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Tumor Regression Is Associated with a Specific Immune Response to the
E2 Protein of Cottontail Rabbit Papillomavirus
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Cottontail rabbit papillemavirus is the major papillomavirus animal mode! with which to study host-virus interactions. As
with human papillomaviruses, papillomas may spentaneously regress, persist, or progress to carcinoma. Here we show
that the majority (88%) of regressor rabbits had antibody to the nonstructural protein E2 compared to 29% in animals with
persisting papilloma. The antibody response to other nonstructural viral proteins was the same for rabbits with regressing
and persisting papilloma. The cellular immune response was measured by an in vitro proliferation assay. The responses
to E6 and E7 were infraquent and similar in papilloma-bearing and in regressor rabbits and no rabbits responded to E1. in
contrast, the response to E2 was more frequent in regressor rabbits. These data suggest that E2-specific immune responses

may play a role in tumor regression.

INTRODUCTION

Papillomaviruses are small nonenveloped DNA vi-
ruses with a double-stranded circular genome of about
8 kb. Cottontail rabbit papillomavirus (CRPV) was the first
papillomavirus isolated and shares with certain human
papiflomaviruses the feature that lesions induced by the
virug progress to carcinoma. A property common to ail
papillomaviruses is that they can establish persistent
infections in immunocompetent hosts. This can be under-
stood, at least in part, by considering that the life cycle
of the virus is strictly limited to the epithelium. Neverthe-
less, papillomavirus infections are subjected to some
cantrol by the immune system since immunosuppression
leads to an increase in infections {reviewed in Jochmus
and Altmann, 1993). Furthermore, in humans (Tagami et
al, 1974; Aiba el al, 1986; and Tay et a/, 1987), as well
as in animal hosts {Jarret, 1985; Campo et &/, 1993; Syver-
ton, 1952; Evans et a/, 1962, Seto et al,, 1977, and Kreider,
1963}, papillomas may spontaneously regress. This phe-
nomenon has been well documented for CRPV, In an
extensive study of more than 200 domestic rabbits, papii-
lomas regressed in 9% of the animals {Syverton, 1852).
In other investigations the spontaneous regression was
higher, as high as 36% (Evans et af, 1962). Since the
domestic rabbits used were not inbred, the variations
could be related to genetic differences between different
rabbit populations, Evidence for this was provided by the
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finding that regression was linked to certain aileles of
MHC Il genes defined by restriction fragment length poly-
morphism {Han et a/, 1992). However, subsequent se-
quence analysis of the antigen binding domain of the
different DRee and DQu allotypes did not reveal differ-
ences in the MHC Il binding sites. This suggested that
MHC Il molecules were not directly responsible for the
differences but rather the products of genes linked to
MHC H genes {Han et af, 1894).

Immunohistochemical analysis of papillomas undergo-
ing regression showed some infiltration of leukocytes
{Okabayashi et af, 1981) and an accumulaticn of T-cells
particularly in the dermis below regressing papillomas
{Okabayashi et s/, 1993). So far there is no information
about the identity of the antigen{s} recognized in sponta-
necus regression.

A previous analysis of the antibody response to viral
proteins in 35 domestic rabbits revealed a limited re-
sponse to the early proteins E1, E2, €6, and E7 and no
response to £4 and ER. Mast interestingly, the antibody
responge to structural proteing greatly increased as pap-
ilomas progressed to carcinomas {Lin ef a/, 1993). This
increase was paralleled by an increase in the in vitro
proliferation of peripheral blood mononuclear cells
{(PBMCs) exposed to viral structural proteins (Selvakumar
gt al, 1994). The group of animals analyzed previously
included only four regressors, a number oo smal from
which to derive any conclusions. In this investigation we
analyzed 24 regressors and show that regressors have
a much higher immune response to E2 than rabbits with
progressing papillomas but are equal in their response
1o other viral proteins. Furthermare, PBMCs of some re-
gressors obtained 1 month after regression proliferate in
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FIG. 1. Antibody response to viral proteins in rabbits with persisting
and regressing papillomas. The presence of antibody to E1, E2, £6,
E7, L1, and L2 was determined by Western blotting as described under
Materials and Methods. The sera were obtained from 19 regressor
rabbits #nd 34 rabbits with persisting papillomas and include 4 re-
gressors and 31 rabhbits with papillomas from a previous study (Lin
gt al, 1993). Cpen bars, regresscr rabbits; closed bars, rabbits with
persisting papillomas.

vitro specifically in response 1o E2. This suggests that
E2 may be a target in spontaneous regression.

