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Abstract 

Objective: PAB induced various cancer cell apoptosis, cell cycle arrest and senescence. But in cell 
line murine fibrosarcoma L929, PAB did not induce apoptosis, but autophagy, therefore it was 
thought by us as a good model to research the relationship of cell cycle arrest, autophagy and 
senescence bypass apoptosis.  
Methods: Inhibitory ratio was assessed by 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) analysis. Phase contrast microscopy visualized cell morphology. Hoechst 33258 
staining for nuclear change, propidium iodode (PI) staining for cell cycle, monodansylcadaverine 
(MDC) staining for autophagy, and rodanmine 123 staining for mitochondrial membrane potential 
(MMP) were measured by fluorescence microscopy or flowcytometry. Apoptosis was determined 
by DNA ladder test. Protein kinase C (PKC) activity was detected by PKC assay kit. 
SA-β-galactosidase assay was used to detect senescence. Protein expression was examined by 
western blot. 
Results: PAB inhibited L929 cell growth in time-and dose-dependent manner. At 12 h, 80 μmol/L 
PAB induced obvious mitotic arrest; at 24 h, PAB began to induce autophagy; at 36 h, cell-treated 
with PAB slip into G1 cell cycle; and 3 d PAB induced senescence. In time sequence PAB induced 
firstly cell cycle arrest, then autophagy, then slippage into G1 phase, lastly senescence. Senescent 
cells had high level of autophagy, inhibiting autophagy led to apoptosis, and no senescence. PAB 
activated PKC activity to induce cell cycle arrest, autophagy and senescence, inhibiting PKC activity 
suppressed cell cycle arrest, autophagy and senescence.  
Conclusion: PAB induced cell cycle arrest, autophagy and senescence in murine fibrosarcoma 
L929 cell through PKC. 

Key words: murine fibrosarcoma L929 cells; pseudolaric acid B (PAB); PKC; autophagy; cell cycle 
arrest; senescence. 

Introduction 
Pseudolaric acid B (PAB) was a diterpene acid 

isolated from the root and trunk bark of Pseudolarix 
kaempferi Gordon (Pinaceae), known as “Tu-Jin-Pi” 
which had been used to treat dermatological fungi 
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infections by Chinese. PAB exerted potent cell growth 
inhibiory activity in vitro in various tumor lines 
through apoptosis [1-4], such as in human breast 
cancer MCF-7 cells, it was found that PAB induced 
cell apoptosis, cell cycle arrest and senescence [5, 6]. 
But in murine fibrosarcoma L929, PAB did not induce 
apoptosis, but autophagy [7], therefore it was con-
cluded that so far PAB induced all the cell apoptosis 
except of L929 cell, and it was thought as a good 
model to research the relationship of cell cycle arrest, 
autophagy and senescence bypass apoptosis. Fibro-
sarcoma was a malignant mesenchymal tumour de-
rived from fibrous connective tissue and character-
ized by the presence of immature proliferating fibro-
blasts or undifferentiated anaplastic spindle cells in a 
storiform pattern, there was no better method to treat 
it than surgery. The mechanism of anti-fibrosarcoma 
was clarified to be useful of fibrosarcoma treatment.  

PAB was an anti-tubulin drug [8], same to other 
tubulin-related reagents taxanes  (paclitaxel, docet-
axel), the vinca alkaloids (vincristine and vinblastine), 
and nocodazole PAB suppressed microtubule dy-
namics, thus caused mitotic arrest [9-15]. Mitotic ar-
rest had different results: (a) apoptosis during mitotic 
arrest and (b) mitotic slippage. Mitotic slippage also 
had different results, namely secondary apoptosis 
after mitotic slippage and G1 cell cycle arrest after 
mitotic slippage [16]. When mitotic slippage cells en-
tered G1 phase of cell cycle, multinucleated cells were 
formed, and those multinucleated cells survived and 
became senescent [17]. Cellular senescence was re-
ferred to permanent arrest in the G 1 phase of the cell 
cycle [18]. Senescent cells had a flattened, enlarged 
morphology and exhibited specific molecular markers 
like senescence-associated-β-galactosidase, senes-
cence-associated heterochromatin foci and the accu-
mulation of lipofuscin granules [19, 20]. Autophagy 
was the process by which the cell’s own components 
were delivered to lysosomes for bulk degradation. 
Autophagosomes had been shown to accumulate in 
senescent fibroblasts to facilitate the renewal of cyto-
solic compounds and organelles [21]. Recent studies 
had shown recombinant expression of autophagy 
genes (BNIP3, Cathepsin B or ATG16L1) in stromal 
fibroblasts was sufficient to induce the onset of con-
stitutive autophagy as well as the development of 
senescence [22]. On the contrary, it was also found 
that autophagy impairment induced premature se-
nescence in primary human fibroblasts [23]. Most 
researches focused on the relationship of between 
autophagy and senescence, or between cell cycle ar-
rest and senescence. But less research was about tri-
adic relationship of them in one experiment model. In 
this study we investigated the relationship of mitotic 

