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Inflammation: A protagonist in development of carcinogen induced cervical
cancer in mice
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Inflammation— induced systemic stress plays an essential role in neoplastic progression. Chronic exposure to chemical
carcinogens can induce persistent inflammatory changes which further augment loss in physiological hormesis of an
organism thereby favouring carcinogenesis. The present study investigated the role of inflammation and associated systemic
stress in the development of cervical carcinoma in a 3-methylcholanthrene (3-MC; a chemical carcinogen) induced
in vivo cervical cancer model. When the cervix of 5-6 weeks old virgin female Swiss Albino mice (Mus musculus) was
treated with 3-MC (0.6 mg/mL), remarkable alteration in its cervical cytopathology was observed. An increase in duration of
3-MC treatment caused an outburst in the number and variety of infiltrating granulocytes and agranulocytes in mice cervix.
Thus, a high leukocyte index was indicative of prevalent cervical inflammatory changes. Elevated activities of SGPT,
SGOT, serum alkaline phosphatase enzymes along with the presence of elevated serum creatinine levels suggested liver and
renal dysfunctions. These observations were supported by alterations in hepatic histopathology of 3-MC treated mice.
Surged activities and expression profiles of inflammatory cytokines (IL-6 and IL-8) in cervix tissue had conclusively
established the crucial role played by inflammation— mediated systemic stress in favouring the development of cervical
cancer in a carcinogen-induced in vivo model.
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Systemic stress

The concept of an intricate association between
inflammation and cancer dates back to 19" century as
chronic inflammation triggers mechanisms underlying
the progression of cancer’. Proposed to be one of the
key factors responsible for initiating the malignant
transformation, inflammation is also termed as the
seventh hallmark of cancer®. Chronic inflammation
plays a crucial role in enriching the tumour
microenvironment with prosurvival signals which
enables the neoplastic cells to survive and proliferate
by evading the adaptive immune response of the host
and by developing chemoresistance®*’. Sometimes
localized inflammation mediated by a persistent
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bacterial and viral infection can lead to increased
cancer risk. Unremitted Helicobacter pylori infections
of the stomach may result in gastric adenocarcinoma
along with lymphoma of the MALT (mucosa-
associated  lymphoid  tissue)®®.  Although,
inflammation can act as a “two-edged sword”
because, in some diseases like psoriasis, the presence
of a steady—state of inflammation helps in reducing
the disease’®. Conversely, carcinogens like polycyclic
aromatic hydrocarbons (PAHSs) or various aromatic
amines render their carcinogenicity by triggering
chronic inflammation which furthers tumorigenesis®®.
The whole episode of cancer— related inflammation is
dictated over by the transcription factor NF-«xB and its
relative signal transducers such as COX2, IL-6, and
IL-8"%*2. These inducers of malignant transformation
drive the process of neoplasia by bringing about
subsequent deregulation of tumour suppressor genes
(p53, p21, and Rb) followed by upregulation of
proliferative markers (Ki-67 and PCNA)***,
3-methylcholanthrene  (3-MC), a carcinogen
belonging to the family of PAHs is known to cause
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the cancer of many organs such as skin, lungs, and
cervix®®. Cervical cancer, the 4" most leading cause of
mortality and morbidity amongst women worldwide
is predominantly caused by high— risk human
papilloma  viruses'®*®.  Epidemiological reports
suggest that PAHs can also increase cervical cancer
risks in women®. 3-MC like other PAHs contributes
to carcinogenicity while it gets metabolically
activated by phase | and phase Il enzymes such as
cytochrome P-450(CYP450), catechol-O-
methyltransferase, epoxide hydrolase, peroxidases,
glutathione S-transferases, N-acetyltransferases and
sulfotransferases®. 3-MC metabolites such as epoxy
derivatives mediate free radical bursts®. It induces
excessive reactive oxygen species (ROS) and reactive
nitrogen species (RNS) production”®, These free
radicals are electrophilic species which attack the
intracellular nucleophilic moieties such as the DNA
and glutathione and thereby promote cytotoxicity by
induction of deleterious mutations that impair the
repair machinery of the cells®*?. In this regard, 3-MC
have been reported to be used for development of
in vivo cancer models®’*®,

It is already known that cervical carcinoma
induced by 3-MC is characterized by constitutive
expressions of stress— related biomarkers®®. Based on
these previous reports; the present study has been
designed to investigate the role of systemic stress
induced by persistent inflammatory mediators
produced by chronic 3-MC treatment in Swiss
Albino mice, while the development of an in vivo
cervical cancer model.

