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Bnnne nnasmn Kposi NALUIEHTIB
nicnAa npoMeHesBol Tepanii Ha piBeHb anonTosy
B HEONpOMIHEHNX NernKounTax noanHu

Mema po6omu: IcHyIoTH cynepeusnBi faHi mongo pagiamii-
HO-IHAYKOBAHOTO TOKCUYHOTO «e(PEeKTy CBifKa», oocepefKOBa-
HOTO NJa3MOI0 OIPOMiHEeHOI KpPoBi JioguHUu. ¥ 3B A3KY 3 UM
MeTOI0 AaHoi poboTu OYJIO OMiHUTH MOMKJIMBICTE iHAYKIiI amor-
TO3y B JiefiKoIuTaxX nepudepuyHol KPOBi JIOAUHYN BHACIIZOK mii
mJIa3Mu KPOBi OHKOJIOTIUHUX XBOPUX, AKi OTPUMYyBaJIU IpoMe-
"HeBy Tepamiio (IIT).

Mamepianu i memodu: IInasmy 6yno Buiiseno 3 kposi 18
XBOPUX HA paK Tijla MaTKu n0 i micada Kypcy aucrauiiiiuoi IIT
60Co ma 3omy majoro tasa (20 x 2 I'p, 5 ceaHCiB Ha THUMKIEHDb HA
amapati POKYC-AM). JlefikonuTu, BUAiJNEH] 3 KPOBi 3[0pOBOr0O
JOHOpA, BUTPUMYBAJU B KYJBTYpPi y HpUCYTHOCTiI miasmu
KpOBi mamieHTOK nporsarom 24 rox npu remnepatypi 37° C. 3a
KOHTPOJIb IPABUJHU KYJbTYpPHU 0€3 IJIa3MU i KYyJAbTYPU JEeHKO-
nuTiB, BUAiINEHUX i3 JOHOPCHKOI KPOBi Imicada BOIUBY Y-IpO-
MiHHS in vitro B 1o3i 2 I'p. AmonTos y nediKonmuTax BUMipio-
BaJ¥ 3a JOMOMOTOIO TeCTy AHHEKCHH V MeTOJOM IPOTOUYHOI
nuTodIyopuMeTpii.

Pesynvmamu: Ilnasma KpoBi OHKOXBOPUX, OTPUMaHa fAK [0,
Tak i micasa kypey IIT, He Bukaukaiga eheKTy y BUTJIALL OigBU-
IeHHSA PiBHA amonTody y KJiTuHax-BigmoBigauax. Ha Bigminy
Big mporo, 6esmnocepeqHe ONPOMiHEHHSA IPU3BOAUJIO A0 3HAUY-
IIOTO 3POCTAaHHA BUXOAY AQIONTOTUYHUX KJIIiTHH, 10 ME€PEBU-
myBaJio 0yAb-aKi paykTyanii BuKMBaHOCTi KJIiTUH-BiAMIOBI-
IadyiB, KYJbTUBOBAHUX YV IPUCYTHOCTI IJa3Mu KPOBi OHKOXBO-
pux.

Buchnoéxu: BusHaueHHS MOJMKJIUBUX HeMileHHUX edeKTiB
paziamiiiHOTO BOJIMBY, OMOCEPEAKOBAHUX MJIa3MOI0 KPOBi OH-
kKonanienTiB nicaa IIT, noTpebye iHmuxX TectiB 3aMicTh BUMi-
pIOBaHHSA aIllONTO3Y B HEONIPOMiHEHUX HECTUMYJIbOBAHUX Jeli-
KOI[MTax.

Knarmowosi cnosa: «edexT cBigka», npoMeHeBa Tepamis, amoi-
TO3, IJa3dMa KPOBi JIOQUHU, JeHKOIUTH, IIUTOTOKCUYHI hakK-
TOPHU MJIA3MU.

ITens pabomui: IMe0T MeCTO IPOTUBOPEUNBEIE JaHHBIE O Pa-
OVMAIlMOHHO-UHAYIIMPOBAHHOM TOKCHUYECKOM «d(pdexkTe cBUIE-
TeJsi», OMOCPEJOBAHHOM IIJIa3MOU 00JIyUYeHHOH KPOBU UYeoBe-
Ka. B ¢BA3U ¢ 3TUM IeJIbI0 JaHHOW pPaboThl OBIJIO OIEHUTH BO3-
MOYKHOCTh MHAYKIIMY allONTO3a B JIEHKOIUTaX nepudepuuecKoi
KPOBU YeJIOBEKa IOJ JeficTBUEM IJa3Mbl KDOBU OHKOJOTHYE-
CKUuX OOJBHBIX, MOJYyUYaBIIuX JyueByo Tepanuio (JIT).

