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• Expression of Toll-like receptor genes and downstream signaling pathway was studied in cancer cervix vis-a-vis normal cervix.
• The study was performed on freshly obtained human cervical tissues.
• Universal downregulation of TLR genes & downstream signaling pathway was observed in cervical cancer.
• Downregulation of TLR & downstream signaling pathway points to a dampened immune response.
• Low expression of TLR7 was further associated with poor overall patient survival.
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Objective. Toll-like receptors constitute an important component of innate immune mechanism. HPV is a
known etiological factor of cervical cancer and is known to interferewith the expression of TLRs and downstream
signaling pathway. It remains poorly understood whether HPVmodulates the expression of TLRs. Hence, under-
standing HPV mediated immune alterations might aid in identifying novel therapeutic targets. The aim was to
study the relative gene expression of TLRs & downstream signaling pathway in cervical carcinoma.

Methods. Cervical squamous cell carcinoma (CSCC) and normal cervical tissueswere obtained. Subsequent to
HPV genotyping, mRNA expression profiling using PCR Array was performed. Protein expression of relevant
genes with western blot was studied. Levels of cytokines in cervicovaginal washes were estimated using a
Luminex multiplex platform.

Results. All cases of cervical cancer were HR-HPV positive and predominant subtype was HPV16 (71.1%). Sig-
nificant TLR4 upregulation and TLR2,7 downregulationwere observed inHR-HPV infected cervix. TLR4,7 demon-
strated low expression in CSCC. Molecules from cancer allied pathways; RELA, AKT, CDKN2A, and MDM2
demonstrated upregulation in CSCC. Protein expression data corroboratedwith gene expression profile. A dimin-
ished level of Th1 cytokines TNF-α, IFN-ɣ, IL-17, and IL-12was observed in CSCC. Significantly increased levels of
IL-1β, IL-6 and IL-2 were detected in HR-HPV infected cervix. Kaplan Meier curve demonstrated high TLR4 and
low TLR7 expression was associated with poor prognosis.

Conclusion. The study demonstrates the HPV mediated dampening of the innate immune response in CSCC
and provides support for exploring potential TLR2, 7 agonists as an adjunct therapy in CSCC patients.

© 2019 Elsevier Inc. All rights reserved.
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1. Introduction

Cervical cancer is the most common gynecological malignancy
among women worldwide, particularly in developing countries. Role
of high-risk HPV in causing cervical cancer is undebatable. Interestingly,
only a small percentage of women having persistent HPV infection un-
dergo cervical carcinogenesis [1], implying the contribution of interplay
between the host immune system and HPV in its clearance or
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persistence. Intriguingly, HPV related cancers are known to evade the
immune surveillance, although the exactmechanismneeds exploration.

Toll-like receptors being key players of the innate immune system,
recognize conserved pathogen-associated molecular patterns (PAMPs)
onmicrobes. The Interactionbetween TLRs andHPV iswell documented
in the literature. The early HPV oncogenic proteins E5, E6, and E7 are
known to impair the presentation of antigen and alter innate and adap-
tive immune responses [2]. In addition to toll-like receptors, cytokines
produced as a result of downstream signaling, regulate the expression
of key genes which aid the requisite tumor milieu [3]. There is docu-
mentation of involvement of HR-HPV16 subtype in transcriptional re-
pression of TLRs enabling their immune escape [4]. However, there is
limited literature available on the exploration of the gene expression
repertoire of Toll-like receptors as well as the study of downstream sig-
naling pathways in high-riskHPV infection and cervical cancer. Further-
more, it would be interesting to understand the receptor-regulated
gene expression mechanism and the outcome in high-risk HPV
infection.

The present study attempts to investigate the differential expression
of toll-like receptors and downstream signaling molecules in HR-HPV
infected cervix and carcinoma cervix. We hypothesize that altered ex-
pression of TLRs and downstream signaling molecules have a role to
play in cervical carcinogenesis. Our results highlight the alteration of
TLRs in HPV infected cervix which could be an early event necessary
for viral persistence, which progressively down-regulate the TLR ex-
pression in cervical carcinoma.

2. Materials and methods

2.1. Sample collection

This study was conducted at the Department of Immunopathology
and Obstetrics & Gynecology, Post Graduate Institute of Medical Educa-
tion & Research, Chandigarh, India. It was approved by the Institutional
Ethical Committee and informed consent from participants was ob-
tained as per the guidelines.

