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Introduction

Cervical cancer is one of the commonest cancer
affecting women worldwide and it is second
leading cancers among Indian women. The
cytological screening of this cancer by pap smear
has led to a reduction in the mortality due to ca
cervix. It has been found that about 5 lakhs
women develop ca cervix every year and hence
the detection at the early stage of this cancer has
been utmost importance®.  Development of
vaccine against the human papilloma virus (HPV)
has become a major advance to avoid HPV
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infection in terms of genital warts and
precancerous cervical lesions®®. Although there
are many types of HPV ranging about 100, HPV
types 16 and 18 shows high risk for the
development of both squamous cell carcinoma
and adenocarcinoma of the cervix. In India, more
than 80% of them were determinable to HPV 16
and 18. The determination of HPV as screening
has shown consistently superior over the
cytological methods of screening in terms of
sensitivity. Serum tumor markers are useful in
screening cancers and also for assessing the
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prognosis of the disease®. However, no specific
tumor markers have been found suitable for the
detection of ca cancer. Most of the cancers
involve stromal invasion followed by metastasis
which involve degradation and remodeling of the
extracellular matrix (ECM). Tumor cells secrete
certain enzymes such as Matrix
metalloproteinases (MMPs) which degrade the
ECM necessary for neovascularization by growth
factors such as vascular endothelial growth factors
(VEGF)™. Although more than 20 MMPs have
been found, MMP-2 (72 kDa gelatinase) and
MMP-9 (92 kDa gelatinase) are responsible for
ECM degradation®®. Elevated levels of MMP-9
are found in breast, brain, ovarian, pancreatic,
colorectal, bladder, prostate and lung cancers, and
melanoma® 2. Matrix metalloproteinase 9 is
considered to be a powerful factor stimulating the
secretion of proangiogenic factors such as
vascular endothelial growth factor (VEGF), which
is widely regarded as one of the most important
growth and survival factors affecting the vascular
endothelium®¥. The aim of the present study
was to determine plasma levels of VEGF, MMP-2
and MMP-9 and their relative gene expression in
patients with HPV16 & HPV18 positive Cancer
cervix patients in relation to healthy controls.

Study Subjects

Mode of Selection of Study Subjects

Selection of cases was made with age matched
control, as per the ASCCP guidelines. All the
study participants were of age group 35-58 years,
who attended OPD clinic in the department of
obstetrics and gynecology for screening of intra
epithelial lesion of cervix to confirm the presence
or absence of squamous cell carcinoma or
adenocarcinoma which was done by pap smear.
The cervical samples were further used to screen
for HPV type 16 and 18 by using commercially
available probe based High-Risk Human
Papillomavirus (HPV) and Genotyping 16 & 18
Real-Time PCR Kit (Liferiver, CA, USA). The
carcinoma of cervix subjects were divided into
HPV16 and HPV18 based on the results obtained.

90(30 in each group) study subjects were recruited
for this cross sectional study who are divided into
3 groups such as control, HPV16 positive cancer
cervix and HPV 18 positive cancer cervix
subjects. Study subjects with clinical complication
such as a history of cervical neoplasia, skin or
genital warts, immune-compromised conditions,
chronic or acute viral infections, other cancers,
and previous operations on uterine cervix and
pregnant women were excluded from the study.
The venous blood from the study subjects were
collected before they were subjected to treatment
for ca cervix. All the patients and control subjects
were followed through surgery to collect tissue
biopsies /cervical scrapings of squamous cervical
carcinoma or normal cervical tissue.

Processing of Blood Samples for ELISA

The blood samples collected were centrifuged at
3500 rpm for 15 minutes at room temperature.
The supernatant containing serum was aliquoted
and stored at -40TC till analysis. These plasma
samples were used for the assay of serum
parameters such as VEGF, MMP2 and MMP9 by
using commercially available ELISA (RayBio,
Norcross, GA, US A) kits.

