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ABSTRACT

The aim of this work was to establish a protocokt@luate ionizing radiation effects on P-glycopint (P-gp)
activity. For this, human peripheral blood samplesre irradiated in vitro with different doses anegp activity
was analyzed for CD4 and CD8 T lymphocytes throdgbdaminel23-efflux assay by flow cytometry. By
simultaneous employment of percentage and meameficence index parameters, subject-by-subject aisaly
pointed out changes in P-gp activity for some iligls and irradiated samples. Based on this witk, proposed
protocol was considered adequate for evaluatingpPagtivity on cells after radioactive stress. Besidthis
research suggests that P-gp activity could be gpoitant factor to define patient-specific protocatscombined
chemo- and radiotherapy, particularly when radiatiexposure precedes chemical treatment.

Keywords: combined therapy, radiation effect, P-glycoprateinultidrug resistance, functional analysis, flow
cytometry

INTRODUCTION P-gp is a transmembrane protein that acts on
cellular protection, transporting to out of cell a
One of the major limitations to efficacy of cancerwide range of cytotoxic compounds. It represents a
chemotherapy (ChT) is multidrug resistancedrawback for ChT because many clinically
(MDR), which is characterized by cross-resistancénportant therapeutic agents are its substrates
of tumor cells to numerous structurally and(Sarkadi et al., 2006; Tandon et al., 2006).
functionally unrelated agents. Despite beingvarious endogenous and environmental stimuli
multifatorial, MDR is often associated to can regulate P-gp (Sukhai and Piguette-Miller,
P-glycoprotein (P-gp), which becomes the mos2000) and, therefore, can play a role in therapy
attractive target to improve malignant cells controbuccess. That combination of chemotherapy (ChT)

employing ChT (Stavrovskaya, 2000; Gottesmam@nd radiotherapy (RT) has been widely employed
and Ling, 2006). as anticancer therapeutic strategies (Stewart and

Saunders, 1997; Ferreira, 2007), and there is an
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additional interest in evaluating ionizing radiationRhodamine123-efflux assay
effect on regulation of this protein. Although P-gp activity was determined by Rhodaminel23
several studies have addressed to this thenfRh123)-efflux, a fluorescent P-gp substrate,
(McLean; Hill, 1993; Hill et al., 1994), few have according to technique described previously
studied the consequences for P-gp activity. (Chaudary et al 1992; Machado et al, 2003).
P-gp activity is assessed by functional tests, whicBriefly, PBMC (1 x 16 cells/tube)wvere incubated
based itself on measurement of P-gp substrategth Rh123 (Sigma, St. Louis, USA), final
post-uptake efflux in the presence and absence ofcancentration equal to 200 ng/mL, for 20 min, at
P-gp inhibitor, being substrate retention inversel\87°C. Following centrifugation, cells were washed
proportional to protein activity (Beck et.al996; and incubated with Rh123-free medium, in
Marie et al, 1997). These analyses are commonhabsence or presence of VPM (Sigma, USA), at
carried out by flow cytometry, a tool that allows tofinal concentration of 10 uM, for 1.5 hours, at
measure several physical and biological propertie37°C and at 4°C, respectively.
of a large number of suspended cells in fluid based
on detection of light scattering and fluorescencéymphocytes identification
emitting (Switzer and Garrity, 1999; Bacal andAfter being washed with Rh123-free medium,
Faulhaber, 2003). cells were incubated with specific monoclonal
In this context, this work has been designed imntibodies for 20 min, in the dark, at 4°C.
order to establish a protocol to evaluate ionizind?hycoerythrinCyanine5.5 [PECy5.5]-conjugated
radiation effect on P-gp activity by flow anti-CD3 (clone 2A3, FKBiotecnologia, Rio
cytometry. Grande do Sul, Brazil) was used to identify T
lymphocytes, and phycoerythrin (PE)-conjugated -
CD4 (clone SK3, Becton Dickinson, San Jose, CA,

MATERIALS AND METHODS USA) and -CD8 (clone B9.11, Immunotech,
France), to identify T-helper and T-cytotoxic
Subjects and sampling lymphocytes. Following incubation, cells were

Proceeding in agreement with recommendationgashed and resuspended in VPM-containing
from Hematology and Hemotherapy Foundation oRPMI medium.