Materials and Methods
Animal maintenance

5-6 weeks old virgin female Swiss Albino mice
(Mus musculus) weighing about 23-25 gms were
obtained from Central Animal Facility of
Chittaranjan National Cancer Institute (CNCI).
These mice were kept in polyvinyl cages which were
maintained in a well-ventilated room (temperature-
22+2°C; relative humidity: 50-60%) following 12 h
day and night cycle. The acclimatization of animals
(mice) was carried out for 2 weeks prior to
treatment. All —female mice were kept in complete
isolation from male mice. This aided in nullifying
hormonal interference by bringing about pheromone
influenced synchrony of their oestrous cycles®. All
the animal experimentation was carried out in
accordance with the animal ethics guidelines of the

Institutional Animal Ethics Committee
(IAEC,CNCI) certified by the Committee Control
and Supervision of Experiments on Animals
(CPCSEA), New Delhi, India. Food and water were
given ad libitum which means
free feeding.

Experimental design

Mice were randomized into 3 major groups; where
6 mice were kept in each major group. Group | was
kept as a control group which received no treatment,
Group Il was maintained as a vehicle control batch
where mice were treated with petroleum ether (PE)
solely, while Group 11l was designated to study the
progression of cervical carcinogenesis in mice which
underwent chronic treatment with a carcinogen
namely 3-MC (MP Biomedicals/Fisher Scientific,
USA) dissolved in petroleum ether for a time span of
30 weeks, respectively. The concentration of the
3-MC solution used for the study was 0.6 mg/mL.
This dose of a carcinogen was selected as a safe
dosage for treatment after dosimetry. Food and water
were provided ad libitum to all three groups.

The procedure followed for carcinogen treatment is
a modification of Murphy’s String method®. The
carcinogen solution (3-MC dissolved in petroleum
ether) was flushed over the cervix of the animals
belonging to group Il and petroleum ether (vehicle
solvent) to group Il, respectively. During the
continual treatment process, animals were monitored
for possible visible health abnormalities and death.
Animals from each of these groups were sacrificed
intermittently (6, 12, 18, 24 and 30" week) by
cervical dislocation followed by the collection of
organs and blood for experimental study. All the
experiments were repeated thrice.

Record of body weight

Weekly body weight records of animals were
maintained to ascertain the impact of the chronic
carcinogen treatment on their physiology.

Cytopathological study

Phosphate Buffered Saline (PBS, pH-7.4) was
dropped on a clean grease- free glass slide on which
cervical exfoliated cells were smeared into a thin
conventional layer after collection. Cervical smears
were stained as per the polychromatic staining method
of the Papanicolaou staining (Pap staining) process®.
The cell smears were fixed in 100% ethyl alcohol
followed by subsequent staining with Harris
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Haematoxylin (HH), Orange G6 (OG6) and Eosin
Azure (EA50) [Merck Millipore, Mumbai, India].
Excess haematoxylin stain was removed by rinsing
the slides in tap water whereas an excess of OG6 and
EA50 was washed in 70% and 90% alcohol,
respectively followed by clearance in 100% ethyl
alcohol and xylene. Thereafter the slides
were mounted and observed under a light
microscope (Zeiss).

Enumeration of leukocyte index

A leukocyte index was prepared by calculating the
ratio of the number of leukocytes observed to the total
number of cervical exfoliated cells present in a
particular field of the Pap smear for each treatment.
More than 20 fields were examined for each slide and
data were recorded to enumerate leukocyte index (LI),
LI = [(number of leukocytes observed/total number of
cervical exfoliated cells)]. The study of the differential
subpopulations of leukocytes infiltrating the cervical
region during the treatment course was also performed.

Estimation of liver enzymes

The hepatic toxicity induced because of chronic
carcinogen treatment was assessed by estimating
serum SGOT, SGPT, and alkaline phosphatase by
using AUTOSPAN liquid stable kits®***. After the
sacrifice of mice, blood was withdrawn from the
heart’s ventricular apex using a syringe and collected
in serum separating vials. The serum was separated
from blood using these vials.

Estimation of serum creatinine

Serum creatinine levels were measured by Jaffe’s
method®. The results were expressed in terms of fold
increase in creatinine levels so that a comparative study
can be made. All the experiments were repeated thrice.

Quantification of IL-6 and IL-8 in cervix tissue lysate

Cytokines, IL-6 and IL-8 were determined by using
the cervical tissue lysates by using commercially
available ELISA Kits (Invitrogen). The optical density
of the coloured solution was measured using the
ELISA reader (TECAN) at 450 nm. The results were
recorded against a standard blank. The experiment
was repeated thrice.

