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Phenomenon of tumor cells resistance to antitumor
drugs (multidrug resistance, MDR) differing in their
structure and action modality represents a serious prob-
lem in anticancer chemotherapy [1]. One of the main
reasons of MDR development in tumor cells is consid-
ered to be an overexpression of specific cellular pro-
tein P-gp 170 eliminating various exogenous molecules.
Thereby, the enhanced activity of this protein results in
considerable decrease of intracellular concentration of
cytostatic drugs, growth factors, hormones via their re-
moval from tumor cells [1, 2].

It was supposed that the technique of photodynamic
therapy (PDT) could be used to overcome MDR. PDT
is based on combined application of visible light and
photoactive compounds — photosensitizers [3]. Mole-
cules of sensitizer excited by photoirradiation interact
with molecular oxygen with generation of active oxi-
dant singlet oxygen.  Singlet oxygen due to its extremely
high chemical activity induces oxidative damages in
different cellular and tissue structures.

The main goal of this work was an estimation of the
role of P-gp 170 in regulation of accumulation of several
porphyrin sensitizers by cells with different sensitivity to
the action of antitumor drugs (vincristine and taxoter).
We have used chlorine e6 (Chl e6) and its dimethyl (DME)
and trimethyl (TME) esters. All these pigments were
shown previously to be perspective sensitizers to PDT
[4]. Chl e6 and its derivatives possess similar spectro-
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scopic and photosensitizing properties in model systems.
At the same time some physico-chemical properties of
these substances differ notably. It was shown that the
degree of polarity of Chl e6 derivatives strongly influ-
ences the process of their accumulation and localization
in different types of cells and tissues [5–7].

MATERIALS AND METHODS
Photosensitizers. The synthesis and spectral prop-

erties of Chl e6, DME and TME has been described
earlier [8]. Stock solutions (10-3 Ì) of Chl e6, DME and
TME were prepared in acetone or ethanol and kept at
4 °Ñ in the dark.

Cells. All sublines of IM-9 cells were kindly provid-
ed by prof. A.I. Svirnovskiy from Laboratory of Leuke-
mia Pathophysiology (Research Institute of Hematolo-
gy and Blood Transfusiology, Minsk, Belarus). Cells
were cultured in RPMI-1640 medium, supplemented
with 10% fetal bovine serum, 2 mM/L glutamine,
100 u/ml penicillin, and 100 µg/ml streptomycin (Sig-
ma, USA) at 37 °Ñ in a 5% CO2 humidified atmosphere.
Drug-resistant sublines were derived by cultivation in
medium containing vincristine and taxoter.

Flow cytometry. The degree of P-gp 170 expres-
sion in IM-9 cell lines was measured using monoclonal
antibodies (mAb) 17 F9 that recognize the extracellu-
lar epitope of P-gp 170 (Becton Dickinson, USA) and
isotype control (IgG2a). The staining of cells by mAb
17 F9 and IgG2a, labeled with fluorescein isothiocyo-
nate (FITC) was performed by a standard technique
[9]. To a sample containing 1–2 × 105 cells, 20 µl of
mAb was added, and the mixture obtained was incu-
bated in the dark at room temperature for 25-30 min.
After incubation cells were washed twice with phos-
phate saline buffer by centrifugation at 300 g for 5 min.
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To assess P-gp 170 function cells were washed and
resuspended in RPMI-1640 containing 0.1 µM of
5,5’,6,6’-tetrachloro-1,1’,3,3’-tetraethylbenzimidazol-
carbocyanine iodide (JC-1, Molecular Probe, Nether-
lands) and incubated for 15 min either with or without
modulator of P-gp 170 (cyclosporine A (10-3 Ì) or ver-
apamil (5 x 10-6 Ì)). JC-1-fluorescence was analyzed
using 585 nm band-pass filter.

