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Abstract 
Background and Objectives: Cervical cancer is a leading cause of cancer 
death in female populations. It is a virally induced carcinoma resulting from 
sexually transmitted high risk Human Papillomavirus infections (e.g. 
HPV-16, HPV-18). Previous studies have shown associations between IL-17A 
levels in cancer micro-environments and metastasis of tumor cells. In Africa, 
chemotherapy (CT) is the standard first-line treatment for cervical cancer 
and the prognosis remains poor for metastatic and recurrent cases. The im-
pact of CT as a treatment option is still unclear. We investigated the prognos-
tic relevance of IL-17A profiles in Cervical cancer patients (CP) patients 
treated with cisplatin in combination with 5-fluouracil (5FU) for three cycles. 
Methods: The study included 57 CP and 59 women with no history of ma-
lignancy as healthy controls (HC). IL-17A plasma levels were evaluated by 
ELISA. For each CP, three blood samples were collected at three-week inter-
vals before initiation of the chemotherapy protocol. Results: Before chemo-
therapy CP showed higher serum levels of IL-17A compared to HCs (p = 
0.035). No relation was detected between age and IL-17A levels. We observed 
a significant increase in serum IL-17A during treatment of the CP group (p < 
0.05). Depending on chemotherapy’s efficacy, CP were divided into 1) non 
responders, 2) partial responders and 3) good responders. Non-responders 
patients showed significantly higher serum levels of IL-17A during the fol-
low-up compared to partial and good responder groups both following the 
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first CT cycle (p < 0.05) and the second CT cycle (p < 0.03). Conclusion: Our 
results suggest that high serum levels of IL-17A are associated with poor res-
ponses to classical chemotherapy. However, considering these results to de-
sign CC biomarkers, we need further investigations particularly about the re-
levant prognostic indicator following chemotherapy. 
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1. Introduction 

Cervical cancer is a leading cause of cancer death in female populations espe-
cially in developing countries [1]. The link between cervical cancer and onco-
genic human papillomavirus (HPV) infection has been clearly established but 
some additional factors must contribute to pathogenesis leading to persistence of 
lesions and progression to malignancy [2]. Despite advances in screening and 
HPV vaccination, a significant number of women develop advanced disease par-
ticularly in low incoming countries. In Africa, patients are often very young pre-
senting highly aggressive forms of cervical cancer including multiple nodules 
and metastatic stages associated with rapid fatal evolution [3]. Contributing 
immunological factors are poorly understood in cervical cancer. Previous studies 
indicate that T lymphocytes release soluble factors such as cytokines that may be 
implicated in cancer development [4] [5] [6] and some T-cell sub-groups appear 
to play a crucial role in tumor progression [7] [8], including Th17 cells characte-
rized by IL-17 release. IL-17 is a pro-inflammatory cytokine with six previously 
described homologues (IL-17A - F) of which IL-17A is the prototype with the 
highest degree of homology to other members [9]. Pro or anti-tumor effects of 
IL-17A have been attributed to inflammation in tumor micro-environments [10] 
and several studies have implicated its involvement in cancer growth [11]. 
IL-17A release induces mediators that promote neutrophils recruitment and 
proliferation [12] [13]. 

Classical options for cervical cancer management include surgery, radiation 
therapy, chemotherapy (CT) or combinations of these interventions [14]. In 
Africa, CT is the standard first-line treatment for cervical cancer although the 
prognosis is poor for metastatic and recurrent forms [15]. The impact of CT on 
the immune response to tumor cells is still unclear although some previous stu-
dies have reported a hyper-stimulation of anti-tumoral activity during CT. These 
effects seem to depend on certain cytokines which have been widely investigated 
in new immunotherapeutic approaches to cancer management [15]. The devel-
opment of new strategies to combat cervical cancer which combine immuno-
therapy and CT, and are adapted to clinical phenotypes encountered in African 
women, is urgently needed. However, these therapeutic advances should be 
based both on a better knowledge of factors inducing cancer growth and metas-

https://doi.org/10.4236/oji.2019.94004


F. M. Gaba et al. 
 

 

DOI: 10.4236/oji.2019.94004 39 Open Journal of Immunology 
 

tasis, and on comprehensive patient follow-up involving clinical and biological 
parameters that have prognostic relevance to treatment response. 

In this study, we quantified IL-17A levels in the sera of Senegalese cervical 
cancer patients and healthy controls and evaluated the relevance of this bio-
marker as a prognostic indicator of patient response to classical CT. 

