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Nowadays refractory disease is among the basic prob-
lems responsible for treatment failure in oncological and
oncohematological patients. The vast and resulting stud-
ies of primary and acquired drug resistance in tumor cells
demonstrated high level evidence regarding their multicom-
ponent nature and leading role of pump-like mechanisms
of P-glycoprotein (Pgp) and other ATP binding cassette
transporter proteins in the development and maintenance
of the decreased cell sensitivity to chemotherapy [1–4].

Therefore, pump blocking compounds are the first
ones as candidates to be used as drug resistance re-
versal agents in clinical trials. At least, two approaches
are suggested to be consistent with the principals of
common strategies relevant for practical medicine. They
are as follows: prophylactics and treatment. In accor-
dance with this assertion, the refractory disease may
be prevented by using drug resistance blockers at the
very beginning of drug administration or be cured after
its development by other drugs or by the same regi-
men but with the addition of a potential reversal agent.

As a consequence, our experimental investigation
design included modelling of both situations. Cell sub-
lines were established on the basis of human tumor cell
line by long-term culturing parental cells with increasing
amounts of cytostatical preparations vincristine (Vcr) or
docetaxel (taxotere, Tax) in the presence or absence of
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Pgp inhibitor cyclosporin A (CsA). Both of these substanc-
es are used in treatment of tumors of hematopoietic, lym-
phoid and other tissues. For Pgp activity, flow cytometry
with fluorescence dye retention was checked, as it is cur-
rently one of the favored methods of measuring Pgp func-
tion. Cytotoxicity assay was performed in short term cul-
tures without or with the same inhibitor added before drug
application. The study says that drug resistance prophy-
lactics policy may be somewhat but not significantly ef-
fective in prevention of tumor cells resistance to cytostat-
ics. However, the attempts to influence drug resistance
by Pgp blockers afterwards (since it developed) are much
less benefit in case of the preceding preventive treatment.

MATERIALS AND METHODS
Parental lymphoblastoid cell line IM-9 (ATCC CCL

159) and the developed on its background new drug
resistant sublines named in compliance with the resis-
tance inducing agent as IM-9/Vcr and IM-9/Vcr/CsA or
IM-9/Tax and IM-9/Tax/CsA were cultured in RPMI-1640
medium (Sigma, USA) with 10% fetal calf serum (Hy-
Clone, USA), 2 mM L-glutamine (Gibco, UK), 100 U/ml
penicillin and 100 µg/mL streptomycin (complete medi-
um) at 37 °C in humidified atmosphere with 5% CO2.
Twice a week cell culture medium was renewed and try-
pan blue staining was used for cell survival monitoring.
Vcr and Tax were added to cell cultures in incremental
concentrations. For Pgp inhibition 0.5 µM CsA was add-
ed to long and short term cell cultures. In the first case
(new cell subline establishing), Pgp blocker was almost
all-time present, whereas in the case of drug resistance
or Pgp activity measuring, CsA if necessary was added
1 h before cytostatics administration in cultured cells or
Pgp efflux role determination.
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Rhodamine 123 (Rho) retention test was used for
Pgp functional activity estimation. In brief, Rho (Sigma,
USA) was added to the cultured cells for 1.5 h (final
concentration of 200 ng/ml). After washing cells were
incubated for additional 1.5 h in complete medium. Then
they were resuspended in PBS with 2 mM sodium azide.
FACScan flow cytometer using 530 nm filter was ap-
plied for cell fluorescence intensity evaluation.

Test with dimethylthiazole dipheninyl tetrasolium bro-
mide (MTT-test) was used for the analysis of drug resis-
tance [5]. In brief, cells in 96-well tissue culture plates were
exposed to Vcr or Tax for 48 h. MTT was added for the
last 4 h. Equal volume of elution solvent consisted of 10%
sodium dodecyl sulfate, 50% 2-isopropanol, 10 mM HCl,
pH 5,5 was used for slurrying. Optical density was esti-
mated at wavelength 540 nm in 30 min using Organon-4.1
plate spectrophotometer. Drug concentration inducing
50% inhibition of cellular metabolic activity (IC50) was
calculated by approximation from plotted experimental
data. Student’s t-test was used for statistical analysis.

