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Abstract t 
Objective.Objective. Conflicting data exist on IL-6 production by human papillomavirus (HPV) 
immortalizedd cell lines and several cervical carcinoma cell lines. However, no information 
hass been reported on the levels of cytokines in cervicovaginal washings in relation to cervical 
neoplasia.. The aim of this study was to investigate whether local production of IL-6 and IL-8 
couldd be found and whether the levels of these cytokines were related to the severity of 
cervicall  neoplasia and to the presence of HPV-DNA. 
Methods.Methods. Cervicovaginal washings and sera were obtained from 35 patients with invasive 
cervicall  cancer, 62 patients with cervical intraepithelial neoplasia (CIN) and 25 control 
subjects.. IL-6 and IL-8 levels were determined by ELISA. HPV-DNA in cervical smears was 
detectedd by a HPV 16-specific PCR method and additionally by the CPI/IIG PCR. 
Results.lnResults.ln the patients with cervical cancer, those with CIN and the controls, the median IL-6 
concentrationn in cervicovaginal washings was 171 (interquartile range: 54-780) pg/ml, 22 
(<2-73)) pg/ml and <2 (<2-<2) pg/ml, respectively. For IL-8, the levels were 2756 (1651-
7107)) pg/ml, 489 (248-1158) pg/ml and 631 (346-897) pg/ml, respectively. In most subjects 
thee local levels were much higher than in serum. Local IL-6 and IL-8 levels were significantly 
higherr in patients with cervical carcinoma compared with CIN patients and controls. 
Likewise,, local IL-6 levels were increased in patients with CIN compared with controls. No 
relationn was found between cytokine levels and CIN grade or HPV-DNA. 
Conclusions.Conclusions. There is local production of IL-6 and IL-8 in cervicovaginal secretions, and the 
productionn of IL-6 was related to the severity of cervical neoplasia. 

Introduction n 
Itt is well established that human papillomavirus (HPV) infections, in particular the 

oncogenicc types (e.g. HPV type 16 and 18) , play an important role in the pathogenesis of 
cervicall  cancer '. However, in the majority of these infections the virus is cleared from the 
cervicall  mucosa 2. The host immune response to HPV infection is thought to be a crucial 
factorr in the clearance of the virus. Immunocompromised individuals like HIV infected 
women,, are prone to get HPV-related cervical lesions3. Also, in renal transplant recipients 
whoo receive immunosuppressive therapy, cervical intraepithelial neoplasia (CIN) lesions 
occurr more often than in healthy individuals 4. Such disturbances of the immune system may 
nott only allow persistent infections, but may also give way for the developmet and outgrowth 
off  neoplastic cells 5. 

Mostt components for an inductor and effector phase of an immune response seem to 
bee present in the normal cervical and vaginal mucosa ' 7, analogous to the mucosal immune 
systemm of the gastro-intestinal and respiratory tract 8. As HPV causes a local infection, local 
immunologicall  factors may influence the outcome of the infection. Cervical keratinocytes are 
ableable to influence inflammation and immunity in the cervical mucosa upon HPV infection via 
thee secretion of cytokines, as shown in vivo and in vitro ' Among them, the pro-
inflammatoryy interleukin-6 (IL-6) might play a role in the local immune defense against HPV-
inducedd lesions of the uterine cervix. 

IL-66 is a multifunctional protein: it regulates immune responses and acute-phase 
reactionss and mediates the host response against tissue injury . In this way, IL-6 may 
contributee to the production of antibodies that protect the cervical mucosa against infections 
suchh as by HPV. Furthermore, IL-6 may stimulate NK cell mediated killing of cancer cells l4. 
Inn contrast to its immunoprotective role, IL-6 is also known as an autocrine stimulator of 
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cervicall  neoplastic cell growth ' . ' 16 Conflicting in vitro data exist concerning either 
elevatedd or decreased IL-6 production by HPV immortalized cell lines and several cervical 
carcinomaa cell lines .' ' ' Furthermore, Pao et al. found no difference in IL-6 mRNA 
expressionn between normal cervical tissue and cervical carcinoma tissue '', while Tartour et 
al.. found increased IL-6 mRNA expression 12. 

