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Abstract. Human glioblastoma multiforme is one of the 
most aggressive malignant brain tumor types, and the mean 
survival time of patients with a brain tumor is <2 years when 
traditional therapies are administered. Thus, numerous studies 
have focused on the development of novel treatments for brain 
tumors. Frog ribonucleases, such as Onconase and Rana cates‑
beiana ribonuclease (RC‑RNase), exert antitumor effects on 
various tumor cells, including cervical cancer, breast cancer, 
hepatoma, leukemia, pancreatic cancer and prostate cancer 
cells. In addition, frog Onconase has been applied as a treat-
ment in clinical trials. However, the antitumor effects of frog 
ribonucleases on brain tumors are unclear. Previous studies 
have indicated that RC‑RNase demonstrates a decreased 
cytotoxic effect in normal cells compared with Onconase. 
Therefore, the present study investigated the ability of 
RC‑RNase to exert antitumor activities on human glioblastoma. 

It was found that RC‑RNase inhibits the growth of the human 
glioblastoma DBTRG, GBM8901  and GBM8401  cells. In 
addition, the present study revealed that RC‑RNase induces 
caspase‑9/‑3  activity and triggers the apoptotic cell death 
pathway in human glioblastoma cells. Notably, it was also 
demonstrated that RC‑RNase effectively inhibits the growth of 
human glioblastoma tumors in a nude mouse model. Overall, 
the present study indicates that RC‑RNase may be a potential 
agent for the treatment of human glioblastoma.

Introduction

Human glioblastoma multiforme (GBM) is one the most malig-
nant types of brain tumor. In general, the traditional tumor 
therapies, consisting of surgery, chemotherapy, radiotherapy 
and a combination of these methods, are applied for the clinical 
treatment of GBM (1‑3). However, the mean survival time of 
patients with GBM is <2 two years (2,3). Therefore, potential 
therapies for the treatment of patients with brain tumors are 
required and have previously been investigated (4‑6).

Rana catesbeiana ribonuclease (RC‑RNase) and Onco-
nase are cytotoxic ribonucleases that are purified from frog 
oocyte (7,8). Onconase, which is derived from Rana pipiens, 
and RC‑RNase, which is derived from Rana  catesbeiana, 
each belong to the RNase A superfamily (9,10). RC‑RNase 
and Onconase have been revealed to demonstrate antitumor 
activity (10‑13). Previous studies have reported that RC‑RNase 
is able to exert cytotoxic effects in various tumor cells, including 
cervical cancer, leukemia, hepatoma and breast cancer 
cells (11,14‑16). In addition, numerous studies have indicated 
that RC‑RNase is able to trigger distinct cell death mechanisms 
in various tumor cell types (10,11,14,17). By contrast, previous 
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studies have also revealed that Onconase can exert antitumor 
activities in numerous tumor cells, including cervical, breast, 
colon, pancreatic and prostate cancer cells (12,18‑22).

As previous studies have demonstrated, RC‑RNase 
and Onconase exert antitumor activities in various human 
tumors (17,23,24). In particular, Onconase has been used as 
an antitumor agent in clinical trials (7,19,25). Additionally, 
a previous study reported that Onconase exerts a cytotoxic 
effect on the human glioma SHG‑44 cell line (26). This result 
indicated that frog ribonuclease may be a potential antitumor 
agent for the therapy of brain tumors arising from glial cells. 
By contrast, it is notable that Onconase and RC‑RNase each 
exert antitumor effects in numerous tumor cell lines, while 
RC‑RNase exerts a decreased cytotoxic effect in normal cells 
compared with Onconase (10). Therefore, the present study 
investigates the ability of RC‑RNase to demonstrate antitumor 
effects in glioblastoma cells.

