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ABSTRACT Three monoclonal antibodies (mAbs), 49.8.9,
36.2.2, and 54.2.8, made to the group A streptococcus M5
serotype identify crossreactive epitopes in cardiac tissues and
also neutralize a highly myocardltic variant of coxsacklevirus
B3 (13). Mutants of H3 were selected with these mAbs and
evaluated for pathogenicity compared with the wild-type virus.
H3 and the mutant variants selected with mAbs 36.2.2 (H3-36)
and 54.2.8 (13-54) Induced severe myocarditis in DBA/2
(H-2') and A/J (H-2a) male mice, whereas CBA (H-2t) mice
were disease resat. The virus variant Isolated with mAb
49.8.9 (13-49) was tkIngly different and caused disease in
CBA and A/J mice but not In DBA/2 animals, suggesting that
the major histocompatibility complex asocation of the disease
had been altered. This hypothesis was confirmed by using B10
congenic mice. In addition, T lymphocytes from the 13 and
H3-49 virus-infected mice responded to distinctly different
peptides In the streptococcalM protein, suggesting that certain
epitopes of infectious agents which are shared with host tissues
may be critical In detenIn disease susceptibility In genet-
ically distinct Individuals.

Evidence increasingly implicates virus and microbial infec-
tions as triggers of autoimmune diseases (1-3). Antigenic
mimicry has been demonstrated between a wide range of
infectious agents and normal tissue antigens (4-11), and
antibodies to these crossreactive epitopes can often be ob-
tained (7). These autoreactive antibodies frequently have
variable effects on disease pathogenicity (7, 8, 11, 12). Some
monoclonal antibodies (mAbs) to crossreactive epitopes di-
rectly cause tissue injury in vivo (7, 11). Other antibodies are
poorly pathogenic when given to normal animals but signif-
icantly augment tissue injury in the presence of virus (8).
Various picornaviruses, including coxsackieviruses, contain
mimicking epitopes in their structural proteins to self-
molecules in the heart and other organs (8, 10, 11, 13-15).
Cunningham et al. (16) demonstrated that mAbs identifying
shared epitopes between group A streptococcal M5 protein
and heart antigens also possessed significant neutralizing
activity to coxsackievirus group B type 3 (CVB3). Addition-
ally, one of these mAbs reacted specifically with pathogenic,
but not with nonpathogenic, variants of CVB3.
Antibody driven selection can be used to derive variants of

highly mutable viruses (12, 17-21). Often, such antibody-
selected virus variants are significantly attenuated and can be
used to identify regions in the virus genome associated with
pathogenicity (12). Previous work showed that the Woodruff
strain of CVB3 infected the myocardium of various inbred
strains of mice but caused cardiac inflammation only in
animals having the H-2d haplotype (22). In the present work,

we used three anti-streptococcal mAbs to select new CVB3
variants which were evaluated for changes in their ability to
induce myocarditis in inbred strains of mice. This study
demonstrates that viruses altered by antibodies to crossre-
active epitopes shared between an infectious agent and host
tissue can substantially shift the genetic susceptibility asso-
ciations of virus-induced diseases. These epitopes may dis-
turb the interaction between infections and the immune
system, resulting in autoimmune destruction in genetically
susceptible individuals.

MATERIALS AND METHODS
Mice. Male DBA/2, A/J, CBA/J, C57BL/Snl0J (B10),

B1O.D2/nJ, B10.A, B10.A(2R), and B10.BR mice 5-7 weeks
of age were purchased from Jackson Laboratories, Bar
Harbor, ME.

Viruses. A plaque-purified CVB3 variant (H3) was isolated
as described (23). Antibody-selected variant viruses were
obtained by culturing 106 plaque-forming units (pfu) of H3
virus with 100 ,g ofmAb on HeLa cells. After culture for 20
hr, the HeLa cells were homogenized, mixed with 100 pg of
the mAb, and added to fresh HeLa cell cultures. This process
(blind passage) was repeated up to two more times until the
supernatants produced >50%o lysis ofHeLa cell monolayers.
The new CVB3 variants designated H3-36, H3-49, and H3-54
were derived by using mAbs 36.2.2, 49.8.9 and 54.2.8,
respectively, and were plaque purified (23) and purified by
ultracentrifugation on sucrose gradients (24).