IL-66 and IL-8 can be detected in vaginal washings and cervical secretions of healthy 
subjectss l8"20. However, no information exists on the protein levels of these cytokines in 
relationn to cervical neoplasia (CIN and cervical cancer). Therefore, we decided to investigate 
thee local concentrations of IL-6 in cervicovaginal washings of patients with cervical 
neoplasia.. In addition, we measured the levels of an inflammatory cytokine, interleukin-8 (IL-
8),, possibly originating from local epithelial cells. IL-8 is a member of the C-X-C chemokine 
familyy and has a pro-inflammatory function in the chemotaxis and activation of neutrophils, 
eosinophilss and lymphocytes 21. Moreover, it is a potent angiogenic factor 22. To determine 
whetherr the measured IL-6 and IL-8 concentrations were due to local production, we 
comparedd the concentrations of these cytokines in paired sera and cervicovaginal washings. 

Materiall and Methods 
StudyStudy population 

Thee group of patients with cervical cancer consisted of 35 consecutive women 
undergoingg radical surgery for histologically confirmed carcinoma of the uterine cervix 
(FIGOO stage lb, Ha). At time of diagnosis the median age of the patients was 38 years 
(interquartilee range, 35-46; range, 26-67). Carcinomas were squamous cell carcinomas 
(n=25),, adenocarcinomas (n=8) or adenosquamous carcinomas (n=2). The group with cervical 
intraepitheliall  neoplasia (CIN) consisted of 62 patients who were referred to the outpatient 
departmentt of gynecology of the Academic Medical Center, Amsterdam, The Netherlands. 
Theyy had an abnormal cervical smear (mild dyskaryosis or a more severe lesion) and were 
diagnosedd with histologically confirmed CIN. The median age of the patients was 33 years 
(interquartilee range, 28-41; range, 18-58). The control group consisted of 25 healthy 
individualss recruited via an advertisement (median age 36 years; interquartile range, 25-41; 
range,, 23-57). Seventeen subjects had normal cervical cytology and HPV-DNA test negative 
smears.. Eight subjects had an HPV-DNA test positive smear. All patients and controls were 
includedd after informed consent. This study was approved by the medical ethical board of the 
Academicc Medical Center (AMC), Amsterdam, The Netherlands. 

Cervicall  smears and colposcopically directed cervical biopsies were examined by the 
Departmentt of Pathology, AMC, Amsterdam, The Netherlands. Cytological and histological 
diagnosiss classified according to WHO criteria23.24 

SampleSample collection 
Forr cervicovaginal sample collection all individuals lay in a supine position in a 

gynecologicall  examination chair. Firstly, a cervical swab (Virapap, Digene Diagnostics, Inc., 
Silverr Spring, MD, USA) was taken for HPV-DNA analysis. Then a cervicovaginal washing 
wass performed by flushing the cervix three times with the same 20 ml of sterile phosphate 
bufferedd saline (140 mM NaCl, 10 mM sodium phosphate, PBS) using a disposable plastic 
syringee 25. The fluid was collected and was centrifuged for 10 minutes at 3000 rpm, at 4° C, 
andd the supernatant was stored in aliquots at -80° C until assayed. 
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Tenn ml of peripheral blood from each individual were allowed to clot and 
subsequentlyy centrifuged at 3000 rpm at 25 °C for 10 min, and the sera were stored in aliquots 
att -80 °C until assayed. 

Inn patients with cervical cancer, the collection of cervicovaginal washings and serum 
wass done before radical surgery. In CIN patients, samples were collected at the first visit, 
aboutt 4 weeks before taking colposcopically directed biopsies. In some members of the 
controll  group sampling was done 2-3 times (follicular, (peri)ovulatory and luteal phase) in 
onee menstrual cycle. 

HPVDNAHPVDNA analysis 
Forr DNA purification, 100 ul of Virapap transportation medium containing scraped 

cervicall  cells were used. DNA was extracted with phenol-chloroform-isoamyl ethanol and 
precipitatedd with ethanol. The precipitated DNA was dissolved in 100 ul of 10 mM Tris HCI , 
11 mM EDTA (pH 7.0) and stored at -20 ° C until use. 

Detectionn of HPV DNA by PCR amplification was initially performed with HPV 16-
specificc primers, since HPV 16 is one of the most common found oncogenic genital HPV 
types.. The 5' primer sequence was: 5' TCAAGAACACGTAGAGAAACCCAG 3' and the 3' 
primer:: 5' AAACCATCCATTACATCCCGTACC 3'. This PCR amplifies a 391 basepair 
(bp)) fragment of the E6 and E7 (ORF) of HPV 16. The PCR was performed in a 50 ul PCR 
mixturee consisting of 10 mM Tris.HCl (pH 8.8), 50 mM KC1, 2.0 mM MgCl2, 0.1 mg of 
bovinee serum albumin per ml, 0.2 mM of each deoxynucleoside triphosphate, 75 ng of each 
primer,, and 0.75 U of Taq polymerase (Amplitaq) with 5 ul of the DNA sample. Forty step 
cycless (1 min 94°C, 1 min at 55°C and 2 min at 72° C) were performed, and then 10 ul of the 
amplificationn product was analyzed on a 2% ethidium bromide-stained agarose gel. The 
specificityy for HPV-16 was confirmed by sequencing of the amplimers 6. 

