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Abstract t 
Humann papillomavirus (HPV) infections play an important role in the development of 
cervicall  neoplasia. To get to a better understanding of the role of cytokines in the 
developmentt of these neoplasias, we analyzed the presence of various cytokines in 
cervicovaginall  washings of healthy volunteers (n=22), cervical intraepithelial neoplasia (CIN) 
patientss (n=63) and cervical cancer patients (n=33). Although not detectable in healthy 
controlss and CIN patients, IL-12, TNF-a and, at lower levels, IFN-y and IL-10, were detected 
inn approximately 60% of patients with cervical cancer. TGF-P 1 was detected in 
cervicovaginall  washings in 32% of healthy controls, 50% of patients with CIN, and in 95% of 
patientss with cervical cancer. IL-1 P was detected in most of the controls and CIN patients and 
inn all patients with cervical cancer. IL-12p40, IL-10, TGF-pi, TNF-a and IL-1 (3 levels were 
significantlyy higher in patients with cervical cancer than in controls and CIN patients. Our 
dataa demonstrate alterations in the local cervical immune environment in cervical cancer 
patients.. This could have important consequences for the further development of immune 
modulatingg therapies and vaccination strategies. 

Introduction n 
Humann papillomavirus (HPV) infections play a pivotal role in the development of 

cervicall  neoplasia . In young healthy adolescents, most HPV infections are transient 2. 
However,, in many immunocompromised individuals HPV infections tend to persist and 
eventuallyy become neoplasia " . Therefore, it is assumed that the host immune system and in 
particularr the local immune system of the genital tract is important in the surveillance of HPV 
relatedd cervical neoplasia. 

Cytokiness regulate the immune response in various ways. First, they may promote the 
immunee response. Interleukin-12 (IL-12) and interferon-gamma (IFN-y) promote the cellular 
immunee response by stimulating natural killer (NK) cells and by stimulating the development 
off  cytotoxic T cells (CTL) 6. IL-6, IFN-y, IL-10 and transforming growth factor-beta (TGF-p) 
playy an important role in the immunoglobulin (Ig) production 7"9, IL-10 and TGF-p in 
particularr with respect to the production of IgA  10"12. Furthermore, IFN-y is able to enhance 
thee secretion of SIgA in vitro ' . IL-1 (3 is a pro-inflammatory cytokine, which activates T-and 
B-lymphocytess and NK-cells: it induces acute-phase proteins and stimulates the formation of 
inflammatoryy infiltrates H. 

Second,, cytokines may cause immunosuppressive effects. IL-10 inhibits the 
developmentt of a cellular response by inhibition of IL-12 production 7 and TGF-P antagonizes 
thee effects of IFN-y, perhaps by an enhancement of IL-10 expression or by down-regulation 
off  IL-2 receptor signalling 5. 

Third,, cytokines may directly interact with tumor cells. Both TNF-a and TGF-P are 
supposedd to exert antiproliferative effects 10; ,6; 17. IFN-y may also have an antiproliferative 
effectt and it may induce HLA-class II expression l8"20. With respect to HPV related tumors 
TGF-pp is important in its capacity to inhibit the expression of E6 and E7 genes 21. 

Thesee are important aspects of the pleiotropic actions of cytokines in relation to the 
locall  immunosurveillance against HPV-related neoplasias. In our earlier studies we have 
foundd evidence for the local production of IL-6 and IL-8 in the cervicovaginal compartment 
andd we have shown that IL-6 levels in cervicovaginal washings were related to (pre)neoplastic 
lesionss of the cervix 22. Several groups have reported on cytokines in cervicovaginal washings 
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inn relation to human immunodeficiency virus (HIV) infections " or on cytokine mRNA or 
proteinn levels in relation to HPV and related neoplasia in tissue 27. Here, we report on IL-
12p40,, IFN-y, IL-10, TGF-fH, TNF-a and IL-l p levels in cervicovaginal washings of healthy 
controlss and patients with neoplastic lesions of the cervix. 