Mamepuanv, u memoduw: Ilnasmy BeIgenAgu U3 Kposu 18
0OJILHBIX PAKOM TeJia MaTKHU [0 M II0CJie Kypca JUCTAaHIMOHHOMK
JIT °Co ma o6macTh masoro tasa (20 x 2 I'p, 5 ceaHCOB B Heel0
"Ha annapate POKYC-AM). JleiKouuTsl, BhIAeJ€HHBIE U3 KPO-
BU 3L0POBOTO AOHOPA, BHIAEPIKUBAJIHU B KYJIbType B IPUCYT-
CTBHUH IJIa3Mbl KDOBU HAIlMEHTOK B TeueHHe 24 U Ipu TeMIepa-
Type 37°C. KoHTpoJEeM CAYMUAU KYJIbTYPHL 6€3 MIa3Mbl U KYJb-
TYpPHI IEHAKOIUTOB, BEIJEJEHHBIX U3 JOHOPCKON KPOBU moOCe
y-00ayueHus in vitro B 1ose 2 I'p. AONTO3 B IEHKOIUTAX U3MeE-
PAJY C IOMOIIbIO TecTa AHHEKCHH V METOJOM IIPOTOUYHOM IIUTO-
GIyopuUMeTpUH.

Pesynvmamut: IlnaszmMa KpOBU OHKOOOJNBHEIX, TOJyUeHHAA
KakK 10, Tak u nmocJje Kypca JIT, He BridsIiBasa ahderTa B BUge
MOBBLIIIEHUS YPOBHA allONTO3a B KJIETKaX-pecIoOHJeHTax. B
OTJIHNYME OT 3TOT'0, HEIIOCPEeLCTBEHHOE 00JIyUeHNe IPUBOAUIIO K
3HAYMMOMY BO3PAaCTAHMIO BBHIXO0Ja ANONTOTUYECKUX KJIETOK,
KOTOpO€ IIPEeBHIMIAI0 Bce PIYKTYAI[MH BEIXKUBAEMOCTU KJIETOK-
PEeCIOHAEHTOB, KYJbTUBUPOBAHHEIX B IPUCYTCTBUU MJIa3MBbI
KPOBHU OHKOOOJIbHBIX.

Bovt600b: OieHKa BO3BMOYKHBIX HEMUIIIEHHBIX 3G (EKTOB pa-
OUAIMOHHOTO BO3JEMCTBUSA, OMIOCPELOBAHHBIX MJIa3MOM KPOBU
oukomnamnueHToB nocJe JIT, TpebyeT npuMeHeHUA UHBIX TECTOB
BMECTO U3MEPEHUS aloITO3a B HEOOJYUEeHHBIX HECTUMYJIUPO-
BaHHBIX JEeHKOIUTAaX.

Knrwoueevie cnoea: «3dpdexT cBupeTenss», JyueBasd Tepanus,
amomnTo3, IJaa3Ma KPOBU UeJIOBEeKa, JIEHKOIUTHI, IIUTOTOKCUYEC-
Kue (pakTOpPHI MIa3MBI.

Objectives: There are rather contradictory data concerning radiation-induced, toxic bystander effects mediated by human
irradiated blood plasma. Therefore, the aim of the present study was to assess whether cancer patients’ blood plasma after
radiotherapy can induce an apoptosis in primary human peripheral blood mononuclear cells (PBM).

Material and Methods: Plasma was collected from blood of 18 uterine cancer patients before and after °°Coradiotherapy to
the pelvis (20 x 2 Gy, 5 fractions/week). Healthy donor’s PBM were separated with Histopaque and held in medium with the test
plasma for 24 h at 37 °C. The controls were plasma-free cultures and cultures of PBM separated from the donor’s blood given
2 Gy y-rays in vitro. Apoptosis in reporter PBM was measured by the Annexin V test using flow cytometry.

Results: Patients’ blood plasma collected either before or after radiotherapy did not produce any apoptotic response above
the control level in reporter PBM. By contrast, direct irradiation caused significant apoptotic death in PBM, which yield exceeded
any fluctuations of reporter PBM survival caused by patients’ plasma.

Conclusions: Other assays instead of apoptosis in unirradiated quiescent leukocytes should be applied for detecting possible
untargeted radiation effects mediated by radiotherapy patients’ blood plasma.

Key words: bystander effect, radiotherapy, apoptosis, human blood plasma, leukocytes, cytotoxic plasma factors.

The phenomenon of the ‘bystandereffect’,i.e. the A comprehensiveclassification of bystander-typescena-
spatialexpandingofinitialradiationresponse, mediated rios wasrecently suggested[2],and in the new paradigm
bysignalsfromirradiated to unirradiated partofcell ofradiobiology theseeffectsareconsidered asanimpor-
population, was observed innumerousexperiments[1]. tantpossiblemechanismforradiation-induced pathology
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inhumans[3-5]. Inthesituation of partial bodyirra-
diation, particularly duringradiotherapy, theadditional
mutations ordepleting of unirradiated part of the cell
population produced viabystandermechanismsmightbe
asourceof potentialhazard forhumanhealth.

Forhumanbloodlymphocytes, whichareverypopular
testsysteminradiobiological research, the bystander
signalinginvivonaturally occurs via blood plasma, and
thereareplenty of experimental data on theradiation-
inducedclastogenicplasmafactorscausingchromosomal
damagein bystander lymphocytes (reviewed in[6, 7]).
Therearealsoexamples of measuring theeffect ofirra-
diated blood plasma onclonogenicsurvivalin other cell
types[8, 9]. However, the reports about the possible
production of abystander signal by patients’ cells after
irradiationeitherinvivoorexvivocontainratheruncertain
conclusions[9-11]. Moreover, itremained non-examined
whether plasma of irradiated blood might directlyinduce
celldeathinquiescenthumanleukocytes, despite thistype
of cellshasahighnatural susceptibility toapoptosisand
thuscomprisesanobvioustargetforsuchcytotoxicaction
inany ‘truelife’ radiationexposurescenario.

