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Lesions generated by infection with cottontail
rabbit papilomavirus frequently undergo spon-
taneous regression. Thepurpose ofthis immuno-
histochemical study was to compare leukocyte
and papilloma ceU proliferation in progressing
and regressing papillomas and to test the
hypothesis that regression was associated with
an inhibition ofpapiloma cell proliferation. The
monoclonal antibodies (MAbs) MAb-019 (specific
for DNA/bromodeoxyuridine [BrdU] complexes),
Ki-67 (specific for actively proliferating cels),
L11/135 (specific for rabbit T cells), and 2C4
(specific for rabbit class II antigen) were used
for this purpose. In progressing papilomas,
there were few leukocytes (<1%) in the dermis
that stained with MAb-019 and Ki-67, whereas
these antibodies stained 4.5% and 6.8% of the
intraepidermal leukocytes, respectively. Regress-
ingpapilomas contained conspicuous leukocytic
infiltrates in the dermis, of which 76.9% were
L11/135-positive T ceUs. However, few intrader-
mal leukocytes (<3%) stained positively with
MAb-019 and Ki-67MAbs, despite expressing rab-
bit class II antigen. The epidermis of regressing
papilomas contained a higher percentage of
MAb-019- and Ki-67-positive leukocytes than the
epidermis ofprogressing papilomas. Intraepi-
dermal leukocytes inprogressing and regressing
papillomas consisted mainly ofT ceUs stained by
L11/135. It appeared that many dermal leuko-
cytes (mainly T cells) form a non-cycling T cel
population in both progressing and regressing
papilomas, whereas intraepidermal T ceUs in
regressing papillomas were effectively activated
and represented a cycling Tcel population. MAb-
019 and Ki-67 MAbs demonstrated similar stain-
ing patterns in papilloma and normal tissues.
However, in both progressing and regressing

papillomas, the Ki-67 MAb usualy stained a

largerpercentage ofceUs than the MAb-019 MAb.
MAb-019 and Ki-67 MAbs showed a homogenous
distribution ofpositive cellsfrom basal layer to
the upper layer in progressing papilomas. On
the other hand, in regressing papillomas, ceU
staining with the two antibodies was concen-
trated in the basaland lower layers, but not in the
upper layers. This result indicates that cell pro-
liferation in the upper epidermal layers is sup-
pressed in regressing papillomas. Our present
data show that intraepidermal T- ceU activation
and suppression of tumor proliferation might
play a crucial role in papiloma regression. (Am
J Pathol 1993, 142:489-496)

It is widely accepted that human papillomaviruses
are causative agents associated with a variety of
cutaneous and mucosal squamous epithelial lesions
in humans.1-3 Some of the tumors induced by human
papillomaviruses spontaneously regress after the
sudden occurrence of inflammation. In addition,
Shope papillomas induced by the cottontail rabbit
papillomavirus (CRPV) show similar spontaneous
regression. Shope rabbit papillomas have long been
a useful animal model for human neoplasia and
human papillomavirus infection.4'5 Spontaneously
regressing lesions are infiltrated by a large number
of leukocytes, mainly lymphocytes, suggesting that
cell-mediated immunity plays an important role in the
rejection of papillomas.467 Previously, our data have
shown that most of the infiltrating mononuclear cells
in regressing rabbit papillomas were T cells (about
70%) and expressed rabbit class 11 antigen.8 How-
ever, the role of those infiltrating lymphocytes in
tumor regression is not well known. We tested the
hypothesis that regression was associated with an
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inhibition of papilloma cell proliferation. To examine
this, three monoclonal antibodies (MAb-019, Ki-67,
Li 1/1 35) were used in immunohistochemical analy-
sis of rabbit papillomas. Previously, proliferation of
tumors was measured with the use of tritiated thymi-
dine and autoradiography.7 9 10 However, the use of
tritiated thymidine was strictly limited because of
isotope contamination hazards. To overcome this
problem, the use of the nonradioactive thymidine
analogue bromodeoxyuridine (BrdU) and a mono-
clonal antibody against BrdU (MAb-019) were
developed.11-13 The Ki-67 MAb14 is an alternative
that recognizes a human nuclear antigen that is
expressed by cells in all phases of the cell cycle, but
not by resting or differentiated cells.15 The Ki-67 MAb
is now widely used as a method for assessment of
the growth fraction in human tumors.16'17 Recently
the Ki-67 antigen has been characterized as a non-
histone nuclear protein with a molecular weight of
395 kd and 345 kd.18 In addition, it has been shown
that this MAb also reacts with rabbit tissues.19 The
Li 1/135 MAb was used to identify all T
lymphocytes.i In this study, we tested the hypothe-
sis that proliferation of papilloma cells and leuko-
cytes might differ between progressing and regress-
ing papillomas.

