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Glycoprotein B Complex of Human Cytomegalovirus

EILLEEN S. TACKABERRY,'- JOSEE HAMEL,' YOLANDE LAROSE,' AND BERNARD R. BRODEUR2-*

National Laboratory for Inmnlitiology, Laboratoty Centre for Disease Conitrol, Ottawa, Ontario, Canada KIA OL2,'
anid Department of Microbiology and Inmlmunology, Facuilty of Medcicine, University of Ottawa,

Ottawa, Ontario, Caniacda KJH 8M52

Rcceived 21 June 1993/Accepted 11 August 1993

Experiments were carried out to investigate the ability of rabbit anti-idiotype antibodies (Ab2), directed
against an anti-human cytomegalovirus monoclonal antibody (Abl), to induce neutralizing antibodies specific
for the immunodominant glycoprotein B viral complex. Mice immunized with Ab2 produced anti-Ab2 (Ab3)
that was both antigen and idiotype specific with regard to Abi. We conclude that the Ab2 antibodies mimicked
a neutralizing epitope and acted as a network antigen for inducing a specific anti-human cytomegalovirus
antibody response in this experimental system.

Human cytomegalovirus (HCMV) is a widely distributed
herpesvirus responsible for severe disease in immunocompro-
mised hosts. Maternal antibody to HCMV correlates with
reduced incidence and severity of congenital infection (7, 34),
and hyperimmune globulin moderates HCMV-associated dis-
ease in transplant patients (32, 34). Immunity was recently
provided for bone marrow transplant recipients by adoptive
transfer of HCMV-specific T cells (30). Such observations
suggest that a vaccine inducing an immune response equivalent
to that following natural infection may be effective. Neutraliz-
ing antibodies to several envelope glycoproteins in infected
individuals have been recognized (19, 29). Of these, glycopro-
tein B (gB), a complex of 58- and 116 kDa proteins (4, 5),
appears to be especially immunodominant (23, 28) and is
widely regarded to be a major candidate for vaccine develop-
ment (22, 34).

Interactions of idiotypic (id) determinants and anti-id anti-
bodies (Ab2) are involved in regulating the immune response.

Anti-id antibodies may enhance or suppress specific immunity
(9, 15), and id network relationships have been manipulated
experimentally to stimulate humoral and/or cell-mediated im-
mune responses to microbial infections (6, 8, 26). Use of
anti-id vaccines may be advantageous when the protective
epitope(s) is poorly defined, complex (6, 26), or conforma-
tional (38). In the present study, we sought to generate
polyclonal anti-id antibodies that would mimic a neutralizing
epitope on the gB complex of HCMV sufficiently to induce a

specific antibody response in naive hosts. The murine mono-

clonal antibody (MAb) CMVBI {immunoglobulin G subclass
2a(K) [IgG2a(K)]} was selected as the initiating Abl for the
study. Previous characterization of MAb CMVBI showed that
it recognized a late viral antigen in cells infected with HCMV
prototype strains AD169, Towne, and Davis, and all clinical
isolates (n = 24) tested thus far (31). In this study, further
analysis of purified CMVB1 and HCMV strain AD169 by
plaque reduction assay (20) indicated that it was highly neu-

tralizing in the presence of complement, with activity still
apparent at less than 28 ng of purified MAb per ml. No
neutralization occurred in the absence of complement. Radio-
immunoprecipitation assays were carried out to identify the
target proteins of MAb CMVB1, following the method de-
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scribed elsewhere (20, 38). As seen in Fig. 1, MAb CMVBI
precipitated viral proteins of 58, 93 to 116, and 130 kDa (Fig.
1, lane 2), a pattern consistent with that defined by other MAbs
for the envelope glycoprotein complex gB (23, 27, 33). Similar
bands were precipitated by a neutralizing HCMV-seropositive
human serum sample obtained from a kidney transplant
patient (Fig. 1, lane 4). Neutralizing antibodies to the gB
complex routinely develop after natural infection (23, 28), and
48 to 88% of the total neutralizing activity in serum is directed
toward the gB complex (23).

