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The processes of accumulation and removal of some clorin-e6 derivatives  perspective sensitizers for photodynamic therapy  in normal and tumor cells of bone marrow have been studied. It has been shown that the cells in
acute myelogenous leukemia accumulate significantly higher amounts of those photosentisizers (PS) and remove
them much slower than normal mononuclear cells and, respectively, are stained with PS with higher contrast. The
differences in PS distribution strongly determine the effectivity of photodynamic treatment of the cells.
Key Words: photodynamic therapy, chlorin-e6, leukosis, accumulation, flow cytofluorometry.
Èññëåäîâàíû ïðîöåññû íàêîïëåíèÿ è âûâåäåíèÿ ðÿäà ïðîèçâîäíûõ õëîðèíà å6, ÿâëÿþùèõñÿ ïåðñïåêòèâíûìè
ñåíñèáèëèçàòîðàìè äëÿ ôîòîäèíàìè÷åñêîé òåðàïèè, â íîðìàëüíûõ è îïóõîëåâûõ êëåòêàõ êîñòíîãî ìîçãà. Óñòàíîâëåíî, ÷òî ëåéêîçíûå êëåòêè íàêàïëèâàþò áîëüøèå êîëè÷åñòâà ïèãìåíòîâ ïî ñðàâíåíèþ ñ íîðìàëüíûìè êëåòêàìè.
Êëåòêè áîëüíûõ ñ îñòðûì ìèåëîáëàñòíûì ëåéêîçîì õàðàêòåðèçóþòñÿ ñóùåñòâåííî ìåíüøåé ñêîðîñòüþ âûâåäåíèÿ
õëîðèíîâ ïîñëå óäàëåíèÿ ïèãìåíòîâ èç ñðåäû èíêóáèðîâàíèÿ, â ðåçóëüòàòå ÷åãî ñóùåñòâåííî âîçðàñòàåò êîíòðàñòíîñòü îêðàøèâàíèÿ êëåòîê. Îáíàðóæåííûå îòëè÷èÿ â ïðîöåññàõ ðàñïðåäåëåíèÿ èññëåäîâàííûõ ïèãìåíòîâ â çíà÷èòåëüíîé ñòåïåíè îïðåäåëÿþò ýôôåêòèâíîñòü ôîòîñåíñèáèëèçèðîâàííîãî âîçäåéñòâèÿ íà êëåòêè.
Êëþ÷åâûå ñëîâà: ôîòîäèíàìè÷åñêàÿ òåðàïèÿ, õëîðèí å6, ëåéêîç, íàêîïëåíèå, ïðîòî÷íàÿ öèòîôëóîðèìåòðèÿ.

For extracorporal (ex vivo) antitumor treatment of
bone marrow, immune and gene therapy methods as
well as photodynamic therapy (PDT) using photosensitizers (PS) are applied [1]. At present time photodynamic therapy is used for the treatment of some solid
tumors. The data of experimental studies point to the
possibility that the efficacy of PDT is strongly dependent on the selectivity of PS binding to malignant but
not normal cells. However, the mechanisms of selective action of PS remains poorly studied yet [1, 2].
The present work was aimed on the study of interaction of chlorin-å6 (Clå6) and its derivatives (dimethyl-ester and trimethyl-ester  DME and TME, respectively) with normal and leukemic cells of bone marrow.
As it was shown earlier [3, 4], those PS compounds
are able to accumulate in the cells and tissues at different degree.

MATERIALS AND METHODS

Photosentisers. In the research, Clå6, DME and
TME sintetized by N.D. Kochubeeva ( Institute of Molecular and Atomic Physics, National Academy of Sciences of Byelorussia, Byelorussia) were used. The
stock PS solutions (10-3 M in acetone or ethanol) were
stored in the dark at 4 °Ñ.
Cells. The samples of bone marrow of patients with
acute myelogenous leukemia or from healthy donors were
placed in the silicone tubes with heparin (20 U/ml). MonoReceived: May 23, 2002.
*Correspondence: Savitskiy_V@yahoo.com
Abbreviations used: Cle6  clorin-e6; DME  clorin-e6 dimethylester; FI  fluorescence intensity; MNC  mononuclear cells;
PS  photosensitizer; TME  clorin-e6 trimethyl-ester.