Western Blot analysis

Lysates from cervix tissue were used to measure
the expression of IL-6 and IL-8 by Western blotting
using specific antibodies. The concentration of
proteins of cervical tissue lysates of both normal and

tumour bearing mice was estimated by Lowry’s
method. Electrophoresis through 12.5% SDS-
polyacrylamide gels was performed where 50 pg of
total protein was loaded into each well using an
electrophoresis buffer (25 mM Tris, 192 mM glycine,
10% SDS) within the electrophoretic chamber. The
separated proteins were electrotransferred to
nitrocellulose membranes using transfer buffer
(250 mM Tris, 192 mM glycine, 10% Methanol).
After proper blocking with bovine serum albumin
(BSA), membranes were washed properly with Tris
Buffered Saline (TBS) pH-7.5 containing 25 mM
Tris-HCI and 150 mM NaCl followed by incubation
with primary antibodies overnight at 4°C with
constant shaking. The blots were washed 4 times with
TBST Buffer (40 mL TBS and 20 pL Tween-20)
solution following incubation with secondary
antibodies conjugated with alkaline phosphatase
enzyme (1:1000 dilutions in TBST) at 4°C for 2 h.
Membranes were then washed 4 times and incubated
with the substrate (BCIP/NBT) to visualize the proteins
in dark. These experiments were repeated thrice.

Histopathological study

Liver tissue was dissected out and washed in cold
normal saline (0.87%). This was fixed in 10% Neutral
Buffered Formalin (NBF) for 24 h after which it was
processed through grades of alcohol and xylene
followed by paraffin embedding for lhr. Later, this
embedded tissue was taken for paraffin block
preparation followed by microtomy. Tissue sections
of 5 uM thickness were made using microtome and
stretched over a glass slide which was taken for
haematoxylin and eosin staining after removal of
paraffin in xylene followed by treatment in ascending
and descending grades of alcohol®. After staining the
sections, these slides were immersed in xylene
following which they were mounted and examined
under a light microscope (Zeiss).

Statistical analysis

Statistical analysis was carried out using GraphPad
Prism Software. A Comparison between the three
groups was done by ANOVA, followed by the
student’s t-test. A P-value <0.005 was considered
statistically significant.

Results

Effect of carcinogen treatment on the body weight of the
animals

Chronic treatment with 3-MC resulted in gradual
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loss in bodyweight of mice. This observation was noted
for up to 12 weeks of treatment. As the treatment
duration reached 16 weeks, a conspicuous rise in the
body weight was observed which was maintained till
30 weeks of carcinogen treatment (Fig. 1). No such
fluctuation was observed in the bodyweight of the mice
of control and vehicle control batches.

Effect of 3-MC on infiltrating inflammatory cells in the cervix

Pap smear test with cervical swabs revealed that
treatment of mice with 3-MC in a chronic fashion for
30 weeks caused infiltration of various multitudes of
inflammatory mediators such as granulocytes and
agranulocytes in their cervical region. During the
initial phase of 3-MC treatment, eosinophils were
sparsely present with a LI ratio of 4+0.2 and thus
exhibited no significant alteration for batch (Fig. 2A
& D). As treatment duration reached 12 weeks,
neutrophils appeared in excessive numbers with a
significantly high LI ratio of 8.5+£0.176 in comparison
to control mice (Fig. 2B & D). Monocytes joined the
milieu of infiltrating cervical leukocytes when the
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Fig. 1 — Trends in body weight fluctuations as represented
graphically. Mice treated with 3-MC underwent gradual loss in
body weight till 12" week followed by a gain in body weight. The
appearance of tumour near the cervix was observed in most of the
treated mice after on an average of 16™ week of treatment
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carcinogen treatment reached 24 and 30 weeks,
respectively (Fig. 2C). The LI ratio during the 24"
week of 3-MC treatment was found to be as high as
10.2+0.34 and it remained almost unchanged with a
little significant rise (11.8+0.18) during the 30™ week.
Although when compared to control and vehicle
control groups, these L1 values for both 24™ week and
30™ week were found to be extremely high. However,
the LI value of the vehicle control group exhibited no
significant difference with that of the control batch
indicating the absence of any contribution of PE in
inducing inflammation in the mice cervix (Fig. 2D).
Furthermore, increased treatment duration conciliated
an increase in the total count of leukocyte infiltrating
the cervix (Fig. 2D). This indicated that 3-MC
induced persistent inflammatory changes in the cervix
might have paved the way for cervical carcinogenesis.

