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Endometrial cancer (EC) is the 3-rd leading typeasfcer among women
in Armenia [22]. Post-menopausal women are maiffigcted, with~80% of
patients being over 55 years of age. The normalingyoendometrium is
considered as a site of regular, repeated inflammaind the contribution of
inflammation to the initiation and progression oflemetrial adenocarcinoma is
discussed by Wallace et al. [23]. Today, the cargdationship between inflam-
mation, innate immunity and cancer is more widatgegpted [16]. However,
many of the molecular and cellular mechanisms ntiedjathis relationship
remain unresolved. Furthermore, immune environmenEC has been less
characterized than in other tumors such as breasecs.

Ca"/calmodulin (CaM)-dependent protein phosphatas@r&alcineurin
(CN) is a key enzyme leading to the activationh& immune system by parti-
cipating in the synthesis of several cytokinesefiletukin (IL)-2, tumor necrosis
factor (TNF)e, etc.) and other regulatory proteins via dephosgation and
activation of NFAT (nuclear factor of active T &gltranscription factors [7,20].
CN has been reported to demonstrate diverse aesivit the pathophysiology
of cancer. The reduced activity was observed inicalr cancer [14], while in
lymphoblastic leukemia [12], colorectal [15] andadan cancers [19] increased
activity was detected. We hypothesized that sucdmgbs in CN activity in
pathophysiology of malignant tumors may be not amgan-specific, but also
depend on the stage of the disease and the patiget Indeed, more recently,
we have shown that CN activity in plasma and tutissue of patients with pri-
mary ovarian cancer has been chandedending on the stage of the disease
[19].

The study of the ways for affecting the immune eysfor cancer treat-
ment purposes has been in the center of sciena#shtion since the XIX
century. The discovery of the anti-cancer activitly IL-2 has stimulated
development of immunotherapy as an individual methar treating certain
types of cancer [5, 8]. Nonetheless, toxicity am@ldambivalent activities of
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some cytokines (tumor promoting vs. tumor inhilgirstill remain relevant
issues [13]. One of the most potent prlammatory cytokines TNfe. may
play a role in cancer growth and metastasis bydimdureactive oxygen species
which can cause DNA damage and inhibit DNA repa#][ TNFa is involved
in the cyclic endometrial shedding and regeneratod increased TNE&
serum concentrations have been reported in patieitts endometrial carci-
noma [6].

In recent years, the molecular mechanisms underisgoiprocal interac-
tions between tumor components and immune systermahe focus of inten-
sive studies. In this context the study of the desnin CN activity, as a key
activator of the immune system, as well as dowastreytokines, will expand
our knowledge concerning the bifunctional natur€bf in pathogenesis of EC.
Thus, the aim of present study was to investigaechanges in activity of CN,
as well as TNFe and IL-2 levels in plasma and tumor tissue samples
untreated patients with different stages of primagrine cancer.

Material and Methods

The blood and tumor tissue samples frpastoperative material of unt-
reated patients with the | (n=17), Il (h=8) and(HE8) stages of primary uterine
adenocarcinoma were provided by the National Cesft@ncology after V.A.
Fanarjyan (NCO MH RA). The plasma of healthy don@rs6) and histo-
logically checked healthy parts of remote tissueQfjrnwere used as a control.
The protocol was approved by the Research-relatieid<ECommittee ofthe H.
Buniatian Institute of Biochemistry NAS RA (IRBO0&41, IORG 0009782,
Ref. let. #5). Histological study of the postopemtmaterial was conducted by
the Laboratory of Clinical Pathomorphology at th€® MH RA. The most
cases of uterine cancer were diagnosed as a melgedidferentiated adenocar-
cinoma, and more rarely, well and poorly differateétd adenocarcinoma. Age
of patients was ranged from 35-76, and the avesagewas 61 years. These
patients were divided into two groups: premenopaasa postmenopausal.
Among the diagnosed patients, postmenopausal wastear than 55 years
(82.7%) predominated.

Blood (1.5-2 ml) was collected into sodium citra(8.2%)-coated
vacutainer tubes and centrifugated at 1500 rpm 1i@r min. Plasma was
separated and stored at -32°C. Tissue samples m@r®genized with 2.5
volumes of 50 mM Tris-HCI, pH 7.5 buffer, contaigi®.05% Triton-X-100,
0.1 mM EDTA, 1 mM DTT, protease inhibitors, and téngated at 2000@Q
for 60 min at 4°C. The supernatant was separatédtaned at -32°C as well.