One thirty nine clinically normal cervical tissue samples were avail-
able from hysterectomy specimens of women, who underwent surgery
for non-neoplastic causes including abnormal Uterine bleeding (AUB)
and uterine fibroids. Cervical histopathology confirmed their non-
neoplastic pathology. Tissue from the suspected growth on cervix was
obtained from women attending the outpatient department of Obstet-
rics & Gynecology. Subsequently, confirmed cases of cervical squamous
cell carcinoma were enrolled.

Cervicovaginal lavagewas collected from carcinoma and control cer-
vix subjects at the time of biopsy and hysterectomy respectively by
flushing the cervix with 10ml of 1× PBS (phosphate buffer saline). Sub-
sequently, the fluid that pooled was centrifuged. The supernatant was
subjected to cytokine estimation.

2.2. Genomic DNA extraction and HPV typing

DNA was extracted from cervical tissues with commercially avail-
able DNA extraction kit (Pure Link® Genomic DNA mini kit, Invitrogen,
U.S.A). DNA with an A260/280 ratio of 1.8 qualified for HPV typing. The
quality was assessed by checking the expression of beta-actin gene by
polymerase chain reaction.

Screening of HPV subtypes was performed using HPV Genoarray Di-
agnostic kit (Hybribio Ltd., Hong Kong, China). It is a dot blot
hybridization-based kit that simultaneously detects 15 high-risk and 6
low-risk HPV types. Polymerase Chain Reaction (PCR) was used to am-
plify specific HPV DNA present in the template using L1 consensus
primers. The 25 μl reaction mixture comprised of 23.25 μl master mix,
0.75 μl Taq polymerase, and 1 μl DNA template. Thermocycling condi-
tions included initial denaturation at 95 °C for 9 min, followed by dena-
turation at 95 °C for 20 s, annealing at 55 °C for 30 s, extension at 72 °C
for 30 s and a final extension at 72 °C for 5mins. Further flow through
hybridization-based technology allows binding of amplified DNA
amplicons to specific HPV probes located on the membrane. Results
were interpreted based on the location of colored precipitate against
specific HPV probes on the membrane. Two internal controls were in-
corporated onto hybrimembrane: 1. Biotin control: for detection of ac-
curate enzyme conjugate reaction 2. Internal control: to monitor
successful PCR amplification without any inhibitor.

2.3. RNA extraction and cDNA synthesis

RNA was extracted from approximately 100 mg of cervical tissues
using Trizol reagent (Thermofisher Scientific U.S.A.). Three thousand
nano-grams of RNA samples with absorbance A260/280 ratio of 2.0
were converted to cDNA (complementary DNA) using RT2 first strand
kit, Qiagen (U.S.A).

2.4. PCR Array for relative gene expression by real-time PCR

The cDNA was subjected to customized RT2 Profiler PCR Array
(Qiagen, U.S.A) for studying the expression of different target genes.
KEGG (Kyoto Encyclopedia of Genes and Genomes) was used as a
source of pathway information. The expression profiling of 42 short-
listed genes (Supplementary Table S1) was studied containing the
primer assays of interest namely;

Toll-like receptors: TLR1, TLR2, TLR3, TLR4, TLR5, TLR6, TLR7, TLR8,
TLR9 TLRdownstream molecules: MYD88, TICAM1, TICAM2, IRF3,
IRF7, IRAK4, JUN Negative regulator of the TLR signaling pathway:
TOLLIP

NF-ĸB pathway: RELA, NFKB1, TNF
MAPK pathway: MAPK14, MAPK8
PI3-AKT pathway: RAC1, PIK3CA, AKT1, PTEN, mTOR, Nos3, MDM2,
TP53
Anti-apoptotic genes: BCL2, MYC, CCND1, CDKN2A
Apoptotic pathway: FADD, CASP3, CASP8
Cytokine genes IL-10, IL-17A, IFNA1, IFNG, IL-1β

Housekeeping genes (HPRT1, GAPDH, 18SrRNA) and inbuilt quality
controls (RTC control, HGDC control and PPC) were included to check
the PCR efficiency. The cycle conditions are described in the supplemen-
tary information (S2A).

