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Anisomycin represses in vitro and in vivo colon adenocar-
cinoma CT26 cell growth via activation of caspase-cascade 

with reduction of carcinoembryonic antigen
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Jing Liu, Feiyue Xing

ABSTRACT

Aims: In vitro evidence indicates that anisomycin 
can induce cell apoptosis. This study was to 
evaluate potential of anisomycin to treat colon 
adenocarcinoma in vitro and in vivo. Methods: 
Cell viability was determined by methyl thiazolyl-
tetrazolium bromide (MTT). Cell cycle and 
apoptosis were detected by flow cytometry. CT26 
colon adenocarcinoma model was established. 
Cellular apoptosis and tumor necrosis were 
detected by TUNEL (terminal deoxynucleotidyl 
transferase dUTP nick end labeling), and H&E 
staining. Carcinoembryonic antigen (CEA) 
was detected by in situ immunofluorescence. 
Expressions of caspases were measured by 
Western Blot. Results: Our results showed 
that multipoint intratumoral administration 
of anisomycin significantly suppressed colon 
adenocarcinoma CT26 cell growth, and resulted 
in the survival of approximately 80% of CT26-
bearing mice 50 days after CT26 inoculation, 
superior dramatically to adriamycin. Anisomycin 
inhibited the proliferation of CT26 cells, and 
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arrested the cells into S and G2/M phases with 
the production of sub-diploid cells. Anisomycin 
induced in vitro and in vivo apoptosis of CT26 
cells, which was consistent with the enhanced 
expressions of caspases. Specially, the apoptotic 
rate of the tumor cells in the anisomycin-treated 
mice was higher than that in the adriamycin-
treated mice, which was supported by the 
observed histopathological and immunochemical 
changes in the tumor tissue. Carcinoembryonic 
antigen-positive cells in the tumor tissues also 
were prominently decreased by anisomycin. 
Conclusion: These results indicate first time 
that anisomycin efficaciously represses growth 
of colon adenocarcinoma with the extended 
survival through activation of caspase signaling 
with reduction of CEA, significantly superior to 
adriamycin. Thus, it is a promising drug to be 
applied to colon adenocarcinoma therapy.
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INTRODUCTION

Anisomycin (2-(p-methoxybenzyl)-3,4-pyrrolidine-
diol-3-acetate) is a pyrrolidine antibiotic, produced by 
Streptomyces griseolus [1], which inhibits translation 
by binding to the 60S ribosomal subunits in many 
types of cells, blocking the peptide bond formation and 
suppressing the peptidyltransferase reaction, thereby 
preventing elongation and causing polysome stabilization 
[2, 3]. Expressions of genes related to protein synthesis, 
such as eukaryotic translation initiation factor 4 family 
proteins and ribosomal proteins, could be inhibited by 
anisomycin [4]. Currently, anisomycin has been used in 
memory research, showing that it is intimately implicated 
in learning and memory, traumatic memory, and recovery 
of memory [5–8]. 

On the other hand, it was found that anisomycin 
induced cell apoptosis [9–11]. This role is typically 
related to activation of p38 mitogen activated protein 
kinase (MAPK) [12]. During the process of apoptosis, 
the apoptosis-promoting proteins are up-regulated 
and cytochrome c is released from the mitochondria in 
leukemia cells [13, 14]. Hori et al. studies also showed 
mitochondrial membrane potential collapse and 
cytochrome c release into the cytosol in anisomycin-
treated U937 cells [4]. Our previous studies showed 
that anisomycin could inhibit in vitro proliferation of 
differently histological types of tumor cells [15]. Based 
on this, we applied first anisomycin to therapy of Ehrlich 
ascites carcinoma (EAC)-bearing mice, and found that it 
efficaciously extended the mouse survival [16]. Whether 
does in vivo therapeutic effect of anisomycin exist in 
other histological types of tumors? Due to high morbility 
and mortality of digestive system tumors in the world, in 
the current study colon adenocarcinoma was tested first 
time with anisomycin from in vitro to in vivo. 

MATERIALS AND METHODS

Animals: Male BALB/c mice, 6–8 weeks old, 20±2 
grams, were supplied by the Guangdong Medical 
Animal Center (Guangzhou, China). These animals 
were fed in SPF lab of Experimental Animal Center of 
Jinan University. All animal handling and experimental 
procedures were approved by the animal care and use 
committee of guangdong medical animal center.