Materiall and Methods 
StudyStudy population 

Wee studied control subjects, patients with cervical intraepithelial neoplasia (CIN) and 
patientss with invasive cervical cancer. The control group consisted of 22 individuals, being 
thosee with normal cervical cytology and HPV-DNA test negative smears out of 32 women 
whoo responded to an advertisement. The median age was 37 years (interquartile range, 26-41; 
range,, 20-57). The group with CIN consisted of 63 patients who were referred to the 
gynecologicc outpatient clinic of the Academic Medical Center (AMC), Amsterdam, The 
Netherlands.. The median age of the patients was 33 years (interquartile range, 28-41; range, 
18-58).. All had histologically proven CIN (CIN I (n=27), CIN II (n=14), CIN III (n=22). Fifty 
(79%)) of these 63 patients had HPV DNA in the cervical smears. The group of patients with 
cervicall  cancer consisted of 33 consecutive women undergoing radical surgery for 
histologicallyy confirmed carcinoma of the uterine cervix (FIGO stage lb, IIa). At time of 
diagnosiss the median age of the patients was 41 years (interquartile range, 35-46; range, 26-
67).. Carcinomas were squamous cell carcinomas (n=24), adenocarcinomas (n=7) or 
adenosquamouss carcinomas (n=2). Thirty-one (94%) of these patients had HPV DNA positive 
cervicall  smears. All controls and patients were included after having obtained informed 
consent.. This study was approved by the medical ethical board of the AMC. 

Cervicall  smears and colposcopically directed cervical biopsies were examined by the 
Departmentt of Pathology, AMC. Cytological and histological diagnosis were classified accor-
dingg to WHO criterial l 29. 

SampleSample collection 
Thee collection of cervicovaginal washings (CW) was performed as described 

previouslyy 22. Briefly, after a cervical swab (Virapap, Digene Diagnostics, Inc., Silver Spring, 
MD,, USA) had been taken for HPV-DNA analysis, a cervicovaginal washing was performed 
byy flushing the cervix three times with the same portion of 20 ml of sterile phosphate buffered 
salinee (PBS) using a disposable plastic syringe. The fluid was immediately put on ice, 
centrifugedd for 10 min at 1000 g, at 4°C, and the supernatant was stored in aliquots at -80°C 
untill  assayed. 

HPVHPV DNA analysis 
HPVV DNA analysis was done as described earlier 22. For DNA purification, 100 jil of 

Virapapp transportation medium containing scraped cervical cells were used. Detection of 
HPVV DNA by PCR amplification was performed with HPV 16-specific primers 22 and the 
degeneratedd consensus primer pair CPI and CPIIG (CPI/IIG) 30; 31. HPV typing was done by 
directt sequence analysis of the PCR products 

CytokineCytokine immunoassays 
Alll  cytokines were measured in the supernatant of cervicovaginal washings. 
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Anti-IL-122 mAb CI 1.79 and C8.6 were provided by Dr G. Trinchieri (The Wistar 
Institute,, Philadelphia). IL-12p40 was measured by an enzyme linked immunosorbent assay 
(ELISA)) as described 34. In some experiments another ELISA was used. Control samples 
weree tested in both assays with same results. Microtiter plates were coated overnight at 4°C 
withh anti-human IL-12 mAb (CI 1.79)33 (2 pg/ml in 0.05 M sodium bicarbonate buffer, pH 
9.6)) or with anti-human IL-12 (EW 034091, R&D Systems, Minneapolis, MN, USA) (4u.g/ml 
inn PBS). After washing with PBS/0.02% Tween (PT)(Tween-20) and blocking the plates with 
2%% fat milk in PBS, standards IL-12 and samples, diluted in assay/High performance ELISA 
(HPE)) buffer (CLB, Sanquin Blood Supply Foundation, Amsterdam, The Netherlands), and 
biotinylatedd anti-human IL-12 (C8.6) (1.25 u.g/ml) in assay buffer was added and the plates 
weree incubated for 2 h at room temperature, under continuously shaking. In case the coating 
antibodyy EW 034091 was used: after incubation for 1 h at 37°C and a wash, conjugate with 
2%% normal mouse serum (CLB Ml250 batch 1250-3503) was added and incubated for 1 h at 
37°C.. Subsequently, the wells were washed and horseradish peroxidase conjugated to 
streptavidinn (poly-HRP-streptavidin; CLB) was added (final concentration 1:10000 in 2 % fat 
milkk in PBS) and incubated for 30 minutes at room temperature, under continuously shaking. 
Afterr a wash, tetramethylbenzidin (TMB) substrate (0.1 mg/ml TMB in 0.11M sodium acetate 
bufferr pH 5.5 and 0.003% H2O2) was added; the reaction was stopped with 1M H2SO4 and the 
absorbancee was read in a Titertek multiscan. The lower limit of detection was 2.7 pg/ml. 

