INFECTION AND IMMUNITY, Oct. 1981, p. 200-207
0019-9567/81/100200-08$02.00/0

Vol. 34, No. 1

Idiotypes and Biological Activity of Murine Monoclonal
Antibodies Against the Hemagglutinin of Measles Virus

JAN GHEUENS,* DALE E. McFARLIN, KOTTIL W. RAMMOHAN, anp WILLIAM J. BELLINI
Neuroimmunology Branch, National Institute of Neurological and Communicative Disorders and Stroke,

Bethesda, Maryland 20205
Received 24 April 1981/Accepted 22 June 1981

Three hybridomas, designated C2, V17, and B2, were produced from BALB/c
mice after immunization with measles virus. All three were directed against the
virus hemagglutinin (HA). The HA is a structural peptide of the virus and
constitutes a major target for the host immune response during measles infection.
The monoclonal anti-HA antibodies have biological functions such as (i) measles
virus neutralization in vitro, (ii) binding to acutely and persistently infected cells,
and (iii) inhibition of HA-mediated Rhesus monkey erythrocyte agglutination.
Different idiotypes, designated HAMM-1, HAMM-2, and HAMM-3, were defined
on C2, V17, and B2, respectively, by syngeneic anti-idiotype sera against those
three monoclonal antibodies. A limited cross-reactivity with the HAMM-1 idi-
otype was detected in sera from some BALB/c mice immunized with measles
virus. The anti-idiotype sera could significantly inhibit the biological functions of
the HAMM-1 and HAMM-3 idiotypes bearing monoclonal anti-HA-antibodies.
This suggests a possible role for auto-anti-idiotypes in the immune response after

infection with measles virus.

Measles virus hemagglutinin (HA), one of the
six major structural polypeptides of measles vi-
rus (4, 20), is a major target for the host immune
response after measles infection or immuniza-
tion. This glycoprotein (molecular weight,
76,000) is expressed on the surface of the virion
and on the membrane of acutely and persistently
infected cells (3, 18). Cell-mediated immunity as
measured by lymphocyte proliferation is di-
rected against this component of the virus (3),
and a major part of the virus neutralizing activ-
ity in serum is associated with anti-HA anti-
bodies (22, 23).

The role of idiotypes (Id’s) and anti-Id’s in the
immune response to HA and to measles virus in
general is unknown. Id’s have been described in
patients with subacute sclerosing panencephali-
tis, a disease presumably caused by chronic mea-
sles infection (7, 26). In one of these reports, it
was demonstrated that the Id was associated
with anti-measles virus specificity (7). Studies of
Id’s in the human anti-measles response have
been limited, mainly because it has not been
possible until now to affinity purify sufficient
quantities of anti-measles antibodies. Therefore,
in the current investigation, a different approach
was taken.

First, murine monoclonal antibodies against
the HA of measles virus were produced. Subse-
quently, these were purified, characterized
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chemically, immunochemically, and biologically,
and used to raise syngeneic anti-Id’s. These an-
tisera defined different Id’s on the biologically
active monoclonal anti-HA antibodies. A limited
cross-reactivity with the Id of one of those mon-
oclonal antibodies was detected in serum from
BALB/c mice that were immunized with mea-
sles virus. Other experiments with this system
demonstrated that anti-Id can significantly in-
hibit the biological function of the antibody at
the level of the virus.

MATERIALS AND METHODS

Hybridomas against the HA of measles virus.
Three different hybridomas secreting antibody to the
HA peptide of measles virus were developed. The 79
XI C2 hybridoma (hereafter designated C2) was ob-
tained through fusion between spleen cells of a BALB/
¢ mouse that was immunized with purified Edmonston
strain of measles virus and immunoglobulin G1 « chain
(IgG1x)-secreting P3/X63/Ag8 myeloma cells (here-
after designated X63) (18). The 79 XV V17 and 80 III
B2 hybridomas (hereafter designated V17 and B2,
respectively) were derived from fusion between the x
chain-synthesizing P3/NS-1/1Ag4-1 myeloma cells
(hereafter designated NS-1) and spleen cells from
BALB/c mice immunized with Edmonston measles
virus. The same methodology as for C2 was used
except that 35% polyethylene glycol was used to induce
fusion and that clones were obtained by the limiting
dilution technique. The specificity of each of the three
hybridomas for the HA peptide was established by
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immunoprecipitation as described previously (18). The
monoclonal antibody was purified from hybridoma
culture supernatant or from ascites induced in Pris-
tane-primed BALB/c mice by intraperitoneal injec-
tion of 5 X 10° hybridoma cells.

