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ADIPOSE TISSUE AND ITS ROLE IN MICROENVIRONMENT
OF THE COLORECTAL ADENOCARCINOMA CANCER CELL

A.A. Burlaka
NATIONAL CANCER INSTITUTE, KYIV, UKRAINE

Introduction. The mechanisms of adipose-tissue’s influence on tumor progression has been studied a lot,
but the way of interaction of adipocytes with tumor cells have not been well defined until now.

Objective. The aim of this study was to evaluate the mechanisms of adipocytes and tumor cells interaction
under the influence of radiation and chemo-radiation therapy in locally advanced rectal cancer (LARC) patients.

Material and methods. A prospective randomized single-center study was conducted. It involved 110
patients with LARC and pre-obesity. The patients were randomized into a main group A (radiation therapy and
oxaliplatin-based chemotherapy) and a comparison group B (radiation therapy and fluoropyrimidine-based
mono-chemotherapy). Superoxide free radicals and NO levels generated by mitochondria of adipocytes were
evaluated In both groups’. Also, there was estimated the indices of MMP-2, MMP-9, 8-0xoG, and free fatty acids
(FFA) level.

Results and discussion. Level of superoxide radicals in tumor-adjacent adipose tissue was 0.58+0.15 (main
group) and 0.70+0.12 nmol/g-min (comparison group) (p<0.001). Blood levels of FFA increased in group A up to
2.05%0.15, and in group B up to 2.48+0.20 mmol/I (while in it was 0.57+0.11 mmol/L). 8-0xoG levels in tumor-
adjacent adipose tissue had no statistically significant differences.

Conclusions. The tumor-adjacent adipose tissue is an energy depot that can act as a promoter of tumor
progression supplying the locally advanced rectal cancer with an energy substrate FFA. It has been established
that the level MMP-2 activity significantly reduces the degree of intercellular matrix remodeling by the XELOX

chemotherapy.
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Introduction

A number of clinical studies have proved a
direct effect of obesity on the epidemiology of
colorectal cancer (CRC), disease progression,
and a direct effect of adipose tissue (AT) on
malignant neoplasms development, as well as
the ‘survival’ of the latter. Adipocyte is the main
structural unit of AT that provides a significant
resource of lipids, cytokines and adipokines. It
has been established that the lipids, cytokines
and adipokines provide regulation of signaling
metabolic cascades and spread of malignant
cells, including CRC adenocarcinoma cells.

Adipocytes can modify a tumor microenvi-
ronment that in its turn stimulates/accelerates
the tumor metabolism and leads to formation
of an aggressive phenotype of CRC tumor due
to paracrine secretion and the presence of
significant levels of free fatty acids (FFA). The
cells of malignant neoplasms can accelerate the
rate of proliferation, which is impossible
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without the modification of energy metabolism
and the initiation of de novo-lipogenesis [1]. FFA
are used for the accumulation of adipose tissue
and the membranes construction, which is the
basis for the malignant cells” survival. Most
studies have proved that lipids provide survival
of adenocarcinoma cells while their own de
novo-lipogenesis is in a state of inhibition [2].
Thus, it becomes clear that adenocarcinoma
cells carry out proliferation without performing
the synthesis of their own energy but using
energy rich fatty acids of microenvironment [3].
FFA as a powerful source of energy becomes a
key element in an aggressive rectal cancer (RC)
phenotype formation. It worth remembering
that lipids can enhance the Warburg effect in
tumor cells [4].

Over the past decade, the awareness of the
mechanisms of the AT influence on RC tumor
progression has improved considerably.
However, the mechanisms of adipocytes and
tumor cells interaction under the influence of
radiation and chemo-radiation therapy have
not been revealed until now.
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Material and methods

A prospective randomized single-center
study was conducted. The study involved 110
patients with locally advanced rectal cancer
(LARC) (ymrT3-4aN0-2M0-1, CRM-positive) with
overweight (pre-obesity), who were treated in
National Cancer Institute in January 2016 -
December 2018. The patients were randomized
into a main group (A) n=57 (radiation therapy
with a total focal dose of 50.4 Gy (1.8 Gyx28)
and oxaliplatin-based polychemotherapy) and
comparison group (B), n=53 (radiation therapy
with a total focal dose of 50.4 Gy (1.8 Gyx28)
and mono-chemotherapy based on fluoropy-
rimidine). The patients’ division into groups was
1:1. The characteristic features of the groups
of patients are provided in Table 1.

