Journal of Life Science 2010 Vol. 20. No. 4. 519~527

©JLS/ISSN 1225-9918

Paclitaxel Induced Caspase-Independent Mitotic Catastrophe in Rabbit Articular

Chondrocyte

Jeong Hee Im and Song Ja Kim+

Department of Biological Sciences, College of Natural Sciences, Kongju National University, Korea

Received January 6, 2010 / Accepted April 24, 2010

Paclitaxel is known as a potent inhibitor of microtubule depolymerization. It leads to mitotic arrest
and cell death by stabilizing the spindle in various cell types. Here, we investigated the effects of pa-
clitaxel on the proliferation and cell death of rabbit articular chondrocytes. Paclitaxel inhibited pro-
liferation in a dose- and time- dependent manner, determined by MTIT assay in rabbit articular
chondrocytes. We also established paclitaxel-induced G2/M arrest by fluorescent activated cell sorter
(FACS) analysis. Paclitaxel increased expression of cyclin B, p53 and p21, while reducing expression
of cdc2 and ¢dc25C in chondrocytes, as detected by Western blot analysis. Interestingly, paclitaxel
showed the mitotic catastrophe that leads to abnormal nucleus division and cell death without DNA
fragmentation through activation of caspase. Cell death by mitotic catastrophe in cells treated with
paclitaxel was suppressed by inhibiting G1/S arrest with 2 mM thymidine. These results demonstrate
that paclitaxel induces cell death via mitotic catastrophe without activation of casepase in rabbit artic-

ular chondrocytes.
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Fig. 1. Paclitaxel inhibits cell proliferation. Articular chondrocytes were treated with or without 1 uM paclitaxel for 24 hr. Changes
in cellular morphology were observed using phase contrast microscopy (Original magnification X200) (A). Primary cultured
chondrocytes were treated with 1 pM paclitaxel for various time periods (B) or indicated concentrations for 24 hr (C). Cell
viability was measured by using methyl thiazole tetrazolium (MTT) proliferation assay kit. The data represent the average
values with standard deviation (n=4). Asterisks (*) indicate values that are significantly different (student’s t test, p<0,05)

as compared to cells treated with paclitaxel alone.
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Fig. 2. Alterations cell morphology and cell death of chon-
drocytes treated with paclitaxel. Chondrocytes were un-
treated (Control) or treat with 1 uM paclitaxel for 24 hr.
Cells were stained with DAPI (nuclei, blue) and anti-tu-
bulin antibody (green, original magnification X1,000, A).
DNA was isolated from cells after 24 hr untreated
(Control) or treatment of paclitaxel (PTX) or SNP, a NO
donor, and apoptotic cell death was determined by ex-
amining DNA fragmentation by electrophoresis (B).
Fragmented DNA was visualized staining with ethi-
dium bromide. Line M, 100 bp size markers. Paclitaxel
not induced caspase-3 activation (C). Chondrocytes were
treated with paclitaxel for various concentrations or SNP
for 24 hr. Caspase-3 activation was determined by west-
ern blot analysis. Actin was used as loading control. The
data represent the results a typical experiments (n=3).
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Fig. 3. Paclitaxel causes cell cycle arrest at G2 and M phase. Articular chondrocytes were treated with or without 1 uM paclitaxel
and harvested at the indicated times for FACS analysis of cell cycle distribution (upper panel). Each cell cycle was analyzed
by flow cytometry (lower panel). A representative experiment is shown.
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Fig. 4. Paclitaxel blocks Cdc2/Cyclin B via p53/p21 pathway. Chondrocytes were treated with 1 uM paclitaxel for various time
periods (A) and quantification of the protein content of p53, p21, Cdc2 and Cyclin B by densitometry (B). Each value is
mean=SD of independent experiments done in duplicate. * Significantly different from the control (* p<0.05, ** p<0.01) accord-
ing to student t-test. Indicated concentration of paclitaxel treatment for 24 hr and expression of p53, p21, Cdc2, Cyclin
B, Cdc25C, Caspase-3 and Actin was determined by western blot analysis (C). Actin was used as loading control. The