Rabbit Ab2 antibodies induce Ab3 with specificity for the gB
complex of HCMV. Rabbits immunized with MAb CMVB1
produced specific anti-id antibodies which were detectable in
trial bleed samples after a single injection. New Zealand White
rabbits were immunized subcutaneously with 200 ,ug of puri-
fied MAb CMVBI in complete Freund's adjuvant. Ab2 anti-
bodies were detected by an enzyme-linked immunosorbent
assay (ELISA) in which microtiter wells were coated with
F(ab')2 fragments of MAb CMVB1 (0.15 jtg per well) or an

isotype-matched control MAb. Dilutions of rabbit Ab2 were

added, followed by enzyme-conjugated anti-rabbit IgG (H+L)
(Jackson ImmunoResearch Laboratories, West Grove, Pa.).
Ab2 antibodies were purified from pooled rabbit antisera
collected on days 10 and 17 after immunization. Purification
was accomplished by using a series of four affinity columns,
eluted with 0.1 M glycine-HCI buffer, pH 3.0, as follows: (i)
protein-A Sepharose CL-4B (Pharmacia, Ltd., Montreal, Que-
bec, Canada), (ii) an isotype affinity column of CNBr-activated
Sepharose 4B (Pharmacia, Ltd.) to which two purified irrele-
vant murine MAbs [both IgG2a(K)] were bound, (iii) a similar
column with purified MAb CMVB1 (Abl) as a ligand, (iv)
protein-A Sepharose to concentrate the purified Ab2. This
protocol yielded a preparation containing 1.3 mg of purified
rabbit Ab2. The material (at 665 pg/ml) had an ELISA titer of
32,000 against MAb CMVB1 and no reactivity against the
control MAb.

Mice were immunized with 30 jg of purified Ab2 (mice 1 to

3) or 30 jLg of purified normal rabbit IgG (mice 4 to 6) in

conjunction with 25 jig of Quil-A. Identical booster injections
were given on days 15 and 46. The presence of mouse Ab3 in
immune serum was detected by inhibition ELISA: equal
volumes of purified rabbit Ab2 in 5% normal rabbit serum and

mouse anti-Ab2 serum in phosphate-buffered saline (PBS)
were incubated for 30 min, whereupon residual binding of Ab2
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FIG. 1. Viral antigens recognized by MAb CMVB1. Radiolabelling
of late viral proteins with [355]methionine (Tran35S-label; ICN Bio-
medicals, Inc., Irvine, Calif.) and immunoprecipitation of labelled cell
lysates were done by methods described previously (20, 38). Cell
lysates from [35S]methionine-labelled HCMV-infected (lanes 2 and 4)
or [35S]methionine-labelled control mock-infected (lanes 3 and 5)
human foreskin fibroblasts were precipitated with MAb CMVB1 or a

neutralizing seropositive human serum sample and then analyzed by
electrophoresis under reducing conditions with sodium dodecyl sul-
fate-10% polyacrylamide (17). Lanes: 1, 14C-molecular mass markers,
in kilodaltons; 2 and 3, precipitation by CMVB1 ascitic fluid diluted
1:1,000; 4 and 5, precipitation by HCMV-seropositive human serum

diluted 1:1,200.

to Abl was measured, as described above. The Ab2 concen-

tration was established beforehand to yield an A410 control
value (Ab2 plus PBS) of 1.0. The data in Fig. 2 show that all
mice immunized with rabbit Ab2 produced Ab3, with reactivity
decreasing in a dose-dependent manner. The strongest re-

sponse was seen in the serum of mouse 1, which exhibited a

titer of more than 40. Conversely, there was little response in
the sera of mice immunized with equal amounts of normal
rabbit IgG.
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FIG. 2. Detection of Ab3 in mouse sera by inhibition ELISA.

Equal volumes of dilutions of immune mouse sera were incubated with

purified rabbit Ab2, and residual binding activity of Ab2 for the F(ab')2
fragments of AbI was measured. Percent inhibition was determined by

comparison with wells in which PBS was substituted for mouse serum.

Mice I to 3 had been immunized with purified rabbit Ab2, and mice 4

to 6 had been immunized with the same amount of purified normal

rabbit IgG.