nuclear cells (MNC) were isolated by centrifugation in the
density gradient of Histopaque-1077 (Sigma, USA). Cell
suspension was placed in RPMI-1640 medium containing fetal calf serum (Sigma, USA), and Clå6 derivatives.
Flow cytofluorometry. The effectivity of PS accumulation in the cells was studied with the use of flow
fluorometer FACScan (Becton Dickinson, USA). The cell
suspension was omitted through the 100 mm nozzle at
the rate 500 cells per s in the flow solution (phosphate
buffer). As excitation source the argon laser (wave
length 488 nm, 15 mW) was used. The intensity of PS
fluorescence was registered with the use of LP560 filter; DF660 filter was used for exclusion of basal signal.
For exclusion of cell conglomerates and injured cells
the frontal (FSC) and side (SSC) light scattering were
registered. In each sample the amount of analyzed cells
was not less than 104. The intensity of fluorescence
and light scattering was expressed in arbitrary units
(channels). The analysis of the data was carried out
with the use of statistical packet of cytometer LYSIS II.
Photoirradiation of the cells. After incubation of
the cells in Cle6-containing medium in the dark, cells
were twice washed with RPMI and irradiated with the
light of halogen lamp through the system of filters (l =
630680 nm, 20 mW/cm2). The determination of relative content of damaged cells in the samples was performed by cytofluorometry with the use of fluorescent
probe propidium iodide.

RESULTS AND DISCUSSION

The evaluation of relative effectivity of Cle6, DME
and TME accumulation was performed by analysis of
cell distribution in dependence of fluorescence intensity (FI) in the region of PS emission. The typical histo-
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grams of flurescence of leukemic cells incubated for 2
h in PS-containing medium as well as the histograms
of MNC of healthy donors are presented on Fig. 1.
The samples without PS are characterized by low
(basal) values of FI. The incubation of the cells in the
PS-containing medium results in the shift of histograms
to the region of higher FI values. As we have shown
(see Fig. 1), FI values for leukemic cells were significantly higher than those for normal MNC. At the same
time the histogrammes of the cells treated with DME
and TME are shifted to the regions with higher FI values in comparison with Cle6-treated cells.
The Cle6 derivatives under study have nearly equal
spectral and photophysical characteristics in monomeric
form. The values of quantum fluorescence output in different media vary not more than by 13% [3]. Thats
why the values of FI for cells in the region of chlorin emission may be used for comparison of the levels of intracellular accumulation of those compounds. The results of
statistical analysis for cell fluorescence values are presented in Table. As one may conclude, the tumor cells
accumulate PS 2.86.1-fold more effectively than MNC
of healthy donors; such selectivity of PS accumulation
doesnt seem to be caused by systemic non-specific
alterations in PS distribution between plasma proteins
and the blood cells. Our additional study has shown that
normal non-transformed MNC of patients with leukemia are stained on the same level as MNK of healthy
donors. The comparison of fluorescence level of normal
MNC and tumor cells has shown that stain contrast for
DME is significantly higher than that of Cle6 and TME:
the ratio of the PS amount binded during 2 h of incubation with leukemic cells to that in normal MNC was 6.1,
4.5 and 2.8 for DME, Cle6 and TME respectively.
Its necessary to note that the level of clorin accumulation strongly depends on the duration of staining. Cle6 and
DME are entering the cells in 2 stages (Fig. 2). As it was
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shown earlier, the 1-st stage occuring in few seconds corresponds to the binding of PS with plasma membrane [4].
The second phase is more prolonged and corresponds to
transmembrane transfer of PS and its accumulation in the
itracellular compartments. Higher membrane permeability
of DME results in more quick (in comparison with Cle6)
attainment of equilibrial distribution in cell suspension. For
TME, the stages of accumulation are less pronounced due
to the low rate of diffuse redistribution of this pigment from
proteins to membranes [5].
Thus, equilibrial distribution in cell suspension during studied duration of treatment was found for DME
only; the duration of incubation of cells with Cle6 and
TME should be much longer.
The withdrawal of PS from the medium results in
the shift of equilibrial distribution and removal of studied PS from the cells. As it was demonstrated (Fig. 3),
TME has the lowest rate of removal from the cells. After 2 h of incubation in PS-free medium the concentration of TME decreased by a factor 1.7 and 1.1 in
normal MNC and malignant cells, respectively. The
rates of removal of Cle6 and DME were significantly
higher: after 2 h of incubation in PS-free medium the
concentration of Cle6 and DME decreased by a factor
9.2 and 19.7 in normal MNC and by a factor 4.1 è 2.4 in
malignant cells, respectively. As a result, 49-fold excess for tumor cell staining with DME and 10.2-fold 
for Cle6 was registered.
The differences in PS accumulation and removal from
the cells possibly reflect the existence of structural and
morphological peculiarities of transformed MNC which
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Fig. 1. Histogrammes of Cle6 (a), DME (b) and TME (c) accumulation in the cells. 1 - MNC of healthy donors, 2 - leukemic cells, 3 - control
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Fig. 2. The time course of Cle6 (a), DME (b) and TME (c) accumulation in MNC of healthy donors (1), and in leukemic cells (2)
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Fig. 3. The time course of Cle6 (a), DME (b) and TME (c) accumulation in MNC of healthy donors (1), and in leukemic cells (2) after
the removal of PS from culture medium