arrest, autophagy and senescence especially the se-
quence of events in one experiment model. 

 PKC enzymes were shown to play a role in 
G2/M transition. The suggested mechanism of PKC 
was suppression of cdc2 activity. But most of the 
published data strongly implicated PKC in lamin B 
phosphorylation and nuclear envelope disassembly 
[24, 25]. In previous study Gong xianfeng found that 
PAB activated PKC to induce cell cycle arrest and 
apoptosis in HeLa cells, and PKC inhibitor stauro-
sporine partly blocks this effect [4], therefore we in-
vestigated whether PKC was involved in autophagy 
and cell cycle arrest induced by PAB. Staurosporine, 
which was the inhibitor of conventional and novel 
PKC isoform, was a natural product originally iso-
lated in 1977 from bacterium Streptomyces stauro-
sporine [26], it was used comprehensively in experi-
ment study as PKC inhibitor. In this study, to clarify 
the effect of PKC we used staurosporine and another 
PKC inhibitor Ro-31-8220 to find whether PAB ex-
erted inhibitory role through PKC, respectively. 

Materials  
PAB, which was purchased from the National 

Institute for the Control of Pharmaceutical and Bio-
logical Products (Beijing, China), was dissolved in 
dimethyl sulfoxide (DMSO) to make a stock solution. 
The senescence detection kit was purchased from 
Calbiochem (La Jolla, CA, USA). DMSO concentration 
was kept below 0.01% in all the cell cultures, and did 
not exert any detectable effect on cell growth or cell 
death. Propidium iodode (PI), monodansylcadaverine 
(MDC), rodamine 123, 3-Methyladenine (3-MA), 
staurosporine, Ro-31-8220, hoechst 33258, RNase A, 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) were purchased from Sigma Chemical 
(St. Louis, MO, USA). The senescence detection kit 
was purchased from Calbiochem (La Jolla, CA, USA). 
Rabbit polyclonal antibodies against LC3, cdc2, cy-
clinB1, β−actin and horseradish peroxi-
dase-conjugated secondary antibodies (goat-anti- 
rabbit or mouse) were obtained from Santa Cruz Bio-
technology (Santa Cruz, CA, USA). 

Cell culture  
Murine fibrosarcoma L929, were obtained from 

American Type Culture Collection (ATCC, Manassas, 
VA, USA), and were cultured in DMEM medium 
(Hyclone, Logan, UT, USA) supplemented with 10% 
heat inactivated (56 oC, 30 min) fetal calf serum (Bei-
jing Yuanheng Shengma Research Institution of Bio-
technology, Beijing), 2 mmol/L glutamine (Gibco, 
Grand Island, NY), penicillin (100 U/mL) and strep-
tomycin (100 μg/mL), and maintained at 37 oC with 
5% CO2 in a humidified atmosphere. 
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Cell growth inhibition test  
The inhibition of cell growth was determined by 

MTT test. L929 cells (1.0×104 cells/well) were seeded 
into 96-well culture plates (Nunc, Roskilde, Den-
mark). After 24 h incubation, different concentration 
of PAB was added to the plates. Following incubation, 
cell growth was measured at different time points by 
addition of 20 µL 3-(4,5-dimethylthiazol-2-yl)- 
2,5-diphenyltetrazolium bromide (MTT, 5 mg/mL) at 
37 oC for 3 h, and DMSO (150 µL) was added to dis-
solve the formazan crystals. Absorbance was meas-
ured at 492 nm with enzyme-linked immunosorbent 
assay plate reader (Bio-Rad, Hercules, CA, USA). The 
percentage of inhibition was calculated as follows: 