Toaddress specifically this question, recently we
performed theexperiment,in which the potential cyto-
toxicity ofhumanblood plasmaafterirradiationin vitro
wasmeasured inhuman peripheral blood mononuclears
(PBM) by assaying the latter for apoptosis using the
Annexin Vmethod[12]. Ithad beenshown, that plasma
collected from unirradiated blood or blood exposed
invitroto 2-40 Gyy-raysdid notinduceearly apoptosis
orlateapoptosis/necrosisinreporter human G, PBM.
Still, for checking the reproducibility of these in vitro
data and strengthening their clinical relevance, such
conclusions must be validated on material fromin vivo
irradiated individuals. Therefore, in orderto finalise this
research, theaim of the present work was to assess the
yield of apoptosisin unirradiated healthy donor’s G,
PBM cultured in presence of blood plasma taken from
cancer patients beforeand afterradiotherapy.

Material and Methods

Radiotherapy patients

Eighteen patients with uterine cancer were selected at the
clinic of the Grigoriev Institute for Medical Radiology (IMR)
(National Academy of Medical Science of Ukraine), Kharkiv,
Ukraine, in May-June 2006. The study was carried out with
the approval of the IMR Committee on Ethics in Biomedical
Research. Patients’ participation was in accordance with the

local ethics protocols including their written informed con-
sent. The samples were coded, and anonymised information
about their diagnoses and treatment details was provided by
the clinicians. The patients were selected in order to achieve
minimum variation in age (562-67 y) and tumour grade. Ac-
cording to the “Tumour — Nodules — Metastases” (TNM)
classification they had T, N M, disease. The treatment
protocol consisted of post-operative external °Co therapy
without chemotherapy. All received 40 Gy in twenty 2 Gy
fractions, 5 per week, at a rate of ~1 Gy min! to the pelvis
using parallel antero-posterior/postero-anterior fields
measuring 14x16 or 16x18 cm. The treatment field surface
was enclosed by lead blocks, so that total body exposure re-
sulting from scattered radiation did not exceed 1% of the
tumour doses.

The blood for separating off plasma for apoptosis testing
was taken 1 or 2 days before treatment and again 1 or 2 days
after the final fraction. The blood (5 ml) was collected by
venopuncture into the sterile syringe containing lithium
heparin anticoagulant.

It should be underlined that all subsequent procedures of
testing blood plasma against unirradiated reporter PBM
were performed using an experimental protocol, which was
established as being optimum for such assay in the pre-
ceding in vitro study [12].

Plasma separation

To separate plasma, patients’ whole blood was centrifuged
for 15 min at 170 g; the supernatant was collected by a
syringe, avoiding disturbance of the cell pellet, transfer-
red into Eppendorf tubes, immediately frozen and stored
at —20 °C until use. This permitted a number of plasma
samples to be tested later in one round, thus avoiding day-
to-day variations in reporter cell cultures. Regarding the
methodological correctness of such an approach, there are
a number of reports [6, 7, 13-16] stating that freezing of
plasma does not affect its clastogenic properties.

Cell culture

The reporter cells were healthy donor’s peripheral blood
mononuclear cells (PBM). Peripheral blood was taken with
informed consent and according to the local institutional
ethics procedures from a healthy male, age 33 y, with no
occupational or medical exposure to any cytotoxic substan-
ces or clastogens, except usual dental checks. The blood was
collected into Vacutainer™ tubes containing lithium hepa-
rin anticoagulant. PBM were separated from whole blood
using Histopaque 1077 (Sigma, Poole, UK) according to the
manufacturer’s standard instructions and washed in
Hank’s balanced salt solution (Sigma, Poole, UK).

For each data point three identical cultures were set up,
each comprising 2.0x10° cells placed into 4 ml of Eagle’s
MEM supplemented with 20% heat inactivated fetal calf
serum, L-glutamine, 100 IU/ml penicillin and 100 mg/ml
streptomycin (all reagents from Invitrogen, Paisley, UK).
To these cultures 0.2 ml of plasma assigned for testing was
added. Before adding the plasma it was thawed at room
temperature for 20 min and centrifuged at 11000 g for
1 min for additional sedimentation of any possible cellular
material. Cultures were coded and incubated at 37 °C with
5 % CO,in air for 24 h.

Apoptosis measurements by the Annexin V assay

After incubation the medium was removed from cultures;
the cells were washed three times in cold (4 °C) phosphate
buffered saline (PBS) pH 7.4 (Sigma, Poole, UK) and stained
with a fluorescein isothiocyanate (FITC)-Annexin V kit
(Becton Dickinson, Oxford, UK) according to the manufac-
turer’sinstructions. The cells were then run on a flow cyto-
meter (Becton Dickinson FACS Calibur™, 488 nm argon-
ion laser) equipped with CellQuest™ software for data ac-
quisition and analysis. FITC-Annexin V positive apoptotic
cells were identified using FL1 detector histogram plots.
Non apoptotic, early apoptotic, and late apoptotic/necrotic
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cell populations were distinguished by simultaneous stai-
ning with propidium iodide (PI) and using FL1/FL3 quad-
rant dot plots.

