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The exact role of the mucosal immune response in
the pathogenesis of human papillomavirus (HPV)-re-
lated premalignant and malignant diseases of the gen-
ital tract is poorly understood. We used immunohis-
tochemical analysis to characterize immune cells in
normal cervix (N = 21), HIV-negative high-grade dys-
plasia (Vv = 21), and HIV-positive high-grade dysplasia
(v = 30). Classical germinal centers were present in
4.7% of normal cervix, 33% of high-grade lesions
from HIV-negative women, and 3.3% of high-grade
lesions from HIV-positive women (P = 0.003). HPV16
E7 antigen was detected in a subset of germinal cen-
ters, indicating that the secondary immune response
was directed in part against HPV. Lymphoid follicles
were present in 9.5% of normal cervix, 57% of HIV-
negative high-grade dysplasia, and 50% of HIV-posi-
tive high-grade dysplasia (P = 0.001 normal versus
high-grade). A novel type of lymphoid aggregate, con-
sisting predominantly of CD8* T cells, was detected
in 4.8% of normal cervix, 0% of HIV-negative high-

grade dysplasia, and 40% of HIV-positive high-grade
dysplasia (P < 0.001). The recurrence rate of high-
grade dysplasia within one year was significantly
higher in women with such CD8" T cell-dominant
aggregates (P = 0.02). In summary, the types of lym-
phoid follicle in lesions from HIV-positive women
were significantly different from those from HIV-neg-
ative women, and these differences are associated
with the worse clinical outcome in HIV-positive
women. (Am J Pathol 2002, 160:151-164)

Human papillomavirus (HPV) infections of the cervix can
result in a series of changes in the epithelium known as
cervical dysplasia. The early changes (low-grade squa-
mous intraepithelial lesion [SIL]) reflect active viral repli-
cation and are clinically innocuous. The more advanced
forms of dysplasia (moderate and severe dysplasia and
carcinoma in situ; high-grade SIL) represent potential
cancer precursors; = 12% of severe dysplasia will
progress to cancer if left untreated.” HPV from high-risk
viral types can be detected in >90% of high-grade SIL
and cervical cancers, strongly implicating the virus as an
etiological agent in cervical carcinogenesis.? * However,
a large percentage of HPV infections are clinically unde-
tectable and do not result in dysplasia or cancer. Multiple
epidemiological studies have reported that HPV infection
is detected more frequently, and that the incidence and
severity of genital neoplasia are higher among immuno-
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compromised women, including those with HIV infec-
tion.®~'° These data imply that the host immune response
to HPV is critical in determining the outcome of HPV
infection, and in 1992, invasive cervical cancer was in-
cluded as an AIDS-defining illness in HIV-positive women
by the Centers for Disease Control and Prevention.’

The exact relationship between altered immune func-
tion and the development of HPV-related cervical can-
cers has not been elucidated. The purpose of this study
was to test the hypothesis that high-grade SIL of women
with HIV infection is characterized by attenuation of the
numbers and function of infiltrating mucosal lymphocytes
and inflammatory cells compared to lesions from unin-
fected women. Since low-grade SIL is unlikely to
progress to cancer and has a high likelihood of sponta-
neous regression, we focused this study on high-grade
SIL, a true cancer precursor. We performed immunohisto-
chemical analyses to characterize the types and organiza-
tion of inflammatory cells in normal cervix and samples of
high-grade SIL from HIV-positive and HIV-negative women.
We find that lymphoid follicles are a common feature of
high-grade SIL. In addition, classical germinal centers are
found in a subset of lesions from HIV-negative women but
are uncommon in HIV-positive women. Finally, a novel type
of aggregate is abundant in lesions from HIV-positive
women and is associated with higher rate of recurrence
within one year after treatment.

Materials and Methods

Specimens and data for the HIV-positive participants of
this study were obtained in collaboration with the Wom-
en’s Interagency HIV Study (WIHS), a longitudinal multi-
site cohort study of women with or at risk for HIV infection.
Study sites included consortia based at the Bronx Leba-
non Hospital, State University of New York, Brooklyn,
Georgetown University, Cook County Hospital, University
of California, San Francisco, and the University of South-
ern California. Detailed methods for this study have been
published previously.'? All study procedures and con-
sent materials were reviewed and approved by human
subjects protection committees at each collaborating in-
stitution and by the WIHS executive committee. HIV in-
fections were verified by enzyme immunoassay serology
with Western blot confirmation. CD4 cell counts of periph-
eral blood were performed by flow cytometry in labora-
tories participating in the fluorescence-activated cell
sorter (FACS) quality assurance program. Plasma HIV
levels were determined using the Organon Teknica
NASBA test in laboratories participating in the National
Institutes of Health virology laboratory quality assurance
program. Cervical infections with Chlamydia trachomatis
(C. trachomatis) and Neisseria gonorrheae (N. gonorrheae)
were identified by PACE-2 DNA probe tests (GenProbe,
San Diego CA). Bacterial vaginosis was identified by
gram stain as previously described.’® Candidal and
trichomonas vaginitis were identified by wet mount with
saline and 10% KOH. Cervicovaginal lavage with 10 ml
saline was performed at each visit, and the resulting
material aliquoted and frozen within 6 hours of collection.