Materials and Methods

Animals
A total of 20 New Zealand White rabbits was pur-
chased from Gingrich Animal Supply, Fredricksburg,
PA. CRPV was obtained from wild cottontail papil-
loma extracts.7 All rabbits were inoculated at four
sites with a 10-2 dilution of viral stocks onto an
abraded area (1 x 1 cm) on the dorsal skin. Papil-
lomas were measured once or twice per week. Rab-
bits were identified as regressors by the complete
involution of at least one papilloma site with a con-
comitant reduction in papilloma volume at all remain-
ing sites. While a total of 6 regressor rabbits were
obtained, rapid disappearance of all papillomas on 3
of these excluded them from analysis. At least 1
papilloma from each of the 3 remaining regressors as
well as 2 to 3 papillomas from each progressor rabbit
were analyzed. Three regressor rabbits and 6 pro-
gressor rabbits were injected through the marginal
ear vein with a total dose of 50 mg/kg BrdU in a 0.1
mol/L carbonate buffer 3 hours before sacrifice.

Tissue Preparation

Three regressing papillomas from three regressor
rabbits were used for Ki-67 and Li 1/135 MAb stain-

ing, and four regressing papillomas from three
regressor rabbits were examined using MAb-019.
Papillomas from six progressor rabbits were stained
with MAb-019 (17 sites), Ki-67 (15 sites), and Lii/
135 (16 sites) MAbs. All progressing and regressing
papillomas were divided into two parts and either
fixed in 10% neutral-buffered formalin or embedded
in OCT compound (Miles Inc., Elkhart, IN) and snap-
frozen in liquid nitrogen. Frozen tissue blocks were
stored at -70 C until use. Formalin-fixed tissues, par-
affin-embedded, were used for routine hematoxylin
and eosin staining and immunohistochemical stain-
ing with the MAb-019 MAb.

Monoclonal Antibodies

Li 1/135 hybridoma cells (recognizing all rabbit T
lymphocytes)20 were obtained from the American
Type Culture Collection, Rockville, MD (catalog no.
TIB188) and cultured in RPMI 1640 medium (1% fetal
calf serum), 200 mmol/L glutamine, 25 mmol/L N-2-
hydroxyethylpiperazine-N'-2-ethanesulfonic acid,
100 U streptomycin and penicillin. Four- to five-day
culture supernatants were used directly as a 1:4 dilu-
tion with 4% bovine serum albumin in phosphate-
buffered saline. Two mouse MAbs, Ki-67 (specific for
nuclear antigen present only in proliferating cells)14
and MAb-019 (specific for BrdU-incorporated into
DNA), were purchased from Dakopatts (Santa
Barbara, CA) and Chemicon (Tewecula, CA),
respectively.

Staining Procedures

Six-micron-thick cryostat sections of snap-frozen tis-
sues were placed on silane-coated slides, air-dried
at room temperature, then fixed in cold acetone for
10 minutes. Alternatively, 4-p-thick formalin-fixed,
paraffin sections were dewaxed in xylene and rehy-
drated with a graded series of ethanol. Subse-
quently, the slides were put in 0.3% peroxidase
blocking solution for 10 minutes at room
temperature. Afterward, all slides were incubated
with nonimmune 10% rabbit serum to block nonspe-
cific Fc receptor binding and then treated with
appropriate primary antibodies, MAb-019 (at a dilu-
tion of 1:20), Ki-67 (at 1 :16), and Li 1/135 (at 1:4), for
30 minutes at 37 C. After incubation, the slides were
rinsed and stained by an avidin-biotin complex stain-
ing method of the Histostain-sp kit for mouse MAbs
according to the manufacturer's protocol (Zymed
Laboratories, South San Francisco, CA). This stain-
ing procedure was performed by a Code-On Immu-
nostainer (Fisher Scientific, Pittsburgh, PA).
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Morphometry