2.5. Western blot

The immunoblot experiment was performed to deduce the protein
expression of key molecules from TLR and other cancer supporting
pathways. Cervical tissues (~100 mg) from both cases and controls
were lysed in a defined concentration of RIPA buffer and Protease:
EDTA cocktail. The quantification of total protein was completed using
the Pierce BCA Protein Assay Kit (Thermo scientific, U.S.A). The detailed
methodology followed is described in the supplementary information
(S1B). The membrane was incubated with the following different anti-
bodies: Mouse monoclonal antibody for TLR3 (Santa Cruz Biotechnol-
ogy (SCB), California, U.S.A, SC-32232, M.wt: 112 KDa) at 1:1500
dilution, TLR7 (SCB, SC-57463, M.wt: 121 KDa) at 1:1000 dilution, Cas-
pase 8 (SCB, SC-166320, M.wt: 39 KDa) at 1:1500 dilution, AKT (SCB,
SC-5298, M.wt: 62 KDa) at 1:1000 dilution, c-JUN (SCB, SC-74543, M.
wt: 37 KDa) at 1:1000 dilution, p16 (BD Biosciences, San Diego, Califor-
nia, U.S.A,BD-550834, M.wt:16 KDa) at 1:1500 dilution, p53 (BD
Pharmingen NY -554,293, M.wt: 53 KDa), ATM (SCB, SC-23921, M.wt:
370 KDa) at 1:1500 dilution, IL-10 (SCB, SC-32815, M.wt:20 KDa) at
1:1000 dilution, rabbit polyclonal antibody for MDM2 (SCB, H-221, M.
wt: 69 KDa) at 1:1500 dilution, CHK2 (SCB, SC-9064, M.wt: 63 KDa) at
1:1500 dilution, BCL2 (SCB,C21: SC-783, M.wt:29 KDa) at 1:1500
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Fig. 1.Relative expression of key Toll-like receptors and the downstream signalingmolecules inHPV negative normal cervix (n=20, Gp1) HR-HPV infected cervix (n=15, Gp2) andHPV
16 infected carcinoma cervix (n=30,Gp3). Data are represented asmean fold change± S.D. Statistical significancewas determined by KruskalWallis andMannWhitney (*p ≤ 0.05, **p ≤
0.001, ***p ≤ 0.000).
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dilution, and β-actin (AnaSpecInc. San Jose, CA 95131–54,590, M.wt: 42
KDa) at 1:1000 dilution.

2.6. Luminex Bio-plex assay

The level of pro-inflammatory (IL-1β, IL-6, IL-12, IL-2, IL-4, IFN-ɣ,
IL-17) and anti-inflammatory (IL-10) cytokines were determined in
cervicovaginal lavage specimens from HPV negative normal cervix (n
= 22), HR-HPV infected cervix (n = 7) and HPV16 infected carci-
noma cervix (n = 18) using the Luminex platform Bioplex-200 from
BioRad. Magnetic beads at 1× dilution were coated to 96 well plates
followed by addition of 50 μl standard dilutions and lavage sample. In-
cubation of 30 min was followed by addition of 1× detection anti-
body. Phycoerythrin labeled substrate was added and kept
undisturbed for 10 min with intermittent washings using a diluted
wash buffer. Analysis of the run was performed by Bio-Plex Data

https://doi.org/10.1016/j.ygyno.2019.07.023


Table 1
Relative gene expression of cell surface and intracellular toll-like receptors and key downstream signalingmolecules in HR-HPV infected cervical tissues (n= 15) vis a vis HPV16 infected
carcinoma cervix (n = 30) normalized with controls (n = 20).

Genes HPV negative cervix
(n = 20)

Avg. ΔCT ± SD

HR-HPV infected cervix
(n = 15)

Avg. ΔCT ± SD

HPV 16 infected cervical carcinoma
(n = 30)

Avg. ΔCT ± SD

P value Fold changes
(2^-ΔΔCT)

(a) (b)

Toll like receptor molecules (TLR1–9)
TLR1 4.98 ± 1.67 4.40 ± 3.55 5.50 ± 2.13 0.660 1.50 0.70

⁎TLR2 3.28 ± 1.5 4.73 ± 3.43 4.01 ± 1.81 0.038 0.37 0.60
TLR3 3.01 ± 1.51 2.12 ± 2.35 3.62 ± 2.10 0.288 1.84 0.65
TLR4 3.45 ± 1.54 3.15 ± 2.62 4.62 ± 2.21 0.026 1.23 0.44
TLR5 3.04 ± 1.01 1.92 ± 3.81 3.56 ± 2.14 0.334 2.17 0.70
TLR6 3.91 ± 2.0 4.09 ± 3.26 4.65 ± 2.13 0.320 0.88 0.60

