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Anisomycin induces glioma cell death via down-
regulation of PP2A catalytic subunit in vitro
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Aim: To examine the effects of anisomycin on glioma cells and the related mechanisms in vitro.

Methods: The U251 and U87 human glioblastoma cell lines were tested. The growth of the cells was analyzed using a CCK-8 cell viabil-
ity assay. Apoptosis was detected using a flow cytometry assay. The expression of proteins and phosphorylated kinases was detected
using Western blotting.

Results: Treatment of U251 and U87 cells with anisomycin (0.01-8 pmol/L) inhibited the cell growth in time- and concentration-
dependent manners (the ICg, values at 48 h were 0.233+0.021 and 0.192+0.018 pmol/L, respectively). Anisomycin (4 pmol/L)
caused 21.5%+2.2% and 25.3%+3.1% of apoptosis proportion, respectively, in U251 and U87 cells. In the two cell lines, anisomycin (4
umol/L) activated p38 MAPK and JNK, and inactivated ERK1/2. However, neither the p38 MAPK inhibitor SB203580 (10 umol/L) nor
the JNK inhibitor SP600125 (10 umol/L) prevented anisomycin-induced cell death. On the other hand, anisomycin (4 umol/L) reduced

the level of PP2A/C subunit (catalytic subunit) in a time-dependent manner in the two cell lines. Treatment of the two cell lines with
the PP2A inhibitor okadaic acid (100 nmol/L) caused marked cell death.

Conclusion: Anisomycin induces glioma cell death via down-regulation of PP2A catalytic subunit. The regulation of PP2A/C exression
by anisomycin provides a clue to further study on its role in glioma therapy.
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Introduction

Anisomycin is an antibiotic that blocks protein synthesis by
inhibiting peptidyl transferase activity in ribosomes!". It was
reported to induce apoptosis in a variety of cell types, includ-
ing colon adenocarcinoma cells, leukemia cells, Jurkat cells and
ventricular myocytes®®. Anisomycin was widely used as an
agonist for p38 mitogen-activated protein kinase (p38 MAPK)
and Jun-NH, terminal kinase (JNK) in studies investigating
the p38 and JNK signaling pathways. Anisomyecin typically
induces apoptosis through activation of the p38 MAPK and/
or the JNK pathway. A recent novel finding demonstrated
that, independent of its ability to activate p38 MAPK and JNK,
anisomyecin can also decrease FLIP (c-Fas — associated death
domain-like interleukin-1 (IL-1) — converting enzyme-like
inhibitory protein) protein synthesis in prostate cancer cells.
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This decrease in FLIP expression sensitizes cells to anoikis,
which is the initiation of apoptosis that is triggered by a loss of
contact with the extracellular matrix®.

In this study, we found that anisomycin induces U251 and
U87 human glioblastoma cell death independent of its ability
to activate p38 MAPK and JNK and their downstream kinases
and transcription factors. Our data demonstrate that anisomy-
cin suppressed U251 and U87 cell growth in a concentration
dependent manner, and at 8 pmol/L, the cell viability was
reduced to 18.4%+2.1% for U251 and 14.6%+1.3% for U87.
However, neither p38 MAPK nor JNK inhibitors prevented
anisomycin-induced U251 cell death. We also found that ani-
somycin induced U251 cell death independent of its role as an
anoikis sensitizer. Interestingly, our study revealed that ani-
somycin down-regulates PP2A C subunit protein expression
and almost totally inhibits PP2A /C expression after 48 h treat-
ment. C subunit is the catalytic site of PP2A, and its down-
regulation can greatly decrease PP2A activity. Our results
showed treatment of PP2A inhibitor okadaic acid (OA) causes
significant cell death in U251 and U87 cells, indicating that
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anisomycin-induced glioma cell death may caused by down-
regulation of PP2A catalytic subunit. These findings may open
new avenues for studying the mechanisms underlying p38
MAPK and JNK pathway-independent anisomycin-induced
cell death and further research into the use of anisomycin as a
glioma therapeutic agent.

Materials and methods

Agents and antibodies

Anisomycin, SB203580 and SP600125 were purchased from
Sigma-Aldrich (St Louis, MO, USA). PP2A inhibitor OA
was purchased from Beyotime Institute of Biotechnology
(Shanghai, China). For cell treatment, agents were dissolved
in dimethyl sulfoxide (DMSO) and then diluted in serum-
supplemented media immediately before use. The final con-
centrations of SB203580 and SP600125 were 10 umol/L, OA
was 100 nmol/L. Anisomycin was used at the following con-
centrations: 0.01, 0.04, 0.1, 0.4, 1, 2, 4, or 8 pmol /L.

