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Abstract
Introduction—We conducted a study to test the hypothesis that systemic dysregulation of Th1/
Th2 cytokine levels was associated with detection of carcinogenic or overall human papilloma
virus (HPV) at the cervix among 964 women residing in the rural village in Nigeria.

Methods—Levels in plasma were measured for 19 cytokines, including Th1-like cytokines IL-2,
IL-12 (p40), TNF-a, IFN-g; Th2-like cytokines IL-4, IL-5, IL-6, IL-10, IL-13; innate/
inflammation cytokines IL-1a, IL-1b,IL-8, Eotaxin, MCP-1, MIP-1a, and IL-7; and cell
development cytokines G-CSF, VEGF, and IL-17. Analysis was restricted to 5 cytokines, TNF-α
(Th1), IL-8 (Th2), eotaxin and MCP-1 (innate/inflammation), and G-CSF (cell development),
whose levels were detected in 80% or more of the samples measured as well as had a coefficient
of variation of <30%.

Results—Strong correlations were noted between levels of eotaxin and TNF-α (r=0.75), IL-8
and MCP-1 (r=0.60), eotaxin and G-CSF (r=0.44), and G-CSF and IFN-γ (r=0.43). Detection of
carcinogenic or non-carcinogenic HPV DNA was unrelated to cytokine levels, except for levels of
eotaxin and TNF-α, which were inversely correlated, albeit weakly, with detection of any
carcinogenic HPV (P=0.048 and P=0.067, respectively). In analyses stratified by age group, levels
of eotaxin were inversely correlated with detection of any HPV DNA (P=0.026) and carcinogenic
HPV (P=0.042) in older, but not younger, women.

Conclusions—Our results do not support the hypothesis of systemic cytokine dysregulation and
HPV at the cervix in Nigerian women, but subgroup analyses raise questions about inverse
associations between eotaxin and TNF-α in older women.
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1. Introduction
Squamous carcinoma of the cervix (SCC) is the first or second leading cancer and cause of
cancer death in many African countries[1], where some of the world's highest incidence
rates are observed [2]. This high incidence and mortality impact is due to high prevalence of
human papillomaviruses (HPV) [3, 4], specifically of several of the 13 HPV genotypes
considered carcinogenic [3], combined with lack of basic cervical cancer screening and early
treatment services. In the West, the age-specific prevalence of HPV infection falls with age
as the corresponding probabilities of new sexual partners and of encountering new HPV
infections decrease [5, 6]. However, in contrast to patterns observed in women in developed
countries [5–7], HPV prevalence does not decrease with age in women in most sub-Saharan.
HPV prevalence appears to persist at high levels among older African women [5, 7, 8]. For
example, HPV prevalence was 14.7% among 1282 women from households selected at
random in a rural village in Ile-Ife in Nigeria[9].

The reasons for HPV persistence in women in sub-Saharan Africa are not well understood,
but they include a high rate of acquisition of new infections (incidence) and low rate of
clearance of acquired infections (duration). The risk factors for prevalent HPV infection
include early age at first pregnancy, more than 2 lifetime sex partners, and oral contraceptive
use [10]. Surprisingly, being in a multiple wife household, which may be a surrogate for
HPV transmission in a married setting, was marginally associated with detection of
carcinogenic HPV in older women [10]. While sexual contact is a necessary driver of
acquisition of new HPV infections, acquisition of effective immune response to HPV
proteins is necessary for clearance and protection against new HPV infections [11, 12]. One
study, which noted a geographical correlation between the distribution of high grade of
cervical cancer and malaria endemicity in Uganda, hypothesized that relative
immunosuppression from lifelong malaria infection may contribute [13]. Plausibly, co-
infection malaria or stool parasites [14] may modulate influence T helper (TH) 1/2 immunity
[15], and, though that mechanism, persistence of cervical HPV prevalence at the cervix or
progression to cancer. We therefore conducted a study to evaluate the hypothesis that HPV
prevalence at the cervix, particularly among older women, in Nigeria may be associated with
self-reported malaria or plasma levels of inflammatory cytokines.

