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Two genetically similar variants of coxsackievirus B4, CB4-P and CB4-V, cause distinct disease syndromes
in mice. A multidisciplinary approach was used to examine the events occurring in situ. The CB4-P variant
induced acute pancreatitis, followed by repair of the exocrine tissues, while the CB4-V variant induced chronic
pancreatitis, characterized by extensive destruction of the exocrine tissues. Since CB4-V replicated more
efficiently than CB4-P in vivo, the more extensive tissue injury associated with CB4-V infection could be
explained as the result of a higher level of viral replication. However, the fact that CB4-V replicated more
efficiently in a mouse strain that survives infection than in a strain that succumbs to infection suggests that
immune-mediated mechanisms as well as viral cytolysis may contribute to pancreatic tissue injury. To address
the role of the immune system in virus-induced pancreatitis, the cell types within the inflammatory infiltrate
were analyzed by flow cytometry. B cells (34 to 75%) were the most abundant, followed by T cells (10 to 30%),
natural Kkiller cells (4 to 8%), and macrophages (0 to 6%). Recruitment (and perhaps proliferation) of B and
T cells to the pancreatic tissues was influenced by viral strain. Differential recruitment of T and B cells may
reflect altered antigenic sites between CB4-P and CB4-V. The viral sequence that affected T- and B-cell

recruitment was identified as a threonine residue at position 129 of the VP1 capsid protein.

The group B coxsackieviruses, comprising six serotypes, B1-
B6, are enteroviruses of the Picornaviridae. The viral genome
consists of a single-stranded RNA of positive polarity. For
coxsackievirus B4 (CVB4), the viral genome consists of 7,395
nucleotides and is composed of a 5’ untranslated region
(UTR) of 743 nucleotides, a 3’ UTR of 105 nucleotides, and an
open reading frame encoding a polyprotein of 2,183 amino
acids which is proteolytically cleaved (12). The open reading
frame is divided into three regions, P1, P2, and P3. The four
capsid proteins, VP1 through VP4, are encoded within the P1
region, while the nonstructural proteins that are involved in
virus replication are encoded within the P2 and P3 regions.

The group B viruses have been implicated in a variety of
diseases, such as pancreatitis, type I insulin-dependent diabe-
tes mellitus, myocarditis, and myositis (9, 16, 29). The existence
of variants within a single serotype further complicates the
pathogenesis of coxsackievirus infections. Although there is a
great deal of information on the biochemical, biophysical, and
genetic characteristics of picornaviruses, the mechanisms by
which these RNA viruses cause disease are poorly understood.
A powerful tool in the study of the genetic basis of virulence of
picornaviruses is the use of recombinant, chimeric viruses de-
rived from cDNA clones of virulent and avirulent viruses. Us-
ing this approach, several groups have identified determinants
of attenuation or virulence for many picornaviruses. Of the
three Sabin poliovirus strains, determinants of attenuation
have been mapped to the 5" UTR (13, 27, 31) and to the VP1
(15, 27, 28) and VP3 (31) coding sequences. In the mouse
model, neurovirulence is determined by single amino acid sub-
stitutions in the VP1 and VP2 capsid proteins (5) and by
multiple mutations in regions encoding both viral proteinase

* Corresponding author. Mailing address: Wadsworth Center for
Laboratories and Research, New York State Department of Health,
120 Scotland Ave., Albany, NY 12201-2002. Phone: (518) 474-8634.
Fax: (518) 474-3181. E-mail: arlene.ramsingh@wadsworth.org.

8690

2AP™ and the VP1 capsid protein (14). For CVB3, Zhang et al.
(35) have shown that a transversion at nucleotide position 690
in the 5" UTR is not attenuating. However, Tu et al. (30) have
identified nucleotide 234 (U) in the 5" UTR of CVB3 as a
determinant of cardiovirulence. We have shown that in a
mouse model of CVB4-induced pancreatitis, multiple loci in
the P1 region can independently influence the virulent pheno-
type. In this model, thr-129 of VP1 is a major determinant of
virulence (3). Arg-16 of VP4 can also influence virulence but to
a lesser extent than thr-129 of VP1 (25).