Activity and expression of inflammatory mediators (IL-6 and
IL-8) in the cervix tissue during carcinogenic progression

Owing to the increased infiltration of leukocytes
observed in the cervix of 3-MC treated mice, the
activity of IL-6 and IL-8 was studied. The subsequent
rise in IL-6 and 1L-8 activity was found in the cervix
with an increase in treatment duration (Fig. 3A).
These cytokines are essential for the maturation and
differentiation of neutrophils. Activities of both the
cytokines (IL-6 and IL-8) were found to rise 6" week
onwards of 3-MC treatment in comparison to
untreated control (Fig. 3A). A surge in IL-6 activity in
the cervix of animals with a fold increase value of
81.2+0.73 was noted during the 24™ week of
treatment while an escalation of 79.7 +0.40 in IL-8
fold increase activity was found during 18" week of
treatment (Fig. 3A). No significant alteration in IL-6
and IL-8 activity was however observed (IL-6 fold:
3.9+0.193; IL-8 fold: 5.2 £0.09) in control animals.
IL-6 and IL-8 activities were extremely high in the
mice cervix which had received 30 weeks of 3-MC
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Fig. 2 — Differential subpopulations of leucocytes infiltrating the cervical region during chronic 3-MC treatment as observed in Pap
smear. (A) appearance of eosinophils in the cervix during initial phase of treatment; (B) increased infiltration of neutrophils during 12
weeks of 3-MC treatment; (C) emergence of monocytes alongside neutrophils during 24-30 weeks of 3-MC treatment; and (D) Graphical
representation of leucocyte index (LI) as calculated as the ratio of number of leucocytes observed to the total number of exfoliated cells
present in each field of Pap Smear. Values are mean + SD, (n=6). P* <0.005 and P** <0.0001 vs untreated control batch
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Fig. 3 — Activity and expression profiles of IL-6 and IL-8 in
control mice and mice group subjected to chronic 3-MC treatment
at the cervix. (A) IL-6 and IL-8 levels from cervical tissue lysates.
Values represent mean £SD (n=3). P* <0.005 and P** <0.0001 vs
controls; and (B) Protein expression of IL-6 and IL-8 as observed
by western blotting. Lane 1: control batch, lane 2: vehicle control,
lane 3: 3-MC treatment for 6 weeks, lane 4: 3-MC treatment for
12 weeks, lane 5: 3-MC treatment for 18 weeks, lane 6: 3-MC
treatment for 24 weeks, lane 7: 3-MC treatment for 30 weeks
(tumor- bearing cervix), lane 8: corticomedullary region of the
tumor obtained after 30 weeks, lane 9: richly vasculated
medullary region of the tumor. B-actin was used as a control to
ensure equal protein loading

treatment (Fig. 3A).

Western Blot analysis to study the expressions of
IL-6 and IL-8 from the isolated cervix tissues of both
normal and tumour bearing mice were performed to
ascertain the putative role played by these cytokines
in carcinogenic progression (Fig. 3B). In control and
vehicle control group expression profiles of IL-6 and
IL-8 were very poor, which increased concomitantly
with increased treatment duration in the treated group
(Fig. 3B). Expression profiles of both IL-6 and 1L-8
strongly corroborated with the activities of
these cytokines.

Liver dysfunction during carcinogenic progression

The next objective of the study is to ascertain
whether chronic exposure to 3-MC led to distorted
liver function in treated mice. Biochemical assays like
an estimation of SGPT and SGOT were carried out
using kits. The results were expressed as 1U/L which
is the product of a change in absorbance of the sample
per minute and kinetic factor (provided along with the
kit protocol). An uprising trend of SGPT and SGOT
enzyme activities were observed after 4 to 5 weeks of

3-MC treatment, which were found to surge
significantly (SGPT: 12.3 1U/L+0.261; SGOT:
20.62 1U/L+0.759) by 6" week of 3-MC treatment
onwards to control (Fig. 4A). This escalation of
enzymatic activities exhilarated as the treatment
process progressed through 12"-16" week, eventually
reaching to stasis by 24™ to 30" weeks (Fig. 4A). On
the contrary, no significant change was observed
between the SGPT and SGOT Kkinetics of vehicle
control and control animals (Fig. 4A).

High SGPT and SGOT activities were found to be
coherently associated with the alterations in hepatic
histopathology of 3-MC treated animals (Fig. 4B &
C). The presence of inflammatory infiltrates alongside
clusters of necrotic hepatocytes and damaged portal
tract with bile duct proliferation and marked atypia
was well noted in the liver histological sections
obtained from animals that had received 30 weeks of
3-MC treatment (Fig. 4B). Normal central veins were
observed in liver sections from the untreated control
group with no evidence of hepatocyte injury, fibrosis
or dysplasia and malignancy (Fig. 4C).