TLR7 1.91 ± 3.4 2.35 ± 2.37 5.64 ± 2.61 0.000 0.74 0.08
TLR8 5.39 ± 2.1 5.10 ± 2.57 5.75 ± 2.56 0.947 1.23 0.78
TLR9 6.40 ± 3.26 6.03 ± 3.01 6.48 ± 3.29 0.932 1.30 0.95

TLR downstream signaling molecules
TICAM1 2.12 ± 3.33 2.26 ± 2.47 4.20 ± 1.95 0.038 0.90 0.24
IRF7 7.49 ± 2.57 5.01 ± 2.52 7.16 ± 2.03 0.038 5.60 1.26
RELA 4.20 ± 0.63 2.35 ± 2.66 2.62 ± 2.42 0.044 3.61 2.99
JUN 6.02 ± 0.94 3.32 ± 3.46 6.45 ± 1.40 0.024 6.50 0.74

Molecules from other cancer linked pathways
⁎PIK3CA 3.87 ± 1.02 1.79 ± 3.06 3.32 ± 2.86 0.031 4.23 1.46
AKT1 4.27 ± 0.41 2.37 ± 2.74 3.14 ± 1.64 0.027 3.73 2.19
BCL2 5.81 ± 0.92 1.73 ± 3.77 5.92 ± 1.80 0.002 16.98 0.93

CDKN2A 4.31 ± 1.80 2.77 ± 2.38 −0.58 ± 4.10 0.000 2.91 29.67
⁎NOS3 5.10 ± 2.25 3.96 ± 1.44 5.99 ± 2.22 0.029 2.21 0.54
⁎MDM2 1.58 ± 0.56 1.07 ± 2.52 0.63 ± 1.72 0.043 0.50 1.93
TP53 4.26 ± 0.67 2.46 ± 2.16 3.85 ± 1.76 0.025 3.47 1.32

Bold and italics denote the values which have statistically significant p value (b 0.05) for the significantly expressed genes.
(a) Fold change value of HR-HPV infected cervix compared to HPV negative control.
(b) Fold change value of HPV16 infected carcinoma cervix compared to HPV negative control.
⁎ Statistical significance calculated using MannWhitney.
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Manager-4. The concentration of the analytes was obtained by inter-
polating the intensities to 4 fold dilutions of the standards fitted into
a 5-parameter logistic curve.

2.7. Statistical analysis

The data obtained were statistically analyzed using SPSS Statistics
for Windows version-21. Data from the study groups were compared
using Kruskal Wallis non-parametric test for more than two groups.
As a part of the post hoc test, Dunn Bonferroni correction was applied
for the gene groups showing a significant difference. For pair-wise com-
parison between the groups, Mann Whitney test was applied. Kaplan
Meier method was used to calculate survival curves for the HPV16 in-
fected carcinoma patients based on the log-rank test. Multivariate
Cox-proportional Hazard model was applied on TLR expression (High
or Low). The Hazard Ratio (HR) along with 95% confidence interval
(C·I) was provided for covariates in the model. A value of p b 0.05 was
considered to be statistically significant.

3. Results

There were thirty cervical squamous cell carcinoma (CSCC) tissues
and fifteen HPV positive normal cervices available for this study. The
CSCC tissues which reported HPV 16 positivity were included to consti-
tute a homogeneous group. Thirty normal cervical tissues negative for
HPV constituted the control group and diagnosis included fibroid uterus
(46.6%), uterine prolapse (24.4%), abnormal uterine bleeding (13.3%),
endometrial hyperplasia (11.1%) and adnexal mass (4.4%).

The control and cases were age-matched with a mean age ranging
from 48.76 to 54.1 years (p = 0.179). Most of the women with cancer
cervix were illiterate (56.6%, p=0.000) and did not use any contracep-
tion (96.6%, p=0.001) as compared to womenwith the normal cervix.
(Supplementary Table S3). Most of the carcinoma were categorized as
stage III-B (36.66%) followed by II-B (30%), III-A & II-A (10%), I\\B
(6.6%), I-A & IV-B (3.33%).

3.1. HPV sub-typing in normal cervix and carcinoma cervix

We observed high risk HR-HPV16 alone as the preponderant sub-
type in 71.1% (47/66) of CSCC enrolled. Whereas in normal cervix
53.33% (8/15) of the cases confirmed HPV16 positivity. Other cases
with normal cervix demonstrated multiple subtypes as
HPV16,18,31,33 (n = 1), HPV16,18,35 (n = 1), HPV 11,16 (n = 1),
HPV16,33 (n = 1), HPV16,31 (n = 2) and HPV 35 (n = 1).

