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RESUMO 

Células epiteliais no cércix humano produzem e 
liberam citoquinas em resposta a estímulos externos, 
na mesma forma que à presença de citoquinas 
exógenas de defesa da mucosa dentro do trato genutal 
feminino. lnfecçâo de células epiteliais cervicais com 
papilomavirus humano e a transformação maligna 
dessas células alteram sua capacidade de proteção 
e resposta a citoquinas. Semelhantemente, a 
exposição do sêmen também muda a capacidade 
imune modular das células e pitel iais . Relações 
sexuais induzem a transcrição do código genético 
para 70 quilo-da/tons (k.Da) heart shoc.k protein no 
cérvix humano. Isto mais a produção interlenkin-
1 O em células linfóides, regulam a defesa imune do 
trato genita l. 

Palavras-chave: Papilomavirus Humano, Heart 
Shock Protein 

' Division of lmmunology and lnfectious Diseases, Weill 
Medical College of Come/1 University, New York. New 
York, USA 

' Department of Cynecology, Hospital das Clinicas, 
University of Soo Paulo, Soo Paulo, Brazil 

' Depanmenr of Gynecology and Obstetrics, Unioersity of 
Campinos. Soo Paulo, Brazil Uniuersity 

ABSTRACT 

Epithelial cells in the human cervix produce and 
release cytokines in response to external stimuli as 
wcll as react to the presence of exogenou s cyt.okines. 
These cells, therefore, are components or thc 
mucosal defense system within the female genital 
tract. lnfection 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 scmen 
also changes the immune modulating capabilities 
of cervical epithelial ce lls. Sexual intercourse 
induces transcription of the gene codi og for the 70 
kDa heat shock protein in lhe human cervix. This, 
plus the i.nduclion of interleukin-1 O production in 
lymphoid cells, down-regulates genital tract immune 
defenses. 

Keywords: Human Papillomavirus, Heart Shock 
Protein 

1. INTRODUCTION 
Recent studies have highlighted lhe significant 

contributions made by epithelial cells to mucosal 
immunity. Specifically, the capacity of mucosa! 
epithelial cells to secrete cytokines in response to 
external stimuli has now bcen clearly established 
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The capncity for i11d11ced 
cytokine production i11 

( 1,2). A greater appreciation of the 
repcrtoire of immune modulators 
that can be produced by epithelial 
cells under t he iníluence of 
diffe rent stimuli will lead to a 
greater understanding of the role 

response to microorgnnisms indicate that cervical epithelial cells 
are capable of initiating immune 
responses by presenting antigens to 
T cells. Thus, epithelial ceUs, by the 
cytokine-related recruitmen t and 
activation of pro-inllarnmatory cells 

is a general Jentu re ~ 
epi thel ia/ cells 

played by mucosa! epithelial ceJJs in immune defense 
mechanisms. ln this communication, cytokine 
production by epi thelial cells in the human 
endocervix will be reviewed, along with the changes 
engendered by human papillomavi rus (HPV) 
infection, malignant transformation and exposure 
to the male ejacuJate. 

2. CYTOKINE PRODUCTION BY CERVICAL 
EPITHELIAL CELLS 

The human cervi..x is divided into three regions: 
ectocervix, transformation zone and cndocervix. The 
ectocervix is lined with stratified squamous 
epithe lium, thc endocervix contains co lumnar 
secretory epithelium while the transfonnation zone 
is covered with metaplastic squamous epithelium. 
Cultures of freshly excised cervical tissue from 
healthy women have established that epithelial ceUs 
from each region release cytokines into the culture 
medium (3-5). Endocervical epithelial cells released 
high leveis of interleukin (I L)-8, IL- 1 receptor 
antagonist (IL- 1 ra) and granulocyte macrophage 
colony stimu!ating factor (OM-CSF) and lower leveis 
of IL-lcx, IL-113, IL-6, the soluble ll,-6 receptor (JL-6sR) 
and tumor necrosis factor-cx l'J'NF-cx). Each of these 
cytokines was also produced by exocervical ceUs, but 
at lower leveis. lmmu nolocalization of cytokines in 
intact endo- and exocervical epithelium has also been 
accomplished (3), strongly suggesting that thc in 
vitro cuJtures paralleled the in vivo s ituation. 

Cytok:ine responses by cervical epithelial cells · 
indicate that these cells actively participate in 
mucosal immunity and are a component of the 
innate immune defen se system. lt has been 
demonstrated that mice with specific defects in T or 
B lymphocytc function can still resist mucosa! 
infection ( 1), demonstrating that non-immune cells 
(i.e., epithelial cells) are important contributors to 
mucosa! defense. The capacity for induced cytokine 
production in response to m icroorganisms is a 
general feature of epithelial celJs (1). ln addition, 
analysis of tissue sections and primary cuJtures of 
ectocerix and endocervix epithelial cells revealed that 
these cells constitutively expressed major 
histocompatibility complex (MHC) class I molecules 
and could be induced by interferon yto express MHC 
class li molecules (6). Since MHC class I and li 
molecules aUow T lymphocytes to recognize and 
respond to antigens on cell surfaces, these studies 

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 

Huma.n cervical epithelial cells that have been 
infected with HPV and have HPV DNA integrated into 
the genome, and carcinoma-derived, HPV-positive 
cerv ical epithelial cells, have altered cytokine 
responses as compared to non-iníected cells. 
lntegration of HPV type 16 and 18, the t:wo HPV types 
highJy associated ,vith cervical cancer, resu!ted in a 
markedly reduced expression of IL- 113 IL-6, GM-CSF 
and TNF-cx by cervical epithelial cells (3). ln contrast, 
IL-6 SR was released in significantly greater quantity 
by HPV-immortalized cervical cells tban by 
uniníected cells (4) . A recent study of cervical 
epithelial cells that had been infected with HPV type 
l 6 demonstrated the constitutive expression of 
macrophage colony stimulatióg fáctor (M-CSF). 
transforminggrowth factor beta! (TOF-1311. LL-8, IL-6 
and prostaglandin E2 (7). 