In each clinical case, multidisciplinary
approach was used, where surgeons, oncolo-
gists, chemotherapists and radiologists took
part. In all cases, the diagnosis was confirmed
cytologically/ histologically after the primary
tumor biopsy taken during the colonoscopy in
order to assess the resectability of the primary
tumor, to detect metastatic lesions in regional
lymph nodes and to identify possible distant
metastases. A common method of magnetic
resonance imaging (MRI) of the small pelvis
and abdominal cavity with intravenous contrast
and computer tomography (CT) of the chest
cavity, abdominal cavity and small pelvis with
intravenous contrast, according to international
protocols was carried out [5]. Positron-emission
tomography was conducted only for planned
multivisceral resections and in clinically comp-
licated cases as well as for differential diagnosis

for the presence of metastatic lesions of other
organs/sites.

Surgical techniques comprised implemen-
tation of standardized approaches for RC
removing (Total mesorectal excision and D3
lymphatic dissection); most of the interventions
were performed laparoscopically.

Sampling of AT was performed for 20
minutes since the removal of the tissue sample
at a distance of 1-5 cm from the tumor; a sur-
geon and a morphologist took part in it. The
samples were shaped by a special mold, frozen
in liquid nitrogen, with subsequent electron
paramagnetic resonance spectra (EPR), they
were recorded in a paramagnetic pure quartz
Devuar. The levels of superoxide free radicals
(SR) generated by mitochondria of adipocytes,
as well as the levels of NO content were eva-
luated by means of EPR method and Spin Traps
technology.

The state of intracellular matrix was asses-
sed by the activity of matrix metalloproteinases
(MMP-2 and MMP-9) in polyacrylamide gel
using zymography technique. After the washing
the active forms of MMP-2 and MMP-9 in gel
visualized as a discolored stripe on a blue
background; their localization was determined
according to the molecular weight standards
(Sigma) and corresponded to the molecular
weight of each of the enzymes (72 and 92 kDa,
respectively). The proteolytic activity was
evaluated by measuring the area of the lysis
zone using a standard set of MMP-2 and MMP-
9 (Sigma) for comparison. One a.u. of the
enzyme activity assumed as 1 mcg of enzyme
in 1 g of control sample. The results were pro-

Table 1. Characteristic features of the groups

Indices G(rno=l,|5|;)A G(|;10=115|:;)B P value
Age 61.4+2.3 64.2+1.9 0.16
Body mass index (BMI) 31.5+2.3 29.2+3.8 0.84
Sex (male/female), (n) 37/21 24/28 0.45
Presence of distant metastases, (n) 14 5 0.19
CRM positive 20 12 0.32
EMVI positive 9 3 0.44
TRG =3 10 4 0.25
pN+ 28 14 0.21
CEA level 27.4+5.6 12.24£3.1 0.18
Patient’s condition (ASA scale):
I-11 47 39 0.65
III 10 14 0.67

Notes: CRM - ‘circumferential resection margin’; EMVI - ‘extramural venous invasion’; TRG - ‘tumor regres-
sion grade’. ASA - American Society of Anesthesiologists scale.
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cessed using the standard TotalLab 1.01
program. The levels of DNA guanine oxidation
(marker 8-0xo0G) in adipose tissue and blood
FFA level were determined spectrophoto-
metrically. The content of free (un-esterified)
fatty acids (HF) in the blood was determined by
spectrophotometric method at A=546 nm (the
intensity of the red dye formed by the interaction
of hydrogen peroxide and Tronder compounds
is directly proportional to the concentration of
non-esterified fatty acids in the knowledge).