Ion-exchange chromatography. Samples were
dialyzed against 0.025 M tris(hydroxymethyl)ami-
nomethane hydrochloride buffer, pH 7.5 (conductivity,
1.8 mMho), and applied to a diethylaminoethyl
(DEAE)-cellulose (DE 52, Whatman) column which
had been equilibrated with the same buffer. Approxi-
mately 1 ml of DEAE-cellulose was used per mg of
protein sample. The monoclonal antibody was eluted
with a linear gradient from 0 to 0.1 M sodium chloride
in this same buffer.

SPA chromatography. For Staphylococcus au-
reus protein A (SPA) chromatography, supernatants
from hybridoma cultures were passed once through
Sepharose-CL-4B-SPA (Pharmacia) columns (bed
volume, 8 ml) equilibrated in borate-buffered saline,
pH 8.0. The bound monoclonal antibody was eluted
either with 3 M potassium thiocyanate or 0.2 M phos-
phate-citric acid buffer, pH 4.5.

Characterization of monoclonal antibodies.
The binding of monoclonal antibody to measles anti-
gen was measured with a solid-phase radioimmunoas-
say (RIA) (17). Hemagglutination inhibition (HAI)
and virus neutralization assays were done as described
previously (4). The immunolgobulin class, subclass,
and type of the monoclonal antibodies were deter-
mined by double immunodiffusion (24) against specific
antisera (Litton Bionetics). Thin-layer isoelectric fo-
cusing was done on Ampholine PAG plates, pH 3.5 to
9.5, as described by the manufacturer (LKB Instru-
ments). Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis on 10% gels was done as described
previously (15).

Production of syngeneic anti-Id sera to mon-
oclonal anti-HA antibody. BALB/c mice, 10 to 12
weeks of age, were immunized by the method de-
scribed by Bona et al. (5). Purified monoclonal anti-
HA antibody was conjugated to keyhole limpet he-
mocyanin with gluteraldehyde. The resulting anti-HA-
keyhole limpet hemocyanin conjugate was emulsified
in complete Freund adjuvant to give 75 ug of conjugate
and 100 pug of Mycobacterium tuberculosis H37 Ra
(Difco) in 100 pl of emulsion. Each mouse was given
50 ul of this emulsion intraperitoneally, and another
50 pul was distributed among the hind leg foot pads and
the inguinal and axillary regions. Five days after the
first immunization, 75 pg of anti-HA-keyhole limpet
hemocyanin conjugate in 100 pl of incomplete Freund
adjuvant was injected over the axillary and inguinal
regions. The mice were boosted once weekly with 75
ug of conjugate in saline given in the axillary and
inguinal regions. The mice were first bled 6 days after
injection 6 and subsequently every 2 weeks.

Assays for antibody activity to monoclonal
anti-HA antibody. The sera were tested for antibody
activity to monoclonal anti-HA antibody by aggluti-
nation of sheep erythrocytes (SRBC) coated with
monoclonal anti-HA antibody. Antigen controls con-
sisted of SRBC coated with purified X63 myeloma
protein or with RPC5, an IgG2a x myeloma protein of
BALB;/c origin (Litton Bionetics). Chromium chloride
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was used to prepare the coated SRBC (8). Each pu-
tative antiserum was diluted serially in microtiter
plates. An equal volume of a 0.2% suspension of coated
SRBC was added. The agglutination titer was the log,
of the reciprocal of the highest dilution of antiserum
giving agglutination.

Inhibition RIA for Id determinants. The gamma
globulin fraction of anti-Id sera was coupled to acti-
vated cellulose (21). For the assay, 500 ul of an appro-
priate dilution of this immunoadsorbent in bovine
serum albumin buffer (21) was incubated overnight at
4°C with 100 pl of sample and 100 ul of *I-labeled
monoclonal anti-HA antibody (20,000 to 30,000 cpm).
The immunoadsorbent was then washed twice with
bovine serum albumin buffer and counted. Standard
curves were established by using known amounts of
unlabeled monoclonal anti-HA antibody as samples in
the assay.