Cell culture and treatment: CT26 colon 
adenocarcinoma cell line, donated from Institutes of 
Life and Engineering, Jinan University, was cultured in 
Dulbecco’s modified Eagle medium (DMEM) containing 
10% heat-inactivated fetal bovine serum (FBS) (Gibco-
BRL, USA) at 37˚C in humidified air with 5% CO2. Cells 
were incubated for different times with anisomycin 
(Sigma-Aldrich, St. Louis, MO, USA) at 1, 5, 10, 20, 40, 
80 and 160 ng/mL and then subjected to analysis.

Cell viability: CT26 cells were incubated in 96-wells 
plates at the density of 1x104 cells/well/200 μL. The cells 
were treated or untreated with different concentrations of 
anisomycin (1, 5, 10, 20, 40, 80, and 160 ng/mL) and 500 
ng/mL adriamycin (Zhejiang Hisun Pharmaceutical Co. 
Ltd., Taizhou, China) for 48 h or 40 ng/mL anisomycin 
and 500 ng/mL adriamycin for 6, 12, 24, 36, 48, and 
72 h. 20 μL of 5 mg/mL of methyl thiazolyl-tetrazolium 
bromide (MTT) (Gibco-BRL) was added for four hours. 
Afterwards, the supernatant of each well was replaced 
by dimethyl sulfoxide (DMSO) to dissolve the formazan 
product of MTT reduction. Absorbance was measured at 
570 nm using a Model 680 microplate reader (Bio-Rad, 
Inc. USA).

In vivo therapy: 100 μL of suspension with CT26 
cells (1x107 cells/mL) was subcutaneously-inoculated 
into each animal at the right back. Inoculated mice 
were then divided randomly into three groups (mice/
group). The experimental therapy was carried out when 
the tumor volume reached about 50 mm3. Anisomycin 
(5 mg/kg), adriamycin (5 mg/kg) or 100 μL of PBS was 
intratumorally injected into the CT26-bearing mice once 
a day for 14 times. Solid tumor sizes were measured 
every day to calculate tumor volume using the following 
formula: 

Tumor volume = (length x width2)/2, where length 
and width are given in mm.

Flow cytometry: The CT26 cells treated above in vitro 
and separated from in vivo tumor tissue were stained 
using an Annexin V/FITC kit containing propidium 
iodide (PI)  (KeyGEN Biotech, China), according to the 
manufacturer’s instructions and analyzed using a flow 
cytometer with a Cell Quest software (FACSCalibur, 
Becton Dickinson, USA). 

Western Blot: For the in vitro experiment, CT26 
cells were incubated in 12-well plates with different 
concentrations of anisomycin for 48 h. For the in vivo 
experiment, tumor tissues of each group were triturated 
into homogenate. Erythrocyte lysis buffer was added for 
5 minutes. A RIPA Lysis kit (Beyotime, China) containing 
phenylmethanesulfonyl fluoride was used to lyse the 
cells. An equal amount of the samples was separated by 
SDS-PAGE and transferred on nitrocellulose membranes 
(Pall Corporation, USA). The membranes were incubated 
overnight with anti-caspase-3, anti-cleaved-caspase-3, 
anti-cleaved-caspase-8 and anti-cleaved-caspase-9 
antibodies (1:1,000 dilution) (Cell Signaling Technology, 
Inc. USA), respectively. Then, horse-radish-peroxidase-
conjugated IgG antibody (1:2,000 dilution) (Cell Signaling 
Technology) was added to incubate the membranes for 
1 h. The membranes were finally developed with ECL 
Western blotting detection reagent (Thermo Fisher 
Scientific, Rockford, IL, USA). The band density was 
tested by the FluorChem 8000 system. 

Histopathology: The tumor tissues from each group 
were resected and fixed overnight in 4% paraformaldehyde 
solution. They were then embedded in paraffin and 
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processed for construction of 4-μm paraffin-embedded 
sections using a microtome. The paraffin sections were 
stained with hematoxylin and eosin (H&E) staining, 
and were then photographed under a light microscope 
equipped with an OPTEC DV200 digital camera (OPTEC, 
Ltd., China) to assess infiltration of inflammatory cells in 
the tumor tissues.

TUNEL assay: To evaluate apoptosis in tumor tissue, 
a terminal deoxynucleotidyl transferase (TdT)-mediated 
dUTP-digoxigenin nick-end labeling (TUNEL) assay was 
applied using a TUNEL kit (KeyGEN Biotech, China), 
following the manufacturer’s instructions. The stained 
tissue sections were then examined and photographed 
under a light microscope equipped with an OPTEC 
DV200 digital camera (OPTEC, Ltd., China).