2. Materials and Methods 
2.1. Patients, Samples and Recruitment 

This study included 57 Senegalese cervical cancer patients (CP) and 59 healthy 
controls (HC) with no history of malignancy. The study was performed at 
the Cancer Department of the Juliot Curie Institute (hospital Aristide Le 
Dantec, Dakar, Senegal) from July to October in two successive years 2017 
and 2018. 

Recruited CP were recently diagnosed for cervical cancer and had not under-
taken any CT or radiotherapy. The major exclusion criteria included prior 
treatment with traditional plant-based remedies and bacterial or viral infections 
such as tuberculosis, HIV and hepatitis B. These infectious diseases were syste-
matically investigated by the medical team responsible for the monitoring. All 
selected patients were managed by the same medical staff and the CT protocol 
was in accordance with Senegalese national recommendations specifying one 
cycle every 21 days. Usually, three cycles are recommended before undertaking a 
thorough clinical examination to evaluate therapy response. Each patient fol-
lowed a treatment protocol depending on individual clinical disease characteris-
tics and general health status. Overall for selected patients, cisplatin was used in 
combination with 5-fluouracil (5-FU). In terms of doses, cisplastin was admini-
strated 50 - 75 mg/m2 of body surface every 3 weeks and 5-FU was used with to 
1000 mg/m2 every 3 weeks for 3 cycles. 

Selected HC are women free of known tumors or chronic inflammatory dis-
eases. They live in Dakar and were followed for high blood pressure in the Med-
ical Center of the Faculty of Medicine, more than two years with biological ana-
lyses every three months. 

Peripheral blood from all study participants (CP and HC) were sampled using 
EDTA vacutainers. For CP, sample collection was based on the treatment pro-
tocol. Three samples were collected per CP, corresponding to one before each 
CT cycle and are designated respectively: Sample 1 (S1), Sample 2 (S2) and Sam-
ple 3 (S3). However, only one sample was obtained per HC. All samples were 
immediately centrifuged and sera supernates were stored at −80˚C. 

2.2. Ethics Statement and Procedure 

This study was performed at Hospital Aristide Le Dantec in Dakar (Senegal) in 
the internal institute dedicated to cancer. Immunological analyses were per-
formed in the Laboratory of Immunology in the Faculty of Medicine of Cheikh 
Anta Diop University in Dakar. Informed consent was obtained from each par-
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ticipant and/or relatives prior to inclusion, after providing written or verbal in-
formation in their native language. The protocol 0297/2018/CER/UCAD was 
approved by Institutional Ethics Committee of Cheikh Anta Diop University 
(Dakar, Senegal). 

2.3. Determination of Serum IL-1A Levels 

IL-17A levels were measured by ELISA kits ready SET-GO® (Affymetrix eBios-
cience Inc., San Diego, CA, USA) according to the manufacturer’s instructions. 
Briefly, the lyophilized standard was reconstituted to obtain a stock at 500 pg/ml. 
and serially diluted to generate a standard curve. 100 µl of diluted capture anti-
body was added to each well of the microtiter plate. Plates were incubated over-
night at 4˚C. After washing, diluted standards or samples (100 µl) were added 
and plates were incubated 2 hr at room temperature. After washing, 100 µl of the 
detection antibody was added to each well and incubated 1 hr at room tempera-
ture. Avidin-HRP (100 µl) was added to each well and incubated 30 min at room 
temperature, followed by the addition of 100 µl of substrate for 15 min and 50 µl 
of stop solution. Optical densities were immediately determined using a micro-
plate reader set to 450 nm. The results are expressed in pg/ml. 

2.4. Statistical Analysis 

The data were analyzed with Statview® 5.1. Software. To compare IL-17A levels 
between groups, the non-parametric Mann Whitney and Kruskal-Wallis tests 
were used. Correlations were evaluated by using Spearman rank test and p < 0.05 
values were considered to be significant. 

3. Results 

Characteristics of the study population 
This study included 57 Senegalese patients (CP) and 59 healthy women with-

out a history of malignancy as controls (HC). Although the mean age of CPs 
differed significantly from HCs, there was no relationship between age and 
IL-17A levels. CP and HC data are summarized in Table 1. 

Clinically, 91.2% of the tumors were squamous cell carcinoma and 8.8% were 
adeno-carcinoma type. According to the FIGO classification, stages I and II were 
found in 38.6% of patients and stages III-IV were encountered in 43.9% of pa-
tients (Table 2). 

