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ABSTRACT

A crucialeventin the malignantprogressionof cervicalintraepithelial
neoplasia appears to be the up-regulation of high-risk human papilloma
virus (HPV) early gene expression. Steroid hormones have been linked to
the progression from premalignant to neoplastic status in HPV positive
lesions. This report demonstrates that at physiological levels, the glucocor
ticoid hormone hydrocortisone consistently down-regulates class I human
leukocyte antigen (HLA) surface expression in HPV-positive cervical

tumor cells but can up-regulate expression in HPV-negative epithelial
tumor lines. Suppression of liLA expression was also seen with proges
terone, another steroid hormone. The hydrocortisone-mediated modula
tion of HLA expression is dependent on integration and transcription of
the HPV genome and can be blocked by RU38486,an antagonist of both
glucocorticoid and progesterone receptors, indicating the role of these
receptors in mediating lILA suppression. The data suggest that HPV
integration events in cervical epithelia correlate with hormone-dependent
HLA suppression, possibly contributing to the avoidance of tumor recog

mtion by cytotoxic T cells. These studies imply that clinical use of steroids
may be contraindicated in HPV-positive individuals who have early pre
malignant cervical disease or neoplasia but provide evidence that the

antiprogestin Ru38486 may be useful in the management of early stage
cervical disease.

INTRODUCTION

It is now universally accepted that certain high-risk HPVs3 (e.g.,
HPV16, -18 and -33) play a critical role in the multifactorial process
leading to development of carcinoma of the cervix (1â€”3).Most tumors
are believed to develop from an area of CIN, which can be recognized
by disturbances of cellular maturation, stratification, and cytological
atypia within the transformation zone. HPV DNA is found mainly as
episomal copies in premalignant low-grade CIN lesion (4â€”6), but
progression to high-grade CIN status and cervical neoplasia is fre
quently accompanied by the integration of viral DNA into the host
genome (5, 6). The integration process often leads to the disruption of
the viral E2 ORF with the concomitant loss of its regulatory functions
that concern maintenance of the episome and transcriptional regula
tion of the HPV promotor in the viral URR (7â€”9).The E2 gene
encodes a repressor of the p97 (HPV16) viral promoter located in the
URR and transcriptionally regulates the oncogenic viral genes E6 and
E7 (10â€”12).Loss of the E2 gene leads to increased production of the
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E6 and E7 proteins (13). However, HPV infection alone is insufficient
for tumor development, and like other cancers, the etiology of cervical
neoplasia is a multistep process involving other cofactors (14â€”16).

Glucocorticoids have been shown to enhance the efficiency and fre
quency of transformation of rodent cells by HPV16 (17, 18) and can
enhance HPV gene expression through the GRE in the URR (19, 20).
Several reports have linked the use of OCs with a higher risk of being
HPV positive (21, 22), and there is an elevated risk ofdeveloping cervical
cancer with increased duration of OC use (23â€”27).Both experimental and
clinical studies therefore suggest an important link between steroid hor
mones, high-risk HPV infection, and the development of cervical carci
noma. Activation of specific T-cell responses is dependent on the level of
MHC class I antigens expressed by the transformed cells in cervical
neoplasia. Indeed, HLA class I down-regulation is a frequent event in
cervical carcinomas (28, 29) and provides one means of avoiding T-cell
recognition. In this article, the role of HPV in relation to HLA class I
expression when under the influence of steroid hormones has been
investigated. The data provide the first indication that infection with
oncogenic HPV types is linked to HLA suppression in the host epithelial
cell in a hormone-dependent manner.