In situ immunofluorescence staining: Furthermore, 
tissue sections were deparaffinized and processed by 
fluorescence in situ immunofluorescence staining. The 
sections were incubated with an anti-carcinoembryonic 
antigen antibody (1:500 dilution) (Abcam, Plc. UK) 
overnight at 4°C, followed by Alexa Fluor 488-conjugated 
anti-rabbit antibody (1:1,000 dilution)(Cell Signaling 
Technology, Inc. USA) at 37°C for 1 h, and examined 
under a Leica DMRA2 fluorescence microscope with FW 
4000 software (both from Leica, Germany).

Statistical analysis: Comparison between sets of two 
groups was performed using the Student’s t-test, while 

sets of more than two groups were compared by ANOVA. 
Differences between means were considered significant 
when the p-value was less than 0.05.

RESULTS

Anisomycin inhibits the proliferation of CT26 cells 
and arrests the cell cycle. Effects of anisomycin on 
growth of CT26 cells were examined by MTT assay. 
Compared to the control, anisomycin resulted in a 
significantly inhibitory effect on the proliferation of CT26 
cells in a dose-dependent manner. The cell viability was 
decreased to 20.59% when the cells were treated with 
40 ng/mL anisomycin for 48 h, higher than that in the 
adriamycin-treated cells (Figure 1A), and increased with 
the prolonged exposure to anisomycin. 24 hours after 
the treatment, a dramatic inhibition of cell viability was 
observed in the anisomycin-treated cells when compared 
to the cells treated with 500 ng/mL adriamycin (Figure 
1B). To examine the role of anisomycin in CT26-cell cycle, 
CT26 cells were stimulated with the different doses of 
anisomycin for 48 h and subjected to flow cytometry for 
cell cycle analysis. Compared to the control, the treatment 
with anisomycin resulted in decrease of the cells at the 
G0/G1 phase and increase at the sub-G0/G1 phase with 
increasing doses of anisomycin (Figure 1C–D). These data 

Figure 1: Effect of anisomycin on the in vitro proliferation and cell cycle progression of CT26 cells. (A) Following various treatments 
with anisomycin or 500 ng/mL adriamycin, the cell viability was determined using the MTT assay, (B) Following treatment with 40 
ng/mL anisomycin or 500 ng/mL adriamycin, the cell viability was determined at the indicated time,  (C) The cells were fixed with 
ethanol and stained with propidium iodide, and cell cycle distribution was analyzed by flow cytometry, and  (D) The percentage of the 
cells at G0/G1, S and G2/M phases was shown. All data are represented as the means of 3 independent experiments. *p < 0.05 and 
**p < 0.01 vs the control group.
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demonstrate that anisomycin markedly inhibits the cell 
proliferation, arrests the cell cycle and promotes the cell 
apoptosis, appearing in a dose-dependent relationship.

Anisomycin extends the survival of CT26-bearing mice. 
The tumor volume of the mice treated with anisomycin 
or adriamycin displayed almost the same volume, much 
lower than that of the control. Within 40 days after 
the inoculation of CT26 cells, the therapeutic effect of 
anisomycin appeared to be equal to that of adriamycin 
(Figure 2A–B). The percentage of survival in CT26-bearing 
mice in the control and 5 mg/kg adriamycin-treated mice 
was about 40% at 40 d after the inoculation and no animal 
survived beyond 50 d. But the survival rate of the 5 mg/
kg anisomycin-treated mice reached about 80% at the 
same time, much higher than that of the control mice or 5 
mg/kg adriamycin-treated mice (Figure 2C). As shown in 
Figure 2D, the tumor weights in the anisomycin-treated 
mice was much lower than that in the control, but there 
was no statistical difference between the tumor weight of 
the adriamycin-treated mice and the anisomycin-treated 
mice. Compared with the control, H&E staining showed 
that dissimilar to the untreated control, the tumor tissues 
in the adriamycin-treated or anisomycin-treated mice 
had big area necrosis. The observed reduction of the 
inflammatory cell infiltration around the tumor tissues in 
adriamycin-treated mice might be related to the tumor 
tissue necrosis (Figure 2E). Although the tumor volume 
and weight in the adriamycin-treated mice were similar to 
those in the anisomycin-treated mice, the former survival 
rate was much lower than the latter. We speculated that 
this might be related to adverse effects of adriamycin.