HPV testing was performed using polymerase chain re-
action (PCR) with L1 consensus primers as described
previously.' Pap smears were obtained from each
woman, and colposcopy was performed for those women
with abnormal results. Loop and cone biopsies were
performed for standard indications and tissues were ar-
chived as paraffin blocks after pathological evaluation at
the originating institution.

Specimens for the normal cervix group were obtained
as paraffin-embedded blocks from the Department of
Pathology archives at UCSF from women who underwent
hysterectomies for benign uterine disease with no cervi-
cal abnormalities. Specimens and data for the HIV-neg-
ative high-grade SIL group were obtained as paraffin-
embedded sections of cone and loop excisions from the
UCSF Department of Pathology Archives and WIHS. All
samples obtained from the WIHS cohort were selected
from women who had HPV 16 detected on cervicovaginal
lavage specimens.

Immunohistochemistry (IHC) was performed with pri-
mary antibodies against T cells with polyclonal antibody
to CD3 (clone CD3), CD4™ T cells with monoclonal anti-
body (mAb) to CD45R0 (clone OPD4), CD8™ T cells with
mAb to CD8 (clone C8/144B), B cells with mAb to CD20
(clone L26), tissue macrophages with mAb to CD68
(clone KP1), and follicular dendritic cells with mAb to
CD35 (clone Ber-MAC-DRC) purchased from DAKO
(Carpenteria, CA). Antibody against perforin (clone Delta
G9) was purchased from Endogen (Woburn, MA),
against Ki67 (clone MIB 1) from Immunotech (Miami, FL),
against BCA-1 (clone 53610.11) from R & D Systems
(Minneapolis, MN), against HPV 16/18 E6 (C1P5) from
Abcam (Cambridge, UK), and against HPV 16 E7
(TVG710Y) from Santa Cruz Biotechnology (Santa Cruz,
CA). Each primary antibody was diluted in phosphate
buffered saline (PBS) with 1% bovine serum albumin
(BSA) as follows: 1:1000 (CD3), 1:500 (CD45R0), 1:200
(CD8), 1:1200 (CD20), 1:500 (CD68), 1:20 (CD35), 1:400
(perforin), 1:300 (HPV 16 E7), 1:60 (HPV16/18 E6), 1:200
(KiB7), and 1:20 (BCA-1). Isotype specific fluorescenated
goat anti-mouse secondary antibodies were obtained
from Molecular Probes (Eugene, OR) and used at 1:100
dilutions. We confirmed the specificity of isotype specific
secondary antibodies by incubating anti-lgG, secondary
antibody with anti-CD20 primary antibody (I1gG,,) and
anti-lgG,, secondary antibody with anti-CD4 primary an-
tibody (IgG,) and observed no staining, while incuba-
tions with isotype-matched secondary antibodies re-
sulted in positive staining. Routine IHC was performed
following manufacturer’s guidelines (Innogenex, San
Ramon, CA). Before the inactivation of endogenous per-
oxidase with 0.1% hydrogen peroxide, tissue slides were
digested with 0.025% trypsin for 10 minutes at 37°C.
Antigen retrieval for all primary antibodies with the excep-
tion of BCA-1 was performed by heating the slides in a
1.25kW microwave for 2 minutes in 10 mmol/L Sorensen’s
citric buffer (pH 6.0) and cooling in citric buffer for 30
minutes. Antigen retrieval for BCA-1 was performed by
heating the slides three times in a 1.25kW microwave for
2 minutes in 100 mmol/L Tris buffer with 5% urea (pH 9.0).
All antibodies with the exceptions of BCA-1 and Ki67



were incubated on tissue sections for one hour at room
temperature. Antibodies against BCA-1 and Ki67 were
incubated overnight at 4°C. A 1:3 dilution of hematoxylin
gill 1 was used for counter staining. 3,3'-diaminobenzi-
dine (DAB) (Vector Laboratories, Burlingame, CA) and
3-amino-9-ethylcarbozole (AEC) (BioGenex, San Ramon,
CA) were used as chromogens.

For double-staining immunofluorescence, tissue di-
gestion and antigen retrieval were performed as de-
scribed for IHC. Alexa Fluor 488-conjugated anti-mouse
IgG; (for anti-CD35 antibody) and Alexa Fluor 546-con-
jugated anti-mouse 1gG,, (for anti-E7 antibody) were
combined and incubated with tissue slides in the dark for
3 hours at room temperature. Slides were then incubated
with 4’ ,6-diamidino-2-phenylindole dihydrochloride: hy-
drate (DAPI) (Sigma, St. Louis, MO) at 1 ug/ml dilution for
5 minutes in the dark at room temperature, rinsed, and
mounted with Prolong Antifade (Molecular Probes). Pho-
tographic images were captured with a digital CCD cam-
era and superimposed using Openlab 3.0.2 (Improvision,
Lexington, MA).