Thee HPV 16 PCR test negative samples were analyzed with the degenerated 
consensuss primer pair CPI and CPIIG (CPI/IIG) which amplifies a 188 bp fragment in the El 
openn reading frame (ORF) of a broad spectrum of genital HPV types as previously described 
22 .28 Direct sequence analysis of the appropriate extracted agarose gel bands was done for 
HPVV typing according to Smits et al. . 

CytokineCytokine immunoassays 
Interleukin-66 (IL-6) and interleukin-8 (IL-8) levels were measured in serum and in the 

supernatantt of cervicovaginal washings. IL-6 was measured using a two-site enzyme linked 
immunosorbentt assay (ELISA) as previously described . The lower limit of detection was 
1.99 pg/ml. IL-8 was measured using a commercially available immunoassay kit (PeliKine, 
CLB,, Amsterdam, The Netherlands), according to the manufacturer's instructions. The lower 
limi tt of detection was 3.9 pg/ml. To determine the recovery of the measured cytokines, a 
knownn amount of IL-6 and IL-8 was added to a sample with a level below the detection limit. 
Thee recovery of IL-6 and IL-8 in cervicovaginal washings was 89-100% (n=3) and 84-100% 
(n=2),, respectively. All samples were measured in duplicate and using at least two different 
dilutions.. The responses of positive cervicovaginal washings upon dilution were parallel to 
thee calibration line. 

InflammatoryInflammatory infiltrate analysis 
Representativee hematoxylin-eosin stained slides from colposcopically directed 
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biopsiess from suspect lesions on the cervix and sections from the cervical tumors in the 
surgicall  resection specimens were examined by one pathologist (FtK). The inflammatory 
infiltratee was semiquantitavely scored as mild, moderate and dense. Additionally, the 
distributionn of plasma cells, lymphocytes, neutrophilic and eosinophilic granulocytes in the 
infiltratee was scored. The histological score of the inflammatory infiltrate was performed 
withoutt knowledge of IL-6 and IL-8 levels in the patients. 

StatisticalStatistical analysis 
Too test for a significant difference between groups, we used the Kruskal-Wallis 

nonparametricc one-way analysis of variance (ANOVA). When this test indicated a significant 
differencee among groups, inter-group comparisons were performed using the Mann-Whitney 
UU test. Wilcoxon matched pair signed rank test was used for comparison between levels in 
serumm and cervicovaginal washings. Spearman correlation coefficients were calculated to 
analyzee the correlation between IL-6 and IL-8 concentrations. Intraclass correlation 
coefficientss were calculated following the random effects model described by Deyo et al. 30, 
andd coefficients above 0.75 were regarded as representing good reproducibility 3I. P-values < 
0.055 were considered to be statistically significant. 

Results s 
Thee distribution of IL-6 and IL-8 concentrations in the cervicovaginal washings of the 

threee different groups is depicted in Figures 1 and 2, respectively. In the patients with 
cervicall  cancer (n=35), those with CIN (n=62) and the controls (n=17), the median IL-6 
concentrationn was 171 (interquartile range: 54-780) pg/ml, 22 (<2-73) pg/ml and <2 (<2-<2) 
pg/ml,, respectively. Local IL-6 levels differed among the groups (p< 0.0001, ANOVA). 
Thosee in patients with cervical cancer were significantly higher than in patients with CIN or 
controlss (pO.0001 and pO.0001, respectively; Mann-Whitney U-test). Local IL-6 
concentrationss in patients with CIN were also significantly higher than in controls (p < 0.05; 
Mann-Whitneyy U test) (Figure 1). 

Figuree 1 Distribution of IL-6 (pg/ml) concentrations in 
cervicovaginall  washings in patients with cervical cancer (n=35), in 
patientss with CIN (n=62), and in controls without HPV infection 
(n=17).. IL-6 concentrations were below the detection Him it in 28 
patientss with CIN and in 12 controls. The median levels are 
indicated. . 