IFN-yy was measured using a commercially available enzyme immunoassay kit 
(PeliKine,, CLB, Amsterdam, The Netherlands), according to the manufacturer's instructions. 
Thee lower limit of detection was 2.5 pg/ml. 

IL-100 was measured as previously described 35. The lower limit of detection was 7 
pg/ml. . 

TGF-pii  was measured using the DuoSeT™ ELISA for human TGF-pi, and the human 
TGF-pp DuoSeT Acessory Pack to activate samples and standards prior to ELISA (Genzyme 
diagnostics,, Cambridge MA, USA), according to the manufacturer's instructions. The lower 
limi tt of detection was 31.25 pg/ml. 

TNF-aa was measured using the MEDGENIX TNF-cc EASIA™ kit (BioSource Europe 
S.A.,, Fleurus, Belgium) according to the manufacturer's instructions. The lower limit of 
detectionn was 13 pg/ml. 

IL-i pp was measured by ELISA as described for IL-12p40. Briefly, microtiter plates 
weree coated overnight at 4°C with anti-human CLB IL-lp/8 mAb (1 jig/ml in 0.05 M sodium 
bicarbonatee buffer, pH 9.6). Standards NiBSC and samples, diluted in HPE buffer, and 
biotinylatedd anti-human CLB IL-ip/4 HPE buffer were incubated simultaneously. The lower 
limi tt of detection was 1 pg/ml. 

Al ll  samples were measured in duplicate and using at least two different dilutions, 
exceptt for the samples tested in the TNF-a assay (tested single in at least two different 
dilutions).. The responses of positive cervicovaginal washings upon dilution were parallel to 
thee calibration line. 

Albumin Albumin 
Albuminn levels in paired cervicovaginal washings and sera were determined as 

describedd earlier . The ratio of the albumin level in cervicovaginal washing and the albumin 
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levell  in serum, i.e. the Qalbumin, was used as a measure for transudation of serum proteins 
andd as a surrogate marker for inflammation. 

InflammatoryInflammatory infiltrate analysis 
Representativee hematoxylin-eosin (HE) stained sections from ON and sections from 

thee cervical carcinomas in the surgical resection specimens were examined by one pathologist 
(FtK).. The density of the inflammatory infiltrate was semi-quantitatively scored as mild, 
moderatee and dense. Additionally, the plasma cells, lymphocytes, neutrophilic and 
eosinophilicc granulocytes in the infiltrate were scored semi-quantitatively. The histological 
scoree of the inflammatory infiltrate was performed without knowledge of the cytokine levels 
inn the patients. 

StatisticalStatistical analysis 
Too test for a significant difference between groups, we used the Kruskal-Wallis nonparametric 
one-wayy analysis of variance (ANOVA). When this test indicated a significant difference 
amongg groups, inter-group comparisons were performed using the Mann-Whitney U test. 
Spearmann correlation coefficients were calculated to analyze the correlation between 
concentrationss of different cytokines and to analyze the correlation between cytokine 
concentrationss and Qalbumin. The Chi Square test was used to analyze significant differences 
inn the frequency of patients with HPV-DNA positive or HPV-DNA negative CIN with 
detectedd cytokine levels. P-values < 0.05 were considered statistically significant. 

Results s 
CytokineCytokine levels in cervicovaginal washings 

Thee levels of the cytokines in the cervicovaginal washings of control subjects (n=22), 
patientss with CIN (n=63) and patients with cervical cancer (n^33) are summarized in table 1. 
Becausee of limited sample volumes it was not possible to investigate all cytokines in all 
samples. . 

Inn cervicovaginal washings of control subjects TGF-pl and IL-i p were detectable in 7 
outt of 22 and in 21 out of 22 women, respectively. All other cytokines were below the 
detectionn limit. 

Inn some of the CIN patients IL-12, IL-10 and TNF-cc were detected in cervicovaginal 
washings.. IFN-y was not detected in any CIN patient. TGF-fil was detected in 31 out of 62 
testedd CIN patients. The median TGF-pi level in the cervicovaginal washings was 36 
(<31.25-86)) (interquartile range) pg/ml. IL-l p was detected in 54 out of 63 patients with CIN. 
Thee median IL-l p level in the cervicovaginal washings of the CIN patients was 33 (16-95) 
pg/ml. . 