3.2. Differential gene expression of Toll-like receptors and downstream sig-
naling molecules in HR-HPV infected cervix and carcinoma cervix

3.2.1. Differential gene expression in HPV16 infected CSCC
All TLRs were universally down-regulated in CSCC with significantly

low expression of extracellular TLR 4 (0.44 folds, p = 0.026) and intra-
cellular TLR 7 (0.08 folds, p = 0.000). Subsequently, molecules down-
stream of TLR signaling pathway; TICAM 1 (0.24 folds, p = 0.038), IRF
7 (1.2 folds, p = 0.038) and JUN (0.74 folds, p = 0.024) demonstrated
significant down-regulation. However, RELA (also known as p65 sub-
unit of NFĸB) showed significant upregulation (2.99 folds, p = 0.017).
AKT1 demonstrated significant upregulation (2.19 folds, p = 0.005).
Furthermore, we observed that MDM2, the principal cellular antagonist
of p53 tumor suppressor gene, demonstrated significant upregulation
(1.93 folds, p = 0.04) in CSCC compared to p53 gene expression (1.2
folds, p=0.219). CDKN2A gene, a known surrogate marker for cervical
cancer demonstrated significant up-regulation (29.6 folds, p = 0.000).
Intriguingly, anti-apoptotic gene BCL2 was observed to have a signifi-
cantly decreased expression (0.9 folds, p = 0.003) in CSCC (Fig. 1).
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The relative expression data for the patient group was obtained after
normalizing with the cycle threshold values (ct values) from the con-
trols (Table 1). Delta ct values for all the cases were initially calculated
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Δct controls). Fold changes of the genes were then calculated using the
2^-ΔΔct method [5].

3.2.2. Differential gene expression in HR-HPV infected cervix
In contrast, in HR-HPV infected cervix TLR 4 demonstrated signifi-

cant upregulation (1.23 folds, p=0.026). TLR7 demonstrated downreg-
ulation (0.74 folds, p = 0.00) although the expression was elevated as
compared to carcinoma cervix (0.08 folds, p = 0.000). TLR 2 reported
significant down-regulation (0.37 folds, p = 0.038). Furthermore, TLR
1 (1.5 folds), TLR 3 (1.87 folds), TLR 5 (2.17 folds) and TLR 9 (1.3
folds) demonstrated upregulation, although it was not statistically sig-
nificant (p ≥ 0.05). Consequently, the downstream molecules IRF 7
(5.60 folds, p=0.026) and JUN (6.5 folds, p=0.022) confirmed signif-
icant up-regulation in HR-HPV infected cervix. Elevated expression of

https://doi.org/10.1016/j.ygyno.2019.07.023
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RELA (3.61 folds, p = 0.081) was reported but was not statistically sig-
nificant. Among the molecules from other cancer supporting pathways,
PIK3CA reported significant upregulation (4.23 folds, p = 0.031). In-
creased AKT expression (3.73 folds) was observed, although it did not
reach statistical significance. In contrast to CSCC, down-regulated ex-
pression of MDM2 (0.50 folds, p=0.537) and significantly upregulated
expression of p53 (3.47 folds, p = 0.025) was reported in HR-HPV in-
fected cervix. Further, NOS3 (2.21 folds, p = 0.026) and anti-apoptotic
gene BCL2 (16.98 folds, p = 0.001) demonstrated significant upregula-
tion in HR-HPV infected cervix. The relative gene expression of 42 genes
from Toll-like receptor and downstream signaling pathway observed in
the three groups is depicted in supplementary Tables S4 & S5.
3.3. Differential gene expression of Toll-like receptors and downstream sig-
naling molecules in early (I-II) vs advanced (III-IV) stage of HPV16 infected
CSCC

In an attempt to understand the variation of Toll-like receptors with
cancer progression, the differential gene expression between early-
stage (I-II: n = 15) and advanced stage (III-IV: n = 15) of CSCC was
studied. Intriguingly, we observed a strikingdownregulation of intracel-
lular TLR7 (0.06 folds, p N 0.05) in the early stage. PIK3CA (2.48 folds, p N

0.05), AKT (2.82 folds, p N 0.05) andMDM2 (2.38 folds, p=0.345) dem-
onstrated upregulation in advanced stage although statistical signifi-
cance was not achieved. CDKN2A reported an elevated expression (14
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folds, p = 0.151) in an early stage that escalated to 62.96 folds (p =
0.151) in the advanced stage. In addition, the proto-oncogene c-MYC
(2.71 folds, p = 0.018) demonstrated a significant upregulation in ad-
vanced stages of cancer.