HPV- containing cervical epithelial cells also 
responded differently to cytokines than did uninfected 
cells. IL-lcx and TNF•a inhibited proliferation of ecto
and endocervical epithelial cells while stimulating 
growth oí HPV 16- or 18 -positive epithelial cell lines 
(8). The IL-la and TNFcx- induced proliferation was 
inhibited by the addition or exogenous llr l ra or the 
soluble TNF-cx receptor (TNFr!). lnterestingly, whiJe 
l.L-6 stimulated growth of both normal and HPV 16-
and 18- containing cervical epithelial ceUs, IL-6SR 
inhibited proli feration or the normal edis but 
stimulated growth in HPV-immortal ized and 
carcinoma-derived cell lines (4) . lt has been 
suggested that the over-expression or IL-6SR and 
decreased expression of, and altered response to, pro
inllammatory cytokines by HPV-containing cervical 
cells contribu te to the persistence and proliferation 
of potentially oncogenic ceUs at this location (3,4 ,8). 

4. MATRIX METALLOPROTEINASE PRODUC
TION BY CERVICAL EPITHELIAL CELLS 

The progression, migration and invasiveness 
of malignantly transfonned cervical epithelial ceUs 
is dependent upon degradation of the extracellular 
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matrix. This is accomplished by a 
family of zinc-dependent e ndo
peptidase enzymes called matrix 
metalloproteinases (MMPs). 1\vo of 
these enzymes, the gelatinases 
MMP-2 and MMP-9 , have been 

Seminal flui d was a/so 
sliown to induce [L-10 gene 

tra11scriptio11 while 
inhibiting fNF-r mRNA 

prod11ctio11 ~ 

Both hsp 70 and n,.. J O have been 
imp.licated in the down regulation of 
pro-inílammatory immune respon
ses. Hsp70 gene transcription inhi 
bited production of mRNA for llr 1 

linked with cervical cancer progression (9,10) . Both 
enzymes were a bsent, or present at low leveis, in 
non-malignant endocervical epithelia ( l 0) but 
detected at high leveis in malignantly transformed 
cervical epithelial cells (9, 10). 

The activity of MMPs in cancer cells is regulated 
by endogenous molecu les called tissue inhibitors of 
MMPs (TIM Ps). Specilically, 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. ln HPV 18- containing HeLa 
cells, transforming growth factor ~ (TGF-a) induced 
both MMP-2 and MM P-9 mRNA (\ 1). IL-10 has been 
shown to inhibit MMP-2 mRNA expression but it had 
no elTect on MMP-9 transcription (12). TNF-a 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 Ouid is immunosuppressive (J 5) 
and seminal fluid can be detected in cervico-vaginal 
washings u p to 2 4 hr a fte r inte rcourse (1 6). 
However , there a re few s tud ies on lhe effects of 
semen deposition (sexual intercou rse) on cervical 
epithelial cell gene activity. S ince, as s tated a bove, 
ce rvical epithelial cell s parti cípa te in immunc 
defense mec ha nisms in lhe lower genital tract and 
both produce and respond to a number of cytokínes, 
sexua l in tercourse would be expected to iníluence 
female lower genital 1ract ímmunity. 

Stud ies on seminal fluid-somatic ceU interaction 
demonstrated that individual seminal íluíds induced 
transcription of the gene coding for the 70 kDa heat 
shock prot.ein (hsp70) in an HPV 18-containing, 
malígnantly transformed human cervical epithelial 
cell line (HcLa) ( 17) , human endocervical cells in vivo 
foUowing sexual intercourse (17) and peripheral blood 
mononuclear cells ( 18}. Seminal Ouid was also shown 
to ind uce IL-10 gene transcription while inhibiting 
INF-ymRNA production (18). KeUy !:.lfil (19) has shown 
that seminal Ouid induced IL- J O protein production 
in peripheral blood mononuclear cells. We also 
recently demonstrated that seminal íluid inhibited 
M MP-2 gene transcription in HeLa cells while 
stimulatíng MMP-9 mRNA production (20). 

and TNF-o. in monocytes/macro• 
phages (21 ,22). IL- 10 inhibited 1he release of IL- 1, 
TNF-o. and IL-6 from monocytes/macrophages (23) 
and suppressed the production of IFN-y by T lym
phocytes (24) . 

Some sem inal íluids a lso contain immune 
mediators which may iníluence cytokine production 
by cervica l epithelial cells. TGF-1} (25), IFN-o. (26) , 
IFN-y (26,27), IL-8 (25) and the TNF RI (28) have all 
been detected in seminal Ouids, primarily in those 
men with poor semen quality and / or evidence of 
infection. 
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