The protein content in samples was determined bagf®rd assay [2].

Calcineurin activity was measured by spectrofluetiic assay using 4-
methylumbelliferyl phosphate (4-MUP) as a substfaieWe have adapted the
assay for our research as described before [19. Uit of enzyme activity is
defined as amount of enzyme that caused the fasmaii 0.1 nM of 4-
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methylumbelliferon (4-MU) at 32°C for 1 h. The qtign of 4-MU was
determined fluorimetrically using a Perkin-Elmer MB4A spectrofluorimeter
(PerkinElmer Inc., USA).

TNF-a and IL-2 levels in plasma and tumor tissue samplese
determined using human TRNFELISA MAX™ kit (BioLegend Inc., USA) and
human IL-2 ELISA MAX™ kit (BioLegend Inc., USA), spectively, according
to the manufacturer's recommendations. The optesisity was measured in
each well at the wavelength of 450 nm using LABE@22 microplate reader
(LABLINE Diagnostics, Austria).

The results were expressed as the meanstSEMistical analyses were
performed using Origin 6.1Statistical significance was defined at P<0.05 and
was determined witbne-way ANOVA.

Results and Discussion

Changes in CN activity depending on the stages#adie, age of patients
and tissue differentiation
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Fig. 1. Calcineurin activity, TNf-and IL-2 levels in plasma and tumor tissue of the
primary uterine cancer patients with the I, || didtage of disease. Calcineurin
activity in plasma (a) and tumor tissue (b) preseérfor two groups: premenopausal
(gray) and postmenopausal (black). *** P<0,001tfar | stage compared with control,
which considered as 100% and data expressed asétwbl; *P<0,05 for the Il and
Il stages compared with the | stage. ¢) Tilevel in plasma (gray) and tumor tissue
(black). *P<0,05 for the | stage compared with colhtand for the Il and Il stages
compared with the | stage. d) IL-2 level in plasfgiy) and tumor tissue (black).
*P<0,05 for the | stage compared with control, &rdthe 1l stage compared with the |

stage. *** P<0,001 for the Il and Il stages conmgxhmwith the | stage

Data obtained have demonstrated that CN activitipath plasma (Fig.
1a) and tumor tissue (Fig. 1b) of the untreatedeptt with the primary uterine
cancer changed in a parallel manner. CN activityplesma demonstrated a
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sharp increase in tHestage of disease for both premenopausal and poestme
pausal groups (22 fold and 17.3 fold, respectivelginpared with healthy
control group (Fig. 1a). It was shown to be deadasignificantly in the Il (2
fold for both groups of patients) and Il (3.5 fdiok both groups of patients)
stages of disease compared with ktstage. The same picture was found in tu-
mor tissue samples. CN activity in tumor tissue destrated 15 fold and 13.8
fold increase in the | stage of disease for prermpansal and postmenopausal
groups, respectively, compared with control grobjg.(1b). CN activity was
shown to be decreased significantly in the |1l (4 flor both groups of patients)
and Il (8.8 fold for the premenopausal group aédIfold for the postmeno-
pausal group, respectively) stages of disease amuipaith thel stage. Thus,
we have found negative correlation<-0.6 for plasma and= -0.72 for tumor
tissue, respectively) between CN activity and stafjelisease. However, the
changes in CN activity in premenopausal and postpamsal groups were not
statistically significant as well as there was oorelation ( = -0.02 for plasma
andr = -0.03 for tumor tissue) between CN activity &ne age of patients (Fig.
2a, b).
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Fig. 2. Scatter plots of the calcneurin activityplasma (a) and tumor tissue (b), TNF-

levels in plasma (c) and tumor tissue (d), IL-2elevin plasma (e) and tumor tissue (f)

against the age of the primary uterine cancer p&ti€alcineurin activity is expressed