Antibodies. Production, maintenance, and antigen speci-
ficities of murine IgM mAbs to M-type-5 Streptococcus
pyogenes have been described (25, 26). In brief, mAb 36.2.2
reacts with group A streptococcal M-protein serotypes 1, 5,
and 6 and with the following cellular proteins: myosin,
tropomyosin, actin, and keratin (25-27), as well as laminin
(S. M. Antone and M. W. Cunningham, unpublished work).
mAb 49.8.9 reacts with streptococcal M5 and M6 proteins
and with vimentin (28). mAb 54.2.8 reacts with streptococcal
M5 and M6 proteins and with myosin, tropomyosin, and
DNA (25-27). A hyperimmune horse anti-CVB3 was pur-
chased from the American Type Culture Collection. Hybrid-
oma clones GK 1.5 (anti-L3T4), 2.43 (anti-Lyt-2.2), and
30-H12 (anti-Thy-1.2) were purchased from the American
Type Culture Collection. mAbs from these clones were
isolated as described (29).
Organ Virus Titers and Virus Neutralization Assays. These

procedures were performed as described (30).

Abbreviations: CVB3, coxsackievirus B3; mAb, monoclonal anti-
body; MHC, major histocompatibility complex; pfu, plaque-forming
unit(s).
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FIG. 1. CVB3 neutralization with streptococcal mAbs. Results
represent mean percent reduction in pfu in the presence of the
CVB3-inhibitory antibodies compared with virus incubated with
equivalent concentrations of normal mouse serum. Each point rep-
resents the mean of four replicate cultures.

Competition ELISA. Approximately 10 pg of H3 virus in
carbonate buffer (pH 9.6) was dispensed into wells of Pro-
Bind microtiter ELISA plates (Becton-Dickinson) and the
plates were incubated at 40C overnight. Approximately 2 pg

of mAb was mixed with between 10 and 0.16 pg of soluble
sucrose gradient-purified virus (competing virus) and incu-
bated for 45 min at room temperature. The mixture was then
added to the H3 virus-coated wells. After incubation for 60
min at room temperature, the wells were washed with phos-
phate-buffered saline containing 0.05% Tween 20 (Sigma) and
the amount of bound antibody was determined by ELISA
using urease-conjugated goat anti-mouse IgM antibody (Sig-
ma) and urease substrate (30). Percent inhibition of binding
was calculated compared with mAb alone added to the
ELISA plate (no competing virus). All results were deter-
mined on three replicates per group.

Synthetic Peptides. Overlapping peptides copying the pri-
mary structure of the M5 protein (31) were chemically
synthesized on a DuPont RAMPS manual peptide synthe-
sizer using the fluorenylmethoxycarbonyl strategy (32). The
peptides were synthesized to represent the A, B, and C
repeats of the M5 molecule with a 5-aa overlap at either end
of the peptide (see Fig. 4; the pepsin cleavage site in M5
protein is marked). The amino acid composition of each
HPLC-purified synthetic peptide was confirmed by quanti-
tative amino acid analysis. The peptide designations (and
amino acid sequences) are NT1 (AVTRGTINDPQRA-
KEALD), NT2 (KEALDKYELENHDLKTKN), NT3 (LK-
TKNEGLKTENEGLKTE), NT4 (GLKTENEGLKTENE-
GLKTE), NT5 (KKEHEAENDKLKQQRDTL), NT6
(QRDTLSTQKETLEREVQN), N17 (REVQNTQYNNE-
TLKIKNG), NT8 (KIKNGDLTKELNKTRQEL), BlA
(TRQELANKQQESKENEKAL), BiB (ENEKALNE-
LLEKTVKDKI), B1B2 (VKDKIAKEQENKETIGTL), B2
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FiG. 2. Competitive inhibition of mAb binding to CVB3. mAbs
49.8.9, 36.2.2, and 54.2.8 were incubated with various concentrations
of soluble competing virus and then added to ELISA plates coated
with H3 virus. Binding of the mAbs was determined by using
urease-conjugated goat anti-mouse IgM antibody. Results represent
the mean inhibition of mAb binding compared with wells with the
mAb alone. ATCC antibody, horse anti-CVB3.