2. Material and Methods
2.1. Study population

Detailed methods of the study have been reported elsewhere [9, 10]. Briefly, 2,100 women
residing in 439 households selected at random in a village in Ondo State in Nigeria were
invited to participate in an HPV/SCC screening survey. Multiple-wife households were
over-sampled to study intra-familial HPV transmission in that setting. In total, 1,420 of
2,091 eligible women (not pregnant, without a hysterectomy, 15+ years of age, lived in the
house for more than three months) consented for cervical screening using acetic acid and
visual inspection of the cervix. Cervical cell samples were taken and placed in liquid media
for cytology. Venous blood samples were taken in EDTA tubes, separated within 2 hours of
collection, and stored at −80°C until shipped to the National Cancer Institute Repository.
Women answered an interviewer-administered questionnaire about established risk factors
for HPV, cervical cancer and a history of malaria in the past 24 months. Exposure to other
endemic parasites was not evaluated.
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2.2. HPV testing
HPV DNA testing was performed in the U.S. using polymerase chain reaction (PCR)
MY09-MY11 primers to detect HPV genotypes [16]. Samples were considered adequate
when positive for β-globin. HPV status was scored categorized as positive when at least one
of ~42 HPV genotypes was detected, otherwise as negative. Results were further categorized
as “definitely or possibly carcinogenic HPV positive” when at least one of the 13
carcinogenic types: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 68 [9] were detected;
otherwise as negative.

2.3. Cytokine testing
Levels were measured for 19 cytokines/chemokines on a 96-well plate format using a
custom Milliplex bead assay (Millipore, Billerica, MA) according to the manufacturer's
protocol [17]. . The cytokines includes were as follows: a) IL-2, IL-12 (p40), TNF-α, and
IFN-g (Th1-like cytokines); b) IL-4, IL-5, IL-10, and IL-13 (Th2-like cytokines); c) IL-1a,
IL-1b, IL-6, IL-8, Eotaxin, MCP-1, MIP-1a, and IL-7 (innate/inflammation cytokines); and
d) G-CSF, VEGF (growth factors), and e) IL-17 (Th2-17 cytokine). All tests were
performed in duplicate and the mean results usedfor analysis. The assay readings from the
BioPlex 100 instrument (v6.0) were expressed as mean fluorescent index (MFI). MFI values
were used extrapolated to cytokine levels based on a standard fitting curve derived from
results of six serial dilutions of a recombinant cytokine standard in assay diluent. An
additional standard point was added to extend the lower level of the standard curve to 0.64
pg/ml. Four replicate samples (2 within- and 2 between-batches from a woman whose
cervical sample was HPV positive and a woman whose cervical sample was HPV negative)
were included to assure assay reliability and guard against assay drift.

2.4. Statistical analysis
Statistical analyses were performed using STATA (version 11, STATA Corp, College
Station, Texas, USA). The MFI results for cytokine were log-transformed to normalize the
distribution of results. Reliability of cytokine assays was evaluated by calculating within- or
between-plate coefficients of variation (CVs) by dividing the assay mean by the assay
standard deviation of replicate samples. Only assays with CVs less than 30% and detected in
more than 80% of samples passed and were included in analyses. Assays with CVs equal or
higher than 30% were considered to have failed and were excluded in analyses. Spearman's
correlation coefficient was calculated for each pair of cytokines to identify cytokines with
strongly correlated levels. Analysis of continuous values was performed using the Student's
t-test. Differences in the proportional distribution of tertile levels for cytokine levels
according to self-reported malaria or HVP DNA detection at the cervix were evaluated using
Chi-squared tests. Tertiles for each cytokine were calculated based on cutoff points obtained
among the HPV negative women. The possible effect of age group on associations between
cytokines and self-reported malaria or HPV persistence was evaluated in separate analyses
for women aged 15–34 years and 35+ years. These age groups were selected a priori based
on consideration that HPV DNA in women aged 15–34 years is more likely to be due to
recently acquired HPV, whereas HPV DNA in women aged 35+ is more likely to be due to
persistent HPV infections. Crude and adjusted odds ratios (OR) and 2-sided 95% confidence
intervals (CI) were estimated using unconditional logistic regression to assess association of
cytokines with HPV and past malaria infection. A two-sided P-value <0.05 was considered
statistically significant.
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3. Results
3.1. Study population

In total, 964 women were evaluated in the study. The median age of the women was 45
years (Inter-quartile range 30–60 years). HPV DNA results were missing for 34 (3.5%).
Among those with results, overall HPV DNA prevalence was 25.8% and carcinogenic HPV
prevalence was 14.9%, based on being positive for at least one of the established 13
carcinogenic types.