Pernambuco (HEMOPE)'s ethics committee,

samples of whole peripheral blood were obtainefflow cytometry

from five healthy women (coded as S1, S2, S3, SBACSCalibur flow cytometer (Becton Dickinson,

and S5), with a age range from 20 to 40 years ol#!SA) equipped with argon-ion laser (wavelength
A total of 30 ml of blood was collected by setting 488 nm) and Cell Quest software version
venipuncture into KEDTA-containing vacutainer 3.1 (Becton Dickinson, USA) was used to cell

tubes from each donor. analysis. From each aliquot, 50,000 events (cells)
were acquired. Light scattering was detected in
Irradiation process linear scale, being recorded in a two-parameter dot

10 ml aliquot of total sample was used as contrgdlot, while fluorescence was detected in
(no irradiated), while the two remaining aliquotslogarithmic scale and recorded in two-parameter
were separately exposed to 0.5 and 2.0 Gy dfot plots and in histogram.

gamma radiation from a Theratron 780 Cobalt-6@orrelation between forward scatter (FSC) and

therapy unit at 251 cGy/min dose rate. side scatter (SSC) signals (proportional to size and
cellular  complexity, respectively) allowed
Cell suspension process identification ~ of  lymphocytes-corresponding

Peripheral blood mononuclear cells (PBMC) wereevents, which were delimited within R1 electronic
obtained by density gradient using Ficoll (densitygate. These events were analyzed as for PE (peak
< 1.077 g/ml, GE Healthcare, Sweden), accordingmission wavelength 575 nm) and PECy5.5 (690
to manufacturer's recommendations. Cell pellenm) fluorescence, detected in channel 2 (FL2) and
was resuspended in RPMI-1640 medium plus 5%hannel (FL3), respectively, with those double-
fetal calf serum (both reagents by Cultilab, Brazil)oositive events gated in R2.
to a final concentration of 5 x 4@ells/mL. Finally, Rh123 fluorescence (535 nm) was
recorded from target population (CD4 or CD8 T
subset), being detected in channel 1 (FL1).

Braz. arch. biol. technol. v.51 n. special: pp.-109, Dec2008



Flow Cytometry Protocol to Evaluate lonizing Radtiat 111

Percentage data was obtained from FL1/FL2 ddvlann-Whitney non-parametric U-test, with
plots, which also allow visualizing Rh123-efflux 4=0.05.

dynamic by comparison between aliquots

incubated in presence and absence of VPM. Mean

fluorescence index (MFI) data was calculateReSULTS

according to standard recommendations (Marie et

al, 1997), from readings of Rhl23-associatettigyre 1 shows box plots presenting values for P-
mean fluorescence intensity on both samples angh activity for control and irradiated (0.5 and 2.0

presented on a histogram. Gy) group in CD4 and CD8 T lymphocytes.
o ) Table 1 presents P-gp activity analysis subject-by-
Statistical analysis subject, comparing each irradiated sample with

Statistical analyses were conducted in thgontrol sample of same individual.

software BioEstat 5.0. Mean, standardcor some of these cases, variation identification
deviation and variation coefficient wereonly was possible analyzing simultaneously
obtained by descriptive statistical of eaclpercentage and MFI data.

group analyzed (control and irradiated) and

significant differences were analyzed by
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Figure 1 - Box plots presenting P-gp activity data (percentagd MFI) in CD4 and CD8 T
lymphocytes, for control, 0.5 Gy- and 2.0 Gy-irsted sets.

Table 1 -P-gp analysis subject-by-subject (irradiated sameteus control sample).

CD4 CD8
Subject Dose (Gy) Dose (Gy)
0.5 2.0 0.5 2.0
S1 X X* X* X*
S2 X*
S3
S4 X X X
S5 X