(TIGTLKKILDETVKDKIA), B2B3A (KDKIAKEQENK-
ETIGTLK), B3A (IGTLKKILDETVKDKLAK), B2B3B
(DKLAKEQKSKQNIGALKQ), B3B (GALKQELAKKD-
EANKISD), CiA (NKISDASRKGLRRDLDAS), CiB (DL-
DASREAKKQLEAEHQK), C1C2 (AEHQKLEEQNK-
ISEASRK), C2A (EASRKGLRRDLDASREAK), C2B
(SREAKKQLEAEQQKLEEQ), C2C3 (KLEEQNKISEA-
SRKGLRR), and C3 (KGLRRDLDASREAKKQ).
Lymphocyte Proliferation. Mesenteric lymph node cells

were isolated from mice inoculated i.p. with virus at 5 X 104
pfu 7 days earlier, resuspended in Dulbecco's modified

Table 1. Comparison of CVB3 variants in vivo

Virus Myocarditis score, mean + SEM (n)
variant DBA/2 (H-2d) A/J (H-2a) CBA (H-2k)
H3 1.9 + 0.3 (13) 1.6 + 0.2 (11) 1.0 + 0.2 (12)
H31OA1 1.0 ± 0.3* (10) 0.0 ± 0.0 (6) 0.4 + 0.2 (5)
H3-49 1.3 ± 0.3* (12) 1.6 ± 0.3 (11) 1.5 ± 0.2* (10)
H3-36 1.7 ± 0.3* (7) 2.4 ± 0.2* (7) 1.0 + 0.3 (6)
H3-54 2.3 ± 0.3 (7) 2.0 ± 0.4 (6) 0.2 ± 0.2 (6)
Values show mean histology score on a0-4 scale as described (22).

Number of animals per group is given in parentheses.
*Value significantly different (P - 0.05) from H3.
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Table 2. Susceptibility of congenic mouse strains to H3 and
H349 virus-induced myocarditis

Myocarditis score,

Mouse H-2 haplotype mean ± SEM (n)
strain K IA IE D H3 H349

C57BL/10 b b b b 0.7 ± 0.5 (4) 0.3 ± 0.2 (6)
B10.D2 d d d d 2.2 ± 0.4* (5) 0.7 ± 0.3 (7)
B1O.A k k k d 2.6 ± 0.2* (5) 1.5 ± 0.3* (4)
B1O.A(2R) k k k b 1.2 ± 0.5 (4) 1.8 ± 0.5* (5)
B10.BR k k k k 1.3 ± 0.2 (7) 2.6 ± 0.2* (13)
*Value significantly different (P < 0.05) from C57BL/10.

Eagle's medium containing 10%o fetal bovine serum and 20
jLM 2-mercaptoethanol, and dispensed (5 x 104 cells per well)
into 96-well tissue culture plates together with synthetic
streptococcal M5 peptides (10 ug/ml). The plates were
incubated at 370C in a humidified 5% C02 incubator for 4
days, labeled with 1 ACi (37 kBq) of[methyl-3H]thymidine (51
Ci/mM, ICN) for 20 hr, and harvested onto glass fiber strips.
Sections containing radioactivity were placed in vials con-
taining 3 ml of Ecolume scintillation fluid (ICN) for measure-
ment of radioactivity in a Beckman liquid scintillation
counter (33).

Histology. Hearts were removed 7 days after infection,
fixed in buffered 10%6 formalin, and stained with hematoxylin
and eosin. Sections were coded and blindly scored for
myocardial inflammation by either S.A.H. or John Craighead
(Department of Pathology, University of Vermont) using a
scale of 0-4 (23).

Statistical Analysis. Statistical evaluations were performed
by either the Wilcoxon ranked-score test or the Student t test.

RESULTS
Selection of Antibody-Escape Mutant Viruses. Fig. 1 shows

the ability ofH3 virus and the various variant viruses derived
from H3 to be neutralized by a standard hyperimmune horse
anti-CVB3 serum and mAbs 49.8.9, 36.2.2, and 54.2.8. All
viruses were equally inhibited in the neutralization assay by
the hyperimmune antibody, confirming that each variant
retained important epitopes defining the CVB3 serotype. All
three streptococcal M5 protein mAbs neutralized the parent
H3 virus, as shown previously (16). However, in each case,
the antibody-escape mutant variants were no longer neutral-
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ized by the mAb used for their selection but retained the
ability to be neutralized by the other two mAbs. Next,
competitive inhibition studies determined the ability of the
variant viruses to prevent binding ofthe mAbs to H3 (Fig. 2).
Preincubation of any of the three mAbs with soluble H3
significantly abrogated subsequent antibody binding to at-
tached virus in the ELISA. H3-49 virus did not block mAb
49.8.9 binding, nor did H3-36 or H3-54 viruses block mAb
36.2.2 or 54.2.8, respectively. These results imply that im-
portant alterations exist in the variant viruses which have
changed the availability ofthe crossreactive epitopes defined
by the streptococcal mAbs.