MATERIALS AND METHQDS
Animals and virus

New Zealand White domestic rabbits were obtaingd
fram lrish Farm, Narco, Catifornia, or from King Wheeler
Farm, Ohic. Virus stocks of the Washington & strain of
CRPV were prepared from cottontail rabbit papillomas
as previously described (Stevens and Wettstein, 1979).

Fusion proteins

The plasmids expressing Trpt, TrpE-E6, -E7, -E2, and
-E1, and the isolation of proteins as salt-insoluble fraction
were as previously described (Lin et af, 1993; Selvaku-
mar et al, 1994). Proteins used for in vitro stimulation of
PEBMCs were diluted to a concentration of 1-3 pg/ml
with complete culture medium, consisting of RPMI 1640

(Gibco) containing 1% normal rabbit serum, 50 U/ml of
penicillin, and B0 ug/ml of streptemycin. The diluted pro-
teins were divided into aliguots and stored at —70°

Western blot {immunoblot) assays and
immunoprecipitations

Antibodies to viral proteins were detected by Western
blots as previously described (Lin et af, 1993). Briefly,
the blots were developed with sera blocked with TrpE
and diluted 60-fold. All sera were tested on blots con-
taining lanes with TrpE fusion protein as well as Trpk
10 verify complete adsorption of antibody reacting with
Escherichia coli proteins, Detection of antibody to E2
by immunoprecipitation was performed using /in vitro-
translated E2 as antigen as described (Lin er al, 1983).

Isolation of PBMCs and in vitro proliferation assays

PBMCs were isclated from 60—-70 ml of blood obtained
from the ear artery and colliected into heparinized tubes.
The blood was diluted 1:1 with phosphate-buffered saline
(PBS), fayered onto an equal volume of Histopaque-1077
(Sigma Chemicat Co.), and centrifuged at 2400 rpm for
12 min in an 1EC 210 rotor. The cells at the interphase
were collected and washed three times in PBS and once
in MEM. Proliferation assays were performed in 96-well
flat-bottom microtiter plates. The cancentration of cells
was adjusted 1o 2 X 10° cells per 100 ul of culture me-
dium. The viability of the purified cells was greater than
95% as determined by exclusion of trypan biue. One hun-
dred microliters of cell suspension and 100 ul of antigen
solution were added to each well, and cultures were
incubated &t 37° in 5% CO,, 95% air for 2—8 days. Addi-
tional wells contained cells and medium only or cells and
5 pg/ml concanavalin A. Twenty hours prior t¢ harvest
1.0 pGi PHIthymidine {sp act 2 Gi/mmol; New England
Nuclear Corp., Boston, MA) in 25 ul medium was added.
Duplicate wells were harvested for each time point with
a semiautometic cell harvester {(Flow Laboratories) and
the average of the incorporated *H label was detarmined.
To quantitate the response specific for viral antigens a
stimulation index (S1} was calculated. it represents the
ratio of [*Hlthymidine incarporated in wells with fusion
protein to that in wells with 7rpE for the same day of in
vitro stimulation. A response is considered positive when
the 8i is greater than 2 (S > 2).

RESULTS
Antibody response in regressor rabbits

In our first approach 1o seg if regressor rabbits differed
from nonregressor rabbits in the recognition of viral gene
products, we analyzed their antipody response 1o viral
proteins. In a previous analysis of the antibody response
of 35 rabbits, papiilomas regressed in only 4 animals,
which is the average regression in our rabbit population.