Inn cervical cancer patients IL-12 was detected in 21 out of 33 patients. The median 
levell  was 17 (<2.7-54) pg/ml. Low levels of IFN-y were detected in 13 out of 21 tested 
patients.. The median IFN-y level was 8 (<2.5-9) pg/ml. IL-10 was detected in 18 out of 33 
patientss with a median level of 1430 (<7-7370) pg/ml. TGF-pl was detected in all but two 
cervicovaginall  washings. The median level was 170 (107-558) pg/ml. TNF-a was detected in 
211 out of 33 patients. The median level was 55 (<13-107) pg/ml. IL-i p was detected in all 
patientss with cervical cancer. The median level was 157 (97-283) pg/ml. 
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Thee IL-12, IL-10 and TNF-a levels were significantly higher in cervicovaginal 
washingss of the patients with cervical cancer compared to the patients with CIN (p=0.0098, 
p=0.0002,, pO.0001, respectively (Mann-Whitney test)). TGF-(51 and IL-l p levels were 
differentt among the three groups (pO.0001, pO.0001, respectively (Kruskal-Wallis test)) 
andd significantly higher in patients with cervical cancer compared to either CIN patients or 
controlss (pO.0001, Mann-Whitney test). TGF-fil levels were significantly higher in patients 
withh CIN compared to controls (pO.0001, Mann-Whitney test). IL-i p levels did not differ 
betweenn patients with CIN and controls (table 1). 

HistologicalHistological tumor type and cytokine levels 
Too investigate whether the histological tumor type was associated with differences in 

cytokinee levels we studied separately cytokine levels in patients with squamous cell 
carcinomass (SCC), adenosquamous carcinomas and adenocarcinomas of the uterine cervix. 
IL-122 levels in cervicovaginal washings were significantly higher in patients with squamous 
celll  carcinomas (p=0.024, Kruskal-Wallis test; SCC vs adenocarcinoma: p=0.021, Mann-
Whitneyy test) (figure 1). The other cytokine levels were not significantly different between 
thee respective tumor types. 

400-, , 

~~ 300-
E E 
Q. . 

100--

0--

sccc adenosq adeno 

Figuree 1 IL-12p40 (pg/ml) levels in cervicovaginal washing fluid from patients with squamous cell carcinoma 
(sec)) of the cervix (n=23), adenosquamous (adenosq) carcinoma of the cervix (n=4) and adenocarcinoma (adeno) 
off  the cervix (n=5). Median IL-12p40 levels varied significantly among the three groups (p < 0.05, Kruskal-
Walliss test). Also a significant difference was found between the median IL-12p40 levels of patients with 
squamouss cell carcinoma and adenocarcinoma of the cervix (p < 0.05, Mann Whitney test). 

Relationn between inflammatory infiltrate and cytokine levels in patients with cervical 
cancer r 

Wee evaluated whether a relationship existed between the density and type of the 
inflammatoryy infiltrate in the tumor and the levels of certain cytokines to investigate whether 
somee cytokines contribute to inflammation and/or reflect the type of inflammation. In the 
patientss with cervical cancer the density of the inflammatory infiltrate in the tumor was 
designatedd 'mild' in 20 %, moderate in 52 % and dense in 28 % of the patients. The semi-
quantitativelyy scored amount of lymphocytes in the inflammatory infiltrate was mild in 40 %, 
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moderatee in 40 % and dense in 20 % of the patients. For plasma cells these percentages were 
39%,, 39% and 22%, respectively. Firstly, the complete group of patients with cervical cancer 
wass analyzed. Measured cytokines were linked to the scored densities of the inflammatory 
infiltrate.. A significant correlation was found between the density of the inflammatory 
infiltratee and TNF-a levels and IL-12 levels (Spearman rho 0.43, p=0.03 and Spearman rho 
0.43,, p=0.03, respectively). When a homogeneous group consisting of the subgroup patients 
withh squamous cell carcinoma of the uterine cervix (n=24) was analyzed no significant 
correlationss between cytokines and the density of the infiltrate were found. No relations were 
foundd in cytokine levels and the amount of lymphocytes or plasma cells. 