Processing of Tissue Samples for Real-time
Gene Expression:

The cervical tissue samples were collected from
the control (histrectomy patients) and HPV 16 and
HPV18 positive cancer cervix patients and the
tissue biopsy was immersed in Trizol solution
(medox, India) and stored at -80 °C till analysis.
The sample was homogenized using trizol and the
homogenate was used for RNA isolation using
commercially available RNA isolation kit (Roche,
Indianapolis, IN). Purity and RNA concentration
was assessed by measuring the absorbance at 260
and 280nm using Nanodrop 2000 (Thermo
Scientific, United States). 1 ug of RNA was
converted into cDNA by using High Capacity
cDNA Reverse Transcription Kit (Applied
Biosystems, Thermofischer scientific, USA). The
gene-specific oligonucleotide primers (Integrated
DNA Technologies) for Vascular endothelial
growth factor A (VEGFA)- FP-
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gcagcttgagttaaacgaacg and RP-
ggttcccgaaaccctgag, Matrix metallopeptidase 2
(MMP2)- FP- gaggtaatcttaggtgcttacctagc and RP-
cttcagcacaaacaggttgc, MMP9- FP-
gaaccaatctcaccgacagg and RP-
gccacccgagtgtaaccata and beta acin (ACTB) — FP-
ccaaccgcgagaagatga and ccagaggcgtacagggatag
were used. CFX96 Real-Time PCR Detection
System was used for evaluating the gene
expression levels by using SYBR green master
mix (Roche, Indianapolis, IN) using the Kkits
protocol for thermal conditions. Signals were
normalized to the housekeeping gene P-actin as
the endogenous internal control. Relative fold
change was calculated by 2" method using
Livak’s method®.

Statistical Analysis

The values are expressed as mean + S.D/SEM for
parametric data and median (interquartile range)
for non parametric data and analysed using
statistical package for social sciences (SPSS),
version 19.0 software. Post hoc Analysis of
variance with Tukey was used to compare the
means in parametric data. For non parametric
data, Kruskal-Wallis test was used. Pearson’s/
spearman’s correlation was employed to assess
the correlation between the molecular markers
with the pregnancy outcome.  Statistical
significance was presumed if a null hypothesis
could be rejected at a p value of <0.05.

Results
Patient Recruitment and Plasma Levels of
Matrix Metalloproteinases and Angiogenic

Factor in Cervical Carcinoma with HPV 16/18
Patients

The study was carried out with 90 study
participants, after obtaining informed consent
from the women with cervical carcinoma (50) and
the control women (50). The cervical carcinoma
patients were further divided into Human
papilloma virus positive for type 16 (25) and HPV
positive for type 18 (25). From the study subjects
venous blood was collected before they were
involved into the treatment. From the same study
subjects, cervical biopsy was collected randomly
from 10 patients from each group and stored
under appropriate condition.

The plasma levels of MMP2, MMP9 and VEGF
were found to be elevated in the cervical
carcinoma with HPV 16 & 18 patients when
compared to the control subjects (Table 1).

The Tissue Biopsy Expressions of Matrix
Metalloproteinase, Apoptotic and Angiogenic
Factor in Cervical Carcinoma Patients with
HPV 16 & 18.

It has been found that the gene expression of
MMP-2 (Fig 1) and MMP-9 (Fig 1,2) were
increased in HPV 16 and HPV 18 positive
cervical carcinoma when compared to the control
tissue. The mRNA expression of VEGF showed a
significant increase in HPV16 and HPV19
positive cervical carcinoma when compared to the
control tissue. (Fig 3)

Table 1: Plasma levels of MMP2, MMP9 and VEGF markers in cervical carcinoma with HPV 16 & 18

S:No Parameters Control (n=50) | Cx HPV 16 (n=25) | Cx HPV 18 (n=25)
1 MMP-2 (ng/ml) | 308.7+334.6 1260.2 + 556.7" 1581.4 +300.5
2 MMP-9 (ug/ml) 45+1.9 6.6+2.2" 6.742.5