The E7 open reading frame was subcloned from the
HPV16 E7 viral genome (from Dr. J. Palefsky, University
of California San Francisco) into the pGEX plasmid (Am-
rad Corp.), to produce a glutathione S-transferase (GST)-
E7 fusion protein. Bacterial cultures in log phase growth
were induced with isopropyl B-b-1-thiogalactopyranoside
(IPTG) 0.1 mmol/L, for 3 hours at 37°C. Frozen bacterial
pellets were resuspended in 5 volumes of 0.025 mol/L
Tris at pH 8, 0.025 mol/L NaCl, 10% sucrose containing
protease inhibitors (1 mmol/L pefablock, 0.1 mg/ml apro-
tinin, 0.1 mg/ml leupeptin, and 5 ug/ml pepstatin), and
sonicated on ice. Potassium chloride (KCI) (0.25 mol/L)
and dithiothreitol (DTT) (10 mmol/L) were added and the
lysates were centrifuged at 17,400 Xg for 60 minutes.
Supernatants were mixed with 1 ml of a 50% slurry of
glutathione-agarose beads (Sigma) and incubated for 2
hours at 4°C. The beads were washed four times with
ice-cold PBS before elution with 50 mmol/L Tris (pH 8.1)
containing 0.25 KCI and 5 mmol/L reduced glutathione
(Sigma) for 1 hour at 4°C. The supernatant was dialyzed
against 50 mmol/L Hepes (pH 7.6) and 50 mmol/L KCI at
4°C overnight. The size and purity of GST and GST-E7
proteins were verified by polyacrylamide gel elecro-
phoresis. The anti-E7 antibody was incubated with a
10-fold molar excess of GST-E7 or GST at 4°C for 2 hours
before adding the antibody to the slides.

DNA fragmentation as a result of apoptosis was mea-
sured by end-labeling DNA with digoxigenin-labeled
dUTP and terminal deoxynucleotidyl transferase, and de-
tection with peroxidase-conjugated anti-digoxigenin sec-
ondary antibodies (Apoptag Kit, Oncor, Gaithersburg,
MD). Size determinations of lymphocyte aggregates were
determined using an AcCell apparatus on an Olympus
microscope (Ampersand Medical Corp, Chicago, IL).

The presence of C. trachomatis infection was deter-
mined in non-WIHS samples using DNA isolated from
paraffin sections in the ligase chain reaction (LCR) (Ab-
bott, Chicago, IL), in the laboratory of Dr. Julius Schacter,
San Francisco General Hospital. Briefly, each slide was
treated with 0.1% trypsin at room temperature for 5 min-
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utes. DNA was extracted by adding 4 ul of LCx urine
resuspension buffer (Abbott) to each slide, which was
then placed in a heating block stabilized at 97°C for 15
minutes to release the DNA into the buffer. DNA was then
added to LCR reaction mixture, and the presence of C.
trachomatis was determined following manufacturer’s in-
structions (Abbott).

The five-um sections stained for each tissue sample in
this study were selected randomly, determined by the
position of the tissue at the edge of the paraffin blocks at
the time of sectioning. If any section from an individual
patient had a specific phenotype of aggregate present,
the patient was scored as being positive for that type of
aggregate. To determine whether such sampling of the
paraffin blocks was representative of the entire sample,
we sectioned completely through the paraffin blocks from
four different surgical cases of high-grade SIL. Immuno-
histochemical analysis of every 15th section was then
performed with antibodies against CD8 and CD20.

Univariate comparisons were carried out using a x° or
Fisher's exact test for categorical data (eg, lymphoid
aggregates) and analysis of variance methods for con-
tinuous variables (eg, age). For analysis, patients with
any lymphoid follicles or germinal centers were com-
bined into one category and the patients with CD8* T
cell-dominant aggregates alone were placed in another.
For some of the analyses, any sample with both lymphoid
follicles or germinal centers and CD8" T cell-dominant
aggregates were placed in a third group. Subsets of
samples stained for E7, Ki67, BCA1, or perforin were
selected based on availability of additional slides or tis-
sue on the block as well as the presence of lymphocyte
aggregates on nearby sections.

Results

The clinical characteristics of the women who contributed
tissue samples to this study are summarized in Table 1.
The mean age of the normal group (50.1 years) was
significantly older than the two groups who had high-
grade SIL (32.4 for the HIV-negative and 32.6 for the
HIV-positive cohort) (P < 0.0001). This difference in age
is likely attributable to the fact that the women in the
group with normal cervix were undergoing hysterecto-
mies, and therefore were more likely to be peri- or post-
menopausal. Data on smoking was not available for many
cases among the normal and HIV-negative high-grade
SIL group (831% missing). The reported rate of current
smoking among the HIV-positive women was 16 of 28
(57%), 5 of 12 in the HIV-negative group (42%) and 5 of
10 in the normal group (50%).