Cell death (%)=[A492(control)－A492 (sam-
ple)]/[A492(control)－A492 (blank)] × 100 % 

Observation of morphologic changes by light 
microscopy  

L929 cells (5×105 cells/well) were cultured in 6 
wells plate for 24 h. Then 80 µmol/L PAB, and/or 8 
nmol/L staurosporine, 8 μmol/L Ro-31-8220 were 
treated for 36 h, morphologic changes were observed 
by phase contrast microscopy (Leica, Nusslich, Ger-
many).  

Observation of nuclear morphologic changes  
L929 cells (5×105) were placed on the cover slips 

in a 6-well plate. After 24 h cell culture, they were 
treated with 80 μmol/L PAB and/or 8 nmol/L stau-
rosporine, 8 μmol/L Ro-31-8220 for 36 h, or 80 
μmol/L PAB for 3d, then washed by PBS, fixed in 
3.7% formaldehyde for 1 h, then stained with 5 mg/L 
Hoechst 33258 for 30 min. Nuclear changes were ob-
served by fluorescence microscopy at excitation wave 
length 350 nm with emission filter 460 nm (Leica, 
Nusslich, Germany).  

Observation of mitochondrial membrane po-
tential  

The rhodamine 123 staining intensity is intensi-
fied with the increased mitochondrial membrane po-
tential. L929 cells were treated with 80 µmol/L PAB 
for 3 d, then were incubated with 5 µg/ml rhodamine 
123 at 37 ℃ for 30 min. After incubation, the cells were 
washed once with PBS. The intensity of rhodamine 
123 staining was measured by fluorescence micros-
copy at excitation wave length 505 nm with emission 
filter 534 nm (Leica, Nusslich, Germany).  

Observation of monodansylcadaverine (MDC) 
staining by fluorescence microscopy [27] 

A fluorescent compound, monodansylcadaver-
ine (MDC) has been proposed as a tracer for au-
tophagic vacuoles. L929 cells were treated with 80 

µmol/L PAB for 3 days, then were incubated with 
0.05 mmol/L MDC at 37 ℃ for 1 h. After incubation, 
cells were washed once with PBS. Intracellular MDC 
was measured by fluorescence microscopy at excita-
tion wave length 380 nm with emission filter 525 nm 
(Leica, Nusslich, Germany).  

Flowcytometric analysis of cell cycle 

L929 cells (1.0×106) were harvested and rinsed 
with PBS. The cell pellets were fixed in 70% ethanol at 
4 oC overnight. After washing twice with PBS, the cells 
were stained with 1.0 mL of PI solution containing PI 
50 mg/L, RNase A 1g/L, and 0.1% Triton X-100 in 
sodium citrate 3.8 mmol/L, followed by incubation on 
ice in the dark condition for 30 min. The samples were 
analyzed by a FACScan flowcytometer (Becton Dick-
inson, Franklin Lakes, NJ, USA).  

Flowcytometric analysis of the MDC staining 
L929 cells (1×106 cells/bottle) were cultured in 25 

mL culture bottle overnight, then harvested with dif-
ferent dose PAB for indicated time, and rinsed with 
PBS. Then the cells were stained with 0.05 mmol/L 
MDC at 37oC for 1 h. After incubation, the cells were 
washed once with PBS. The samples were analyzed by 
a FACScan flowcytometer (Becton Dickinson, Frank-
lin Lakes, NJ, USA). 

Flowcytometric analysis by the rhodamine 123 
staining 

L929 cells were harvested and rinsed with PBS. 
Then the cells were stained with 5 µg/ml rhodamine 
123 at 37 ℃ for 30 min. After incubation, the cells were 
washed once with PBS. The samples were analyzed by 
flowcytometry. 