data represent the results a typical experiments (n=3).
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Fig. 5. Thymidine effectively abolish paclitaxel-induced mitotic catastrophe. Chondrocytes were incubated in medium alone or in
medium countaining 2 mM thymidine (ThyD), 1 uM Paclitaxel (PTX), or pretreated for 16 hr 2 mM thymidine followed
by 1 uM paclitaxel for 24 hr. The cells were fixed, stained with propridium iodide (PI), and examined by flow cytometry
(upper panel) and cell cycle analysis (lower panel) (A). Cells were fixed in 3.5% paraformaldehyde followed by permeabiliza-
tion with 0.1% Triton X-100. Cells were stained with DAPI and anti-tubulin antibody (Original magnification X1,000) (B)

Data are presented as results of a typical experiment.
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Fig. 6. Expression of p53, p21, Cdc2, Cyclin B, and actin was
determined by western blot analysis. Chondrocyte
were pretreated with 2 mM thymidine for 16 hr then
paclitaxel was added for an additional 24 hr. Actin
was used as loading control. The data represent the
results a typical experiment.

Paclitaxelol] ©]gF P AlAe] 42 cyclin BY E3&
st} L go] AFFEH R Sl AL 9T &
Ch(Fig. 4A). PaclitaxelS A 2] &4 AZ A E0] 1% i
QI MEIIAL}= THE mitotic arreste]l 9]¢k BIAAFA L FAL

FEZ g9S At dAA $5& YEIYE mitotic cat-
astrOphe &ol %M‘*E} A EZTAMS} 22 FE A "t
AFollE E7ata w2 F Wel DNA £22 paclitaxel
< AP B ASAH EANA HehdA] o S Th(Fig. 2B). o]l
Caspase-39] A& ZAMS| £ A7, paclitaxel S A 2|3 =
HEANME caspase-39] E448}ol| olf-d W37} §loS &l
3% th(Fig. 2C, 4A and 4C). HL-604| E 9} KG1 M Z o)A pa-
clitaxel & AZ3tAS w 200 bp ©]3+<] internucleosomal
DNA BEE feste e 74 AlZ f39 WA A4S
et A2 AZETH1]. o & 591, B4 synoviocyted]
paclitaxel S 2|39 S o DNA #4842 YA &%
AH13], HAES 7H SApe] Az A o)M= YERTI].
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Z 2AHE 7+ F87] A, G1/S7] BAA]
%4217 thymidines sttt dZA 2 2

mM thymidineS 16417+ A 23 & paclitaxel S A 2] g
A7}, thymidinedl| €3 G1/S7] A A= pacitaxel®] FE38h=
Al @S AL, AEF7) B9 G2/M7] BAE A st
Ak T8, G2/M A EJE 23 @Al Cyclin B9}
Cde29] HaFE 7t 7+ JA) &= 38 A ZAtFig 6). 13,
paclitaxeldl| &gt vl &7e] &40 2 QI8 p537} p21 T
A e S7k= G1/S 7] BA o A FJEY A&
o2 A3 Az ¥M3brt §11th(Fig. 6). o] Shenberger
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7]
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paclitaxel & % 2] 3}ed, paclitaxelo] ME F7]5 G2/Mdl| M
mitotic arrestsle] M EZF24S AA8}3, caspase-Hl 2] E 3 QU
ASAGAEE B3 o8 FA & FE8hE mitotic catas-
trophe Qo7Ithe A& opith. H3, paclitaxel ] o3

mitotic catastrophe= G1/57] AAE 3l o3 FAo] dA
gotE AT oot
astrophe™ A EF7]0] oJEH o2
o1, B Yo7} paclitaxel©] f+%E38k= mitotic catastrophe®]
AL F7)9 Aol MEA BoE St A FaFE

Anet Az H

°]&, paclitaxel®l 9]¢+ mitotic cat-
A= AL o & g

A 2
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