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Hepatocellular carcinoma (HCC) is one of the most common types of cancer worldwide. However, there is currently no 
effective therapy strategy in the clinical practice. Recombinant phytotoxin gelonin fused to other factors have been used to treat
different cancers. But there have been no reports of gelonin gene therapy. In this study, we have constructed a recombinant
plasmid which contained a tumor-specific survivin promoter to drive phytotoxin gelonin (pSur-Gel). And the cytotoxicity
effects of pSur-Gel in HCC were also validated both in vitro and in vivo. The expression level of survivin was detetected in
different liver cancer cell lines and nomal liver cell lines by western blot analysis, and a survivin promoter-driven green
fluorescent protein (GFP) expression vectors (pSur-GFP) was also tested in liver cancer cell line HepG2 and normal liver
cell line LO2. Moreover, phytotoxin gelonin expression experiment and cytotoxicity experiment of pSur-Gel was performed 
in HepG2 cells and LO2 cells in vitro. Furthermore, anti-tumor effect of pSur-Gel against HepG2 xenografts and toxicity of
this gene were evaluated in the mice model. Finally, LDH release assay, apoptosis assay and immunoblot analyse LC3 con-
version (LC3-I to LC3-II) were tested. We found that the expression of survivin protein was higher in liver cancer cell lines 
compared with the normal liver cells. Further study showed that the pSur-GFP and pSur-Gel was expressed specially in liver 
cancer cell other than in normal liver cells. pSur-Gel plasmid could effectively inhibit the proliferation of liver cancer cells
(*P<0.05), and significantly repress the growth of HepG2 xenografts via intravenous in vivo (*P<0.05). Otherwise, compared 
to cytomegalovirus promoter-driven gelonin expression vectors (pCMV-Gel), no significantly systemic toxicity or organ
injuries had been observed in pSur-Gel treated mice. Further studies revealed that the phytotoxin gelonin induced cell death 
might be mediated by apoptosis and the damage of cell membrane. Taken together, treating hepatocellular carcinoma with 
the pSur-Gel may be a novel and interesting cancer gene therapy protocol and is worthy of further development for future 
clinical trials. 
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Hepatocellular carcinoma is the third most frequent cause 
of cancer-related death [1]. There are about 600,000 -700,000
patients with liver cancer in the world each year [2] and the 
incidence of liver cancer is increasing. HCC is often diagnosed
at the late stage with the median survival rate of <3 months and 
the 5-year survival rate is only about 10% [3-5]. At present, 
there are a variety of treatments for liver cancer [6-8]. Liver 
transplantation or ablation made the patients 5-year survival 
rate increased to 50% [1], but donor shortage, tumour size 
and localisation have greatly limited its application [9-10]. In 
addition, HCC has poor response to radiotherapy and high 

resistance to conventional chemotherapy [4, 11]. Therefore, the
development of more effective therapeutic tools and strategies
is an urgent task for scientists.

Currently toxins have been selected to treat cancers [12-16]. 
Gelonin obtained from the seeds of Gelonium multiflorum is
a kind of ribosome inactivating proteins (RIPs) that interacted 
with eukaryotic ribosomal 60S subunit to cause an irrevers-
ible inactivation, thereby blocking protein synthesis. Previous 
studies have shown that it does not produce the capillary leak 
syndrome, but also has high stability and low toxicity [17-18]. 
Construction of recombinant toxin fused to either growth 
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factors or single-chain antibodies can target solid tumor 
cells, tumor vasculature or hematological malignancies. All of 
these constructs displayed high selectivity and specificity for
antigen-bearing target cells and were excellent candidates for 
clinical trial [19]. Moreover, recombinant gelonin protein has 
been used to treat cancer [19-21]. As yet, phytotoxin gelonin 
was rarely found in gene therapy study. A novel therapeutic 
approach for the treatment of HCC is warranted, which may 
involve the use of target-specific genes [22-23]. For cancer-
specific expression of toxin, a better approach should be to
use a cancer-specific promoter to limit the spectrum of cells
that express the gene therapy construct [24-25]. 