Serum Alkaline phosphatase enzyme activity

A gradual increase in serum alkaline phosphatase
(ALP) enzyme activity with an increase in the duration
of 3-MC treatment was observed. There was no change
in the serum enzyme activity documented during the
initial 6 weeks of 3-MC treatment to control mice
(Fig. 5A). During the 12" week, the serum alkaline
phosphatase kinetics for treated mice was recorded as
3.4 1U/L£1.032. This was extremely higher when
compared to control mice. A significant increase in
enzyme activity was apparent when treatment duration
was increased from 12 weeks to 30 weeks (Fig. 5A).
Alkaline phosphatase enzyme activity for vehicle
control and control batches conversely exhibited no
significant alteration (Fig. 5A).

Estimation of serum creatinine levels

Chronic 3-MC treatment till 30 weeks led to
impairment of renal function as comprehended from
the presence of high levels of serum creatinine.
Consistent elevation in the level of serum creatinine
was found to be maintained in treated groups between
12 to 30 weeks of treatment (Fig. 5B). During the
initial phase of treatment of up to 6 weeks, no
significant change in serum creatinine level was
observed in comparison to control mice. Changes
were found to be gradual with a subtle significant fold
increase in serum creatinine levels by 2.4 +0.072
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Histological (H & E staining) observation of liver from the untreated control group, showing normal hepatic architecture; and (C)
Abnormal histopathology showing deformed central vein, damaged portal tract, remarkable atypia, and dysplasia after treatment with 3-
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Fig. 5— (A) Serum alkaline phosphatase kinetics; and (B) serum creatinine level estimation. Values (mean + SD) for both the parameters
measured in the serum of mice treated chronically with 3-MC at 0, 6, 12, 18, 24 and 30 weeks. **P <0.001 vs control

being documented in the 12" week of 3-MC treatment
(Fig. 5B). Creatinine levels in the serum obtained
from the mice of vehicle control and control batches
did not exhibit any difference (Fig. 5B).

Discussion
Metabolic transformation is a prerequisite for
3-MC to mediate the process of carcinogenesis in an

organism. Like other PAHs, 3-MC also gets
metabolized by the liver CYP450 leading to the
generation of electrophilic moieties which induces
DNA damage. Administration of 3-MC in in vivo
model of cervical cancer was although limited only to
the cervical region, its effect was not only
conspicuous in the cervix but also in other organs.
Evidence to this fact has been recorded in terms of
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gradual loss in body weight of the treated mice
particularly till the 12" week of 3-MC treatment.
Since the treatment was made on a chronic basis, the
accumulation of 3-MC metabolites might have
intervened into the normal metabolic trends of these
mice. This had driven the process of tumorigenesis in
the cervix by the 24" week of 3-MC treatment. As the
treatment progressed to 16 weeks, there was a gain in
body weight observed which continued till the 30"
week of treatment.

The high rate of infiltration of leukocytes in the
cervical region indicated the initiation and prevalence
of inflammation. The presence of neutrophils in large
numbers had played an important role in the
development of cervical cancer in mice due to chronic
3-MC treatment. High numbers of neutrophil in blood
in comparison to other leukocytes are considered to
be a vital factor for cancer prognosis®’. Neutrophils
are the major drivers of localized inflammation which
releases chemoattractants for other inflammatory
cells®. In this study appearance of monocytes during
the later phases of 3-MC treatment is also suggestive
of the role played by neutrophil in the maintenance of
induced inflammation. This remodelled the cervical
niche to allow neoplastic growth.

During the developmental stages of in vivo model,
inflammation- mediated carcinogenesis was found to
be associated with higher expression profiles of 1L-6
and IL-8 as obvious from western blot results.
Activities of these cytokines in the cervix tissue
lysates were also found to be quite high. In HPV-16
mediated cervical carcinogenesis, I1L-6 titres are found
to be comparatively higher in invasive cervical
carcinoma stages than in precursor lesions®**. IL-6
strengthens the scenario of inflammation by fostering
monocyte chemoattractant protein-1 which helps in
recruiting monocytes to the site of malignancy®*. This
signalling axis further activates IL-8 which is also
known as neutrophil-activating factor. A community
signalling loop including IL-6, IL-8, and other
inflammatory mediators get formed thereby making
the scenario of inflammation more fierce®. In HPV
mediated  cervical carcinogenesis, compelling
evidence suggest the mediating the generation of
oxidative stress helps to mediating the overactivity of
these cytokines that induce cervical
carcinogenesis™*. Similar prosurvival signalling
might have got manifested in the present study
during the development of the in vivo model of
carcinoma which might be due to a long period of

subjection to stress owing to which higher frequency
of granulocyte and agranulocyte infiltration was
observed in the cervical region. Various reports
suggested that excerbating levels of inflammatory
cytokines are necessary for progression of cervical
cancer as well as for other cancers like colorectal
cancers™™?’.