The attained results were statistically
analyzed by means of SPSS 20.0 statistics (IBM,
Armonk, New York, USA). The differences were
statistically different at p<0.05.

Results

In AT superoxide radicals (SR) and their
derivatives are produced by mitochondria and
NOX immunocompetent cells. In physiological
conditions there is a balance between the SR
generation and its elimination by antioxidants.
In cases of pathological conditions, in particular,
in malignant tumors, there is an increase in SR
levels both in tumor and in tissues surrounding
it that affects signaling regulatory pathways of
tumor cells.

The results of the AT studying are presented
in Table. 2. The rate of SR generation in AT
stripped at a distance of 1 cm from the macro-
scopically visible edge of the LARC tumors was
determined. In the physiological conditions, the
rate of SR generation was 0.18+0.03 nmol/g of
tissue-min [6]. The rate of SR generation in
tumor-adjacent AT was 0.58+0.15 (group A) and
0.70+0.12 nmol/g tissue-min (group B) (p<0.001).
Theincreased blood level of FFA was evidenced
in group A: 2.05+0.15 mmol/l, and in group B -
2.48+0.20 mmol/l, the control value was
0.57+0.11 mmol/L. Thus, the damaging effect
on the surrounding tissues, in particular in
cases of theradiation therapy and administration
of platinum, is lower compare to the scheme
comprising radiation therapy and fluoropy-
rimidines. The growth of SR and ROS, respec-
tively, can cause lipids oxidation, 4-hydroxy-

nonenal and malonic dialdehyde formation.
The malonic dialdehyde can stimulate the
activity of cyclooxygenase-2 (COX-2), which in
turn catalyzes synthesis of prostaglandins and
induces angiogenesis in RS tumors [7]. Fatty
acids, the level of which increases in tumor
during their own metabolism, produce
electrons; their energy in mitochondrial ETC of
tumor cells transform into ATP and SR due to
fact that adipocytes mitochondria are dys-
functional (Table 2).

Oxidative DNA damage is also a result of
unregulated increase of SR and ROS levels and
their effects on human cells. The most common
product of the pathological effect of SR on a
DNA molecule is 8-oxoguanine (8-0x0G)
formation; the level of it starts to exceed the
normal values already in the early stages of the
disease [8]. 8-0x0G can be accumulated both
in nuclear and mitochondrial DNA. That is why
they are considered to be a highly informative
marker for the development of malignant
neoplasms and their progression.

According to our previous studies, 8-0x0G
levels in tumor-adjacent AT proved to have no
statistically significant differences: 0.80+0.08
and 0.84+0.13, respectively for groups Aand B,
p=0.052 (Table 1 that may be explained by the
fact that medicines used for hemotherapy lead
to genotoxic effects). Platinum containing
medicines canin addition initiate SR generation.

Nitric oxide (NO) is a pleiotropic, regulatory
signaling molecule that is crucial for a variety
of biological processes, including vasodilation,
neurotransmission, and immune response [9].
NO is synthesized out of L-arginine by NO
synthase (NOS) [10]. The increased expression
of inducible NOS (iNOS) in tumor cells proves
direct proportional correlation with survival of
patients with RC and other malignant neoplasms
of epithelial origin [11]. The activity of iNOS in
tumor-adjacent adipose tissue is determined
in accordance with the procedure described
above. Normal value of the NO content is
1.1620.20 nmol/g of tissue. Direct evaluation of
NO level is 0.51+0.11 and 0.38+0.08 nmol/g of

Table 2. Comparison of the studied molecular markers between groups of patients.

