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Predictive value and changes of inducible nitric oxide synthase

expression in patients with rectal cancer under the influence
of antitumor therapy

V. V. Holotiuk, A. Ye. Kryzhanivska, . Ya. Sadovyi, B. B. Tataryn

SHEI “Ivano-Frankivsk National Medical University”, Ukraine

The aim of investigation — to establish the features of INOS expression in the rectum wall under the influence of various
neoadjuvant therapy options in patients with rectal cancer (RC) and to find out its predictive significance.

Materials and methods. In 88 patients with stage II-lll rectal adenocarcinoma we established iNOS expression in the tumor before
and after neoadjuvant radiotherapy (NRT), therapeutic pathomorphosis grade and density ofimmune cell infiltrates. Patients were
divided into 3 groups: 1 — patients after the course of NRT on the tumor site; 2 — patients who underwent chemoradiomodification
of the NRT with drug tegafur; 3 — patients who underwent chemoradiomodification of the NRT with tegafur and L-arginine.

Results. In the tumors of rectal cancer the level of INOS expression by 4.5 times exceeded that in the intact rectum wall
(P < 0.001), correlated with metastatic lesion of the regional lymph nodes (r = 0.55; P = 0.026) and depended on the type of
growth of RC. The level of INOS expression in the tumor prior to treatment in Group 3 patients, in which the high efficacy of
NRT was reported, was 54.61 + 3.55 versus 35.10 + 2.28 CU in the rest of the patients (P = 0.01). After NRT, most Groups
1-2 patients reduced the iINOS expression in the RC tissue — on the average to 37.30 + 4.13 CU, more in the residual
parenchyma as compared to the tumor stroma, while Group 1 patients showed the lowest total immunosensitivity intensity of
iNOS - 24.34 £+ 3.10 CU, and Group 3 patients — the highest — 45.35 + 5.84 CU.

Conclusions. After the use of NRT, iINOS expression in the residual parenchyma of the RC decreased, but in the stroma
the marker expression remained unchanged or there was an increase in the marker expression, which was most inherent
to therapeutic pathomorphosis grades IlI-IV. INOS expression in the RC stroma was highest in patients after NRT with
radiomodification using tegafur and L-arginine and positively correlated with the density of immune cell infiltrates in the tumor.
Evaluation of the preoperative level of iNOS in patients with RC can serve as a predictive test of advisability of NRT used on
the background of radiomodification with L-arginine.

NpeanKTUBHE 3HAUYEHHA Ta 3MiHU eKkcnpecii iIHAyUMOeAbHOi CUHTa3u OKCHAY a30Ty
Y XBOPUX Ha paK NPAMOI KULUKH Nia BNAMBOM NPOTUNYXAMHHOI Tepanii

B. B. TonoTiok, A. €. KpuxaHiBcbka, |. 1. CapoBui, b. b. TatapuH

MeTta po6oTu — Bu3HauMTH ocobnmeocTi 3MiH ekcnpecii INOS y CTiHUi NpsSIMOI KMLLKV Nig, BNAIMBOM 3aCTOCYBAHHS Pi3HUX
BapiaHTiB Heoan toBaHTHOI Tepanii y XBopux Ha pak npsmoi kuwwkw (PIIK), 3'acyBatu ii NpeaykTMBHE 3HaYeHHS.

Matepianu Ta metoau. Y 88 xBopvx Ha ageHokapuuHomy npsamoi kuwwku II-Il ctagin imyHodnyopecLeHTHO BU3HauYunm
ekcnpecito INOS y nyxnuHi 4o Ta nicns Heoa toBaHTHOI npomeHeBoi Tepanii (HIMNT), cTyniHb nikyBansHoro natomopdosy Ta
LLiNbHICTb IMYHOKIITUHHKX iHGbiNbTpaTiB. MMavieHTiB noginunu Ha 3 rpynun: | — xsopi nicns kypcy HIT Ha AingHKy nyxnuHu;
Il — nauieHTn, skum BrkoHanM pagiomogudikaito HMT npenapatom Teradypy; Il — xBopi, siki oTprmany pagiomogudikadito
HIMT npenapatamu Teracbypy Ta L-apriHiHy.