Quantification of positive cells was achieved by
microscopic observation via superimposition of a
0.25 x 0.25 mm ocular grid on the microscopy field.7
The center of the grid was placed on the epidermal
basement membrane so that the grid extended 125
p above and 125 p below the membrane. The grid
was divided into 6 ranks in the vertical dimension:
ranks 1, 2, and 3 were in the epidermis, and ranks 4,
5, and 6 were in the dermis. Ranks 1, 2, 5, and 6
corresponded to strips of 50 p, and ranks 3 and 4
corresponded to strips of 25 p in the vertical
dimension. For example, rank 1 extended from 125 p
to 75 p from the basement membrane, rank 2
extended from 75 p to 25 p from the basement mem-
brane, and rank 3 extended from the basement
membrane to 25 p above, etc. Each rank corre-
sponded to 250 p in horizontal dimension (Figure 1).
Within each rank, all targeted cells were counted and
the grid was moved laterally, in non-overlapping
fields, from the marginal to central portion of the
section. At least three fields were counted in each
section. Enumeration of positive cells was carried out
at a magnification of x400, and Student's t-test was
used for statistical analysis.

Results

Analysis of MAb-019 and Ki-67
MAb-Positive Keratinocytes in
Progressing and Regressing Papillomas
As shown in Figures 2 and 3 in both progressing and
regressing papillomas, MAb-019 and Ki-67 revealed
very similar staining patterns. In progressing papil-
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Figure 1. Quianitification ofpositive cells was achieived by superimpo-
sitioni of a 0.25 X 0.25 mmn ociulargrid oni the inicroscopyfield. The
center ofthe grid w'asplaced on7 the epidermal basement membranie so
that in the ivertical dimenisioni the grid cxtended 125 , above anid 125
It belowii the niembrane. The grid was divided inito 6 ranks in the
vertical dimnenision; raniks 1, 2, anid 3 were in the epidermis, whereas
raniks 4, 5, anid 6 were in the dermis.

Figure 2. Distribiotion o,jproliferating ce(lls in progre.ssing papillomtas.
A, B, C: MAb-019 (anti-Brd(7), Ki-67, anzd L11i135 (T cell),
respcLtivelY. Progressing papillonmas shou' high and eqlial percentage.s
oJlMAb-019 (A)- and Ki-67(B)-positiivepapilloma cells extendingfrtom
the basal laoer to the tnpper layer in the epidermis. Few infiltrating
leukoc'ytes can be seen in either the dermis or epidernmis of the section.
AAb-019 anid Ki-67 labeledJfe leukocytes in the derniis whereas a

loul, hott higher percentage, were labeled within the epidermis. Thcse
initraepidermal leukocytes contsist mostly' ofLI IL35-positive Tcells (C).
Mfagnilication, X 130.

lomas, these two antibodies demonstrated relatively
homogenous staining among the epidermal ranks.
For example, 20.9% of the cells in rank 1 were MAb-
019-positive, whereas 28.6% were positive in rank 3.
On the other hand, 68.4% of the tumor cells in rank 1
were Ki-67-positive, and 49.0% were positive in rank
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Figure 3. Distribution ofproliferatinig cells int regressing papillonlas.
A, B, C: .lAb-019 (anti-Brdf'), Ki-67, anid L11/1_35 (T cell),
respectiveli. In regressinig papillomas, most of the lMAb-019 (A)- anld
Ki-67(B)-positivepapilloma cells cani be seen niear the basement nmemn-
branie in the epiderniis (nmainli inz ranik 3), whereas there are a fet
positiw.e cells in the uipper epidermiiis. Infiltrating leukocl'tes canl be seen
ini both the dermis anid epidermnis of the section. Feew of the dernial
leukocvtes are .ltAb-019- anzd Ki-67-positive, w'hereas the epidermlal
leukocl'tes exhibited a higher- percentage of positive cells. EidernIlial
lentkocytes present conisist mostly of LIi 1135-positive T cells (C). Mlag-
nification. x 130.

3 (Table 1, Figure 2, A and B). The upper epidermis
in each section (rank 1 or rank 2) had a higher per-

centage of positive cells than the basal layer (rank
3), but no significant differences could be seen.

Each rank in all progressing papillomas contained a
greater number of Ki-67- than MAb-01 9-positive cells
(P< 0.01).