Values Norm values Group A Group B t-value P-value
(Mean+SE) (Mean+SE) (Mean=SE)

Speed of SR generation, 0.18+0.03 0.58+0.15 0.70+0.12 4.43 <0.001
nmol/g tissuesmin
NO content level, 1.16+0.20 0.51+0.11 0.38+0.08 -7.24 <0.001
nmol/g tissue
8-0x0-G level, nmol/g tissue 0.21+0.03 0.8+0.08 0.84+0.13 1.96 0.052
FFA levels, mmol/L 0.57+0.11 2.05+0.15 2.48+0.20 2.36 0.045
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Fig.1. Graphic representation of EPR spectra in studied groups of patients.

I - EPR spectra of AT in patients with RC:
1 - AT of the patients with BMI 25.0-30.0.
2 - group B patients with BMI >25.
3 - group A patients with BMI >25.

II - zymograms showing MMP-2 activity in AT of the corresponding groups.

tissue in group A and B, respectively (p<0.001)
(Table 2) that indicates a disturbance of NO
bioavailability in tumor-adjacent AT.

The changes of AT cells mitochondrial ETC
in the patients with RC in cases of different
treatment regimens were revealed. In EPR
spectra of AT intensive EPR signals with g=2.03
were recorded that proved formation and
increase of NO-FeS proteins complexes in
Complex I (ETC) of adipocytes mitochondria in
the group A (Fig. 1, EPR 3 spectrum, g=2.03).
The level of NO-FeS proteins complexes was
0.27+0.14 a.u. This value in norm was 0.08+0.05
a.u. In the group B of patients, who received
fluoropyrimidines instead of oxaliplatin, the
level of NO-FeS proteins complexes in ETC were
significantly higher (0.36+0.09 a.u.) that
indicated that fluoropyrimidines-based AT
formed hypoxic microenvironment, which was
more favorable for the tumor. The level of NO-
FeS proteins complexes in ETC of adipocytes
mitochondria correlates with the degree of RC
differentiation (r=0.79, p<0.05). It should also
be noted that the level of MMP-2 activity in AT
was significantly lower in the group A, indicating
that oxaliplatin had less significant effect on
redox state of AT and subsequently the intra-
cellular matrix remodeling.

Tissue intracellular matrix remodeling,
including degradation and reorganization of its

structures developed with the participation of
specific enzymes: matrix metalloproteinases
(MMP). MMPs are a family of Zn* and Cu*-
dependent endopeptidases with a common
functional domain and activation mechanism.

At present, more than 20 types of MMPs
different by their cellular localization, substrate
specificity, functional activity, have been estab-
lished: gelatinase, collagenase, stromelysines,
membrane bound MMP as well as a group of
insufficiently studied MMP [12].

The increased level of gelatinase subgroup
members (MMP-2 and MMP-9) proves the
presence of tissue matrix damage. The factors
activating the inactive forms of MMP (pro-MMP)
are intensification of SR generation in
endothelial cells mitochondria and NOX
immunocompetent cells of AT; SR reacts with
NO forming ONOO- as a result that leads to
disorder of NO bioavailability in AT [11, 13]. It
was already noted that in the patients, involved
into the research, independently from the
treatment method a decrease in the NO content
in AT adjusted to tumor was evidenced (Table 2).

In Fig.2 the results of the gelatinases activity
(MMP-2 and MMP-9) in the patients with RC is
presented.

It was proved that MMP-2 activity rates were
(3.51+£1.06) and (5.72+1.13) at p<0.001,
respectively in groups A and B. MMP-9 activity
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Fig. 2. MMP-2 AND MMP-9 activity in AT of the patients.

rate was (6.82+1.03) and (8.06+1.36) in the main
and control groups, respectively (p<0.001).
These results indicate that in the group A
patients, who received oxaliplatin or
capecitabine, the level of intercellular matrix
degradation was lower compare to the group
B patients administered with fluoropyrimidines.