Pesynbratu. Y nyxnuHax PIIK piseHb ekcnpecii INOS B 4,5 pasa nepeBuLlyBaB Taky B iHTAKTHI CTiHLi NPSIMOI KULLKK
(p < 0,001), kopentoBaB 3 MeTacTaTU4HUM ypaXXeHHsAM perioHapHux nimgosyanis (r = 0,55; p = 0,023) i 3anexas Big TUNy
pocTy PIIK. PiBeHb ekcnpecii INOS y nyxmuHi go nikyBaHHs y xBopux Il rpynu, B Sikux KOHCTaToBaHa BUCOKa ePeKTUBHICTb
HIMT, ctaHoBuB 54,61 + 3,55 npotu 35,10 + 2,28 ym. og. y pewTu xBopux (p = 0,01). Micna HNT y GinbwocTi xBopwx -1 rpyn
BU3HauMM 3HkeHHs excnpecii INOS y TkanuHi PIMK y cepeaHbomy 1o 37,30 4,13 ym. oa,., 6inbLue B pe3vayarnbHii napeHximi
MOPIBHSIHO 3i CTPOMOHO MyXJMHW. Y XBOPUX | rpynu 3apeecTpyBani HaMeHLLy CyMapHy iHTEHCUBHICTb iMyHocurHany iINOS
(24,34 £ 3,10 ym. og.), a y xBopux lIl rpynu — Hameuy (45,35 + 5,84 ym. o).

BucHoBku. Micns 3actocyBanHs HMT excnpecis INOS y peauayanbHiii pakosiit napexximi PTK sHuxyeTbCs, ane y cTpoMi
3anuLiaeTbest 6e3 3MiH UM CNoCTepIraeTbCs 3POCTaHHS ekcnpecii Mapkepa, sike € HanbinbL xapaktepHum ans llI-1V ctyneHis
natomopdo3y. Ekcnpecis iNOS y ctpomi PTK Hareuwa y xsopwix nicnsa HIT i3 pagiomogudikauieto Teracpypom, L-apriHiHOM i
MO3UTUBHO KOPESTOE 3i LLINBHICTHO iMYHOKMITUHHUX iHAiNbTpaTiB y MyxmmHi. BusHayeHHs foonepavinHoro pisHst INOS y xBopux
Ha PIK moxe 6yT1 npeanKTMBHAM TECTOM AOLINbHOCTI 3acTocyBaHHs HIT i3 noTeHLitoBaHHAM L-apriHiHOM.

MpeAnKTUBHOE 3HaYUEHUE U UMEHEHUS IKCNPECCHU UHAYLMOEAbHOW CUHTa3bl OKCHAA
a30Ta y 60AbHbIX paKoM NPAMOW KULUKH NOA BAUSSHUEM NPOTUBOONYXOAEBOM Tepanuu

B. B. lonoTiok, A. E. KpbkaHuBckas, WU. fl. Caposeii, B. B. TatapuH

Llenb paboTbl — onpeaen1b 0co6eHHOCTU n3MeHeHuin akcnpeccin INOS B cTeHKe NPSIMON KWLLIKW MOZ, BIUSIHUEM NPUMEHEHNS!
pasnyHbIX BApMaHTOB HEOAIbIOBAHTHOM Tepaniv Y 6ombHbIX pakom NpsiMoi kuLLku (PIK) v BbISICHUTL e NpeaykTMBHOE 3HaYeHMe.
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Marepuanb! u MmeToApbl. Y 88 60MbHbIX C afeHOKapLIMHOMOW NpsiMoi kuwkw |11 ctaguii uMmyHognyopecLEHTHO onpeaensiiv
akcnpeccuio iINOS B onyxonu 4o 1 nocne HeoagblBaHTHOM nyyeBoit Tepanum (HI1T), creneHb nevebHoro natomopdosa
MMOTHOCTb MMMYHOKNETOUHbIX MH(UNLTPATOB. MauneHToB nogenunu Ha 3 rpynnbl: | — 6onbHble nocne kypca HITT Ha 30Hy
onyxonu; Il — naumeHTbl, koTopble nonyyunu paguomopudukaumo HIT npenapatom Teradypa; Il — GonbHbIE, KOTOPLIM
nposenu paguomoaudvkaumio HIT npenapatamu Teradypa n L-apruHunHa.

