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We compared giant cell formation in murine NK/Ly lymphoma under treatment with
anticancer drugs — vinblastine or paclitaxel. It was found that vinblastine caused an
appearance of bigger cells than paclitaxel did, whereas paclitaxel induced more rapid
formation of giant cells than vinblastine did. Differences were also revealed in morphology
of lymphoma cells treated with these anticancer drugs. While vinblastine induced more
intensive membrane blebbing comparing with paclitaxel action, paclitaxel induced more
pronounced cytosol vacuolization. Evaluation of trans-membrane potential based on
studying mitochondrial accumulation of fluorescent dye Rhodamine-123, showed that
paclitaxel caused more significant decrease of this potential comparing with vinblastine
action. Role of the revealed peculiarities in the action of vinblastine and paclitaxel
towards tumor cells are considered.

Key words: Murine NK/Ly lymphoma, vinblastine, paclitaxel, giant cells, membra-
ne blebbing, cytosol vacuolization, trans-membrane potential.

It was shown that in populations of various cancer cells giant cells can appear
spontaneously, and their number is significantly increased at tumor aging, drug treat-
ment, or X-irradiation [10, 12]. Calculation of giant cells in population was proposed
for evaluation of efficiency of chemotherapy. After treatment of tumor cells with cyto-
static drugs, the number of giant cells increased up to eight times [11, 12]. X-irradiation
caused formation of giant cells that were 200 times bigger than the parental ones [4].

Giant cell transformation is strongly linked with changes in cytoskeleton, namely in
microtubule system [2, 9, 11]. Microtubules are highly dynamic structures which con-
stantly get longer and shorter [8]. These cytoskeletal proteins play an important role in
many cellular events, particularly in cell division. Since cytoskeletal disorders can also
result in cancer, tubulin is often targeted by anticancer chemotherapy [9]. Chemothera-
py of cancer cells can induce either microtubular depolymerization or hyperpolymeriza-
tion. In both cases, this results in cell cycle arrest which can occur in G- or G,/M-phases
[13]. Thus, the mitotic arrest is a common cause of giant cell formation [11, 14].
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In this study, we used two known anti-tubulin agents possessing opposite effects
towards tubulin, and also used as anticancer drugs. These are: vinblastine (alkaloid
obtained from Catharanthus rosea) causing destabilization of microtubules, and pacli-
taxel (mitotic inhibitor obtained from Taxus brevifolia), stabilizing the microtubule struc-
ture [14].

Paclitaxel blocks cell ability to use cytoskeleton in a flexible manner. It binds to in-
ner surface of the B-tubulin subunit along the length of microtubules, increasing in this
way their affinity to neighboring molecules. At low concentration, paclitaxel stabilizes
microtubules preventing cell cycle progression from metaphase to anaphase. While at
higher concentration, this drug can stimulate microtubule polymerization. Thus, pacli-
taxel locks microtubules in place of their location, and cells loose their ability to disas-
semble. Furthermore, microtubules fix the position of chromosomes during mitosis. By
stabilizing microtubules, paclitaxel blocks separation of daughter cells during mitosis.
[2, 5, 6].

Vinblastine binds to B-tubulin subunit and inhibits polymerization of microtubules.
This leads to cell arrest at metaphase of mitosis or cell death. A decreased expression
of class Ill B-tubulin was detected after vinblastine treatment [7]. At high concentration,
vinblastine stimulates microtubule depolymerization and destroys mitotic spindle, where-
as at low concentration, it blocks the mitotic progression. Unlike paclitaxel which weakly
binds soluble B-tubulin, vinblastine tightly binds both microtubule-associated and soluble
B-tubulin. By binding to a region called vinca domain, vinblastine inhibits lengthening and
shortening of the microtubules. Microtubules enter an attenuated state which prevents
an assembly of the mitotic spindle and reduces tension at the kinetochores of the chro-
mosomes. This blocks their movement to cell spindle equator. Thus, cells get arrested in
a state of progression from metaphase to anaphase of mitosis [1, 2, 3].

Different changes can occur in the giant cells that undergo inappropriate cell divi-
sion and produce aneuploid daughter cells. Such enlarged cells can exit cell cycle with-
out cell division or die during mitotic arrest. They can further develop as tetraploid cells
and undergo apoptosis by exiting from the G,-phase or escaping to G,-phase and un-
dergoing apoptosis in the interphase [1, 2].

Here we present our data on formation of giant cells and other changes in the mu-
rine NK/Ly lymphoma cells under paclitaxel or vinblastine treatment. Several differen-
ces were found in the cytomorphological characteristics of these tumor cells under their
treatment with mentioned anticancer drugs.