In the present studies, we utilized two variants of coxsack-
ievirus B4, CB4-V and CB4-P. Although the variants are ge-
netically similar, they display different phenotypes both in vivo
and in vitro (3, 24). In our mouse model, CB4-P (the proto-
typical strain JVB) causes mild pancreatitis without morbidity
and is designated avirulent. The CB4-V variant is designated
virulent since it induces a disease syndrome characterized by
pancreatitis, hypoglycemia, and myocarditis. CB4-V infection
can be lethal in mice. The outcome of infection is controlled by
a locus within the major histocompatibility complex (23). In
addition to viral cytolysis and autodigestion by pancreatic en-
zymes, immunopathological mechanisms may contribute to
pancreatic tissue damage in this model. During infection with
either variant, inflammatory infiltrates consisting primarily of
mononuclear cells are observed in pancreatic tissues. In our
continued efforts to analyze and map the phenotypic differ-
ences between the two viral variants, we addressed the follow-
ing questions. (i) Which types of cells are present in the in-
flammatory infiltrates and what is the relative abundance of
each? (ii) Is recruitment of B and T lymphocytes to the pan-
creas influenced by viral strain? (iii) Which viral sequences
affect B- and T-cell recruitment to the pancreas?

MATERIALS AND METHODS

Cells and viruses. The passage histories of the two viruses, CB4-P and CB4-V,
have been previously described (23). After plaque purification, large scale stocks
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FIG. 1. Genotypes of recombinant chimeric coxsackieviruses. The top line
depicts the structural organization of the coxsackievirus B4 (strain JVB) genome
(12). The vCB420 recombinant was constructed from a subclone of CB4-V and
a full-length clone of CB4-P. The vCB420c control virus was constructed by
replacing the Bg/II-BssHII fragment of the full-length cDNA of vCB420 with the
corresponding fragment from the cDNA clone of CB4-P.

of CB4-P and CB4-V were prepared in Hela cells and LLC-MK2(D) cells,
respectively. Viral infectivity was determined by plaque assay with LLC-MK2(D)
cells. Construction of the recombinant virus, vCB420, has been previously re-
ported (3). Briefly, a Bg/II-BssHII fragment from a subclone of CB4-V, contain-
ing a single point mutation at nucleotide position 2833, was used to replace the
corresponding fragment in a full-length cDNA clone of CB4-P (Fig. 1). The
resulting virus, vCB420, contains a threonine residue at position 129 of VP1 on
the avirulent CB4-P genetic background. A control virus, designated vCB420c,
was reconstructed from vCB420 to replace threonine at position 129 of VP1 with
a methionine residue, thereby regenerating the parental CB4-P virus. The strat-
egy used for constructing vCB420c was similar to the one used for constructing
vCB420. The Bg/lI-BssHII fragment of the full-length cDNA of vCB420 was
replaced with the corresponding fragment from the cDNA clone of CB4-P.
Recombinant virus was obtained by transfecting LLC-MK2(D) cells with in
vitro-derived RNA transcripts. Virus was harvested when cells exhibited 80 to
100% cytopathic effect and were subsequently plaque purified. Limited sequence
analysis of the viral genomic RNA confirmed the nucleotide substitution at
position 2833. The resulting recombinant virus should recapitulate the pheno-
type of CB4-P. The vCB420c construct controls for mutations that may have
occurred outside the Bg/II-BssHII region that might influence the phenotype of
vCB420. Infection of B10.T(6R) mice resulted in 0% morbidity in CB4-P-in-
fected mice and 100% morbidity in vCB420-infected mice (3). Like CB4-P-
infected mice, B10.T(6R) mice survived infection with vCB420c. This result
suggests that if substitutions occurred outside the Bg/II-BssHII region during the
construction of vCB420, they did not affect the virulent phenotype.

Infection of mice. Three B10 H-2 congenic strains of mice, B10.T(6R), B10.Q,
and B10.S(12R), were used in these studies. These strains were bred in our
animal facility. Four- to six-week-old mice were injected intraperitoneally with
10* PFU of virus diluted in phosphate-buffered saline. Control mice were in-
jected with phosphate-buffered saline. All injected mice were monitored daily.
Animals found to be moribund were euthanized immediately by CO, overdose.
All animal procedures were approved by the Institutional Animal Care and Use
Committee of the Wadsworth Center. Mice were sacrificed at various times
postinfection (p.i.), and organs (pancreas, heart, and spleen) were harvested.
Tissue homogenates were prepared as previously described (23) and assayed for
infectivity by plaque assay. Pancreatic tissues fixed in phosphate-buffered forma-
lin were processed for routine histology, followed by staining with hematoxylin
and eosin.