Results were expressed as percent inhibition = 100
X {1-[(cpm — cpm™)/(cpmo — cpm™)]}, where cpm is
the number of counts bound to the immunoadsorbent
in the presence of the sample, cpm” is the number of
counts bound with a large dose (50 ug) of unlabeled
monoclonal anti-HA antibody, and cpm, is the number
of counts bound with 100 pl of diluent as sample.

To obtain an RIA specific for the Id’s of the anti-
HA antibody of the C2 hybridoma, syngeneic anti-C2
antiserum was absorbed over Sepharose-4B-coupled
X63 myeloma protein before coupling to activated
cellulose.

Effect of anti-Id sera on binding of Id’s bearing
monoclonal anti-HA antibody to measles anti-
gen. The influence of anti-Id sera on the binding of
the monoclonal anti-HA antibody to measles antigen
was assessed by a modification of the solid-phase anti-
measles RIA (17). Serial 10-fold dilutions of anti-Id
sera or normal BALB/c serum were mixed in wells
containing either measles or control antigen and a
constant amount of the respective monoclonal anti-
HA antibody known to give a specific binding of ap-
proximately 900 cpm (Acpm). After 1 h, the wells were
thoroughly washed, and '*I-labeled rabbit anti-mouse
Fc immunoglobulin (25,000 cpm) was added. After 1
h, the wells were washed again and counted. The effect
of anti-Id sera was expressed as the percent change of
the Acpm obtained with each dilution of anti-Id serum
(x) compared with the Acpm obtained with the same
dilution of normal BALB/c serum (y) for each indi-
vidual monoclonal anti-HA antibody [percent change
= (x — y)100/y].

In other experiments, the monoclonal anti-HA an-
tibody was incubated with the antigen before the
addition of anti-Id or control sera. The effect of anti-
1d sera on the binding of '*I-labeled anti-HA antibody
was also determined.

Effect of anti-Id sera on HAI by Id’s bearing
monoclonal anti-HA antibody. Twofold serial di-
lutions of anti-Id sera were mixed with the least
amount of each of the purified monoclonal anti-HA
antibodies known to have complete HAI activity. After
1 h of incubation, these mixtures were used as samples
in classical HAI (4).

Effect of anti-Id sera on virus neutralization.
After establishing the measles neutralization titers for
the three monoclonal anti-HA antibodies, the effect of
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anti-Id sera on this activity was assessed. A constant
amount of monoclonal anti-HA antibody known to
give between 60 and 85% neutralization was incubated
with serial dilutions of anti-Id sera for 1 h and then
used to neutralize measles virus (4). The results were
expressed as the percent change in neutralization by
anti-HA antibody mixed with anti-Id sera (x), as com-
pared with the neutralization by the anti-HA antibody
alone (y) [percent change = (x—y)100/y].

Other methods. Radiolabeling with '*I was done
by a modified (19) chloramine T method (12). The
X63 myeloma protein was coupled to cyanogen bro-
mide-activated Sepharose-4B (Pharmacia) (2). Goat
antiserum against bovine serum proteins and rabbit
anti-bovine IgG antisera (Cappel) were used in double
immunodiffusion (24) to detect bovine antigens in
SPA-purified monoclonal anti-HA antibody.

RESULTS

Monoclonal anti-HA antibodies. The char-
acteristics of the three monoclonal anti-HA anti-
bodies C2, V17, and B2 are summarized in Table
1. Tumor ascites from Pristane-primed mice in-
jected with each of the anti-HA hybridomas had
significant anti-measles activity. To prepare
anti-Id sera, each monoclonal antibody was pur-
ified. Chemical procedures were used because
the HA peptide of measles virus is not available
in sufficient quantities to allow affinity purifi-
cation of anti-HA hybridoma products.

(i) C2 monoclonal anti-HA antibody. The
50% saturation ammonium sulfate precipitate of
20 ml of C2 anti-HA immune ascites was frac-
tionated by DEAE-cellulose chromatography.
The fraction which showed highest specific ac-
tivity in the anti-measles RIA were pooled,
yielding 49 mg of protein. Because C2 was ob-
tained from fusion with the IgG1k-secreting X63
myeloma, the X63 myeloma protein was also
purified by ion-exchange chromatography and
compared with purified C2 in thin-layer isoelec-
tric focusing (Fig. 1). Purified C2 contained the
parent myeloma protein and, in addition, some
unique bands which presumably contained the

TABLE 1. Characteristics of the anti-HA
hybridomas C2, V17, and B2

Biological activity*
Hy- Class,sub- SPA (titer)
bri-  class,and reactiv- pl®
doma type ity HAI Neutrali-
zation
Cc2 IgGlx + 6.3 1/3,200 1/4,000
V17  IgG2ax ++ 7.0 1/3,200 1/2,000
B2 IgG2ax ++ 8.0 1/100,000 1/16,000

? x, Weak; ++, strong.