3 VEGF (pg/ml) 13.52 + 14.3 42.09 + 23.45 38.8+21.27

Data are reported as mean + standard deviation
(S.D). Statistically significant differences (P <
0.05, one way ANOVA with Tukey post hoc) are
indicated as follows: “vs control (C; n=30)

women; (Significant differences between other
groups are not indicated). MMP-2: Matrix
metalloproteinase 2, MMP-9 Matrix
metalloproteinases 9, VEGF: Vascular endothelial
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growth factor. P<0.05 were considered significant.
Cx HPV16: Cervical cancer with Human

papilloma virus positive for typing 16. Cx
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Fig 1: mRNA expression of matrix metallo proteinase 2 in HPV 16 and HPV 18 positive cervical carcinoma

patients.

MRNA expression of MMP2 in cervical biopsy
samples obtained from control cervix (C; n = 10),
HPV16 positive carcinoma of cervix (Ca-HPV16;
n = 10) and HPV18 positive carcinoma of cervix
(Ca-HPV18; n = 10). Total RNA was isolated
from frozen samples using tissue RNA isolation
kit (Roche, Inc.) and converted to cDNA
(Invitrogen, Inc.) followed by amplification of
target gene using SYBR green master mix (Roche,
Inc,) and quantification by relative fold change
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(Livak method) as described in Materials and
Methods. The bar diagram demonstrates the
distribution of quantified placental MRNA
expression of relative ratio of MMP2 to B-actin
among the study groups (n=10/group. Data are
reported as mean * standard error of mean (SEM).
Statistically significant differences (P < 0.05, one
way ANOVA with tukey post hoc) are indicated
as~ vs control samples.

*
Ca-HPV16 Ca-HPV1S8
(n=10) (n=10)

Fig 2: Protein expression of matrix metallo proteinase 9 in HPV 16 and HPV 18 positive cervical carcinoma

patients by western blotting.
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Protein expressions MMP9 in cervical tissue
biopsy samples obtained from control women (C;
n = 10), HPV16 positive carcinoma of cervix (Ca-
HPV16; n = 10) and HPV18 positive carcinoma of
cervix (Ca-HPV18; n = 10). The tissue
homogenate was obtained from cervical tissue
biopsies using RIPA buffer with protease inhibitor
cocktail (Roche, Inc,) as describe in Materials and
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Methods. Representative image with bar diagram
depicts the ratio of protein expression of MMP-9
with the p-actin among the study groups
(n=10/group). Data are reported as mean =*
standard error of mean (SEM). Statistically
significant differences (P < 0.05, one way
ANOVA with tukey post hoc) was indicated as ~
vs control.

=11

Ca-HPV16
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Ca-HPV18
(n=10)

Fig 3: mRNA expression of vascular endothelial growth factor (VEGF) in HPV 16 and HPV 18 positive

cervical carcinoma patients.

MRNA expression of VEGF in cervical biopsy
samples obtained from control cervix (C; n = 10),
HPV16 positive carcinoma of cervix (Ca-HPV16;
n = 10) and HPV18 positive carcinoma of cervix
(Ca-HPV18; n = 10). Total RNA was isolated
from frozen samples using tissue RNA isolation
kit (Roche, Inc.) and converted to cDNA
(Invitrogen, Inc.) followed by amplification of
target gene using SYBR green master mix (Roche,
Inc,) and quantification by relative fold change
(Livak method) as described in Materials and
Methods. The bar diagram demonstrates the
distribution of quantified placental mMRNA
expression of relative ratio of VEGF to B-actin
among the study groups (n=10/group. Data are
reported as mean = standard error of mean (SEM).
Statistically significant differences (P < 0.05, one
way ANOVA with tukey post hoc) are indicated
as~ vs control samples.