Effect of anisomycin on immune-organs in CT26-
bearing mice unlike adriamycin. Compared with the 
adriamycin-treated mice, the increase of three organs-to-
body ratios was observed in anisomycin-treated mice, but 
the liver- and spleen-to-body ratios in the both-treated 
mice all were lower than those in the untreated control 
(Figure 3A–B). On the contrary, the thymus-to-body ratio 
in the anisomycin-treated mice was higher than that in the 
adriamycin-treated mice or the untreated control (Figure 
3C). These data suggest that similarly, both anisomycin 
and adriamycin all inhibit the hyperplasia of peripheral 
immune organs stimulated by tumor cells, but that 
dissimilarly, anisomycin may stimulate the hyperplasia 
of a central immune organ. Therefore, adverse effects of 
anisomycin on immune organs might be lower than of 
adriamycin.

Anisomycin induces the apoptosis of CT26 cells via 
an increase of caspase activity. In vitro CT26 cells were 
treated with different doses of anisomycin for 48 h and 
analyzed by flow cytometry. In comparison with the 
control, the apoptotic rate of CT26 cells was increased with 
the increasing doses of anisomycin, in which the early-
stage and late-stage apoptotic rates of CT26 cells reached 
13.93 and 44.22%, respectively (Figure 4A). We further 
tested apoptotic changes using ex vivo CT26 cells from the 
treated or untreated mice with the tumor. Compared with 

the control, the apoptotic rate of the tumor cells in the 
adriamycin-treated and anisomycin-treated mice reached 
35.49% and 42.97%, respectively (Figure 4B). Supporting 
these data, TUNEL assay also showed that there were 
more in situ apoptotic cells stained in brown and bigger 
area necrosis of the tumor tissues in the adriamycin- or 

Figure 2: In vivo therapeutic effect of anisomycin on CT26-
bearing mice, (A) Tumor volume of the CT26-bearing mice is 
indicated within 40 days after the treatment with anisomycin or 
adriamycin, (B) The images of the CT26-bearing mice treated 
with anisomycin or adriamycin were captured 26 days after cell 
inoculation, (C) Survival rate of the CT26-bearing mice treated 
with anisomycin is shown within 50 days after the inoculation 
of CT26 cells, (D) Images of the tumors and the tumor weight 
in the mice were presented after the treatment of anisomycin or 
adriamycin, and (E) Paraffin-embedded tumor tissue sections 
were stained with H&E. Inflammatory cell infiltration (black 
arrows) and necrosis (white arrows) in the tumor tissues were 
observed. *p <0.05 and **p <0.01 vs the control-treated mice.
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anisomycin-treated mice than in the control (Figure 4C). 
Consistent with the foregoing findings, the expressions 
of caspase-3, cleaved-caspase-3, cleaved-caspased-8 
and cleaved-caspased-9 in the treated CT26 cells were 
significantly up-regulated with the enhancing doses of 
anisomycin (Figure 4D). Especially, the four proteins of 
the tumor tissues in the anisomycin-treated mice were 
highly expressed more than in the adriamycin-treated 
mice (Figure 4E). Combining all the in vitro and in vivo 
results we obtained, it highlights the involvement of the 
tumor cell apoptosis in the therapeutic effects exerted by 
anisomycin in vivo.

Anisomycin reduces the expression of CEA on the 
surface of CT26 cells. CEA is often used as a biomarker of 
digestive system tumor. Therefore, the level of CEA was 
determined through in situ immunofluorescence staining. 
The results showed that compared to the control, the 
expression of CEA of the tumor tissues in the anisomycin- 
or adriamycin-treated mice was dramatically reduced, 
which is mainly distributed on the surface of the tumor 
cells. Due to the big area necrosis of the tumor tissues in 
the treated mice, we speculated that the reduction of CEA 
may be attributed to apoptosis, death and disintegration 
of a great number of the tumor cells, but not to the 
decrease of CEA itself (Figure 5).

Figure 3: Effects of anisomycin on liver, spleen and thymus in 
CT26-bearing mice, (A) Images of liver and the liver to body 
ratio in the CT26-bearing mice treated with anisomycin or 
adriamycin, (B) Images of spleens and the spleen to body ratio in 
the CT26-bearing mice treated with anisomycin or adriamycin, 
and (C) Images of thymus and the thymus to body ratio in the 
CT26-bearing mice treated with anisomycin or adriamycin. *p 
< 0.05 and **p < 0.01 vs the control group.