300 SELVAKUMAR, AHMED, AND WETTSTEIN

Months post
infection

P 2 4 8 kDa

il Tl - 200
- 92
- 69

E2- ——— — = 46

30

- 143

FIG. 2. Time course of the E2 antibody response in a regressor
rabbit. The antibody response was followed by immunaprecipitation of
in vitro-translated E2 as described previously (Lin er &/, 1893). The
time the sera were obtzined is indicated at the top of the lane; P,
preinfection serum. The position of full-length E2 is indicated on the
left and the positions of molecular size markers on the right.

Of the 4 regressors, 2 had antibody to E2. Although this
was slightly higher than that in nonregressors, the low
number did not permit any conclusion. We have now
included in the analysis a total of 24 regressors. The
antibody responses to E1, E2, E6, E7, L1, and L2 were
examined by Western blotting using the 7TrpE fusion pro-
teins. The resuits from 19 rabbits tested for antibody to
all six proteins are presented in Fig. 1, which also shows
the results of 34 papilloma-bearing rabbits including 31
animals previously analyzed (Lin et a/,, 1993). The results
clearly demonstrate that regressor rabbits exhibit a much
higher response frequency to E2 than papilloma-bearing
animals. Five additional regressor rabbits analyzed only
for the presence of E2 were also all positive. When these
animals are included, antibody to E2 was detected in
almost 90% of the regressor rabbits compared 0 29%
among animals with persisting papillomas. There was
no major difference batween the two groups in their re-
sponses to E1, EB, E7, L1, and L2. Between 20 and 30%
were positive for E1 and E6 while the response to E7 in
both was about 10%. There was some difference in the
responses to L1 and L2; fewer regrassors responded to
L1 but more responded to L2. Only selected regressors
were tested for antibody to E4 and Eb but all were nega-
tive as was previously shown for rabbits with papillomas.

Since we were interested in determining whether there
was a temporal link between regression and antibody
response, many regressors were tested during or shortly
after regression as well as months to over a year later.
The results of Western blot analyses showed that at the
different time intervals 3to 4, 5 to 8, and 10 10 18 months
after infection the Western blot-positive response fre-
quency was 82, 68, and 90%, respectively. Thus, the ma-
jority of regressor rabbits remained positive during all

pericds. The time course of the antibody response 10 E2
in a regressor rabbit determined by immunoprecipitation
is shown in Fig. 2. As expected the preinfection serum
was negative. Two months after infection antibody to E2
could already be detected. The intensity of the E2 band
remained the same in subseguent analyses. This indi-
cates that the antibody response to E2 reached its peak
during regression and remained at the same level there-
after.

Cellular immune response in regressor and
nonregressor rabbits

In our previous analyses of the antibedy {Lin et al,
1993) and the cellular immune response (Selvakumar et
al, 1994) to viral structural proteins there was a parallel
between antibody response and cellular immune re-
gponse as both increased during progression to carci-
noma. To determine if there was a unique cellular im-
mune response 1o early viral proteins in regressor rab-
bits, PBMCs were isolated from animals at the three
different stages of infection, regressors, papilloma-bear-
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FIG. 3. Proliferative response to viral proteins at the papilloma stage,
after papitloma regression, and after progression to carcinoma. The in
vitro proliferative response was measured as described under Materi-
als and Methods. Sl greater than 2 is considered positive (Selvakumar
et g/, 1994). Open bars, regressor rabhits, closed hars, papilloma bear-
ing rabbits; striped barg, rabbits with carcinoma. The number of rabbits
analyzed for each gategory is indicated below the bars. Included in
the data are previcusly reported results of the response o L1 and L2
in 17 papilloma-bearing rabbits and 11 rabbits with carcinoma.
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FIG. 4. in vitro PBMC proliferaticn response to CRPV fusion proteins of a regressor rabbit The proliferation response was measured as described
under Materials and Methods with PBMCs obtained 1 month after regression.

ing rabbits, and rabbits with carcinomas, and tested for
their in vitro proliferative responses 10 early viral proteins
Et, E2, EB, and E7. In addition, rabbits were testad for
responses 10 the two structural proteins L1 and L2. The
resuits of these analyses are presentad in Fig. 3. The
proliferative responses to E6 and E7 were determined at
different time points of the different stages of infection.
The responses to E1 and E2 were determinad in a more
limited number of animals and the majority were tested
shortly after regression. Considering ali measurements,
two features are noteworthy. First, in none of the stages
was there an jn vitro proliferative respense to E1, and
second, the mast freguent response in regressors was
1o E2.