Survivin is a new member of the inhibitors of apoptosis 
(IAP) family. Numerous researches have validated the spe-
cificity and utility of survivin promoter for tumor targeting
therapy [26]. Survivin is over-expressed in common cancers, 
but not in normal adult tissues [27-29]. A series of studies 
confirmed that survivin mRNA was expressed in 12 human
hepatoma cell lines, and survivin protein was highly positive 
in 70% of liver cancers. In addition, there are significant differ-
ences in the expression of survivin in hepatocellular carcinoma 
and adjacent tissues [30-31]. Therefore, survivin promoter is
considered to be a hepatoma-specific promoter. It has potent
selective transcriptional expression of therapeutic genes in 
hepatocellular carcinoma [32]. 

The object of this study was to provide a new means of plant
toxins for treatment of cancer. For this purpose, we have devel-
oped a survivin promoter driven gelonin construction for gene 
therapy. The results showed that pSur-Gel could significantly
inhibit the proliferation of liver cancer cells, and decreased 
the tumor volume without significantly systemic toxicity in
mice models. This may offer a promising new strategy of plant
toxin for cancer therapy. 

Materials and methods

Cell lines and animals. LO2, HepG2, SMMC-7721, 
BEL-7402 were obtained from the Cell Bank of Type Cul-
ture Collection of Chinese Academy of Sciences (Shanghai, 
China). HepG2 was maintained in DMEM supplemented 
with 10% fetal bovine serum (Invitrogen, Carlsbad, CA, 
USA). LO2, SMMC-7721, BEL-7402 were cultured in RPMI 
1640 medium containing 10% fetal bovine serum, 100U/ml 
penicillin G, 100 ng/ml streptomycin (Invitrogen, Carlsbad, 
CA, USA). All cells grew at 37°C in a humidified incubator
containing 5% CO2. BALB/c female athymic mice, 4-5 weeks 
old, were obtained from the Beijing HFK Bio-Technology Co. 
Ltd (Beijing, China). 

Survivin protein expression level analysis in vitro. At 
a confluence of 75-80%, cells were harvested by trypsin diges-
tion and washed with PBS by centrifugation. The resultant cell
pellets were lysed for 30 minutes in RIPA lysis buffer at ice.
Whole-cell protein was extracted from the cell pellets and 
protein concentrations were determined using the BCA pro-
tein assay kit (Thermo Fisher Scientific Inc, USA). About 2 

μg/μl protein lysate from each sample was diluted in 4×SDS 
loading buffer, incubated for 5 minutes at boiling water.
Samples were separated by 15% SDS-PAGE and transferred 
to PVDF membranes, membranes were blocked for 2 h in 
5% dilute nonfat dry milkin in TBST at 37°C, thereafter, the
blots were hybridized with an anti-survivin antibody (Santa 
Cruz biotechnology, CA, USA) or β-actin (ZSGB-BIO, Beijing, 
China) and then incubated with relevant secondary antibodies 
(ZSGB-BIO, Beijing, China), after washing with TBST four
times, protein expression was detected by the ECL method 
(Thermo Fisher Scientific Inc, Hudson, NH, U.S.A.).

Plasmid construction and preparation. The survivin
promoter region 1430 bp sequence was synthesized by Gen-
script China Inc and amplified by PCR using the following
primers: forward primer, 5’-AAGGAAAAAAGCGGCCG-
CAATCCCAGCACTTTGGGAGGCC-3’ and reverse 
primer, 5’-AATATATCCGGAATTCTGCCGCCGCCGCCAC-
CTCTG-3’. Subsequently, the survivin promoter region 
was excised with NotI and EcoRI and subcloned into 
pCMV-MCS vector cut with the above enzymes to gen-
erate the plasmid pSur-MCS vector. The GFP DNA and
gelonin DNA fragments were both obtained from the state 
key Laboratory of biotherapy, Sichuan University, China. 
GFP fragment was amplified by PCR from pMax-GFP
plasmid using primers (forward primer, 5’-CTCGGAAT-
TCATGGTGAGCAAGGGCGAGGAGCTGTT-3’; reverse 
primer, 5’-CCCAAGCTTTTACTTGTACAGCTCGTCCAT-
GCCGA-3’), and then inserted into the HindIII/EcoRI sites of 
pCMV-MCS and pSur-MCS to produce pCMV-GFP and pSur-
GFP plasmids. To obtain pCMV-Gel and pSur-Gel plasmids, the 
gelonin fragment was amplified by PCR using primers (forward
primer, 5’-TACCGGAATTCATGGGCCTGGACACCGT-
GAGCTTTAGCACTAAAGGTGCCACTTATATT-3’; reverse 
primer, 5’-CCGCCACCGCCCAAGCTTTTAAGCATAATCTGGAA-
CATCATATGGATATTTAGGATCTTTATCGACG-3’) and 
subsequently inserted into the HindIII/EcoRI sites of pCMV-
MCS and pSur-MCS by ligation. 