Accumulation of pigments by cells was studied with
the use of FACS Vantage SE flow cytofluorimeter (Bec-
ton Dickinson, USA). A 150-mW argon laser emitting
light at wavelength of  488 nm was used as an excita-
tion source. The pigment fluorescence intensity was
measured using LP 560 long-pass filter and DF 660
interference filter in order to cut of the background sig-
nal. Additionally, we recorded the forward light scatter-
ing (at the angles 1–10°) and the side light scattering
(at an angle 90°). For each sample at least 104 cells
were analyzed. The fluorescence and light scattering
intensities were expressed in arbitrary units (a.u.). The
results were processed using the CellQuestPro flow
cytometry software (Becton Dickinson, USA). The dif-
ferences of fluorescence signal from of parent and re-
sistant cells were evaluated with the Student’s t-test
and statistical significance was considered at p < 0.05.
Mean and standard error was calculated using Microsoft
Excel software.

RESULTS AND DISCUSSION
To compare the degree of P-gp 170 expression in

the studied cells, their capability to bind the mAb specif-
ic to P-gp 170 was determined. Fig. 1 shows the histo-
grams of cells distribution according to fluorescence in-
tensity within the band of 530 nm after labeling with 17F9
mAb conjugated with FITC. The histograms of the cells
labeled with the isotype control (IgG2a) reflect the non-
specific binding of cells with mAb. On the basis of the
obtained data one can conclude that the binding levels
of P-gp 170-specific mAb sub-lines essentially differ for
parental and drug-resistant cells. This difference seems
to be not related to enhanced nonspecific mAb binding
to resistant cells. Indeed, there is no significant differ-
ence in mean fluorescent intensity for all types of cells
staining with isotype control (Table 1). According to the
obtained results, P-gp 170 expression of IM9Vinc and
IM9Tax cells is more than two times higher in compari-
son with the parental IM9 line (see Table 1).

To evaluate the functional activity of P-gp 170, the
rates of accumulation of P-gp 170 protein substrate
JC-1 in cells were measured [10]. For this purpose the
fluorescence intensity in JC-1-stained IM9, IM9Vinc and
IM9Tax cells was compared using flow cytometry tech-
nique. Fig. 2 shows that accumulation of JC-1 in
IM9Vinc and IM9Tax cells is significantly lower com-
pared to IM9 cells evidencing an enhanced P-gp 170
functional activity in the resistant cells.

The study of porphyrin pigments accumulation by
the cells of three IM9 lines was performed on the basis
of the analysis of single cells fluorescence intensity of
chlorins emission band (Fig. 3.) It was shown that the

accumulation of Chl e6 derivatives by IM9Vinc and
IM9Tax was slightly lower compared to the parental IM9
line. Thus, for Chl e6, DME and TME differences in the
accumulation levels were 7–15%, 12-17% and 15–30%,
respectively.

MDR phenotype of cells may be inhibited by a treat-
ment with a number of specific compounds (verapamil,
cyclosporine A and their derivatives and other) [11, 12].
Some of them (cyclosporin A and verpamil) modify MDR

Table 1. P-gp 170 expression in IM9 cell lines 

Mean fluorescent intensity, a.u. 
Cells 

Isotype control (IgG2a) P-gp 170 (17 F9) 
Im9 15.0 ± 3.2 20.5 ± 2.7 
IM9 Vinc 17.5 ± 4.0 55.3 ± 7.5* 
IM9 Tax 12.5 ± 2.2 50.8 ± 6.8* 
Results expressed as mean ± standard error of at least 3 experiments; 
*p < 0.05 as compared IM9 Vinc versus IM9 and IM9 Tax versus IM9. 

Fig. 1. Analysis of P-gp 170 expression in IM9 cell lines.
The FITC-fluorescence intensity distribution of IM9 (a), IM9Vinc (b)
and IM9Tax (c) cells after incubation with mAb 17 F9 (1) and
IgG2a (2); X-axis — FITC-fluorescence intensity (530 íì —
FL2-H, logarithmic scale); Y-axis — number of cells
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phenotype altering cellular P-gp 170 activity. We stud-
ied the influence of cyclosporine A and verapamil on the
chlorins accumulation by IM9, IM9Vinc and IM9Tax cells.