Fixed gating parameters were used for all samples ana-
lysed in order to prevent variations related to flow-cyto-
metric parameters within or between experiments. Two
repeated cell staining/ FACS analyses per measurement
were performed in each of three replicate cell cultures,
which were set up for each data point.

Controls: Invitroirradiated and unirradiated

PBM in plasma-free cultures

To check for proper Annexin V staining, negative and
positive controls were included into the experiment.
These, respectively, were PBM separated from donor’s un-
irradiated blood and blood after exposure in vitro to 2 Gy
y-rays, and cultured with no patients’ plasma added. For
the positive control vacutainers of donor’s blood were ex-
posed to ®°Co dose of 2 Gy at the dose rate 0.5 Gy min‘!.
The zero dose control sample, from which the PBM for
negative control were obtained, was sham treated and
transported identically with the matched irradiated sam-
ple. During the period between sampling and PBM sepa-
ration the irradiated and sham-irradiated blood was kept
at 37°C. Negative and positive control PBM cultures were
set up identically to that of plasma-treated cells and assayed
in each round of cell staining/FACS analyses performed for
plasma-treated cultures.

Statistics

Testing of patients’ plasma against healthy donor’s PBM
was repeated twice, with one month time interval between
experiments, each time for the total set of 18 pairs of matc-
hed plasma samples collected before and after radiotherapy.
A good reproducibility of staining and measuring proce-
dures was judged from very low inter-experiment varia-
tions in apoptotic cell outcome in the control and plasma-
treated PBM cultures at any particular data point.

In all experimental series each irradiated blood plasma
sample was rigorously matched to the unirradiated blood
plasma, and tested concurrently. Thus, to minimize any pos-
sible influence of the intra-donor variability, statistical
analysis of the data was focused on the difference for apop-
totic or live cell yields between cultures treated by patients’
blood plasma after radiotherapy and their control counter-
parts containing blood plasma obtained before radiotherapy.

The results of all measurements in this work are presented
as mean values and their standard errors (SE) of apoptotic
and live cell yields combined from two independent expe-
riments, with two repeated cell staining /FACS analyses per
measurement performed in each of three replicate cell cul-
tures, which were set up for each data point. Significance
of differences was determined by a Student’s ¢-test (paired
or unpaired, as indicated in the text), considering the dif-
ferences to be significantif p <0.05.

Results

Thecellularchangesinhuman PBM undergoingapop-
tosis, asdetected by FITC-Annexin V/propidiumiodide
stainingwith addition of Hoechst 33258 (thelatter was
used for thevisualization of livingcells) are presented on
Figure 1. Thetypical profiles obtained by runningintact
control cellsandirradiated cells through the flow cyto-
meterareshownin Figure 2. Cellstaining profilesinir-
radiated cell cultures (positive controls) always con-
tained adistinctiveenhanced second peak representing
Annexin V (FITC)-positive, apoptoticcells.

Inallexperimental rounds thereporter PBM cultures
setup with patients’ plasma collected either before or
afterradiotherapyshowed normal profiles of cell sur-
vival; livecell yields varied from 87.4t092.9%, and total

Figure 1. Apoptosis in human peripheral blood mononuclear
cells (PBM). Healthy donor’s blood was given 2 Gy y-rays in
vitro; PBM were separated with Histopaque, held in medium
for 24 h at 37 °C and stained with FITC-Annexin V, propidium
iodide (PI) and Hoechst 33258. Stained cells were dropped onto
slide and subjected to image capturing on the fluorescent
microscope Nikon (Japan) equipped with an appropriate filter
set and camera. The photo was taken on the triple filter at the
magnification x1000 and acquainted using the Isis image pro-
cessing system. FITC-labeled Annexin V is expressed on the
membrane surface in apoptotic cells; PI accumulates in nuclei
of necrotic cells, when the membrane becomes totally compro-
mised. Healthy, non-apoptotic, living cells are FITC-negative
and stained only in blue with Hoechst 33258 (a). Annexin V-
negative, PI-positive are fully necrotic cells (b). Annexin V-
positive, PI-negative are early apoptotic cells (¢); Annexin V-
positive, PI-positive are late apoptotic / necrotic cells (d).
Initial stage of late apoptosis (e), destruction of a membrane
in a late apoptotic cell (f) and a post-necrosis destruction of
a monocyte (g) are also shown. Note, that staining for flow
cytometry does not include Hoechst 33258