Pesynkratkl. B onyxonsx PIK ypoeeHb akcnpeccumn iNOS B 4,5 pa3a npeBbilan TakoBOW B MHTAKTHOW CTEHKe NpsMon
kwku (p < 0,001), koppenupoBan ¢ MeTacTaTM4ECKUM MOpaXeHWeM permoHapHbix numdoyanos (r = 0,55; p = 0,026) n
3aBucen ot Tuna pocta PIK. YpoeeHb akcnpeccun iNOS B onyxonu 4o nedenmns y 6onbHbix I rpynnbl, y KOTOpbIX KOHCTATU-
poBaHa Bbicokasi achpekTvHOCTb HITT, coctasun 54,61 + 3,55 npotus 35,10 £ 2,28 y. e. y ocTanbHbIx 6onbHbIX (p = 0,01).
Mocne HNT y GonbwwmHcTea 60nbHbIX |-l rpynn oTMevanu cHkerne akcnpeccumn iINOS B Tkann PIK — B cpegHem po 37,30
+4,13y. e., B 6onbLUel cTeneHn B pe3nayarnbHON NapeHXMMe Mo CPaBHEHWIO C CTPOMOW Onyxonu. Mpu aTom y GonbHbIX |
rpynnbl 3aperMcTpUpOBanv HAMMEHBLLIYH CYMMapHY0 MHTEHCUMBHOCTL MMMYHocurHana iNOS (24,34 + 3,10 y. e.), a y 60mnbHbIX
Il rpynnbl — HamBbICLyto (45,35 + 5,84 y. e.).

BoiBoapbl. Mocne npumeHenus HITT akcnpeccus iINOS B pesnpyarnsHoi pakoBon naperxume PIIK cHnkaeTcs, ogHako B
CTpOMe OCTaeTcsi 6e3 U3MEHEHMI UM OTMEYAIOT POCT 3KCNPECcUn Mapkepa, 4To Hanbornee xapaktepHo ans cnyyaes -1V
cteneHun natomopcposa. Akcnpeccust INOS B ctpome PIK camas Bbicokast y 6onbHbix nocne HITT ¢ npumerexnem Teradypa
1 L-apruHuHa v nonoXuTensHO KOppenupyeT ¢ NMOTHOCTbI0 MMMYHOKNETOUHbIX MHAMNBTpaToB B onyxonu. Onpeaenexve
foonepauyoHHoro ypoBHs iINOS y 6onbHbIx PTK MOXET cnyxuTb NpeankTMBHBIM TECTOM LienecoobpasHoCTy NpUMeHeHs

HIT ¢ noteHuupoBaH1eM L-apriHuHoM.

Redox-dependent NO molecules play an important role
in regulation of the proliferative processes of cancer cells
due to metabolic, damaging and signaling ways [1,2].
Nowadays, it is known that nitric oxide (NO) in relation to
malignant neoplasms can exhibit dual activity — both to
stimulate tumour growth, and to cause antitumor effect,
while the direction of action of NO in the tumours primar-
ily and the most depends on its concentration [3,4]. NO
can also have a great effect on other aspects of tumour
biology, including angiogenesis and metastasizing [1,3].
It has been found out that inducible nitric oxide synthase
(INOS) is the main source of NO synthesis in tumours.
Possessing the ability to synthesize large volumes of
NO over a long period of time, INOS functions as a rule
in response to cell activation by cytokines or bacterial
antigens [5]. In a short time, it has the ability to increase
the concentration of NO fortyfold or more, depending on
the intensity of the stimulating factor [2]. Nitric oxide on
exposure to iINOS is formed by a two-stage hydroxylation
reaction of the citrulline cycle from L-arginine, resulting
in stoichiometrically formed nitric oxide in the free radical
form (NO) and L-citrulline [6]. Nitrogen oxide produced by
iNOS in large amounts is toxic. It enables NO to perform
in the body both protective functions (neutralize tumour
and bacterial cells), and to participate in pathological
processes, inducing apoptosis [7].