Determining Pathogenicity of the Variant Viruses. If cross-
reactive epitopes between CVB3 and streptococcal M5 pro-
tein identify important epitopes in autoimmune myocardial
disease, then the variant viruses in which these epitopes have
been changed should show alterations in virus pathogenicity.
Previous studies have used congenic strains of mice to map
control of the pathogenicity of the Wbodruff strain of CVB3
to the D region of the H-2d locus (22). To investigate whether
major histocompatibility complex (MHC) control of the new
variant viruses had changed, male DBA/2J (H-2d), A/J
(H-2a), and CBA/J (H-2k) mice were infected with 5 x 104 pfu
of the various virus variants and their hearts were evaluated
7 days later for myocarditis (Table 1). H3 virus was highly
pathogenic in both DBA/2J and A/J mice but was not
pathogenic in CBA animals, even though high cardiac virus
titers were observed in all three mouse strains (data not
shown). H3-36 and H3-54 viruses showed no apparent phe-
notypic differences from the parent virus. The H3-49 variant
had changed its MHC disease linkage, since it produced
myocarditis in A/J and CBA/J but not DBA/2J mice. To
confirm the change in MHC association, B10 and B10 con-
genic mice were infected with either H3 or H3-49 virus and
sacrificed 7 days later. Table 2 roughly maps H3 suscepti-
bility to the H-2Dd region, since B1O.A mice developed
myocarditis with H3 virus but BlO.A(2R) mice were resis-
tant. In contrast, H3-49 virus caused myocarditis in
BlO.BR(H-2k), BMO.A, and BlO.A(2R) mice, suggesting that
control of myocarditis susceptibility with this variant may no
longer reside in the H-2D region. Fig. 3 shows representative
histological sections in B10, BMO.D2, and B1O.BR mice
infected with either H3 or H3-49 virus. Generally, H3 virus
induced larger and more numerous inflammatory lesions in
B1O.D2 mice (Fig. 3B) than in either B10 or B1O.BR mice

tW...s:. i. .

Sirv,
:S-4 t @es'S-BtA;
01,w ;_

wfS t ' 't. ES~~~~~~C'' ,.,, *s ~~~~~~~~~~~~~~~~~~~~~~~.
FIG. 3. Hematoxylin- and eosin-stained sections of mouse hearts from B10 (A and D), B1O.D2 (B and E), and B1O.BR (C and F) mice hearts

infected with H3 (A-C) or H3-49 (B-F) mice. (x 165.)
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FIG. 4. Diagram representing the group A streptococcal M5 protein and the relative locations of the peptides derived from this protein.

(Fig. 3A and C). H3-49 virus produced only scattered lesions
usually consisting of <20 inflammatory cells in B10 and
BMO.D2 mice (Fig. 3 D and E), whereas lesions were much
more extensive in the susceptible B1O.BR strain (Fig. 3F).