Pucynok 1. AnonTo3 B Jeiikonurax nepudepudyroi Kposi Jyo-
nuHu. KpoB 3J0p0BOro JOHOpPA ONpPOMiHIOBaMU in vitro y-mpo-
MeHAMH B 1031 2 I'p; seifikonuTu Bugiasamu 3a gqomomoroio I'icro-
maxKy, BUTPUMYBAJXU B KUBUJIBHOMY CEpPEeJOBUINI HPOTATOM
24 rox npu 37°C i saGapsawsanu FITC-AuHekcunom V, mpo-
migii ogumom (ITI) i Hoechst 33258. Cycnensiio sabapBiaenux
KJIiTMH HAaHOCHJIM HA IpeJIMeTHe CKJIO Ta poTorpadysaniu 3a I0-
nomoroio ¢gayopecuenTHoro mikpockona Nikon (fmonis), oc-
HaIleHOTo HeoOXimHum Habopom ¢iasTpiB i (oToramepoio.
doTorpadiio 3pobseHo Ha TpUII-PiabTpi (0O4HOUACHA BidyaJri-
3ania Tpbox (QpayopoxpomiB), npu 36inbmienHi x 1000, 3 pos-
Ni3HAHHAM 300pa’KeHHsA 3a JOIOMOTOI0 IIPOTPaMHOI0 HaKeTa
Isis. FITC-miuenuit AHHeKCUH V eKCIpPecyeThCcs Ha MOBEPXHi
MeMmOpaHu anonToTH4YHuX KiaituH; Il HakonuuyyeTbca B AApPi
HEKPOTUYHUX KJIITUH, Koau Gap’epHa GyHKIid MeMOpaHu IO-
BHicTIO mopymyeThesa. HopmasibHi, He-aONTOTUYHI, "KUBi KJIi-
tuHYu € FITC-HeratuBHuMY i 3a6apBIeHUMU Y OJTaKUTHUAN KOJIip
Hoechst 33258 (a). Aunekcun V-aeratusHi, I[II-mosutusHi €
kaituHaMu B HeKpo3i (b). AnHexkcun V-mosuTusHi, III-Hera-
TUBHI KJIiTUHU — paHHil amonTos (c); AHHEKCUH V-IIO3UTUB-
Hi, [II-mosuTuBHi KaiTuHM — NisHi# amonTos / Hexkpoas (d). Kpim
TOTO, MOKa3aHO IIOYAaTKOBY CTafilo MidHKOTO amonTosy (e), pyii-
HYBaHHA MeMOpaHU KJiTHHHU B nisHboMy amomnTosi (f) i moct-
HEeKPOTUUHUM posnag mouounura (g). Ciuing sasHauuru, 1o 3a-
0apBJIeHHA AJA aHAJIi3y METOAOM IIPOTOUYHOI HUTODIyOopUMET-
pii He BRouanmo Hoechst 33258
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Figure 2. Typical Annexin V / propidium iodide flow cytometry profiles from cultures of unirradiated and irradiated PBM.
A and B — histogram plots of Annexin V staining (M1 are FITC-negative, non-apoptotic cells; M2 are Annexin V positive, apoptotic
cells); C and D — Quadrant dot plots of Annexin V (FL1) and PI (FL3) staining (lower left Annexin V-negative, PI-negative are
healthy living cells; lower right Annexin V-positive, PI-negative are early apoptotic cells; upper right Annexin V-positive, PI-
positive are late apoptotic / necrotic cells; upper left Annexin V-negative, PI-positive are fully necrotic). A and C — unirradiated
PBM; B and D — PBM irradiated to 2 Gy y-rays. Note a distinctive second peak (M2) in Fig. 2B compared with Fig. 2A, and a
respective shift of cells from the lower left to lower and upper right parts of the graph in Fig. 2D compared with Fig. 2C,
representing the accumulation of early apoptotic and late apoptotic/necrotic cells, respectively, in irradiated PBM culture

Pucynok 2. Tunosi npodini, orpumani Ha npoTouHomy nuTodJIyopuMeTpi Npu aHaNis3i KyJbTyp HEONPOMiHeHUX i ompomiHe-
HUX JeHKOIUTIB KPOBi J0qUHU, i3 3a0apBJIeHHAM KJIiTUH AHHeKCHHOM V / mponigxiit iogumom.

A i B — ricrorpamu posnoziny KaiTunHOI monyasamii 3a sabapeiaenaam AuHekcunoM V (M1 — FITC-HeraTuBHi, He-amonTOTUYHI
KaitTuau; M2 — AHHeKcuH V-mo3uTuBHi, amonToruuHi Kaitunu); Ci D — posnmoxis KJaiTuH MiK KBagpaHTaMU 3a CYMiCHUM 3a-
6apBiaenHamM AnHexkcunoMm V (FL1) i III (FL3): sniBa BHu3y — AHHeKcuH V-HeraTtuBHi, I[II-HeraTuBHI HOpMaabHi, KUBi KiaiTu-
HU; 3JiBa Bropi — AHHeKcuH V-mosutusHi, III-HeraTuBHi KJIiTHHHM Ha paHHi#N crazil amomTo3y; cipaBa Bropi — AHHEKCUH
V-nosutusHi, [I1I-nosuTuBHi KaiTuHu Ha misHi# cramii amonTosdy; 3aiBa Bropi — AHHeKcuH V-HeraTtuBHi, [II-mosuTusHi Kiaitu-
HU B Hekpo3i. A i C — HeonpowmineHi selikonutu; Bi D — sneiikonuTu 3 KpoBi, nigganoi aii y-mpomenis in vitro B gosi 2 I'p. Cuig
BigmiTuTH BupasHuii apyruit nik (M2) Ha pucyHKy 2B y nopiBHAHHI i3 pucyHKOM 2A, Ta BiAMOBiAHMI mepepo3nofis KIiTUH 3 HUXK-
HBOTO JIIBOTO O MPaBUX BEPXHBOTO i HUIKHHOTO KBaApaHTiB Ha pucyHKy 2D mopiBHAHO i3 pucyakom 2C, mo Big6muBae HaKOOu-
YeHHS KJIIiTHH y paHHIi# i nisHi# ¢asi amonTo3y B KyJAbTypPi ONPOMiHEHUX JIEHKOIUTIB