Determination of DNA fragmentation by 
agarose gel electrophoresis 

Both adherent and floating cells were collected 
by centrifugation at 1,000 × g for 5 min. The cell pellet 
was suspended in cell lysis buffer [Tris-HCl 10 mM 

pH 7.4, edetic (EDTA) acid 10 mM pH 8.0, Triton-100 
0.5%], and kept at 4 oC for 30 min. The lysate was 
centrifuged at 25,000 × g for 20 min. The supernatant 
was incubated with 20 g·L-1 RNase A (2 µL) at 37 oC 
for 1 h, then incubated with 20 g·L-1 proteinase K (2 
µL) at 37 oC for 1 h. The supernatant was mixed with 5 
M NaCl (20 L) and isopropanol (120 µL) at –20 oC 
overnight, and then centrifuged at 25,000 × g for 15 
min. Following discarding the supernatant, the DNA 
sediment was dissolved in TE buffer (Tris-HCl 10 mM 

pH 7.4, EDTA 1 mM pH 8.0), and separated by 2% 
agarose gel electrophoresis at 100 V for 50 min. 

PKC activity  
PKC activity assay was carried out according to 
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the instructions of the PepTag® Non-Radioactive 
Protein Kinase C Assay Kit (Promega). Briefly, the 
cells were washed once with PBS and lysed in lysis 
buffer, including 20 mmol/L Tris-HCl, 0.5 mmol/L 
EGTA, 2 mmol/L EDTA, 2 mmol/L dithiothreitol, 1 
mmol/L phenylmethanesulfonyl fluoride (PMSF), 
and 10 mg/L leupeptin (pH 7.5). Assays were then 
performed at 30°C in a total volume of 25µL contain-
ing 5µL 5×PKC reaction buffer, 5µL PLSRTLSVAAK 
peptide, 5µL PKC activator, 1µL peptide protection 
solution, and 9µL sample. Reactions were initiated by 
the addition of 9µL sample and terminated after 30 
min by incubation of the reaction mixture at 95°C for 
10 min. After adding 1µL of 80% glycerol, each sample 
was separated by 0.8% agarose gel electrophoresis at 
100 V for 15 min, then using bandscan 5 software an-
alyze the band density. We thought that band density 
of medium group was 1, then observed ratio of other 
group to medium group. 

SA-β-galactosidase detection  
The L929 cells (1.5×105 cells/well) were seeded 

into 24-well culture plates (Nunc, Denmark). After 
overnight incubation, 80 µmol/L PAB was added to 
the plates. After 3 d of incubation of PAB. Following 
the protocol of the senescence detection kit, the cul-
ture medium were removed and the cells were 
washed once with 1 mL phosphate-buffered saline 
(PBS), then the cells were fixed with 0.5 mL of fixative 
solution at room temperature for 10–15 min. The 
staining solution mix was prepared in a polypropyl-
ene plastic tube. For each well, 470 μL staining solu-
tion, 5 μL staining supplement, and 25 μL 20 mg/mL 
X-gal in DMF were added. The cells were rinsed twice 
with 1 mL PBS; 0.5 mL of the staining solution mix 
was added to each well and then incubated at 37 °C 
without CO2 overnight. The cells were observed un-
der a microscope for the development of a blue color. 

Western blot analysis of protein expression  
L929 cells (1×106) were cultured in 25 ml culture 

bottle for 24 h, then were treated with 80 µmol/L 
PAB, and/or 8 nmol/L staurosporine for indicated 
time. Both adherent and floating cells were collected 
and frozen at –80 oC. Western blot analysis was per-
formed for total proteins as follows. Briefly, the cell 
pellets were resuspended in lysis buffer, including 
Hepes 50 mmol/L pH 7.4, 1% Triton-X 100, sodium 
orthovanadate 2 mmol/L, sodium fluoride (NaF) 100 
mmol/L, edetic acid 1 mmol/L, egtazic acid (EGTA) 1 
mmol/L, phenylmethyl-sulfonylfluoride (PMSF) 1 
mmol/L, aprotinin 0.1 g/L, leupeptin 0.01 g/L, then 
lysed in 4 oC for 1 h. After 13,000 × g centrifugation for 
10 min, the protein content of the supernatant was 
determined using Bio-Rad protein assay reagent 

(Bio-Rad, Hercules, CA, USA). Protein was loaded in 
onto nitrocellulose membrane. Protein expression was 
detected using primary polyclonal antibody (1:1000) 
and secondary polyclonal antibody (1:2000) conju-
gated with peroxidase.  