Materials and methods

Reagents. RC‑RNase was provided by Dr Jaang‑Jiun Wang 
(Division of Pediatric Infectious Diseases, Emory Univer-
sity School of Medicine, Atlanta, GA, USA). The MTT 
assay kit was obtained from Bio Basic, Inc. (Markham, 
ON, Canada). The Hoechst 33342 stain was purchased from 
Sigma‑Aldrich (St. Louis, MO, USA). The caspase‑3 substrate 
acetyl‑Asp‑Glu‑Val‑Asp p‑nitroanilide (Ac‑DEVD‑pNA), 
caspase‑8 substrate Ac‑Ile‑Glu‑Thr‑Asp pNA (Ac‑IETD‑pNA), 
and caspase‑9  substrate Ac‑Leu‑Glu‑His‑Asp pNA 
(Ac‑LEHD‑pNA) were purchased from Anaspec, Inc. 
(Fremont, CA, USA). Fetal bovine serum, Dulbecco's modi-
fied Eagle's medium (DMEM), non‑essential amino acids, 
L‑glutamine and penicillin‑streptomycin were purchased from 
Gibco Life Technologies (Carlsbad, CA, USA).

Cell lines and cell culture. The human glioblastoma DBTRG, 
GBM8901  and GBM8401  and rat glioblastoma RG2  cell 
lines were purchased from Bioresources Collection and 
Research Center (Food Industry Research and Development 
Institute, Hsinchu, Taiwan). The DBTRG, GBM8901  and 
GBM8401  cell lines were cultured in RPMI medium 
containing 10% fetal bovine serum, 2  mM L‑glutamine, 
100 international units (IU)/ml penicillin‑streptomycin and 
0.1 mM non‑essential amino acids. The RG2 cell line was 
cultured in DMEM containing 10% fetal bovine serum, 2 mM 
L‑glutamine, 100 IU/ml penicillin‑streptomycin and 0.1 mM 
non‑essential amino acids. The cells were maintained at 37˚C 
in a humidified 5% CO2 atmosphere.

Inhibition rate assay. Cell viability was determined using 
an MTT assay, according to the manufacturer's instructions. 
In brief, 4,000 cells per well were cultured in each well of a 
96‑well culture dish. Every 24 h, the control group (cell without 
RC-RNase treatment) and experimental groups (cells with 2, 
20 and 50 µg/ml RC-RNase treatment) were treated using the 
MTT assay kit and the cell viability was observed for 96 h. 
After 3 h of reaction, the absorbance at 570 nm for each well 
was measured under a multi‑well ELISA reader (Molecular 
Devices LLC, Sunnyvale, CA, USA). The inhibition rate was 
calculated using the following formula: 

	 A570 experimental	 Inhibition rate (%) = 100 ‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ x 100
	 A570 control

Observation of nuclear condensation. Nuclear condensation 
is an apoptotic characteristic that may be determined using 
a nuclear staining method (11,27). Briefly, subsequent to the 
cells being treated with 10 µg/ml Hoechst 33342 for 10 min, 
nuclear condensation was observed under a fluorescence 
microscope with an excitation wavelength of 352 nm and an 
emission wavelength of 450 nm.

Sub‑G1  phase analysis. The accumulation of cells in the 
sub‑G1 phase is an apoptotic characteristic and may be deter-
mined using a fluorescence‑activated cell sorting (FACS) 
method, as previously described  (28‑30). Briefly, control 
(DBTRG cells without RC-RNase treatment) and experimental 
cells (DBTRG cells with 20 ug/ml RC-RNase treatment) were 
fixed with 70% alcohol at 4˚C for 1 h. The fixed cells were 
washed with phosphate‑buffered saline (PBS) and treated with 
1 ml propidium iodide (PI) solution, containing 50 µg/ml PI, 
100 µg/ml RNase A and 0.1% Triton X‑100, at 37˚C for 1 h. 
Following the PBS wash, these cells were analyzed by flow 
cytometry, which was performed using the CyFlow SL flow 
cytometer and Flomax software from Sysmex Partec GmbH 
(Görlitz, Görlitz, Germany). The data were calculated using 
WinMDI software, version 2.8 (The Scripps Research Insti-
tute, La Jolla, CA, USA).