Figure 4: Relationship between caspase-cascade and CT26 cell 
apoptosis induced by anisomycin, (A) CT26 cells were treated 
with the different concentrations of anisomycin or 500 ng/mL 
of adriamycin for 48 h. Then, cell apoptosis was analyzed by flow 
cytometry, (B) The CT26 cells isolated from the tumor tissues in 
the CT26-bearing mice treated with anisomycin or Adriamycin 
once a day for 14 times were analyzed by flow cytometry, (C) 
Apoptotic cells in the tumor tissues in the CT26-bearing mice 
treated with anisomycin of adriamycin were detected by 
TUNEL staining. The black arrows point to apoptotic cells, and 
the white arrows to necrosis region, (D) The CT26 cells were 
treated with different concentrations of anisomycin for 48 
h in vitro, and levels of caspase proteins were determined by 
Western blotting, and (E) Levels of caspase proteins in tumor 
tissues were determined by Western blotting.*p < 0.05 and **p 
< 0.01 vs the control group.
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DISCUSSION

Anisomycin is well known as a protein synthesis 
inhibitor which binds to the 60S ribosomal subunits 
and directly inhibits 28S rRNA [17, 18]. It was found 
that anisomycin efficiently induced cell apoptosis and 
cell death in vitro. In this study, we first investigated 
effects of anisomycin on CT26 colon adenocarcinoma 
in vitro, proving that it efficiently induces CT26 cell 
apoptosis and death. Recent reports have shown that 
anisomycin can also enhance death receptor-mediated 
apoptosis in glioblastoma cells, prostate cancer cells, 
malignant mesothelioma cells, human hepatoma cells 
and melanoma cells in vitro [19–23]. Anisomycin 
induced mouse macrophage apoptosis via p38 pathway, 
whereas not JNK or ERK1/2 pathway [24]. In ovarian 
cancer, it promoted the expression of annexin-V mRNA 
via ERK1/2 but not p38 pathway [25]. Caspase-8 and 
caspase-8 inhibitor FLIP also have been reported to 
participate in anisomycin-induced apoptosis [26]. These 
reports suggest that the apoptotic pathway activated by 
anisomycin may depend on cell histological types. Our 
results demonstrated that following the treatment of 
colon adenocarcinoma by anisomycin the expressions 
of caspase-3, cleaved-caspase-3, cleaved-caspase-8 and 
cleaved-caspase-9 were up-regulated by anisomycin in a 
dose-dependent manner. This spurred us to further test 
its in vivo therapeutic effect on colon adenocarcinoma. 

Since anisomycin is of strongly in vitro induction of 
tumor cell apoptosis, can we get the same effect on the 
tumors in vivo? To date, only Liu et al. preliminarily treated 
TSA (a mouse mammary tumor cell line)-bearing mice 
intraperitoneally with anisomycin at a dose of 0.5 mg/

mouse. Their data revealed that a low dose of anisomycin 
was markedly effective in treating TSA-bearing mice 
[27]. Our previous study demonstrated that anisomycin 
efficaciously inhibited Ehrlich ascites carcinoma growth 
and extended the survival of the tumor-bearing mice [16]. 
In the above groups, they all tested breast cancer. How 
is an in vivo effect of anisomycin on other tumors? In 
this study, it efficaciously inhibited CT26 tumor growth, 
and decreased the tumor volume and weight with the 
significantly extended survival of CT26-bearing mice, 
superior to the treatment of an equal dose of adriamycin. 
These data were consistent with the inhibition of CT26 
cell proliferation by the in vitro treatment of anisomycin 
and the apoptosis of CT26 cells by the in vitro and in vivo 
treatment of anisomycin. Although the inhibitory rate 
of anisomycin on the tumor growth was equal to that 
of adriamycin, the survival time of CT26-bearing mice 
treated by adriamycin was still much shorter than that 
by anisomycin. We consider that the shorter survival of 
the adriamycin-treated mice may be related to tumor cell 
invasion, distant metastasis and toxicity of adriamycin. 
Mawji et al. found that mice inoculated intravenously 
with the tumor cells pretreated by anisomycin in vitro 
also had a markedly decreased tumor count and area 
within the liver, lung and bone, suggesting that it may 
have a prophylactic role in tumors [26].

