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Currently are shown rapid growth of polyamines and nitric oxide (NO) quantities in blood
serum during malignant tumors in different organs. Increased NO generation in cancer cells may
contribute to tumor angiogenesis and metastatic ability by up-regulating vascular endothelial growth
factor. The goal of workwas to researchin human blood serum the changes of polyamines and NO
quantities in different stages of prostate and bladder cancer. Polyamines and NO quantities were
determined in blood serum of 11 healthy individuals (34-63 years old) and patients with prostate (28)
and bladder (20) cancers (48 patient,I-III stages, 44-73 years old) who were hospitalized in the
National Centre of Oncology RA aft. V.A. Fanarjyan. Total polyamines quantity compared with
standard was increased by42.5%, 54.5% and 76.8%, respectively in I, II and Illstages of prostate
cancer, and 59.5%, 64.8% and 87.9%, respectively in I, II and IlIstages of bladder cancer.The
quantity of nitrite anions was increased by 125% in prostate and bladder cancers patients blood
serum.The increase of NO and polyamines concentrations in blood serum in earlier stages and the
increase in parallel to cancer development confirm, that this metabolic pathway of L-arginine has a
significant role in promoting tumor growth and development. We suggest that downstream of
polyamines and NO quantities might have antitumor effect on cancer development.

cancer, polyamine, NO, arginase, tumorigenesis, antitumor potential

125



Ltpywjnwdu gniyg £ nnpgwé wynihwdhUubphl NO-h pwlwynipjwl Yupney wép wpjwl 2héncyncd
wnwnpptp opgqwuutnnd swpnpwy nienigpUbnh wnjw)niejwl dwdwlwy: Rwngytnwihu pgheubpnid NO-
h W wnihwdhuuGph wpunwnpdwb wép Ywpnn E Uwwunbp nienigeh wughngBubghu W JGdwgut)
UGinwuwnwwnhy  huwpwynpniejnibiutpp® pupwubing  wunpwjhu  Eunnebihw; wdh gnpénup: Utkp
hGnwgnunipjwu Uwwwwyu E nwuncdUwuhpbp, Jwpnne wpjwu 2hénynud - wynthwdhulubphle NO-h
pwlwynipjwl thnthntuntejntlubnp 2wgwlwywagtndh W Jhquwwpyh pwngytnh qupguguwl wnwppbp
wuwnhswultph dwdwlwy: MnthwJdhuuGphle NO-h pwlwywywl thnthnfuntejntlutpp neunwluwuhpyby £
11 wnnng wuhwuwnh (34-63 lnwntywu), pwgwlwywgbnah W Uhquuwwpyh pwngytin ntugnn hhywunutnh
wnwl 2hénLynid (48 hhywun, I-III wuwnhdwl, 44-73 tnwpBlwl), npnup hGnwagnunijwl BU gpwugdby
dwuwpngjwuh wudwl 33 Nnnigepwpwlwywl Ugguwiht YBUnpnunwd: Swqwlwlwgbnéh pwngytnh
nGwentd wnihwdJdhultGph gnidwpwiht pwbwyp wenng fudph hwdGdwwn wénud £ 42.5%, 54.5% W
76.8%-ny, huy Uhquuuwnyh pwngytnh dwdwuwy* 59.5%, 64.8% W 87.9%-ny, hwdwwwwnwupiwlwpwnp
pwngytnh qupgwgJwu I, 1T W [T wunhdwuutpned: Unwgywd wpnntuplubpp gniyg GU wnytl, np uinnwghg
fudph hwdtdwwn wpjwu phéntyh Uhunphin wuhnUubph pwlwyp 2wqwlwlwgbnéh W Jhquuwwnyh
pwngytnh nGwend wénd £ 125%-ny: Ipdwunnipjwl Jwn thnybpnd wnhwdhuuGphle NO-h pw-
Lwynipjwl wép wpwl 2héntynud W hGnwgw pwpdpwgnidp qupqugdwl wunhdwUhu gniquhtn’
hwuwnwwnnud £ L-wpghUhuh Untpwhnpuwlwywihu ninnne wju JGinwpnihnubph Ywplnpwaniu nbpp
ninnigeh wéh fupwldwl W qupgugdwu gnpépUpwgltnnd: UBlp Ggpwywgunwd Gup, np wnihw-
Jhuutphle NO-h pwlwynipjwl Ujwagnidp Ywpnn £ niuGUuw) hwywninnigpwihu wgnbgnieinitl pwng-
ytnh qunpguwguwu gnpdplpwgnLd:

puwngltn, wnipwdhl, NO, wnghliwg, nienigewqrywgnid, hwlwnienigeuwypl wninblghuy

B Hacrosimee Bpems yCTaHOBJIGHHO yBENIMYCHHE KOJIMUECTBA MOJMAMHHOB U OKHCH a30Ta
(NO) B CBHIBOpPOTKE KPOBH BO BpeMs 3JI0KaYeCTBEHHBIX HOBOOOPa30BaHMI B pa3HBIX OPraHoB. YBe-
nnyeHue koindectBa NO M MOJMAMHUHOB B PAKOBBIX KJIETKAX MOXKET CIIOCOOCTBOBAThH aHTHOTEHE3Y
OITyXOJIM U METACTaTHYECKHM CIIOCOOHOCTSIM C MOMOINBIO PEryNUPYIOIero (akropa pocra HIO-
Tenus cocynos. Llenbio paboThl OBIIO MCCIENOBAHUE M3MEHEHHUs KoluuecTBa nmonuaMuHoB u NO B
CBIBOPOTKE KPOBH YEIOBEKAaHA PAa3HBIX CTAAMAX Pa3BUTHA paka MPOCTATHI M MOYEBOTO ITy3BIpS.
KomnuectBo mommammuuoB u NO ompenensiii B chiBopoTke KpoBH 11 3m0poBeix (34-63 ner) u
TIAIMEHTOB C PAaKOM IIpeACTaTeNbHON xkene3sl (28) m MoueBoro myseipst (20) (48 mammenros, I-1I1
cranuy, 44-73 roxa), KoTopsle ObUTH TocnuTanu3upoBansl B Hanmonansasiit Llentp Onkonornu PA
nmenn ®Panapmxsna. Obmiee KOIMYECTBO IIOJMAMHHOB IO CPAaBHEHUIO CO CTAHJAPTOM YBEJH-
yuBaetcs Ha 42.5%, 54.5% u 76.8% coorBerctBenHo Ha I, II u III cragusx paka mpencrareiabHON
Kenessl ¥ Ha 59,5%, 64,8%, 87,9% cootBerctBenHo Ha I, II u III cramusx paka MOYEBOTO ITy3BIPSL.
Pe3ynbTathl HccnenoBaHKH TOKa3alu, YTO KOJMYECTBO aHMOHOB HUTpUTA OBLIO yBenuueHo Ha 125%
B CHIBOPOTKE KPOBH OOJBHBIX PAaKOM INPEACTATEIBHON JKENEe3bl M MOYEBOTO ITy3BIPS. YBENNYCHHE
kxoHIeHTpanuu NO ¥ IOJMaMHHOB B CBIBOPOTKE KPOBHM Ha PaHHWUX CTaJUAX M yBEIWUICHHE Mapai-
JETBHO C Pa3BUTHEM paka IOATBEPXKIAIOT, YTO 3TOT MeTaboinmdeckwil myTh L-apruHmHa urpaer
B)XHYIO POJIb B CTUMYJIMPOBAaHHU POCTa M PAa3BUTHUS OITyXOJH. MBI IIpeAronaraeM, 4To IOHIDKCHNE
KoJIM4ecTBa rmojauaMrHoB 1 NO MOXeT 0Ka3aTh MPOTHBOOITYXO0JIEBOE BO3/ICHCTBHE Ha Pa3BUTHE PaKa.