Metabolism of 3-MC always takes place in the liver
microsomes®®. Thus, excess of carcinogen-induced
stress can lead to distorted liver function. This serves as
an important factor that contributes to the development
of conditions favouring the establishment of
carcinoma. Major determinants of liver function are
SGPT, SGOT and ALP***", High serum SGPT, SGOT
and ALP levels as observed in the present findings
indicate despaired liver function which helps in
assessing the impact of the stress- induced by
carcinogen on the physiology of the treated mice. In
case of development of an in vivo carcinoma model,
determination of SGPT, SGOT, and ALP levels in the
serum not only aids in understanding the extent of
induced systemic stress but also provides a tool to
select the sublethal dosage of carcinogen for
treatment®>>,  Several other researchers have
authenticated that administration of carcinogen to mice
in a chronic fashion, can induce necessary hepatic
toxicity which can serve as a prerequisite to continue
the process of carcinogenesis®*°. Biochemical changes
were found to be coherently associated with the
histological architecture of the liver obtained from the
same groups of mice. On the other hand, the presence
of renal dysfunction is confirmed by high serum
creatinine levels.

Conclusion

All these results cumulatively indicated that
chronic carcinogen treatment resulted in the induction
of a prolonged inflammatory state in the cervix. This
acted as an additive stressor for augmenting the loss
of physiological homeostasis in the treated mice.
Localized treatment of the cervix with 3-MC
ultimately culminated in impairment of functions of
vital organs like liver and kidney. Thus carcinogenic
progression in the cervical carcinoma model in vivo is
the resultant of the interplay of different inflammatory
stressors within the system.

Acknowledgment

The authors are indebted to Director, CNCI for
providing infrastructural facilities. This work was
financially supported by CNCI, Kolkata (Ministry of



MAHAPATRA et al.: ROLE OF INFLAMMATION IN CERVICAL CANCER

Health & Family Welfare, Govt. of India).

Conflict of Interest

All authors declare no conflict of interest.

References

1

10

11

12

13

14

15

16

17

Greten FR & Grivennikov Sl, Inflammation and Cancer:
Triggers, Mechanisms, and Consequences. Immunity, 51
(2019) 27.

Colotta F, Allavena P, Sica A, Garlanda C & Mantovani A,
Cancer-related inflammation, the seventh hallmark of cancer:
links to genetic instability. Carcinogenesis, 30 (2009) 1073.
Grivennikov SI, Greten FR & Karin M, Immunity,
Inflammation and Cancer. Cell, 140 (2010) 883.

Kastritis E, Palumbo A & Dimopoulos MA, Treatment of
relapsed/refractory multiple myeloma. Semin Hematol,
46 (2009) 143.

Karin M, Nuclear factor-kappaB in cancer development and
progression. Nature, 441 (2006) 431.

Nickoloff BJ, Ben-Neriah Y & Pikarsky E, Inflammation and
cancer: is the link as simple as we think? J Invest Dermatol,
124 (2005) 10.

Gupta SC, Kunnumakkara AB, Aggarwal S & Aggarwal BB,
Inflammation, a Double-Edged Sword for Cancer and Other
Age-Related Diseases. Front. Immunol, 9 (2018) 2160.
Osgood RS, Upham BL, Hill T, Helms KL, Velmurugan K,
Babica P & Bauer AK, Polycyclic aromatic hydrocarbon-
induced signaling events relevant to inflammation and
tumorigenesis in lung cells are dependent on molecular
structure. PLoS ONE, 8 (2013) e65150.

Zhang C, Luo Y, Zhong R, Law PTY, Boon SS, Chen Z,
Wong CH & Chan PKS, Role of polycyclic aromatic
hydrocarbons as a co-factor in human papillomavirus-
mediated carcinogenesis. BMC Cancer, 19 (2019) 138

Karin M, NF-«xB as a Critical link between inflammation
and cancer. Cold Spring Harb Perspect Biol, 5 (2009)
a000141.

David JM, Dominguez C, Hamilton DH & Palena C, The
IL-8/IL-8R Axis: A Double Agent in Tumor Immune
Resistance. Vaccines, 4 (2016) 22.

McFarland BC, Hong SW, Rajbhandari R, Twitty GB Jr,
Gray GK, Yu H, Benveniste EN & Nozell SE, NF-xB-
Induced IL-6 Ensures STAT3 Activation and Tumor
Aggressiveness in Glioblastoma. PLOS ONE, 8 (2013)
e78728.

Brighenti E, Calabrese C, Liguori G, Giannone FA, Trere" D,
Montanaro L & Derenzini M, Interleukin 6 downregulates
p53 expression and activity by stimulating ribosome
biogenesis: a new pathway connecting inflammation to
cancer. Oncogene, 33 (2014) 4396.