Interestingly, anisomycin may have both antitumor 
and immunomodulating activities under the experimental 
conditions. Our data showed that the liver, spleen and 
thymus to body weight ratios in the adriamycin-treated 
mice were lower than those in the anisomycin-treated 
mice, indicating that adriamycin has more adverse effects 
than anisomycin. This may be another reason why the 
adriamycin-treated mice had a lower survival rate than the 
anisomycin-treated mice. Notably, our data showed that 
the mouse thymus in the anisomycin-treated group was 
larger than that in the adriamycin-treated or PBS-treated 
groups, suggesting that anisomycin may stimulate the 
hyperplasia of immune organs. The mouse spleens in the 
anisomycin-treated group were much larger than in the 
adriamycin-treated groups. This role of anisomycin was 
also observed in our previous study using a consecutive 
four-week intravenous administration of anisomycin 
into normal mice [28]. Therefore, the antitumor effect 
of anisomycin may be relevant to not only tumor cell 
apoptosis, but also stimulation of immune organs with 
less adverse effects. 

Some studies show that anisomycin induces cancer cell 
apoptosis, which results from the activation of the caspase 
cascade [29, 30]. Our results showed that the apoptosis of 
the in vitro anisomycin-treated CT26 cells was increased, 
following the elevation of caspase-3, cleaved-caspase-3, 
cleaved-caspase-8 and cleaved-caspase-9 protein levels. 
Simultaneously, the apoptosis of the in vivo anisomycin-
treated CT26 cells was also increased after the enhanced 
expressions of caspase-3, cleaved-caspase-3, cleaved-
caspase-8 and cleaved-caspase-9 proteins. The levels of 

Figure 5: CEA immunofluorescence staining of tumor tissues 
in CT26-bearing mice treated with anisomycin or adriamycin. 
Paraffin-embedded tumor tissue sections were stained with 
polyclonal antibodies specific for CEA (×400, green). The results 
are representative of at least two independent experiments.
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the four proteins significantly up-regulated by anisomycin 
were higher than those induced by adriamycin. Moreover, 
these results were further supported by TUNEL assay 
and CEA assay. Taken together, these data suggest that 
anisomycin may induce colon adenocarcinoma cell 
apoptosis by activating the caspase cascade. Another 
research group demonstrates that anisomycin induces 
U251 and U87 cell apoptosis by activating p38 MAPK and 
JNK but inactivating ERK1/2 [31]. Macrophage inhibitory 
cytokine-1 (MIC-1) is also a critical inducer of apoptosis-
related gene products. Ribotoxic anisomycin induced 
MIC-1 expression via p38-activated transcription factor 
3 pathway and subsequent apoptosis while suppressing 
survival ERK signal in the colon cancer cells [32]. These 
data may indicate that a cross talk may exist between 
MAPK and caspase signaling pathways. Therefore, the 
detailed mechanism remains to be further elucidated.

CONCLUSION

In summary, our results indicate that anisomycin 
efficaciously inhibits colon adenocarcinoma growth 
and extends the survival of the tumor-bearing mice 
through activation of caspase signaling with reduction 
of carcinoembryonic antigen, superior significantly to 
adriamycin. Moreover, the here used dose of anisomycin 
causes no obvious side effect. Thus, it is a promising 
drug to be applied to colon adenocarcinoma therapy. 
Additional studies are essential to elucidate mechanisms 
involved in their beneficial actions and their fate in 
human body.

*********

Author Contributions
Pengtao You – Acquisition of data, Analysis and 
interpretation of data, Drafting the article, Final approval 
of the version to be published
Haifeng Fu – Acquisition of data, Analysis and 
interpretation of data, Revising it critically for important 
intellectual content, Final approval of the version to be 
published
Zhiwei Zhou – Acquisition of data, Revising it critically 
for important intellectual content, Final approval of the 
version to be published
Yuan Wang – Acquisition of data, Revising it critically 
for important intellectual content, Final approval of the 
version to be published
Manman Sun – Acquisition of data, Revising it critically 
for important intellectual content, Final approval of the 
version to be published
Jing Liu – Substantial contributions to conception and 
design, Analysis and interpretation of data, Revising 
it critically for important intellectual content, Final 
approval of the version to be published

Feiyue Xing – Substantial contributions to conception 
and design, Analysis and interpretation of data, Drafting 
the article, Revising it critically for important intellectual 
content, Final approval of the version to be published

Guarantor
The corresponding author is the guarantor of submission.

Conflict of Interest
Authors declare no conflict of interest.