T-Cell Responses in CVB3-Infected Mice to Streptoocal
MS Peptfdes. Since CVB3 and group A streptococcal M5
protein share crossreactive B-cell epitopes (16) and anti-
streptococcal mAbs 49.8.9, 36.2.2, and 54.2.8 demonstrate
virus-neutralizing activity, the following experiments were
designed to determine whether CVB3 infection of mice also
induced T-cell responses to streptococcal M5 peptides. Mes-
enteric lymph node cells obtained 7 days after infection of
B10, BMO.D2, and B1O.BR mice with either H3 or H3-49 virus
were cocultured with overlapping 18-mer synthetic peptides
ofthe streptococcal M5 protein at 10 pg/ml (Fig. 4). Controls
consisting of lymphocytes from uninfected mice stimulated
with the same peptides showed no significant response above
lymphocytes cultured with medium alone (data not shown).
The patterns of immune lymphocyte responses differed be-
tween virus variants and mouse strains. The H3 virus-
immune B1M.D2 lymphocytes responded most strongly to
peptides NT-2 and NT-6 in the amino-terminal region of the
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FG .Proliferation of CVB3-immune lymphocytes in response
to MS peptides. Lymphocytes obtained fr-om BlO, B1O.D2, or
B1O.BR mice 7 days after infection with either H3 or H3-49 virus
were cocultured with MS streptococcal peptides (10 A.g/ml) for 5
days. Proliferation was determined by [3H]thymidine incorporation
and the stimulation index represents (cpm in cultures containing
peptides)/(cpm in control cultures). Medium control cultures had
249, 136, and 132 cpm for H3 virus-immune B10, B1O.D2, and
B1O.BR lymphocytes, respectively, and 188, 92, and 89 cpm for
H3-49 virus-immune BlO, B1O.D2, and B1O.BR lymphocytes, re-
spectively.

M5 molecule, with NT-6 containing the most reactive amino
acid sequence. In the B-repeat region near the center of the
M5 molecule, peptides B1-B and B2 were immunodominant
in the B10.D2 H3 virus-infected mice. The C-repeat carboxyl-
terminal end of the MS did not produce as much responsive-
ness as the N-terminal and B-repeat peptides. Lymphocytes
from H3 virus-infected B1O.BR and B10 mice gave minima
responses to M5 peptides (Fig. 5). In contrast, lymphocytes
from B10.BR mice infected with H3-49 virus responded
primarily to NT-4. NT-4 is both a B- and a T-cell epitope of
M protein that crossreacts with myosin (S. M. Antone and
M. W. Cunningham, unpublished observations). Lympho-
cytes from H3-49 virus-infected B10 and B10.D2 mice give
minimal responses to the peptides. Finally, H3 virus-immune
B10.D2 lymphocytes were selectively depleted of either all T
cells, CD4+ cells, or CD8+ cells and stimulated with the
appropriate M5 peptides (Table 3). The proliferation re-
sponses to the individual M5 peptides depended upon the
presence of either CD4+ or CD8+ T lymphocytes in the cell
population.

DISCUSSION
Our primary goal was to determine whether altering humoral
crossreactive epitopes in CVB3 would change virus patho-
genicity. The selection method identified virus variants
which could not be neutralized by the anti-streptococcal
mAbs. Presumably, significant mutational changes occurred
in the derivation of H3-49 virus which changed the antibody
binding site(s) in the capsid proteins of the virus. The precise
location ofthe mutational changes is not known but may have
been either in the antibody binding site itself or in distal
portions of the capsid proteins. In the latter instance, muta-
tions causing shifts in the tertiary structure ofthe virus capsid
could disrupt the availability of the binding site without
actually mutating the amino acids involved in antibody at-
tachment. Although the extent ofthe mutation(s) is unknown,
it is clear that the mutations did not affect either the infec-
tivity of the variants for the heart or the ability of these
variants to be neutralized by a polyclonal anti-CVB3 antise-
rum.

Potentially, the immunological history of an individual
could support antigenic drift in highly mutable viruses. Any
virus variants which arise as random mutations and are
poorly controlled by the immune response might persist and
be shed longer than the initial infecting virus variant. This
process has been described in variants of lymphocytic chori-
omeningitis virus (34) and may be partially responsible for the
genetic variability of human immunodeficiency virus and
influenza A virus (7, 21, 35).
CVB3 infection stimulates T-lymphocyte responses to

streptococcal peptides. This implies that molecular mimicry
between the bacteria and virus occurs at both humoral and
cellular immune levels, and supports the hypothesis that
bacteria and viruses share similar structures with host tis-
sues. Crossreactivity between group A streptococci and
CVB3 may be the basis for inflammatory heart diseases
caused by these infectious agents. Alternative explanations
for the T-cell responses to streptococcal epitopes in CVB3
infected mice are equally possible. CVB3 infection may cause

5546 Immunology: Huber et al.



Proc. Natl. Acad. Sci. USA 91 (1994) 5547

Table 3. T-cell proliferation responses to streptococcal M5 peptides
[3H]Thymidine incorporation, mean cpm ± SEM

