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Influence of human Papillomavirus infection and sexual

intercourse on endocervical epithelial cell immune activity

Influéncia da Infeccao por Papilomavirus humano e
da relacao sexual sobre a atividade imunolégica
de células epiteliais endocervicais
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RESUMO

Células epiteliais no cércix humano produzem e
liberam citoquinas em resposta a estimulos externos,
na mesma forma gue a presenca de citoquinas
exogenas de defesa da mucosa dentro do trato genutal
feminino, Infeccao de células epiteliais cervicais com
papilomavirus humano e a transformacao maligna
dessas ceélulas alteram sua capacidade de protecao
e resposta a citoquinas. Semelhantemente, a
exposicdo do sémen também muda a capacidade
imune modular das células epiteliais. Relacoes
sexuais induzem a transcricao do codigo genético
para 70 quilo-daltons {kDa) heart shock protein no
cérvix humano. Isto mais a produciao interlenkin-
10 em células linfoides, regulam a defesa imune do
trato genital.
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ABSTRACT

Epithelial cells in the human cervix produce and
release cytokines in response to external stimuli as
well as react to the presence of exogenous cytokines.
These cells, therefore, are components of the
mucosal defense system within the female genital
tract. Infection of cervical epithelial cells with human
papillomavirus, and the malignant transformation
of these cells, alters their ability to produce and
respond to cytokines. Similarly, exposure to semen
also changes the immune modulating capabilities
of cervical epithelial cells. Sexual intercourse
induces transcription of the gene coding for the 70
kDa heat shock protein in the human cervix. This,
plus the induction of interleukin-10 production in
lymphoid cells, down-regulates genital tract immune
defenses.

Keywords: Human Papillomavirus, Heart Shock
Protein

1. INTRODUCTION

Recent studies have highlighted the significant
contributions made by epithelial cells to mucosal
immunity. Specifically, the capacity of mucosal
epithelial cells to secrete cytokines in response to
external stimuli has now been clearly established
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The capacity for induced
cytokine production in

i1,2). A greater appreciation of the
repertoire of immune modulators
that can be produced by epithelial
cells under the influence of
different stimuli will lead to a
greater understanding of the role
played by mucosal epithelial cells in immune defense
mechanisms. In this communication, cytokine
production by epithelial cells in the human
endocervix will be reviewed, along with the changes
engendered by human papillomavirus (HPV)
infection, malignant transformation and exposure
to the male ejaculate.

2. CYTOKINE PRODUCTION BY CERVICAL
EPITHELIAL CELLS

The human cervix is divided into three regions:
ectocervix, transformation zone and endocervix. The
ectocervix is lined with stratified squamous
epithelium, the endocervix contains columnar
secretory epithelium while the transformation zone
is covered with metaplastic squamous epithelium.
Cultures of freshly excised cervical tissue from
healthy women have established that epithelial cells
from each region release cytokines into the culture
medium (3-5). Endocervical epithelial cells released
high levels of interleukin (IL)-8, IL-1 receptor
antagonist (IL-1ra) and granulocyte macrophage
colony stimulating factor (GM-CSF) and lower levels
of IL-1a, IL-1p, IL-6, the soluble IL-6 receptor (IL-6sR)
and tumor necrosis factor-o [TNF-o). Each of these
cytokines was also produced by exocervical cells, but
at lower levels. Immunolocalization of cytokines in
intact endo- and exocervical epithelium has also been
accomplished (3), strongly suggesting that the in
vitro cultures paralleled the in vive situation.

Cytokine responses by cervical epithelial cells

indicate that these cells actively participate in
mucosal immunity and are a component of the
innate immune defense system. It has been
demonstrated that mice with specific defects in T or
B lympheocyte function can still resist mucosal
infection (1), demonstrating that non-immune cells
(i.e., epithelial cells) are important contributors to
mucosal defense. The capacity for induced cytokine
production in response to microorganisms is a
general feature of epithelial cells (1). In addition,
analysis of tissue sections and primary cultures of
ectocerix and endocervix epithelial cells revealed that
these cells constitutively expressed major
histocompatibility complex (MHC) class | molecules
and could be induced by interferon y to express MHC
class 1l molecules (6). Since MHC class | and 11
molecules allow T lymphocytes to recognize and
respond to antigens on cell surfaces, these studies
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response to microorganisms

is a general feature of
epithelial cells /

indicate that cervical epithelial cells
are capable of initiating immune
responses by presenting antigens to
T cells. Thus, epithelial cells, by the
cytokine-related recruitment and
activation of pro-inflammatory cells
and ability to present antigens to
lymphocytic cells participate in the local immune
response to infection or injury.