Considering the importance of NO in the pathoge-
nesis of malignancy and the mechanisms of antitumor
therapeutic effects, researchers in various countries
investigate the characteristics of the biological system of
NO synthesis in colorectal cancer tumors, which serves as
a basis for the development of new therapeutic approach-
es and personalization of patients treatment. However,
nowadays, literature data on the characteristics of INOS
expression in colorectal cancer tumors, its prognostic
and predictive value are ambiguous and require further
study [8-10].

The aim

To establish features of INOS expression in the rectum
wall under the influence of various neoadjuvant therapy
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options in patients with rectal cancer (RC) and to find out
its predictive significance.

Materials and methods

The results of the examination of 88 patients with RC
who were treated in the Precarpathian clinical oncological
center have been analyzed. 50 patients were diagnosed at
stage II (T, ,N,M,) and 38 - stage Ill (T, N, ,M,) of the dis-
ease. The mean age of the patients was 61.30 + 1.29
years (from 45 to 74 years), there were 47 (53 %) male
patients, and 41 (47 %) female patients. All patients
had a verified stage Il-lll adenocarcinoma. Diagnosis,
stage of the disease and the presence of metastases
were established in accordance with the requirements
of evidence-based medicine (by performing clinical
and instrumental examinations and pathomorphologi-
cally). The research was performed in accordance with
the principles of conducting biomedical research involving
human subjects set forth in the World Medical Association
Declaration of Helsinki.

Depending on the treatment received, the patients
were divided into 3 groups:

Group 1 included 30 patients who received the course
of neoadjuvant radiation therapy (NRT) on the tumor site
to a total focal dose of 3840 Gy (single focal dose —
2.0-2.5 Gy, 5 sessions per week) without the use of ra-
diomodifiers with surgical after-treatment 4-6 weeks later.

Group 2 included 29 patients who received a similar
course of NRT with the chemoradiomodification with
tegafur at a dose of 800 mg twice per os daily to patients
weighing up to 70 kg or 1200 mg three times daily to pa-
tients with a weight of more than 70 kg during the whole
course of the NRT.

Group 3 included 29 patients who underwent
the same course of NRT, and besides tegafur they
received L-arginine infusions in a dose of 100 ml per 1
hour before the radiotherapy session (4.2 % solution of
L-arginine hydrochloride), which, being a substrate for
iNOS, is a precursor of NO formation in the tumour tissue.

The object of our study were fragments of intact
gut 3 cm from the edge of the tumor and RC samples

Maronoris. Tom 15, Ne 2(43), TpaBeHb — cepneHb 2018 p.



DAPI iNOS

Fig. 1.iINOS expression in rectal cancer patients before treatment: high level of INOS expression in the cytoplasm of atypical epithelial complexes of rectal cancer (Immunofluorescence

microscopy). Magn. x200.

DAPI: nuclei visualization, iNOS: immunosignal of iNOS in the tumor tissue.

obtained during the biopsy before the treatment onset
and from the surgical material. Single tissue plate was
dissected from three tumor zones (peripheral, interstitial,
and central) for histopathologic investigation of RC sur-
gical material. Histologic sections on the upper, middle
and lower levels of paraffin blocks were made, thus nine
sections from each operated patient were analyzed. Serial
paraffin sections 4-5 microns thick were stained with he-
matoxylin and eosin. Microscopy and photographing were
performed on a microscope of Leica DME (Germany) at
x40, x100, x200 and x400 magnifications. Therapeutic
pathomorphosis grade was estimated according to
G. O. Lavnikova, the density of immune cell infiltrates —
morphometrically.