MATERIALS AND METHODS

Cell Lines. The HC-independentcervical carcinomalines CaSki, C33a,
and ME 180 (American Type Culture Collection, Rockville, MD) were main
tamed in RPMI 1640 supplemented with 10% heat inactivated FCS (Sigma
Chemical Co.), 20 mM glutamine, 100 lU/mI penicillin, and 100 @.tWml
streptomycin, all from Life Technologies, Paisley, Scotland. New cervical
tumor lines 778, 808, 866, and 873 were established from biopsies of patients
prior to radiotherapy using a protocol based on methods of Rheinwald and

Green (30). Explants of tumors (1â€”2mm3)were plated onto lethally irradiated
3T3 feeders and maintained in KM (which is DMEM supplemented with 20
mM glutamine, 100 lU/mI penicillin, and 100 @.tg/mlstreptomycin), 0.4 p@g/ml

HC, 0.I@Wml epidermal growth factor, 5 zg/ml insulin, and 0.01 @.tWml
cholera toxin, all obtained from Sigma Chemical Co., Poole, United Kingdom.
ACI 39 was derived from a normal cervix but was found to contain copies of
HPV16, cell hybrids (ACI39X) in which HPV transcription is abolished, as
determined by Northern blotting and reverse transcription PCR, were derived

by microcell transfer of chromosome l0.@Lines 778 and 808 were cloned.
Lines 778, 808, and 866 became feeder independent after passage 20â€”28.All
newly derived cervical tumor lines were between passage 25 and 60 and were
dependent on HC for continued growth. Steroid-free conditions were obtained
by using phenol red-free DMEM, omitting HC and treating FCS with dextran

charcoal for 18 h. Cells were grown in this steroid-free KM medium or

medium supplemented with 0.4 @g/mlHC for 72 h prior to FACS analysis.
The W12 line was established from a CIN I biopsy (31) W12E contains
predominantly episomal copies of HPV16, whereas WI2L contains mainly

integrated HPV copies. Camcell is a normal cervical line, transfected with
cloned extrachromosomal HPV16 DNA isolated from the Wl2 line;5 it con

4 5. Sarkar, E. Stanbridge, R. Schlegl, and M. A. Stanley, Chromosome 10 regulation

of HPV gene expression in cervical keratinocytes, submitted for publication.
5 M. A. Stanley, I. M. Greenfield, S. Sarkar, and A. Williams, manuscript in

preparation.
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tains 5â€”10integrated HPV16 copies. The normal cervix cells (NCx, maximum,
two passages only) and vaginal lines VagS and Vag 10 (maximum, eight

passages only) were initiated and maintained on 3T3 feeder cells as described

for cervical tumors. The renal cell carcinoma lines RCC1257 and RCC1973
were kindly provided by Prof A. Knuth (32). LCL-l and 778-LCL were
generated by EBV transformation of peripheral lymphocytes.

The antiprogestin Ru38486 was a generous gift from Dr. R. I. Nicholson
(Tenovus Institute, Cardiff, United Kingdom); it was included in cultures
containing lO_6 M HC at a concentration of 6 X l0_6 M for 72 h where
indicated. Progesterone was included where indicated at a concentration of
5 x io_@ @;both hormones were used within physiological levels.

Molecular Analysis. HPV typingwas performedeitherby DNA sequenc
ing of PCR products using general HPV primers (33) or viratype hybrid

capture assay (Murex Diagnostics Ltd., Dartford, United Kingdom). Southern
blotting was performed on high molecular weight DNA isolated by SDS lysis

of cells with proteinase K digestion followed by phenol extraction. Blots were
probed with a full-length HPV16 probe and subjected to autoradiography.
DNA was digested with BamHI or HindIll where indicated.

Nuclear Analysis and Gel Mobility Assays. Nuclearextractswere pre
pared as described by Dignam et a!. (34) from isolated nuclei of cells treated
with or without HC for 72 h, and extracts were stored in lO-pJ aliquots at â€”70

C. Proteinconcentrationwas determinedby the Bio-Radmethod(Richmond,
CA). Gel mobility shift assays were performed as described previously using
double-stranded oligonucleotide probes for OCT 1, AP1, and NF-kB (35).

Each 20-pAreaction included: 4 xg of nuclear protein, 1 @zgof poly(deoxyi
nosinic-deoxycytidylic acid) (Pharmacia, Uppsala, Sweden), 50 mist NaCl, 1

mM EDTA, I mM Dli', 5% glycerol, and 20,000 cpm probe (0.05 ng).