RESULTS AND DISCUSSION
Vcr and Tax were used as drug resistance inducing

agents in our model experiments because both are
substrates of Pgp which cytostatics efflux activity is the
main target for the most clinical trials aimed at the re-
versal of refractory disease developing in the course of
tumor process treatment [4]. In addition, antitumor ac-
tivity mechanisms of vinca alkaloids and taxanes dif-
fer. Moreover, it would not be out of place to cite our
previous data about multidrug resistance acquisition by
the subline established on the basis of the same IM-9
cell line exposed to long term action of etoposide [6].
IM-9/ER (etoposide resistant) subline with confirmed
multidrug resistance phenotype showed resistance to
Tax without changing its sensitivity to Vcr.

It took almost 6 months to induce drug resistance to
Vcr or Tax in IM-9 cells (IM-9/Vcr and IM-9/Tax sub-
lines) and some less time (about 4 months) to acquire
resistance to these drugs in IM-9 cells cultured con-
currently with the above mentioned drugs and CsA
(IM-9/Vcr/CsA and IM-9/Tax/CsA sublines). Drug dos-
es were escalated with attention to both growth pre-
vention toxicity and levels for resistance to be devel-
oped. CsA in invariable concentration was included si-
multaneously with Vcr or Tax to cell culture medium.

Cell sublines IM-9/Vcr and IM-9/Tax acquired obvi-
ous resistance to the inducing agents (Table 1). These
results were in consistency with markedly enlarged Pg
functional activity (Fig. 1) as Rho retention test showed
high efflux of this Pgp substrate from the cells of the
Table 1. Drug resistance of established sublines to the inducing agent 

Cytostatic CsA in culture IC50, nM Significance 
Vcr 

– 
+ 

IM-9  
(1) 

7.8 ± 1.1 
5.3 ± 1.9 
p > 0.05 

IM-9/Vcr  
(2) 

25.5 ± 2.1 
4.8 ± 1.1 
p < 0.001 

IM-9/Vcr/CsA  
(3) 

19.5 ± 2.6 
15.9 ± 1.8 
p > 0.05 

 
 

p1-2 < 0.01 
p1-2 > 0.05 

 
 

p1-3 < 0.01 
p1-3 < 0.01 

 
 

p2-3 > 0.05 
p2-3 < 0.01 

 
Tax 

– 
+ 

IM-9  
(4) 

6.9 ± 1.2 
4.8 ± 1.2 
p > 0.05 

IM-9/Tax  
(5) 

23.7 ± 3.9 
6.4 ± 0.8 
p < 0.001 

IM-9/Tax/CsA  
(6)  

17.1 ± 3.1 
10.3 ± 1.7 

p < 0.1 > 0.05 

 
 

p4-5 < 0.01 
p4-5 > 0.05 

 
 

p4-6 < 0.01 
p4-6 < 0.05 

 
 

p5-6 > 0.05 
p5-6 < 0.05 

 
 

Fig. 1. Evaluation of functional activity of Pgp in MDR cell sub-
lines (Rho retention test)
newly developed resistant sublines compared to the
parental cell line IM-9. It is well known that functional
assays that assess induced changes in fluorophore re-
tention and efflux demonstrate strong correlation with
flow cytometric assessment of MDR1 protein expres-
sion in acute leukemias [7].

The acquisition of the resistance by the similar cells
exposed to the inducing drugs in the presence of Pgp
inhibitor CsA was well-defined if compared to the sen-
sitivity of the cells of the parental line (Table 1, Fig. 2).
By the way, it is appropriate mention here that basic sen-
sitivity of parental cell line IM-9 to Vcr or Tax is moder-
ately dependent on Pgp activity as its CsA-induced de-
crease was not in close agreement with the right degree
of drug resistance decrease to Vcr or Tax (Table 2). It is
impossible not to admit that there is some kind of ambi-
guity in distinguishing the direct cytostatic effect of CsA
versus its effect realized through Pgp blockade as en-
hanced cytostatic effect from exposure to both cytosta-
tics may not be a result of Pgp blockade activity by CsA.