(earlypluslate)apoptoticcellyieldsrangedfrom6.7to  plasma after versus before radiotherapy. The mean
10.8%. These values wereconsistent with plasma-free  differencein percentage of live cells was +0.21+0.34%
unirradiated control. Withallpatients, thereporter PBM  (Student’s paired =0.620; p>0.05). Individually it
survivalincultureswithblood plasmaafterradiotherapy  varied from-2.28 to +3.56%, being negativein 8 cases
wassimilar tothat with plasma beforeradiotherapy. and positivein 10; and for 16it fell within +2%. No

Individualresults,combined andaveraged fromtwo meaningful correlation was detected at the individual
repeatingexperiments, areshownin Figure3,andthe  jevelwhen theeffects produced by plasma taken before
meandataforthewholegrouparepresentedinTablel,  andafter radiotherapy wereplotted againsteach other:
wherethe cytotoxiceffect produced by direct y-irra-  For the percentages of total (early pluslate) apoptotic
diationofdonors’bloodinvitrois givenforcomparison.  cellsinmatched pairsthelinear correlation coefficient

The data were combined from two experimental  wasr=-0.058;p>0.05. In the averaged data themean
rounds,and PBM survivalwascomparedin 18 pairs:  yield of apoptoticcellsin PBM cultured with patients’
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Figure 3. The interphase cell survival measured by Annexin V test for apoptosis in healthy donor’s peripheral blood mononuclears
cultured for 24 h in presence of blood plasma of 18 uterine cancer patients sampled before and after a standard course of external
y-radiotherapy (20 fractions x 2 Gy). Data represent mean values for two repeating series of testing for each plasma sample

Pucynok 3. InrepdasHa BUKUBaHICTh KJIiTHH, OIliHeHa 3a JOIOMOTrOI0 TecTy AHHEKCUH V Ha aloITO3 B JeHKOIUTaxX 3JOPOBO-
TO0 IOHOpPAa, KYJbTUBOBAHUX IPOTATOM 24 roJ y IPUCYTHOCTI niaasmMu KpoBi 18 xBopux Ha pak Tija MaTKu A0 i micuas craHzapr-
HOTO Kypcy AucTaHIiiHOl y-Tepamii (20 ceanciB mo 2 I'p). aHi npeacTaBiso0Th cepe/iHi 3HAUEHHS AJIA IBOX IOBTOPHUX CepPiil eK-

CIEePUMEHTY i3 KOKHUM 3pasKOM ILJIasMu

Table 1

Averaged results of testing plasma of 18 uterine cancer patients before and after a radiotherapy course (40 Gy yrays)

against healthy donor’s peripheral blood mononuclears compared with plasma-free control and effects of direct

irradiation of blood in vitro to 2 Gy yrays

Ycepedneni pesynovmamu mecmyeanns naa3mu kposi 18 xeopux Ha pak miaa mamru 00 i nicas KYpcy npomeHesoi
mepanii (40 I'p, ynpomeri) w000 30amuocmi cnpuUiUHUMU ANONMO3 Y Aellkoyumax Kposi 30o0posozo doHopa, y
NOPi6HAHHI 3 KOHMPOALHUMU KYAbmypamu 0e3 naa3mu ma eqpeKmom npamozo onpomeHenHsa kposiin vitro y
npomenamu 6 003i 2 I'p

. - , Percentage of cells in PBM cultures,(Mean +SE)* %
Culturing conditions for donor’s reporter - - - -
peripheral blood mononuclears (PBM) | Earlyapoptosis | Late apoptosis Necrosis All apoptotic Live
(FITC+/PI-) (FITC+/PI+) (FITC—/PI+) cells (FITC+)

Plasma-free control 5,45+0,46 3,37+0,19 0,24+0,13 8,81+0,27 90,95+0,40
With patients’ plasma before RT 5,56+0,20 2,44+0,15 0,43+0,10 8,00+0,25 91,57+0,27
With patients’ plasma after RT 5,25+0,21 2,35+0,14 0,62=+0,21 7,60=+0,20 91,78+0,31
Directlyirradiated PBM,plasma-free 11,76+2,07° 5,85+1,85 1,39+0,54 17,61+3,90° | 81,00+3,53 ©

Notes. RT - radiotherapy. * — Averaged values and standard errors (SE) of the mean were calculated for 2 independent experiments.
Statistically significant difference for mean values between directly irradiated cells and plasma-free control or cultures with
patients’ blood plasma: ? — (p<0,05); ® — (p<0,01) by Student’s unpaired t-test.

lMpumitkn. RT — npomMeHeBa Tepanis. * — 3Ha4YeHHs cepefHboro i ctaHaapTHa noxuobka (SE) obuncneHi ona ABOX He3anexHuXx,
NMOBTOPHUX Cepiil ekcrnepumeHTy. CTaTUCTMYHO BiporigHa pi3HMUS 3a cepefHiMW 3HAYEHHSIMU 4acTOTU anonTOTUYHMX
KNITUH MiX ONPOMIHEHUMW KNITUHaMKM i KOHTponem 6e3 nnasMu 4u KynbTypamu NeiKoumTIiB i3 Nna3molo KPOoBi NaLiEHTOK:
a— (p <0,05); > — (p < 0,01) 3a t-kputepiem CTblogeHTa ANs HE3B’A3aHNX BUBIPOK.

plasma after radiotherapy was indistinguishable from
thatwith plasmataken beforeirradiation.