® Approximate (see Fig. 1).

¢ Tumor ascites induced by intraperitoneal injection
of 5 x 10° hybridoma cells in Pristane-primed BALB/
¢ mice were used. *
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Fi16. 1. Thin-layer isoelectric focusing of DEAE-
cellulose-purified X63 myeloma protein (lane 1) and
of the following monoclonal anti-HA antibodies:
DEAE-cellulose-purified C2 (lane 2), SPA-purified
V17 (lane 3), SPA- and DEAE-cellulose-purified,
high anti-HA activity V17 (lane 4), and SPA-purified
B2 (lane 5).

anti-HA activity. In sodium dodecyl sulfate-
polyacrylamide gel electrophoresis under re-
duced conditions, two bands were seen in puri-
fied C2 and X63 corresponding to the molecular
weights of y and L chains.

(ii) V17 monoclonal anti-HA antibody.
Twenty milligrams of V17 monoclonal anti-HA
antibody was purified from 1 liter of V17 hybrid-
oma culture supernatant by SPA chromatogra-
phy. The preparation contained only murine IgG
when analyzed by double immunodiffusion. Spe-
cifically, no bovine serum antigens were de-
tected. In sodium. dodecyl sulfate-polyacryl-
amide gel electrophoresis, SPA-purified V17
showed two L chains of slightly different appar-
ent molecular weights. It showed a relatively
complex pattern (Fig. 1) in thin-layer isoelectric
focusing. Because of this, the monoclonal nature
of V17 was questioned. This possibility was dis-
counted because an identical pattern was ob-
tained with SPA-purified V27 monoclonal anti-
body, which was derived from recloning the
parent hybridoma.

SPA-purified V17 was then further fraction-
ated on DEAE-cellulose, using the same condi-
tions as those for C2. The L chain with the lower
molecular weight (L1) was associated with the
fractions with a higher isoelectric point (pI) in
thin-layer isoelectric focusing and with greater
specific activity in the anti-measles RIA. The
other L chain (L2) was associated with fractions
showing lower specific anti-measles activity and
a lower pl. Intermediate fractions with compa-
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rable amounts of L1 and L2 and intermediate
anti-measles activity were also obtained.

These findings suggested that L1 originates
from the donor lymphocyte, that L2 was the
NS-1 L chain, and that hybrid molecules (14),
containing one or two myeloma L chains, were
secreted by the hybridoma, in addition to the
donor lymphocyte immunoglobulin. Fractions
which had higher specific activity for measles
and a higher pI (approximately 7.0) (Fig. 1) and
which contained predominantly the L1 chain
were used for subsequent experiments.

(iii) B2 monoclonal anti-HA antibody. Fif-
teen milligrams of B2 monoclonal antibody was
purified from 1 liter of tissue culture supernatant
by SPA chromatography. The thin-layer isoelec-
tric focusing pattern of SPA-purified B2 was
consistent with that of a single immunoglobulin
(Fig. 1) (1). The approximate pI was 8.0. Sodium
dodecyl sulfate-polyacrylamide gel electropho-
resis under reduced conditions showed one band
with the molecular weight of y chain and one
band with the molecular weight of L chain.

The three purified anti-HA monoclonal anti-
bodies retained biological activity. Specific bind-
ing (Acpm) of 900 cpm in the anti-measles RIA
was obtained with 10 ng of purified C2, 2.5 ng of
V17, and 1.25 ng of purified B2. The minimal
amounts of purified anti-HA antibodies which
gave complete HAI were 800 ng of C2, 200 ng of
V17, and 10 ng of B2. This indicated that, bio-
logically, B2 was the most efficient of the three
anti-HA antibodies. This was already suggested
by the results obtained with hybridoma ascites
(Table 1).