Data presented in Fig. 4 and Table 3 show that in-
troduction of cyclosporine A into the cell suspension
resulted in the drastic increase of intracellular level of
JC-1, confirming the functional activity of P-gp 170 in
the resistant cells. At the same time the presence of
cyclosporine A in the medium containing the photo-
sensitizers was accompanied by only slight (5–20%)
increase of the chlorins binding to cells (see Fig. 4 for
DME). Similar results were obtained for verapamil (data
not shown).

Thus, our findings allow conclude that the level of
P-gp 170 activity is not a crucial factor of chlorins ac-
cumulation by IM9 cells.

According to the data obtained in our laboratory,
the process of binding of Chl e6 derivatives is deter-
mined by a number of physical and chemical parame-
ters. It has been shown that the affinity of pigments to
cellular membranes and plasma proteins as well as the
rate of pigment redistribution and penetration through
plasma membrane is the main determinant affecting
their accumulation [13]. The moderately non-polar sen-
sitizer DME combining the high affinity to the cellular
membranes and the ability to penetrate through the
plasma membrane is accumulated in the cells at 10–

15 times higher concentrations than that of polar Chl e6,
and by 3–5 times higher — than that of its extremely
non-polar derivative TME [13, 14].

It should be noted that the ratio of chlorins affinity
toward studied cells is the same and remains constant
along with change of sensitizers concentration in the

Fig. 2. Evaluation of P-gp 170 function using a JC-1 accumula-
tion assay in IM9 cell lines. The JC-1 fluorescence intensity dis-
tribution of IM9 (1), IM9Vinc (2) and IM9Tax (3) cells after incu-
bation with JC-1. X-axis — fluorescence intensity (575 íì —
FL2-H, logarithmic scale); Y-axis — number of cells

Fig. 3. Accumulation of DME in IM9 cell lines. The DME fluores-
cence intensity distribution of IM9 (1), IM9Vinc (2) and IM9Tax (3)
cells after incubation with DME; X-axis — fluorescence intensity
(660 íì — FL3-H, logarithmic scale); Y-axis — number of cells

Fig. 4. Effect of P-gp 170 inhibitor Cs A on accumulation of DME
and JC-1 in IM9Vinc cells. The DME (a) and JC-1 (b) fluores-
cence intensity distribution of IM9Vinc cells after incubation with
DME and JC-1. The accumulation was examined in the pres-
ence (1) and absence (2) of Cs A. X-axis — fluorescence inten-
sity (660 íì — FL3-H, 575 íì — FL2-H, logarithmic scale);
Y-axis — number of cells

Table 2. Relative level of Chl e6 derivatives and JC-1 accumulation in IM9 
cell lines 

Mean fluorescent intensity, a.u. 
Photosensitizers Cells 

JC-1  
Chl e6 DME  TME  

IM9 1250 ± 110 480 ± 40 710 ± 65 105 ± 10 
IM9 Vinc 60 ± 7** 450 ± 35 630 ± 60 90 ± 10 
IM9 Tax 55 ± 6** 410 ± 30 590 ± 50 75 ± 8* 
Results expressed as mean ± standard error of at least 3 experiments. 
The concentrations used are as follows: Chl e6 – 5 õ 10-6Ì, DME – 5 õ 10-7Ì, 
TME – 5 õ 10-7Ì. Enhanced concentration of Chl e6 was used due to reduced 
accumulation rate of this sensitizer; 
*p < 0.05,  **p < 0.001 as compared IM9 Vinc versus IM9 and IM9 Tax 
versus IM9. 
 