In regressing papillomas, these two antibodies
showed remarkably different labeling distributions as
compared with progressing papillomas (Table 1). In
rank 3, there was no significant difference between
progressing and regressing papillomas with respect
to numbers of MAb-019- and Ki-67-positive cells.
However, in ranks 1 and 2, regressing papillomas
had an extremely decreased number of MAb-019-
and Ki-67-positive cells (6.6% and 7.9% in rank 2,
3.8% and 2.9% in rank 1, respectively), as compared
with ranks 1 and 2 in progressing papillomas, which
contained a slightly higher percentage of positive
cells than did rank 3. There were also significant
differences in MAb-019- and Ki-67-positive cells
between rank 1 or rank 2 and rank 3 (P < 0.01).

Immunoreactivity with MAb-019 and Ki-67 was
examined in all tissue sections taken from Shope
papillomas and various normal organs as positive
controls. Immunohistochemical staining was pre-
dominantly nuclear in MAb-019- and Ki-67-positive
cells, whereas cytoplasmic staining was also
observed in epidermal basal layers by the Ki-67
MAb. Only positive nuclei were counted. These two
antibodies showed very similar tissue distributions.
For example, in brain, cerebellum, liver, and kidney,
immunoreactivity to both MAb-019 and Ki-67 was not
seen at all. On the other hand, in stomach and colon,
squamous epithelial cells did not exhibit positive
staining, whereas glandular cells reacted with both
MAb-019 and Ki-67 MAbs. Although there was no
significant difference in the staining patterns in nor-
mal tissues and in regressing papillomas, it
appeared that the Ki-67 MAb labeled a slightly
higher number of cells than MAb-019. There was a
significant difference, however, in the number of pos-
itive cells in progressing papillomas between MAb-
019 and Ki-6 (P < 0.01).

Analysis of Proliferation of Dermal and
Epidermal Leukocytes in Progressing and
Regressing Papillomas
As we have previously reported,8 the dermis of pro-
gressing papillomas contains few B and T cells.
These dermal leukocytes in progressing papillomas
(ranks 4, 5, and 6) did not react with MAb-019 and
Ki-67 MAbs; the percentage of positive cells ranged
only from 0 to 0.5%, respectively. It was difficult to
distinguish infiltrating leukocytes in the epidermis
from papilloma cells by manual immunostaining. To
allow for better resolution of stained sections, a com-
puter-driven Code-On Immunostainer (Instrumenta-
tion Laboratory, Lexington, MA) was successfully
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Table 1. Comparison of Tumor Cell Proliferation Between Regressing and Progressing Papillomas

MAb-019 (BrdU) Ki-67
Rank Regressor (n = 4)* Progressor (n = 17) Regressor (n = 3) Progressor (n = 15)

1 (superficial epidermis) 1.7 ± 2.4/44.5 ± 9.2t 15.1 ± 4.1/51.2 + 10.4 1.3 ± 1.6/45.2 ± 1.2 26.6 ± 7.2/38.9 ± 10.6
(3.8%) (20.9%)t (2.9%) (68.4%)t

2 (mid-epidermis) 4.0 ± 3.8/61.0 + 9.0 22.5 ± 5.0/72.1 ± 13.6 4.2 ± 4.2/53.1 ± 1.8 30.7 ± 7.6/53.2 ± 12.8
(6.6%) (31.2%)t (7.9%) (57.5%)t

3 (deep epidermis) 17.9 ± 1.4/59.4 + 4.7 17.5 ± 4.2/61.2 ± 6.5 45.1 ± 16.3/66.3 + 16.1 26.7 ± 8.0/54.5 ± 7.7
(30.1%) (28.6%) (68.0%) (49.0%)

Number of papillomas examined from 3 regressor rabbits and 6 progressor rabbits.
t Number of positive cells ± SD/mean number of total tumor cells ± SD in each rank. Numbers in parentheses, percentage of positive cells

to total cells.
t P < 0.05 Student's t-test; the percentage of each MAb-positive cells was compared between regressing and progressing papillomas of

each rank.