Idiotypes of the monoclonal anti-HA
antibodies. (i) Syngeneic antisera define
different Id’s on the monoclonal anti-HA
antibodies. All mice immunized with C2 devel-
oped antisera which agglutinated both C2-
coated SRBC and X63-coated SRBC. After ab-
sorption over Sepharose-4B-coupled X63, these
antisera agglutinated only C2-coated SRBC (Ta-
ble 2). This agglutination was completely in-
hibited by C2, but not by normal BALB/c se-
rum, X63, V17, or B2. The antibody response
continued to rise until injection 10, when a pla-
teau was reached. This was maintained over
several months by weekly injections of anti-HA-
keyhole limpet hemocyanin conjugate. The mice
immunized with V17 or B2 each developed an-
tisera which agglutinated V17- or B2-coated
SRBC, respectively (Table 2). These agglutina-
tions were completely inhibited by the autolo-
gous anti-HA antibody but not by normal
BALB/c serum, RPC5 (a BALB/c myeloma,
IgG2ax, like V17 and B2), or heterologous anti-
HA antibody.
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TABLE 2. Syngeneic antibody response to

monoclonal anti-HA
Antigen® SRBC coupled  Titer® (log, )

c2 c2 138 £ L6°
X63 0

V17 V17 110 + 2.0
RPC5 0

B2 B2 174 £ 05
RPC5 0

% BALB/c mice (five each) immunized with BALB/
¢ anti-HA-keyhole limpet hemocyanin conjugate.

® Mean + standard error of individual titers in each
group after six immunizations.

¢ After absorption of anti-C2 sera over Sepharose-
4B-coupled X63.

These results demonstrated that a syngeneic
antibody response had occurred, that these an-
tisera were directed against the Id’s of the anti-
HA antibodies, and that they defined different
Id’s on the anti-HA antibodies against which
they were raised.

This was confirmed by the RIAs. Figure 2
shows a standard RIA for C2 anti-HA antibody.
Normal BALB/c serum, diluted 1:20, did not
significantly affect this curve. Comparable
curves were obtained for the Id’s of the V17 and
B2 monoclonal anti-HA antibody. Table 3 shows
that BALB/c myeloma proteins of the same
class, subclass, and type as the monoclonal anti-
HA antibodies did not inhibit the RIAs. This
demonstrated that the RIAs were specific for
the Id’s of the anti-HA antibodies. In each of the
RIAs, inhibition was obtained by 200 ng of au-
tologous monoclonal anti-HA; heterologous
monoclonal anti-HA did not inhibit, even when
5 pg was used. Thus, there was no evidence of
shared Id’s among the three monoclonal anti-
bodies.

For easy reference, the Id’s of these murine
antibodies with specificity for the HA of measles
virus have been termed HAMM Id’s. The C2
anti-HA bears the HAMMS-1 1Id; the Id’s of V17
and of B2 anti-HA are called HAMM-2 and
HAMM-3, respectively.

In each of the three systems, supernatants of
the uncloned cell culture from which the hy-
bridomas were derived and of sister clones of the
hybridomas completely inhibited the RIA and
therefore seemed to express a complete set of
HAMM Id’s.

(ii) Cross-reacting Id’s in hyperimmune
anti-measles antisera. Sera from 12 BALB/c
mice, hyperimmunized with the Edmonston
strain of measles virus, were tested. Sera from
two of those animals at a 1:20 dilution gave 34
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F1G. 2. Standard curve in bovine serum albumin
buffer of the RIA for the Id’s of C2 monoclonal anti-
HA antibody (@). The curve was not displaced sig-
nificantly when normal BALB/c serum diluted 1:20
was used as the diluent for the standards (O). Each
point represents the mean + standard error (vertical
bars) of triplicate determinations.

TABLE 3. Inhibition of HAMM Id’s in RIA

o

% Inhibition obtgined in RIA for
Inhibitor Amt (ng) following Id:
HAMM-1 HAMM-2 HAMM-3
C2 200 93+2° ns® ns
C2 5,000 97+ 2 ns ns
V17 200 ns 92+3 ns
V17 5,000 ns 97+ 4 ns
B2 200 ns ns 81+3
B2 5,000 ns ns 9+1
X63 200 ns ns ns
X63 5,000 ns ns ns
RPC5 200 ns ns ns
RPC5 5,000 ns ns ns
“ Values are the mean + standard error of assays in
triglicate.

ns, Not significant.