Table 3. Effect of P-gp 170 inhibitor Cs A on accumulation of Chl e6 
derivatives and JC-1 in IM9 cell lines  

Relative mean fluorescent intensity, a.u. 
Photosensitizers Cells 

JC-1 
Chl e6 DME TME 

IM9 1.12 ± 0.06 1.05 ± 0.07 1.08 ± 0.05 1.11 ± 0.05 
IM9 Vinc 14.1 ± 1.2** 1.15 ± 0.12 1.17 ± 0.06 1.22 ± 0.09 
IM9 Tax 16.8 ± 1.3** 1.17 ± 0.11 1.19 ± 0.07 1.15 ± 0.08 
Results expressed as mean ± standard error of at least 3 experiments. 
Mean fluorescent intensity of CsA-inhibited cells divided by the mean 
fluorescent intensity of uninhibited cells; 
**p < 0.001 as compared IM9 Vinc versus IM9 and IM9 Tax versus IM9. 
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medium. Our data demonstrate strongly that P-gp 170
activity is not critical factor for chlorins accumulation by
cells. As the staining levels in the parental IM9 cells
and the cells with the expressed MDR phenotype for
various chlorines does not differ significantly (not more
than by 30%), it is reasonable to assume that effect of
P-gp 170 activity on chlorins accumulation does not
depend on sensitizer properties.

At the same time the treatment of cells by P-gp 170
inhibitors result in a slight increase of accumulation of
Chl e6 derivatives in the cells. One could suggest that it
is mediated by the factors that are not directly related to
the blocking effect of MDR glycoprotein.

As it was shown in the work [15], verapamil caused
an enhancement of the phototoxic effect sensitized with
photofrin and reduction of photocytoxity induced with tet-
rasulphophenilporfine. In this case the modulator’s effect
is explained apparently by the increase of the number of
cellular receptors to low density lipoproteins playing an
important role in the processes of accumulation of a num-
ber of porphyrine pigments. This fact may possibly ex-
plain the maximal increase of the accumulation of low polar
TME. Cyclosporine derivatives can act without involve-
ment of  P-gp 170 altering drug concentration via action
on the physical state of membranes [16, 17].

Our results are in accordance with the data on accu-
mulation of a number of other sensitizers (mesoporphy-
rine and phthalocyanines [3, 18, 19], photofrin II and
meso-tetra(3-hydroxyphenyl)chlorin [20]) in the cells dis-
playing MDR phenotype. At the same time it should be
noted that the literature data point on the negative role
of transport proteins in PDT, especially if cationic sensi-
tizers are used. So, the cross-resistance to tetrabromin-
erhodamine and ÑDS1 preparations described in [21,
22] may be due to the decreased accumulation and/or
interaction of cationic photosensitizers and P-gp 170.
According to the data of other authors [23, 24], intracel-
lular localization of the photosensitizer may be impor-
tant for determination of the MDR impact on the efficacy
of cell photosensitizing. One should note that photosen-
sitizers may possess direct cytotoxic action toward MDR
cells and also inhibit the transport proteins. According to
the results [25, 26] the pretreatment with various por-
phyrines increased the cytotoxic effect of adriamycine
and doxorubicin in relation to MDR-positive cells by sev-
eral times, presumably due to the increased intracellular
concentration mentioned drugs resulting from pigment-
dependent blocking of P-gp 170 [27].