Antibodies against GAPDH, p38, phospho-p38 (Thr180/
Tyr182), JNK, phospho-JNK (Thr183/Tyr185), ERK1/2, phos-
pho-ERK1/2 (Thr202/Tyr204), phospho-ATF-2 (Thr71), phos-
pho-Hsp27 (Ser15), phospho-c-JUN (Ser63 and Ser73), PP2A C
subunit, caspase-8 and FLIP were purchased from Cell Signal-
ing Technology (Beverly, MA, USA).

Cell culture

The U251 and U87 human glioblastoma cell lines were gifts
from Professor Kun YAO (Department of Microbiology,
Nanjing Medical University, Nanjing, China). The cells were
maintained in Dulbecco’s modified Eagle’s medium (DMEM)
containing 10% fetal bovine serum, glutamine, nonessen-
tial amino acids, and 1% penicillin/streptomycin (complete
medium). The cells were grown at 37 °C in a humidified atmo-
sphere of 95% air and 5% CO,.

Cell viability assay

A cell viability assay was performed using the cell count-
ing kit-8 (CCK-8) according to the manufacturer’s instruc-
tions (Dojindo Laboratories, Kumamoto, Japan). The cells
were plated in 96-well plates in 200 pL of culture media with
various concentrations of anisomycin. The cells were then
cultured at 37°C in a humidified incubator containing 95%
air and 5% CO,. After 48 h, the CCK-8 solution was added
The
absorbance measurement was performed at 450 nm using an

to each well and incubated for 1 h in the incubator.

enzyme-linked immunosorbent assay plate reader (Bio-Rad
Laboratories, Inc., Berkeley, CA, USA).

Apoptosis assay by flow cytometry

Cells were plated in 10-cm culture dishes, allowed to adhere
for 8 h and then exposed to anisomycin for 48 h at 37°C. After
48 h, the cells were collected by trypsinization, centrifuged
(3500 r/min for 5 min), and washed twice with PBS. The cells
were fixed in 1 mL of 70% ethanol, pelleted by centrifuga-
tion (3500 r/min for 5 min), rinsed twice with PBS, Then, cells
were incubated for 15 min at room temperature with annexin
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V-FITC and propidium iodide before analysis with a FAC-
SAria III flow cytometer (BD Biosciences, San Jose, CA, USA).

Western blotting

The cells were lysed in an appropriate volume of lysis buffer
(Cell Signaling Technology, Beverly, MA, USA). Cell lysates
were heat denatured for 8 min and separated by SDS-PAGE.
After gel electrophoresis, the proteins were transferred to an
Immobilon-P Transfer membrane (Millipore Corporation,
Bedford, MA, USA). Membranes were blocked for 1.5 h at
room temperature in TBST (0.1% Tween-20+TBS) containing
5% (w/v) non-fat dry milk. After blocking, the membranes
were probed overnight at 4°C with the primary antibodies,
followed by a 1-h incubation with the secondary antibodies
at room temperature. Antibody detection was performed
using the Super Signal West Pico chemiluminescent substrate
(Pierce, Chicago, IL, USA) and the ChemiDoc MP Imaging
System (Bio-Rad, Hercules, CA, USA).

Statistical analysis

All data were analyzed by the Student-Newman-Keuls test
and expressed as the meantstandard deviations (SD). The
results at P<0.05 were considered to be statistical significant.

Results

Anisomycin inhibits U251 and U87 cell growth and induces
apoptosis

To study the effect of anisomycin on U251 and U87 cell
growth, cells were treated with anisomycin at the following
concentrations: 0.004, 0.01, 0.04, 0.1, 0.4, 1, 2, 4, or 8 pmol/L
for 48 h. Cell viability was analyzed using a CCK-8 kit. The
data demonstrated that U251 cell growth was suppressed by
anisomycin at as low a concentration as 0.01 pmol/L (with cell
viability at 75.3%+6.1% for U251 and 74.4%+4.3% for U87). At
the high concentration of anisomycin (8 pmol/L), cell viability
was reduced to 18.4%+2.1% for U251 and 15.6%%1.3% for U87
(Figure 1A). The ICs, at 48 h was measured as 0.233+0.021
pmol/L for U251 and 0.192+0.018 pmol/L for US87.