Discussion

Redox molecules are capable of inducing
lipolysis in adenocarcinoma cells that results in
glycerol production, which can be incorporated
into the glycolytic metabolic pathway [14]. Such
pathological changes in normal metabolism
can activate more rapid growth and
subsequently much significant malignant
metastatic tumor phenotype, including RC [15].
Such changes are accompanied by changes in
the microenvironment of healthy cells,
infiltration of tumor-associated immune cells
that trigger the process of chronicinflammation
and enhance oxidative stress. The analysis
proves that activation of de novo-lipogenesis in
most of the patients with CRC, is caused by high
levels of CR and, consequently leads to MMP
activation. The MMP activation, in its turn,
proves that the adipocytes of tumor-adjacent

MMP-9 activity

AT in the patients with RC are an ‘additional’
source of energy involved in metabolic
processes of the RC adenocarcinoma that
contributes to their faster growth and formation
of metastases.

In addition, a significant difference in the
studied molecular markers proved a promising
use of a modified scheme of preoperative
course of chemotherapy-based oxaliplatin and
capecitabine (XELOX). We believe that such
approach can help reduce the percentage of
distant metastasis and local relapses.

Conclusions

Tumor-adjacent AT is an energy depot that
can act as a promoter of tumor progression,
supplying the RC tumor with the energy
substrate - FFA. In addition, the oxaliplatin
based chemotherapy reduces the level of DNA
oxidative-induced point mutations in adipocytes
mitochondria. It has been established that the
level MMP-2 activity significantly reduces the
degree of intercellular matrix remodeling by
the XELOX chemotherapy.
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KHPOBA TKAHHHA TA if POJIb B MIKPOOTOYEHHI KJIITHH
AJJEHOKAPIITMHOMMH KOJIOPEKTAJIBHOI'O PAKY

. ) A.A. Bypnaka
HAUIOHAJIbHUW IHCTUTYT PAKY MO3 YKPAIHU, M. KWIB, YKPAIHA

BcTyn. 30 ocmaHHi 0ecsimb pokie Hawle po3yMiHHS MexaHi3mie enausy #upoeoi mKaHUuHU (XXT) Ha nyxauHHe
npozpecy8aHHs 3HAYHO NOKPAU4UAOCL, OOHAK 00 Yb020 HYaCY He PO3KPUMO MEeXAHI3MU 83aeMo0ii adunoyumie
3 KNIMUHAaMUu nyxauH paky npamoi kuwku (P1K) 3a ymoe npogedeHHs npoMmeHegoi ma ximiomepanii

MeTa. Jocnioumu mexaHiamu 83aeModii adunoyumie ma KAimuH a0eHoOKapYUHOMU 30 yMO8 hpOMeHego20
ma XiMionpoMeHeg020 NiKy8aHHS Y X80pUX HA MiCYe80 NoWUpPeHi opMu paky NPAMOI KUWKU.

MeToaw. bys10 npogedeHo npocnekmusHe paHOOMi308aHe 00HOYyeHMpPoae 00CNiONeHHS. Y 00CNiOHeHHI
6pasnu yyacme 110 xeopux Ha Micyego-nowupeHull pak npamoi kuwku (MnPlikK), (ymrT3-4aN0-2M0-1, CRM -
positive) 3 HA0AUWKOB0OI 8020K0 8 nepiod 3 ciyHA 2016 p. 0o 2pyoHa 2018 p. lNayieHmis paHOoMi3ysanu y
cniegioHoweHHi 1:1 Ha 0CHOBHY 2pyny (A) n=57 (npomeHesa mepanis CyMapHO ocepedkosoro 0030t0 50,4 p
(1,8 Mp x 28) ma nosiximomepanis HO OCHOBI OKCANINAAMUHU), Ma Ha 2pyny nopieHAHHS (b), n=53 (npomeHesa
mepanis cymapHoto ocepedkogoro 0030t0 50,4 Tp (1,8 [p x 28) ma MoHoxiMiomepania Ha 0cHo8i pmopnipumiouHis).
Y 060x 2pynax ausyanu pieHi MimoxoHApiansbHUX cynepokcuduHuUx padukanie ma NO e adunoyumax npusaeznoi
00 NYXAUHU HUPOBOI MKAHUHU. TaKox< 00Cidxy8anu pigeHbs MaOMpPUKCHUX MemanonpomeiHas (MMI1-2 ma
MMII-9), mapkepu okucHo20 nowkooxceHHA JHK (8-0xoG) ma pigeHb dcupHUX KUCa0M.

