Antisera raised to peptides with the amino acid sequence of
the CDRsand in some cases neighboring framework amino
acids of another WaRF (SIE), were used to probe the EV1- 15
molecule by Western blot analysis. EVl-1 5 reacted as well as
the SIE protein with anti-PSL2 and anti-PSL3 sera (second
and third light chain CDRs) (Table I); however, the anti-PSH3
sera (which recognizes the third CDRof BORand SIE heavy
chain) was nonreactive with the EV1- 15 molecule.

Hybrid molecules formed by the recombination of heavy
and light chains of EVl- 15, BOR, and RIV were analyzed for
the expression of idiotype as demonstrated in Table II. Suc-
cessful heavy and light chain recombinations were evident
from (a) the migration of a moiety at 75-90 kD (SDS-PAGE
analysis) and (b) the detection of biological activity (ability to
bind Fc) and the expression of idiotypes by the recombined
homologous molecules. No such reactivities could be detected
in the free heavy or light chain pools. Although no idiotype
could be detected on the free heavy chain, it appeared that the
three idiotypes were more associated with the heavy chain than
the light chain. The VKIIIb light chains of EV1-1 5 and BOR

BOR
EV1-15

V D J
94 v 110

CAR E=FINPFDYWGI¶VIVSS J4
CAR DQSUENIEVVPDI4YTYDc4-V ---T-- J6

A

Figure 5. The amino acid sequences of the heavy chain Dand J re-
gions of one representative WaRF, BOR, and the anti-CMV anti-
body, EVI- 15. The D-J junctional amino acid is indicated.
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Table I. Reactivity ofAntiidiotypic Sera/Antibodies
and Anti-peptide Antisera to EVJ-15 and Members
of the WaIdiotypic Family of Rheumatoid Factors, BOR
and KASand RIV, a non- WaRF

Humanmonoclonal Igs
Antisera/MAb

idiotype EVI-15 BOR KAS RIV

Wa - ++ ++
EVI- 15 (private) ++
1-15 (B) ++ +++ +++ -

Light chain determinants
Anti-PSL2 ++* ++ + -

Anti-PSL3 ++ + ++ -

B12 +* +++ +++ -
C7 ++ +++ +++ -

17-109 - ++ ++ -

G8 - ++ - -
Heavy chain determinants

Anti-PSH3 - ++
G8 - ++ _ _
G6 - ++ ++

* ELISA results: -, <0.05; +, 0.05-0.5; ++, 0.5-1.0; +++, >1.0.
Results with anti-peptide (PSL2, PSL3, and PSH3) antisera based

on autoradiographic detections on Western blots.

appeared to be interchangeable and could form hybrids with
either heavy chain with subsequent expression of the idiotype
associated with the parent molecule from which the heavy
chain was isolated. The 1-15(B) idiotype could not be detected
on intact WaRFs SIE and WOL, which have the VKIIIb light
chain but not the VHIa heavy chain, lending further support to
the hypothesis that for this idiotype to be expressed, a specific
heavy chain variable region must be present. The VKIIIa light

Table II. Expression of Idiotype by Hybrid Immunoglobulins
from Homologous and Heterologous Recombinations of Heavy
and Light Polypeptide Chains from the Anti-CMVAntibody
EVU-15, and Two RFs, BOR* and RIVt

Recombination Expression of idiotype

Heavy chain Light chain Wa EVI-15 1-15 (B)

EVI-15 None
EVI-15 EVI-15 + ++ ++
EVI-15 BOR ++ +
EVI-15 RIV ND +

BOR None - ND
BOR BOR + ++
BOR EVI-15 ++ +++
BOR RIV ND

RIV RIV - ND
RIV BOR ND

+, 0.1-0.2; ++, 0.2-0.3; +++, 0.3-0.4 ODunits, when assayed at
20 jsg/ml.
* Waidiotypic family.

By structural analysis similar to the Po idiotypic family (33).

chain of RIV (another RF, structurally similar to the Po family
[33]) appeared not to form hybrids capable of expressing either
the Waor the shared 1-15(B) idiotypes with either BORor
EVl-l 5 heavy chains. Weak expression of the private EVl- 1 5
idiotype was detected on the hybrid formed from the EVI- 1 5
heavy chain and the RIV light chain.