Survivin promoter activities analysis. To detect survivin 
promoter activities, the fluorescence imaging systems was
used. About 2.5×105 cells/well were plated in 6-well plates 
and incubated overnight to reach 50-60% confluency. The
cells were transiently transfected with 2 μg of pCMV-GFP or 
pSur-GFP using liposome (State Key Laboratory of Biotherapy, 
Sichuan University, Chengdu, China) per well, the mixture was 
removed after transfection for 4-6h, and cells were incubated
with standard conditions for 72h. Then it was observed by
a fluorescence microscope observation and selected different
horizons (n=5) photography in each well and analyzed of 
fluorescence imaging data.

Phytotoxin gelonin gene, protein expression. To detect 
the gene expression of gelonin, 2 µg vehicle, pCMV-Gel 
and pSur-Gel were transfected into HepG2 cells and LO2 
cells respectively. After 48h, total RNA was extracted with
Trizol reagent according to the protocol described by the sup-
plier (TakaRa, Dalian,China). cDNA of gelonin was obtained 
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from the total RNA by reverse transcriptase polymerase 
chain reaction (RT-PCR) according to the manufacture’s 
instructions (TakaRa, Dalian,China). PCR primers were 
designed as following: glonin (753 bp) upstream 5’-TATAT-
GGCCTGGACACCGTGAGCTTT-3’ and downstream: 
5’-GCCGCTTTAGGATCTTTATCGACGAAC-3’, β-actin 
(132 bp): upstream 5’-CCACGAAACTACCTTCAACTCC-3’  
and downstream 5’-GTGATCTCCTTCTGCATCCTGT-3’. 
The PCR products were analysed by electrophoresis and se-
quencing. 

To detect the protein expression of gelonin, 2 µg vehicle, 
pCMV-Gel and pSur-Gel were transfected into HepG2 cells 
and LO2 cells, separately. Whole-cell protein was extracted 
from the cell pellets 48 hours later. Western blot analysis was 
used to detect protein expression of gelonin. The protocols as
mentioned above. The primary antibody of gelonin was pre-
pared by us. To prepare anti-Gel serum, New Zealand white 
rabbits (Laboratory Animal Center of Sichuan University, 
Chengdu, China) were immunized subcutaneously 3 times 
with the mixture of prokaryotic expression gelonin protein/
complete and incomplete Freund’s adjuvant, and then, serum 
samples were collected and stored at -80°C. 

Colony formation assay. To determine the killing effect
of pSur-Gel in vitro, the viability of the cells were analyzed 
by crystal violet staining after transfection. In briefly, 3×102 
cells/well were seeded on a 6-well plates, and cells were 
transfected with 5μg vehicle, pCMV-Gel, or pSur-Gel using 
liposome (n=3), 4-6 hours later, the transfection medium was 
replaced with the complete medium. After 7 days the cells were
soaked with 70% ethanol for 30 minutes and stained with ap-
propriate amount of crystal violet for 2 minutes, washed for 
3 times with mili-Q water and air drying, and then counted 
the clone numbers. 