+ 8 and 46 + 4% inhibition of the HAMM-1 Id
RIA. In addition, a pool of BALB/c hyperim-
nune anti-measles (Edmonston) sera diluted 1:
20 gave 47 + 6% inhibition. Inhibition of approx-
imately the same magnitude was observed at a
1:100 dilution of these sera. This indicated that
some, but not all, of the HAMM-1 Id’s present
on the C2 monoclonal anti-HA antibody and
recognized by the syngeneic antiserum were also
expressed in those immune sera. None of the 13
sera significantly inhibited the HAMM-2 or
HAMMS-3 Id RIA.

Hyperimmune anti-measles (Edmonston) an-

INFECT. IMMUN.

tisera from two rabbits did not inhibit any of the
RIAs. Sera from 8 subacute sclerosing panen-
cephalitis patients, from 8 individuals during
convalescence after acute measles infection, and
from 16 normal adults were tested in HAMM Id
RIAs. None of these sera showed significant
inhibition in any of the three Id systems.

Effect of anti-Id sera on the biological
functions of HAMM Id’s bearing antibody.
(i) Anti-Id sera can inhibit binding of Id’s
bearing antibody to measles virus-infected
cells. Figure 3 shows that anti-HAMM-1 Id
serum specifically inhibited the binding of
HAMM-1 Id bearing C2 antibody to measles
antigen. The other anti-Id sera had no effect on
C2. Binding of B2 monoclonal antibody to mea-
sles antigen was inhibited specifically by anti-
HAMM-3 Id serum. However, anti-HAMM-2 Id
serum did not inhibit V17 in this manner. Inhi-
bition of C2 and B2 by the respective anti-Id
was also obtained when monoclonal antibodies
were incubated with the antigen before the ad-
dition of anti-Id or control sera. Furthermore,
the binding of '*I-labeled C2 and B2 to measles
antigen was blocked by the respective anti-Id
sera.

(ii) Anti-Id sera can inhibit HAIL The HAI
activity of C2 monoclonal anti-HA antibody was
reduced by anti-HAMM-1 Id serum. The end-
point of the effect was at a 1:64 dilution of anti-
Id serum. This was specific for the anti-HAMM-
1 Id serum and was not seen with either the
anti-HAMM-2 or anti-HAMM-3 Id serum. Sim-
ilarly, HAI by B2 anti-HA was specifically in-
hibited by anti-HAMM-3 Id serum to a dilution
of 1:128. However, HAI by V17 anti-HA anti-
body was blocked neither by any of the anti-
HAMM-2 Id sera nor by any of the other anti-
Id sera.

Neither normal BALB/c¢ serum nor the anti-
Id sera showed HAI activity. Normal BALB/c
serum also did not have HAI activity. It is sig-
nificant that none of the anti-Id sera agglutin-
ated Rhesus monkey erythrocytes; i.e., these
anti-Id sera did not mimic this biological func-
tion of the antigen.

(iii) Anti-Id sera can inhibit measles neu-
tralization. As shown in Fig. 4, anti-HAMM-1
Id serum substantially inhibited in vitro neu-
tralization of measles virus by C2 monoclonal
anti-HA antibody, whereas anti-HAMM-2 or
anti-HAMM-3 Id serum had no significant ef-
fect.

Likewise, measles neutralization by B2 mon-
oclonal anti-HA antibody could be specifically
inhibited by anti-HAMM-3 Id serum. Anti-
HAMM-2 Id serum, however, did not inhibit
measles neutralization by V17.
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F1G. 3. Effect of anti-Id sera on the binding of monoclonal anti-HA to measles antigens. (A) C2, 10 ng per
well; (B) V17, 2.5 ng per well; (C) B2, 1.25 ng per well. Symbols: O, anti-HAMM-1 Id serum; O, anti-HAMM-
2 Id serum; A, anti--HAMM-3 Id serum. Anti-HAMM-1 Id serum inhibited the binding of C2 (A), and anti-
HAMM-3 Id serum inhibited the binding of B2 to measles antigen (C). Each point represents the mean +
standard error (vertical bars) of triplicate determinations.
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F1G. 4. Effect of anti-Id sera on measles virus neutralization. (A) C2; (B) V17; (C) B2. The amount of each
monoclonal anti-HA antibody used was known to give between 60 and 85% neutralization. Symbols: @, anti-
HAMM-1 Id serum; B, anti-HAMM-2 Id serum; A, anti-HAMM-3 Id serum. The anti-HAMM-1 and anti-
HAMM_-3 Id sera significantly inhibited measles virus neutralization by C2 and B2, respectively. Each point

represents the mean + standard error (vertical bars) of triplicate determinations.