Organized lymphoid structures were visible in the
stroma of many of the high-grade SIL samples as deter-
mined by immunostaining for CD4, CD20, CD8, and
CD68 (Figure 1 a—d respectively). These dense cellular
accumulations had a distinct morphology: the centers of
the aggregates were characterized by a predominance
of B cells with widely distributed CD4™ helper T cells and
macrophages. CD8" T cells were scattered at the pe-
riphery of the aggregates. These accumulations resem-
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Table 1. Participants’ Demographic Information

CD4
Clinical status Age  Dominant aggregate types Smoking status count™*
Normal cervix; N = 21; mean age, 50.1
1 44 No Current
2 44 No
3 49 No No
4 42 No Current
5 42 No No
6 49 GC
7 43 No
8 47 No No
9 42 No
10 48 No Current
11 41 No No
12 43 No Current
13 40 No No
14 81 No Current
15 49 No
16 60 No
17 62 No
18 52 CD8
19 85 LF-like
20 51 No
21 39 No
High grade SIL HIV-negative; N = 21; mean age, 32.4
22 29 No No
23 39 Both* Current
24 23 GC No
25 30 No
26 84 No No
27 47 No
28 22 GC Current
29 35 LF-like Current
30 38 No
31 30 No No
32 23 No No
33 34 No No
34 26 LF-like
35 24 GC
36 24 LF-like Current
37 23 GC
38 20 Both
39 39 No
40 27 GC No
41 38 GC Current
42 26 GC
High grade SIL HIV-positive N = 30; mean age, 32.6
43 40 CD8 Current 366
44 29 LF-like Current 807
45 30 LF-like No 544
46 40 Both Current 452
47 43 CD8 Current 687
48 46 LF-like No 80
49 34 Both No 883
50 37 CD8 Current 12
51 27 No Current 1
52 24 CcD8 No 68
53 46 CD8 Current 108
54 33 LF-like No 106
55 38 Both Current 350
56 24 CD8 Current 520
57 32 CD8 Current 429
58 30 LF-like No 30
59 28 No Current 118
60 39 Both No 1109
61 21 CD8 No 429
62 28 Both No 199
63 32 CD8 Current 223
64 22 LF-like Current 704
65 24 CD8 No 23
66 27 LF-like Current 1277
67 25 CD8 Current 536
68 33 CD8 No 280
69 39 LF-like No 169
70 35 GC Current 151
71 35 Both Missing
72 36 No 200

* Both refers to the presence of LF-like and CD8* T cell dominant aggregates in the same sample.
** CD4 count at the time of or visit prior to loop excision or core biopys.
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Figure 1. Lymphoid follicles with germinal centers are present in cervix from women with high-grade SIL. Immunohistochemistry on serial sections from a
paraffin-embedded sample of high-grade SIL (HIV-negative) was performed with antibody against CD4 (a), CD20 (b), CD8 (¢), CD68 (d); positively stained cells

appear brown. The stromal-epithelial junction is marked with a dashed line. Serial but not adjacent sections were stained with antibodies against CD68 (e) and
for DNA fragmentation (f). Photos taken with 10X (a—d) and 40X (e and f) objective. E, epithelium; S, stroma; G, endocervical gland.
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Table 2. Distribution of Lymphoid Aggregates by Clinical Status

Both
Status GC LF-like CD8 (LF-like and CD8) None Total
Normal 1 1 1 0 18 o1
High-grade SIL; HIV-negative 7 3 0 2 9 21
High-grade SIL; HIV-positive 1 8 12 6 3 30

ble germinal centers (GCs) that are present in secondary
lymphoid organs such as tonsils and lymph nodes. Apo-
ptotic bodies were present in the macrophages in cervi-
cal GCs as detected by morphology (tingible body mac-
rophages, Figure 1e) and by DNA fragmentation analysis
(Figure 1f). The mean diameter of GCs was 286.2 um
(range, 78 to 591 wm, N = 16). As shown in Table 2, we
observed well-formed GCs in 1 of 21 samples from nor-
mal cervix (4.7%), 7 of 21 samples of high-grade SIL from
HIV-negative women (33.3%) and 1 of 30 samples of
high-grade SIL from HIV-positive women (3.3%); differ-
ences between the 3 groups are statistically significant
(P = 0.003). The difference in the frequency of GCs
between high-grade SIL from HIV-negative women versus
high-grade SIL from HIV-positive women is also statisti-
cally significant (P = 0.006).

Germinal centers have been described in the cervix in
the context of chronic and follicular cervicitis.™ ' In our
study, the diagnosis of follicular cervicitis was reported
on the pathology report of only 2 of the 8 samples with
immunophenotypically defined GCs, and there was no
mention of GCs on the other pathology reports. These
data indicate that the presence of GCs is a common
finding in samples of high-grade SIL from HIV-negative
women, and their presence would not necessarily be
appreciated by standard histological analysis.