Gene-therapy of liver cancer animal models in vivo. To 
determine the antitumor effect of pCMV-Gel and pSur-Gel in
vivo, 24 female BALB/c athymic nude mice, approximately 4-6 
weeks of age and average weight approximately 20 g, were used 
for subcutaneous xenograft mouse model. All these mice were
housed and maintained in a specific pathogen-free environ-
ment, mouse were given ad libitum access to food and water 
in accordance with approved institutional policy and protocol. 
All animal procedures have been approved by the appropriate 
institutional review boards. The animals were injected sub-
cutaneously on their dorsal flank with 0.2 ml of hepG2 cells
suspension (1× 107 cells) in DMEM medium without serum 
and antibiotic. After inoculation for two week, tumor volume
reached about 30-50 mm3, mice were randomized into four 
groups (n=6). Mice were injected through tail vein with 5 μg 
pCMV-Gel, pSur-Gel and vehicle mixed with liposome every 
two days for total 8 times. The NS (normal saline) group was
used physiological saline with the same dose of other groups. 
Tumor size was measured using digital caliper every 3 days, its 
volume was calculated by the following formula: tumor volume 
(mm3) = length (mm) × width (mm)2×1/2. The animals were
sacrificed one day after the last dose treatment.

Hematoxylin and eosin (H&E) staining. Liver tissue from 
tumor-bearing mice carefully dissected to evaluate the patho-
logic changes. The liver tissues were fixed with 10% neutral
formalin, embedded in paraffin, sectioned, and stained with
H&E for histopathologic examination. All specimens were 
evaluated using Olympus B×600 microscope and Spot Fiex 
camera.

Analysis of acute toxicity. Mice were injected with high 
dose 50 μg of plasmid/liposomes complex through tail vein 
administration. Blood was collected for measure at indicated 
time 48 h after plasmid injection. The concentration of serum
alanine transaminase (ALT) was measured by automatic 
analyzer. 

Flow cytometric and western blot analysis of apoptosis and 
autophagy. LO2, HepG2 cells were collected and stained with 
Annexin VFITC/PI apoptosis detection kit after transfection
at 48h with 2µg vehicle, pCMV-Gel or pSur-Gel. LO2, HepG2 

Figure 1. pCMV-Gel and pSur-Gel expression plasmid design 
(A) pCMV-MCS is a common cloning vector that contain a CMV promoter. 
The gelonin fragment was amplified by PCR and subsequently inserted into
the HindIII/EcoRI sites of pCMV-MCS to obtain pCMV-Gel. (B) For the 
cloning of pSur-MCS, 1430 bp survivin promoter gene was amplified and
then excised with NotI and EcoRI and subcloned into pCMV-MCS vector 
to generate the plasmid pSur-MCS vector. The gelonin fragment inserted
into the HindIII/EcoRI sites of pSur-MCS to obtain pSue-Gel.

http://www.google.com.hk/search?q=6+wells+plate&hl=zh-CN&newwindow=1&safe=strict&prmd=imvns&tbm=isch&tbo=u&source=univ&sa=X&ei=QbmHUNubNoj-iAfazYDoAw&ved=0CCYQsAQ
http://xray.bmc.uu.se/Courses/MPC/Expression_plasmid_design1.htm


472 Z. WANG, X. ZHOU, J. LI, X. LIU, Z. CHEN, G. SHEN, T. GUAN, N. YE, X. WEI, N. HUANG, L. YANG , Y. WEI, J. LI

Figure 2. The expression of survivin protein in liver cell lines, and specifical expression of survivin promoter in liver cancer cells.
(A) The expression of survivin protein in human liver cancer cell lines (HepG2, BEL-7402, SMMC-7721) and in normal human liver cell lines (LO2). (B)
The activities and specificities of survivin promoters. The pCMV-GFP and pSur-GFP were separately transfected into HepG2 cells and LO2 cells, after 72h,
transfected cells were placed under a fluorescence microscope observation, bright field microscopy and fluorescence microscopy images were analysed.
the representative images were shown on the left panel, the right histogram represented the transfection efficiency (n = 5, *P<0.05). The data shown here
were representative of two independent experiments. (C) RT-PCR analysis of gelonin expression after transfected with pCMV-Gel and pSur-Gel in LO2
and HepG2. β-actin was used as control. (D) Western blot analysis gelonin protein expression in LO2 and HepG2 cells. β-actin was used as control.
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cells were trypsinized and gently washed with PBS. The samples
(1×105 cells) were centrifuged for 5 minutes at 400×g and the 
supernatant was discarded. The cells were then stained using
Annexin V-FITC/PI apoptosis detection kit (KeyGEN Biotech, 
Nanjing, China) following the manufacturer’s instruction. After
incubation at room temperature for 15 min, the apoptotic cells 
were immediately analyzed by flow cytometry.