Thee median IL-8 concentration in the patients with cervical cancer, those with CIN 
andd the controls was 2756 (interquartile range: 1651-1707) pg/ml, 489 (248-1158) pg/ml and 
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6311 (346-897) pg/ml, respectively. The IL-8 levels differed among the groups (p < 0.0001, 
ANOVA) .. Local IL-8 concentrations in patients with cervical cancer were significantly higher 
thann in controls and in patients with CIN (p<0.0001 and pO.0001, respectively; Mann-
Whitneyy U test). No significant difference in local IL-8 concentrations was found between 
patientss with CIN and controls (Figure 2). 
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Figuree 2 Distribution of IL-8 (pg/mL) concentrations in 
cervicovaginall  washings in patients with cervical cancer (n=35), in 
patientss with CIN (n=62) and in controls without HPV infection 
(n=l7).. The median levels are indicated. 

Inn addition, the relation between IL-6 and IL-8 levels in cervicovaginal washings for 
eachh individual was analyzed. A statistically significant correlation was found both in the 
groupp of patients with cervical cancer (Spearman rho= 0.62, 95% CI: 0.35-0.79) and in those 
withh CIN (Spearman rho=0.42, 95% CI: 0.18-0.61) (Figure 3). 

105--

E* * 

2 2 
N*-^ ^ 
CO O 
CD D 
> > Hi Hi 

_ l l 

105-. . 

10 * . . 

103 --

1CP--

1 0 ' --

10  -

 *. 

 *.\ 
## 9 

E E 
^ 5 5 

a. . 
co o 
a> > 
> > <D <D 

CO O 
1 1 

_ l l 

1 0 " . . 

1 0 3 . . 

10 2 --

10 1 --

. . 

10°° 101 101 103 10' 10' 

IL-66 levels (pg/ml) 

:r f f 

10°° 101 102 103 104 105 

IL-66 levels (pg/ml) 

Figuree 3 Relation between IL-6 and IL-8 concentrations in cervicovaginal washings. In patients with cervical 
cancerr (n=35) (left) and in patients with CIN (n=62) (right) a significant correlation was found between IL-6 and 
IL-88 concentrations (Spearman p =0.42 95% CI 0.18-0.61; p=0.62 95% CI 0.35-0.69). 
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Wee subsequently analyzed whether IL-6 and IL-8 were locally derived by comparing 
thee concentrations of these cytokines in cervicovaginal washings and in sera. In the patients 
withh cervical cancer, the IL-6 concentrations in the washings (median value, interquartile 
range:: 171 pg/ml, 54-780) were significantly higher than in the sera (<2 pg/ml, <2-<2) 
(p<0.0001,, Wilcoxon matched pair signed rank test). The IL-8 concentrations in their 
washingss (median value, range: 2756 pg/ml, 1651-7107) were also significantly higher than 
inn the sera (3.65 pg/ml, 2.85-6.95) (p<0.0001, Wilcoxon matched pair signed rank test). For 
thee patients with CIN and the control subjects, the same pattern was found (data not shown). 
Fromm this we conclude that IL-6 and IL-8 are predominantly locally derived. 

Inn 18 healthy subjects cervicovaginal washings were performed on two occasions. The 
intraclasss correlation coefficient for IL-8 levels was 0.79. This indicates a good repeatability 
off  the procedures. Figure 4 shows the IL-6 and IL-8 concentrations in the cervicovaginal 
washingss of controls at different time points in one menstrual cycle. In 9 we performed 
cervicovaginall  washings at three different time points, in 2 at two time points. Although 
intraindividuall  variations were observed, the mean IL-6 and IL-8 levels were similar 
throughoutt the menstrual cycle. 

10== 10' 

timee points time points 

Figuree 4 IL-6 and IL-8 concentrations (pg/mL) in cervicovaginal washings at different time points in one 
menstruall  cycle in 11 controls. The time points 1, 2 and 3 correspond to the follicular, (peri)ovulatory and luteal 
phase,, respectively. In 9/11 the IL-6 level was below the detection limit at one or more time points. Both mean 
IL-66 and mean IL-8 levels were similar at the different time points. 

Inn the group of patients with CIN (CIN I, n=26; CIN II, n=14; CIN III , n=22), we analyzed 
whetherr the levels of IL-6 and IL-8 depended on CIN grade. No significant differences 
betweenn local IL-6 and IL-8 levels in the three CIN groups were found. 

Wee did not observe a difference in IL-6 or IL-8 levels between the subjects that were 
HPVV DNA test positive and those that were HPV DNA test negative, neither in the group of 
healthyy individuals nor in the group of patients with CIN. 