Several studies have shown an association between
GCs and chlamydia infection,’~'® and chlamydia infec-
tion in turn is associated with the presence of SIL'8:20-22
and cervical cancer.?® To determine whether the GCs
observed in the high-grade samples were associated
with the dysplastic process itself, or a reflection of a
concurrent sexually transmitted disease or vaginitis, we
reviewed the WIHS database of patients contributing
samples to the study. Previously published work has
demonstrated that chlamydial infections were uncommon
(<1%) among the HIV+ women in the WIHS cohort.™® Al
WIHS patients are screened for chlamydia, gonorrhea,
and other vaginal infections (candida, trichomonas, and
bacterial vaginosis) at enrollment to the study and at
follow-up or treatment visits thereafter as necessary.
None of the WIHS patients was reported to have concur-
rent chlamydia, gonorrhea, trichomonas, or bacterial
vaginosis at the time of biopsy sampling. Two patients
had concurrent yeast vaginal infection. All non-WIHS GC-
positive samples with tissue remaining in the paraffin
block were tested for C. trachomatis by ligase chain re-
action (5 HIV-negative and 1 HIV-positive). All tested
samples were C. trachomatis negative.

In many samples, lymphoid follicle-like (LF-like) struc-
tures were observed that were not as well defined struc-
turally as the GCs described above (Figure 2). Aggre-

gates were scored as LF-like if they contained a dense
core of CD20" cells interspersed with CD68", CD4™,
and CD8™" cells, and lacked the distinct structure and
tingible-body macrophages of GCs. Lymphoid follicles,
with or without GCs, were seen in 2 of 21 samples from
normal cervix (9.5%), 12 of 21 (57%) samples of high-
grade SIL from HIV-negative patients, and 15 of 30 (50%)
samples of high-grade SIL from HIV-positive patients (Ta-
ble 2). An increased frequency of GCs and LF-like struc-
tures was observed among high-grade SIL patients (P =
0.001). The mean diameter of LF-like structures was
243.5 um (range, 96 to 484 um, N = 17). There was no
significant difference in the size of aggregates from HIV-
negative and HIV-positive patients.

A functional property of GCs is proliferation of B cells
that bind to a specific antigen displayed in the follicle,
allowing for clonal expansion of selective B cells. To
characterize the functional status of cervical lymphoid
aggregates, 10 samples known to have GC or LF-like
structures from both the HIV-negative and HIV-positive
patients (5 from each cohort) were selected for prolifer-
ation analysis as determined by Ki67 staining. Abundant
proliferation was detected within GCs and LF-like struc-
tures independent of HIV status (Figure 3 a and b), indi-
cating functional capacity of cells within cervical follicles
to undergo clonal expansion.

A complex interplay of chemokines such as B lympho-
cyte chemoattractant or B cell-attracting chemokine
(BCA-1), secondary lymphoid tissue chemokine (SLC),
lymphotoxin «1B82, and others are implicated in the re-
cruitment, organization, and maturation of T and B cells
required for the development of specific immune re-
sponses. #*2° Recently, BCA-1 has been implicated as a
critical initiating factor in the formation of lymphoid ag-
gregates.?® We investigated BCA-1 expression in cervi-
cal stroma of 3 samples of normal cervix and 13 samples
of high-grade SIL (5 from the HIV-negative and 8 from the
HIV-positive cohorts) by immunodetection. BCA-1 ex-
pression was detected in cells within and surrounding
GC or LF-like structures (Figure 3, ¢ and d). This finding
was observed in samples from both HIV-negative and
HIV-positive women. Samples of normal cervix had no
positively-stained cells.

To investigate the nature of the antigens displayed in
the follicles found in cervix, we used IHC to determine
whether HPV proteins E6 or E7, or HIV protein p24, could
be detected in GCs. HIV p24 was not detected in any of
the samples tested. However, HPV 16 E7 antigen was
detected within the GCs and LFs of samples from both
HIV-positive (2 of 4 samples tested) and HIV-negative
patients (3 of 6 samples tested) (Figure 4 a, b). The
specificity of the E7 antibody was tested by blocking
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Figure 2. Lymphoid follicles without germinal centers are present in cervix from women with high-grade SIL. Immunohistochemistry on serial sections from a
paraffin-embedded sample of high-grade SIL (HIV-negative) was performed with antibodies against CD4 (a), CD20 (b), CD8 (¢), and CD68 (d); positively stained
cells appear brown. The stromal-epithelial junction is marked with a dashed line. Photos taken with 10X objective. E, epithelium; S, stroma; G, endocervical gland.

anti-E7 antibody with synthetic GST-E7 fusion protein.
Preincubation of the antibody with GST-E7 resulted in
loss of immunohistochemical staining, whereas preincu-
bation with GST alone had no effect on immunostaining
(Figure 4, c—f). Specificity for the E7 immunoreactivity
was also indicated by: positive staining of dysplastic
epithelium (Figure 4h), absent or low staining of adjacent
normal tissue (data not shown) and of subepithelial
stroma (Figure 4, a, e, h), and absent staining of a GC
(Figure 4g) on the same section of a sample with positive
staining in an adjacent GC (Figure 4a). Furthermore, HPV
protein E6 was also detected in a subset of GCs, some of
which are the same GCs that showed staining for E7
(Figure 5 a, b). The staining of E6 and E7 occurred mainly
in intercellular spaces and suggested that antigens were
bound to interdigitating follicular dendritic cells (FDCs) in
the germinal centers. Localization of E7 on the surface of
FDCs was confirmed by double staining with antibodies
against E7 and CD35 (Figure 5, c—f).