3.4. Western blot analysis

The western blot experiments were carried out to validate the gene
expression findings. Additional cases of CIN-III (n = 5) were included
from the laboratory archives. The protein intensity data was acquired
by Image J software and normalized with internal control beta-actin.
Thereafter, the ratios of intensities were compared. The protein expres-
sion corroborated the results of gene expression experiments. The intra-
cellular receptors, TLR3, and TLR7 that recognizes viral ligands
demonstrated a decreased protein expression in CIN-III (cervical
intraepithelial neoplasia) and CSCC tissues although thesewere not sta-
tistically significant (p = 0.182 and p = 0.487) (Fig. 2A & B).The tran-
scription factor AP1 (C-JUN) demonstrated increased expression in
HPV 16 infected carcinoma cervix, HR-HPV infected cervix and CIN-III
(p = 0.889).

Increased expression of AKT protein was observed in CIN-III and
CSCC (p = 0.845). The protein expression of MDM2 was in sync
with the gene expression findings. It demonstrated an upregulation
in CSCC (p = 0.914). Consequently, we observed a down-regulation
of P53 (p N 0.05) in CSCC as well. Further, p16INK4A protein illus-
trated an up-regulation in HPV infected cervix and CSCC (p = 0.80).
The anti-apoptotic gene BCL-2 reported decreased protein expression
in CIN-III and CSCC (p = 0.839). The expression of caspase 8, which is
a primary caspase, known to get activated once the extrinsic pathway
of apoptosis is triggered, was not detected in CIN-III and demon-
strated low expression in CSCC (p = 0.467).

Furthermore, we analyzed the protein expression of key molecules
activated during the double-stranded DNA damage response. The pro-
tein ATM (Ataxia telangiectasia) and its downstream CHK2 (Check-
point kinase-2) molecule demonstrated up-regulation in CSCC
although the expression was not found to be statistically significant
(p N 0.05). This suggests an active DNA damage response in cancer
cervix. To strengthen our finding of a dampened innate immune re-
sponse in carcinoma cervix, the protein expression of IL-10 was stud-
ied. The immunosuppressive cytokine IL-10 demonstrated increased
expression in both CIN-III and CSCC but was not statistically signifi-
cant (p = 0.796).

3.5. Levels of pro-inflammatory and anti-inflammatory cytokines in
cervicovaginal lavages

Significantly elevated levels of pro-inflammatory cytokines IL-1β
(mean 786.57 pg/ml ± 1209.74) and IL-6 (mean 1142.41 pg/ml ±
1099.42) were detected in cervicovaginal fluid in CSCC (p = 0.002, p
= 0.000 respectively) compared to HPV negative normal cervix and
HR-HPV infected cervix (Fig. 3D, E). However, the levels of IL-2 detected
were 2 pg/ml ± 0.657 (p=0.023). Furthermore, the levels of IL-4, IFN-ɣ, IL-17, IL-12p, IL-10 and TNF-α (estimated with ELISA; Diaclone kit)
were below the detection limits.

3.6. TLR expression and patient survival

Archival data of 56 subjects from our laboratory were included for
survival analysis to assess whether there is any correlation between
TLR 1–9 gene expression and 5-year overall disease-specific survival.
The information for 43 subjects was available for further investigation.
Kaplan Meier curves were generated for gene expression data of
TLR1–9. Among all TLRs, the expression of TLR 4 correlated significantly
with patient survival (Fig. 4A). We observed significantly longer sur-
vival time (mean = 38 months; 95% C·I 30–46) for patients that
showed decreased TLR4 expression as compared to those subjects that
demonstrated increased expression (mean = 17 months; 95% C·I
8–27); p = 0.028 (long rank chi-square: 4.810). The Kaplan Meier
curve for TLR7 demonstrated a distinct positive correlation with patient
survival, althoughwas not statistically significant (Log-rank chi-square:
2.719; p = 0.099).

The multivariate cox-regression analysis identified high TLR4 and
low TLR7 expression as an independent prognostic factor for cervical
cancer-related deaths in affected women. We observed HR: 6.192; C·I:
(1.74–21.95); p = 0.005 in women demonstrating higher TLR4 and
HR: 6.468; C·I: (1.0–39.04); p = 0.043 among the ones with lower
TLR7 expression in diseased cervix (Fig. 4). In addition other character-
istics/factors were also studied as described in supplementary Table S6.