as unit of activity obtained spectrofluorimetriggtier milligram of total protein content
(U/mg protein)
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Interestingly, we have also found negative cori@abetween CN acti-
vity and tissue differentiatiorr € -0.5 for plasma and=-0.72 for tumor tissue,
respectively). As was shown in Fig. 3a, CN activityboth plasma and tumor
tissue demonstrated significant increase (16.3 2h@ fold, respectively) in
case of well differentiated adenocarcinoma compavied the control group.
CN activity was shown to be decreased significaimtlpoth plasma (1.8 fold)
and tumor tissue (2.3 fold) in case of moderatéfgi@ntiated adenocarcinoma
compared with the well differentiated adenocarciaonn case of poorly
differentiated adenocarcinoma CN activity demonettacontinued decrease in
plasma (2.5 fold) and tumor tissue (8.6 fold) corepgawith the well differen-
tiated adenocarcinoma as well (Fig. 3a).
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Fig. 3. Calcineurin activity (a), TNE-«(b) and IL-2 (c) levels in plasma (gray) and
tumor tissue (black) of the primary uterine caratients depending on tissue
differentiation. Calcineurin activity expressed%a®f control which considered as
100%. *** P<0,001 for the well differentiated adexaocinoma compared with control,
and for the moderately and poorly differentiatedramtarcinomas compared with the
well differentiated adenocarcinoma; ** P<0,02 fbe tmoderately and poorly
differentiated adenocarcinomas compared with thiediféerentiated adenocarcinoma
(a). *P<0,05 for the well differentiated adenocaorha compared with control, and for
the moderately and poorly differentiated adenocartias compared with the well
differentiated adenocarcinoma (b, c)

Changes in TNFe level depending on the stage of disease, age
of patients and tissue differentiation

TNF-a level in tumor tissue demonstrated 1.55 fold iaseein thd stage
of disease compared with the control, and contislyodecreased in the Il (1.76
fold) and Il (2.07 fold) stages of disease comdasgth thel stage (Fig. 1c). In
contrary, in plasma TNE-level demonstrated continuously decrease depending
on the stage of disease: 1.4 fold for the | stagdisease compared with the
control group, 1.3 fold for the Il stage and 1.&féor the Ill stage compared
with the | stage, respectively (Fig. 1c). The clem@ TNFe level in preme-
nopausal and postmenopausal groups ware notisttissignificant, and there
was no correlationr(= -0.09) between plasma TNFlevel and the age of
oncologic patients (Fig. 2c). In contrary, theresveapositive correlatiorr (=
0.36, P<0.05 between tumor tissue TN¥devel and the age of oncologic
patients (Fig. 2d).
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We have also detected negative correlation betwiddR-o level and
tissue differentiationr(= -0.65 for tumor tissue and = -0.36 for plasma,
respectively) (Fig. 3b). TNEk- level in plasma of the patients with EC
demonstrated significant 1.55 fold decrease in wdfierentiated adenocar-
cinoma compared with the control group. Howeveer¢hwere no statistical
significant changes in moderately and poorly ddfagrated adenocarcinomas
compared with the well differentiated adenocarciaoin tumor tissue TNk-
level demonstrated significant 1.63 fold increasease of well differentiated
adenocarcinoma compared with the control groupleltsls were shown to be
decreased in both moderately (1.4 fold) and poditferentiated adenocarci-
nomas (2 fold) compared with the well differentchsglenocarcinoma (Fig. 3b).

Changes in IL-2 level depending on the stage afadis, age of patients
and tissue differentiation

IL-2 levels in both plasma and tumor tissue of plagients with uterine
cancer have shown modest but statistically sigaificlecrease for tHestage of
disease (1.9 and 1.55 fold, respectively) comparidd the control group (Fig.
1d). In the Il stage of disease IL-2 levels dem@tetl significant 3 fold
increase in plasma and continued 1.55 fold decreagemor tissue compared
with theT stage of disease. In the Il stage of disease lkv2ls demonstrated
continued increase (4.25 fold) in plasma and modrgt not statistically
significant increase (1.14 fold) in tumor tissuenpared with thd stage (Fig.
1d). The changes in plasma IL-2 level in premeneghand postmenopausal
groups ware not statistically significant. Thereswe correlationr(= -0.08)
between plasma IL-2 level and the age of oncolpgtEnts as well (Fig. 2e). In
contrary, there was a negative correlatior (-0.5) between tumor tissue IL-2
level and the age of oncologic patients (Fig. 2f).