3.2. Cytokine results and patterns
Of 19 cytokines measured, 5 cytokines passed quality control (Table 1), based on having
CVs less than 30% and being detectable in 80% of the samples, including TNF-α (Th1),
IL-8 (Th2), eotaxin and MCP-1 (innate/inflammation), and G-CSF (growth factors). The
mean levels of the cytokines were variable ranging from 8.2 pg/ml (TNF-α) to 202.3 pg/ml
(MCP-1). Four cytokines were detected in 40–80% of samples, IFN-γ (Th1), IL-10 (Th2),
MIP-1a (innate/inflammation), and VEGF (growth factors), while 10 cytokines were
detected in less than 25% of the samples, so their results were excluded from this analysis.

After adjusting for multiple comparisons with Bonferroni correction, strong correlations
were observed between eotaxin and TNF-α (Spearman r=0.75: innate/inflammation-Th1),
IL-8 and MCP-1 (Spearman r=0.60: Th2 and innate/inflammation), eotaxin and G-CSF
(Spearman r=0.44: innate/inflammation and growth factors), and G-CSF and IFN-γ
(Spearman r=0.43: growth factors and Th1) (Table 2). Cytokine levels were higher in
women aged 35+ than women aged 15–34 years for eotaxin (4.09 versus 3.77, P<0.001),
TNF-α (2.14 versus 2.0, P=0.003), IL-8 (3.20 versus 2.88, P=0.001), MCP-1 (5.35 versus
5.21, P=0.0006), but not for G-CSF (3.46 versus 3.55, P=0.14).

3.3. Cytokine levels and self-reported malaria
Data on self-reported malaria was available on 889 women. Of these, 11%, 26% 28% 21%
and 14% reported 0, 1, 2, 3, and 4–10 malaria episodes in the past 24 months, respectively.
Reporting 4 or more malaria episodes in the past 24 months increased from 9% among
women aged 15–24 years to 20% among women aged 65+ years (OR 2.5, 95% CI 1.1 −5.5).
The distribution of tertile levels of cytokine was unrelated to the number of self-reported
malaria episodes (Table 3), with the possible exception of IL8 (P=0.02) and eotaxin
(P=0.08), whose distributions showed marginal statistical variation with the number of self-
reported malaria episodes (Table 3).

3.4. Cytokine levels and HPV DNA detection at the cervix
Detection of HPV (overall, carcinogenic or possibly carcinogenic) DNA at the cervix was
unrelated to cytokine levels, with the possible exceptions of eotaxin for which detection of
any HPV (P=0.048) as well as detection of any carcinogenic HPV (P=0.067) was inversely
associated with eotaxin tertiles (Table 4). Similar, but less strong patterns were observed for
tertiles of TNF-α for detection of any carcinogenic, but not non-carcinogenic HPV. When
mean levels were examined according to HPV status, mean eotaxin level was 0.10 log lower
in the women positive for any HPV (3.94 versus 4.04 log, P=0.03) and 0.14 log lower in
women positive for any carcinogenic HPV (3.89 versus 4.03 log, P=0.015). The
corresponding results for TNF-α were as follows: mean level was 0.06 log lower in women
positive for any HPV (2.06 versus 2.12 log, P=0.24) and 0.12 log lower in women positive
for any carcinogenic HPV was considered (2.00 versus 2.12 log P=0.03) when compared to
those who were negative.
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Because we observed that mean eotaxin level was 0.32 log higher in women aged 35+ years
than those aged 20–34 years (P<0.001), we therefore repeated the analysis of mean level of
eotaxin and TNF-α in HPV positive versus negative women stratified according to age
group 20–34 years or 35+ years. Among women aged 15–34 years, no difference was noted
in mean eotaxin level in women who were positive for any HPV (P=0.87), any carcinogenic
HPV (P=0.53), or HPV 16 (P=0.71) compared to those who were negative (Figure 1 A, B
and C). The results were similar for TNF- α (supplementary Figure 1 A, B, and C). Among
women aged 35+ years, mean eotaxin level was 0.12 log lower in women who were positive
for any HPV (P=0.03), 0.16 log lower in those who were positive for any carcinogenic HPV
(P=0.02), and 0.17 log lower in those positive to HPV16 (P=0.21) compared to those who
were negative (Figure 1 D, E, and F). The last result was based on small numbers (HPV16
accounted for 13% of all carcinogenic HPV) and was not statically significant. Levels for
TNF-α were depressed in positive women, but the result was not statistically significant for
any HPV (P=0.30), marginally significant for any carcinogenic HPV DNA detection
(P=0.08), and not significant for HPV16 (P=0.8) (supplementary Figure 1 D, E and F).