MATERIALS AND METHODS

NK/Ly lymphoma was passaged by the intraperitoneal inoculation of 25 million cells
into C57 black 4-month old mice. Animal weighting was performed every 24 hours after
tumor cell inoculation. On day 7-10, when animal weight increased by 50-60%, mice
drainage was performed (the amount of taken ascite was no less than 10 ml). The dia-
meter of the parental non-treated NK/Ly lymphoma cells equaled 12.7 um. To obtain a
population of giant cells with diameter > 17 um, an injection of 1% vinblastine solution
(50 ng) or 1% paclitaxel solution (60 ng) was performed 3 days before drainage. In an-
other experiment, in 72 hours after vinblastine injection (50 pg per mouse) different
doses of paclitaxel were applied (starting with 3 ug per ml of ascite). All doses were
selected experimentally. Lymphoma cells present in the ascite were used for study.
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To evaluate the morphological changes in the drug-treated cells, cell size and the
percentage of giant cells was measured in the hemocytometer chamber. Cells were
stained with acridine orange (incubation of 3x108 cells/ml for 10 min in 0.1% acridine
orange solution), DAPI (incubation of 3x108 cells/ml for 10 min with methanol (1 volume
of methanol and 2 volumes of cell suspension), and further incubation for 10 min in
0.1% DAPI), Hoechst 33342 (incubation of 3x108 cells/ml for 10 min in 0.1% Hoechst
33342), or fixed with methanol and stained for 45 min with 5% Giemsa-Romanovsky
dye. Rhodamine-123 staining was performed to check mitochondria membrane poten-
tial (3x108 cells/ml were incubated with 1 pg/ml of Rhodamine-123 for 30 min). Light and
fluorescent microscopies (MikMed 2, Russia), as well as electron microscopy (PEM-
100, Ukraine) were carried out. Studies were conducted in 1, 3, 6, 12, 24, 48, 72, 96,
120 and 144 hours of mice treatment with used cytostatic drugs.

Each experiment noted in this work was repeated three times. All conducted proce-
dures were performed in accordance with the stipulations of Helsinki Declaration and
the policy statement for care and use of laboratory animals. This was done under the
control of Bio-Ethical Committee at the Institute of Cell Biology, NAS of Ukraine.

RESULTS AND DISCUSSION

Fig. 1 presents data on size distribution of murine NK/Ly lymphoma cells in control
and vinblastine- or paclitaxel-treated mice. One can see that maximal number of giant
cells was achieved in 24 h of paclitaxel treatment and in 72 h of vinblastine treatment.
The average diameter of giant cells in the paclitaxel-treated animals equaled 18.2 um
with maximum size of 40 um. In 96 hours after the paclitaxel injection to NK/Ly tumor-
bearing mice, most lymphoma cells in the ascite were back to smaller size of 13.3 um
that is close to size of the parental cells (12.7 um). The mitotic spindle was rarely ob-
served in the paclitaxel-treated cells, while some of the vinblastine-treated lymphoma
cells reached 85 um in diameter and 10.3% of them possessed a mitotic spindle. The
biggest amount of giant cells equaled 82.1%, and it was reached in 72 hours after the
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Fig. 1. Time dependent dynamics of number of giant cells in the murine NK/Ly lymphoma under paclitaxel or
vinblastine treatment

Puc. 1. 3anexHa Big Yacy AuHaMika KinbKOCTi FiraHTCbK1X (hopM KniTUH Muwavoi nimgomm NK/Ly 3a giji BiH-
6nacTuHy Ym naknitakceny
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vinblastine injection (average size — 19.5 um) (fig. 1). Thus, cells subjected to vinblas-
tine treatment were not only larger, but also possessed a longer lifespan.

While a start of increase in number of giant NK/Ly cells was observed as soon as
3 hours after paclitaxel injection, a significant increase in number of vinblastine-induced
giant cells can be seen much later (24 hours after drug injection). Under paclitaxel and
vinblastine treatment cells were 3.5 and 7 times enlarged in their diameter, respectively
(fig. 2). Giant cells whose appearance was induced by vinblastine, were almost twice
bigger in diameter than the giant cells induced by paclitaxel. It should be noted that
second injection of paclitaxel (30 ug) killed all animals, while even after 6 vinblastine
injections (25 ug each) all animals survived.