Copyright
© 2015 Pengtao You et al. This article is distributed 
under the terms of Creative Commons Attribution 
License which permits unrestricted use, distribution 
and reproduction in any medium provided the original 
author(s) and original publisher are properly credited. 
Please see the copyright policy on the journal website for 
more information.

REFERENCES

1. FW SBaT. Anisomycin, a new anti-protozoan 
antibiotic. J Am Chem Soc 1954;76:4053.

2. Jimenez A, Sanchez L, Vazquez D. Simultaneous 
ribosomal resistance to trichodermin and anisomycin 
in Saccharomyces cerevisiae mutants. Biochim 
Biophys Acta 1975 Apr 2;383(4):427–34.

3. Middlebrook JL, Leatherman DL. Binding of T-2 toxin 
to eukaryotic cell ribosomes. Biochem Pharmacol 
1989 Sep 15;38(18):3103–10.

4. Hori T, Kondo T, Tabuchi Y, et al. Molecular 
mechanism of apoptosis and gene expressions in 
human lymphoma U937 cells treated with anisomycin. 
Chem Biol Interact 2008 Mar 27;172(2):125–40.

5. Flexner JB, Flexner LB, Stellar E. Memory in mice as 
affected by intracerebral puromycin. Science 1963 Jul 
5;141(3575):57–9.

6. Davis HP, Squire LR. Protein synthesis and memory: 
A review. Psychol Bull 1984 Nov;96(3):518–59.

7. Baumbauer KM, Young EE, Hoy KC Jr, France JL, 
Joynes RL. Intrathecal infusions of anisomycin 
impact the learning deficit but not the learning 
effect observed in spinal rats that have received 
instrumental training. Behav Brain Res 2006 Oct 
16;173(2):299–309.

8. Robinson MJ, Franklin KB. Effects of anisomycin on 
consolidation and reconsolidation of a morphine-
conditioned place preference. Behav Brain Res 2007 
Mar 12;178(1):146–53.

9. Clerk A, Sugden PH. Cell stress-induced 
phosphorylation of ATF2 and c-Jun transcription 
factors in rat ventricular myocytes. Biochem J 1997 
Aug 1;325 ( Pt 3):801–10.

10. Lunghi P, Tabilio A, Pinelli S, et al. Expression 
and activation of SHC/MAP kinase pathway in 
primary acute myeloid leukemia blasts. Hematol J 
2001;2(2):70–80.



Edorium Journal of Biomolecules, Vol. 1; 2015.

Edorium J Biomolecules 2015;1:1–9.  
www.edoriumjournalofbiomolecules.com

You et al. 8

11. Caricchio R, D’Adamio L, Cohen PL. Fas, ceramide 
and serum withdrawal induce apoptosis via a common 
pathway in a type II Jurkat cell line. Cell Death Differ 
2002 May;9(5):574–80.

12. Hess J, Angel P, Schorpp-Kistner M. AP-1 subunits: 
Quarrel and harmony among siblings. J Cell Sci 2004 
Dec 1;117(Pt 25):5965–73.

13. Sun HY, Wang NP, Halkos M, et al. Postconditioning 
attenuates cardiomyocyte apoptosis via inhibition 
of JNK and p38 mitogen-activated protein kinase 
signaling pathways. Apoptosis 2006 Sep;11(9):1583–
93.

14. Ganju N, Eastman A. Bcl-X(L) and calyculin A 
prevent translocation of Bax to mitochondria during 
apoptosis. Biochem Biophys Res Commun 2002 Mar 
15;291(5):1258–64.

15. Yu C, Xing F, Tang Z, et al. Anisomycin suppresses 
Jurkat T cell growth by the cell cycle-regulating 
proteins. Pharmacol Rep 2013;65(2):435–44.

16. You P, Xing F, Huo J, et al. In vitro and in vivo 
evaluation of anisomycin against Ehrlich ascites 
carcinoma. Oncol Rep 2013 Jun;29(6):2227–36.

17. Iordanov MS, Pribnow D, Magun JL, et al. Ribotoxic 
stress response: Activation of the stress-activated 
protein kinase JNK1 by inhibitors of the peptidyl 
transferase reaction and by sequence-specific RNA 
damage to the alpha-sarcin/ricin loop in the 28S 
rRNA. Mol Cell Biol 1997 Jun;17(6):3373–81.

18. Rodriguez-Fonseca C, Amils R, Garrett RA. Fine 
structure of the peptidyl transferase centre on 23 
S-like rRNAs deduced from chemical probing of 
antibiotic-ribosome complexes. J Mol Biol 1995 Mar 
24;247(2):224–35.