LO2, HepG2 cells were transfected with 2µg vehicle, pCMV-
Gel or pSur-Gel, after 48h, whole-cell protein was extracted
from the cell pellets. Western blot was performed to detect 
poly(ADP-ribose) polymerase (PARP), and microtubule -as-
sociated protein 1 light chain 3 beta 2 (LC3-II) expression. The
protocols as mentioned above. LC3I/II and PARP antibodies 
were purchased from Cell Signaling (Danvers, MA, USA).

LDH release assay. Lactate dehydrogenase (LDH) release was 
measured as a physiological indicator of necrosis. HepG2 and LO2 
cells were transfected with 2µg vehicle, pCMV-Gel or pSur-Gel. 
After 48h, LDH release from transfected cells was detected us-
ing a LDH cytotoxicity detection kit (Promega, Beijing, China). 
Maximum LDH release was detected by freeze-thaw lysing the 
transfected cells. The experiment was repeated three times.

Statistical analysis. All statistical analysis were done 
with SPSS 16.0 software. Data are presented as mean with
s.e.m. Statistical analysis were performed by Student’s t test 
for comparing 2 groups and by ANOVA for multiple group 
comparisons. P values <0.05 were considered statistically 
significant.

Results 

The expression levels of survivin in liver cancer cell lines
and normal cell lines. In order to detect the expression level of 
survivin protein in cells, protein extracts were prepared from 
various cells. As shown in Figure 2A, an intense 16.5-kDa 
survivin band was detected in HepG2 cells, a faint survivin 
band was detected in BEL-7402 cells and SMMC-7721 cells by 
western blot, but no protein traces in LO2 cells. We suspected 
that survivin protein was over-expressed in hepatoma cells, 
but not in normal liver cells. 

Selective activity of survivin promoter in the cell lines. 
To evaluate the activity of the survivin promoter in liver 
cancer cells and a normal liver cells in vitro. HepG2 cells and 
normal hepatocyte LO2 cells were transfected with pCMV-
GFP or pSur-GFP. The GFP gene transcription was activated
by survivin promoter or the commonly used CMV promoter, 
then we compared the expression lever of GFP in the trans-
fected cells. As shown in Figure 2B, we found that the survivin 
promoter activity was remarkably high in HepG2 cancer cell 
lines, but it remained inactive in LO2 normal cell lines by green 
fluorescence protein reporter assay. Contrary to the survivin
promoter, the CMV promoter showed both high activity in 
HepG2 cells and LO2 cells. Based on the above results, the 
survivin promoter displayed desirable features of both liver 
cancer-specificity and high basal activity features in vitro.
The results suggested that the survivin promoter would be an

excellent candidate as an HCC-specific promoter to express 
specific genes and applied to gene therapy.

Survivin promoter selectively driven phytotoxin gelonin 
expression. In order to detect the specific expression of phy-
totoxin gelonin genes driven by survivin promoter in HepG2 
and LO2 cells, total RNA was isolated respectively and then 
were analyzed by RT-PCR as described in experimental pro-
cedures. As a result, the CMV promoter driven gelonin was 
detected in both of the HepG2 and LO2 cells, but the survivin 
promoter driven gelonin was expressed only in HepG2 other 
than LO2 cells (Figure 2C). Similar results were obtained by 
western blot analysis in Figure 2D.