Finally,, we questioned whether a relation existed between the levels of IL-6 and IL-8 
inn the cervicovaginal washings and the extent of the inflammatory infiltrate in the cervical 
neoplasticc lesion to obtain information on the source of these interleukins. In the patients with 
cervicall  cancer with an inflammatory infiltrate scored as mild (n=8), moderate (n=ll) and 
densee (n=9), the levels of IL-6 were (median, interquartile range)) 62 (23-489), 382 (66-824) 
andd 307 (67-565) pg/ml, respectively. There was no ststistically significant difference 
betweenn the groups (P = 0.45, Kruskal-Wallis test). We also did not observe a correlation 
betweenn the density or the character of the inflammatory infiltrate and the levels of IL-8. 
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Similarlyy no relation was found between the density and the character of the inflammatory 
infiltratee in the tissue and the IL-6 and IL-8 levels in cervicovaginal washing fluids in any of 
thee other groups. 

Discussion n 
Inn our study IL-6 and IL-8 levels were significantly higher in the cervicovaginal 

washingg fluid from patients with cervical cancer than those in controls. IL-6 levels were also 
significantlyy higher in patients with CIN than in controls. In most cases IL-6 levels could not 
bee detected in the serum. Similarly, serum IL-8 was not detectable or present at much lower 
concentrationss than in cervicovaginal washings. This indicates that the IL-6 and IL-8 levels 
measuredd in the cervicovaginal washing fluid are locally derived and not present as a result of 
leakagee from the blood. This local production of these cytokines is even more pronounced 
becausee the cervicovaginal secretions we collected are diluted by the washing procedure with 
200 mL of sterile PBS. 

AA disadvantage of our washing procedure is that the dilution of cervical secretions is 
unknownn and may vary between individuals. Although our results were reproducible, as 
shownn by the high intraclass correlation coefficient for IL-8, the possible variability of the 
methodd should be considered in the interpretation of the results. Bélec and coworkers have 
performedd vaginal washings with 3 ml of PBS with added LiCl and calculated the dilution by 
measuringg the dilution factor of LiCl  32. They found that this procedure corresponded to 
approximatelyy a ten-fold dilution of native cervicovaginal secretions. Others have applied 2 to 
100 ml of washing fluid 33'34, or collected cervicovaginal secretions with sponges, cylindrical 
filterfilter  wicks and absorbent filter strips that were eluted in up to 1 ml of collecting fluid 35.34 

Ourr procedure was based on that described by Hill et al. 25. If we assume that in our procedure 
thee secretions are diluted approximately 10-fold, it follows the upper range of IL-6 in 
secretionss of healthy subjects was about 700 pg IL-6 per milliliter . This level is close to the 
upperr range of normal IL-6 levels reported by Bélec et al. I8. Our results therefore confirm the 
locall  production of IL-6 in cervicovaginal secretions. We are not aware of reports on IL-8 
levelss in the cervicovaginal washings of healthy subjects. 

Thee IL-6 levels in the cervicovaginal washings of healthy subjects were low and 
beloww the limit of detection of the assay at some of the time points in the menstrual cycle. 
However,, the mean levels of IL-6 at those time points were not statistically different in the 
groupp as a whole. IL-8 levels were always detectable and showed high reproducibility. Thus, 
thee cytokine levels in the other groups measured at a certain time point were considered as 
representativee for group comparisons. 

Noo earlier studies have been reported on local IL-6 and IL-8 concentrations in 
cervicovaginall  secretions of patients with CIN. We observed higher IL-6 protein levels in 
patientss with CIN than in healthy subjects. In other studies no increase in IL-6 mRNA was 
foundd in cervical tissue from CIN patients ". l 2 The semi-quantitative detection of mRNA, 
however,, may be less powerful than a quantitative assay of protein levels. The difference in 
levelss of IL-6 in cervicovaginal washings between patients with CIN and controls may be 
relatedd to CIN grade and/or HPV status, which, however, was not observed in this study. It 
hass to be considered that when HPV-DNA can not be detected at a certain time point, this 
doess not exclude an earlier HPV infection36. It would be tempting to ascribe the increased IL-
66 levels in the CIN group to HPV infection. In vitro studies on the effects of HPV-DNA on 
cervicall  epithelial cells are equivocal though, and show both decreased and increased IL-6 
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production.. Studies in a larger group of subjects with HPV-DNA test negative smears, and 
follow-upp studies should be performed to obtain more information about a possible relation 
betweenn local cytokine levels and HPV-DNA status. 