Another type of lymphoid aggregate was commonly
observed in cervical stroma of samples from HIV-positive
women with high-grade SIL. These aggregates contained
primarily CD8" T cells, were interspersed with CD4™ T
cells, and had few, if any, CD20™* or CD68™ cells (Figure
6). These aggregates detected with antibody against
CD8 were also positively stained with antibody against
CD8 indicating that the predominant cells in the aggre-
gates were CD3™ and CD8™" T cell (data not shown). In
addition, lack of staining with antibody against Ki67 in
CD8™ T cell dominant aggregates indicated that T cells
within this type of aggregates were not proliferating (data
not shown). The majority of CD8* T cell-dominant aggre-
gates were present in high-grade SIL samples from HIV-
positive women who did not have co-existing LFs or GCs
(Table 2). CD8™" T cell-dominant aggregates without co-
existing LFs were seen in 1 of 21 normal samples (4.8%),
0 of 21 high-grade SlLs from HIV-negative patients and
12 of 30 (40%) high-grade SILs from HIV-positive pa-
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Figure 3. Functional characterization of cervical GCs. Immunohistochemistry on paraffin-embedded sections of high-grade SIL with GC and LF-like structures was
performed with antibody against Ki67 (a and b) and BCA-1 (¢ and d). The stromal-epithelial junction is marked with a dashed line. Photos were taken with the
10X (a and ¢) or 40X objective (b and d). b and d are the areas outlined in a and ¢, respectively. Immunoreactivity toward mouse IgG1 (isotype control) was
negligible (data not shown). E, epithelium; S, stroma; G, endocervical gland; LF, lymphoid follicle.
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Figure 4. HPV16 E7 antigen in cervical GCs. Immunohistochemistry on paraffin-embedded sections of high-grade SIL with GCs was performed with antibody
against HPV16 E7 antigen (a and b), antibody pre-incubated with GST-E7 (¢ and d), and pre-incubated with GST (e and f). g: another GC on the same slide as
panel a, but negative for E7 immunostaining. h: E7 immunostaining of high-grade SIL but not of cervical stroma. The bar in b and ¢ represent 50 um. E, epithelium;
S, stroma; GC, germinal center.
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Figure 5. Localization of E6 and E7 antigens in the germinal center. a, b: Immunohistochemistry on sections from high-grade SIL was performed with antibodies
against HPV16/18 E6 (a) and HPV16 E7 (b). Photos show areas within GCs at 40X objective magnification. c—f: Double-staining immunofluorescence on
paraffin-embedded section of high-grade SIL with GCs was performed with antibodies against HPV 16 E7 (red) and CD35 (green). E7 and CD35 stained images
are superimposed in panel e. Panel f shows CD35 with nuclear staining (blue). Photos were taken with the 63X objective using the DAPI, FITC, and TRITC filters.



Figure 6. Aggregates of CD8" T cells are present in high-grade SIL from HIV+ women. Immunohistochemistry on serial sections from high-grade SIL

(HIV-positive patient) was performed with antibodies against CD4, CD20, CD8, and CD68. The stromal-epithelial junction is marked with a dashed line. Photos
taken at 10X objective magnification. E, epithelium; S, stroma.

tients. Thus, the occurrence of CD8" T cell-dominant
aggregates was associated with HIV infection (P =
0.001). Among HIV-positive patients, there was no asso-
ciation between the presence of CD8" T cell-dominant
aggregates and CD4 count depletion below 400 cells/
mm?>. Given the high frequency (90%) of either CD8* T
cell-dominant or LF-like aggregates in HIV-positive pa-
tients, there was a highly statistically significant associa-
tion between HIV infection and the presence of lymphoid
aggregates in the cervix (P < 0.001).

To assess a possible relationship between disease
outcome and the types of aggregates, the recurrence of
high-grade SIL between 3 and 12 months following treat-
ment was compared between the groups with and with-
out CD8™" T cell-dominant aggregates. Data on follow-up
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within this period were available in 34 women. Eight of 18
(44%) women who had CD8* T cell-dominant aggre-
gates, and 1 of 16 (6%) women lacking CD8"* T cell-
dominant aggregates, developed cervical high-grade
SIL in the follow-up period (P = 0.02), indicating an
association between the presence of CD8" T cell-domi-
nant aggregates and worse disease outcome.