Statistical analysis  
All data represent at least three independent 

experiments, and are expressed as mean ± S.D. Statis-
tical comparisons were made using one-way 
ANOVA. ***P-values of less than 0.001 were consid-
ered to represent a statistically significant difference. 

Results 
The inhibitory effect of PAB on L929 cells 

MTT analysis testified that inhibitory effect of 
PAB on L929 was in time and dose dependent man-
ners. At 12 h, IC50 was 77.39 µmol/L; at 24 h, IC50 
was 29.65 µmol/L; at 36 h, IC50 was 10.56 µmol/L; at 
48 h, IC50 was 3.79 µmol/L (Fig. 1). In previous study, 
we found that at 36 h, 80 µmol/L PAB induced 
strongest autophagy than other concentration [7], 
therefore to detect the relationship of autophagy, cell 
cycle arrest and senescence, we chose 80 µmol/L PAB 
in the following experiments.  

PAB induced G2/M cell cycle arrest at early 
stage, then autophagy, lastly senescence. 

We could observe that from 12 h, PAB begun to 
induce obvious G2/M cell cycle arrest, but there was 
no subdiploid peak of apoptosis marker. In control 
group, the G2/M cell cycle arrest ratio was 12.5%, at 
12 h after PAB treatment it was 52.79%, at 24 h it was 
86.88%, at 36h it was 76.83%, at 48 h it was 65.86% 
(Fig. 2A). 80 µmol/L PAB time-dependently increased 
the positive ratio of MDC staining which marked au-
tophagy, in control group, the ratio was 4.32%, at 12 h 
after PAB treatment it was 4.92%, at 24 h it was 
30.25%, at 36 h it was 68.23 %, at 48 h it was 72.98% 
(Fig. 2B), and our previous study had found that from 
24 LC3 II expression was increased which was the 
maker of autophagy[7], therefore combining the re-
sults of the MDC staining and LC3 II expression, it 
was confirmed that PAB from 24 h induced autoph-
agy. Senescent cells acquire characteristic morpho-
logical changes, such as flatten out and enlargement. 
At the same time senescent cells can be identified via a 
biochemical assay that senescence-associated- 
β-galactosidase at an acidic pH 6.0 was visualized as a 
blue perinuclear staining [28, 29]. After 80 µmol/L 
PAB for 3 d, senescence was detected by 
SA-β-galactosidase staining under phase contrast mi-
croscopy. It was found that PAB-treated cells were 
positive after SA-β-galactosidase staining. Meanwhile 
the senescent cells acquired characteristic morpho-
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logical changes, such as flatten out and enlargement 
(Fig. 2C). 

The characters of senescent cells  
The characters of senescence-induced by 80 

µmol/L PAB treatment for 3 d were detected. Senes-
cent cells were multinuclear (Fig. 3A). In senescent 
cells, the level of autophagy was high, namely 
flowcytometric analysis detected increasing positive 
ratio of MDC staining, fluorescence microscopy ob-
served increasing green dots of MDC staining after 
PAB treatment, and western result showed that the 
expression of LC3II was increased by PAB treatment 
(Fig. 3B). In senescent cells, the mitochondrial mem-
brane potential was not decreased in rodanmine 123 
staining which was examined by flowcytometry and 
fluorescence microscopy, respectively (Fig. 3C). In 
control cells most of them were diploid, but in senes-
cent cells most of them was polyploid (Fig. 3D). 
Meanwhile DNA fragmentation of senescent cells was 
not observed, but when 3-MA, an inhibitor of au-
tophagy, together with PAB was used, most of cells 
died through apoptosis, lastly no senescence (Fig. 3E).  

PAB increased PKC activity 
From 12h, PAB obviously increased PKC activity 

compared to medium group, and which decreased by 
8 nmol/L staurosporine at different time point (Fig. 
4).  