In conclusion, findings from this study gives a strong
indication of independence of Chl e6 derivatives accu-
mulation in cells on the expression and function activity
of multidrug transporter protein P-gp 170. Since the
enhanced activity of P-gp 170 in tumor cells is factor of
their resistance in the action of various antitumor drugs
we conclude that photodynamic therapy could be use-
ful in killing cells exhibiting the multidrug resistance.
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ÍÀÊÎÏËÅÍÈÅ ÏÐÎÈÇÂÎÄÍÛÕ ÕËÎÐÈÍÀ å6 Â ÎÏÓÕÎËÅÂÛÕ
ÊËÅÒÊÀÕ Ñ ÐÀÇËÈ×ÍÎÉ ÝÊÑÏÐÅÑÑÈÅÉ È ÔÓÍÊÖÈÎÍÀËÜÍÎÉ
ÀÊÒÈÂÍÎÑÒÜÞ ÁÅËÊÀ ÌÍÎÆÅÑÒÂÅÍÍÎÉ ËÅÊÀÐÑÒÂÅÍÍÎÉ

ÓÑÒÎÉ×ÈÂÎÑÒÈ P-gp 170

Öåëü: â ðàáîòå èññëåäîâàíî âëèÿíèå ãèïåðýêñïðåññèè è ôóíêöèîíàëüíîé àêòèâíîñòè òðàíñïîðòíîãî áåëêà P-gp 170
íà ïðîöåññû  íàêîïëåíèÿ ðÿäà ïîðôèðèíîâûõ ôîòîñåíñèáèëèçàòîðîâ (õëîðèíà å6, äè- è òðèìåòèëîâîãî ýôèðîâ
õëîðèíà å6). Ìåòîäû: ñ ïîìîùüþ òåõíîëîãèè ïðîòî÷íîé öèòîôëóîðèìåòðèè ñðàâíèâàëè óðîâíè ñâÿçûâàíèÿ
ïîðôèðèíîâ êëåòêàìè ëèíèè IM9 äèêîãî òèïà è èõ àíàëîãàìè, óñòîé÷èâûìè ê äåéñòâèþ ïðîòèâîîïóõîëåâûõ
ñîåäèíåíèé. Ðåçóëüòàòû: ñ èñïîëüçîâàíèåì ñïåöèôè÷íûõ ê P-gp 170 ìîíîêëîíàëüíûõ àíòèòåë è ôëóîðåñöåíòíîãî
çîíäà JC-1 ïîêàçàíî, ÷òî êëåòêè ðåçèñòåíòíûõ ñóáëèíèé õàðàêòåðèçóþòñÿ âûñîêîé ñòåïåíüþ ýêñïðåññèè è
ôóíêöèîíàëüíîãî ñîñòîÿíèÿ P-gp 170. Óñòàíîâëåíî, ÷òî ñòåïåíü îêðàñêè ïðîèçâîäíûìè õëîðèíà å6 ðåçèñòåíòíûõ
ñóáëèíèé áûëà ëèøü íåçíà÷èòåëüíî íèæå â ñðàâíåíèè ñ èñõîäíîé ëèíèåé IM9. Âîçäåéñòâèå èíãèáèòîðîâ P-gp 170
íå ïðèâîäèëî ê ñóùåñòâåííûì èçìåíåíèÿì  íàêîïëåíèÿ ïîðôèðèíîâ. Âûâîäû: ïðåäñòàâëåííûå ðåçóëüòàòû
ïîêàçûâàþò, ÷òî P-gp 170 íå èãðàåò ñóùåñòâåííîé ðîëè â ïðîöåññàõ íàêîïëåíèÿ ïðîèçâîäíûõ õëîðèíà å6. Ïîñêîëüêó
ïîâûøåííàÿ àêòèâíîñòü P-gp 170 â îïóõîëåâûõ êëåòêàõ â çíà÷èòåëüíîé ñòåïåíè îïðåäåëÿåò èõ ðåçèñòåíòíîñòü ê
ðàçëè÷íûì ïðîòèâîîïóõîëåâûì ñîåäèíåíèÿì, ôîòîäèíàìè÷åñêàÿ òåðàïèÿ íà îñíîâå ïðîèçâîäíûõ õëîðèíà å6
ìîæåò áûòü èñïîëüçîâàíà äëÿ âîçäåéñòâèÿ íà ëåêàðñòâåííî-óñòîé÷èâûå îïóõîëåâûå êëåòêè.
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