Caspase activity assay. The caspase activity assay was 
performed as previously described (9,11,27). In brief, the cells 
were treated with a lysis buffer, consisting of 50 mM Tris‑HCl, 
120 mM NaCl, 1 mM EDTA and 1% nonyl phenoxypolyethoxy-
lethanol‑40 (pH 7.5), supplemented with protease inhibitors. Cell 
pellets were collected subsequent to centrifugation at 15,000 x g 
for 30 min at 4˚C. In total, 40 µl of cell lysate, containing 80 µg 
total protein, was added to the reaction solution containing 
158 µl reaction buffer consisting of 20% glycerol, 0.5 mM 
EDTA, 5 mM dithiothreitol and 100 mM HEPES (pH 7.5), 
and 2  µl fluorogenic caspase substrate (Ac‑LEHD‑pNA, 
Ac‑DEVD‑pNA or Ac‑IETD‑pNA). The combined cell lysate 
and reaction mixture was then incubated at 37˚C. Subsequent to 
a 6‑h reaction period, the fluorogenic substrate was detected at 
405 nm in an ultra‑microplate reader (Bio‑Tek Instruments, Inc., 
Winooski, VT, USA). The fold increase of caspase activity was 
calculated using the following formula:

	 A405 experimental	 Fold increase = ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ x 100
	 A405 control

Mouse weight observation. In total, 16 four‑week‑old female 
nude mice were obtained from the National Laboratory 
Animal Center (Taipei, Taiwan). All mice were divided into 
two groups, with eight mice per group. One group was treated 
with 100 µl RC‑RNase at a concentration of 50 µg/ml, and the 
other group was treated with 100 µl PBS. Every three days, the 
weight of the mice was measured using an electronic weighing 
scale. This procedure was approved by the Animal Committee 
of the Tzu Chi University (Hualien, Taiwan).
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Animal studies. In total, 16 four‑week‑old female nude mice 
were obtained from the National Laboratory Animal Center. All 
mice were divided into two groups, with eight mice per group, 
and were injected with 107 DBTRG cells in the lower abdominal 
region. After three weeks, one group of mice was injected with 
100 µl RC‑RNase at a concentration of 50 µg/ml on the opposite 
side of the lower abdominal region to the tumor. The second 
group was injected with 100 µl PBS on the opposite side of the 
lower abdominal region to the tumor. Day zero was classified 
as the day that treatment with RC‑RNase and PBS commenced. 
Every three days the tumor size was calculated according to 
the following formula, where A was the greater and B was the 
smaller of the two measured dimensions of the tumor: Tumor 
size = (A x B2) / 2. This procedure was approved by the animal 
committee of the Tzu‑Chi University (Hualien, Taiwan).

Statistical analysis. Student's t‑test was utilized to analyze 
the present data, which was presented as the mean ± standard 
error. P<0.1 was considered to indicate a statistically signifi-
cant difference.

Results

RC‑RNase triggers antitumor effects in human glioblastoma 
cells. Previous studies have demonstrated that RC‑RNase 
possesses antitumor properties in various tumors (10,11,16,17). 
Notably, it has been revealed that RC‑RNase is not cytotoxic to 
normal cells (10,15). However, the ability of RC‑RNase to inhibit 
glioblastoma cell growth is not clear. In the present study, the 
human glioblastoma DBTRG, GBN8901 and GBM8401 and 
the rat glioblastoma RG2 cell lines were treated with 20 µg/ml 
RC‑RNase (Fig. 1A). The data revealed that RC‑RNase inhibits 
the growth of human glioblastoma cells. However, the inhibi-
tion rate demonstrated by RC‑RNase‑treated RG2 cells was 
decreased compared with the rate exhibited by the other cell 
lines. These results indicated that RC‑RNase triggers cytotoxic 
effects more strongly in human glioblastoma cells compared 
with rat glioblastoma cells. In addition, the human glioblas-
toma cells were also treated with various concentrations 
of RC‑RNase, consisting of 2, 20 and 50 µg/ml RC‑RNase. 
As Fig. 1B shows, RC‑RNase exerts a dose‑dependent anti-
tumor effect on DBTRG cells. Similar results were found in 
RC‑RNase‑treated GBM8901 and GBM8401 cells (data not 
shown).