PKC inhibitor staurosporine or Ro-31-8220 
inhibited the effect of PAB 

When L929 cells were treated with 80 µmol/L 
PAB for 36 h, the cell became larger and rounder than 
control group, but there was no apoptotic bodies, and 
debris of dead cell. Together with PKC inhibitor 
staurosporine or Ro-31-8220, debris of dead cells ap-
peared, and the number of larger and round cells de-
creased after PAB treatment (Fig. 5A). At 36 h the 

multiple nuclear L929 cells appeared after PAB 
treatment, and there was no condensed nuclear in cell 
nuclear fluorescence analysis. But together with PKC 
inhibitor staurosporine or Ro-31-8220, the number of 
multiple nuclear L929 cells was decreased after PAB 
treatment, importantly DNA fragmentations ap-
peared (Fig. 5B). And at 36 h G2/M cell cycle arrest 
appeared after PAB treatment. But together with PKC 
inhibitor staurosporine or Ro-31-8220, cell cycle arrest 
was inhibited after PAB treatment, and the apoptotic 
subdiploid peak appeared (Fig. 5C). 

Staurosporine changed cyclinB1 expression 
induced by PAB 

From 12 h, the expression of cyclinB1 was 
up-regulated, and from 36 h, the expression of cylinB1 
was down-regulated after PAB treatment. And the 
expression of cdc2 was not regulated by PAB (Fig. 
6A). Together with staurosporine, at 12 h PAB could 
not increase the expression of cyclinB1, but no effect 
on cdc2 (Fig. 6B). 

Staurosporine inhibited autophagy-induced by 
PAB 

PAB increased the ratio of MDC positive staining 
(Fig. 7A), promoted the conversion of LC3 I to LC3II 
and up-regulated Beclin 1 expression (Fig. 7B), but 
together with staurosporine, the ratio of MDC posi-
tive staining-induced by PAB was decreased. And 
conversion of LC3 I to LC3II and the up-regulation of 
Beclin 1 were also inhibited by staurosporine. Caspase 
3 was not activated by PAB treatment, but together 
with staurosporine caspase 3 was activated (Fig. 7C). 
Meanwhile staurosporine promoted the appearance 
of DNA fragmentation of PAB-treated cells, which 
was the marker of apoptosis, but in PAB-treated cells 
there was no DNA fragmentation (Fig. 7D).  

 
Fig 1. The inhibitory effect of different dose of PAB on L929 cell growth at different time. The cells (1×104 cells/well) were incubated with DMEM medium 
for 24 h, then replaced DMEM medium with different dose of PAB for 12, 24, 36, 48 h. Growth inhibition was evaluated by MTT method. Mean ± S.D, n = 
3. 
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Fig 2. PAB induced cell cycle arrest, autophagy and senescence. A: PAB induced cell cycle arrest. Flowcytometric analysis showed that from 12 h 80 µmol/L 
PAB induced obvious cell cycle arrest. M2=G1 phase, M4=G2 phase. The right histogram, which showed that at 12 h after PAB treatment the G2/M 
percentage was 52.79%, but control group was 12.5%, was the numerical analysis of left flowcytometry. Mean ± S.D, n = 3. B: PAB increased autophagic 
ratio. From 24 h, 80µmol/L PAB increased the positive ratio of MDC staining in flowcytometric analysis. The right histogram, which showed that at 24 h the 
positive ratio of MDC staining was 30.25%, at 12 h it was 4.92% and control group was 4.32%, was the numerical analysis of left flowcytometry. Mean ± S.D, 
n = 3. C: Senescence was observed. After cells were treated with 80 µmol/L PAB for 3 d, the cells became blue in SA-β-galactosidase staining under phase 
contrast microscopy. Arrows indicated blue staining. Bar= 45 µm. 
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Fig 3. The characters of senescence induced by 80 µmol/L P PAB treatment for 3 d. A: Senescent cells were multinuclear. Arrows indicated multinuclear 
cells. B: In senescent cells, the bright green dots of MDC staining were increased in the morphologic picture, which marked autophagy. And flowcytometric 
analysis further showed that PAB increased MDC positive ratio. Western result indicted LC3II was formed after PAB treatment. The densitometry was 
applied to quality the protein density of the Western blot, S C: (band density of the sample after PAB treatment for different time) (band density of control). 
Triplicate experiments were done. C: In senescent cells, the mitochondrial membrane potential was not decreased. Morphologic analysis showed that 
senescent cells and control cells had the same density of rodamine 123 staining, and flowcytometric results further showed that mitochondrial membrane 
potential was same between two groups. D: Most of senescent cells were 4 N cells, control group were 2N cells, but in senescent cells, the number of 
polyploid was increased. E: In PAB-treated L929 cells, there was no DNA ladder, but combined with 3-MA (autophagy inhibitor), DNA ladder appeared. 
Bar= 15 µm. 
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Fig.4. PAB increased PKC activity. From 12 h, PAB increased PKC activity which was decreased by staurosporine, but alone staurosporine did not 
obviously affect PKC activity. 