Sincee the biopsies from patients with CIN were very small and revealed in general 
hardlyy an inflammatory infiltrate to analyze, we used the transudation of albumin as another 
inflammatoryy marker. Thus we calculated Qalbumin, the ratio of albumin in cervicovaginal 
washingg fluid and in serum. 
Forr the patients significant correlations were found between Qalbumin and the levels of IL-
12,, TGF-pi, TNF-a and IL-lp . For CIN patients the coefficients of correlation for TGF-pl 
andd IL-l p were 0.82 and 0.41 (Spearman rho, pO.0001; p=0.035), respectively. For the 
patientss with cervical cancer the coefficients of correlation between Qalbumin and IL-12, 
TGF-pl,, TNF-a and IL-l p the coefficients of correlation were 0.72, 0.80, 0.66 and 0.46, 
respectivelyy (Spearman rho, pO.0001, p< 0.0001; p=0.008; p=0.0002). Thus for most of the 
cytokiness the levels parallel the degree of the inflammatory reaction as measured by the 
transudationn of albumin. 

RelationRelation with HPV-DNA 
Almostt all (94%) patients with cervical cancer were found to be HPV-DNA 

positive,, whereas 79% of the CIN patients were HPV-DNA positive. We studied the relation 
betweenn cytokine levels and HPV-DNA positivity in the CIN patients. In the CIN patients 
whoo were HPV-DNA positive IL-12 was more often detected than in the HPV-DNA negative 
patientss (p=0.04, Chi Square test). No other statistically significant associations between 
cytokinee level and the detection of HPV-DNA were found. 

Discussion n 
Wee have found that the levels of the cytokines IL-12p40, IL-10, TGF-pl, TNF-a and 

IL-i pp are increased in the cervicovaginal washings of patients with cervical cancer. Except 
forr IL-10 the levels correlated with other parameters for inflammation. For IFN-y, a cytokine 
importantt for the generation of cellular immune responses only very low levels were found in 
aa limited number of patients. 
Thee advantage of using cervicovaginal washings is that these are easy to perform and are 
minimallyy invasive. We have previously shown that our sampling procedure is reproducible 
22 2 

Recently,, it has been demonstrated that IL-12 was secreted locally in cervicovaginal 
washingss of women participating in a population-based natural history study of cervical 
neoplasiaa in Costa Rica and female adolescents 26:37. We found IL-12p40 protein levels to be 
significantlyy higher in patients with cervical cancer compared to CIN and controls. This 
seemss to be in contrast with previous studies showing both IL-12p40 and IL-12 p35 mRNA 
andd protein expression to be lower in biopsies from high grade CIN and cervical cancer 
lesionss than in low grade CIN lesions 38,39. 
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Tablee 1 Cytokine levels in cervicovaginal washings from healthy controls, patients with CIN 
andd patients with cervical cancer 

Cytokinee level (pg/ml) 

IL-122 (median) 
(IQQ range) 
detectablee in 

IFN-yy (median) 
(IQQ range) 
detectablee in 

IL-100 (median) 
(IQQ range) 
detectablee in 

TGF-pii  (median) 
(IQQ range) 
detectablee in 

TNF-ctt (median) 
(IQQ range) 
detectablee in 

IL-l pp (median) 
(IQQ range) 
detectablee in 

Controls s 

<2.7 7 
--
--
<2.5 5 
--
--
<7 7 
--
--
<31.25 5 
<31.25-77 7 
7/22(32%) ) 
<13 3 
--
--
47 7 
23-69 9 
21/22(95%) ) 

CIN N 

<2.7 7 
<2.7-<2.7 7 
10/38(26%) ) 
<2.5 5 
--
--
<7 7 
<7-<7 7 
2/39(5%) ) 
36# # 
<31.25-86 6 
31/62(50%) ) 
<13 3 
<13-<13 3 
3/59(5%) ) 
33 3 
16-95 5 
54/63(86%) ) 

cervicall  cancer 

17* * 
<2.7-54 4 
21/33(64%) ) 
8 8 
<2.5-9 9 
13/21(62%) ) 
1430$ $ 
<7-7370 0 
18/33(55%) ) 
170## # 
107-558 8 
31/33(94%) ) 
55** * 
<13-107 7 
21/33(64%) ) 
jj  57*** 
97-283 3 
33/33(100%) ) 

CIN=cervicall  intraepithelial neoplasia; IQ range interquartile range 
*p=0.00988 vs CFN, $p < 0.0001 vs CIN and controls, #p <0.0001 vs controls, 
**p<0.00011 vs CIN, ***p<0.0001 vs CIN and controls. Due to limited sam 
analyzee all investigated cytokines in all samples 

##pp < 0.0001 vs CIN and controls, 
piee volumes it was not possible to 

Wee found higher IL-12p40 levels in patients with squamous cell carcinomas than in patients 
withh adenocarcinomas. These differences may be explained by differential effects of the 
tumorr cells on the IL-12 production of monocytes and macrophages or by the differential 
productionn of IL-12 by the tumor cells themselves. 