While comparing the intensity of drug resistance of
IM-9/Vcr versus IM-9/Vcr/CsA and IM-9/Tax versus
IM-9/Tax/CsA one could see their resemblance non-
significantly favoring the former ones (see Table 1). And
again, in compliance with the increased drug resistance
comparing parental line, cells of IM-9/Vcr/CsA and IM-9/
Tax/CsA retained less Rho than IM-9 cells that dem-
onstrated increased Pgp functional activity in these new
cell sublines (see Table 2, Fig. 3). However, resistant
cell sublines established in the permanent presence of
Pgp inhibitor revealed diminished Pgp-pump activity
than the sublines produced without concurrent Pgp
blockade (Table 2, Fig. 4).

Furthermore, no significantly enhanced drug sensi-
tivity effect from additional CsA exposure (one hour
before corresponding drug addition) as a result of Pgp
inhibition was seen in IM-9/Vcr/CsA and IM-9/Tax/CsA
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sublines despite evident Rho efflux blockade. The re-
currence of the disease in some patients may be asso-
ciated with the replacement of Pgp positive blasts found
in leukaemia de novo for Pgp negative blasts [1]. There-
fore, the results of clinical studies are in good agree-
ment with our experimental data obtained in cell line
studies and this confirms the relevance of the experi-
mental model. Under similar conditions, Rho retention

in IM-9/Vcr and IM-9/Tax cells noticeably increased with
parallel appreciable decrease of drug resistance.

According to the results obtained there is no appre-
ciable advantage for the addition of CsA to vincristine
or taxotere in the chemotherapy regimen to prevent re-
fractory disease development as our culture studies are
unfavourable for the CsA inclusion in parallel to the re-
sistance inducing agent.

As a whole, this raises the difficult question of whether
achieving the functional goal (Pgp activity inhibition) may
be insufficient to effect meaningful benefit for drug re-
sistance in case of Pgp blocker prophylactic usage de-
spite the establishment of MDR1/Pgp as an indepen-
dent prognostic variable for induction failure in some leu-
kemias [8–10]. Prospective clinical trial focused on Pgp
positive and negative group could provide evidence for
this suggestion. Pgp-pump blockade treatment approach
is not entirely outlined as Pgp-modulators not only of
the first and second generations but even of the third
and fourth generations [11–13] may not be always suc-
cessful in all clinical trials. Theoretical expectation and
experimental data should be considered very carefully
as pharmacological interactions may not be foreseen ex-
actly in empiric clinical studies. ABC transporter super-
family together with vault proteins and drug resistance
non-efflux mechanisms should be under study in ag-
gregate. Gene expression profiling may be of a certain
aid in these circumstances. Drug resistance reversal or
prevention regimens may be based on the application
of non-identical protocols. Relapsed, refractory and poor
risk patients may need variable management.
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Table 2. Rho retention and IC50 in cell sublines in the absence and 
presence of CsA 

Cell line or 
sublines 

Rho retention (2) and IC50 (3) 
for inducing agent compare to 

IM-9 without CsA, % 

Rho retention (4) and IC50 (5) 
for inducing agent compared to 

IM-9 with CsA (0.5 µM)), % 
IM-9 100 100 171.1 ± 7.3 63.0 
IM-9/Vcr 2.8 ± 0.3 328.2 148.2 ± 8.8 61.5 
IM-9/Tax 7.0 ± 1.8 343.4 140.5 ± 12.1 97.1 
IM-9/Vcr/Cs 32.9 ± 3.6 250.0 211.2 ± 10.5 203.8 
IM-9/Tax/Cs 47.4 ± 2.8 247.8 242.6 ± 20.5 149.2 
 

Fig. 2. Evaluation of functional activity of Pgp in MDR cell sub-
lines (Rho retention test) in the presence of cyclosporine 0.5 µM

Fig. 3. Evaluation of functional activity of Pgp in MDR cell sub-
lines developed in the presence of CsA (Rho retention test)

Fig. 4. Evaluation of functional activity of Pgp in MDR cell sub-
lines developed in the presence of CsA (Rho retention test in the
presence of the additional amount of CsA)
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ÏÎÏÛÒÊÈ ÂÎÇÄÅÉÑÒÂÈß ÍÀ ËÅÊÀÐÑÒÂÅÍÍÓÞ
ÐÅÇÈÑÒÅÍÒÍÎÑÒÜ ÎÏÓÕÎËÅÂÛÕ ÊËÅÒÎÊ