The immune mouse sera were then evaluated to see whether
they contained antibodies directed against HCMV, using as-
says developed for characterizing the Abl MAb CMVBI. First,
by indirect immunofluorescence assay (20), Ab3 sera from
mice 1 and 2 bound HCMV-infected cells, with titers of 640
and 160, respectively. The pattern of fluorescence was typical
of antibodies to many late HCMV proteins, with a prominent
perinuclear inclusion body (Fig. 3a), and was similar to that
produced by MAb CMVBI (Fig. 3d). No reactivity was de-
tected with serum from mouse 3 or with sera from mice 4 to 6
(Fig. 3b). To verify the specificity of the fluorescence in Fig. 3a,
mouse serum was incubated with either purified rabbit Ab2, an
equal amount of purified rabbit IgG, or diluent, after which
residual indirect immunofluorescence assay reactivity of the
mouse Ab3 serum was tested. Under these conditions, 5 p.g of
rabbit Ab2 completely inhibited subsequent reactivity of Ab3
(Fig. 3c), whereas normal rabbit IgG at 5 to 20 p.g resulted in
no inhibition. Further characterization of the Ab3 target
protein(s) was achieved by radioimmunoprecipitation assay.
As illustrated in Fig. 4, mouse 1 serum (Fig. 4A, lane 3)
precipitated viral proteins with the same apparent molecular
masses as MAb CMVB1 (Fig. 4A, lane 7), at 58, 93 to 116, and
130 kDa. No viral proteins were precipitated by serum of
mouse 4, immunized with normal rabbit IgG (Fig. 4A, lane 5),
nor from control cells (Fig. 4A, lanes 4, 6, and 8). An
additional experiment confirmed these results and compared
proteins precipitated by mouse Ab3 and a human anti-HCMV
serum. Figure 4B reveals that HCMV proteins recognized by
the Ab3 serum (Fig. 4B, lane 4) were similarly precipitated by
the human serum (Fig. 4B, lane 2), which is not an unexpected
result given the immunodominance of the gB complex in
natural infection (19, 23). Collectively, these experiments
demonstrated that Abl-like antibodies were generated in the
Ab2-immunized mice.

Since the Abl MAb neutralized viral infectivity in vitro, we
investigated whether the mouse Ab3 possessed similar activity.
Plaque reduction assays were carried out in at least triplicate,
and data were evaluated for levels of significance by using
Student's t test. Representative data in Table I show that
serum from mouse 1 neutralized HCMV at dilutions from 1:5
to 1:40. There was also an indication of neutralizing activity in
serum from mouse 3 at a dilution of 1:5, although this was not
statistically significant (P < 0.05). Neutralization occurred only
in the presence of complement, echoing a similar requirement
by MAb CMVB1. No neutralization was observed with serum
from mouse 2 or with sera from control mice 4 to 6. These
results provided further evidence that the combining site of
certain subsets of the rabbit Ab2 population bore a degree of
structural complementarity to gB, the reference antigen.
Mouse Ab3 antibodies share id specificity with MAb CMVB1

(Abi). The id specificities of the mouse Ab3 antibodies were
examined by utilizing MAb2-3C5 [IgGl(K)] and MAb2-5C12
[IgG2a(X)], two of a series of monoclonal anti-id antibodies
previously generated against MAb CMVB1 (35). These MAb2
antibodies have distinct target idiotope specificities. However,
both appear to be directed to paratope-associated idiotopes of
MAb CMVB1, blocking the ability of CMVB1 to bind HCMV-
infected cells and inhibiting the viral neutralizing activity of
CMVBI. ELISAs were set up to see whether the mouse Ab3
antibodies raised against rabbit Ab2 would bind to immobi-
lized F(ab')2 fragments of MAb2-3C5 or MAb2-5C12. Results
demonstrated that all sera from mice immunized with rabbit
Ab2 bound to MAb2-5C12, with serum from mouse 1 express-
ing the highest titer (Fig. 5A). No significant binding to either
MAb2-3C5 or the control MAb was seen (Fig. 5A to C), and
serum from a mouse immunized with normal rabbit IgG (Fig.
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FIG. 3. Immunofluorescence studies of Ab3 mouse serum. Indirect immunofluorescence assay was carried out with fixed HCMV-infected
human foreskin fibroblasts (20) visualized with fluorescein isothiocyanate-conjugated anti-mouse Ig. (a) Serum from mouse 1 (1:80 dilution)
immunized with purified rabbit Ab2; (b) serum from mouse 4 (1:80 dilution) immunized with normal rabbit IgG: (c) inhibition of the Ab3
immunofluorescent reactivity seen in panel a; (d) immunofluorescence of purified MAb CMVB1.

5D) and normal mouse serum were negative. These data
indicate that the mouse Ab3 antibodies expressed an id in
common with the initiating AbI and that the AbI id defined by
MAb2-5C12 was recurrent rather than unique (24). Con-
versely, the AbI id defined by MAb2-3C5 was not detectable in
the Ab3 sera. This difference in id expression by Abl and Ab3
suggested that although antigen-specific antibodies were gen-
erated in Ab2-immunized mice, Ab2 stimulated subsets of
mouse B cells different from those activated by the nominal
antigen. Other publications have reported similar fine variabil-
ity between Abl and the antigen-reactive Ab3. For example,
Mariani et al. (21) described the diversity of the anti-HLA-DR
Ab3 response induced by MAb2 directed to different ids