Specificity was determined by the addition of 50â€”100ng of cold oligonucleo
tide before the addition of probe.

Immunofluorescent Flow Cytometry. The expression of cell surface
HLA class I antigens was measured by FACS (FACScan, Becton Dickinson).
Cells were labeled in suspension with the general class I mAb W6/32, a
panhuman mAb lD2 (36) was used as a positive control, and negative controls
of isotype matched mAbs and PBS were included. The primary antibody was
then detected with FITC conjugated F(ab)2 fragments of polyclonal rabbit

antihuman IgG (Dako, Bucks, United Kingdom). The mean fluorescent inten
sity values were measured on 10,000 events, and data were analyzed by

PC-LYSYS software (Becton Dickinson, San Jose, CA).

RESULTS

Effect of HC on Class I liLA Expression. Cervical epithelial
tumor lines were established from surgical biopsies from patients at
various stages of disease. All newly established lines were dependent
on HC for their continued growth but could be maintained for 4â€”7
days in HC-free conditions without affecting growth rates. To study
the effect of glucocorticoid hormones on HLA expression, cells were
grown in either steroid-free KM or KM supplemented with 0.4 p.g/ml
of HC, which is within the normal physiological plasma cortisol
levels. After 72 h, cells were analyzed by FACS for cell surface class
I expression using mAb W6/32, which recognizes a monomorphic
determinant on the HLA class I molecule. Cell surface HLA class I

expression was reproducibly suppressed by HC in all of the HC
dependent and independent HPV-positive tumor lines, as well as the
HPV16 DNA-transfected, normal cervical keratinocyte line Camcell
(Fig. 1, a and b). The down-regulation seen in the HPV-containing
epithelial cells was characteristic for each cell line and ranged from 8
to 46%. In contrast, a different response to HC was seen in HPV
negative epithelial cells. The HPV-negative cervical tumor line C33a
and normal cervical keratinocytes showed no significant change in
HLA expression. Data for one normal cervix are shown, but results
were reproducible for four separate cervical specimens. The HPV
negative cells of vaginal epitheiial origin, renal cell carcinomas, and
lymphoblastoid lines showed up-regulation in response to HC treat
ment, with increases in the range of 10â€”97%(Fig. lb). The expression
of the ubiquitously expressed human marker defined by mAb 11)2
(Fig. lc) showed no consistent pattern of response to HC treatment
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Fig. I. HC suppresses HLA class I expression in lines containing
HPVI6/l8. Cell surface expression of HLA class I antigens on various
cell lines was analyzed by FACS using the mAb W6/32 (a and b) and
1D2 (c) Negative controls of irrelevant, isotype-matched mAbs and
PBS were included. Results are expressed as the percentage change in
mean fluorescence (triplicate samples) when cells were grown for 72 h
in KM + HC, compared to steroid-free KM. Error bars, SE of three
experiments. a, HPV-positive cervical lines; b, HPV-negative lines. The
origin and HPV status of the lines were as follows: 778 (HPVI8), 808
(HPV18), 873 (HPV18), and 866 (HPV16), all derived from cervical
tumors and were dependent on HC for growth; AC139(HPV16), derived
from a clinically normal cervix; Caski (HPV 16), MEI8O (HPVI 8), and
C33a (no HPV), cervical tumor lines not dependent on HC for growth.
Camcell was derived from normal cervix and was transfected with the
HPV16 genome (HPV16 transfected), and NCx (no HPV) was from
normal cervix maintained for only two passages in culture. VagS (no
HPV) and vaglO (no HPV) were derived from normal vaginal cells;
RCC1257 (RCC-l) and RCC1973 (RCC-2) were renal cell carcinoma
lines;LCL-1and778LCLwerebothEBV-transformedlymphoblastoid
cell lines.
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kbshow uncut W12E and L DNA, respectively. Lane 2, in which the
DNA was cut with BamHI, clearly showed an 8-kb band correspond
ing to linearized episomes in W12E, whereas in Lane 5, whichshows.W12L

that was also cut with BamHI, there are several high-Mebands.