In analyses stratified according to age and adjusting for each other, unit increase in log
eotaxin, but not TNF-α, was inversely associated with detection of any HPV (OR 0.73, 95%
CI 0.54–0.99), any carcinogenic HPV (OR 0.72, 95% CI 0.5–1.05), and HPV16 (OR 0.57,
95% CI 0.27–1.21) in women aged 35+ years. Levels of eotaxin and TNF-α were unrelated
to detection of any HPV, of any carcinogenic HPV, or HPV16 in women aged 15–34 years
(data not shown).

5. Discussion
To our knowledge, we present the first data to test the hypothesis whether systemic immune
dysregulation, as measured by plasma cytokine levels, is related to HPV detection at the
cervix. In addition, we also investigated correlation between a set of systemic cytokine
levels with reported malaria. We did not find evidence for a correlation between plasma
Th1/Th2 cytokines and HPV detection at the cervix or with self-reported malaria. As a
possible exception, assuming that our findings did not occur by chance related to multiple
comparisons, we found an association between low levels of eotaxin and increased
prevalence of carcinogenic HPV at the cervix, particularly among older women. The inverse
associations remained when analyses were restricted to HPV16, although the sample size
was small and the result was not statistically significant. We also found an inverse, but less
strong, association between levels of TNF-α with carcinogenic, but not possibly
carcinogenic HPV genotypes. Given our finding that the of eotaxin and TNF-α generally
increased with age, the inverse associations with HPV observed in older women may be
specific. TNF-α is involved in Th1 immunity and HPV was correlated with eotaxin levels in
our data, providing internal consistency in our data. Possibly, eotaxin and TNF-α levels in
rural women in Nigeria might be associated with higher point prevalence of HPV infection
at the cervix. Given that persistence of high-risk HPV, particularly HPV16, is associated
with higher risk of cancer progression, the inverse association of lower mean levels of
eotaxin and HPV detection among women aged 35+ years may be a clue about cytokines
linked to persistence of HPV infection and risk for progression to cancer of the cervix.
Future work is needed to evaluate the possible relationship between age, eotaxin and TNF-α
level and HPV infection at the cervix in rural women in Africa.

Eotaxin is chemokine that modulates the recruitment and regulation of eosinophils and
basophils through signaling of chemokine receptor-3 (CCR3) in the innate immunity/
inflammation pathway [18]. Eosinophils, basophils, and mast cells are involved in innate
immunity [19]. Our results are different from those reported by Marks et al [20] among
women aged 30–60 years in Baltimore. In this study, eotaxin levels were higher in HPV-
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positive women and eotaxin levels were strongly and significantly correlated with T cell
lineage molecules, such as IL-5, IL-, IL-9, IL-12, IL-15, and TNF-α. Our results may not be
comparable to those reported by Marks et al because of different epidemiological setting,
high proportion of undetectable cytokines in our study, and different body fluid assessed.
Nonetheless, if our findings are confirmed, they could shed light on systemic dysregulation
that might be correlated with epithelial control of HPV infection at the cervix.

Our study has limitations. We measured cytokines in plasma, yet cytokines act locally and
they are degraded quickly through dilution and metabolism to minimize danger of
undesirable systemic effects [17, 21]. Assuming detectable and physiologically relevant
levels can be measured in plasma, delay in processing of samples, which was on average
about two hours in our study, may have attenuated measurable signal. Second, we did not
assess co-infections, such as hepatitis B and C viruses and human immunodeficiency virus,
which may alter plasma levels of these cytokines. Third, we measured malaria infection
using questionnaire, thus the null results might be due to gross misclassification of malaria
exposure. Future work using malaria antibody tests to classify exposure could provide
critical information about the role of malaria in HPV persistence. Finally, while cytological
and colposcopic data were collected in the field and read in the U.S., variability in sample
quality was observed, thereby reducing the value of the data to inform on the relationship
between cytokine levels and dysplastic lesions. The strengths of our study include use of
samples from a well characterized epidemiological study, use of high throughput technology
to examine multiple markers from multiple immunological pathways, and inclusion of
cytokines with high reproducibility.