3. INFLUENCE OF HUMAN PAPILLOMAVI-
RUS ON CYTOKINE PRODUCTION IN
THE CERVIX

Human cervical epithelial cells that have been
infected with HPV and have HPV DNA integrated into
the genome, and carcinoma-derived, HPV-positive
cervical epithelial cells, have altered cytokine
responses as compared to non-infected cells,
Integration of HPV type 16 and 18, the two HPV types
highly associated with cervical cancer, resulted in a
markedly reduced expression of IL-1J IL-6, GM-CSF
and TNF-a by cervical epithelial cells (3). In contrast,
IL-6 SR was released in significantly greater quantity
by HPV-immortalized cervical cells than by
uninfected cells (4). A recent study of cervical
epithelial cells that had been infected with HPV type
16 demonstrated the constitutive expression of
macrophage colony stimulating factor (M-CSF),
transforming growth factor betal (TGF-fi1), IL-8, IL-6
and prostaglandin E2 (7).

HPV- containing cervical epithelial cells also
responded differently to cytokines than did uninfected
cells. IL- 1o and TNF-a inhibited proliferation of ecto-
and endocervical epithelial cells while stimulating
growth of HPV 16- or 18 —positive epithelial cell lines
(8). The IL-1x and TNFo- induced proliferation was
inhibited by the addition of exogenous IL-1ra or the
soluble TNF-u receptor (TNFrl). Interestingly, while
IL-6 stimulated growth of both normal and HPV 16-
and 18- containing cervical epithelial cells, IL-65R
inhibited proliferation of the normal cells but
stimulated growth in HPV-immortalized and
carcinoma-derived cell lines (4). It has been
suggested that the over-expression of IL-6SR and
decreased expression of, and altered response to, pro-
inflammatory cytokines by HPV-containing cervical
cells contribute to the persistence and proliferation
of potentially oncogenic cells at this location (3,4,8).

4. MATRIX METALLOPROTEINASE PRODUC-
TION BY CERVICAL EPITHELIAL CELLS

The progression, migration and invasiveness
of malignantly transformed cervical epithelial cells
is dependent upon degradation of the extracellular
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- Seminal fluid was also
shown to induce IL-10 gene

matrix. This is accomplished by a |
family of zinc-dependent endo-
peptidase enzymes called matrix
metalloproteinases (MMPs). Two of
these enzymes, the gelatinases
MMP-2 and MMP-9, have been
linked with cervical cancer progression (9,10). Both
enzymes were absent, or present at low levels, in
non-malignant endocervical epithelia (10) but
detected at high levels in malignantly transformed
cervical epithelial cells (9,10).

The activity of MMPs in cancer cells is regulated
by endogenous molecules called tissue inhibitors of
MMPs [TIMPs). Specifically, TIMP-1 and TIMP-2
inhibited MMP-2- and MMP-9 in cervical cells (10,11).
MMP-2, MMP-9 and TIMP gene transcription is
regulated by cytokines. In HPV 18- containing Hela
cells, transforming growth factor [} (TGF-u) induced
both MMP-2 and MMP-9 mRNA (11). IL-10 has been
shown to inhibit MMP-2 mRNA expression but it had
no effect on MMP-9 transcription (12). TNF-o was
demonstrated to stimulate MMP-9 production (13)
and inhibit MMP-2 transcription (14).

5. EFFECT OF SEXUAL INTERCOURSE ON
CERVICAL EPITHELIAL CELL CYTOKINE
PRODUCTION

Human seminal fluid is immunosuppressive (15)
and seminal fluid can be detected in cervico-vaginal
washings up to 24 hr after intercourse (16).
However, there are few studies on the effects of
semen deposition (sexual intercourse) on cervical
epithelial cell gene activity, Since, as stated above,
cervical epithelial cells participate in immune
defense mechanisms in the lower genital tract and
both produce and respond to a number of cytokines,
sexual intercourse would be expected to influence
female lower genital tract immunity.