used. Intraepidermal lymphocytes had small (one-
half to one-third of that of tumor cells), round, homog-
enous, dense, blue-colored nuclei by hematoxylin
counterstaining, whereas the nuclei of papilloma
cells were different. Usually few leukocytes were
seen in the epidermis of progressing papillomas
(Figure 2C). Therefore, positive cells could not be
counted by rank, but instead examined as a function
of the total number of epidermal leukocytes in ranks
1 to 3 combined.
The percentage of leukocytes in the epidermis of

progressing papillomas labeled by MAb-019 was 4.5
+ 1.1% (mean ± SD), and Ki-67-positive cells were
6.8 ± 1.8% (mean + SD). Although these two values
were relatively low, significant differences could be
seen between MAb-019- and Ki-67-positive cells in
the epidermis and in the dermis (ranks 4, 5, and 6)
(Table 2). About 20% of the leukocytes in the dermis

(ranks 4, 5, and 6) were T cells, which were stained
by Li 1/135 MAb. In contrast, 93.3% of intraepider-
mal lymphocytes consisted of Li 1/135 MAb-positive
T cells. This result indicates that almost all infiltrating
leukocytes in the epidermis were T cells, and 4.2 to
6.3% of those were proliferating. On the other hand,
regressing papillomas contained many infiltrating
leukocytes in the dermis and epidermis. More than
70% of the dermal leukocytes (in ranks 4, 5, and 6)
consisted of T cells labeled by the Li 1/135 MAb
(Table 2, Figure 3C), and almost the same percent-
age of those cells also expressed class 11 antigen, as
we have previously reported.' As shown in Table 2,
only a small percentage of the dermal leukocytes in
regressing papillomas were labeled by MAb-019
(0.6% in rank 4 to 1.2% in rank 6) and Ki-67 (1.5% in
rank 5 to 2.7% in rank 6). Most of the cells did not
react with either of the two MAbs, despite expressing

Table 2. Quantitationi of Proliferatinzg Leutkocytes in the Epidermis and the Dermis of Progressing anld Regressing Papillomas

MAb-019 (BrdU) Ki-67 Li 1/135 (T cells)
Progressing Regressing Progressing Regressing Progressing Regressing
papillomas papillomas papillomas papillomas papillomas papillomas

Rank (n= 17)* (n= 4) (n= 15) (n= 3) (n= 16) (n= 3)

1 (superficial epidermis) 0.2 + 0.2/ 0.6 + 0.3/ 5.9 + 2.2/
2.3 + 0.4t 4.5 ± 0.7 6.4 ± 2.2
(8.7%)§ (13.3%) (92.2%)2 (mid-epidermis) Combined 0.7 ± 0.2/ Combined 4.0 ± 2.4/ Combined 18.1 ± 3.6/

ranks 9.0 ± 2.6 ranks 20.3 ± 5.8 ranks 19.1 ± 3.7
1 -3 (7.8%)§ 1 -3 (19.7%) 1-3 (94.8%)

(4.5%)t§ (6.8%)§ (93.3%)
3 (deep epidermis) 1.9 ± 0.5/ 8.1 ± 1.5/ 23.7 ± 5.2/

16.7 ± 2.7 28.8 ± 5.7 24.1 ± 5.2
(11.4%)§ (28.1%)§ (98.3%)4 (superficial dermis) 0.0 ± 0.1/ 0.3 ± 0.3/ 0.0 ± 0.1/ 1.1 ± 0.1/ 4.8 ± 1.4/ 53.6 ± 8.0/

26.9 ± 3.5 54.2 ± 5.7 24.7 ± 2.9 64.2 ± 2.7 23.4 ± 2.8 69.7 ± 7.6
(0%) (0.6%) (0%) (1.7%) (20.5%) (76.9%)5 (mid-dermis) 0.2 ± 0.1/ 0.5 ± 0.2/ 0.1 ± 0.1/ 1.3 ± 0.4/ 7.0 ± 2.0/ 72.7 ± 10.9/

43.8 ± 5.0 75.7 ± 7.5 40.9 ± 5.0 29.2 ± 3.2 38.8 ± 4.6 99.1 ± 12.6
(0.5%) (0.7%) (0.2%) (1.5%) (18.0%) (73.4%)6 (deep dermis) 0.1 ± 0.1/ 0.6 ± 0.6/ 0.1 ± 0.1/ 1.9 ± 0.4/ 6.9 ± 1.8/ 55.6 ± 10.8/