coexpressed on the same Abl. Similarly distinctive Ab3 sub-
populations have been noted in studies with influenza virus (1)
and human respiratory syncytial virus (25). Furthermore, Keay
et al. (14) generated syngeneic MAb2 to the 86-kDa glycopro-
tein of HCMV. The MAb2 antibodies appeared to mimic the
reference epitope but also bound a MAb specific for HCMV
glycoprotein p130/55, suggesting shared ids on these distinct
anti-HCMV MAb (13). These investigations with complex
antigen systems, including the present study, illustrate the
contribution of id network mechanisms to the generation of
diversity in the immune response. Moreover, they suggest that
subtle differences in the properties of anti-id antibodies stim-
ulate distinct B-cell populations in responding hosts, consider-
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FIG. 4. Specificity of mouse Ab3 for HCMV proteins. Radioimmunoprecipitation assays were performed as described for Fig. 1. Cell lysates
from [35S]methionine-labelled HCMV-infected cells (panel A, lanes 3, 5, and 7; panel B, lanes 2 and 4) or [35S]methionine-labelled control
mock-infected cells (panel A, lanes 4, 6, and 8; panel B, lanes 3 and 5) were precipitated with sera derived from mice immunized with purified rabbit
Ab2 or normal rabbit IgG and then were analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. Lanes: 1 in panels A and B,
'4C-molecular mass markers, in kilodaltons; 3 and 4 in panel A and 4 and 5 in panel B, precipitation by mouse 1 serum (immunized with purified
rabbit Ab2) diluted 1:40; 5 and 6 in panel A, precipitation by mouse 4 serum (immunized with normal rabbit IgG) diluted 1:4t); 7 and 8 in panel
A, precipitation by MAb CMVB1 ascitic fluid diluted 1:l1,000; 2 and 3 in panel B, precipitation by HCMV-seropositive human serum diluted 1:400.
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TABLE 1. Viral neutralizing activity of mouse AB3 sera

Mouse PFU in the presence of diluted mouse serum'
serumb 1:5 1:10 1:20 1:40

1 4 (2, 3, 7)' 19 (14, 19, 23)C 26 (22, 26, 31)' 28 (28, 27, 30)'
3 19 (18, 20, 20) 45 (33, 46, 55) ND ND
Preimmuned 30 (24, 29, 36) 47 (43, 44, 54) 54 (44, 48, 71) 50 (57, 47, 46)

' Average number of PFU per well. Data for individual wells are in parentheses. ND, not determined.
"'All sera were inactivated at 56°C for 30 min before being tested.
' Statistically different from preimmune mouse serum at the same dilution (P < 0.05, Student's t test).
dPool of sera from mice 1 to 6 used in the present study.

ations which are relevant to the selection of anti-id antibodies
for use as effective surrogate immunogens.

Recent investigations have defined numerous antigenic do-
mains on the 130-kDa precursor and 58- and 116-kDa cleavage
products that comprise the gB family. Of these, a major target
for neutralizing antibodies is on the 58-kDa glycoprotein (27,
36), adjacent to the cleavage site at residue 460 (5). This region
contains both continuous and discontinuous epitopes (2, 12,
27), one of which is assembled from a consecutive sequence of
70 amino acids (37). Though the gB epitope defined by MAb
CMVB1 remains uncharacterized, preliminary data suggest
that it may reside on the 58-kDa moiety (unpublished obser-
vations). Anti-id antibodies are particularly well suited to
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mimic complex and/or conformational determinants, as re-
cently demonstrated with several viral systems (11, 18, 38).
Our results are the first account of cascades in the immune

response to the gB complex, a major focus for HCMV vaccine
development. Anti-id antibodies have been categorized as
Ab2ox, Ab2,3, or Ab2-y, with only Ab2,B representing the
internal image of external antigen (3, 9, 10). More recently,
Kohler et al. (16) proposed that these distinctions be replaced
with the more inclusive concept of a network antigen. From
our study, we conclude that the polyclonal rabbit anti-id
antibodies mimic the gB complex sufficiently to function as
a network antigen for inducing a specific and neutralizing
anti-gB response in this model system. As such, they may be
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FIG. 5. Detection of shared ids between mouse Ab3 and MAb CMVB1. The F(ab')2 fragments of MAb2-3C5 (0), MAb2-5C12 (-), and an

irrelevant control MAb (A) were immobilized in microtiter wells. Binding of mouse Ab3 sera was detected with enzyme-conjugated anti-mouse

Fc-specific IgG. Sera were derived from mice immunized with purified rabbit Ab2 (A, B, and C) or an equivalent amount of normal rabbit IgG (D).
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useful probes for further analysis of how id networks influence
the immune response to HCMV.
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