Flow cytometry. Previous studies have shown that of the B10 H-2 congenic
strains tested, B10.T(6R) mice are most sensitive to infection with CB4-V, while
B10.S(12R) mice are most resistant (23). Pancreatic inflammatory infiltrates and
spleen cells from both strains were analyzed by flow cytometry (4). Surface
markers examined included CD4, CDS8, CD45R/B220, NK1.1, and MAC-1
(CD11b). Mice were infected intraperitoneally with either CB4-P or CB4-V.
Pancreata and spleens were harvested at days 5 and 7 p.i. Spleen cell suspensions
were obtained by mechanical disruption (4). We reasoned that a similar ap-
proach would release the infiltrating cells from the pancreas. Mononuclear cells
were isolated by Ficoll-Paque gradient centrifugation (4). After being washed in
Dulbecco modified Eagle medium, viable cells were counted and stained directly
with fluorescein isothiocyanate (FITC)- and R-phycoerythrin (R-PE)-conjugated
rat anti-mouse monoclonal antibodies (PharMingen) for two-color analysis by
the Becton Dickinson FACScan. To obtain sufficient numbers of cells for flow
cytometric analysis, the infiltrates from two to three pancreata were pooled. A
minimum of 10° infiltrating cells was used for two-color analysis. The number of
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FIG. 2. Replication of CB4-P and CB4-V in pancreatic and cardiac tissues of
mice. Two B10 H-2 congenic strains of mice, B10.S(12R) and B10.Q, were
infected intraperitoneally with either variant. Pancreatic and cardiac tissues were
harvested at different times p.i. Homogenates of pooled tissues were assayed for
viral infectivity. (A and B) Viral replication in pancreatic (A) and cardiac (B)
tissues. These experiments were performed three times each, and representative
results are shown.

cells isolated from a single spleen ranged from 3 X 107 to 6 X 107, and samples
of 10° cells were processed for staining.

RESULTS

Viral replication in vivo. To study viral replication in vivo,
the presence of infectious virus in tissue homogenates was
examined by plaque assay. Infectivity assays were carried out
on pooled tissue samples (3 to 5 tissues per group) and indi-
vidual tissue samples at various times after infection. Experi-
ments were performed three times each. No significant differ-
ence was observed between titers from pooled tissue samples
and those from individual tissues. Representative results from
infectivity assays of pooled tissue samples are shown in Fig. 2.
Of the H-2 congenic strains, B10.T(6R) is the most susceptible
to CB4-V infection and succumbs at 7 to 14 days p.i. These
studies were therefore confined to B10.Q and B10.S(12R)
mice, which, when infected with CB4-V, exhibit morbidity rates
of 43 to 69 and 0%, respectively (23). Viral titers for both
CB4-P and CB4-V peaked at day 2 p.i. in pancreatic tissues.
CB4-V replicated to higher titers than CB4-P. This difference
was most obvious at day 7 p.i., when titers of CB4-V were
20-fold [B10.S(12R)] and 500-fold [B10.Q] greater than those
of CB4-P. Both CB4-P and CB4-V grew to higher titers in
B10.S(12R) than in B10.Q mice. Infectious CB4-V was cleared
by 2 weeks p.i. Infectious CB4-P was cleared between 1 and 2
weeks p.i.

Since the group B coxsackieviruses can also replicate in
cardiac tissues, the presence of infectious virus in heart ho-
mogenates was examined by plaque assay (Fig. 2B). CB4-V
replicated in cardiac tissues of both B10.S(12R) and B10.Q
mice but to lower levels than in pancreatic tissues. Cardiac
tissues did not support replication of CB4-P, since infectious
virus was not detected after 2 days of infection. The viral titer
observed at day 2 p.i. is coincident with viremia, which also
peaks at day 2 p.i. (data not shown).