41.1 ± 5.6 59.8 ± 5.6 39.9 ± 5.2 69.9 ± 4.9 36.3 ± 5.6 79.5 ± 8.7
(0.2%) (1.2%) (0.3%) (2.7%) (19.0%) (69.9%)

Number of progressing and regressing papillomas examined from 6 progressor and 3 regressor rabbits, respectively.
t Number of positive cells ± SD/mean number of total leukocytes ± SD in each rank.
t Percentage of positive leukocytes to total epidermal leukocytes. Numbers in parentheses, percentage of positive leukocytes to total

leukocytes per rank.
§ P < 0.05; P value of the percentage of MAb-019- and Ki-67-positive cells when compared between the epidermis (ranks 1-3) and the

dermis (ranks 4-6).
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Table 3. Suimmary of the Chaniges in Regressing Papillomas as Compared with Progressing Papillomas

Proliferating tumor Number of T cells Proliferating T cells Number of T cells Proliferating T cells
cells in epidermis in epidermis in epidermis in dermis in dermis

Decreased Increased Increased Increased Decreased

class 11 antigen. On the other hand, epidermal infil-
trating leukocytes had a higher number of MAb-019-
positive cells (7.8% in rank 2 to 11.4% in rank 3) and
Ki-67-positive cells (15.2% in rank 1 to 28.1% in rank
3). Most of the infiltrating cells in the epidermis were
located near the basement membrane (rank 3).
When the immunoreactivity of MAb-019 and Ki-67

was compared with infiltrating leukocytes, leuko-
cytes in the epidermis (ranks 1, 2, and 3) contained
a higher percentage of positive cells than those in
the dermis. There was a significant difference in
immunoreactivity with MAb-019 and Ki-67 between
the epidermis (except rank 1 of Ki-67) and the der-
mis (P< 0.01). Epidermal infiltrating leukocytes con-
sisted mainly of T cells (92.2% in rank 1 to 98.3% in
rank 3) (Table 2, Figure 3C), whereas almost no B
cells could be seen (data not shown). The percent-
age of T cells (relative to the total number of infiltrat-
ing leukocytes) in the epidermis of regressor papil-
lomas was similar to that of progressor papillomas.
These results are summarized in Table 3.

Discussion
We hypothesized that cellular proliferation in
regressing papillomas was suppressed or reduced
relative to that in progressing lesions. Our previous
study suggested that tumor cell growth might be
suppressed in regressing papillomas when com-
pared with progressing papillomas as determined by
counting tritiated thymidine-labeled tumor cells.7 In
the current study, these findings were independently
confirmed as demonstrated by the immunohis-
tochemical reactivity pattern seen with MAb-019 and
Ki-67 MAbs.7 Our data demonstrated that cellular
proliferation occurred only near the basement mem-
brane in the epidermis of regressing papillomas (eg,
germinal layer), and that this proliferation was sup-
pressed in the upper layers of regressing papillomas
(eg, stratum spinosum or stratum granulosum). The
suppression of cellular proliferation in the stratum
spinosum and granulosum but not in the germinal
layer raises an interesting question. Dense leuko-
cytic infiltrates are concentrated mainly near the
basement membrane in the dermis or in the
epidermis. If these infiltrating lymphocytes and the
keratinocytes near the basement membrane pro-
duced cytostatic/cytotoxic lymphokines such as
interferon and tumor necrosis factor-a, which are

toxic to papillomas, it might be assumed that tumor
suppression would be greater in the lower epidermal
layers of the papilloma. The question is then why
tumor growth is suppressed in the upper layers and
not in the lower layers.

The answer to this question might offer insight into
the mechanism of papilloma regression. One possi-
ble reason is that, because passive diffusion of nutri-
ents and oxygen decreases as the distance from the
dermal blood supply increases, the cells within the
superficial layers of the papilloma are more suscep-
tible to the toxic activity of such cytokines. Another
possibility is that these factors may specifically affect
CRPV gene expression. If cell proliferation in the
superficial layers of the papilloma is driven by the
expression of CRPV genes E6 and E7, which are
implicated in cellular transformation, a decrease in
their expression may remove infected cells from the
cell cycle.