Localization and endogenous expression levels of
iNOS were assessed by immunofluorescence imaging
techniques which was performed in sections of biopsy and
RC surgical material 4 ym thick. Anti-NOS2 (Santa Cruz,
CA, USA, titer 1: 200) was used as primary antibodies.
Alexa Fluor 546 (Invitrogen, USA, titer 1: 500) was used as
secondary fluorescein-containing antibodies. Cell nuclei
were visualized using 4.6-diamino-2-phenylindole (DAPI,
1.5 mg/ml), which was added to the phosphate buffer on
the last washing. Immune positive tissues were investi-
gated using a Zeiss LSM 510 laser confocal microscope
with a 32-channel automatic polychromatic META detector
(GaAsP) and an oil-immersion lens 40X/1.4NA. Five ran-
domly chosen zones were photographed at each section.
Analysis of the detected immune signal intensity was
performed using the ImageJ 1.48 software. Variational
and statistical analysis was performed using the appli-
cation Statistica v.6.1 (s/n: RGXR412D674002FWCT7).
The normal distribution was evaluated according to
the Shapiro-Wilk test. Digital information of all clinical
investigations was processed by variance statistical
method calculating the mean value (M) and its error (m).
The significance of difference between two means was
calculated by Student’s t-test (t). Correlation analysis
with calculation of Pearson’s correlation (r) was used to
establish the relationship between the studied indices. The
difference between the values was considered reliable if
significance value was 95 % (P < 0.05).
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Results of research

The total level of the INOS immune signal in the mucous
membrane of the rectum in patients with rectal cancer
(RC) before treatment was low, amounting to an average
of 10.98 + 1.07 conventional unit (CU). Expression of
the marker was found mainly in the pericapillar stromal
components of lamina propria of the mucous membrane
in the areas of immunocytes aggregation. Immunosignal
was recorded in the form of single foci of high intensity,
often diffuse, and less frequently in the form of macro-
granular nature. In the cytoplasm of epithelial cells, both
luminal and basal part of the intestinal crypts, isolated
foci of iNOS expression of moderate to low intensity
were detected. They were irregular and characterized
by a diffuse distribution of the marker with concentration
predominantly in the zone of the basal cell pole and
the juxtanuclear zone.

In RC tumors, the total INOS expression was 4.5 times
higher than in the adjacent rectal mucosa (P < 0.001)
and averaged 49.21 + 3.52 CU. At the same time, INOS
immunosignal was detected both in the cells of cancerous
glands and in the tumors stroma. Quantitative analysis
showed that the total intensity of INOS expression in stro-
mal cells of RC exceeded that in tumor parenchyma cells
by 24% (52.54 £ 4.29 and 42.47 + 3.18 CU respectively,
P =0.037). The marker in the RC tissue was unevenly
distributed, in particular, within the stroma the immu-
nosignal of INOS was visualized mainly in the areas
of immune-cell infiltrates. At the same time, full visual
fields, where only the background level of the marker
was detected in the cancerous cells, alternated with
sites of high iINOS immunosensitivity in most cells of
the cancerous epithelium parenchyma. In such cases,
the iINOS expression was equal across the perimeter
of atypical cancerous glands, and in the epitheliocytes
themselves —homogeneous, high and medium intensities
with predominance in the cytoplasm of parabasal cell parts
(Fig. 1).

The level of INOS expression in tumor tissue in pa-
tients with RC did not correlate with age, sex, localization,
tumor size and differentiation grade, but at the same time,
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Fig. 2. Indicators of iINOS expression within residual cancer parenchyma in patients with RC
of groups 1-3 depending on the post-radiation pathomorphosis grade.

%: portion of -l pathomorphosis grades for each group of patients is indicated; patients with
pathomorphosis grade IV are not reflected because of residual cancer parenchyma absence, so
the sum of the number of patients in subgroups, depending on the pathomorphosis degree is less
than the total number of patients in the corresponding groups.
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Fig. 3. Indicators of INOS expression within the tumor stroma in patients with RC of groups 1-3
depending on the post-radiation pathomorphosis grade.

%: portion of I-1V pathomorphosis grades for each group of patients is indicated.

we found a positive relationship between iNOS expression
and the number of registered lymph nodes with metas-
tases. Thus, in the subgroup of patients with criterion
N, ,, the average INOS expression was 58.63 £ 6.11 CU,
whereas in the absence of metastases in the lymph
nodes — 41.30 £ 5.05 CU (r = 0.55; P = 0.026). Also,
a statistically significant relationship was recorded with
respect to the type of growth of RC: in the exophytic
tumors the iNOS index was 43.13 £ 5.27 CU, in cases
of tumors with endophytic and mixed types of growth —
61.16 £7.19 (P = 0.021).