In contrast toa minor influence of patients’ blood
plasma on bystander cell survival, the direct 2 Gy
y-irradiation of PBM in blood produced, asexpected,
asignificantelevation ofapoptosis yield within the given

cellculturingtime of 24 h. Clear changesin cellstaining
profiles,comprisinganoticeablereduction of the pro-
portionof surviving PBM and adistinctively enhanced
second peak representing Annexin V (FITC)-positive,
apoptoticcellswere observed afterdirectirradiation. In
this series the mean total apoptoticcell yield was in-
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creased above the matched background level by
(8.80%2.02) % (Student’s paired t=4.36; p<0.01).
Thus, themagnitude of cell-killingeffect directly induced
byradiationexceeded anyfluctuationsof survivalcaused
byirradiated or unirradiated plasmain reporter unir-
radiated PBM.

Discussion

Several experimental studiesemploying variouscell
types, includinghumanleukocytesdemonstrated thatthe
solublefactorsreleased fromirradiated cellscaninduce
apoptosis in bystander reporter cells [17-23].
Meanwhile, in order to assess properly theactual risk
fromthebystandereffectin ‘truelife’ radiationexposure
scenarios, itsmagnitude must be estimated in test-sys-
tems that reproduce in vivo conditions as closely as
possible[2]. Anaturalmedia for transmittinga possible
bystandersignaltoleukocytesis plasma. Thedatafound
intheliteratureshowed that plasma of in vitroirradiated
donors’blood orradiotherapy patients’ blood produced
alargeheterogeneityinresponsesincyclingbystander
cellsassayed byaclonogenicsurvivaltest,and insome
cases a triggering of apoptosis was noted [8, 9].
However, humanleukocytes, beingnormallyinaquies-
cent, G, state, also show rather high susceptibility to
apoptosis. From thisahypothesisarised that plasma
factors of irradiated blood mightinduce apoptosisin
unirradiated reporterleukocytes, thuscausinganad-
ditionaldepletion of thecell populationafterirradiation.
The present study was designed to clarify this after
invivotherapeuticirradiation.

Tothebestof ourknowledge, itis thefirstinvestigation
where quiescent, non-proliferating PBM were used as
reporters for measuring the apoptosis rate changes
caused by blood plasma taken from patients beforeand
afterradiotherapy. If plasma-mediated cytotoxicity had
beendetected, thenaclinically applicable test might be
developedforidentification of individualswith thissource
of riskamongradiotherapy patients, in order to predict
and prevent potential abscopal effects and excessive
normal tissuedamage. Itshould beunderlined thatin
present work the test-system applied for measuringa
possiblecytotoxiceffect of irradiated blood plasmain
reporter PBM contained optimum experimental con-
ditions, which were constructed on the basis of the pre-
cedinginvitrostudy[12]. That wasincontrast tosome
otherstudies, whichinvolved cell culturecharacteristics

thatwereexplicitlyunfavorableforreportercells, ordid
notcorrespond toanyrealistic pathological scenario or
normal homeostasisin human tissues, or wereirrepro-
duciblein clinical practice.

Inthepresentstudy, blood plasmacollected beforeand
afterradiotherapyfrom 18uterinecancer patientsdid not
produceanyapoptoticresponseabovethecontrollevel
inreporter PBM. In our previous experiment plasma
separated fromunirradiated blood or bloodirradiated
invitroto2-40 Gyy-raysalsodid notinduceearly apop-
tosisorlateapoptosis/necrosisinreporter PBM, whereas,
asexpected, directirradiationcausedsignificantand dose-
dependentapoptoticdeath[12]. Theabsenceofcytotoxic
orclastogeniceffectsin unirradiated bystander cells was
systematically observed in otherstudies,employing dif-
ferentend-points[24-30]. Also thereareseveralexamp-
les of cytogenetictestingfailuretodemonstrateclasto-
geneity of human blood plasmaafter either in vitro or
invivoirradiation, includingafterradiotherapy[11,31-33].
Thus, despite numerous reports about the presence of
distinctcytotoxicor clastogenicbystandereffects, inclu-
dingthose produced byirradiated blood plasma|[7],a
resultobtainedinthe presentworkwasnotverysurprising.

Achevaetal. [8]tested plasma of healthy donors’
blood given 0.5 Gy y-raysinvitroagainstakeratinocyte
cellline pre-irradiated to0.05 Gyy-rays. They observed
alargeindividual variability in the plasmaaction on the
lowdoseirradiated reportercells. Among9individuals,
whose plasma was tested, there were two cases of cyto-
toxicity and onecase of stimulatory effect produced by
plasmafrombothunirradiated andirradiated blood,and
alsotwo cases of cell growth stimulation, caused par-
ticularly by plasma fromirradiated blood. In§ out of 9
cases, the difference between the effects produced by
unirradiated and irradiated blood plasma was insig-
nificant, and no cytotoxicity caused specifically by ir-
radiated blood plasma wasdetected.