Comparison of IL-17A levels between HC and CP before chemotherapy 
and in CP during treatment 

Prior to chemotherapy, the highest levels of IL-17A were observed in CP 
compared to HC (median 2.62 pg/ml versus 5.51 pg/ml; p = 0.035) (Figure 
1(a)). Figure 1(b) shows the comparison of IL-17A levels before each of the 
three CT cycles (S1, S2, and S3). The results show a significant increase in 
IL-17A levels at S3 (median 9.71 pg/ml) (p < 0.05) compared to both S1 (median 
5.51 pg/ml) and S2 (median 5.80 pg/ml). 
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Profiles of IL-17A levels during CT treatment in patients 
We were also interested in investigating possible relations between IL-17A le-

vels during chemotherapy treatment. A positive correlation was found between 
the IL-17A levels for S1 and S2 (p < 0.001, rho = 0.81, Spearman rang test) 
(Figure 2(a)) and between S2 and S3 (p = 0.011, rho = 0.80, Spearman rang test) 
(Figure 2(b)). 

Depending on CT efficacy, patients were divided into three groups: 1) CP  
 

Table 1. Biological characteristics of the study population. 

Characteristics CC Patients (N = 57) Healthy Controls (N = 59) p 

Age (min-max) years 43.8 (35 - 69) 37.4 (20 - 60) <0.01 

Lymphocytes (103/µl) 2.2 (0.2 - 8.6) 2.2 (1.8 - 3.1) 0.37 

Polynuclear cells (103/µl) 10.3 (1.8 - 80.6) 1.9 (1.2 - 2.7) <0.001 

Monocytes (103/µl) 0.9 (0.1 - 8) 0.5 (0.3 - 1.4) 0.11 

Red Blood Cells (106/µl) 4.9 (2.1 - 14.5) 4.6 (4.1 - 5.3) 0.59 

Hemoglobin (g/l) 11.2 (6.8 - 13.9) 12.7 (11.8 - 15.0) 0.07 

Hematocrit (%) 37.3 (23.7 - 68) 37.4 (36.4 - 39.7) 0.68 

Legends: min = minimum, max = maximum, N = number of patients. Data were determined by the hospi-
tal’s medical laboratory. p = p-value of comparison between CP and HC groups with Mann Whitney rank 
test. 

 
Table 2. Histological, gynecological and therapeutic distribution of cervical cancer patients. 

Characteristics N (%) 

Histological data 
Squamous cell carcinoma 

Adenocarcinoma 

 
52 (91.2) 

5 (8.8) 

FIGO Stage 
I - II 

II - IV 
nd* 

 
22 (38.6) 
25 (43.9) 
10 (17.5) 

Parity 
0 

1 - 5 
5 - 10 
>10 

 
5 (8.8) 

26 (45.6) 
22 (38.6) 

4 (7.0) 

Gestity 
0 

1 - 5 
5 - 10 
>10 

 
6 (10.5) 

23 (40.4) 
24 (42.1) 

4 (7.0) 

Responses to chemotherapy 
Good responders 
Partial responders 

No responders 
nd* 

 
13 (22.8) 
19 (33.3) 
17 (29.8) 
8 (14.1) 

*data not available. 
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Legends: The evaluation of IL-17A levels during the different chemotherapy courses showed signifi-
cantly higher IL-17A levels after the second course of chemotherapy compared to pre-treatment and 
post-first course levels. *p < 0.05 S1 = Sample 1 (collected at day 0), S2 = Sample 2 (collected at day 
21) and S3 = Sample 3 (collected at day 42) Comparison of IL-17A levels between controls and pa-
tients shows a statistically significant difference with higher IL-17A levels in patients. 

Figure 1. Comparison of IL-17A levels between patients and healthy controls (a) and in 
the group of patients according to the day of sampling (b). 

 

 
Legends: Day 0 is the day before any chemotherapy. The first course of chemotherapy was administrated at day 0 and Sample 1 (S1) 
was taken before this treatment. At 21 days, blood sample 2 (S2) was collected before the second cycle of chemotherapy. Sample 3 or 
S3 was collected at day 42 days before the third cycle. IL-17A levels are positively correlated during treatment (p < 0.05, rho ≥ 0.80). 
Results were analyzed using the Spearman rank test. 

Figure 2. Relationship between IL-17A levels during the three cycles of chemotherapy (a) between day 0 (S1) and day 
21 (S2); (b) between day 21 (S1) and day 42 (S3). 

 
non-responders showing an increase of the tumor size or absence of variation 
associated to metastasis (N = 17) 2) CP partial responders considered as patients 
with a 50% - 70% of decrease in baseline tumor size (N = 19) and 3) CP good 
responders that are women with a decrease more than 70% (N = 13). Between 
these three groups; IL-17A levels were compared. Figure 3 shows that CT  
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Legends: * 0.01 < p < 0.05; ** 0.01 ≤ p, S1 = Sample 1 (collected at day 0), S2 = Sample 2 (collected at 
day 21) and S3 = Sample 3 (collected at day 42). 