4. Discussion

Toll-like receptors constitute the first line of defense against the for-
eign invaders which usually includes micro-organisms [6]. Activated
TLR signaling and other associated pathways collaborate to mount an
efficient immune response. However, dysregulation at any level in sig-
naling may compromise immune defense and surveillance against the
infections. Majority of the studies on TLR expression in cervical cancer
are centered around the differential expression of extracellular and in-
tracellular receptors in low-grade vis a vis high-grade lesions. To the
best of our knowledge, the profiling of Toll-like receptor transcriptome
and associated downstream diverse signaling pathways in HR-HPV in-
fected cervix vis-a-vis carcinomacervix has not been reported yet. How-
ever, our study was limited to exploring the toll-like receptor gene
profile in squamous cell carcinomas alone.

In the present study, a universal downregulation of TLRs in CSCCwas
reported. TLR4 demonstrated a significant (p = 0.026) low expression.
Similar findings were observed by Yu et al., during the progression from
cervical neoplasia to carcinoma cervix [7]. A study conducted by
Aggarwal et al., from our center, has previously reported significantly
low TLR4 (0.4 folds, p= 0.000) in CSCC [8] suggesting that HPV can in-
hibit TLR4 expression. However, our observation of elevated TLR-4 ex-
pression in HR-HPV infected cervix plausibly suggests an attempt by
the infected cells to clear off the infection. The observation is in sync
with the findings of Ibrahim et al., who demonstrated that increased ex-
pression of TLRs in women harboring incident HPV infection results in
subsequent HPV clearance on follow up [9].

We further observed intracellular receptor, TLR7 to be significantly
down-regulated in CSCC. Our results are in contrast to the findings of
Hasimu et al., who demonstrated increased TLR7 expression in cervical
cancer tissue [10]. However, increased expression of TLR7 is a predictor
of HPV clearance in women with previous persistent infection [9,11].
Thus, TLR7 expression seems to be critical for oncogenic HPV clearance.
Interestingly, our report of a significantly decreased expression of TLR2
and TLR7 in HR-HPV infected cervix and CSCC might reflect an early
event in the transformation process by an incident HPV infection. We
substantiate our findings associated with HPV16 infection, which is
more competent in downregulating TLRs [12]. These collective observa-
tions, contemplates HPVmediatedmodulation of TLR7 expression, inef-
fectively evading the antiviral immune response [9].

In continuance to the global downregulation of TLRs, a significant
downregulation of adaptor molecule TICAM1 (TRIF) points to the
dampened TLR signaling. TRIF (TICAM1) is exclusively recruited by
TLR3 and TLR4 [13] and its stimulation activates NFĸB that dictates
the production of IFN-β and other pro-inflammatory cytokines [6].
However, the role of TRIF is not widely explored in cancer. Further-
more, TLR signaling, in addition, activates interferon regulatory factors
IRF7 or IRF3 that serves as an antiviral response of the host cell against
viral infection [14]. Our observation of a dampened expression of IRF-7
in CSCC is well supported by some genome-wide transcription studies.
The studies report HR-HPV types 16, 18 and 31 to reduce TLR3-
induced cytokine expression, and type I IFN-induced interferon-
stimulated gene (ISG) expression [15,16] indicating that HR-HPV
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Fig. 5. Pictorial representation of the HPV mediated alteration of the Toll-like receptors
and the downstream signaling pathways in HPV16 infected carcinoma cervix as a
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persistence and hence modulation of additional signaling pathways to favor
carcinogenesis.
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affects PRR- and type I IFN-induced signaling pathways. In contrast to
CSCC, we reported a significantly upregulated expression of IRF-7 in
HR-HPV infected normal cervix. TLR activation has been shown to in-
duce IRF7 expression [17]. The current finding, therefore, encourages
us to presume that a decreased IRF-7 expression in CSCC highlights di-
minished type-I interferon responses compared to HPV infected
cervix.