Rheumatoidfactor activity and expression of EVl-15 Idio-
typy in patients with RA or IDDMor normal individuals. Pa-
tients with RA (90%), some normal individuals (5%), and pa-
tients with IDDM(5%) were found to have detectable IgM RFs
(Table III). The 1-1 5(B) idiotype was detected in 20% of nor-
mal controls and 50% of patients with RA and IDDM. Anti-
bodies expressing the private EV1-1 5 idiotype were not de-
tected in the sera from 20 patients with RA, 20 patients with
IDDM, or 40 normal controls (data not shown). Only EVl-l 5
was positive for the private idiotype in the assay when con-
trolled with the irrelevant goat anti-mouse sera. In contrast, it
appeared that 62%of RApatients, 45%of IDDMpatients, and
15% of normal controls had antibodies that were reactive with
several goat sera (this reactivity could be either RFs or anti-
Fab antibodies).

Discussion

These data document a striking serologic and primary struc-
tural similarity between a human anti-CMV antibody and the
RFs of the Wacross-reactive idiotype group. Three of the five
gene elements, representing > 95%of the primary structures of
these two sets of antibodies, are derived from the same or very
similar germ line gene segments. While an important reserva-
tion concerning these data is that only a single human anti-
CMVantibody has been sequenced, the data have important
implications for our understanding of the use of the human
immunoglobulin gene repertoire, and provide information
concerning the importance of D and J segments in the Wa
cross-reactive idiotype. Additionally, the results suggest a po-
tentially important interrelationship between viral infections
and RA and provide a possible framework to investigate the
network concept of immunoregulation.

The light chain variable region of EVI-15 is closely related
to the light chains of IgM Waidiotypic RFs. Chain recombina-
tion experiments document that the light chains of the anti-
CMVantibody and RFs are interchangeable without affecting
RF binding specificity. Both the Wa- and EVl- 15-associated
idiotypes could be restored to isolated heavy chains (Table II)
by heterologous light chains. No antivirus activity could be

Table III. Detection of Rheumatoid Factor and the Expression
of the 1-15(B) Idiotype in Patients with RA, IDDM,
and in Normal Controls

1-15 (B)
RF* IgM RF idiotype

Patients/normal controls No. Positive (%) Positive (%) Positive (%)

Normal 40 5 (13) 2 (5) 8 (20)
RA 20 18 (90) 18 (90) 10 (50)
IDDM 20 10 (50) 2 (5) 10 (50)

* Detected with antihuman kappa.
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detected in any of the recombined hybrid molecules. It is likely
that the proper refolding of the very large heavy chain CDRIII
of EVI-1 5 is critical for such activity. There is a striking simi-
larity between the nucleotide sequence of EVl-1 5 light chain
and the published sequence of the related germ line KIIIa
genes, 305 and 321 (55), the latter of which may be a KII1b.
The EVl-l 5 light chain V region is 120 nucleotides longer than
305 (5' of coding). Within the untranslated region, including
the leader sequences (440 bp), the two sequences (305 and
EVl-1 5) are 97% identical. There is 95% identity in the coding
region. The 321 gene, which is thought to be more closely
related to the RF KIIIb, has 96% nucleotide identity (164 bp)
with EVI-15. The KIIb light chain has been shown to be
primarily associated with the IgM isotype in normal human
sera (56).

There has been considerable controversy concerning the
significance of the highly restricted use of KIIIb light chains,
primarily in autoantibodies (21, 24, 54, 55). Since EVI-1 5 ex-
hibits potent anti-CMV activity, it is apparent that the restric-
tion of the KIIIb light chain to autoantibodies is not exclusive.
It appears that, based on the strong reactivity of the anti-PSL2
serum to the EVI- 15 light chain, this antiserum probably rec-
ognizes a stretch of amino acids between positions 54 and 61,
which is predominantly framework III. Clearly, this anti-pep-
tide serum is able to recognize antibodies that do not have RF
activity, confirming the observations of Agnello et al. (57).
EVI- 15, however, is the first antibody not selected for autore-
activity that reacts with this antiserum. The CDRIII of the
light chain of EVI- 15 is indistinguishable from an RFCDRIII.
The antipeptide antiserum that is reactive with this region is
equally reactive with SIE RF and EVI- 15 molecules.

EVl- 15 uses the JK1 gene element, which is also most com-
monly used by the Waidiotypic RFs (21, 22). The junctional
amino acid arginine, between the V-J in EVI-15, is also the
most commonly seen amino acid in this position. There thus is
a striking similarity between the VKand JK gene segments used
by EVI- 15 and the major (Wa) class of human RFs.