,

I
@ %

.23 1â€” â€,̃,@indicative

of integration at multiple sites but no episomal band at 8 kb.
The high-Me band in Lane 2 may correspond to some integrated HPV
copies or the presence of concatamers. Lanes 3 and 6 correspond to
W12E and W12L DNA, respectively, cut with Hindlil, which does
not cut HPV16 DNA. Fig. 3 illustrates a FACS analysis using the
class I mAb W6132, demonstrating that W12L exhibits HC-mediated
class I down-regulation (mean inhibition, 30.03%; SE, 11.7), in con

9 4â€”
. ,.trast

with WI2E, which shows only a small reduction (mean inhibi
tion; 4.60%; SE, 2.02). These observations indicate that the integra

6-6â€”-tion of HPV DNA correlated with the hormone-mediated HLA class
I down-regulation in these cervical cells. It is very likely,therefore,,that

the expression of one or more viral genes or the presence ofviral1

2 3 4 5 6sequences
may be pivotal in mediating the inhibitory effect of glu

cocorticoids on HLAgenes.Fig.

2. Southern blot of W I2E and L DNA probed with a full-length HPV I6 probe.BlOCking HPV Transcription Abolishes HC-mediated Suppres
Lanes 1â€”3,WI2E; Lanes 4â€”6,WI2L. Lanes 1 and 4, undigested; Lanes 2 and 5, BamHl
digested; Lanes 3 and 6 HindIll digested.of

HLA Antigens. The putative role of HPV early gene tran
. . . . . .

scription in mediating the observed suppression of HLA antigens by
glucocorticoids was investigated using the HPV16 cervical keratino

unlike HLA class I expression. A common feature of the lines exhib cyte line AC139 and a cell hybrid (AC139X) in which HPV tran
iting an inhibitory effect of HC on HLA class I expression is that theyscription is abolished following microcell transfer of a normalhumanare

all derived from cervical tumors and contain integrated copies ofchromosome l0.@HC treatment of the AC I39X cells showsenhancedeither
HPV16 or -18 high-risk HPV types or have been transfectedHLA class I expression with a mean increase of 24. 1% (SE,6.10;with

the HPV16 genome. Because this phenotype was not seen inthree individual experiments), whereas the parent line exhibitedHLAnormal
cervical cells or other tumor cell types, including epithelialsuppression (mean decrease, 25.3%; SE, 2.6; Fig. 4). The basalleveltumors,
the role of HPV on the negative regulation of HLA expressionof HLA expression in the cell hybrid AC139X was reducedcomparedby

glucocorticoids was addressed.to the parent line, suggesting that the additional chromosome 10mayIntegration
of HPV Correlates with HC-mediated Suppressioninfluence the basal level of constitutive HLA expression.However,of

liLA Expression. To investigate whether the episomal or inte these results show that HLA class I repression by HC isabolishedgrated
status of HPV was related to the glucocorticoid responsivenesswhen HPV transcription is blocked, indicating a correlationbetweenof

MHC class I genes, we have used the immortalized cervicalHPV transcription and the down-regulation of HLA class Iantigens.keratinocyte
line W12 derived from a CIN I lesion (31). At earlyAntiprogestin Ru38486 Abolishes Inhibition of Class I HLAbypassage

(W12E), HPV16 DNA is present mainly in an episomal formHC or Progesterone. To investigate the role of the OR in classI(100
copies/cell), but with prolonged passage in vitro, only cells withrepression, we used an antiprogestin, Ru38486, which is anantagonistintegrated

viral copies are present (W12L). Fig. 2 illustrates a South of both the OR and the PR. Because progesterone, asex-steroidem
blot of purified DNA isolated from the WI2E and WI2L cells thathormone, can also up-regulate HPV transcription and can useeitherhave

been probed with a full-length HPV16 probe. Lanes 1 and 4the GR or the PR, we compared HC and progesterone actions on HLA