We also detected the presence of apoptosis by flow cytom-
etry. The cells were treated with 0 or 4 pmol/L anisomycin
for 72 h, and double stained with annexin V-FITC conjugates
and propidium iodide, which was followed by analysis with
a flow cytometer. In this assay, the sub-G; fraction represents
apoptotic cells (indicated by black arrows in Figure 1B). We
found that the Q2 plus Q4 proportions indicated apoptosis
cells, 4 pmol/L anisomycin caused 21.5%+2.2% of apoptosis
proportion in U251 cells and 25.3%+3.1% in U87 cells.

Anisomycin activates p38 MAPK and JNK but inactivates ERK1/2
in U251 and U87 cells

The phosphorylation of p38 MAPK, JNK, and ERK1/2 was
detected in U251 and U87 cells either untreated or treated with
4 pmol/L anisomycin for 30 min. As shown in Figure 2, ani-
somycin-induced phosphorylation of p38 MAPK at Thr180/
Tyr182 and JNK at Thr183/Tyr185. To investigate the effect of
anisomycin on the downstream substrates of p38 and JNK, we
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Figure 1. Anisomycin inhibits U251 and U87 cell growth and induces
cell apoptosis. (A) U251 and U87 cells were separately treated with
anisomycin at concentrations of 0, 0.004, 0.01, 0.04, 0.1, 0.4, 1, 2, 4, or
8 umol/L for 48 h. Cell viability was analyzed using CCK-8 kit. Anisomycin
started to suppress U251 and U87 cell growth at concentration of 0.01
pmol/L (cell viability is 75.3%+6.1% for U251 and 74.4%+4.3% for
u87). At 8 umol/L, the cell viability is only 18.4%+2.1% for U251 and
15.6%+1.3% for U87. Anisomycin inhibits U251 and U87 cell growth in
a concentration-dependent manner. (B) U251 or U87 cells were treated
with O or 4 umol/L anisomycin for 72 h, and double stained with annexin
V-FITC conjugates and propidium iodide followed by analysing in a flow
cytometer. The Q2 plus Q4 proportions indicated apoptosis cells, 4
umol/L anisomycin caused 21.5%+2.2% of apoptosis proportion in U251
cells and 25.3%+3.1% in U87 cells.

detected the phosphorylation of Hsp27, c-JUN, and ATF-2 by
Western blotting. We found that anisomycin activated both
Hsp27 (Ser15), which is phosphorylated by MAPKAP kinase
2 as a result of the activation of the p38 MAPK pathway, and
ATE-2 (Thr71), which can be phosphorylated by both JNK and
p38 MAPK. However, c-JUN (Ser63 or Ser73), the substrate
of JNK, was not activated in anisomycin treated U251 or U87
cells, compared with control treated cells.

ERK1/2 is another well-studied member of the MAPKs,
but its function is usually distinct from the other two mem-
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bers, p38, and JNK. Our results demonstrated that activated
ERK1/2 expression was high in untreated U251 or U87 cells
but very low in anisomycin treated cells (Figure 2).
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Figure 2. Anisomycin activates p38MAPK and JNK but inactivates
ERK1/2 in U251 and U87 cells. Cells were non-treated (-) or treated
with 4 ymo/L anisomycin for 30 min, or pre-treated with SB203580 or
SP600125 for 1 h and then treated with 4 pmol/L anisomycin for 30 min.
The phosphorylated and unphosphorylated p38MAPK, JNK, and ERK1/2
were detected by Western blotting using corresponding antibodies. The
activations (phosphorylations) of the downstream substrates of p38 and
JNK, Hsp27, and c-JUN were also detected. The unphosphorylated MAPKs
served as loading control. A: Anisomycin; SB: SB203580; SP: SP600125.

Neither p38 MAPK nor JNK inhibitors prevented anisomycin-
induced U251 cell death

To investigate whether the p38 MAPK or the JNK pathway
was mediating anisomycin-induced U251 cell death, the p38
MAPK inhibitor SB203580 and the JNK inhibitor SP600125
were used to pre-treat U251 or U87 cells. First of all, the
inhibitory effects of SB203580 and SP600125 on anisomycin
treated cells were analyzed (Figure 2). Our results showed
SB203580 significantly inhibits activation of Hsp27 which is
the downstream substrate of p38MAPK but does not inhibit
the phosphorylation of p38MAPK, indicating that SB203580
inhibit p38MAPK activity but not its activation. For SP600125,
we demonstrated it significantly inhibits the phosphoryla-
tion of JNK (Figure 2). Cells were divided into four groups
and pre-treated with either DMSO vehicle control, 10 pmol/L
SB203580, 10 pmol/L SP600125 or the combination of 10
pmol/L SB203580 and 10 pmol/L SP600125. After 1 h, the pre-
treated cells were treated with with 0 or 4 pmol/L anisomycin
for 48 h. A CCK-8 kit was used to detect the quantity of viable
cells and determine cell viability. As the results show in Fig-