Â ÝÊÑÏÅÐÈÌÅÍÒÀËÜÍÎÉ ÑÈÑÒÅÌÅ

Öåëü èññëåäîâàíèÿ: àíàëèç äâóõ âîçìîæíûõ ïîäõîäîâ ê âîçäåéñòâèþ íà ìíîæåñòâåííóþ ëåêàðñòâåííóþ
óñòîé÷èâîñòü ïðè òåðàïèè îïóõîëåé ñ èñïîëüçîâàíèåì ýêñïåðèìåíòàëüíîé ìîäåëè, àäåêâàòíîé êëèíè÷åñêèì
óñëîâèÿì. Ìåòîäû: íà îñíîâå ëèìôîáëàñòîèäíîé êëåòî÷íîé ëèíèè IM-9 ïóòåì åå äëèòåëüíîãî êóëüòèâèðîâàíèÿ
ñ øèðîêî ïðèìåíÿåìûìè öèòîñòàòè÷åñêèìè ïðåïàðàòàìè âèíêðèñòèíîì èëè òàêñîòåðîì â ïîñòåïåííî
âîçðàñòàþùèõ êîíöåíòðàöèÿõ ïîëó÷åíû ÷åòûðå ðåçèñòåíòíûå ñóáëèíèè. Ïîñòîÿííîå íàëè÷èå áëîêàòîðà
Ð-ãëèêîïðîòåèíà öèêëîñïîðèíà À â ñðåäå â ÷àñòè êëåòî÷íûõ êóëüòóð ñîîòâåòñòâîâàëî ïðîôèëàêòè÷åñêîìó
ïîäàâëåíèþ àêòèâíîñòè ýòîãî áåëêà ñ ñàìîãî íà÷àëà ïðèìåíåíèÿ öèòîñòàòèêîâ. Â ïîñëåäóþùèõ ýêñïåðèìåíòàõ
îáà âàðèàíòà ðåçèñòåíòíûõ ñóáëèíèé (ñ ôîðìèðîâàíèåì ðåçèñòåíòíîñòè â ïðèñóòñòâèè öèêëîñïîðèíà À èëè
áåç íåãî) ïîäâåðãàëè âîçäåéñòâèþ öèêëîñïîðèíà À è èíäóöèðóþùèõ ðåçèñòåíòíîñòü àãåíòîâ â êðàòêîñðî÷íûõ
êóëüòóðàõ. Àêòèâíîñòü Ð-ãëèêîïðîòåèíà êîíòðîëèðîâàëè ñ ïîìîùüþ ïðîòî÷íîãî öèòîôëóîðèìåòðà ïóòåì îöåíêè
óäåðæàíèÿ â êëåòêàõ ôëóîðåñöèðóþùåãî êðàñèòåëÿ. Öèòîòîêñè÷íîñòü ïðåïàðàòîâ îöåíèâàëè ñ ïîìîùüþ
ÌÒÒ-òåñòà. Ðåçóëüòàòû: ïîëó÷åííûå ðåçóëüòàòû ñâèäåòåëüñòâóþò î òîì, ÷òî ïðîôèëàêòè÷åñêîå ïðèìåíåíèå
áëîêàòîðîâ Ð-ãëèêîïðîòåèíà íå èìååò îñîáûõ ïðåèìóùåñòâ äëÿ ïðåäîòâðàùåíèÿ ôîðìèðîâàíèÿ ðåçèñòåíòíîñòè
ê öèòîñòàòèêàì â îïóõîëåâûõ êëåòêàõ. Ïîñëåäóþùèå ïîïûòêè âîçäåéñòâîâàòü íà ðàçâèâøóþñÿ ëåêàðñòâåííóþ
ðåçèñòåíòíîñòü ê ïðåïàðàòàì ïóòåì áëîêàäû àêòèâíîñòè Ð-ãëèêîïðîòåèíà ÿâëÿþòñÿ çàìåòíî ìåíåå ýôôåêòèâíûìè
ïðè ïðîôèëàêòè÷åñêîì ëå÷åíèè.
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