Bothh IL-6 and IL-8 levels were elevated in the cervicovaginal washings of patients 
withh cervical cancer compared with patients with CIN and controls. It is unlikely that this is 
duee to sampling of increased volumes of cervicovaginal secretions as the recovery of sample 
volumee was similar in patients and controls and the levels of IL-6 and IL-8 were 10- to 100-
foldd higher in patients than in controls. Therefore, the high IL-6 and IL-8 levels are assumed 
too be pathophysiological. The increased IL-6 protein levels in cervical cancer match increased 
IL-66 mRNA in cervical tissue material from patients as detected by semi-quantitative RT-
PCRR I2. In contrast to this, Pao et al. reported no significant difference in IL-6 mRNA 
expressionn in cervical carcinoma tissue homogenates compared to normal cervical tissues 
Noo data have been reported yet on IL-8 mRNA expression related to cervical neoplasia or 
HPVV infection in cervical tissue samples. A recent in vitro study reported that cervical 
epitheliall  cells showed an increased mRNA expression and secretion of IL-8 upon infection 
withh Chlamydia trachomatis37. 

Wee have no information on which cells are responsible for the elevated secretion of 
IL-66 and IL-8. These cytokines may originate from autocrine supply by the tumor cells 
themselves,, or from the environment induced by infection, inflammation or tissue damage. 
Wee did not observe a relation between the extent and type of the inflammatory infiltrate in the 
lesionss and local IL-6 and IL-8 levels. This may suggest that tumor cells and/or epithelial 
cellss are the main sources of these interleukins. Cervical epithelial cells have been shown to 
bee potential sources of IL-6 and IL-8 18"20. Studies investigating mRNA expression and 
immunee histochemical analysis on the protein level would be necessary to further analyze 
this,, since several cell types can be involved in cytokine production in the cervix. ' 
Moreover,, in general, macrophages and monocytes are important sources for IL-6 and for IL-
88 13.17 Tartour et al. mentioned that the increased IL-6 in the cervical tissue of patients with 
cervicall  cancer occurred predominantly in macrophages l2. Human cervical fibroblasts are an 
importantt additional source of local IL-6 production ' . 

Inn our study IL-6 and IL-8 levels in cervicovaginal washings were significantly 
correlated,, suggesting a common source and/or inducer. IL-l a and TNF-a are good 
candidatess for the latter option based on in vitro studies with cervical epithelial cells 9'10. In 
preliminaryy studies, we did not detect TNF-a in the cervicovaginal washings from healthy 
subjectss and patients with CIN. However, in patients with cervical cancer high levels of TNF-
aa were found (results not shown). These results suggest that other factors are involved in the 
regulationn of IL-6 and IL-8 production, in addition to a possible contribution by TNF-a. 

Thee effects of proinflammatory cytokines, like IL-6 and IL-8, on normal and 
neoplasticc cells as shown in vitro, suggest that the growth of neoplastic cells in vivo might be 
promotedd by them. It has been reported that IL-6 can play a role in cervical tumor cell growth 
inin vitro 16.9',0 Chemotaxis is the major known function of IL-8, but high IL-8 levels result in 
inhibitionn of chemotaxis 21. Furthermore, IL-8 is an angiogenic factor in the tumorigenesis of 
solidd tumors, as has recently been described for human non-small cell lung cancer 22 and 
glioblastomaa 38. Thus, the locally increased IL-8 levels in patients with cervical cancer may 
playy a role in the angiogenesis of the tumor. In previous studies, it has been shown that 
chronicc inflammation can contribute to the pathogenesis of several cancer types 39.40 We 
hypothesizee that the increased levels of IL-6 and IL-8 may contribute to cervical 
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tumorigenesiss by acting as a stimulator of tumor growth and as an angiogenesis factor, 
respectively. . 

Inn conclusion, IL-6 is locally increased in cervicovaginal secretions of patients with 
CINN compared with controls, and both IL-6 and IL-8 are increased in patients with cervical 
carcinomaa compared with patients with CIN and controls. The high cytokine levels may 
contributee to the local inflammatory process and they may have a stimulating effect on tumor 
development,, rather than contributing to the defense against HPV infection. Additional 
studiess are under way to find out which cells are responsible for this phenomenon in order to 
furtherr elucidate the role of these cytokines in the local immunity of the cervical mucosa 
againstt HPV related cervical lesions. 

Acknowledgment t 
Thee authors thank L. Struyk for critically reading the manuscript. 

72 2 



Locall  IL-6 and IL-8 levels in cervical cancer 

References s 

1.. Zur Hausen H. Papillomavirus infections~a major cause of human cancers. Biochim Biophys Acta 1996; 
1288:F55-78. . 