X: differences greater than 20 % *MDR susceptibility.
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DISCUSSION differences were found for P-gp activity, to both T
subsets. However, as significance levels varied in
As this work was carried out to evaluate effects o& large range (0.35 a < 1.00), was carried out an
a physical agent (ionizing radiation) on P-gpanalysis of data on a subject-by-subject basis.
activity, control here, adopted as for someDifference greater than 20% for P-gp activity were
biological parameters (age, drugs exposition)dentified in S1, S2, S4 and S5 subjects, without
which can influence results, was essential, beindirect correlation with absorbed dose or T subset.
accepted only healthy individuals, on age rang8esides, data point out emerging parameter MFI
where P-gp activity does not present a largas important in functional in nature applications,
variation. Although there is no evidence ofmay avoid a false positive or false negative
relevance about sex genders, only women wemmedical test results.
chosen, as a way to minimize variables. To appearance of this protocol, P-gp activity
Employment of the gold standard fluorescent dy@merges as potential prognostic parameter to
and the transporting inhibitor most indicatedpatient-specific treatments employing combined
(Wang et al 2006; Vasconcelos et.aP007) was protocols, especially when RT prior to ChT, as in
essential to warrant sensitivity and reproducibilitypreparation process for marrow bone transplant
of methodology, which showed be reliable forand solid tumors treatment. Changes in P-gp
assessing P-gp functional parameter, even aftactivity from T lymphocytes inducted or increased
irradiation stress. by ionizing radiation interaction could, for
Several biological models may be used to evaluaiestance, affect immune or pharmacological
ionizing radiation effect on P-gp activity. response in transplant recipients or cancer patients
However, peripheral blood lymphocytes appear aBy alteration in intracellular concentrations of
a promising candidate because present P-gpany immunosuppressive medications or drugs,
activity (Chaudary et al 1992) and have already rendering patients resistant to therapy despite
been widely used to investigate radioinduceddequate blood levels (Begg, 1997; Drach et al
changes due to its radiosensitivity and samplind996; Donnenberg et .al2001; Vasquez et .al
ease (IAEA, 2001; Dainiak, 2002; Amaral, 2005). 2005).
This study focused on T lymphocytes, whichThus, this protocol can be employed to analyze P-
present good quantitative representation (Valensgp functional behavior at different dose levels and
2005), high radiosensitivity (Mori et.aR005) and for others lymphocyte subsets, including a greater
exuberant Rh123-efflux by P-gp activity (Drach etnumber of individuals in order to confirm these
al., 1992). Procedures to interest population gatingreliminary results. On the other hand, for
during flow cytometry analysis contribute still evaluating P-gp activity of other type of cells that
more to certify the proposed protocol asexhibit P-gp activity, the protocol established in
reproducible, with events R2-gated illustrating dueahis work can be used with minor adaptations.
the interest subset, with values corresponding
those of literature (Zago et.aR004) and similar
between samples groups (control and irradiatedACKNOWLEDGMENTS
indicating that analyses were carried out for the
same cell group, for all doses. The authors would like to thank the Centro de
In control samples, a variation on P-gp activityRadioterapia de Pernambuco (CERAPE-Brazil),
among individuals was observed, being greater ifor providing laboratory facilities, to the Conselho
CD4 than in CD8. This data is connected withNacional de Desenvolvimento Cientifico e
others works (Coon et .al1991; Drach et al Tecnoldégico (CNPg-Brazil), for financial support,
1992; Meaden et al2002; Machado et al2003), and to lan Edwards, for English review.
which evidence a normal variation among subjects
and lymphocytes groups, on the same proportions
here identified. Differences between Cd4 and CDRESUMO
subset can indicate that CD8 is more stable to P-gp
regulators influence (as physical agent in questiond objetivo deste trabalho foi estabelecer um
that CDA4. protocolo para avaliar o efeito da radiagéo

Contrasting each irradiated set (0.5 and 2.0 Gypnizante na atividade da glicoproteina-P (gp-P).
with the control one, no statistically significant
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Para isto, amostras de sangue periférico humanccell subsets from solid organ transplant recipiehts

foram irradiadasn vitro com diferentes doses, e a

Clin Pharmacol.41, 1271-1279.

atividade da gp-P foi analisada para os linfécitos Prach, D.; Zhao, S.; Drach, J.; Mahadevia, R.;

CD4 e CD8 através do ensaio do efluxo da
rodaminal23 por citometria de fluxo. Por emprego

Gattringer, C.; Huber, H.; Andreeff, M (1992),
Subpopulations of normal peripheral blood and bone
marrow cells express a functional multidrug resista

§|multanqo_ dos parame}ros de pprcen_tage,m €phenotypeBlood 80, 2729-2734.
indice médio de fluorescéncia, a analise individugyach, 3.: Gsur, A.; Hamilton, G.; Zhao, S.; Anger]

por individuo apontou mudancas na atividade daj: Fiegl, M.; Zojer, N.: Raderer, M.; Haberl, I.;

gp-P para alguns individuos e amostras irradiadas.Andreeff, M.; Huber, H. (1996), Involvement of P-
Com base neste trabalho, o protocolo proposto foiglycoprotein in the transmembrane transport of
considerado adequado para avaliar a atividade danterleukin-2 (IL-2), IL-4, and interferonin normal
gp-P em células apds estresse radioativo. Alémhuman T lymphocyteslood 99, 1747-1754.

disso, esta pesquisa sugere que a atividade da gFI}_erreira, P. R. F. (2007)ratamento combinado em

poderia ser um importante fator para definir
protocolos  paciente-especificos

exposicdo a
guimico.

radiacdo precede o

envolvend%
quimio e radioterapia, particularmente quando a
tratamento

oncologia/quimioterapia,
radioterapig Artmed, Porto Alegre.

hormonioterapia,

ottesman, M. M.; Ling, V. (2006), The molecular

basis of multidrug resistance in cancer: the early
years of P-glycoprotein researdfEBS Letters580,
998-10089.

Hill, B. T., Whelan, R. D. H., Hurst, H. C., McLea8.
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