Fig. 2. Light microscopy of the parental (A), paclitaxel-treated (B), vinblastine-treated (C), and combined
vinblastine and paclitaxel-treated (D) murine NK/Ly lymphoma cells

Puc. 2. Cgitnoa mikpockonisi knituH muwwadoi nimcomu NK/Ly 6aTtbkiBcbkoro Tuny (A), @ TakoX KniTuH, 06-
pobneHnx naknitakcenom (B), BiH6nactuHom (C) Ta oboma npenapatamu (D)

We found that in addition to affecting lymphoma cell morphology, the applied drugs
significantly reduced the number of the NK/Ly lymphoma cells in ascite (from 160 min/
ml to 30 min/ml under 24 hour paclitaxel treatment, and from 170 min/ml to 55 min/ml
under 72 hour vinblastine treatment).

Almost all vinblastine-treated cells had various membrane defects (fig. 2), firstly
membrane blebbing, whereas an appearance of vacuoles in cytosol was the most pro-
nounced change in the paclitaxel-treated cells (fig. 3). It should be noted that in the
paclitaxel-treated cells, there appeared either huge membrane blebs which could be
3 times bigger than the whole cell, or numerous smaller blebs on cell surface (fig. 2). In
addition, nucleus asymmetry, abnormal accumulation of chromatides, and nucleus
membrane defects were observed under vinblastine or/and paclitaxel treatment (fig. 3).
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Fig. 3. Electron microscopy of the parental (A), and paclitaxel- (B) or vinblastine- (C) treated murine NK/Ly
lymphoma cells

Puc. 3. EnekTpoHHa mikpockonis KniTuH 6atbkiBcbkoro tuny (A) muwadoi nimgomn NK/Ly, a Takox Lmx Kni-
TWH nicnga Aii naknitakceny (B) un BiHGnactuHy (C)

Rhodamine-123 accumulation in mitochondria indicates normal membrane poten-
tial in cells, while a diffused localization of this fluorescent dye suggests a decrease of
this potential that is characteristic for the apoptotic cells [15]. We found that giant lym-
phoma cells appearing under the action of vinblastine, do not differ significantly from the
parental lymphoma cells in Rhodamine-123 accumulation in mitochondria, while the
paclitaxel treatment led to a decrease in membrane potential if judged by this indicator
(fig. 4). Of course, other pro-apoptotic indicators should be also evaluated for taking

Fig. 4. Rhodamine 123 staining of the parental (A, B) and giant (C, D) murine NK/Ly lymphoma cells which
appeared under vinblastine-paclitaxel co-treatment of tumor-bearing mice (see Materials and Methods)

Puc. 4. dapbyBaHHst PogamiHoM-123 kniTvH muywadyoi nimgpomu NK/Ly: 6aTbkiBebki kniTuHu (A, B) Ta knitu-
HY nicnst cymicHoi Aii Ha HUX BiHBnacTuHy i naknitakceny (C, D) (avB. po3ain Matepianu i metoan)
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a final conclusion on different effects of vinblastine and paclitaxel towards trans-mem-
brane potential in mitochondria.

We found that paclitaxel injection (30 pg per mouse) in 72 hours after vinblastine
injection (50 ug per mouse) led to massive blebbing of lymphoma cells already in 1 hour
of paclitaxel action. One can see that almost all lymphoma cells obtained from animals
treated with both used drugs, underwent giant cell transformation and membrane bleb-
bing (fig. 4). The average size of such treated cells equaled 20.3 um and 94.2% of all
cells contained blebs. These blebs were much bigger than those which appeared under
treatment of tumor-bearing animals with only vinblastine or paclitaxel. This suggests
that the mechanisms of action of vinblastine and paclitaxel differ considerably, since
paclitaxel intensified significantly vinblastine action towards blebbing of target cells. It
should be noted that in most cells obtained from mice treated with both vinblastine and
paclitaxel, the size of the blebs overcome the size of the cells. These cells treated with
two used anticancer drugs, also possessed a decreased Rhodamine-123 accumulation
in mitochondria, comparing with such accumulation in mitochondria of cells obtained
from the vinblastine-treated mice.