When PBMCs obtained during regression were tested
for their inr vitro proliferative response, there was a high
hackground proliferation in the majority of animals. Four
of the seven animals with the high background were
retested 1 month later when regression was complete.
At this time PBMCs of all four had a specific response
only 1o £E2 and not to any other early or late protein {Fig.
4). The values of the E2 Si for these animals ranged from
2.6 to 6.8 and the data presented in Fig. 4 are for the
animal with the lowest value. Two animals with a high
background during regression when lested 4 months
after regression did not respond to E2. This may indicate
that the E2-specific proliferation response observed after
regression was transient. Overall, both antibody and cel-
lular responses point to E2 as a viral antigen targeted in
regression.

DISCUSSION

Cur analysis of the humoral immune response showed
a high frequency of antibody to E2 unique to regressor
rabbits. The cellular immune response to E2 was also
detectea more frequently in regressor rabbits than in

nonregressors or carcinoma-bearing animals. The most
compelling evidence that E2 is an antigen specifically
recognized by cell-mediated immunity in regression is
the finding that alfl four regressors 1ested at the end of
regression were positive for this viral protein only. In
regressors the antibody response to E2 was detected
about twice as frequently as the proliferative response,
and the antibody response persisted for over a year.
Thus, immune recognition of E2 in regressors was long
lived and this was previously shown 10 be true {(Kreider,
1963; Evans and Ito, 1966) for the regression-mediating
immune response.

Several linas of evidence suggest a role far the cellular
immune response in papilloma regression. First, transfer
of sera from animals with regressing papilloma did not
increase the regression rate in recipients (Evans et a/,
1962). Second, regressing papilloma had a fourfold
higher infiltration of leukocytes than persisting papilloma
{Kreider, 1980), and T-cells were shown to accumulate
in the dermis beneath regressing papillomas (Okabaya-
shi et al, 1991, 1993). Third, regressor rabbits have a
higher skin reactivity than nonregressors to viral antigen
(Hopfl et al, 1993}, Our experiments provide further sup-
port for a role of the cellular immune response in regres-
sion and suggest that E2 is an antigen recognized in
this response. In contrast to the long-lived nature of the
regression response, the in vitro proliferative response
10 E2 appeared to be short lived. Mast likely, this reflects
a limited sensitivity of the prcliferation assay, permitting
detection only at the respcnse peak. Spontaneous re-
gression of CRPV-induced papilloma is a relatively rare
event but regression can be increased by immunization.
Our finding that immunization with E2 increases regres-
sion (Selvakumar et a/, 1995) supports the notion that
this antigen could play a role in spontaneous regression.
In addition fo E2, immunization with £1 {Selvakumar et
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al, 1995) and E6 (Lathe ef a/, 1989) increases regression.
So far, however, we have no evidence that either of these
two proteins is targeted in spontanecus regression.

Spontaneous regression appears to be a hallmark of
bovine papilloma virus-4 infection in cattle. Papillemas
in most animals disappear within a year (Campo &t a/,
1993). Spontanecus papilloma regrassion is often ob-
served in humans (Tagami et al, 1974, Aiba et al, 1986;
Tay et al, 1987). Interestingly, in a patient with human
papilloma virus-31-associated condyloma undergoing
spontanecus regression there was a transient specific
in vitro proliferative response of PBMCs to an E7 peptide.
The response was present 2 to 3 weeks after regression
but was no longer detectable 3 months later (Kadish et
al, 1994), This is similar to the E2-specific PBMC prolifer-
ative response observed in rabbits after regression,

Our investigation of the immuné response to viral pro-
teins in regrassor rabbits clearly implicates E2 as a criti-
cal antigen. The finding that the in vitro protiferative re-
sponse can only be detected shortly after regression
while the regression phenomenon appears to be long
lived most likely reflects a limited sensitivity of the in
vitro proliferation assay.
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