1

@.. +HC

Fig. 3. HC-mediated suppression of HLA class I expression is
related to the integration status ofHPVl6. W12E or WI2L cells were
grown with or without HC for 72 h. Irradiated 3T3 cells were
removed with 0.02% EDTA, and W12 cells were harvested with
0.02% trypsin and analyzed for cell surface HLA class I expression
with W6/32 mAb (a and c) or with irrelevant mAb lD2 (b and d). a
and b, W12E keratinocytes; c and d, WI2L. FACS data are expressed
as the arbitrary mean fluorescence units (triplicate points) and are
representative of three separate experiments.
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Fig. 4. Glucocorticoid-mediated inhibition of HLA class I expression is abolished in
hybrid cells with no HPV transcription. AC139 (HPV16) and the cell hybrid ACI39x, in
which HPV transcription was abolished, were generated as described under â€œMaterialsand
Methods.â€•The effect of HC treatment on HLA expression by the cell hybrid and the
parent line was investigated by FACS analysis using the primary mAb W6/32. Data are
shown as arbitrary mean fluorescence units of triplicate samples; one representative
experiment of three is shown.

expression. In a series of experiments using the line 778, progesterone
at levels within the physiological range (5 X l0_8 M) was found to
consistently suppress HLA class I expression by 13% (SE, 2.9; n = 3),
which was significantly less effective than HC (Fig. 5) but neverthe
less may contribute to an impaired T-cell recognition of abnormal,
virally infected cells. The suppression of HLA expression by either
HC or progesterone was overcome by Ru38486, an observation that
was also found in the HPV-positive tumor lines 808 and W12L (not
shown). RU38486 treatment alone did not alter the basal levels of
HLA expression. These data suggest that the down-regulation of HLA
is mediated by the OR and in the case of progesterones by either the
GR or PR (Fig. 5).

Analysis of Transcription Factors Binding to CRE. To elucidate
the mechanism of virally mediated HLA class I down-regulation, we
investigated transcriptional factor binding activity to the CRE in both
778 and RCC1257 in response to HC. Using oligonucleotide probes
homologous to the OCF1, APi, and NF-kB binding regions of the
CRE, nuclear extracts of HC treated and untreated cells were analyzed
by gel retardation assay. No obvious changes in the levels of factor
binding to OCT 1 or APi probes were seen on HC treatment for either
cell line (data not shown). However, for 778, a small reduction in
binding activity to the NF-kB probe was seen, and there was also a
shift in the relative levels of NF-kB dimers following HC treatment
(Fig. 6). Two bands were visible in untreated cells, representing the
p5O-p65heterodimerandthe p5O-p5Ohomodimer.When treatedwith
HC, only the p5O-p5Ohomodimer band was detected. By comparison,
no obvious changes in factors binding to the NF-kB probe were seen
in extracts from treated and untreated RCC1257 cells, where a single

band, corresponding to the p65-p65 homodimer, was detected (Fig. 6).
The conclusions from these data are that one possible mechanism
contributing to the suppressive effect of HC on HLA expression could
be at the transcriptional level via alteration in the ratio of the NF-kB
heterodimers and homodimers.

DISCUSSION

In this study, we have investigated HLA-class I cell surface antigen
expression in a variety of cervical tumors, normal epithelial cells, and
other tumor lines in response to HC treatment. The results demon
strate that in all cervical tumor lines that contain integrated HPV