Antibody treatment Medium NT2 NT3 NT4 NT6 NT7

None 165 ± 21 3265 ± 128 1632 ± 222 2007 ± 67 3842 ± 360 2642 ± 399
Anti-Thy-1.2 + C' 237 ± 34 375 ± 23* 257 ± 30* 170 ± 15* 200 ± 37* 145 ± 23*
Anti-L3T4 + C' (CD4+) 227 ± 48 245 ± 35* 175 ± 13* 175 ± 36* 4215 ± 487 2082 ± 319
Anti-Lyt-2 + C' (CD8+) 290 + 57 3848 ± 489 2600 ± 217 1817 ± 15 645 ± 77* 370 ± 46*

Mesenteric lymph node cells from H3 virus-immune B1O.D2 mice were untreated or treated with antibody and complement (C'), stimulated
with M5 peptides, and labeled with [3H]thymidine. Results represent mean cpm ± SEM of four replicate cultures.
*Value significantly reduced (P c 0.05) compared with no antibody treatment.

nonspecific polyclonal T-cell activation in response to M5
peptides. This explanation (polyclonal T-cell activation)
seems unlikely for several reasons. First, B10 and B1O.BR
mice infected with H3 virus fail to give vigorous M5 peptide
responses, although high cardiac virus titers are present in
these animals and B1O.D2 mice infected with the same virus
give significant T-cell reactions to these peptides. Thus,
infection of the heart alone does not trigger crossreactive
T-cell responses. A second explanation for immunity to M5
peptides in CVB3-infected animals is that myocyte lysis,
resulting from either virus infection or lymphocyte infiltra-
tion of the myocardium, releases large quantities of cardiac
proteins, including myosin. Since the M5 protein is known to
share crossreactive peptides with myosin (25-27, 36), T-cell
responses to the myosin released during virus infection might
produce the cellular immunity to M5 peptides seen in CVB3-
immune lymphocyte populations. Presumably, cloning the
MS peptide-reactive T cells from CVB3-infected animals will
be necessary to establish crossreactivity of T-cell epitopes
between the bacteria and virus and to identify the potential
role of these T cells in autoimmune myocarditis.

In conclusion, these studies demonstrate that at least one
crossreactive epitope is shared by the heart, CVB3, and
streptococcal M5 protein which may play an important part
in the pathogenesis of autoimmune inflammatory heart dis-
ease. The significance of this observation may be that very
different infectious etiological agents may cause specific
diseases by very similar mechanisms. Furthermore, one
might speculate that sequential exposure of individuals to
various infectious agents possessing similar crossreactive
epitopes might lead to periodic reactivation of autoimmunity.

We thank Dr. John Craighead of the University of Vermont for
kindly scoring the histological sections for us. We acknowledge the
expert technical assistance of Carol A. Crossley and thank Ms.
Laurie Sabens for excellent assistance in preparing this paper. We
thank Dr. Kenneth Jackson, Director of the Peptide Synthesis
Laboratory of the St. Francis of Tulsa Molecular Biology Resource
Facility at the University of Oklahoma Health Sciences Center,
Oklahoma City. The work was supported by U.S. Public Health
Service Grants HL28833 (S.A.H.) and HL01913 and HL35280
(M.C.) from the National Heart, Lung, and Blood Institute and Grant
90-990 (S.A.H.) from the American Heart Association.

1. Stollerman, G. H. (1991) Clin. Immunol. Immunopathol. 61,
131-142.

2. Nickerson, C., Luthra, H. & David, C. (1991) Int. Rev.
Immunol. 7, 205-224.

3. Abu-Shakra, M. & Shoenfeld, Y. (1991) Immunol. Ser. 55,
285-313.

4. Leslie, K., Blay, R., Haisch, C., Lodge, A., Weller, A. &
Huber, S. (1989) Clin. Microbiol. Rev. 2, 191-203.

5. Craighead, J. E., Huber, S. A. & Sriram, S. (1990) Lab. Invest.
63, 432-446.

6. Oldstone, M. B. A. (1987) Cell 50, 819-820.
7. Barnett, L. A. & Fujinami, R. S. (1992) FASEB J. 6, 840-844.

8. Yamada, M., Zurbriggen, A. & Fujinami, R. S. (1990) J. Exp.
Med. 171, 1893-1907.

9. Zabriskie, J. B., Hsu, K. C. & Seegal, B. C. (1970) Clin. Exp.
Immunol. 7, 147-159.

10. Maisch, B. (1986) Basic Res. Cardiol. 81, Suppl., 217-242.
11. Gauntt, C. J., Arizpe, H. M., Higden, A. L., Rozek, M. M.,

Crawley, R. & Cunningham, M. W. (1991) Eur. Heart J. 12,
Suppl. D, 124-129.