Furthermore, the constitutive expression of E6 and E7 HPV onco-
genes required for cervical transformation is attributed to the availabil-
ity of host cell transcription factor, AP1 (activator protein 1). It can be a
homodimer complex of 2 Jun proteins (c-jun, JUNB, JUND) or heterodi-
mer of JUN and fos protein (c-fos, FOSB, Fra-1, Fra-2).We reported a sig-
nificantly upregulated expression of c-JUN in HR-HPV infected cervix
and a downregulated expression in CSCC. Our findings are in sync
with Wilde et al., who demonstrated an upregulated expression of c-
JUN in early immortalized cells and a gradual down-regulation from
late HPV immortalized cell lines to carcinoma cell lines [18].

The NFĸB expression plays a significant role in cancer progression
[19] by inducing proliferation and immortalization. We reported an in-
creased expression of Rela (p65) gene in HR-HPV infected cervix and
CSCC despite a dampened TLR signaling in carcinoma cervix.

NFĸB being a multifaceted molecule involves complex signaling
pathways and cross-talks for its activation. Its expression is stimulated
by external cytokine signals and intracellular pathways PIK3CA/AKT as
well [20]. This provides an explanation that plausibly an exaggerated
NFĸB expression in normal cervixwith HR-HPV16 infection is an obliga-
tion for effective clearing of the resident pathogen.

One of the TLR linked pathway that channels cell proliferation/sur-
vival includes the PI3K/AKT/mTOR pathway. Class I PI3Ks have an im-
portant role in TLR signaling [21] that further activates AKT, a serine-
threonine kinase [22].We observed a significantly up-regulated expres-
sion of AKT gene in CSCC. Literature aswell documents, the activation of
PI3K/AKT axis in human cancers [23,24] suggesting its contributing role
in cervical carcinogenesis. In addition, HPV regulates p53 tumor sup-
pressor protein by its proteasomal degradation [25]. Its expression is
negatively regulated by MDM2 (murine double minute two) gene
[26]. As expected we observed a significantly up-regulated expression
of MDM2 in CSCC. In sync with our finding, Liao et al., observed overex-
pression of PI3K/AKT and MDM2 along with subsequent downregula-
tion of p53 expression in cervical cancer tissues [27]. Further,
significantly upregulated expression of CDKN2A in CSCC substantiate
its nature as a biomarker in cervical cancer progression [28,29]. This
provides evidence of viruses modulating the host cell machinery as a
surrogate choice in promoting cancer progression andmaintaining con-
stitutive E7 expression.

TLR signaling culminates in the production of different cytokines.
The cervicovaginal fluid from HR-HPV infected normal cervix demon-
strated significantly increased secreted levels of proinflammatory cyto-
kines. However, a significantly increased IL-6 and IL-1β levels in the
CSCC contemplate their contribution to the growth of tumors [30]. In
sync with our findings, Tijong et al., demonstrated higher levels of
growth-enhancing IL-1β, IL-6 in cervicovaginal washes from cervical
carcinoma [31]. Surprisingly, levels of crucial cytokine mediators of
TH1 response TNF-α, IFN-ɣ, IL-10, IL-17, and IL-12 were below the de-
tection limit in CSCC. The compromised expression of Th1 cytokines in
CSCC hence reflects a hampered innate immune response.

DNA damage response (DDR) is often monitored by increased ex-
pression of ATM and CHK2 as done in the current study. ATM (kinase)
detects intracellular DNA damage due to some physiological stress or
pathogenic insult [32] and p53 binding protein and CHK2 that mediates
cell cycle arrest [33]. However, viruses are known to have evolved strat-
egies that impair such responses. HPV inactivates p53, hence abolishing
regulation at check-point in the cell cycle that sustains constitutive cel-
lular proliferation.

Furthermore, a high TLR4 and low TLR7 expression were associated
with decreased overall survival of CSCC patients. Although there is
limited literature, similar findings were demonstrated by Kim et al.,
and Ma et al., in ovarian and breast cancer [34,35].

The present study, therefore, explores the transcriptomics of Toll-
like receptors and downstream signaling pathways in HR-HPV infected
cervix and carcinoma cervix. It gives an insight to HPV assisted alter-
ation in the expression pattern of innate immune receptors amid its
preferably dormant state in theHR-HPV infected cervix to constitutively
activated state in carcinoma. It is evident from our findings that down-
regulation of TLR2 and 7 in HR-HPV infected cervix might be an early
event towards cervical transformation. Further, HPV interferes by uni-
versally diminishing the TLR expression and downstream innate im-
mune response in CSCC. The viral persistence thus dictates the
expression of additional signaling pathways that support cancer pro-
gression (Fig. 5). Our results evoke the prospect of investigating poten-
tial TLR agonists based adjunct therapies in cervical cancer.
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