To conclude, HPV DNA detection at the cervix in Nigerian women was unrelated to
systemic cytokine levels. An inverse correlation with eotaxin was observed, especially in
older women. Self-reported malaria was unrelated to HPV detection or systemic cytokines,
perhaps because the exposure is grossly misclassified by interview.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Cytokines were reliably measured in plasma in Nigerian women using Luminex
assays

• Cytokine levels were not associated with HPV detection at the cervix

• A possible exception is inverse associations between eotaxin and carcinogenic
HPV

• Eotaxin findings suggest innate immunity may play a role in HPV persistence
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Figure 1. Dot plot showing of log-transformed (base 2) eotaxin levels for women aged 20–34
years or 35+ years who were positive or negative for any human papillomavirus (HPV), any
carcinogenic HPV, or HPV 16 by age group
Each dot represents a single subject. The dotted line inside the box represents the mean and
the solid line inside the box the median and the outer lines of the boxes represent values
equal to the mean plus or minus one standard deviation. The P values are the probability that
the mean results in the controls are equal to the mean results in the cases, based on the
Student's t test.
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Table 1

Cytokine results, including mean values and within and inter-batch coefficient of variation in rural women
from Nigeria

All Subjects Number (%) Detected

Cytokine All subjects #Not detected* # detected* Mean§ SD§ C.V. (n/n)±

Th-1

  TNF-α 964 3 (0.3) 961 2.11 0.65 12/9 (62/62)

  IFN-γ 964 485 (50) 479 3.05 1.44 32/34 (28/35)

Th-2

  IL-10 964 496 (51) 468 2.42 1.25 27/26 (33/31)

Innate/Inflammatory

  IL-8 964 9 (1.4) 955 3.12 1.34 19/16 (62/62)

  Eotaxin 964 16 (1.7) 948 4.00 0.64 15/12 (59/61)

  MCP1 964 1 (0.1) 963 5.31 0.55 13/9 (62/62)

  MIP1a 964 590 (61) 374 4.08 1.54 22/23 (25/30)

Growth Factors

  G-CSF 964 173(18) 791 3.53 0.79 15/25 (52/51)

  VEGF 964 351 (45) 613 5.12 0.88 18/17 (37/39)

(n/n) number in parentheses indicate the number of samples tested in duplicate.

*
Detection based on lower limit of detection for the assay (lower than the lowest standard deviation, see methods:

§
Mean and standard deviation (SD) based on log-transformed values;

±
within/between batch C.V.,
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Table 2

Pair wise Spearman rank correlation coefficients for plasma cytokines among rural women from Nigeria*.

*
Correlations performed for cytokines detected in ≥50% of samples and with a C.V. <30 using untransformed values. Only correlations that are

significant at p<0.05 after Bonferroni correction are tabulated.
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Table 4

Detection of human papilloma virus (any and carcinogenic) at the cervix and cytokines in rural women from
Nigeria

All subjects Any HPV Any carcinogenic HPV

Cytokine Levels n (%) n/N (%) P n/N % P

Th-1

  TNF-α Lower 320 33.3 84/311 27.0 0.568 60/311 19.3 0.077

Middle 321 33.4 87/305 28.5 43/305 14.1

Upper 320 33.3 77/311 24.8 41/311 13.2

Innate/Inflammatory

  IL-8 Lower 319 33.4 83/302 27.5 0.946 49/302 16.2 0.830

Middle 318 33.3 82/310 27.5 49/310 15.8

Upper 318 32.3 82/310 26.5 45/310 14.5

  Eotaxin Lower 316 33.3 86/295 29.2 0.048 55/295 18.4 0.067

Middle 316 33.3 92/309 29.8 50/309 16.2

Upper 316 33.3 68/311 22.9 37/311 11.9

  MCP-1 Lower 321 33.3 73/309 23.6 0.272 45/309 14.6 0.855

Middle 321 33.3 90/308 29.2 45/309 15.9

Upper 321 33.3 86/312 27.6 50/312 16.0

Growth Factors

  G-CSF Lower 263 33.3 72/257 28.0 0.566 43/257 16.7 0.860

Middle 265 33.3 62/254 24.4 38/254 15.0

Upper 263 33.3 71/253 28.1 40/253 15.8
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