pak, nonuamunsl, NO, apeunasa, onyxonezenes, npomueoonyxonesblii

Introduction

The heterogeneous nature of prostate and bladder cancers makes it difficult to
understand the molecular mechanisms controlling benign and malignant cell growth [6].
Therefore, it is important to continue to improve current diagnostic and treatment tools and
determine new prognostic variables. According to the World Health Organization, the age-
standardized death rate due to cancer in Armenia is 39.6 per 100,000; making it the first
highest nation globally for cancer deaths [12]. Earlier reports focused on the expression of
arginase and NO-synthase (NOS) in murine or human primary cancer tissue as well as
malignant cell lines and emphasized its potential role in the promotion of tumour growth
via polyamine synthesis or down-regulation of NO-mediated tumour cytotoxicity [5, 9].
Since polyamines are vital for cell proliferation, it is possible that the increased level of
ornithine, due to the elevated arginase activity, linked to the development of carogenesis
[3]. Over past decades, NO has emerged as a molecule of interest in carcinogenesis and
tumor growth progression [2]. NO either facilitates cancer-promoting characters or act as an
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anticancer agent. The dilemmain this regard still remains unanswered.Increased NO
generation in cancer cells may contribute to tumor angiogenesis by up-regulating vascular
endothelial growth factor (VEGF), and VEGF-induced neovascularization may increase the
tumors’ metastatic ability. Although several reports have addressed the protumoral effects
of NO, few have demonstrated the contrasting role of NO in mediating tumor regression.
The studies have shown that high levels of NO inhibit epithelial-mesenchymal transition
(EMT) and reverses both the mesenchymal phenotype and the invasive properties of human
prostate metastatic cells. Although these tumoricidal roles of NO have been proposed, most
experiments have been performed in vitro and such findings have not been reported in
cancer patients. It has been suggested that NO concentrations found in tumors are
insufficient to produce apoptosis and other tumoricidal effect and are likely to facilitate
angiogenesis and tumor dissemination.

The goal of this article was to study the involvement of arginase and NO-synthase in
prostate and bladder cancers development by the change of polyamines and NO quantities.

Materials and methods

Patients.This study was performed with blood serum of patients with prostate and
bladder cancers who were hospitalized in the National Center of Oncology named after
V.A.Fanarjyan (Yerevan, Armenia). Arginase activity, polyamines and NO quantities were
determined in blood serum of 11 healthy individuals (34-63 years old) and patients with
prostate (28, male) and bladder (20, male and female) cancer (48 patients, I-III stages, 44-
73 years old). None of the patients had received chemotherapy. The Tumor-Nodes-
Metastasis (TNM) system was used to describe the cancer stages (Table 1). The surgical
intervention and also other diseasesof the patients in different stages of disease
development was not taken into account. The study was approved by the Bioethics
Committee of Armenia, and informed consent was obtained from all patients.

Chemicals. Chemicals for determination of arginase activity, NO quantity and TLC
were obtained from Sigma Aldrich Co. Ltd. and Carl Roth GmbH + Co. KG (Germany).

Determination of arginase activity. Arginase activity was determined by the
colorimetric method of Van Slyke and Archibald with some modifications [1, 8]. In
supernatant was determined the final product of the catalysis (urea). 1 ml supernatant, 0.25
ml 3% (w/v) diacetyl monoxime (DAMO) were added and boiled in water bath during 45
min. The intensity was measured with spectrophotometer in 487 nm. Activity of enzyme
was evaluated with the received urea, in micromoles in 1 sec (kat).

Separation of serum arginase. For purification of the enzyme the procedure
described by Beriiter et al. for human liver and erythrocytes, was used with some
modifications [8].Separationof arginaseisoenzymes were performed by the method of
Kossman with some modifications [1, §8]. The column (2x40 cm) containing Sephadex G-
150 was balanced with Na-phosphate buffer (pH 7.2) and 40 fractions each one of 4 ml
were collected. 4ml of low-molecular-weight protein fraction after gel-filtration was passed
through the column CM-cellulose (CM52, 1x18 cm), balanced against 5 mM Tris-HCI
buffer, pH 7.2, elution speed was 24 ml/h, 32 fractions each one of 4 ml were collected.
The peak of arginase activity adsorbed on the column with a linear KCl gradient (0.0-0.5
M).