RC‑RNase induces apoptosis and act ivat ion of 
caspases‑9 and ‑3 in DBTRG cells. The present study further 
determined whether RC‑RNase is able to induce apoptotic cell 
death in human glioblastoma cells. Nuclear condensation was 
an apoptotic characteristic and could be determined using the 
nuclear staining method (11,27). The DBTRG cells were treated 
with 50 µg/ml RC‑RNase for 72 h, and the cell morphology was 
observed under a a florescent microscope (excitation, 352; emis-
sion, 450 nm; Olympus BX61; Olympus Corporation, Tokyo, 
Japan) (Fig. 2). By contrast to the control cells (Fig. 2C), nuclear 
condensation was found in RC‑RNase‑treated cells (Fig. 2D). 
Therefore, RC‑RNase may induce apoptotic cell death in 
DBTRG cells. Additionally, the apoptotic characteristic of cells 
accumulating in the sub‑G1 phase was identified following 72 h 
of treatment in the RC‑RNase‑treated DBTRG cells, which 

was determined using a FACS analysis method as previously 
described (28‑30). As Fig. 3 shows, ~3% of control cells were 
in the sub‑G1 phase, whereas ~30% of RC‑treated DBTRG 
cells were in the sub‑G1 phase. Overall, these data indicate that 
RC‑RNase induces apoptosis in human glioblastoma cells.

RC‑RNase activates caspases‑9  and  ‑3  in DBTRG cells. 
The apoptotic cell death pathway can be divided into 
the caspase‑dependent and caspase‑independent path-
ways (27,31,32). Therefore, the present study further determined 
the induction of caspase activation in RC‑RNase‑treated cells. 
The activity of caspases‑3, ‑8 and ‑9 was determined using a 
substrate cleavage assay, as previously described (9,10,16). The 
present data revealed that the activity of caspases‑3 and ‑9 was 
increased in RC‑RNase‑treated DBTRG cells at 72 h compared 
with the PBS‑treated cells (Fig. 4A and B). However, the activity 
of caspase‑8 was not evidently increased in RC‑RNase‑treated 
DBTRG cells compared with the PBS‑treated cells (Fig. 4C). 
Previous studies have indicated that the caspase‑dependent 
apoptotic cell death pathway is markedly induced through the 
mitochondrial pathway, caspase‑9/‑3 cascade, death receptor 
pathway or caspase‑8/‑3 cascade (10,16). Therefore, the present 
results suggested that RC‑RNase induces apoptosis in the 
DBTRG cells through the mitochondrial pathway.

RC‑RNase effectively inhibits the growth of glioblastoma cells 
in a nude mouse model. The present results demonstrated that 
RC‑RNase exerts antitumor effects in glioblastoma cells in a 

Figure 1. Inhibition rate of Rana catesbeiana ribonuclease (RC‑RNase) in 
glioblastoma cell lines. (A) Human glioblastoma GBM8901, GBM8401 and 
DBTRG and rat glioblastoma RG2  cells were treated with 20  µg/ml 
RC‑RNase. (B) DBTRG cells were treated with 2, 20 and 50 µg/ml RC‑RNase. 
The inhibiton of cells was measured every 24 h. The data were obatined from 
four triplicate groups and expressed as the mean ± standard deviation.