To assess the possibility that the small fraction of the
paraffin block examined in this study produced sampling
bias, we performed complete analyses of blocks from
four surgical cases as described in Material and Meth-
ods. Each series contained several more examples of the
same type of lymphoid aggregate scored on the initial
slides. In one sample of high-grade SIL from an HIV-
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Table 3. Distribution of Lymphoid Aggregates by Phase of the Menstrual Cycle

Phase GC and LF-like N (%) CD8 N (%) None N (%) Total number
Follicular 7 (50%) 4 (28.6%) 3(21.4%) 14
Luteal 11 (52.4%) 7 (33.3%) 3(14.3%) 21

positive patient initially scored as having CD8* T cell-
dominant aggregates, there were 3 additional distinct
CD8™ T cell-dominant aggregates and no LFs or GCs in
340 um of tissue. In a sample of high-grade SIL from an
HIV-negative patient that was scored as having both
types of aggregates (LF-like and CD8" T cell-dominant)
on the original sections, there were 11 CD8" T cell-
dominant aggregates and 8 LF-like structures in 235 um
of tissue. Therefore, sections from a fraction of the tissue
block appeared to accurately represent the aggregates
present in the cervix.

The functional status of CD8* T cells in the cervical
tissues was assessed using a primary antibody against
perforin. Perforin staining was performed on 7 random
samples of normal cervix, 8 samples from HIV-negative
patients with high-grade SIL, and 8 samples of HIV-
positive patients with high-grade SIL (selected for sam-
ples with CD8™ T cell-dominant aggregates). Regardless
of HIV status, or presence or absence of CD8" T cell-
dominant aggregates, it was unusual to see any cells that
contained perforin. In the few exceptions, 1 to 2 cells per
field (40X objective) did stain with perforin (data not
shown). Tonsillar tissue that was processed in parallel
with the cervical samples was used as a positive control
for perforin staining; abundant perforin-staining cells
were present in tonsils. These results indicate that the
presence of perforin is rare in cervical mucosa, and
presumably reflects the transient nature of perforin ex-
pression in cytotoxic T lymphocytes (CTLs) when ana-
lyzed on fixed tissue sections. Thus, we are unable to
make meaningful comparisons of functional status of
CTLs with respect to HIV status based on perforin stain-
ing.

Several possible confounding variables may affect the
presence and types of lymphoid aggregates in these
specimens. It would be unlikely for age to result in the
increased number of CD8" T cell-dominant aggregates
seen in the HIV-positive group, since the mean ages of
the HIV-positive and HIV-negative high-grade SIL groups
were almost identical. However, the ages of women who
contributed the normal samples are significantly higher
than those of either of the high-grade SIL groups and only
14% of the normal group contained any aggregates.
Aggregates were observed more often among younger
than older women (P = 0.0001). GC or LF-like aggre-
gates were observed in 25 of 45 women (55.6%) < 40
years of age and in 4 of 27 (14.8%) = 40 (P = 0.001).
CD8™ T cell-dominant aggregates were seen in 9 of 45 of
women (20%) <40 and in 4 of 27 (14.8%) =40 years.
When a similar comparison was made among women
with high-grade SIL, no difference was seen, with 34 of 44
(77.3%) of samples from women <40 and 5 of 7 (71%) of
samples from women = 40 having aggregates.

Another possible confounding variable that may have
affected the presence and types of lymphoid aggregate
present is cigarette smoking. There was no statistically
significant association between smoking and the type of
lymphoid aggregates in the cohorts studied. However,
data about smoking were available in only a subset of the
patients in the normal and HIV-negative high-grade SIL
cohorts (Table 1), which constrained this analysis.

Due to reports that levels of secretory antibodies and
cytokine profiles in the female lower reproductive tract
are influenced by the hormonal fluctuations of the female
menstrual cycle,?”~2° we compared presence and types
of lymphoid follicles to phase of the menstrual cycle. Data
on the last menstrual period (LMP) was available for 69%
of women in the high-grade SIL cohorts (HIV-positive and
HIV-negative combined). We assigned patients to follic-
ular phase if they were 0 to 15 days since their LMP at the
time that surgery was performed, and luteal phase if they
were = 16 days from their LMP. There was no apparent
association between type of aggregate and phase of the
menstrual cycle from our data (Table 3).

Discussion

This study is the first report describing classical germinal
centers and lymphoid follicles as a common feature in
high-grade SIL in cervical tissue. In addition, we have
characterized a unique CD8™ T cell-dominant aggregate
in HIV-positive women and find a statistically significant
relationship between the presence of these aggregates
and worse disease outcome.