Dansylation and thin layer chromatography (TLC) analysis. The method of Seiler
(1970) was used with some modifications as follows [4]. Tissues were extracted in 0.2M
cold HC10y at a ratio of about 100 mg/ml HC10,. Dansylpolyamines were extracted in 0.5
ml benzene, and vortexed for 30s. The chromatogram was developed for about 2h with
chloroform-triethylamine (25:2, v/v) solvent system. The dansylpolyamine bands were
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scraped, eluted in 2 ml ethyl acetate, and quantified in 505 nm.The quantity of polyamines
is presented in nMpolyamines in 1 ml serum.

Griess assay for NO quantity. Nitrite was measured by theGriess assay [11]. Briefly,
100 pl Griess reagent were added to 100 pl of each of the above supernatants. The plates
were read at550 nm against a standard curve ofNaNO,. The values were corrected forthe
NO*+ NO* content of water, andthe recovery ofNO*was calculated.

Data processing. Results were expressed as means + SD and evaluated by Student's -
test (single sample) using Statistica software (StatSoft 10.0).

Results and discussion

The aim of this work was to study the correlation between arginase activity,
polyaminesand NO quantities at prostate and bladder cancer and in case of possibility, to
suggest use it as a diagnostic test and treatment.We found an increase of arginase activity in
73,8% of patients (True Positive, Table 1). The calculated values ofarginase activity test
sensitivity [TP/(TP + FN)], specificity [TN/ (ITN+ FP)] and accuracy
[(TP+TN)/(TP+FP+FN+TN)] in serum of prostate and bladder cancer patients were 83.4%,
81.7% and 83%, respectively (see Table 1).

Inprostate and bladder cancer group of stage I activity of serum arginase was increased
by 61,52%, in the group of stage II by 118,27% and the group of stage III by 194,23%
comparing to the healthy group (Fig. 1). This insinuates that arginase may have some role
in promoting tumor growth and development and its activity can be considered as an
important marker to determine disease progression or regression.

Table 1. Characteristics of patients and arginase activity test in blood serum from patients with
prostate and bladder cancer.

Number of
Patients | Sex Age Cancer |[Stage| TNM Characteristic of test um. e %
patients

11 49=15 - - - True positive (TP) 40 67.8

16 60=11 I T1NgM, False positive (FP) 2 34
T | Male Prostate T2NoMo

19 i 58=14| (men, 28) I 707 | True negative (TN) 9 152
and d bladder TaNoMg
Female ('m e ell Ta.NoMo,

13 649 romen e III | TsNoMyg, | False negative (FN) 8 135

men, 20) .

T4aNoMo

In blood serum patients with prostate and bladder cancers Gel chromatography (GC)
revealed 1 peaks for arginase activity (Ve = 104-116 ml) and 2 peaks for protein quantity
(Ve = 44-52 and 104-116 ml) (Fig. 2).
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Fig. 1. The change of arginase activity in blood serum during different stage of prostate and bladder cancer
(n=patients in table 1, p<0.001).

The influence of substrate concentrations, varying from 0.1 to 2 mM, on enzymic
activity (fractions after Gel chromatography, 104-116ml, for each cancer group n=7,
p<0.05) was studied in 0.2 M Glycine buffer (pH 9.5), 0.2 ml SuM MnCl,. From this data a
Lineweaver-Burk plot with a Km value of 2 mM was calculated for human serum arginase
with prostate and bladder cancers, which is near by characteristicfor the liver and
erythrocytes type isoform of arginase (arginase I).

To confirm this fact, lon-Exchange chromatography (IEC) of the second peak fraction
(low-molecular fraction, Ve = 116 (A) and 104 (B) ml) was performed. In Ion-Exchange
chromatography arginase activity curve is presented with 1 cationic isoenzyme peak (Ve =
92 ml), (see Fig. 2, Cand D). For prostate and bladder cancers, it was revealed that the only
isoenzyme expressed in serum was cationic form (arginase I) (see Fig. 2).
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Fig. 2. Arginase activity (A) and protein quantity (m) curves after Gel (A, B) and Ion-Exchange (C, D)
chromatography of serum proteins prostate (A, C) and bladder (B, D) cancers patients (n=7, p<0.05) (stage II, For
Gel chromatography the protein obtained after several steps of purifications (see materials and methods) was
applied to a Sephadex G-150 column (2 x 40 cm) and eluted with Na-phosphate buffer (pH 7.2). The enzyme
obtained after Gel chromatography (Ve = 116ml) to a CM-cellulose column (1 x 18 cm) equilibrated with 5 mM

Tris-HCI, pH 7.5, eluted with a KCI concentration gradient.