Although, a weak correlation was found betweenmbasL-2 level and
tissue differentiation r( = 0.29), statistically significant changes (1.68df
increase) in plasma IL-2 levels were detected dnlypoor differentiated
adenocarcinoma compared with the well differentiaéelenocarcinoma (Fig.
3c¢). In contrary, in tumor tissue IL-2 level demoated significant 2.46 fold
decrease in case of well differentiated adenocantin compared with the
control group. It was shown to be increased in bodderately (1.6 fold) and
poorly differentiated adenocarcinomas (1.45 folémpared with the well
differentiated adenocarcinoma (Fig. 3c). Howevee, ¢thanges in IL-2 level in
poorly differentiated adenocarcinomas compared Wit well differentiated
adenocarcinoma were not statistically significaDéespite this, there was a
correlation { = 0.43) between tumor tissue IL-2 level and tisdifierentiation.

This is the first study to show an involvement afamneurin inpatho-
physiology of EC. The significant increase in CN activity in thetage of EC
indicates on similar increase in the level of pfleimmatory cytokines, such as
TNF-o, because, CN participates in the synthesis ofethegokines via
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activation of NFAT [7, 20]. Indeed, we have foumg increase of tumor tissue
TNF-u level in thel stage of EC. This could be considered as the fuestyand
rapid response of the host immune system to maligmansformation since the
organism uses the inflammation to fight againstrieeplasms [21]. However,
such a chronic activation of the immune system rimutes to chronic inflam-
mation. The immune system, which initially playpratective role in the onset
of tumor, eventually can contribute to the develeptrof the tumor. Indeed, the
mechanisms through which the tumor can escape finenimmune system are
numerous. Many types of tumor cells produce immuppeessive cytokines
and chemokines that negatively regulate the imnayséem [11].The existing
data are indicating the role of chronic inflammugtanilieu in the course of
detected immunosuppression during cancer maturatiah progression [24].
IL-2 is the key cytokine of anti-cancer immunitygegation [5, 19, 21]. In this
context, decrease in IL-2 level, could be explaiasdan expected immuno-
suppression driven by inflammation due to the fhett, inflammation, as a
double-edged sword, is actively abused by the caitemdf to promote neoan-
giogenesis and to escape from immune cells atf@#s The finding that CN
activity is significantly reduced in the third seagf the disease (compared to
the first stage), may indicate that by this way dumells possibly avoiding
from CN driven apoptosis. This point of view is poped by the data that in
uterus tumor cells, which demonstrate chemoresistém doxorubicin, reduced
CN expression is observed, which suppresses doxanutimulated apoptosis
by preventing the activation of transcription fasttNFAT [10]. This is one of
the many mechanisms by which the tumor develogsisénse and autonomy.
On the other hand, the decrease in CN activityaitiepts with EC in the third
stage of the disease and coming close to contoskiply may be explained by
the point of view that changes in CN activity in P@thology plays an im-
portant role only in the early stages of diseand, then the other mechanisms
are involved to contribute to the tumor development

Results obtained in this study demonstrated thatlévels of TNFe
generally changed in accordance with the CN agtivihis was mainly expec-
ted since calcineurin, as already mentioned, islird in the synthesis of TNF-
a [7, 20]. Furthermore, there is a growing amounewflence concerning the
anti-inflammatory and, at the same time, tumor gony role of M2 subtype
of tumor associated macrophages (TAMs) [17]. Theciaf point of cancer
progression is the M1 to M2 shift or polarizatioaused by critical levels of
pro-inflammatory cytokines and other factors [9].25&s the expression and
production of TNFe, in the case of M2 subtype prevalence is much fdten
for M1 [9], it's not surprising to find a graduaécrease of TNF-level in the Il
and lll stages of disease as well. To explain thdirig that changes in IL-2
levels in plasma and tumor tissue were not enticelysistent with changes in
CN activity, it's worth to mention the multifactati nature of the regulation of
IL-2 gene expression [3]. Thus, the changes in lieal perhaps is not only
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drawn by CN, but involves some other factors ad. Wéle fact that changes in
plasma cytokine levels do not quite correspondhinges in the levels of these
cytokines in the tumor tissue indicates that thady in turn, leads its own
struggle against oagism in order to survive and progress. Howevergesiim
this study we examined only changes in CN actigitgl levels of downstream
cytokines, more detailed and in-depth studies aeded to find out the mo-
lecular mechanisms of these changes and theirarsaip.