IFN-yy was only marginally detected in cervicovaginal washings from patients with 
cervicall  cancer and not detectable in patients with CIN and in healthy controls. This is in line 
withh previous studies 4. Pao et al. demonstrated that IFN-y mRNA was significantly reduced 
inn CIN and cervical cancer tissue compared to normal tissue 27, which was confirmed by 
otherss 39. The low IFN-y expression is probably not caused by lack of the IFN-y inducing 
cytokinee IL-12 as the IL-12 p40 levels were increased in patients with cervical cancer. IFN-y 
iss able to induce the expression of HLA class II on cervical cell lines in vitro, and a clear 
associationn between IFN-y mRNA levels at the tumor site and expression of HLA class II 
moleculess on the tumor has been observed 18"20. Although HLA class II expression on antigen 
presentingg cells (APC) plays an important role in antigen presentation, cervical carcinomas 
oftenn show de novo expression of HLA class II antigens 40' 41. The effect on the immune 
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responsee of de novo expression of HLA class II antigens on tumor cells due to IFN-y 
expressionn is unknown. It is noteworthy that it was recently demonstrated that both normal 
andd HPV transformed cervical keratinocytes are sensitive to growth inhibition by IFN-y 42. A 
defectt in IFN-y expression at the site of the cervical lesion may therefore be advantageous for 
tumorr progression. Indeed, it was recently found that high intratumoral IFN-y mRNA levels 
weree associated with an increased disease free survival in all 14 patients with cervical cancer 
inn a 2 year follow-up ' . 

Fivee percent of the patients with CIN and 55% of the cervical cancer patients had 
detectablee IL-10 levels, which is in line with one study showing an increase in the IL-10 
(mRNAA and protein) expression from low grade to high grade CIN lesions 38. In contrast, 
otherr investigators demonstrated a lower IL-10 mRNA expression in biopsies from cervical 
carcinomaa as compared with CIN 39. Previous studies also showed low (or levels below the 
limi tt of detection) IL-10 levels in cervicovaginal washings from healthy controls, patients 
withh CIN and cervical cancer patients24'43. 

Wee observed both higher TGF-pl levels in cervicovaginal washings from patients 
withh cervical cancer compared with patients with CIN and healthy controls. TGF-pl has been 
shownn to inhibit E6 and/or E7 gene expression at the level of transcription in HPV 
immortalizedd keratinocytes, thereby inhibiting cell proliferation 21*  44. Furthermore, TGF-p 
enhancess apoptosis and inhibits angiogenic capability and metastatic potential of HPV-
associatedd tumors l0. High TGF-P levels should also inhibit tumor growth. However, in vitro 
studiess have shown that cervical carcinomas have lost their sensitivity to TGF-P 1 and their 
abilityy to secrete TGFs 45. Cervical carcinoma cell lines have been reported to be sensitive, 
minimallyy responsive or resistant to TGF-P induced growth inhibition, possibly depending on 
losss of TGF-P-RII expression or components of the post receptor pathway 46. It may also 
facilitatee the development of cervical cancer by contributing to immunosuppresion 

Immunohistochemicall  studies showed that TGF-P 1 expression was common in CIN 
lesions.. Expression was most frequently found in regressed and persistent lesions (>60%), but 
wass not clearly related to the grade of the lesion or the clinical course 47. Interestingly, another 
immunohistochemicall  study reported a decrease of the intracellular TGF-p 1 expression in 
neoplasticc epithelium but an increase in the extracellular TGF-pi expression in cervical 
cancerr stroma. Tumor progression may therefore indirectly be promoted by TGF-pl, secreted 
intoo or produced by supporting stromal elements in a paracrine fashion 4 . Both in vitro 
studiess on freshly isolated cervical carcinoma cells 49 and our in vivo data showing increased 
locall  TGF-p 1 in cervicovaginal washings of patients with cervical cancer support this 
hypothesis. . 