Studies on seminal fluid-somatic cell interaction
demonstrated that individual seminal fluids induced
transcription of the gene coding for the 70 kDa heat
shock protein (hsp70) in an HPV 18-containing,
malignantly transformed human cervical epithelial
cell line (HeLa) {17), human endocervical cells in vivo
following sexual intercourse (17) and peripheral blood
mononuclear cells (18). Seminal fluid was also shown
to induce IL-10 gene transcription while inhibiting
INF-ymRNA production (18). Kelly et al (19) has shown
that seminal fluid induced IL-10 protein production
in peripheral blood mononuclear cells. We also
recently demonstrated that seminal fluid inhibited
MMP-2 gene transcription in HelLa cells while
stimulating MMP-9 mRNA production (20).
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Both hsp 70 and IL-10 have been
implicated in the down regulation of
pro-inflammatory immune respon-
ses. Hsp70 gene transcription inhi-
bited production of mRNA for IL-1
and TNF-o in monocytes/macro-
phages (21,22). IL-10 inhibited the release of IL-1,
TNF-u and IL-6 from monocytes/macrophages (23)
and suppressed the production of IFN-y by T lym-

phocytes (24).

Some seminal fluids also contain immune
mediators which may influence eytokine production
by cervical epithelial cells. TGF-J (25), IFN-w (26),
IFN-y (26,27), IL-8 (25) and the TNF RI {28) have all
been detected in seminal fluids, primarily in those
men with poor semen quality and/or evidence of
infection.

6. BIBLIOGRAPHIC REFERENCES

I. Hedges 5K, Agnce WW, Svanborgo C. Epitheluil cytokine responses and miuscossl
cytokine networds. Trends Microbdal 3 266-70F, 1905

2. Stadnyk AW, Cyinkine production by epithelial cells, FABEB J B: 1041 -47, 19464

3. Wootworth CD, Simpson 8. Comparative lymphokine secretion by cultured normal
human cervicnl keratinocytes, papillomavirus. immortalized, and carcinoma

oell lines. Am J Patho] 142 154455, 1993

4. lgleswms M, Plowman G0, Wostwearth CD. Intetbeukin- and interleukin-G sululile
recepior regulale proliferation of normal, human papillmavirs-immoralizod
and carvinoma - derved cervical cells in vitro. Am J Pathel 146 940-952,
15

5 Pao CC, Lin CY, Yao DS, Tseng G, Differential expression of cvtokine genes in
ertvral caneer tssurs. Blochem Blophys Res. Commun, 214 | 1446-5)
|an5

B Ljunggren G, Anderson Bl Cyiokine modulaton of MHC cless | sl class 11
molecules an human cervical epithelal cells, J reprod Immaneld 38 12135,
1998

¢ Fichorova BN, Andersan Dol Enflereninl expression of immunobiologseal medinoors

by immortalieed human cervical and vaginol epithelisl eclls, Blol Reprod 0
S08-14, 1999

A Woodwdrih CO, MeMulli E, Iglesias M, Plvwoui GO Intecleukin 1o and tumeag
necTosis fmotor-o stimulate autocrine amphiregulin expression and gEolfenation
of hiuman papiBemaviras - immortalieed nnd carcinoma derved ceracnl epithelial
eellx  Proc Mot Acad Seb. USA 92 200044, 1905

. Ruovo G, Moe Connell PB. Simaas A, Vorlea F, French DL Coreelaton of th smositu
detection of polyvmersse chain reaction amplified metalloprotcinmse
cmnplementiry DNAs and ther imbibitors with progrioss m cervical corcinosmna
Cancer Res 55 26775, 1905

10, Dhavbcdann B, Gobdberiz ), Liskumasvich P oebal  Expression of metillaposeinses and
their nhdbatsrs i adenscarcinoma of the Wierine cervis. [at J Gynecol Pathol
V7 2X95-301, 1998