Discussion

Despite widespread availability of HPV vaccines,
Ca cervix is one of the major causes of cancer-
related death in women worldwide™. It has been
proved that the enhanced activity of the MMPs,
and VEGF by various analytes is strongly linked
to a number of tumors*®?. Vascular endothelial
growth factor is considered to be an important
factor in blood vessel formation (angiogenesis),
which is closely connected with tumor
progression and metastasis®. It has been
indicated recently that MMP-9 may be potential
markers of ovarian and breast cancers®®. In the
present study, we investigated the usefulness of
VEGF and MMP-2 and MMP-9 separately in
patients with Ca cervix with HPV positive for
type 16 and 18. Our results showed statistically
significantly higher concentrations of VEGF,
MMP-2 & MMP-9 (tested parameters) in patients
with Ca positive for HPV16 and HPV18 when
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compared to the healthy participants. We also
found a significant increase in gene expression of
VEGF, MMP-2 and MMP-9. Similar results as
been observed in a study by Li et al*”. Another
study demonstrated by Guo et al®® where MMP-9
expression was associated with lymph node
metastasis, suggested an invasive potential in
early stages of ca cervix. Another study has
demonstrated the statistical significance of VEGF
expression in Ca cervix tissues®”. We have found
in our study that there is an increase in the
markers as well the mRNA expressions of MMP2,
MMP9 and VEGF in cervical carcinoma of with
HPV16 and 18.

Conclusions

In summary, to the authors’ knowledge, our report
is the first to evaluate the plasma levels and, what
IS more important, the diagnostic usefulness of
such an extensive analysis of VEGF, MMP2 and
MMP-9in Ca cervix with HPV 16/18 subtypes,
not only independently but especially in
combination with both established cervical tumor
markers.  Almost all parameters showed high
usefulness in detecting tumor development.

References

1. Arbyn M, Castellsagué X, de Sanjosé S,
Bruni L, Saraiya M, Bray F, et al.
Worldwide burden of cervical cancer in
2008. Ann Oncol Off J Eur Soc Med
Oncol. 2011 Dec;22(12):2675-86.

2. Dasari S, Wudayagiri R, Valluru L.
Cervical cancer: Biomarkers for diagnosis
and treatment. Clin Chim Acta Int J Clin
Chem. 2015 May 20;445:7-11.

3. Maver PJ, Poljak M. Progress in
prophylactic human papillomavirus (HPV)
vaccination in 2016: A literature review.
Vaccine. 2018 28;36(36):5416-23.

4. Szarewski A. HPV vaccination and
cervical cancer. Curr Oncol Rep. 2012
Dec;14(6):559-67.

5. Gradissimo A, Burk RD. Molecular tests
potentially improving HPV screening and

10.

11.

12.

13.

14.

15.

genotyping for cervical cancer prevention.
Expert Rev Mol Diagn. 2017
Apr;17(4):379-91.

Perkins GL, Slater ED, Sanders GK,
Prichard JG. Serum tumor markers. Am
Fam Physician. 2003 Sep 15;68(6):1075—
82.

Guan X. Cancer metastases: challenges
and opportunities. Acta Pharm Sin B. 2015
Sep;5(5):402-18.

Bergers G, Brekken R, McMahon G, Vu
TH, Itoh T, Tamaki K, et al. Matrix
metalloproteinase-9 triggers the
angiogenic switch during carcinogenesis.
Nat Cell Biol. 2000 Oct;2(10):737-44.
Johansson N, Ahonen M, Ka&héri VM.
Matrix  metalloproteinases in  tumor
invasion. Cell Mol Life Sci CMLS. 2000
Jan 20;57(1):5-15.

Vihinen P, Kahdri V-M. Matrix
metalloproteinases in cancer: prognostic
markers and therapeutic targets. Int J
Cancer. 2002 May 10;99(2):157-66.
Turpeenniemi-Hujanen T. Gelatinases
(MMP-2 and -9) and their natural
inhibitors as prognostic indicators in solid

cancers. Biochimie. 2005 Apr;87(3—
4):287-97.
Nagase H, Karamanos N.