  A

  B
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cell model. In addition, the present study further investigated 
the inhibitory ability of RC‑RNase on the growth of glioblas-
toma cells in an animal model. In order to assess the toxic 
effects of RC‑RNase on nude mice, the weight of the mice was 
observed in RC‑RNase‑treated and PBS‑treated mice (Fig. 5). 
The present data revealed that there was no evident difference 
between the weight of the RC‑RNase‑treated and PBS‑treated 
mice. Subsequently, the growth of glioblastoma cells was 
measured in RC‑RNase‑treated and PBS‑treated mice. The 
DBTRG cells were first injected subcutaneously into the lower 
abdominal region of the mice. After three weeks, the tumor 
size had grown to ~5 mm3, and the mice were administered 
with either RC‑RNase or PBS through a subcutaneous injection 
to the opposite side of the abdominal region to the tumor. Prior 
to day 15 of treatment, the tumor size was not significantly 
different between the RC‑RNase‑treated and PBS‑treated 
mice  (Fig.  6). However, the tumor size was smaller in 
RC‑RNase‑treated mice compared with the PBS‑treated mice 
after 15 days of RC‑RNase or PBS administration (Fig. 6). 
The present study suggested that RC‑RNase exerted antitumor 
effects on human glioblastoma cells in an animal model. In 
summary, the present study demonstrated that RC‑RNase 
possess antitumor properties when administered to human 
glioblastoma cells in cell and animal models. In addition, 
RC‑RNase is able activate the activity of caspases‑9 and ‑3 and 
induce apoptosis on human glioblastoma cells.

Discussion

In order to determine whether RC‑RNase exerted antitumor 
effects on glioblastoma cells, the rat RG2 and human DBTRG, 
GBM8901 and GBM8401 glioblastoma cell lines were treated 
with RC‑RNase in the present study (Fig. 1A). The present 
data revealed that RC‑RNase exerted a stronger cytotoxic 

Figure 3. Sub‑G1 phase analysis in (A)  control phosphate‑buffered 
saline‑treated cells and (B) Rana catesbeiana ribonuclease‑treated cells 
at 72 h. The cell cycle was analyzed by flow cytometry. Sub‑G1 phase was 
marked at the RN1 area (blue arrows). Approximately 30% of RC-RNase-
treated cells can been observed in Sub G1 phase. 

Figure 2. Cell morphology of (A and C) control phosphate‑buffered saline‑treated cells and (B and D) cells treated with 50 µM Rana catesbeiana ribonuclease 
(RC‑RNase) at 72 h. (A and B) The cells were observed under a phase‑contrast microscope. (C and D) The cells were observed under a florescent microscope. 
Nuclear condensation (yellow arrow) was identified in RC‑RNase‑treated cells. Scale bar, 100 µm.

  A

  B

  A   B

  C   D
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effect on human glioblastoma cell lines, but did not exert an 
evident cytotoxic effect on the rat glioblastoma cell line. This 
result indicates that RC‑RNase‑induced cytotoxic effects may 
be associated with the animal species. In addition, the data 

obtained on the inhibition rate of RC‑RNase on the growth 
of the three human glioblastoma cell lines revealed that 
RC‑RNase inhibited the GBM 8401 cells more strongly than 
the GBM8901 and DBTRG cells. By contrast, as shown in 
Fig. 1A, the inhibition rate continually increased with dose in 
RC‑RNase‑treated DBTRG cells. However, the inhibition rate 
did not continually increase with dose in the RC‑RNase‑treated 
GBM8401 and GBM8901 cells. These results suggest that a 
number of the GBM8401 and GBM8901 cells may be resistant 
to RC‑RNase. However, a previous study has revealed that 
Onconase can induce cytotoxic effects in the human glioma 
SHG‑44 cell line (26), and the present study demonstrated that 
RC‑RNase can exert cytotoxic effects on the human glioblas-
toma DBTRG, GBM8901 and GBM8401 cell lines. Overall, 
these studies suggest that frog ribonucleases exert potential 
antitumor effects on glioblastoma cells.