11 Ruernvn Ce). I situ detection of PCR-amplificd metalloprotemase cDNAs, thear inhibstors

and humon pagillomayirs transcrpts in cervical carcinoma cell ines. Int J
Camoer 71 1056-60, 1997

12.Wang M, Fudpge K, Rhim J3, Stenms ME Cyviokine reguliation of the matnx
metalloproteinnses and their inhibibors in human papdiomayinus- 18 iansfoemed
human prostatic tuwmor cell lines. Oncol Res 8; 300315, 199

1.3 Kawasbvimas A, Sakoniahi I, Tsuchive H, Roessner A, Obate K, Okads ¥. Expression
of matriy metalloproiemase- ? indueed by tumeor necrosis fsctor alpha correlates
with metasratis ability in g homan osteosarenma cell line. Virchows Arch 424
SAT-52, 1NN

14.00n H, Mocllinger 0, Wells A, Windsor L), SunJ, Benveniste EN, Transcniptional
suppression of matns metalloposteinnse- 2 gene cxpression in umam astroghioms
cells by THF-a and IFN-p. J Immoamol (6] GH03 71, 19066

1 5. Jnimes K, Hargreave TH. limminosappression by semina] plasms anid its possible
clinical sigrificance.  lmmunol Today 50 357-65. 1984

16 Haimewic F. Anderaon [L), Detection of acmen in corvicovagnal secretions, J AIDS
Hum Retrovival B 236-85 19495

17 derermias J, David 53, Todl M, Witkin 55, Induction of messenper RNA for the TO
k[ hent shock prodein in Hela cella and the himan endocerix inllowing exposuine
to semen: implications for antisperm antibody production and susceptibility o
sexually transmitted infection. Human Repred 120 1915-1%, 1997

11(5):21-24, 1999



1H.Jeremias J, Mocke]l 5, Witkin 5. Human semen induces interleukin 10 and 70
kD heat shock protein gene transcription and inhitits interferon-y messenger
RNA production in peripheral blood mononuclear colls. Molec Human Reprod
4:1084-88, 1908

19.Kelly BN. Carr GC. Critchley HO. A cytokine switch induced by human seminal
plisma: an lmmuene modulation with implications for sexually transmined
diseasc. Human Reprod |2: 6775 1997

20 Jeremias.d and Witkin 55, Effect of humon seminal fubd on production of messenger
RNA for metalloproteinases-2 and -9 in cervical epithelial corelnoms cells, Am
J Obstet Gynecel 1H1: 5015, 1993

21.Hall TJ. Role of hap70 in cytokine production. Experentio 50 1048-53, 1994

22.Cahill MC, Waterman WR, Xie ¥ eLal. Tranacriptional repression of the p feukin
17 gene by heat shock factor | J Biol Chem 271: 24674-79, |97

23 Howard M, O'Garra A, Ishids H, de Waal Malefit B, de Vries J. Biological properses
af interleukin 10, J Clin Immunol | 2: 200-45, 1992

24, Togs K, Tosato G, IL-10 inhibits T cell proliferation and IL-2 production
J Immunol 148: 1143-48, 1%#2

25 Srivastava MDD, Lippes J, Srivastavs HI Cyiokines of the human reproductve
tract. Am J Reprod Immunol 36 |57 0, 1956

26 Fujisawas M, Fujioks M, Tatsumi N clal, Levels of interferon alpha and gamma in
seminal plasma of normaoospermic oligoeoospermnic and KPoOsPermIc M.
Arch Androl 40: 1114, 1998

27 Paradisl R, Capelli M, Manini M, Bellavia E. Flamignl C. Increased levels of
interferan-gamma in seminal plasma of inferile men, Andrologia 28: 157-61,
1SR

28 Tur-Kasga |, Maor ¥, Weissenberg R etal. High levels of soluble p55- TRF receptors
in seminal and prostatic fukds of normal and infertile men. J Ul 155 1436~
B, 1906,

Correspondence:

Dr. Steven 8. Witkin, Department of Obstetrics and
Gynecology, Weill Medical College of Cornell University,
515 East 71" Street, New York, New York 10021, USA
Fax: 212 746 8799 email: switkinmail. med.cornell.edu




	021
	022
	023
	024