2.. Kiviat N. Natural history of cervical neoplasia: Overview and update. Am J Obstet Gynecol 1996; 
175:1099-104. . 

3.. Maiman M, Fruchter RG, Guy L, Cuthil! S, Levine P, Serur E. Human immunodeficiency virus infection 
andd invasive cervical carcinoma. Cancer 1993; 71:402-6. 

4.. Halpert R, Fruchter RG, Sedlis A, Butt K, Boyce JG, Sillman FH. Human papillomavirus and lower 
genitall  neoplasia in renal transplant patients. Obstet Gynecol 1986; 68:251-8. 

5.. Wright TC Jr, Sun XW. Anogenital papillomavirus infection and neoplasia in immunodeficient women. 
Obstett Gynecol Clin N Am 1996; 23:861-93. 

6.. Parr MB, Parr EL. Mucosal Immunity in the Female and Male Reproductive Tracts. In: Ogra PL, 
Mesteckyy J, Lamm ME, Strober W, McGhee JR, Bienenstock J., eds. Handbook of Mucosal Immunology. 
Sann Diego: Academic Press, Inc., 1994: 677-89. 

7.. van Ginkel FW, VanCott JL, Kiyono H, McGhee JR. Mucosal immunity to human papillomavirus in the 
femalee reproductive tract. Papillomavirus Report 1997; 8:1-10. 

8.. Brandtzaeg P. Overview of the mucosal immune system. Curr Top Microbiol Immunol 1989; 146:13-25. 
9.. Woodworm CD, Simpson S. Comparative lymphokine secretion by cultured normal human cervical 

keratinocytes,, papillomavirus-immortalized, and carcinoma cell lines. Am J Pathol 1993; 142:1544-55. 
10.. Castrilli G, Tatone D, Diodoro MG, Rosini S, Piantelli M, Musiani P. Interleukin 1-alpha and interleukin 

66 promote the in vitro growth of both normal and neoplastic human cervical epithelial cells. Br J Cancer 
1997;75:855-9. . 

11.. Pao CC, Lin CY, Yao DS, Tseng CJ. Differential expression of cytokine genes in cervical cancer tissues. 
Biochemm Biophys Res Commun 1995; 214:1146-51. 

12.. Tartour E, Gey A, Sastre-Garau X, et al. Analysis of interleukin 6 gene expression in cervical neoplasia 
usingg a quantitative polymerase chain reaction assay: evidence for enhanced interleukin 6 gene expression 
inn invasive carcinoma. Cancer Res 1994; 54:6243-8. 

13.. Van Snick J. Interleukin-6: an overview. Annu Rev Immunol 1990; 8:253-78. 
14.. Malejczyk J, Majewski S, Jablonska S, Rogozinski TT, Orth G. Abrogated NK-cell lysis of human 

papillomaviruss (HPV)-16-bearing keratinocytes in patients with pre-cancerous and cancerous HPV-
inducedd anogenital lesions. Int J Cancer 1989; 43:209-14. 

15.. Eustace D, Han X, Gooding R, Rowbottom A, Riches P, Heyderman E. Interleukin-6 (IL-6) functions as 
ann autocrine growth factor in cervical carcinomas in vitro. Gynecol Oncol 1993; 50:15-9. 

16.. Iglesias M, Plowman GD, Woodworth CD. Interleukin-6 and interleukin-6 soluble receptor regulate 
proliferationn of normal, human papillomavirus-immortalized, and carcinoma-derived cervical cells in 
vitro.. Am J Pathol 1995; 146:944-52. 

17.. Takano H, Harigaya K, Ishii G, et al. Interleukin-6 (IL-6) production in carcinoma of the cervix. Archiv 
Gynecoll  Obstet 1996; 258:25-33. 

18.. Belec L, Gherardi R, Payan C, et al. Proinflammatory cytokine expression in cervicovaginal secretions of 
normall  and HIV-infected women. Cytokine 1995; 7:568-74. 

19.. Naz RK, Butler A, Witt BR, Barad D, Menge AC. Levels of interferon-y and tumor necrosis factor-a in 
seraa and cervical mucus of fertile and infertile women: Implication in infertility. J Reprod Immunol 1995; 
29:105-17. . 

20.. Barclay CG, Brennand JE, Kelly RW, Calder AA. Interleukin-8 production by the human cervix. Am J 
Obstett Gynecol 1993; 169:625-32. 