copies, HLA class I expression is down-regulated in response to HC
treatment, when it is used at comparable levels to physiological
plasma cortisol concentrations. Interestingly, progesterone also had a
suppressive effect at physiological concentrations but was less potent
than HC, which could be explained by low expression of the PR in
these tumor lines. The suppression of HLA class I antigens ranged
from 8 to 46% and was reproducible and characteristic for each line.
The variation in response to hormone treatment may reflect different
numbers of GR or PR receptors, but the mechanism is at present
obscure. In contrast, normal epithelial cells and other epithelial tumors
with no HPV copies did not show the same pattern of response to
steroids. Normal cervical cells did not respond to HC treatment,
whereas normal vagina along with epithelial and other tumor lines
showed an up-regulation of class I cell surface expression by HC
treatment. A HPV-negative cervical tumor line, C33a, did not show
any change in HLA expression. Glucocorticoids are potent anti
inflammatory and immunosuppressive agents, functioning as tran
scriptional activators for many genes; however, in some cases these
hormones repress gene expression (37). Our data show that HC exerts
different effects on epithelial cells of the same origin with respect to
HLA class I expression. An observation that was related to the
presence and physical status of HPV DNA in the case of Wl2, with
respect to the predominance of episomal or integrated viral copies.
These data suggest that oncogenic HPV types may play a role in
modulating HLA class I expression in cervical tumors. Consistent
with our data, there was an earlier report of dexamethasone influenc
ing HLA expression in some epithelial lines in a negative manner
(38), which we now attribute to the presence of HPV genes in these
lines. HPV16 or -18 DNA is usually episomal in benign or early
premalignant lesions, whereas in the majority of cervical tumor cell
lines, it is integrated into the host genomic DNA (4, 5). Integration is
apparently random because no specific integration site is preferred
(39, 40), and the viral genome is frequently disrupted on integration
within the El and E2 ORF, leading to loss or disruption of these
genes. It has been shown previously that viral integration in the W12
line results in increased steady-state levels of E6 and E7 mRNA,
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Fig. 5. Antiprogestin RU38486 abolishes hormone-mediated repression of HLA class

I expression. The 778 (HPV18) line was analyzed by FACS using the primary mAb
W6/32. Cells were grown in KM with or without HC or with and without progesterone
(PROG) for 72 h. The effect of the OR/PR antagonist RU38486 (6 X l0_6 M) was studied.
Cells were treated for 72 h. Data are shown as the percentage inhibition of HLA class I
expression, when treated with hormone compared to untreated cells; columns, mean of
three separate experiments; bars, SE.
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these observations could be accounted for by the direct activation or
inactivation of a cellular gene at or adjacent to the HPV integration site.
The site of integration has been related to the degree of glucocorticoid
responsiveness of the viral promoter, suggesting that other cell-specific
regulatory mechanisms may be relevant in determining responses to
glucocorticoids (42).

A correlation between HPV transcription and HLA suppression was
seen in the ACI39X cell hybrids, which showed that in the absence of
HPV transcription,4 HLA class I was no longer suppressed in these
cells by HC. The OR and PR antagonist Ru38486 is known to inhibit
HPVJ6 gene expression by blocking the OR receptors (20) in the viral
URR. We have demonstrated that Ru38486 also abolishes the sup
pressive effect of HC and progesterone on MHC class I antigen
expression in 778, confirming that the suppressive mechanism in
volves functional glucocorticoid receptors.

The regulation of expression of MHC class I genes involves a
complex interplay of transcriptional factors binding to distinct regions
of the CRE. The regulatory regions of the class I genes contain a
half-palindromic sequence corresponding to the estrogen response
element but apparently no ORE, so a direct effect of the hormones on
gene expression is unlikely. To further elucidate the repressive mech
anism, we have examined some of the transcription factors known to
be important for constitutive class I expression, and the data have
shown an alteration in binding activity to an NF-kB probe. Gel
retardation assays of nuclear extracts of 778 showed an alteration in
the type of NF-kB dimers observed. When treated with HC, p65-p5O
heterodimers were no longer observed, and only p50 homodimers
were present. p50 homodimers (KBF1) have been shown previously
to negatively regulate HLA class I transcription, whereas the p65
subunit is a positive regulator, suggesting a balance between the two

NF-kB subunits determines the level of HLA expression (44). En
hanced HLA expression in non-HPV-containing lines, however, was
not reflected in a change in NF-kB binding factors. Because HLA
genes apparently lack a ORE, the stimulatory effect of steroids on
HLA class I genes in non-HPV-containing lines must be operational
through alternative transactivating mechanisms or, alternatively, at the
translational or posttranslational level. In this context, it is well
established that phorbol myristate acetate induces NF-kB p65 subunit
but does not induce class I expression (45); thus, the presence of
NF-kB is necessary but not sufficient to explain levels of class I

expression and reflects only one regulatory route in the control of
HLA expression. Here, we have presented evidence that high-risk
HPV viral genes are linked to the observed suppression of HLA class
I antigens by steroids in cervical tumor lines through a process
possibly involving NF-kB alterations.