Germinal centers are a feature of the secondary im-
mune response commonly found in lymph nodes and
mucosal-associated lymphoid tissue (MALT). In GCs, an-
tigen is displayed on FDCs; those B cells that bind anti-
gen proliferate and undergo genetic rearrangement of
the immunoglobulin genes to produce cellular clones
with higher affinity for antigen binding (somatic hypermu-
tation). B cells that do not have high affinity to specific
antigens undergo programmed cell death and are in-
gested by macrophages. The cervical GCs described
here are presumably recruited by the production of
BCA-1 in the stroma, indicating that similar mechanisms
govern GC formation in the cervix as found in secondary
lymphoid tissues. In addition, our data demonstrate that
cervical GCs have functional properties of mature GCs
found in other secondary lymphoid tissue, including cel-
lular proliferation, apoptosis, and tingible body macro-
phages in the B-cell-rich centers. Cervical GC formation
has been previously described in association with cervi-
citis. In one study by Crum et al,’” GCs were found in 9
of 102 (8.8%) of cervical biopsies selected due to the



presence of a chronic inflammatory infiltrate; in another
study by Roberts et al,'® lymphoid follicles were present
in 2.4% of 450 consecutive hysterectomy specimens.
These rates of GC detection are similar to those found in
our samples of benign cervix (4.7%), and indicate that
GC formation can occur in cervix under a variety of
situations other than the presence of SIL. Several reports
have documented a relationship between cervical GCs
and C. trachomatis infection.’~'® However, it is unlikely
that the GCs and LFs described here can be attributed
entirely to the presence of C. trachomatis because LCR
assays performed on 6 of the 8 study samples with well-
formed GCs were negative for C. trachomatis. In addition,
women in the WIHS cohort were well-screened clinically,
had C. trachomatis and gonorrhea cultures, wet mounts
and gram stains performed at entry into the study, and
had these tests repeated if obvious cervicitis or vaginitis
was detected at follow-up visits. The overall rate of STDs
was low in this cohort,™ and none of the patients had
known C. trachomatis or gonorrhea at the time of the
procedure that generated the study sample. The high
incidence of GCs in samples of high-grade SIL from
HIV-negative women (33%) are likely to reflect a mucosal
response to the dysplastic process itself, and specifically
to HPV antigens present in the lesions. This proposition is
supported by the presence of HPV 16 E7 and E6 antigens
in a subset of GCs. CD35 is a receptor for a breakdown
product of complement, C3b, and is abundantly ex-
pressed on the surface of FDCs. It is also known as a key
immune complex-trapping molecule in the follicle.303
The double staining of E7 and CD35 on FDCs and the
interdigitating staining pattern of both E6 and E7 antigens
in the GCs indicated that these antigens are indeed
localized on the cell surface of FDCs in cervical GCs.
Our data demonstrate differences in the properties of
lymphoid aggregates in high-grade SIL from HIV-positive
women. Specifically, women with HIV infection and high-
grade SIL have a significantly lower frequency of well-
formed GCs than women without HIV infection. Given the
known correlation between HIV infection and higher rates
of SIL and of recurrence after treatment,®>®#-'° our data
suggest that failure to generate GCs may explain in part
this difference in outcomes in HIV-infected individuals. A
second profound difference in the mucosal immune re-
sponse in SIL samples from HIV-positive women is the
finding of a distinct type of accumulation, consisting pri-
mary of densely clustered CD8™ T cells, almost entirely
restricted to samples from HIV-positive women. There are
several recent observations of increased numbers or
clusters of CD8" T cells in dysplastic or cancerous cer-
vix,32%* including samples from HIV-positive wom-
en.®>3% Our data are the first to demonstrate an associ-
ation between the presence of CD8" T cell-dominant
aggregates and recurrence of cervical high-grade SIL
within one year after therapy. One explanation for this
apparently counterintuitive association is that the CD8" T
cells in the aggregates are not functioning effectively as
CTLs, consistent with published data about CD8™ T cells
from HIV-positive individuals.®”~4° Our data suggest that
CD8™ T cell-dominant aggregates might be playing a
permissive role in the persistence and recurrence of
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HPV-induced disease. Recent data from model systems
of progressive carcinogenesis have raised questions
about the appropriateness of increased immune re-
sponses during cancer development. In a transgenic
mouse model of HPV-induced squamous carcinogene-
sis, production of a matrix metalloproteinase (MMP9) is
necessary for development of SIL and cancer.*' The
same finding has been reported in a transgenic animal
model of pancreatic cancer of the B-cell islets.*? Interest-
ingly, MMP9 was not produced by the neoplastic cells in
either model, but was instead contributed by infiltrating
cells adjacent to the neoplastic lesion in one case* and
from bone-marrow derived mast cells and neutrophils in
another.*" The pivotal role of MMP9 in carcinogenesis
was attributed in part to its role in releasing active growth
factors otherwise sequestered in the extracellular ma-
trix.*? Therefore, by analogy, proteases and other factors
secreted by cells in cervical CD8* T cell-dominant ag-
gregates may contribute to the maintenance, persis-
tence, or progression of HPV infection in women. If so,
these findings would have significant implications for
therapeutic and protective vaccine trials currently under-
way. Further investigation of the functional properties of
lymphocytes and inflammatory cells in high-grade SIL will
contribute to our understanding of both the protective
and the potentially permissive effects of the immune re-
sponse in HPV-induced cervical neoplasia.
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