Pe3synbTaTWu. 3apeecmposaHi pieHi WeuoKocmi 2eHepy8aHHs CynepokcuoHuUx padukanie (CP) e XT, aka
KoOHmMakmyeana 3 nyxauHoro ckaadanu 0,58+0,15 (zpyna A) ma 0,70+0,12 HMoAb/2 MKAHUHU*X8 (2pyna b)
(p<0,001). B Kposi yux Xx80opuUx 8UABAEHO 3POCMAHHS PiBHA BibHUX HUPHUX Kucaom (BXK): y 2pyni A 00 3HaYeHb
2,05%0,15 mmons/n, a 8 epyni b yeli nokasHuk cknae 2,48+0,20 mMmone/n npu 3HavyeHHsaX Hopmu 0,57+0,11
MMoAb/A. PigHi 8-0x0G 8 npunezsnili 00 nyxauHu XT xeopux 00CAIOHY8AHUX 2pyn HE MAaAU CMAaMUCMUYHO
3Ha4ywoi 8iomiHHocmi - 0,80+0,08 ma 0,84+0, 13 sidonogidHo 0a5 2pyn A ma b, npu p = 0,052.

BucHoBKMW. [Tpusnezna 0o nyxauHu XT npedcmasase coboro eHepzemuyHe deno, 30amHe sucmynamu 8
P01l NPOMOMOPA NYXAUHHO20 NPO2PeCcy8aHHs, 3a6e3nedyroyu nyxauHy MnPI1IK eHepaemuyHUM cy6cmpamom -
BXK. bysno nokasaHo, wjo ximinpomeHesa mepanis (XELOX) 3HUMCYE pigeHb peM0o0ento8aHHA MiXKAIMUHHO20
MampUKCy hpusaez/0i #upoeoi MKAHUHU.

K/THOYOBI C/IOBA: micueBo-NoLWIMPEeHUN pak NPAMOi KULLUKW; )XUpPoBa TKaHUHA; NyXJIMHHEe
nporpecyBaHHS; XimionpomeHeBa Tepanis.

IHdopmalisa npo aBTopa

AHTOH AHaToniioBnY Bypnaka - KaHz. MeJ. Hayk, CTapLUMiA HayKOBWIA CriBPOBGITHUK HAyKOBOIO BiAJiNeHHS
MyX/IVH OPraHiB YepeBHOT MOPOXKHMHM, Xipypr-oHKoNOor, HauioHaibHUI IHCTUTYT paky, JlomoHocosa 33/43,
Kwis, 03022 YkpaiHa.

Information about the author

Anton Burlaka - MD, Ph.D., senior researcher at Abdominal Tumors Department of National Cancer
Institute, 33/43 Lomonosov str., Kyiv, 03022, Ukraine.

ORCID 0000-0003-4995-705X, e-mail: nir.burlaka@gmail.com

References

1. Currie E, Schulze A, Zechner R, Walther TC, 3. Martinez-Outschoorn UE, Sotgia F, Lisan-

Farese Jr RV. Cellular fatty acid metabolism and
cancer. Cell metabolism. 2013 Aug 6;18(2):
153-61.

doi: 10.1016/j.cmet.2013.05.017

2.Daniéls VW, Smans K, Royaux I, Chypre M,
Swinnen }V, Zaidi N. Cancer cells differentially
activate and thrive on de novo lipid synthesis
pathways in a low-lipid environment. PloS one.
2014 Sep 12;9(9):e106913.

doi: 10.1371/journal.pone.0106913

ti MP. Power surge: supporting cells "fuel”
cancer cell mitochondria. Cell metabolism. 2012
Jan 4;15(1):4-5.