 

Fig. 5. Staurosporine restrained the effect of PAB. A: At 36 
h, PAB did not induce the appearance of apoptotic bodies, 
and made cells larger that control. But with staurosporine, 
the apoptotic bodies appeared after PAB treatment, and cell 
did not become larger, bar=90 µm. B: At 36 h, PAB pro-
moted the appearance of multiple nuclei of L929 cells, but 
together with staurosporine, nuclei were fragmented and 
condensed, the cell number of multiple nuclei was de-
creased, bar=45µm. C: PAB promoted cell cycle arrest, but 
staurosporine inhibited the role of PAB, and promoted the 
appearance of subdiploid peak which marked apoptosis.  
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Fig 6. Staurosporine altered the expression of mitotic arrest-related protein in PAB-treated L929 cells. A: PAB up-regulated the expression of cyclinB1 at 
12 and 24 h, and decreased the expression of cyclin B1 from 36 h, and had no effect on cdc2 expression. B: At 12 h, PAB up-regulated cyclin B1 expression, 
together with staurosporine, PAB did not increase cyclinB1 expression.  
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Fig 7. Staurosporine inhibited autophagy and promoted apoptosis in PAB-treated L929 cells. A: PAB increased MDC positive staining, but was blocked by 
staurosporine. B: PAB increased the expression of Beclin 1 and LC3 II expression which marked autophagy, but was inhibited by staurosporine. C: PAB 
alone could not activate caspase 3, but combined with staurosporine caspase 3 was activated. D: In PAB-treated L929 cells, there was no DNA ladder, but 
combined with staurosporine DNA ladder appeared.  

 

 

Fig 8. A schematic diagram of the events that occurred during 
PAB-induced cell death in L929 cells was depicted. PAB induced mitotic 
arrest then. High dose of PAB induced high level of autophagy which could 
inhibit apoptosis and then escaped into G1 cell cycle, lastly became se-
nescence. 

Discussion 
 PAB had potent anti-tumor effect on human 

breast cancer MCF-7, human cervical cancer HeLa, 
human melanoma A375 and so on, and most of in-
hibitory effect on tumor cell was through apoptosis or 
necrosis [1-6]. But in murine fibrosarcoma L929 cells 
after PAB treatment we did not observe apoptotic 
bodies, debris of dead cell under microscope, con-
densed nuclear in cell nuclear fluorescence analysis, 
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and subdiploid peak of apoptosis marker. Taken them 
together, the inhibitory mechanism of PAB in L929 
cell was not through apoptosis. We did not know the 
detail reasons why in L929 cells there was no apopto-
sis, but Qi Min [12] reported that caspase 3 was not 
activated by PAB in L929 cell in 72 h, therefore it was 
suggested that no caspase 3 activation might be one 
reason that PAB did not induce apoptosis. Meanwhile 
our previous study showed that PAB did not decrease 
mitochondrial membrane potential through 
up-regulating Bcl-2 expression [7], which might be 
another reason that PAB did not induce apoptosis in 
L929 cells. In this study, we further investigated that 
in L929 cells after PAB treatment what happened by-
pass apoptosis. 

In our previous study, it was found that PAB 
induced L929 cells autophagy [7] and mitotic arrest 
[12] to inhibit L929 cell growth. But the time sequence 
of cell cycle arrest and autophagy was not focused. In 
this study, we found that PAB at 12 h induced obvi-
ous cell cycle arrest, and at 24 h PAB induced obvious 
autophagy. Therefore it was confirmed by us that cell 
cycle arrest was anterior to autophagy in the time 
sequence. It was reported that G2/M [30] or G1 [31] 
cell cycle arrest were related to autophagy, but our 
study confirmed that mitotic arrest was very im-
portant to autophagy. Meanwhile it was found that 
after 80 µmol/L PAB treated for 3 d, L929 cells be-
came senescence, therefore in time sequence cell cycle 
arrest and autophagy were anterior to senescence. 