Metalloproteinases in health and disease:
challenges and the future prospects. FEBS
J. 2011 Jan;278(1):1.

Bjorklund M, Koivunen E. Gelatinase-
mediated migration and invasion of cancer
cells. Biochim Biophys Acta. 2005 May
25;1755(1):37-69.

Roy R, Yang J, Moses MA. Matrix
metalloproteinases as novel biomarkers
and potential therapeutic targets in human
cancer. J Clin Oncol Off J Am Soc Clin
Oncol. 2009 Nov 1;27(31):5287-97.

Livak KJ, Schmittgen TD. Analysis of
relative gene expression data using real-
time quantitative PCR and the 2(-Delta

Thirumurugan @ Murali. P et al IMSCR Volume 07 Issue 10 October 2019

Page 567




16.

17.

18.

19.

20.

21.

Delta C(T)) Method. Methods San Diego
Calif. 2001 Dec;25(4):402-8.
Sanchez-Martin  V, Jiménez-Garcia L,
Herranz S, Luque A, Acebo P, Amesty A,
et al. a-Hispanolol Induces Apoptosis and
Suppresses Migration and Invasion of
Glioblastoma Cells Likely via
Downregulation of MMP-2/9 Expression
and p38MAPK  Attenuation.  Front
Pharmacol. 2019;10:935.

Li C, Li Y, Sui L, Wang J, Li F.
Phenyllactic acid promotes cell migration
and invasion in cervical cancer via
IKK/NF-kB-mediated MMP-9 activation.
Cancer Cell Int. 2019;19:241.

Mao F, Niu X-B, Gu S, Ji L, Wei B-J,
Wang H-B. The association between
matrix metalloproteinase-7 genetic variant
and bladder cancer risk in a Chinese Han
population. Clin Exp Med. 2019 Oct 1;

Lin D-D, Shen Y, Qiao S, Liu W-W,
Zheng L, Wang Y-N, et al. Upregulation
of OTUD7B (Cezanne) Promotes Tumor
Progression via AKT/VEGF Pathway in

Lung  Squamous  Carcinoma  and
Adenocarcinoma. Front Oncol.
2019;9:862.

Lim H-J, Park J, Um J-Y, Lee S-S, Kwak

H-J. Zileuton, a 5-Lipoxygenase Inhibitor,
Exerts  Anti-Angiogenic  Effect by
Inducing Apoptosis of HUVEC via BK
Channel Activation. Cells. 2019 Sep
30;8(10).

Zajkowska M, Glazewska EK, Bedkowska
GE, Chorazy P, Szmitkowski M, Lawicki
S. Diagnostic Power of Vascular
Endothelial Growth Factor and
Macrophage Colony-Stimulating Factor in
Breast Cancer Patients Based on ROC
Analysis. Mediators Inflamm.
2016;2016:5962946.

22.

23.

24,

Plasma levels and diagnostic utility of
VEGF, MMP-9, and TIMP-1 in the
diagnosis of patients with breast cancer
[Internet]. [cited 2019 Oct 3]. Available
from:
https://www.ncbi.nlm.nih.gov/pmc/articles
/[PMC4771393/

Guo H, Dai Y, Wang A, Wang C, Sun L,
Wang Z. Association between expression
of MMP-7 and MMP-9 and pelvic lymph
node and para-aortic lymph node
metastasis in early cervical cancer. J
Obstet Gynaecol Res. 2018
Jul;44(7):1274-83.

Rahmani AH, Babiker AY, Alsahli MA,
Almatroodi SA, Husain NEOS. Prognostic
Significance of Vascular Endothelial
Growth Factor (VEGF) and Her-2 Protein
in the Genesis of Cervical Carcinoma.
Open Access Maced J Med Sci. 2018 Feb
15;6(2):263-8.

Thirumurugan @ Murali. P et al IMSCR Volume 07 Issue 10 October 2019

Page 568