doi: 10.1016/j.cmet.2011.12.011

4. Manzi L, Costantini L, Molinari R, Meren-
dino N. Effect of dietary omega-3 polyunsa-
turated fatty acid DHA on glycolytic enzymes
and Warburg phenotypes in cancer. Biomed
Res Int 2015; 2015: 137097.

doi: 10.1155/2015/137097

RADIATION MEDICINE AND ONCOLOGY

ISSN 2413-6077. JMMR 2019 Vol. 5 Issue 1

A.A. Burlaka

w
Pk



RADIATION MEDICINE AND ONCOLOGY

5. National Comprehensive Cancer Network.
Rectal Cancer (Version 3.2018). https://www.
ncen.org/professionals/physician_gls/pdf/
rectal.pdf

6. Chouchani ET, Kazak L, Spiegelman BM.
Mitochondrial reactive oxygen species and
adipose tissue thermogenesis: bridging phy-
siology and mechanisms. Journal of Biological
Chemistry. 2017 Oct 13;292(41):16810-6. doi:
10.1074/jbc.R117.789628

7. Tomida C, Nagano H, Yamagishi N, Uchi-
da T, Ohno A, Hirasaka K, Nikawa T, Teshima-
Kondo S. Regorafenib induces adaptive
resistance of colorectal cancer cells via inhibition
of vascular endothelial growth factor receptor.
The Journal of Medical Investigation.
2017;64(3.4):262-5.

doi: 10.2152/jmi.64.262

8.Viel A, Bruselles A, Meccia E, Fornasarig M,
Quaia M, Canzonieri V, Policicchio E, Urso ED,
Agostini M, Genuardi M, Lucci-Cordisco E. A
specific mutational signature associated with
DNA 8-oxoguanine persistence in MUTYH-
defective colorectal cancer. EBioMedicine. 2017
Jun 1;20:39-49. doi: 10.1016/j.ebiom.2017.04.022

9. Nathan C, Xie QW. Nitric oxide synthases:
roles, tolls, and controls. Cell. 1994 Sep
23;78(6):915-8.

doi: 10.1016/0092-8674(94)90266-6

10. Forstermann U, Kleinert H. Nitric oxide
synthase: expression and expressional control
of the three isoforms. Naunyn-Schmiedeberg's

archives of pharmacology. 1995 Oct 1;352(4):
351-64.

doi: 10.1007/BF00172772

11. de Oliveira GA, Cheng RY, Ridnour LA,
Basudhar D, Somasundaram V, McVicar DW,
Monteiro HP, Wink DA. Inducible nitric oxide
synthaseinthe carcinogenesis of gastrointestinal
cancers. Antioxidants & redox signaling. 2017
Jun 20;26(18):1059-77.

doi: 10.1089/ars.2016.6850

12. Said A, Raufman JP, Xie G. The role of
matrix metalloproteinases in colorectal cancer.
Cancers. 2014 Mar;6(1):366-75.

doi: 10.3390/cancers6010366

13. Tauro M, Lynch C. Cutting to the chase:
How matrix metalloproteinase-2 activity
controls breast-cancer-to-bone metastasis.
Cancers. 2018 Jun;10(6):185.

doi: 10.3390/cancers10060185

14.Wang C, Li P, XuanJ, Zhu C, LiuJ, Shan L,
Du Q, Ren Y, Ye J. Cholesterol enhances
colorectal cancer progression via ROS elevation
and MAPK signaling pathway activation.
Cellular Physiology and Biochemistry.
2017;42(2):729-42.

doi: 10.1159/000477890

15. Tabuso M, Homer-Vanniasinkam S,
Adya R, Arasaradnam RP. Role of tissue micro-
environment resident adipocytes in colon
cancer. World journal of gastroenterology. 2017
Aug 28;23(32):5829.

doi: 10.3748/wjg.v23.i32.5829

Received 6 March 2019; revised 6 April 2019;
accepted 6 May 2019.

This is an open access article distributed under the Creative
Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the
original work is properly cited.

w
N

A.A. Burlaka

ISSN 2413-6077. JMMR 2019 Vol. 5 Issue 1