Previously,, TNF-a has been demonstrated in cervicovaginal washings from healthy 
controlss 2 . Although we were not able to detect TNF-a in healthy controls, we did observe 
TNF-aa protein levels in patients with cervical cancer to be higher than in patients with CIN. 
TNF-aa mRNA was reported not to be altered in CIN or cervical cancer tissues 27. Although, 
inin vitro, the growth of normal and HPV transformed cervical keratinocytes was inhibited by 
TNF-aa 42; 50; 5I, our findings show that, in vivo, TNF-a appears to have no effective inhibitory 
effectt on tumor growth since high TNF-a levels were found in patients with cervical cancer. 
Thiss discrepancy may be explained by the observation that more aggressive phenotypes of 
HPVV transformed cell lines are resistant to TNF-a mediated growth limitation 50'5t possibly 
duee to a decreased expression or loss of the TNF-a receptor. 
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Thee IL-6 and IL-8 levels in cervicovaginal washings we reported previously 22 were 
highlyy correlated with the TNF-a levels in this study (Spearman rho 0.79 and 0.62; p<0.0001 
andd p=0.0002, (data not shown)). Furthermore, IL-6 and IL-8 also were significantly 
correlatedd with IL-i p (Spearman rho 0.36 and 0.61; p=0.05 and p=0.0002, (data not shown)). 
Thee increased levels of IL-6 and IL-8 may indicate activated epithelium. Taken together, our 
dataa suggest that several other inflammatory processes parallel the activation of the cervical 
epitheliall  cell layer. 

Forr each cytokine analyzed the percentage of patients with detectable cytokine levels 
wass significantly higher in the order controls, CIN, cervical cancer (pO.0001, ChiSquare 
test).. For IL-12p40 we also found a significantly higher frequency of positive results in the 
HPV-DNAA positive CIN group compared with the HPV-DNA negative CIN group. In the 
subgroupp of patients with squamous cell carcinoma of the cervix, we did not find a relation 
betweenn the density or the character of the inflammatory infiltrate and the measured cytokine 
levels,, indicating that, apart from the studied cytokines, additional factors play a role in tumor 
infiltrationn by immune cells. Similarly, a previous study could not demonstrate any clear 
associationn between IFN-y mRNA levels and T lymphocyte or NK cell infiltration 18. 

Cyclooxygenasee (COX)-2 has recently been reported to be expressed in a variety of 
humann malignancies 52"61, including cervical cancer 62. Pro-inflammatory cytokines like IL-i p 
andd TNF-a induce COX-2 . COX-2 can lead to cytokine imbalance in vivo, resulting in 
overproductionn of IL-10, and thus inhibiting IL-12. IL-12 induces type 1 cytokine production 
andd mediates the cellular anti-tumor response. Specific inhibition of COX-2 may restore the 
imbalancee in IL-10 and IL-12 indicating an important role for COX-2 in tumorigenesis 64. 
Ourr data show in patients with cervical cancer low levels of IL-12 and IFN-y, while IL-10 
wass found in relatively higher levels indicating a local immunosuppressive environment. 
Furthermore,, we found increased levels of pro-inflammatory cytokines (TNF-a and IL-ip) 
whichh may induce COX-2 and in this way promote tumor growth. 

Inn order to reveal the nature of the cells responsible for the production of these 
cytokines,, further studies will be needed. Immunohistochemical studies have shown IL-12, 
IL-100 and TGF-P producing cells in stroma 38. IL-12 is probably produced by keratinocytes 6, 
dendriticc cells 6 and/or tumor cells while T lymphocytes are the most likely source of IFN-y 
andd IL-10. Both epithelial and/or tumor cells could be the source of TNF-a. To resolve these 
questions,, it will be necessary to conduct studies on the protein (in cervicovaginal washings 
andd immunohistochemically) and mRNA levels at the same time. Importantly however, even 
thee detection of a theoretically ideal anti-tumor cytokine cocktail in the tumor environment, 
doess not necessarily indicate the effectiveness of the anti-tumor immune response. Local 
cytokinee levels may be altered or may not function because of the absence of receptors or the 
presencee of soluble factors that eradicate the cytokines. These, and other tumor immune 
escapee mechanisms are important to keep in mind when designing novel therapeutic 
modalitiess and vaccination studies in patients with cervical neoplasia. 
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