CONCLUSION

Morphological changes induced by paclitaxel and vinblastine in the murine NK/Ly
lymphoma cells differ considerably. Both paclitaxel and vinblastine induced plasma
membrane blebbing, cytosolic vacuolization, and changes in cell nucleus. However, in
the case of vinblastine treatment, membrane blebbing was more pronounced, while in
the case of paclitaxel action, cytosolic vacuolization was much better expressed. These
data suggest different mechanisms in targeting cytoskeletal protein B-tubulin by these
anticancer drugs. Cytochemical study of the character of Rhodamine-123 accumulation
in mitochondria of cells treated with these two anticancer drugs indicates more pro-
nounced effect of the paclitaxel than of the vinblastine towards decreasing transmem-
brane potential. Further studies on discriminating between the mechanisms of pacli-
taxel and vinblastine actions towards tumor cells are in progress.
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MOPIBHAJIbHA XAPAKTEPUCTUKA MNrAHTOKNITUHHOI TPAHC®OPMALIIT
B MULLAYIA NIM®OMI NK/LY 3A AIi MAKNITAKCENY | BIHBTACTUHY
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Mwu nopiBHANM riraHTOKNITUHHY TpaHcdopMaLlito KNiTH Mywadoi nimgpomm NK/Ly
nicnsa Aii NpoTMNYXMHHKX NpenapartiB — BiHONacTuHy Ta naknitakceny. byno susene-
HO, WO 3a Aii BIHONacTuHy yTBOpPIOBaNuCh GinblLui y po3Mipi KNITUHK, TOAi SK NakniTak-
cen BUKNUKaB LUBMALLE YTBOPEHHS FIraHTCbKUX KMiTUH. TakoX NMOMiYeHO 3MiHW B MOp-
donorii NiMPOMHUX KNITUH Nicnsa 4il JaHuX NpoTUNYXIIMHHUX npenapartiB. Y Ton yac
SIK BIHONMACTUH BUKITMKAB iIHTEHCUBHILLE YTBOPEHHSI MYXMPLIB HA MeMOpaHi KniTnHu, na-
KniTakcen iHTEHCMBHILLe iHOYKyBaB Bakyoni3dauilo B LuTo3oni. byno nposegeHo BUMi-
ptOBaHHSA TpaHCMeMBOpaHHOro MOTEHLiany MITOXOHAPIA 3a HAaKOMUYEHHSIM TyT pogami-
Hy-123 i nokasaHo, Lo NakniTakcen BUKIMKaB 3Ha4YHE 3HMKEHHS JAHOro NoKasHMKa no-
PiBHSHO 3 BiHOnactuHoM. OBroBopeHo ponb BUSBNEHUX 0cobnmBocTen y aii BiHbnactu-
HY | naknitakceny Ha NyXmnuHHI KNiTUHN.

Knrovoei crioea: Mwuwada nimpoma NK/Ly, BiHBnacTvH, naknitakcen, riraHTCbKi
KNiTMHW, MeMOpaHHi NyxmpLi, LMTO30MbHa BaKyori3aLlisi, TpaHc-
MeMOpaHHUIM NoTeHujian.
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CPABHUTEJIbHASA XAPAKTEPUCTUKA I'VIFAHTOKHETO'-IHOV!
TPAHC®OPMALIMM B MbILLUHOWU NTIUM®OME NKI/LY NPU OENCTBUU
NAKIMATAKCENA U BUHBJITACTUHA
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Mbl CpaBHUMM MMIraHTOKMETOYHYIO TPaHCHOPMALMIO KIETOK MbILUMHON NTMMAOMbI
NK/Ly nocne gencTBust NpoTMBOOMNYXONeBbIX NpenapaToB — BUHONACTMHA U NaknuTak-
cena. bbino obHapyxeHo, 4To Npun AencTBUM BUHBNAacTMHa obpasoBbiBanvch 6onbLumne
no pasMmepam KrneTku, B TO BpeMsi Kak naknuTakcen bbicTpee Bbi3biBan obpasoBaHue
FMraHTCKUX KNeTok. Takke Obliv OTMeYeHbl M3MEHEHUST B MOPAONnornum NiMMEOMHbIX
KNeToK nocne AenCTBUS Ha HUX AaHHbIX NPOTMBOOMYXOMEBLIX NpenapaToB. B 1o Bpe-
Msi, Kak BUHONacTuH Bbi3biBan 6onee nHTeHcnBHOE obpasoBaHme ny3bipent Ha Membpa-
He KneTKu, NaknuTakcen MHAyumpoBan Bakyonusaumio B uutosone. bbino nposeaeHo
n3mMepeHne TpaHCMeMOpaHHOro noTeHumMana MUTOXOHAPUIA MO HAKOMMNEHUO pogamum-
Ha-123 1 nokasaHo, YTO NakNUTaKCEN BbI3bIBAET 3HAYMTENBHOE CHUXEHUE OAHHOro
nosasaTensi MO CPaBHEHUIO C TaKUM Xe Aenctenem BuHbnactnHa. O6cyxgaetca ponb
BbISIBNEHHbIX OCOBEHHOCTEN B AENCTBMM BMHONACTMHA M NaknuTakcena Ha onyxone-
Bbl€ KIETKM.

Knrovesnie cnosa: MbiwmnHas numcpoma NK/Ly, BUHBnacTuH, naknuTakcen, ru-

raHTCKNE KNEeTKN, MeMOpPaHHbIE Ny3bIpy, LMTO30MbHAsA BaKyo-
nusaums, TpaHcMeMbpaHHbIN NoTeHuunan.
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