937
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ure 3, neither SB203580 nor SP600125 prevented anisomycin-
induced U251 or U87 cell death (P>0.05).
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Figure 3. Neither SB203580 nor SP600125 prevents anisomycin-induced
U251 or U87 cell death. U251 or U87 cells were divided into four groups
and separately pre-treated with DMSO vehicle, 10 pmol/L SB203580, 10
pumol/L SP600125, or 10 umol/L SB203580 plus 10 pmol/L SP600125.
After 1 h, the pre-treated cells were treated with O or 4 ymol/L anisomycin
for 48 h. Then, cell viability was detected using CCK-8 kit. In groups that
pre-treated with 10 ymol/L SB203580, 10 ymol/L SP600125, or 10
pumol/L SB203580 plus 10 pmol/L SP600125, anisomycin-induced cell
death was not prevented (P>0.05).

Anisomycin induces U251 and U87 cell death independent of its
ability to sensitize cells to anoikis

Caspase-8 and the caspase-8 inhibitor FLIP have been reported
to participate in anisomycin-induced apoptosis'®. Anisomycin
can induce apoptosis by decreasing levels of FLIP, resulting
in a sensitization of cells to anoikis. We detected the levels
of full-length caspase-8, cleaved caspase-8 and FLIP by West-
ern blotting lysates from U251 and U87 cells that were either
untreated or treated with anisomycin. We found that full-
length caspase-8 and FLIP were both undetectable in untreated
U251 and U87 cells. In the cells treated with anisomycin, no
activated cleaved caspase-8 was detected (data not shown).
Our results suggest that anisomycin-induced U251 and U87
cell death is independent of its role as an anoikis sensitizer.

Anisomycin down-regulates PP2A C subunit expression in U251
and U87 cells

Depletion of the PP2A C subunit has been shown to be lethal
in cells. We detected the effect of anisomycin on the expres-
sion of the PP2A C subunit in U251 and U87 cells by Western
blotting. We found that anisomycin (4 pmol/L) down-regu-
lates PP2A C subunit protein expression in a time-dependent
manner and almost completely inhibits its expression after
48 h of treatment (Figure 4). C subunit is the catalytic part
of PP2A, and its downregulation can greatly decrease PP2A
activity. To investigate whether inhibition of PP2A activity
could cause U251 or U87 cell death, we used PP2A inhibi-
tor OA 100 nmol/L to treat U251 and U87 cells for 48 h and
detected the cell viability by CCK-8. In OA treated cells, the
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Figure 4. Anisomycin down-regulates PP2A C subunit level in U251 and
U87 cells. (A) U251 and U87 cells were non-treated (-) or treated with
4 pmol/L anisomycin for 6, 12, 24, or 48 h. PP2A C subunit level was
detected by Western blotting. GAPDH served as loading control. (B) U251
and U87 cells were treated with O or 100 nmol/L okadaic acid (OA) for 48 h,
then the cell viability were detected by using CCK-8 kit. In OA treated
cells, the cell viability was 15.3%+4.2% for U251 and 12.8%+3.5% for
u87.

cell viability was 15.3%+4.2% for U251 and 12.8%+3.5% for
U87. We demonstrated that PP2A inhibition in glioblastoma
cells causes significant cell death (Figure 4B). These results
indicate that anisomycin may induce U251 and U87 cell death
by downregulation of PP2A catalytic subunit.

Discussion

Anisomycin is an agonist of p38 and JNK and is widely used
as a research tool to study these two pathways in various cel-
lular processes. Anisomycin is also well known as a protein
U1 In this
study, we investigated the effects of anisomycin on U251 and
U87 human glioblastoma cells. We first detected the effects of
anisomycin on U251 and U87 cell growth and found that ani-
somycin efficiently induced cell death (at 8 pmol/L, cell viabil-
ity was reduced to 18.4%=%2.1%). Previous studies suggest

that MAPK plays a major role in anisomycin-induced apopto-
- [10-12]
sis

synthesis inhibitor that is involved in apoptosis

. Stress stimuli, including UV irradiation, anoxia and
translation inhibitors like anisomycin, can activate p38 and
JNK pathways and induce apoptosis™. ERK1/2 is typically
activated by growth factors and phorbol esters and contributes
to cell proliferation, differentiation, and survival. These three
MAPK pathways interact with each other by cross-talking to
04131 Thus, we investigated
the effects of anisomycin on the phosphorylation of the three
major MAPKs: p38, JNK, and ERK1/2. Our results demon-
strated that p38 and JNK, as well as their downstream effec-
tors Hsp27 and ATF-2, were activated by anisomycin, whereas

influence the cellular outcome

ERK1/2 was dephosphorylated after anisomycin treatment.