Whatever the precise mechanisms, these observations have impor
tant implications because cervical tumor cells containing integrated
high-risk HPV types, which are subject to steroid hormone-mediated
down-regulation of HLA-class I antigens, would have reduced ability
to present antigens to cytolytic T cells. Subtle changes in the half-life
of peptide-HLA complexes at the cell surface of an antigen presenting
cell have been shown to influence peptide immunodominance and the
spectrum of CTh responses (46). In conjunction with the known
reduction of antigen presenting cells seen in CIN lesions (47), the
combination of these factors may conspire in favor of the virus
avoiding effective cell-mediated recognition. There is also evidence of
an association between hormonal factors including OC use and in
creased risk of HPV positivity (21) and of developing cervical neo
plasia (23â€”25).Several studies have linked duration of OC use with
the severity of dysplasia and progression to malignancy of the cervix
(26, 27), and a very recent study has suggested an elevated risk of OC

use particularly in the later stages of cervical carcinogenesis (48), with
the strongest association in current or recent users of OCs, which

C)
F@- 0
N. Q@
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â€” p65- p65

â€” p65- p50

â€” p50- p50

Fig.6.NF-kBdimersarealteredin HCtreated778cellsbutnotinRCC1257cells.Gel
retardation assay of nuclear extracts from HC treated (+) or untreated cells (â€”).Nuclear
extracts of cells were analyzed on low ionic strength 4% acrylamidegels using a double
stranded oligonucleotideprobe for NF-kB (35). Bands were detected by standardautoradio
graphic methods.The specific retarded complex comprised three possibledimers: top band,
p65 homodimers;middleband, p65-p50 heterodimers;lower band, p50 hornodimers.

resulting from the loss of E2 repression of the p97 promoter and
deletion of a mRNA instability sequence (41). The process of inte
gration of viral DNA into the host genome and the concomitant loss
of both episomal copies and E2 expression combined with enhanced
viral mRNA stability is apparently related to the repressive effect on
HLA antigens. An alternative mechanism of viral gene derepression
has involved the deletion of binding sites upstream of the p97 pro
moter for the YY1 cellular transcription factor. Such deletions do not
occur within the HPV16 genome found in the W12 clones (41).

Glucocorticoid hormones and progesterone have been shown to induce
HPV gene expression directly through three hormone response elements
in the viral URR (19, 20, 42), so the combined loss of the viral E2 ORF
on integration resulting in up-regulation of the E6 and E7 viral proteins
(43) with enhancement of viral transcription by these steroids is wholly
consistent with a viral gene such as E6 or E7 mediating the inhibition of
HLA class I proteins in these lines. In this context, the introduction of E6
or E7 viral genes into epithelial cells under a heterologous promoter is
insufficient to facilitate the observed HLA suppression when treated with
HC, implying that integration events coupled with viral gene expression
under the control of the homologous HPV promoter are necessary.6
Because no specific viral integration sites are preferred, it is unlikely that

6@@ Bartholomew, D. J. Burt, and P. L. Stern, unpublished observations.
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would support our in vitro observations. Interestingly, OCs contain
synthetic progesterones, the half-lives of which vary from 24 to 48 h
possibly potentiating their effects, whereas endogenous progesterone is
rapidly metabolized by the liver within a few minutes. Together, these
findings indicate that OCs and the clinical use of other steroid hormones
may well be a contraindication in women typing HPV-positive who have
advanced premalignant disease or early stage neoplasia, because they are
likely to impair T-cell recognition of virally infected tumor cells through
the suppression of HLA class I expression. The effects on class I expres
sion could be abolished by treatments with the antiprogestin RU38486,
which has also been shown to abolish hormone-dependent expression of
HPVI6 genes (20), providing evidence for the use ofantiprogestins in the
therapeutic management of patients with cervical lesions, particularly at
early stages of the disease when viral integration is likely to occur.
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