The heavy chain variable region ofEVI-15 is highly related
to the heavy chain variable region of Wafamily RFs. The
EVI-1 5 VH region is 85% identical to the WaRFs of the VHIa
subgroup and by definition EVI-15 is a member of this VH
subgroup. The amino acid substitutions in CDRI and II of
EV1- 15 are limited in number and conservative and as such are
unlikely to account for the differences in antigen specificity.
The D and J regions (CDRIII), however, are very different
between the anti-CMV antibody and the RFs (Fig. 5) and
most likely account for the difference in the antigen binding
characteristics, -as well as the observed differences in the ex-
pression of idiotype. This difference lends further support to
the importance of the D-J4 region (22, 25, 58) of the RFs, both
for expression of the Wa idiotype and for antigen binding.
Until other related anti-CMV antibodies with the same speci-
ficity are described, no firm conclusions about the importance
of parts of the variable regions to anti-CMV activity can be
made. Whencompared with the RFs, however, it is clear that
the D-J6 region is important for both the anti-CMV binding
activity and the expression of the idiotype associated with
EV1- 1 5.

Most of the structural and serological information about
RFs has been derived from the study of monoclonal IgM RFs
isolated from patients with mixed cryoglobulinemia. The rele-

vance of this information to the polyclonal RFs has been es-
tablished by several studies that have identified antibodies sim-
ilar to the monoclonal RFs, based on their expressed idiotype
(Wa) in individuals with RA (26-30, 52, 54).

The serologic and structural similarity of the major idioty-
pic family of RF antibodies and the anti-CMV antibody,
EVI-JS, mayprovide a link between the immune response to a
common virus and RA. Several possibilities are suggested: (a)
that CMVcauses RA in a genetically susceptible host. (Several
studies have shown a clear association of RA with HLA, in
particular DR4, [59, 60] and it is likely that other genes may
also be involved. In these individuals, the immune response to
CMVthat produces a viral neutralizing anti-CMV antibody
may also induce autoantibodies.); (b) that CMVdoes not cause
RA, but when a patient with RA is exposed to CMV, the
immune response also produces autoantibodies; and (c) that
the structural homology that exists between RFs and EV1-1 5 is
coincidental and only reflects the limited human germ line
antibody repertoire.

In addressing the first possibility, it is clear that not all
patients with RA have been exposed to CMV. Although this
virus is ubiquitous and several studies have shown that up to
75% of patients with RA have antibodies to CMV, this may
not be significantly different from normal controls (13, 61).
There has, however, been one report of the isolation of cyto-
megalovirus from synovial cells of a patient with RA (12).

The second possibility, that a CMVinfection in a patient
with established RA results not only in anti-viral antibodies,
but also in RFs, suggesting a possible malfunctioning network
system, is also feasible. The fact that RFs have been detected in
persons with infections such as bacterial endocarditis, syphilis,
leprosy, tuberculosis, and AIDS (62, 63) suggests that some
individuals with an activated immune system may respond to
such an infectious agent and also produce autoantibodies.

The third possibility, that there is a limited immunoglobu-
lin repertoire in man, is unlikely. There is no evidence that the
ability to produce diverse antibody specificities is limited rela-
tive to other mammals, in which the estimated repertoire is 107
to 108 antibodies. It is possible, however, that the number of
human germ line variable segment genes commonly used is
limited and that antibody diversity is generated primarily by
selection among many D segment genes, as well as by junc-
tional and N-segment mechanisms operating on V-D-J recom-
bination. The similarity of EVI- 15 to WaRFs thus may indi-
cate that although V segment genes are the major components
of variable regions, they may not be the primary determinants
of precise binding specificity. If this explanation is correct, the
serendipitous findings described herein support the notion that
different immune responses may use the same gene segments.
The data we report do not directly address the possible role of
viral infections in the pathogenesis of autoimmune diatheses.

The striking similarity between the anti-CMV antibody
and RF autoantibodies is not without precedent. In a mouse
MAb system, two immunoglobulins differing by a single
amino acid have been described. The parent antibody has an-
tibacterial (specifically phosphorylcholine) activity, whereas
the antibody differing by one amino acid no longer binds
phosphorylcholine, but instead binds DNA(64). It is clear that
the EVl-l 5 antibody and the Waidiotypic family of RFs are
more distantly related. Another parallel may exist in the pro-
duction of a specific idiotypic family of anti-DNA antibodies

1516 Newkirk, Gram, Heinrich, 6stberg, Capra, and Wasserman



after pulmonary tuberculosis or Klebsiella pneumoniae infec-
tions (65-67). Nonetheless, the striking serologic and struc-
tural similarity of these distinct antibodies may provide a cru-
cial link between an antiviral response and an autoimmune
disease.
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