Specifically kill cancer cells in vitro. To directly measure 
the selective inhibitory effect of pSur-Gel on growth of cancer
cells, we performed cell viability assays in a panel of HepG2 or 
LO2. As mentioned above, vehicle, pCMV-Gel and pSur-Gel 
were separately transfected into the cells. Our results showed 
that HepG2 cells were much more sensitive to pCMV-Gel 
and pSur-Gel. The cytotoxic effect was minimal but clearly
observed at 7 days after transfection. Survivin promoter ex-
hibited low activity in LO2 cells, but the clone numbers of 
LO2 cells transfected with pCMV-Gel were less than pSur-Gel 
and vehicle (Figure 3). These results indicated that pCMV-Gel
induced more prominent cytotoxicity than pSur-Gel in LO2 
cells. Although the toxicity of them was significantly higher
than vehicle in the HepG2 cells, we did not observe any signifi-
cant differences between pSur-Gel and pCMV-Gel (Figure 3).
These data consistently indicated that the survivin promoter
can drive gelonin expression to inhibit growth of liver cancer 
cell lines but had no effect on LO2 normal liver cell lines.

pSur-Gel inhibits tumor growth in tumor xenografts. 
To further evaluate the feasibility and efficacy of gene thera-
py for hepatocellular carcinoma, tumor-bearing BALB/c nude 
mice were treated with different liposome/DNA complex.
Mice were sacrificed at 24h after the last dose, the tumors were
dissected and photographed. The volume of the macroscop-
ic tumor mass was assessed and more significant inhibition of
tumor growth was observed in the pCMV-Gel and pSur-Gel 
group than the vehicle and NS (normal saline) group. But the 
anti-tumor effects of pCMV-Gel and pSur-Gel were almost the
same (Figure 4A-C). These results suggested that the pSur-Gel
had an anti-tumor effect as better as pCMV-Gel.

pSur-Gel administration exerts no systemic acute toxicity 
in mice. An ideal gene therapy system can not only provide good 
therapeutic efficacy, but also retains their security with a very
low or no toxicity. With this conception, analyses of serum 
ALT levels to assessed systemic toxic effect of pSur-Gel and
pCMV-Gel in BALB/c nude mice. In Figure 5, we detected that 
serum ALT levels were higher (P<0.05)  in the pCMV-Gel group 
after plasmid injection for 48h than other groups. The results
indicated that systemic administration of pSur-Gel, compared 
with pCMV-Gel, had virtually no acute toxicity in normal mice 
(Figure 5A). The acute liver toxicity in pCMV-Gel group might
be caused by gelonin non-selective expression. In summary, we 
concluded that pSur-Gel/liposome-mediated systemic gene 
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therapy provided an effective and safe therapeutic approach in
liver cancer animal models, as well as provided a scientific basis
for consideration of future clinical trials. 

Histopathologic examination. Liver tissues were collected 
on the one day after the last treatment. The tissues were em-
bedded in paraffin, and stained with Hematoxylin eosin. It is
obvious that large areas of liver tissue in the pCMV-Gel group 
showed blood sinus dilation and cell atrophy. But in contrast, 

no pathological change was observed in the groups subjected 
to pSur-Gel, vehicle or NS therapy (Figure 5B).

Mechanisms of cytotoxic effects. To investigate the 
mechanisms of cytotoxic effects mediated by pCMV-Gel and
pSur-Gel, the studies related to apoptosis, autophagy and 
necrosis were performed.

Annexin V-FITC/PI staining and flow cytometric meas-
urement were used to quantify the apoptotic effect after

Figure 3. pSur-Gel mediated specifical tumor killing in vitro.
Survivin promoter mediated therapeutic gene gelonin effectively inhibited liver cancer cells proliferation in clone formation assay. HepG2 and LO2
cells were transfected with pCMV-Gel, pSur-Gel and vehicle as control. Clones were stained using crystal violet. The representative images were shown
on the left panel. The clone numbers were quantified and illustrated as mean with s.e.m.in the right panel, (n = 3, *P<0.05). The data shown here were
representative of two independent experiments. 