12. Zurbriggen, A., Hogle, J. M. & Fujinami, R. S. (1989) J. Exp.
Med. 170, 2037-2049.

13. Neu, N., Rose, N. R., Beisel, K. W., Herskowitz, A., Burri-
Glass, G. & Craig, S. W. (1987) J. Immunol. 139, 3630-3636.

14. Schultheiss, H.-P., Schulze, K., Kuhl, U., Uhich, G. & Klin-
genberg, H. (1987) Ann. N. Y. Acad. Sci. 448, 44-68.

15. Schultheiss, H.-P., Ulrich, G., Janda, I., Kuhl, U. & Morad, M.
(1988) J. Exp. Med. 168, 2105-2120.

16. Cunningham, M. W., Antone, S. M., Gulizia, J. M., Mc-
Manus, B. M., Fischetti, V. A. & Gauntt, C. J. (1992) Proc.
Natl. Acad. Sci. USA 89, 1320-1328.

17. Dalziel, R. G., Lampert, P. W., Talbot, P. J. & Buchmeier,
M. J. (1986) J. Virol. 59, 463-469.

18. Fleming, J. O., Trousdale, M. D., El-Zaatari, F. A. K., Stohl-
man, S. A. & Weiner, L. P. (1986) J. Virol. 58, 869-875.

19. Spriggs, D. R. & Fields, B. N. (1982) Nature (London) 297,
68-71.

20. Zurbriggen, A. & Fujinami, R. S. (1989) J. Virol. 63, 1505-
1512.

21. Levy, C. A. (1988) Nature (London) 333, 519-522.
22. Buie, C., Lodge, P., Herzum, M. & Huber, S. A. (1987) Eur.

Heart J. 8, Suppl. J, 399-401.
23. Van Houten, N., Bouchard, P. G., Moraska, A. & Huber,

S. A. (1991) J. Virol. 65, 1286-1290.
24. Huber, S. A., Haisch, C. & Lodge, P. A. (1990) J. Virol. 64,

4516-4522.
25. Cunningham, M. W., Hall, N. K., Krisher, K. K. & Spanier,

A. M. (1986) J. Immunol. 136, 293-298.
26. Cunningham, M. W. & Swerlick, R. A. (1986) J. Erp. Med.

164, 998-1012.
27. Fenderson, P. G., Fischetti, V. A. & Cunningham, M. W.

(1989) J. Immunol. 142, 2475-2481.
28. Gulizia, J. M., Cunningham, M. W. & McManus, B. M. (1991)

Am. J. Pathol. 138, 285-301.
29. Blay, R., Simpson, K., Leslie, K. & Huber, S. (1989) Am. J.

Pathol. 135, 899-907.
30. Weller, A. H., Simpson, K., Herzum, M., Van Houten, N. &

Huber, S. A. (1989) J. Immunol. 143, 1843-1850.
31. Miller, L., Gray, E., Beachey, E. & Kehoe, M. (1988) J. Biol.

Chem. 263, 5668-5673.
32. Carpino, L. A. & Han, G. Y. (1972) J. Org. Chem. 37, 3404-

3409.
33. Woodruff, J. F. & Woodruff, J. J. (1974) J. Immunol. 113,

1726-1734.
34. Pircher, H., Moskophidis, D., Rohrer, U., Burki, K., Hen-

gardner, H. & Zinkernagel, R. M. (1990) Nature (London) 346,
629-633.

35. Portner, A., Webster, R. G. & Bean, W. J. (1980) Virology 104,
235-238.

36. Dell, A., Antone, S. M., Gauntt, C. J., Crossley, C. A., Clark,
W. A. & Cunningham, M. W. (1991) Eur. Heart J. 12, Suppl.
D, 158-162.

Immunology: Huber et .1.