It was reported that in cell cycle progression cy-
clinB1/cdc2 complex activity was increased by 
up-regulating cyclin B1 expression, cyclin B1 levels 
rised during the S and G2 phases for entering M 
phase, then cyclin B1 should be destroyed before the 
cells escaped from mitosis [13-17]. It was found that at 
12 and 24 h the expression of cyclin B1 was increased 
by PAB, indicating that cells had entered mitotic 
phase. And at 36 h after PAB treatment, the expres-
sion of cyclin B1 was decreased, indicating that cells 
exited from mitotic phase and entered G1 phase alt-
hough cells could not divide because of inhibit-
ed-tubulin, namely mitotic slippage into G1 cell cycle. 
And at 24 h PAB induced high level of autophagy, 
therefore autophagy happened before mitotic slip-
page into G1 phase of cell cycle. After mitotic slippage 
into G1 phase of cell cycle, sencondary apoptosis or 
permanent G1 cell cycle arrest might occur [16]. In our 
study, we found that the mitosis-arrested cells in-
duced by 80 µmol/L PAB were survival after 72 h. 
However Qi Min study showed that 20 µmol/L PAB 
induced secondary apoptosis after mitotic slippage 
[12]. Therefore it was supposed that high dose of PAB 
induced high level of autophagy, which could inhibit 

apoptosis after mitotic arrest, but low level of au-
tophagy-induced by low dose of PAB could not an-
tagonize apoptosis after mitotic arrest. Therefore it 
was concluded that the level of autophagy might de-
termine the destination of cells after mitotic arrest.  

Some a study proved that autophagy impair-
ment induced premature senescence [23], but we 
found that senescent cells were accompanied with 
high level of autophagy, which was consistent with 
Capparelli C’s study [22]. Meanwhile L929 
cells-treated with PAB after mitotic slippage cells en-
tered G1 cell cycle and formed multinucleated cells, 
these multinucleated cells could survive and became 
senescent which was consistent with Klein LE’s study 
[17]. Meanwhile senescent cells had normal mito-
chondrial membrane potential, and it was reported 
that decreased mitochondrial membrance led to 
apoptosis, indicating that normal mitochondrial me-
mebrane potential were important to senescent cell 
survival bypass apoptosis.  

 PKC had important role in cell biological func-
tion. PKC enzymes were also shown to play a role in 
G2/M transition. The suggested mechanism of PKC 
was suppression of cdc2 activity. But most of the 
published data strongly implicated PKC in lamin B 
phosphorylation and nuclear envelope disassembly 
[32]. In this study we found that at 12 h after PAB 
treatment cyclin B1 expression was up-regulated, but 
together with PKC inhibitor staurosporine the 
up-regulation of cyclin B1 by PAB was blocked. 
Therefore we confirmed that PKC promoted mitosis 
entry, and inhibiting PKC activity blocked mitotic cell 
cycle arrest-induced by PAB. Meanwhile we found 
that staurosporine at 36 h inhibited the occurrence of 
autophagy-induced by PAB. Therefore it was con-
firmed that PKC inhibitor staurosporine inhibited 
mitotic arrest and led to decreased autopha-
gy-induced by PAB. And because staurosporine to-
gether with PAB induced cell death, we could not 
observe the senescence after PAB treatment. In Gong 
Xianfeng study [4], PAB induced apoptosis through 
activating PKC in HeLa cells, and PKC inhibitor 
staurosporine partly blocks this effect, we inferred 
that in HeLa and L929 cells, PAB activated the same 
PKC isoforms, but because of different down stream 
proteins in HeLa and L929 cells, PAB induced apop-
tosis and autophagy in HeLa and L929 cells, respec-
tively. And about what PKC isoforms was activated 
would be done in the future study. Meanwhile stau-
rosporine was known to induce apoptosis directly 
[33], but in this study, low dose of staurosporine was 
used and staurosporine alone did not induce apopto-
sis, therefore it was speculated that staurosporine 
promoted PAB-treated cell death was not related to 
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the apoptotic effect of staurosporine.  
Therefore in L929 cells, PAB induced mitotic ar-

rest, autophagy and senescence in the time sequence 
through activating PKC. 
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