Figure 3. Evolution of IL-17A levels depending on response to treatment in CC patients. 
 

non-responders had significantly higher levels of IL-17A compared to partial 
and good responders both after the first CT cycle (S2, p = 0.032) and the second 
CT cycle (S3, p = 0.027). Although no similar significant differences were ob-
served before initiation of CT (S1), there does seem to be a trend towards higher 
IL-17A levels in cervical cancer patients who were subsequently determined to 
be non-responders. 

4. Discussion 

In West Africa, the early onset of cervical cancer and difficulties with cancer 
management are aggravated by a lack of diagnostic and prognostic biomarkers. 
This study attempts to address this problem by identifying relevant immunolog-
ical biomarkers. Our main objective was to evaluate the impact of CT on IL-17A 
levels in the peripheral blood of Senegalese women with cervical cancer. There 
was close collaboration between clinicians and researchers during the recruit-
ment of patients and controls: (i) patients were women recently diagnosed with 
cervical cancer and subsequently treated by CT and (ii) controls were women 
with no history of malignancy of any type. 

In this study, we observe that the majority of patients were diagnosed during 
the late stage disease (III-IV). It is a common observation in developing coun-
tries [16]. In these areas, patients often consult relatively late, when the cancer is 
already at a very advanced stage. We also found that the majority of patients had 
squamous cell carcinoma type cancer (91.2%); these results are in line with those 
found in several studies conducted among the Senegalese population [17] [18]. 

IL-17A is an important contributing cytokine in the development of many in-
flammatory diseases and it is also frequently detected in tumor microenviron-
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ments [19] [20] [21]. However, little is known about possible effects of IL-17A 
on cervical cancer progression. Souza et al. have documented correlations of 
IL-17 concentration in serum from patients with different grades of squamous 
intraepithelial lesions and invasive cervical carcinoma [11], but did not evoke a 
role for IL-17A in the prognosis of cervical cancer. Here, we document the 
presence of higher concentrations of IL-17A in the sera of untreated cervical 
cancer patients compared to controls. Similarly, Zhang et al. have shown that 
IL-17 was highly expressed in patients with gastric cancer [22] and a significant 
role for IL-17 in ovarian tumor growth and angiogenesis has been reported [23]. 
Our results are consistent with these previous studies and together they strongly 
implicate IL-17 in the development of malignant tumors. 

Lyon et al. showed a significant increase of IL-17A levels in the sera of patients 
newly diagnosed with breast cancer compared to healthy women [24]. This in-
crease could also be explained by the existence of local inflammation at the tu-
mor site, resulting in the secretion not only of IL-17, but also of other cytokines 
such as IL-6, also considered to play a role in tumor growth [12]. IL-17A pro-
duction by Th17 cells appears to be dependent on IL-6 released by CPA [25], 
and IL-17A inducing inflammation has been shown to be promoted by high le-
vels of IL-6 and low TGF-β release, both of which are pro-tumoral cytokines 
with directs actions [26]. 

Our results showed a slight increase of IL-17A levels after the CT cycles with 
significant variation between CPs and HCs. This result supports the notion of 
IL-17A production by Th17 cells (TIL) indirectly influenced by anticancer drugs 
[27]. This release is only weakly reflected at the serum level, hence the impor-
tance of characterizing intra-tumor Th17 lymphocytes producing this cytokine. 
The concept of immuno-contexture recently developed in the evaluation of the 
prognostic relevance of intra-tumor immune cells (Th1 and TCD8+), supports this 
interpretation and the interest of monitoring Th17 cells present in tumor tissue 
[28]. Our data showing significantly higher IL-17A levels in Non-responder pa-
tients compared to partial and good responder patients following the first and 
second CT cycles is also consistent with this perspective and further supports the 
pro-tumor role of IL-17A [29]. This finding suggests that a possible reorienta-
tion of the immune response in the tumor microenvironment away from Th17 
and/or Th2 in favor of Th1 and/or TCD8 responses might be protective. 

5. Conclusion 

Based on our work, a majority of histological types of cervical tumors in Senega-
lese patients were squamous carcinoma. Moreover, we did not found a differ-
ence in cytokines levels according to the clinical or histological data. However, 
compared to healthy controls we highlighted a significant increase of IL-17A le-
vels in cervical cancer patients particularly in Non-responders individuals. Con-
sequently, our findings suggest that treatment failure during chemotherapy 
would be characterized by an increase of plasmatic IL-17A levels, but the use of 
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IL-17A as a prognostic biomarker during the treatment requires further investi-
gations, such as the evaluation of cytokines balance with PBMC Intracellular 
Staining and some genetic explorations. 
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