Coxsackievirus B4-induced pancreatitis. Previous histologi-
cal studies (3) have been focused on the early events in infec-
tion (day 2 p.i.). To examine the extent of tissue destruction, a
histological study of pancreatic tissues harvested at various
times p.i. (1 to 14 days) from B10.S(12R) and B10.Q mice
infected with either CB4-P or CB4-V was undertaken. Mor-
phological alterations in both strains of mice were similar. A
composite of representative results from infected B10.S(12R)
mice is shown in Fig. 3 and 4. Acute infection, reflected by
increasing viral titers, is depicted in Fig. 3. Post-acute infection,
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FIG. 3. Histopathology of pancreatic tissues from CB4-P- and CB4-V-infected B10.S(12R) mice during acute stage of infection. Mice were infected intraperitoneally
with either variant, and pancreatic tissues were harvested at various times p.i., processed for histology, and stained with hematoxylin and eosin. (A and D)
mock-infected; (B) CB4-P, day 1 p.i.; (C) CB4-P, day 2 p.i.; (E) CB4-V, day 1 p.i.; (F) CB4-V, day 2 p.i. a, acinus; i, islet of Langerhans; d, degranulated acinar cells.
Magnification, X185.

reflected by diminishing viral titers, is depicted in Fig. 4. Both
viral variants affect the exocrine pancreas, while the endocrine
pancreas, the islets of Langerhans, appear unaffected at the
light microscopic level. The structural unit of the exocrine
pancreas is the acinus, which consists of a group of acinar cells
surrounding a central lumen. The acinar cells produce diges-
tive enzymes which are packaged into zymogen granules, re-

leased into pancreatic ducts, and eventually transported to the
duodenum.

Infection of mice with CB4-P resulted in acute pancreatitis,
followed by tissue repair 2 weeks later. During the first 2 days
of infection, the acinar cells of the exocrine pancreas had a
shrunken appearance (Fig. 3B and C). By day 2 p.i., foci of
degranulated acinar cells were evident (Fig. 3C). By day 4 p.i.,
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FIG. 4. Histopathology of pancreatic tissues from CB4-P- and CB4-V-infected B10.S(12R) mice during the postacute stage of infection. Mice were infected
intraperitoneally with either variant, and pancreatic tissues were harvested at various times p.i., processed for histology, and stained with hematoxylin and eosin. (A)
CB4-P, day 4 p.i.; (B) CB4-P, day 7 p.i.; (C) CB4-P, day 14 p.i.; (D) CB4-V, day 4 p.i.; (E) CB4-V, day 7 p.i.; (F) CB4-V, day 14 p.i. a, acinus; i, islet of Langerhans;
d, degranulated acinar cells; in, inflammatory infiltrate; f, fat-cell necrosis. Arrows show tubular/ductular structures. Magnification, X185.

approximately 5% of the acini were lost (Fig. 4A). The remain-
ing cells showed some depletion in zymogen granules. From
day 4 to day 7 p.i., an inflammatory infiltrate consisting pri-
marily of mononuclear cells was observed. By day 7, although
pancreatic architecture was disrupted, foci of degranulated
acini were evident (Fig. 4B). Virus was cleared by day 14 p.i.
(Fig. 2A), at which time the exocrine pancreas had healed (Fig.

4C). Pancreatic architecture was restored, and inflammatory
infiltrates were no longer evident.

Mice infected with CB4-V developed chronic pancreatitis
with extensive damage to the exocrine pancreas. During the
first 2 days of infection, there was extensive degranulation of
the acinar cells (Fig. 3E and F). By day 4, extensive acinar cell
necrosis involving approximately 98% of acinar cells was ob-
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served Fig. 4D). The remaining acini had fewer zymogen gran-
ules. As in CB4-P-infected mice, an inflammatory infiltrate
consisting primarily of mononuclear cells was observed from
day 4 to day 7 p.i. Unlike in CB4-P-infected mice, acini were no
longer evident by day 7 p.i. (Fig. 4E). Numerous ductular
structures suggestive of acinoductular metaplasia were appar-
ent. The presence of tubular/ductular complexes, also referred
to as pseudoductules (26), in a variety of pancreatic diseases,
including pancreatitis, cystic fibrosis, and pancreatic cancers, is
well documented (19-21, 33). The presence of these ductular
complexes may reflect the extent of acinar injuries (26). Ex-
tensive tissue injury, associated with CB4-V infection, corre-
lated with numerous ductular structures, while lesser injury
observed with CB4-P infection correlated with very few ductu-
lar structures. In CB4-V infected mice, by day 14 p.i., tubular
structures, but no acini, were observed (Fig. 4F). Replacement
of the destroyed acini with fat cells resulted in fat-cell necrosis.
Mild inflammation was evident.