Normal BALB/c serum did not neutralize
measles virus and did not have an effect on
measles neutralization by any of the monoclonal
anti-HA antibodies. The anti-Id sera did not
neutralize measles virus.

DISCUSSION

Because measles virus contains six major
structural polypeptides which are immunogenic
in various degrees (10, 27, 28), the immune re-
sponse to the virus is highly complex and het-
erogeneous. Our initial studies of this complex
immune response have focused on one compo-
nent of the virus, the HA. Because this polypep-
tide is expressed on the virion surface and on
infected host cells, it is important in the recog-
nition of the virus by the immune system (3).
Although the three monoclonal anti-HA anti-

bodies that were used in this study had the same
biological effects, such as HAI and virus neu-
tralization, there were considerable quantitative
differences. For example, purified B2 was twice
as effective as V17 in reacting with measles by
RIA, but was 20 times as effective in HAI. Such
differences in biological activity are possibly re-
lated to the position of the determinant on HA
against which a particular anti-HA antibody is
directed. There is evidence that C2, V17, and B2
recognize different regions of HA (W. J. Bellini,
G. D. Silver, and D. E. McFarlin, Fed. Proc. 40:
1065, 1981).

Because C2, V17, and B2 have biological ac-
tivity, it was possible to evalute the potential
role of anti-Id in the anti-HA response and the
immune response to measles virus in general. An
important finding was that anti-Id could specif-
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ically inhibit the biological function of the anti-
body in both the HAMM-1 and HAMM-3 Id
systems. The observations that anti-Id could
displace the bound antibody from infected cells
suggest that the effect was because of competi-
tion between anti-Id and an epitope on measles
HA for the binding site of the antibody, rather
than agglutination of the antibody by the anti-
Id. Competition between Id, anti-Id, and antigen
has been described in certain myeloma systems
(25, 29) and anti-hapten immune responses (6).
The present results extend this to a biologically
active immune response directed at a surface
component of a pathogenic virus. The reason
why such an effect was not observed in the
HAMM-2 Id system is not known. One possiblity
is that in this system the anti-Id sera were not
directed against determinants in the binding site.
Another possibility is that the affinity of the
antibody for the antigen was higher than the
affinity of the anti-Id for the antibody.

Each of the syngeneic anti-Id sera defined a
different Id or set of Id’s on the respective mon-
oclonal anti-Ha antibodies. Although this is con-
sistent with the view that there is considerable
heterogeneity of the immune response to HA,
the existence of a major cross-reacting Id in this
immune response cannot be excluded. A limited
cross-reactivity with the HAMM-1 Id was de-
tected in some sera from BALB/c mice immu-
nized with the Edmonston strain of measles
virus. Apart from the sensitivity of the RIAs,
there are three explanations why the hybridoma
Id’s were not detected in the sera to a greater
extent. First, immunoglobulins may exist which
share only part of a set of Id’s and do not inhibit
significantly the reaction between an anti-Id se-
rum and the monoclonal antibody bearing the
complete set of Id’s. This has been shown with
monoclonal antibodies expressing a well-defined
cross-reacting Id in addition to private Id’s (16).
A second possibility is that the lymphocyte that
gave rise to the monoclonal anti-HA antibody
does not lead to circulating antibody because it
is present in a suppressive immunoregulatory
environment in vivo. Third, it is possible that
myeloma and donor lymphocyte-encoded im-
munoglobulin chains are assembled to hybrid
molecules (14) which give rise to a private Id in
the monoclonal anti-HA antibody. Such an Id
would not be expressed on serum immunoglob-
ulins or on the myeloma protein.

It is currently believed that auto-anti-Id can
occur during an immune response and play a
role in immunoregulation (9, 11, 13). It is possi-
ble that this occurs in the immune response after
infection with a pathogenic virus, such as mea-
sles, and particularly in the long-standing im-
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mune response that accompanies a chronic or
persistent infection. The syngeneic conditions
used to obtain an anti-Id response in the present
study indirectly support this hypothesis. In ad-
dition, the data imply that such an auto-anti-Id
could significantly interfere with the biological
effects of Id-bearing antibodies or immunocom-
petent cells. In this respect, Id heterogeneity
would seem to be beneficial to an efficient anti-
viral immune response. If a dominant Id existed,
an auto-anti-Id could undermine the host de-
fense against the virus and contribute directly to
pathogenesis.
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