Goel M, Somani K, Mehrotra A, Singh U & Mehrotra R,
Immunohistochemical Expression of Cell Proliferating
Nuclear Antigen (PCNA) and p53 Protein in Cervical
Cancer. J Obstet Gynecol India, 62 (2012) 557.

Wogana GN, Hecht SS, Felton JS, Conney AH & Loeb LA,
Environmental and chemical carcinogenesis. Semin Cancer
Biol, 14 (2004) 473.

de Villiers EM, Fauquet C, Broker TR, Bernard HU &
Hausen ZH, Classification of papillomaviruses. Virology,
324 (2004) 17.

Moody CA & Laimins LA, Human papillomavirus

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

165

oncoproteins: pathways to transformation. Nat Rev Cancer,
10 (2010) 550.

Husaiyin S, Han L, Wang L, Ma C, Ainiwaer Z, Rouzi N,
Akemujiang M, Simayil H, Aniwa Z, Nurimanguli R &
Niyazi M, Factors associated with high-risk HPV infection and
cervical cancer screening methods among rural Uyghur women
aged > 30 years in Xinjiang. BMC Cancer, 18 (2018) 1162.
Alam S, Conway MJ, Chen HS & Meyers C, The cigarette
smoke carcinogen benzo[a]pyrene enhances human
papillomavirus synthesis. J Virol, 82 (2008) 1053.

Prestera T, Holtzclaw WD, Zhang Y & Talalay P, Chemical
and molecular regulation of enzymes that detoxify
carcinogens .Proc Natl Acad Sci U S A, 90 (1993) 2965.

Liou GY & Storz P, Reactive oxygen species in cancer. Free
Radic Res, 44 (2010) 479.

Lazaro L, A New View of Carcinogenesis and an Alternative
Approach to Cancer Therapy. Mol Med, 16 (2010) 144.
Hybertson BM, Gao B, Bose SK & McCord JM, Oxidative
stress in health and disease: the therapeutic potential of Nrf2
activation. Mol Aspects Med, 32 (2011) 234.

Dabrowska N & Wiczkowski A, Analytics of Oxidative
stress markers in the early diagnosis of oxygen DNAdamage,
Adv Clin Exp Med, 26 (2017) 155.

Barnes JL, Zubair M, John K, Poirier MCand Martin FL.
Carcinogens and DNA damage. Biochem Soc Trans, 46
(2018) 1213.

Klaunig JE, Kamendulis LM & Hocevar BA, Oxidative
Stress and Oxidative Damage in Carcinogenesis. Toxicol
Pathol, 38 (2010) 96.

Forsberg JG & Breistein LS, Carcinogenesis With 3-
Methylcholanthrene in Uterine Cervix of Mice Treated
Neonatally With Estrogen. J Natl Cancer Inst, 49
(1972) 155.

Murphy ED, Carcinogenesis of the Uterine Cervix in Mice:
Effect of Diethylstilbestrol after Limited Application of 3-
Methylcholanthrene. J Nat Cancer Inst, 279 (1961) 611.
Sreekant CN, Bava SV, Sreekumar E & Anto RJ, Molecular
evidences for the chemosensitizing efficacy of liposomal
curcumin in paclitaxel chemotherapy in mouse models of
cervical cancer. Oncogene, 30 (2011) 3139.

Mc Clintock MK, Sacial Control of the Ovarian Cycle and the
Function of Estrous Synchrony. Amer Zool, 21 (1981) 243.
Murphy ED, Studies in carcinogen-induced carcinoma of the
cervix in mice, Am J Pathol, 29 (1953) 608.

Raju K, Evolution of Pap Stain. Biomedical Research and
Therapy, 3 (2016) 490.

Bergmeyer HU, Scheibe P & Wahlefeld AW, Optimization
of methods for aspartate aminotransferase and alanine
aminotransferase. Clin Chem, 24 (1978) 58.

King J, The hydrolases-acid and alkaline phospatase. In:
Van D, (Ed. Practical Clinical Enzymology) 1965, 191.
Delanghe JR & Speeckaert MM, Creatinine determination
according to Jaffe—what does it stand for? NDT Plus, 4
(2011) 83.

Bancroft JD & Stevens AE, Theory and Practice of
Histological Techniques, (4" Ed. Edinburgh; Churchill
Livingstone) 1996, 766.

Wu L, Saxena S, Awaji M & Singh RK, Tumor-Associated
Neutrophils in Cancer: Going Pro. Cancers (Basel), 11
(2019) 564.