are bigger and more granulated than normal MNC and
differ in biochemical content of plasma membranes. As
it was shown earler with the use of luminiscent microscopy, porphyrin sensitizers are localized preferentially in
plasma membranes and membranes of Golgi apparatus and endoplasmic reticulum [6, 7] but Cle6 derivatives has different distribution between cell compartments
due to lipid composition of membranes. According to
the data [8], viscosity of cellular membranes in leukemic
cells decreased by a factor 1.21.9 due to the decreased
cholesterol content. As it was reported in [9, 10], the relative content of cholesterol in plasma membrane influence the affinity of porphyrins to biomembranes.
Earlier it was shown that the decrease of polarity of
chlorin molecule caused by etherification of its side carboxyl groups could affect distribution of PS between plasma proteins and the cells by alteration of PS affinity to membrane lipids [10]. The level of PS accumulation in the cells
depends on the rate of its redistribution and ability to permebealize cell membrane [5]. Moderately non-polar DME
possessing high diffuse motility in plasma protein environment as well as maximal rate of diffusion through plasma
membrane, accumulates in the cells in few fold higher concentration than polar Cle6. Relatively slow accumulation of
non-polar TME, possibly, is caused by its low rate of redistribution between biomolecules and low solubility in the
water causing aggregation of TME molecules [5, 10].
For quantitive evaluation of chlorin photocytotoxicity
toward cells under study the test with fluorescent probe
propidium iodide was applied. The damage of membrane integrity initiates significant (nearly 100-fold) increase of propidium iodide staining of injured cells. We
studied the relative number of damaged cells in the samples obtained from healthy donors and patients with leukemia both laser-irradiated at 660 nm (Fig. 4). Our data
pointed to the correlation between the effectivity of PDT
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Fig. 4. Relative content of injured cells after Cle6-PDT: 1 - normal MNC; 2 - leukemic cells

induced injury of normal and malignant cells and the level
of intracellular accumulation of PS. Also it was demonstrated that the level of PDT-induced blast cell damage
in AML patients is 5.98.5 higher than that in MNC of
healthy donors and the highest level is registered after
DME application. So, the PS binding is playing a central
role in determination of the rate of photocytolysis.
In conclusion, the presented data demonstrated that
photocytotoxicity of porphyrin PSs depends on their intracellular concentration; our results may be useful for design
of sensibilizators with selective action against leukemic cells.

ACKNOWLEDGEMENT

The work was partially supported by Byelorussian
Respublican Fund for Fundamental Research B02Ð-084.

REFERENCES
1. Villeneuve L. Ex vivo photodynamic purging in chronic
myelogenous leukemia and other neoplasias with rhodamine
derivatives. Biotechnol Appl Biochem 1999; 30: 117.
2. Brasseur N, Menard I, Forget A. Eradication of
multiple myeloma and breast cancer cells by TH9402-mediated photodynamic therapy: implication for clinical ex vivo
purging of autologous stem cell transplants. Photochem
Photobiol 2000; 72: 7807.
3. Gurinovich GP, Zorina TE, Zorin VP. Tumor cells
injury by helium-neonic lazer irradiation in the presence
of clorins and porphyrins. Izv AN USSR. Physics Ser. 1989;
53: 11536. (In Russian).
4. Zorin VP, Mikhalovsky IS, Zorina TE. The distribution of chlorin-e6 derivatives in biological systems. Investigation of pH-effects. Proc SPIE 1996; 2625: 14655.
5. Zorin VP, Khludeyev II, Mikhalovsky IS. Kinetic
characteristics of porphyrin distribution in the blood. Proc
SPIE 2000; 4059: 13946.
6. Zorin VP. Interaction of porphyrin sensibilizators
with biological membranes. Characteristics of equlibrium
distribution. In: Photobiology and membrane biophysics.
Volotovskiy ID, ed. Minsk: Technoprint, 1999; pp. 286
300(In Russian).
7. Gurinovich GP, Zorina TE, Arkatov YuM. The study
of the distribution of e6 and its derivatives in HeLa cells by
luminiscent microscopy. Cytologiya 1989; 31: 105863 (In
Russian).
8. Vladimirov YuF, Dobretsov GE. Alterations in cell
membranes upon pathology. Fluorescent probes in the research
of biomembranes. Moskow: Nauka, 1980. 320 p. (In Russian).
9. Zorin VP, Mikhalovsky IS, Zorina TE. Kinetics of
porphyrin partitioning in cells and membranes. Investigation of cholesterol effects. Proc SPIE 1997; 3191: 32532.
10. Zorin VP, Hludeev II, Zorina TE. Distribution of
porphyrin sensibilizators between proteins and blood cells.
Biophysika 2000; 45: 3139 (In Russian).