In order to investigate the effect of INOS expression
level in the tumor on the direct effect of NRT, the relation-
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ship between marker expression and the level of treatment
post-radiation pathomorphosis was studied. At the same
time, the efficacy of the therapy was taken low for patho-
morphosis grades |-l and considered high in the cases of
pathomorphosis Ill-IV grades. It was found that the level
of INOS expression in the tumor before treatment in
groups 1-2 patients, for which in the future high efficiency
of NRT was registered, slightly exceeded that in patients
with a low sensitivity to the received treatment: the rate
was 50.24 +4.09 and 46.67 + 5.47 CU respectively, while
the difference in average values was unreliable (P > 0.05).
Patients in the 3 group experienced a similar trend, but
the difference in rates was more significant and reliable,
accounting for 54.61 + 3.55 and 35.10 + 2.28 respectively
(P=0.01). This suggests that patients with high INOS levels
in the tumor are more susceptible to NRT in the background
of radiomadification using the precursor of biological syn-
thesis of NO, which confirms the pathogenetic feasibility
of its usage for this purpose.

After the use of NRT, in the majority of groups 1-3
patients, decrease in the INOS expression in the RC tis-
sue was observed — on average up to 37.30 £ 4.13 CU.
Negative dynamics was significantly more pronounced in
the areas of residual cancer parenchyma as compared
with the stroma, where the reduction in INOS expression
after the performed treatment was negligible and unreli-
able by contrast to the baseline (Fig. 2, 3).

Moreover, in some cases, even an increase in
the total intensity of the INOS immune signal in the tumor
stroma was noted. This phenomenon was the most char-
acteristic for group 3 patients, where iNOS expression in
stromal elements exceeded the parameters of groups 1
and 2 patients and increased in parallel with the grade
of therapeutic pathomorphosis. It was the largest in
cases of grade IV pathomorphosis on the background of
the complete lack of viable cancer parenchyma (Fig. 3).
Obviously, the latter is associated with a large area of
reactive cell infiltration of functional-active iNOS-ex-
pressing macrophages and leukocytes, which take part
in the postradiational reorganization of irradiated tissue
and regulation of desmoplastic reactions.

The same cause, in our opinion, is the basis for dif-
ferent mean total INOS expression in the tumour tissue at
this stage of the study taking into account the distribution
of patients to experimental groups. In particular, group 1
patients showed the

lowest total INOS immunosignal intensity —
24.34 + 3.10 CU, group Il patients — 38.30 + 4.41 CU
and group IV patients the highest — 45.35 + 5.84 CU
(the difference between the mean values of groups 1-2
and groups 1-3 was relevant — correspondingly P =0.019
and P = 0.013) (Fig. 4).

Indicated dynamics corresponded to different den-
sity of immune cell infiltrates established in the study
of the post-radiation pathomorphosis parameters in
the histopreparations of RC and correlated in the groups
of patients as 1 <2 < 3.

Discussion

Macrophages, which are the part of peritumoral
inflammatory infiltrates, can provide radiosensibilization
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of the neoplasm due to the secretion of proinflammatory
cytokines, therefore increasing secondarily the expression
and functional activity of INOS in tumor cells [1,4,8]. Thus,
taking into account the data received in our study, it is
suggested that the administration of L-arginine hydrochlo-
ride to the patients with RC before the irradiation session
contributes to increased synthesis of endogenous NO in
the neoplasm as a result of INOS expressed by neutro-
phils and activated (M1) macrophages activity, which is
known to possess the ability to increase the sensitivity of
the tumor to ionizing radiation [1,2].

Conclusions

1. 4-6 weeks after the completion of NRT iNOS ex-
pression in residual parenchyma of the RC decreases, but
in the stroma remains unchanged or there is an increase
in the marker expression, which is the most inherent to
pathomorphosis grades IlI-IV.

2. The iINOS expression in the stoma of RC was
highest in patients after the NRT on the background of
radiomodification with tegafur and L-arginine and positive-
ly correlated with the density of immune cells infiltrates
in the tumor.

3. Evaluation of the preoperative level of iNOS in
the tumor in patients with RC can serve as a diagnostic
predictive test of advisability of radio-modification using
L-arginine in the course of NRT.
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