19. Xia S, Li Y, Rosen EM, Laterra J. Ribotoxic stress 
sensitizes glioblastoma cells to death receptor induced 
apoptosis: Requirements for c-Jun NH2-terminal 
kinase and Bim. Mol Cancer Res 2007 Aug;5(8):783–
92.

20. Sah NK, Munshi A, Kurland JF, McDonnell TJ, Su B, 
Meyn RE. Translation inhibitors sensitize prostate 
cancer cells to apoptosis induced by tumor necrosis 
factor-related apoptosis-inducing ligand (TRAIL) by 
activating c-Jun N-terminal kinase. J Biol Chem 2003 
Jun 6;278(23):20593–602. 

21. Abayasiriwardana KS, Barbone D, Kim KU, et al. 
Malignant mesothelioma cells are rapidly sensitized 
to TRAIL-induced apoptosis by low-dose anisomycin 
via Bim. Mol Cancer Ther 2007 Oct;6(10):2766–76.

22. Jin CY, Park C, Hong SH, et al. Synergistic induction 
of TRAIL-mediated apoptosis by anisomycin in 
human hepatoma cells via the BH3-only protein 
Bid and c-Jun/AP-1 signaling pathway. Biomed 
Pharmacother 2013 May;67(4):321–8.

23. Slipicevic A, Øy GF, Rosnes AK, et al. Low-
dose anisomycin sensitizes melanoma cells to 
TRAIL induced apoptosis. Cancer Biol Ther 2013 
Feb;14(2):146–54.

24. Croons V, Martinet W, Herman AG, Timmermans 
JP, De Meyer GR. The Protein Synthesis Inhibitor 
Anisomycin Induces Macrophage Apoptosis in 
Rabbit Atherosclerotic Plaques through p38 Mitogen-
Activated Protein Kinase. J Pharmacol Exp Ther 2009 
Jun;329(3):856–4. 

25. Konishi Y, Sato H, Tanaka T. Anisomycin superinduces 
annexin V mRNA expression through the ERK1/2 but 
not the p38 MAP kinase pathway. Biochem Biophys 
Res Commun 2004 Jan 23;313(4):977–83.

26. Mawji IA, Simpson CD, Gronda M, et al. A chemical 
screen identifies anisomycin as an anoikis sensitizer 
that functions by decreasing FLIP protein synthesis. 
Cancer Res 2007 Sep 1;67(17):8307–15.

27. Liu Y, Wang Y, Li W, Zheng P, Liu Y. Activating 
Transcription Factor 2 and c-Jun-Mediated 
Induction of FoxP3 for Experimental Therapy of 
Mammary Tumor in the Mouse. Cancer Res 2009 Jul 
15;69(14):5954–60.

28. Tang Z, Xing F, Chen D, et al. In vivo toxicological 
evaluation of Anisomycin. Toxicol Lett 2012 Jan 
5;208(1):1–11.

29. Seo BR, Min KJ, Kim S, et al. Anisomycin treatment 
enhances TRAIL-mediated apoptosis in renal 
carcinoma cells through the down-regulation of Bcl-2, 
c-FLIP(L) and Mcl-1. Biochimie 2013 Apr;95(4):858–
65.

30. Liu Y, Ge J, Li Q, et al. Anisomycin induces apoptosis 
of glucocorticoid resistant acute lymphoblastic 
leukemia CEM-C1 cells via activation of mitogen-
activated protein kinases p38 and JNK. Neoplasma 
2013;60(1):101–10.

31. Li JY, Huang JY, Li M, et al. Anisomycin induces 
glioma cell death via down-regulation of PP2A 
catalytic subunit in vitro. Acta Pharmacol Sin 2012 
Jul;33(7):935–40.

32. Yang H, Choi HJ, Park SH, Kim JS, Moon Y. 
Macrophage inhibitory cytokine-1 (MIC-1) and 
subsequent urokinase-type plasminogen activator 
mediate cell death responses by ribotoxic anisomycin 
in HCT-116 colon cancer cells. Biochem Pharmacol 
2009 Nov 1;78(9):1205–13.



Edorium Journal of Biomolecules, Vol. 1; 2015.

Edorium J Biomolecules 2015;1:1–9.  
www.edoriumjournalofbiomolecules.com

You et al. 9

Access full text article on
other devices

Access PDF of article on
other devices