In summary, CB4-V infection resulted in chronic pancreati-
tis, characterized by extensive necrosis of the acinar cells, while
CB4-P infection resulted in acute pancreatitis, followed by
tissue repair. A comparable histological study of B10.Q mice
infected with either CB4-P or CB4-V yielded similar results
(data not shown).

Phenotyping of pancreatic inflammatory infiltrates by flow
cytometry. During infection with either CB4-P or CB4-V, an
inflammatory infiltrate consisting primarily of mononuclear
cells is observed in pancreatic tissues from days 4 to 7 p.i. (Fig.
3 and 4). The inflammatory infiltrate was analyzed by flow
cytometry to identify the cell types within the infiltrate and to
determine the relative abundance of each cell type. Spleen
cells were processed in parallel as controls. Surface markers
analyzed included CD4 (CD4™ T cells), CD8 (CD8™" T cells),
CD45R/B220 (B cells and activated T cells), NK1.1 (natural
killer cells), and MAC-1 (CD11b) (macrophages and natural
killer cells). Although the B220 marker can also be present on
activated T cells, two-color analysis with anti-B220 and either
anti-CD4 or anti-CD8 did not detect doubly stained (B220",
CD4* or B220", CD8™) subsets of cells. Two-color analysis
with anti-B220 and anti-NKI1.1 resulted in the detection of a
transient, doubly labeled natural killer cell subset in CB4-V-
infected cells (see below). However, the level of B220 expres-
sion in this subset was low, allowing us to differentiate between
the natural killer and B-cell populations.

Histological analyses revealed that the inflammatory infil-
trate consisted primarily of mononuclear cells. To ensure that
our handling of the infiltrates and the spleen cell suspensions
did not result in the loss of specific subsets of mononuclear
cells, spleen cells from uninfected mice were purified by Ficoll-
Paque gradient centrifugation and stained with the panel of
monoclonal antibodies to detect CD4" T cells, CD8" T cells,
macrophages, natural killer cells, and B cells (three times for
each mouse strain). Recovery of mononuclear cells ranged
from 90 to 96%.

Both B10.T(6R) and B10.S(12R) mice were studied, since
CB4-V infection of these two strains results in 100 and 0%
morbidity, respectively (23). Infected mice were sacrificed, and
the cellular infiltrates from pancreatic tissues were harvested at
5 and 7 days p.i. and processed for staining with labeled anti-
mouse monoclonal antibodies for two-color analysis by flow
cytometry. Spleen cells were processed in parallel. Each exper-
iment was performed three to seven times. Representative
results from the two-color analysis are shown in Fig. 5. Sum-
marized data are shown in Fig. 6 and Table 1. The pancreatic
inflammatory infiltrate consisted of B cells, CD4™ T cells,
CD8™ T cells, macrophages, and natural killer cells. T and B
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FIG. 5. Two-color flow cytometric analyses of pancreatic inflammatory infil-
trates from CB4-P- and CB4-V-infected mice. Inflammatory cells were purified
from pancreatic tissues that were harvested at 5 days p.i. from B10.S(12R) mice.
Cells were stained with antimouse monoclonal antibodies for two-color analysis.
Upper two panels, representative results of staining with R-PE-labeled anti-CD8
and FITC-labeled anti-CD4; bottom two panels, representative results of stain-
ing with R-PE-labeled anti-NK1.1 and FITC-labeled anti-B220.

cells predominated in the infiltrate. Recruitment of B cells and
CD4™ T cells to the pancreas was affected by viral strain. A
higher percentage of B cells was observed in the inflammatory
infiltrates from CB4-P-infected mice at both days 5 and 7 p.i,,
regardless of the mouse strain infected (Fig. 6A). A higher
percentage of CD4™ T cells was observed in the pancreatic
infiltrates from CB4-V-infected mice (Fig. 6C). This difference
was most pronounced at day 5 p.i. Differential recruitment of
B and T cells was also observed in infected B10.Q mice (data
not shown).