Further to stage of disease, other factors have fmend to influence
changes in CN activity and cytokine levels. We hfowend that changes in CN
activity and in TNFe, IL-2 levels depending on the tissue differentiati
correspond to stage-dependent changes in CN gctind cytokine levels. This
was not surprising because the low degree of tuissue differentiation is
most typical for advanced stages of the diseaderdstingly, we have not
detected correlation between the changes in CNvigctand downstream
cytokine levels and the pre- or postmenopausalst patients, as well as age
of patients. The only exception is the changesh@lével of cytokines in the
tumor tissue depending on the age of patients wéiehin accordance with the
findings reviewed by Decker et al. [4]. Thakhough this study has generated a
lot of questions that need to be solved with thip loé additional and detailed
researches, however, data obtained for the finsé tieveal the light on the
activity of calcineurin in the pathophysiology of€E
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BosJjieyenne kajabIUHEepUHA B ATO(U3UOJIOTHIO
paka 3Ha0MeTpus

®@. I1. Capyxansn, I'. A. Orannucsn, O. B. Yaansn, H. A. bapxynapsan

Pax sHIOMETpUS CBS3aH KaK C IOCTOSHHBIM BOCIIAJICHUEM, TaK M C Hapy-
IIEHUEM PETYJISIIIUM UMMYHHOTO OTBeTa. KaJlbIlMHEHpPUH TECHO B3aMMOJEHCT-
BYET C KOMIIOHCHTaMH B3aUMOCBS3aHHBIX UMMYHHOH M Ipo/IpOTHBOBOCHIAIIH-
TENBHOW CHUCTEM, YYaCTBYIOIIMX B MaTOreHe3e paka. B sToil paboTe MBI moka-
3alM y4acTHe KajabIMHEeWpHnHa B MaTo(U3HONOTHM paka >HmomeTpus. Kpome
TOTO, TOJY4YEHHbIE PE3yJIbTaThl MPOAEMOHCTPUPOBAIN, YTO U3MEHEHHUS AKTUB-
HOCTH KaJbLIMHEWPHHA, a Takke ypoBHeH B3amMocBs3aHHBIX IL-2 u TNF-u B
IJIa3Me M OITyXOJEBOM TKaHW HEJEUCHBIX OHKOJOTHMYECKHX OOJBHBIX C pas-
JUYHBIMHU CTaJUsMH MIEPBHYHOTO Paka MaTKM 3aBHUCAT OT CTaJuH 3a00JIeBaHHS
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n nuddepeHITUPOBKY TKaHH, HO HE OT Bo3pacTta marueHToB. [loixydeHHble qaH-
HbIE MOTYT OBITh HCIIOJI30BaHBI I TIEPECMOTPA U KOPPEKTHUPOBKU CYIIECT-
BYIOILUX CTPATEruil IEYCHUS paKka SHIOMETPUS.

Yughulyphth tkpqpuyquénipiniup Fupndtnphnidh pungytnh
wupnphqhninghuynud

5. 1. Uwpnijuwiyui, @.U. Znghwtthuywi, O. 9. Znttwywul,
L. Z. Pupjunigupyui

Eupnutwnphnidh punglbnp juwyyuws k htiyybu supnibwjuljut
poppnpdwt, wjuybu b hunttwhtt yunwupwth pwbqupdwi htwn:

Quighubjpptp U pungljnh wwpngtukqnud tkpgpuifws b npuljuy-
Jwd hunittiughtt b twppw/hwjupnppnpuyhtt hwdwlupgtph punungphs-
ubpp ubpunpbt hnppwgnnid Bu: Uju wppumwnwpnid gniyg Gup ndby
Yuightbyphup tkpgpujudnipymibp tunnutnphnidh pungljtnh ww-
pndhqhninghwynid: Udbkiht, unnugqus ndjujutpp gnyg tu wgby, np
Jughubjphth wwnhynipmiup, htyywbu twb thnpwnbsyny IL-2-h b
TNF-o-h dwjupnuljubptt wpquinh wpwetuyhtt pungltinh wwpptp
thn ipnid quignn spniddws hhpjwinubph wjuquuynid b ninnigpughta
himiujwépnid thnthnpuynid B thnyjhg b hyniuduwspubph mwppbpw-
Ynuhg, puyg ny hpuiiiph nwphphg Yufujws: Unwgqus wpnynibp-
utipp Jupnn tu jhpwndl] Eugndbnphnudh pungltnh hbknwujwpught
pniddwt wnljw nwquuupnipnibubpp Jkpubtugtnt b £ogpuntint hw-
dwp:
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