21.. Baggiolini M. Chemotactic and inflammatory cytokines: CXC and CC proteins. Adv Exp Med Biol 1994; 
351:1-11. . 

22.. Arenberg DA, Kunkel SL, Polverini PJ, Glass M, Burdick MD, Strieter RM. Inhibition of interleukin-8 
reducess tumorigenesis of human non-small cell lung cancer in SCID mice. J Clin Invest 1996; 97:2792-
802. . 

23.. Riotton G, Christopherson WM. International histological classification of tumours No. 8. Cytology of the 
femalee genital tract. World Health Organization: Geneva 1973 

24.. Poulsen HE, Taylor CW, Sobin LH. Histological typing of Female Genital Tract Tumours. World Health 
Organization:: Geneva 1975 

73 3 



Chapterr 5 

25.. Hill JA, Anderson DJ. Human vaginal leukocytes and the effects of vaginal fluid on lymphocyte and 
macrophagee defense functions. Am J Obstet Gynecol 1992; 166:720-6. 

26.. Smits HL, Traanberg K.F, Krul MR, et al. Identification of a unique group of human papillomavirus type 
166 sequence variants among clinical isolates from Barbados. J Gen Virol 1994; 75:2457-62. 

27.. Bollen LJ, Tjong-A-Hung SP, van der Velden J, et al. Human papillomavirus DNA after treatment of 
cervicall  dysplasia: low prevalence in normal cytologic smears. Cancer 1996; 77:2538-43. 

28.. Tieben LM, ter Schegget J, Minnaar RP, et al. Detection of cutaneous and genital HPV types in clinical 
sampless by PCR using consensus primers. J Virol Methods 1993; 42:265-79. 

29.. Helle M, Boeije L, de Groot E, de Vos A, Aarden L. Sensitive ELISA for interleukin-6. Detection of IL-6 
inn biological fluids: synovial fluids and sera. J Immunol Methods 1991; 138:47-56. 

30.. Deyo RA, Diehr P, Patrick DL. Reproducibility and responsiveness of health status measures. Statistics 
andd strategies for evaluation. Control Clin Trials 1991; 12:142S-58S. 

31.. Burock EI FJHA. A new view of interobserver agreement. Pers Psychol 1963; 16:373-84. 
32.. Belec L, Meillet D, Levy M, Georges A, Tevi-Benissan C, Pillot J. Dilution assessment of cervicovaginal 

secretionss obtained by vaginal washing for immunological assays. Clin Diagn Lab Immunol 1995* 257-
61. . 

33.. Kutteh WH, Prince SJ, Hammond KR, Kutteh CC, Mestecky J. Variations in immunoglobulins and IgA 
subclassess of human uterine cervical secretions around the time of ovulation. Clin Exp Immunol 1996; 
104:538-42. . 

34.. Quesnel A, Cu-Uvin S, Murphy D, Ashley RL, Flanigan T, Neutra MR. Comparative analysis of methods 
forr collection and measurement of immunoglobulins in cervical and vaginal secretions of women. J 
Immunoll  Methods 1997; 202:153-61. 

35.. Thejls H, Rahm VA, Gnarpe J, Gnarpe H. Diagnostic efficacy of chlamydial antibodies in cervical 
secretionss from pregnant women and adolescent girls. Genitourin Med 1995; 71:370-4. 

36.. Morrison EAB. Natural History of Cervical Infection with Human Papillomaviruses. Clin Infect Dis 1994; 
18:172-80. . 

37.. Rasmussen SJ, Eckmann L, Quayle AJ, etal. Secretion of proinflammatory cytokines by epithelial cells in 
responsee to Chlamydia infection suggests a central role for epithelial cells in chlamydial pathogenesis. J 
Clinn Invest 1997;99:77-87. 

38.. Desbaillets I, Diserens AC, Tribolet N, Hamou MF, Van ME. Upregulation of interleukin 8 by oxygen-
deprivedd cells in glioblastoma suggests a role in leukocyte activation, chemotaxis, and angiogenesis. J 
Expp Med 1997; 186:1201-12. 

39.. Kawai K, Yamamoto M, Kameyama S, Kawamata H, Rademaker A, Oyasu R. Enhancement of rat 
urinaryy bladder tumorigenesis by lipopolysaccharide-induced inflammation. Cancer Res 1993; 53:5172-5. 

40.. Correa P. Human gastric carcinogenesis: amultistep and multifactorial process-First American Cancer 
Societyy Award Lecture on Cancer Epidemiology and Prevention. Cancer Res 1992; 52:6735-40. 

74 4 