Since the differential recruitment of B and T cells to the
pancreas during infection is dependent on viral strain, in sub-
sequent studies we mapped the viral locus that influenced this
phenotype. In previous studies with a panel of recombinant,
chimeric viruses, a major determinant of virulence at VP1-
129 was identified (3). The recombinant virus, vCB420,
which contains a threonine residue at position 129 of VP1 on
the avirulent (CB4-P) genetic background, was used to infect
B10.T(6R) mice. Analysis of the inflammatory infiltrate at day
5 p.i. revealed a low percentage of B cells and a high percent-
age of CD4™ T cells (Fig. 6A and C), the phenotype that is
observed in CB4-V-infected mice. CD4™ T cells comprised an
even higher percentage of the infiltrate in vCB420-infected
mice than they did in CB4-V-infected mice. To control for the
presence of additional sites that may influence this phenotype,
an additional chimeric virus, vCB420c, was reconstructed from
vCB420 to replace threonine at position 129 of VP1 with a
methionine residue, thereby regenerating the parental CB4-P
virus. The composition of the inflammatory infiltrate from
mice infected with vCB420c was similar to that from CB4-P-
infected mice (66 to 70% B cells and 4 to 6% CD4" T cells).
Viral infection did not alter the percentage of B cells within the
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FIG. 6. Summary of flow cytometric analyses of CD4™ T cells and B cells in the inflammatory infiltrates of CVB4-infected mice. Inflammatory cells were purified
from pancreatic tissues of B10.T(6R) and B10.S(12R) mice that had been infected with CB4-P (P), CB4-V (V), or vCB420 (420). Cells were stained with anti-B220
and anti-CD4. Spleen cells were processed in parallel. Experiments were performed 3 to 7 times each. Mean values (and standard deviations) are shown. PBS,

phosphate-buffered saline.

spleen (Fig. 6B). Infection with CB4-V resulted in a decrease
in splenic CD4* T cells at day 5 p.i. in both strains of mice (Fig.
6D). By day 7, the CD4™ T cell population had reached normal
values. The significance of this decrease is not understood.
In analyzing the natural killer cell populations, we observed
two subsets of cells in infected mice (Table 1). One subset of
cells expressed the NK1.1 marker and comprised 4.0 to 7.6% of
the inflammatory infiltrate. The second subset of natural killer
cells expressed the NKI1.1 marker and low levels of the
CD45R/B220 marker. The NK1.1*, CD45R/B220™" subset was
a transient population that was present in CB4-V-infected
mice at 5 days p.i. By day 7 p.i., this subset was no longer
detected. The doubly stained natural killer cells were not ob-
served in CB4-P-infected mice. Lymphokine-activated killer
cells can be divided into two subsets, NK1.1*, CD8™ (natural
killer cells) and NK1.1-CD8" (T cells) (1). The lytically active
subset of each group also expresses B220 (1). The NK1.17,
CD45R/B220™" subset in our model may represent lympho-
kine-activated natural killer cells, but additional characteriza-
tion will be necessary to clarify the identity of this subpopula-
tion. In infected mice, 3.1 to 13.1% of the infiltrate stained with
anti-MAC-1, which detects macrophages and natural killer
cells. Since NK1.1% cells account for 4 to 7.6% of the cells, the
percentage of macrophages in the infiltrate is low (0 to 5.5%).

Viral infection did not significantly alter the percentages of
CD8" T cells, macrophages, or natural killer cells in the
spleens of infected mice.

DISCUSSION

In our model, two genetically similar variants of coxsackievi-
rus B4, CB4-P and CB4-V, caused distinct disease syndromes
in mice. The CB4-P variant induced acute pancreatitis, fol-
lowed by repair of the exocrine tissues. The CB4-V variant
induced chronic pancreatitis, characterized by extensive de-
struction of the exocrine tissues. Tissue repair was not ob-
served in the 2-week follow-up study. Chronic versus acute
pancreatitis is a phenotype that is dependent on the infecting
viral strain, not on mouse strain. The main difference between
acute and chronic pancreatitis is that the morphologic alter-
ations seen in acute pancreatitis are entirely reversible, with
the pancreatic architecture returning to normal in a relatively
short period of time, while the changes observed in chronic
pancreatitis are irreversible (6, 7, 11).