To confirm whether the p38 and JNK pathways played a
role in anisomycin-induced cell death, we introduced their
inhibitors, SB203580 and SP600125, into this study. We found
that neither of the two inhibitors could prevent anisomycin-
induced cell death, even when used in combination. These
data indicate that anisomycin induces U251 and U87 cell death
independent of its ability to activate p38 MAPK and JNK.
These data led to the following important question: through
which pathway does anisomycin induce U251 cell death?

A recent study addressed a similar question!. Using a
chemical screen, the authors identified a novel mechanism by
which anisomycin induces apoptosis. They demonstrated that,
independent of the ability to activate p38 MAPK and JNK, ani-
somycin can also induce apoptosis by decreasing expression
of the caspase-8 inhibitor FLIP, resulting in cells being sensi-
tized to anoikis. The term “anoikis” refers to a self-initiated
process, during which nonmalignant cells undergo apoptosis
upon detachment from the extracellular matrix (ECM)™* "7,
More recently, it was found that not only endothelial cells and
nonmalignant epithelial cells but also malignant epithelial
cells could undergo anoikis through self-initiated activation of

17200 The results from

the death receptor signaling pathway
these studies suggested that anisomycin initiates anoikis in a
caspase-8-dependent manner, due to its inhibition of FLIP pro-
tein synthesis, and independent of its ability to activate JNK
and p38"°. To investigate whether anisomycin initiates anoi-
kis in U251 and U87 cells, we detected the expression of full-
length caspase-8, cleaved caspase-8 and FLIP protein by West-
ern blotting. The results showed that full-length caspase-8
and FLIP protein were both undetectable in untreated U251
and U87 cells, and in anisomycin treated cells, active cleaved
caspase-8 was also negative. Ashley et al® reported similar
results in 2005. They demonstrated that caspase-8 is absent
or low in many gliomas, and almost no gliomas express sig-
nificant amounts of cellular FLIP. Taken together, these data
suggest that initiation of anoikis cannot be the mechanism by
which anisomycin induces U251 or U87 cell death.

In our study, we present a novel finding that may provide a
new perspective for investigating anisomycin-induced apopto-
sis. We detected the protein expression of the PP2A C subunit
in anisomycin treated U251 and U87 cells. The results showed
that anisomycin down-regulates PP2A /C expression in a time-
dependent manner. After 48 h of treatment with anisomycin,
almost no PP2A /C protein could be detected. PP2A/C is the
catalytic subunit, and its downregulation can greatly decrease
PP2A activity. We hypothesize that in anisomycin-induced
U251 and U87 cell death, PP2A/C may be a target that initi-
ates apoptosis. To investigate whether inhibition of PP2A
activity could cause U251 or U87 cell death, we introduced a
PP2A inhibitor Okadaic acid (OA). U251 and U87 cells were
treated with 100 nmol/L OA and then the cell viability were
evaluated by using CCK-8. Our results demonstrated that
PP2A inhibition in U251 and U87 cells causes significant cell
death. This indicated that anisomycin-induced U251 and U87
cell death may directly caused by downregulation of PP2A
catalytic subunit. Lots of previous studies have proven the
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direct effects of PP2A/C on apoptosis, although none of these
studies investigated anisomycin-induced apoptosis. Deletion
of the PP2A/Ca subunit in homozygous null mutant mice is
1?2 Silencing of the PP2A/C gene was
found to greatly decrease PP2A activity and lead to local-

embryonically letha

ized death in plant stems and cells™. Knockdown of the
PP2A/C led to concurrent loss of nontargeted PP2A subunits,
and caused cell death with the morphological and biochemi-
cal changes characteristic of apoptosis in cultured S2 cells™.,
Wong et al found that the introduction of siPP2A/Ca to cells
caused a noticeably accelerated cell death in both the BT474
and the SKBR3 cell lines®. In future studies, PP2A/C would
be the focus of our research, not only because of its potential
role in mediating anisomycin-induced U251 cell death but also
because of its potential role as a target for glioma therapy.

In conclusion, our findings demonstrate that anisomycin can
induce U251 cell death independent of its ability to activate
P38 MAPK and JNK or its ability to sensitize cells to anoikis.
The novel finding that anisomycin sharply down-regulates
PP2A/C protein expression may provide new perspectives for
anisomycin-induced apoptosis and further studies with ani-
somycin in glioma therapy.
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