Previous studies have reported that apoptotic characteristics 
and autophagocytosis can be identified in RC‑RNase‑treated 
breast tumor MCF‑7 cells (11), while no evident apoptotic and 
necrotic characteristics are observed in RC‑RNase‑treated 
hepatoma SK‑Hep1, HepG2  and J5  cells  (14). As with 
RC‑RNase‑treated MCF‑7  cells, apoptotic characteristics 
were also identified in RC‑RNase‑treated glioblastoma cells 
in the present study. However, autophagocytosis was not 
observed in RC‑RNase‑treated glioblastoma cells. By contrast, 
numerous studies have demonstrated that caspase activity is 
induced in RC‑RNase‑treated cells (9,10,16,17). RC-RNase 
can activate different caspases signals to induce cell apoptosis. 
Certain studies have revealed that caspases‑9, ‑8 and ‑3 can 
be activated in RC‑RNase‑treated HL‑60  cells  (9,10,16). 
In addition, previous studies have reported that casapses‑7, 
‑2 and ‑6 are activated while caspase‑9 and ‑8 are not activated 
in RC‑RNase‑treated MCF‑7 cells (10,17). However, another 
study indicated that no evident caspase activity is found in 
RC‑RNase‑treated SK‑Hep 1 cells (10). Currently, the present 
results demonstrated that the activity of caspases‑9 and ‑3 is 
activated in RC‑RNase‑treated glioblastoma cells, while the 
activity of caspse‑8 is not activated. Overall, the findings of 
the aforementioned and present studies suggest that RC‑RNase 
exerts antitumor effects on various tumor cell lines through 
different cell death signals.

Although numerous studies have demonstrated that frog 
ribonucleases, including Onconase and RC‑RNase, exert 
antitumor effects on various tumor cell types, only one study 

Figure 4. Activity of (A) caspase‑3, (B) caspase‑9 and (C) caspase‑8 measured in PBS‑treated and 50 µg/ml RC‑RNase‑treated DBTRG cells at the indicated 
time points (24 and 72 h). The activity of caspase‑3 and caspase‑9 was increased in RC‑RNase‑treated cells compared with PBS‑treated cells. The data was 
obtained from three independent experiments and expressed as the mean ± standard deviation. The data suggested that casase-3 and caspase-9 were signifi-
cantly activated in RC-RNase-treated cells at 72 h. PBS, phosphate‑buffered saline; RC‑RNase, Rana catesbeiana ribonuclease.

Figure 5. Mouse weight. Eight mice were treated with 50 µg/ml RC‑RNase 
and eight mice were treated with PBS. (The volumns of RC-RNase and PBS 
are all 100 µl) The weight of the mice was measured every three days. There 
was no significant difference between the weight of the RC‑RNase‑treated 
and PBS‑treated mice. PBS, phosphate‑buffered saline; RC‑RNase, 
Rana catesbeiana ribonuclease.

Figure 6. Tumor size. Subsequent to the DBTRG cells being injected subcuta-
neously into the lower abdominal region of the mice, the mice did not undergo 
treatment for three weeks. The following day, indicated as day zero, 50 µg/ml 
RC‑RNase and PBS were injected subcutaneously in the opposite side of the 
abdominal region to the tumor (The volumns of RC-RNase and PBS were 
100 µl). Tumor size was measured every three days. Eight mice were exam-
ined for each group. The data indicate that the tumor size was significantly 
different after 18 days of RC-RNase treatment. PBS, phosphate‑buffered 
saline; RC‑RNase, Rana catesbeiana ribonuclease.

  A   B   C
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has indicated that Onconase may inhibit cell growth in the 
glioma SHG‑44 cell line (26). In the present study, the results 
demonstrated that RC‑RNase exerts antitumor activity on the 
human glioblastoma DBTRG, GBM8901 and GBM8401 cell 
lines. Furthermore, at present no study has demonstrated that 
frog ribonuclease inhibits glioblastoma growth in animal 
models. The current study, to the best of our knowledge, is 
the first to demonstrate that RC‑RNase can effectively inhibit 
human glioblastoma growth in a nude mouse model. The 
present results indicated that frog ribonucleases may poten-
tially be used as antitumor agents for glioblastoma treatment. 
However, the ability of frog ribonucleases to pass through the 
blood‑brain barrier (BBB) remains to be investigated in the 
future. If frog ribonucleases are able to pass through the BBB, 
these agents may be used directly for glioblastoma therapy. 
However, if frog ribonucleases are unable to pass through the 
BBB, the agents may be administered with surgical treatment 
for glioblastoma therapy. 

In summary, the present study was, to the best of our 
knowledge, the first to demonstrate that RC‑RNase is able to 
induce the activity of caspase‑9 and ‑3 in order to induce cell 
apoptosis, and exert antitumor effects on glioblastoma cells 
and lesions in cell and animal models.
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