To determine if the two viruses had different growth prop-
erties in vivo, pancreatic homogenates were assayed for infec-
tivity at different times p.i. The CB4-V variant replicated more
efficiently than the CB4-P variant. This result suggests that in



8696 RAMSINGH ET AL.

J. VIROL.

TABLE 1. Summary of flow cytometric analyses of CD8" T cells, macrophages, and natural killer cells in the inflammatory infiltrates of
CVB4-infected mice®

% of cells stained [mean (SD)]

Mouse strain Virus or PBS® Tissue Days p.i. : ;
*P Anti-CD8 o Anti-NK1.1 AntiliE ] and
B10.T(6R) PBS Spleen 7.3 (1.1) 5.6 (0.6) 1.9 (0.1)
CB4-P Spleen 5 6.8 (1.6) 7.6 (0.7) 0.8 (0.7)
CB4-V Spleen 5 8.4 (1.3) 6.1 (0.6) 1.5 (0.9)
CB4-P Spleen 7 6.2 (0.6) 4.1(0.7) 2.2 (0.6)
CB4-V Spleen 7 7.2 (1.0) 6.8 (1.4) 2.8 (1.5)
CB4-P Pancreas 5 7.1(2.8) 6.6 (0.7) 5.1(3.9)
CB4-V Pancreas 5 8.1(1.8) 7.7 (1.9) 6.6 (1.0) 19.4 (1.5)
CB4-P Pancreas 7 7.4 (5.0) 3.1(0.4) 4.9 (3.0)
CB4-V Pancreas 7 7.8 (1.0) ND? 4.0(2.1)
B10.S(12R) PBS Spleen 6.3 (2.5) 8.5(0.2) 0.8 (1.1)
CB4-P Spleen 5 6.1(0.1) 7.7 (1.0) 1.2 (0.8)
CB4-V Spleen 5 9.2(0.1) 8.5(1.2) 1.1 (0.8)
CB4-P Spleen 7 7.0 (0.7) 5.8(0.2) 1.7 (0.8)
CB4-V Spleen 7 9.9 (2.3) 1.1 (0.7) 2.0 (0)
CB4-P Pancreas 5 4.7 (0.5) 13.1 (2.4) 7.6 (4.5)
CB4-V Pancreas 5 6.1(0.8) 6.1(1.4) 4.0 (1.6) 20.1 (6.2)
CB4-P Pancreas 7 6.7 (1.7) 7.1 (1.8) 6.4 (2.8)
CB4-V Pancreas 7 10.8 (3.2) 3.8(1.8) 4.1(2.0)

¢ Inflammatory cells were purified from pancreatic tissues of B10.T(6R) and B10.S(12R) mice that had been infected with CB4-P or CB4-V. Cells were stained with
the appropriate monoclonal antibodies. Spleen cells were processed in parallel. Experiments were performed 3 to 7 times each.

> ND, not done.
¢ PBS, phosphate-buffered saline.