Total polyamines quantity compared with standard is increased by 42.5%, 54.5% and
76.8%, respectively in I, I and I1I stages of prostate cancer, and 59.5%, 64.8% and 87.9%,
respectively in I, II and III stages of bladder cancer (Fig. 3 and Table 2). The increase of
polyamines quantity coincides with the increase of arginase activity, what shows the
correlation between them during the disease.

0-Origin
1-5PM
2.5PD
3-PUT

Fig. 3. Quantitative and qualitative analysis of blood serum polyamines of a healthy (A), prostate and bladder (B)
cancer patients (A, R,SPM —0.29, RSPD — 0.45, RPUT — 0.82); B: 62'- bladder (stag II), 63-prostate (stage 1I),62'-
RSPM-0.32, RSPD-0.48, RPUT-0.68; 63-R,SPM-0.33, RSPD-0.45, RPUT-0.76 (n=7, p<0,05, PUT — putrescine,

SPD — spermidine, SPM - spermine).
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Table 2.The change of polyamines quantity in blood serum during different stage of prostate and
bladder cancers (n=10, p<0.001).

nM Polyamine/ml serum

Stage of cancer Polyamine Bladder Prostate
PUT 10.2+0.23
Norm SPD 8.6+£0.14
SPM 153+1.4

PUT 17.4£1.1 15.7£1.5

I SPD 18.4x1.6 15.6+£0.9

SPM 18.6+1.8 17.3£0.8

PUT 17.9£1.3 16.4£1.3

II SPD 18.2+1.1 17.7£1.1

SPM 20.1=1.9 18.6x1.3

PUT 18.4%1.1 17.3£1.1

I SPD 21.9+1.9 20.2+1.9

SPM 23.8+1.2 22.8x1.2

Our results have shown, that the quantity of nitrite anions was increased by 125% in
stage II prostate and bladder cancers patients blood serum (Fig. 4).It indicates the
acceleration of metabolism as a result of disease, because a large amount of a building
material is needed, and polyamines and NO are essential factor for tumor growth.
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Fig. 4. The change of nitrite anions quantity in blood serum of prostate and bladder cancer patients of stage 11
(n=7 for norm, n=11 for cancer of stage II, p<0.05).

Analyzed results show that arginase activity, polyamines and NO quantity are
significantly increased during prostate and bladder malignant cancers and that this increase
is in correlation with the cancer stages. So, we can draw a conclusion that arginase and NO-
synthase (NOS) are the important partakers of cancerogenesis and can be considered as an
important diagnostic and treatment tools for cancer development. The practical importance
of our work is through the change of arginaseand NOS activity, we can influence on
polyamines and NO quantity, thus influencing on cancer cell’s metabolism.

The feature of the arginase and NOS family that makes them attractive as therapeutic
targets is that there are a host of small molecules that inhibit these enzymes [7, 10]. Since
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modern medicine has no effective cure for the malignant cancers and tumors, scientists are
interested in finding a potent agent with non-cytotoxic properties. We suggest that arginase
and NOS inhibition may have some antitumor effects on the cancer development as it
inhibits polyamines and NO levels, precursor of cancercell proliferation, tumor
angiogenesis and metastasis. Our results can be as a base to use this model for the study of
other inhibitors of arginase and NOS for the determination of productive and non-cytotoxic
antitumor concentration. The inhibitors of arginase and NOS will allow changing the
course of cancer development. Taking into account the above mentioned, in our next
project we will research the anti-tumor potential of the arginase and NOS activity inhibition
by nor-NOHA (N®-hydroxy-nor-Arginine), L-NAME (L-N-Nitroarginine methyl ester)
and mixed, administered for 5 weeks against 7,12-dimethylbenz(a)anthracene (DMBA)-
induced mammary carcinogenesis in rats.
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