Kolaczkowska E & Kubes P, Neutrophil recruitment and



166

39

40

41

42

43

44

45

46

47

INDIAN J. BIOCHEM. BIOPHYS., VOL. 57, APRIL 2020

function in health and inflammation. Nat Rev Immunol,
13 (2013) 159.

Paradkar PH, Joshi JV, Mertia PN, Agashe SV& Vaidya RA,
Role of cytokines in genesis, progression and prognosis of
cervical cancer. Asian Pac J Cancer Prev, 15 (2014) 3851.
Morgan EL, Macdonald A. Autocrine STAT3 activation in
HPV positive cervical cancer through a virus-driven Racl-
NF-kB-1L-6 signalling axis. PLoS Pathog, 15 (2019)
€1007835.

Lowinski KK, Rheinwald JG, Fichorova RN, Anderson DJ,
Basile J, Munger K, Daly CM, Rdsl F & Rollins BJ,
Selective suppression of Monocyte Chemoattractant Protein-1
expression by Human Papillomavirus E6 and E7
oncoproteins in human cervical epithelial and epidermal
cells. Int J Cancer, 107 (2003) 407.

Song Z, Lin Y, Ye X, Feng C, Lu Y, Yang G & Dong C,
Expression of IL-1a and IL-6 is Associated with Progression
and Prognosis of Human Cervical Cancer. Med Sci Monit, 22
(2016) 4475.

Boccardo E, Lepique AP & Villa LL, The role of
inflammation in HPV carcinogenesis. Carcinogenesis, 31
(2010) 1905.

Smola S, Immunopathogenesis of HPV-Associated
Cancers and Prospects for Immunotherapy. Viruses, 9
(2017) E254.

Berti FCB, Pereira APL, Cebinelli GCM, Trugilo KP &
Brajdo de Oliveira K, The role of interleukin 10 in human
papilloma virus infection and progression to cervical
carcinoma. Cytokine Growth Factor Rev, 34 (2017)1.
Zhaowei Yang, Lu Qiao, Yang Chao, Juan Liu,
Yanging Di, Jing Sun, Jiebing Zhang, Lihong Huang,
Honghua Guo & Chengyan He, High expression
of nucleophosmin is closely related to the grade and
invasion of colorectal cancer. Indian J Biochem Biophys, 56,
(2019) 420.

Shrivastava A, Aggarwal LM, Mishra SP, Khanna HD,
Shahi UP & Pradhan S, Free radicals and antioxidants in
normal versus cancerous cells — An overview. Indian

48

49

50

51

52

53

54

55

J Biochem Biophys, 56 (2019) 7.

Sims P, The metabolism of 3-methylcholanthrene and some
related compounds by rat-liver homogenates. Biochem J, 98
(1966) 215.

Bhutia RD, Khandelwal B, Sherpa ML & Singh TA,
Oxidation products of DNA, lipids and protein among the
individuals progressing towards metabolic syndrome. Indian
J Biochem Biophys, 56 (2017) 155.

Shakeela Begum M, Padmavathi P, Saradamma B,
Maturu P, Ananda Vardhan H,Varadacharyulu NC &
Damodara Reddy V, Effect of green tea consumption on
RBC morphology, membrane potentials and antioxidant
status in chronic cigarette smokers. Indian J Biochem
Biophys, 55 (2018) 256.

Ilvanov VE, Karp OE, Bruskov VI, Andreev SN, Bunkin NF
& Gudkov SV, Formation of long-lived reactive products in
blood serum under heat treatment and low-intensity
irradiation, their role in hydrogen peroxide generation and
DNA damage. Indian J Biochem Biophys, 56 (2019) 214.

Gangrosa MA & Stoming TA, The metabolism of
3-methylcholanthrene by liver and lung microsomes: Effect
of enzyme inducing agents. Cancer Lett, 20 (1983) 323.

Church RJ, Watkins PB, The transformation in biomarker
detection and management of drug-induced liver injury.
Liver Int, 37 (2017) 1582.

Mohan MSG, Ramakrishnan T, Mani V & Achary V,
Protective effect of crude sulfated polysaccharides from
Turbinaria ornate on isoniazid rifampicin induced
hepatotoxicity and induced oxidative stress in the liver,
kidney and brain of adult Swiss Albino mice. Indian
J Biochem Biophys, 55 (2018) 237.

Shamsi MB, Venkatesh S, Kumar R, Gupta NP, Malhotra N,
Singh N, Mittal S, Arora S, Arya DS, Talwar D, Sharma RK
& Dada R, Antioxidant levels in blood and seminal plasma
and their impact on sperm parameters in infertile men. Indian
J Biochem Biophys, 47 (2010) 38.