Inthework of Seymour and Mothersill [9], radio-
therapy patients’ plasmashowed verylargeindividual
variationinitseffect onclonogenicsurvival of human
keratinocytes. Among 19samplescollected at thestart
ofradiotherapy, in9 cases patients’ plasma caused a
decreaseandin 8 cases—a promotion of proliferationin
thereporter cells. Later, plasma of only4 out of 9 in-
dividualssampled midway duringradiotherapyand 6
weeks after completing the coursemarkedly reduced a
proliferation of reporters, and in other 4 cases a sti-
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mulationeffect ofirradiated blood plasma wasdetected.
Interestingly, in almost all cases sampled after radio-
therapy the plasma produced an oppositeeffect to that
observed beforetreatment,and again plasmatoxicitycan
notberelated toradiationexposureasacause.

Inpresentwork thefluctuations of apoptosisyieldsin
reporter PBM cultured with different patients’ plasma
wererather small, that wasincontrast to other reports
statinga high heterogeneity of the effects produced by
plasmaormediumconditioned byirradiated cells taken
fromseveralindividuals[8-11, 34]. This dissimilarity
couldbemostprobablyattributableto thedifferentmea-
sured end-points, e.g. apoptosis yield versusclonogenic
survival,and particularly the types of reporter cells,
actively proliferating keratinocytes versus quiescent
PBM, mainly G,lymphocytes. However, this discre-
pancy does notchange themain conclusion about the
absence of specificradiation-induced cytotoxicity of
human blood plasma towards unirradiated bystander
cells. Noteworthy, Lindholmetal.[11]similarly con-
cluded thatinterindividual variationsin the patient plas-
ma-inducedchromosomalaberrationsand y-H2A X foci
inreporter cells were not associated with the radio-
therapy, since patient-to-patient differencesin plasma-
induced effects were observed within a patient group
withthesametreatmentregimen.

A comparison of experimental conditionsinseveral
studies of radiation-induced plasma factorsshowed that
quiescent orcyclingstatus of reporter cells, depletion of
culturemediumin freeradical scavengers, usinga puri-
fied clastogenicfraction of plasma obtained byitscentri-
fugationthrough cut-offfilters, plasmaconcentrationin
reportercell culture or timeinterval between exposure
and collectingpatients’ blood donotinfluencethefact of
absence of thedamagingbystandereffect[8,9,11,32].
Terzoudietal.[30]did not observe additional chro-
mosomal damageinducedin either G, orcyclinglym-
phocytes viabystander mechanismand suggested that
“specificconditions arerequired for the generation of
bystanderresponsesand that theseconditionsapparently
werenotsatisfied in ourexperiments. Thefact thatspe-
cificand as-yet not well-characterized conditions are
required for the development of bystander responsesis
alsoindicated by therelativeirreproducibility of theeffect
and thepartly contradictory dataavailablein thelite-
rature”. Simultaneously, Blythand Sykes[2]underlined
thatifan in vitrosystem doesnot correspond to any

realistichuman exposurescenario, then thisshould also
bedisclosed and therelevance of any findings to in vivo
bystandereffectshould bejustified. Generally, fromdata
availableintheliteratureaconclusioncan bemadethat
clastogenicorcytotoxicproperties of blood plasmacan
beconsidered asaresult of actingsome other factors,
apartfromradiation, orartifacts dueto very special,
unphysiological cultureconditions|[8,9,11,12,31-33].
Considering theabsence of direct cytotoxicity of ir-
radiated blood plasma, moreattentionshould bepaid to
regular reports thatsoluble factorsreleased fromir-
radiated cellscaninitiatesignalingcascadesin reporter
cells,duetowhich thelatter acquainted enhanced pro-
liferation, radioresistance and adaptive response to
radiation (briefly reviewed in[12]). Therefore, thenum-
berofassayswithradiotherapy patients’ plasmashould
beexpanded, e.g. by including measurements of the
cyclingrate of reporter lymphocytes pushed froma
quiescent, Gstateinto proliferation, assuchapproach
earlier provided valuabledatain theelegantexperiment
of Lloyd and Moquet [35]. If plasma-mediated
“nourishing” effect would be observed in proliferating
humanleukocytes, thenit’s possibleclinicalimplications
inradiotherapy patientsshould bestudied extensively.

Conclusion

Apoptosismeasurements using the Annexin V test
showed that plasma collected from blood of 18 uterine
cancer patients before or after their radiotherapy (20
fractions of 2 Gy g-rays) did not produce any early
apoptosis or lateapoptosis/necrosis above the control
levelin quiescent healthy donor’s PBM, whereas direct
radiation caused significantapoptoticdeath. Themag-
nitudeofcell-killingeffectdirectlyinduced byirradiation
to2 Gy g-raysexceeded any fluctuations of reportercell
survivalcaused by patients’ plasmaeither before orafter
irradiation. Other assays instead of apoptosis in unir-
radiated quiescent leukocytes should be applied for
detectingpossibleuntargeted radiationeffects, including
protective or stimulatory effects, mediated by radio-
therapy patients’ blood plasma. However the experi-
mentalconditionsmust beconstructed carefullyin order
tomaintainaclinical relevance of such tests.
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