CB4-V-infected mice, a higher level of viral replication results
in extensive destruction of the exocrine tissues, precluding a
regenerative response. This supports the idea that the magni-
tude of the regenerative response is dependent on the extent of
acinar cell necrosis (26). In CB4-P-infected mice, a lower level
of viral replication results in less tissue injury and is compatible
with tissue repair. Since the outcome of infection with CB4-V
is influenced by the major histocompatibility complex haplo-
type (23), viral replication in two H-2 congenic strains
[B10.S(12R) and B10.Q] was analyzed. CB4-V infection of
these two strains results in more extensive tissue injury in
B10.Q mice, with morbidity rates of 43 to 69%. CB4-V infec-
tion is not lethal in B10.S(12R) mice. Surprisingly, CB4-V grew
to higher titers in B10.S(12R) mice. If pancreatic tissue de-
struction was due solely to viral cytolysis, then CB4-V would be
expected to replicate to higher titers in B10.Q mice. Instead,
CB4-V replicated to higher titers in B10.S(12R) mice, suggest-
ing that tissue damage in CB4-V-infected mice may be due to
immune-mediated mechanisms in addition to viral cytolysis.
Studies of myocardial damage during CVB3 infection have
yielded conflicting data. Whether tissue damage is due solely to
the virus, to immunopathological mechanisms, or to a combi-
nation of both is unclear. Evidence supporting an immuno-
pathological mechanism implicates different effector cells, such
as cytotoxic T cells (10), CD4" T cells (2, 10), autoantibody-
producing B cells (18, 34), and natural killer cells (8). To
address the role of the immune system in pancreatic tissue
damage during CB4-V infection, a study of the inflammatory
infiltrate was undertaken. Histological studies showed that in-
fection with either virus resulted in infiltrates consisting pri-
marily of mononuclear cells. To identify the types of cells
present within the infiltrate and the relative abundance of each
cell type, the inflammatory cells were analyzed by flow cytom-
etry. B cells (34 to 75%) were the most abundant, followed by
T cells (10 to 30%), natural killer cells (4 to 8%), and macro-
phages (0 to 6%). A transient population of natural killer cells

expressing the NK1.1 and CD45R/B220 markers was observed
in CB4-V-infected mice at day 5 p.i. and accounted for 19 to
20% of the infiltrate. Recruitment (and perhaps proliferation)
of B and T cells to the pancreatic tissues was influenced by viral
strain. Comparison of the infiltrates from infected mice
showed that the inflammatory cells from CB4-P-infected mice
contained a higher percentage of B cells and a lower percent-
age of CD4" T cells. Differential recruitment of T and B cells
during viral-induced pancreatitis may reflect altered antigenic
sites between CB4-P and CB4-V. The viral sequence that af-
fected T- and B-cell recruitment was identified as a threonine
residue at position 129 of the VP1 capsid protein, a site that
has been shown to be a major determinant of virulence (3).
Threonine-129 is predicted to lie within the DE loop of VP1
(17, 22). The DE loop of VP1 of poliovirus affects antigenicity
and host range (27, 32). To assess the role of the DE loop of
VP1 of coxsackievirus B4 in pathogenesis, we are examining
both antigenicity and tropism, with an emphasis on the effect of
substituting a threonine residue at position 129.

The approach used to analyze the infiltrating cells in the
pancreas allowed a gross evaluation of inflammation in situ.
Since CB4-V infection results in 100% morbidity in B10.T(6R)
mice and 0% morbidity in B10.S(12R) mice (23), the pancre-
atic inflammatory infiltrates of both strains were analyzed and
compared. Subtle differences between the two strains would
not be detected in this type of analysis. The only significant
difference observed was a temporal one, in that more CD8* T
cells were present in the pancreatic infiltrates of infected
B10.S(12R) mice at day 7 than at day 5 p.i. (Table 1). This
difference was more apparent in comparisons of ratios of B/T
cells and CD4"/CD8" T cells (Table 2). In B10.T(6R) mice,
the percent of CD8" T cells remained the same at the two
different time points, resulting in similar ratios of B/T cells and
CD4*/CD8* T cells. Higher numbers of CD8" T cells in
infected B10.S(12R) mice may reflect increased recruitment or
proliferation. Since B10.S(12R) mice survive infection with
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TABLE 2. Ratios of B- and T-cell subsets in the pancreatic
inflammatory infiltrates of CB4-V-infected mice

Ratio of cell subsets” in
mouse strain:

Cell ratio Days p.i.
BI0.T(6R) B10.S(12R)
B/T cells 5 1.8 2.6
7 1.9 1.6
B/CD8™ T cells 5 4.2 7.9
7 5.5 3.8
B/CD4" T cells 5 3.1 3.8
7 2.9 2.6
CD4%/CD8™ T cells 5 14 2.1
7 1.9 1.2

“ Ratios were determined with mean values obtained from three to seven
experiments.

CB4-V, the increased recruitment and/or proliferation of
CD8™ T cells later in infection may reflect a protective func-
tion (perhaps by suppressor T cells). The role of CD8" T cells
in the pathogenesis of CVB4-induced pancreatitis is being ex-
amined in ongoing studies.
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