However, the method of eliminat.on of papilloma
cells in regressing lesions also remains to be
defined. In this study, regions of necrosis were not
observed in regressing lesions. Likewise, cell necro-
sis has not been observed in the examination of
numerous regressing lesions by one of us (JWK).
One possible mechanism for the elimination of
infected cells would be through normal epidermal
migration and desquamation. In this mechanism,
cellular proliferation may be halted and/or differenti-
ation initiated by the release of leukocytic factors as
mentioned above. Early studies by Rashad and
Evans21 have indicated that cell migration rates
within Shope papillomas may be greater than that
seen for normal rabbit epidermal basal cells. If one
thinks of papilloma growth as an imbalance of epi-
dermal proliferation versus epidermal migration/
desquamation, then by decreasing only the prolifer-
ative fraction of the lesion the balance would be
shifted so that the rate of cell loss would exceed the
rate of cell replacement and the lesion would then
slowly disappear. This model does not require the
death of infected cells to account for gradual lesion
reduction, but we cannot now exclude a role for
cytoxic T cells.

Monoclonal antibodies to BrdU-DNA complexes
(MAb-019) and the MAb Ki-67 are useful alternatives
to isotopic methods to detect proliferating cells.22-25
In this study, we compared the staining patterns of
these antibodies in normal organs and in both pro-
gressing and regressing Shope papillomas induced
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by CRPV. Although these two antibodies exhibited
similar staining patterns and distribution in each tis-
sue, the Ki-67 MAb always labeled a higher percent-
age of cells than MAb-019. This difference was
remarkable in progressing papillomas (P < 0.01).
This result may reflect the different phases of the cell
cycle sensitive to MAb-019 or Ki-67 labeling. Ki-67
antigen is produced during all cell cycle phases
except GO,15 but incorporation of BrdU into DNA is
mainly restricted to S-phase cells.11 In turn, the Ki-67
MAb might be more sensitive than MAb-019 in the
detection of actively proliferating cells (ie, tumors),
because of the lower background staining exhibited.

In some other diseases, for example psoriasis,26
delayed-type hypersensitivity,27 and inflammatory
dermatoses,28 infiltration of T lymphocytes has also
been observed in the lesions. In addition, in mycosis
fungoides and cutaneous T cell lymphoma, a dense
infiltration of T cells was reported.24'29-31 These T
cells express lymphocyte function-associated anti-
gen (LFA-1), which is a member of the integrin
receptor family of molecules,35'36 on their cell
surfaces.32-34 LFA-1 present on T cells interacts with
the intercellular adhesion molecule-1 (ICAM-1) on
the surface of keratinocytes after trafficking through
the high endothelial cells lining the post-capillary
venules of the skin.26'34 However, it was reported that
in mycosis fungoides, there was discordant pheno-
type expression of T cells and Ki-67 antigen expres-
sion between intraepidermal and intradermal T
cells.24'31 We attempted to stain regressing rabbit
lesions with MAbs that recognize human LFA-1,
ICAM-1, and Ki-67, but only the MAb Ki-67 cross-
reacted with rabbit cells. Immunostaining with MAb-
019 and Ki-67 showed that there were few proliferat-
ing T cells in the dermis, despite expression of class
11 antigen, whereas the epidermal T cells nuclei
reacted with the Ki-67 antigen. Intratumoral T cells
were easily distinguished from papilloma cells on
hematoxylin and eosin-stained sections by the small,
round, homogenous, and dense blue staining char-
acteristics of their nuclei and by immunostaining with
MAb-019. More than 90% of the cells that had these
nuclear characteristics were stained with the rabbit T
cell-specific Li 1/1 35 antibody (Table 3). We did not
observe necrotic foci, which might have made inter-
pretation of the cell counts more difficult. Although
we could not demonstrate the existence of LFA-1 on
the dermal T cells, this glycoprotein might be
expressed in order for T cells to enter the epidermis
after the interaction with the ICAM-1 on the surface of
the keratinocytes. However, additional studies are
needed to determine whether epidermal proliferating
T cells have a different function for lymphokine pro-
duction from the dermal T cells.

Our data conclusively demonstrate that in regress-
ing papillomas tumor cell proliferation was strongly
suppressed in the upper layers of the epidermis.
This mechanism might be induced by the production
of lymphokines from infiltrating T cells (especially
intraepidermal T cells). In general, human flat warts
or cervical neoplasms caused by human papilloma-
virus frequently undergo spontaneous regression.
The examination of Shope papilloma regression is a
useful model for understanding spontaneous human
papilloma regression and the role of host immunity.
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