Figure 4. pSur-Gel can inhibit tumor growth in mouse model and have similar effect to pCMV-Gel.
(A) Nude Balb/c mice were injected with 1× 107 HepG2 cells subcutaneously in the flank on day 0. When the tumors volume reached about 30-50 mm3, 
mouse were intravenously injected with 5 μg vehicle, pCMV-Gel and pSur-Gel plasmid coating with liposome every two days. The normal control group
received the same amount of normal saline instead of plasmid. Tumor volumes were measured every 3 days for 4 weeks. One day after the last treatment,
all of the mice were sacrificed and the tumors were separated and photographed. (B) Representive images of tumors from each group. (C) The data were
represented as mean with s.e.m. (n = 6, *P<0.05). 

app:ds:necrosis
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transfected with 2µg vehicle, pCMV-Gel, pSur-Gel for 48h. 
As shown in figure 6A, the results indicated that there were
both very few PI-positive and Annexin-V-positive cells in the 
HepG2 and LO2 cells after transfected with vehicle. pCMV-
Gel caused more apoptosis in both HepG2 and LO2 cells, the 
apoptotic percentage were 17.88% and 12.68% respectively. 
However, pSur-Gel can increase more apoptosis in HepG2 
(about 11.09%), but cause lower apoptosis in LO2 (about 
5.70%). Then, we detected the cleavage of the caspase substrate
PARP by western blot. As shown in figure 6B, the PARP was
obviously cleaved in HepG2 transfected with pCMV-Gel or 
pSur-Gel, and in LO2 transfected with pCMV-Gel. These
results further confirmed the cytotoxic effects of gelonin
might be induced via cell appoptosis. Besides, the results from 
autophagy analysis showed that the ratio of LC3-II formation 
was not increased (Figure 6C). 

What’s more, to assess whether the cell necrosis was in-
duced, we examined lactate dehydrogenase (LDH) release. 
The results showed that the percentage of LDH release were
significantly increased in HepG2 cells after transfected with
pCMV-Gel or pSur-Gel, and in LO2 cells after transfected with
pCMV-Gel compared with vehicle (Figure 6D).

Discussion

Hepatocellular carcinoma is a highly aggressive and meta-
static disease. Unfortunately, until recently there has been no 
promising therapy for it. Gelonin is a plant toxin that can make 
the ribosome inactive and mostly is used for recombinant 
protein to tumor therapy. An immunotoxin of anti-EGF re-
ceptor single-chain antibody fusion gelonin can inhibit EGF 
receptor-positive cancer cells proliferation in vitro [33]. We 
once constructed similar immunotoxin that can effectively
inhibited tumor growth in mouse non-small cell lung cancer 
models and reflected the anti-tumor activity[18]. Recently
MA et.al [19] focused on some studies of fusion constructs 
composed of gelonin toxin recombinant either growth factors 
or single-chain antibodies can target solid tumor cells, tumor 
vasculature or hematological malignancies and were excellent 
clinical trial candidates.

Unfortunately, immunogenicity, vascular leak syndrome, 
toxicity to nontumor tissue and poor penetration into solid 
tumors were the major challenges of immunotoxin treatment, 
which limited the therapy efficacy in clinical trails [34-36].
Targeted gene therapies which use toxin to fight cancer might
be a good strategy. Polymeric nanoparticles to deliver DT-A 
encoding DNA combined with transcriptional regulation to 
target gene expression to ovarian tumor cells, this strategy 
suppressed tumor growth more effectively than treatment
with clinically relevant doses of cisplatin and paclitaxel [37]. 
However, no one take phytotoxin for gene therapy before. 
Organization or cancer specific promoter could regulate gene
expression that is a very attractive strategy and has been ex-
tensively tested. In previous studies, Xu et. al [38] constructed 
a novel adenovirus vector Ad.SPDD containing survivin pro-

moter, which mediated targeted gene hepatocellular carcinoma 
suppressor 1 expression to specifically induce apoptosis in
cancer cells, enabling them to significantly improve the safety
and efficacy of oncolytic-mediated gene therapy for liver can-
cer. In this experiment, we developed a tumor-specific survivin
promoter-driven phytotoxin protein expression vector for 
systemic liver cancer gene therapy. Our data demonstrated 
the superiority of our engineered pSur-Gel system had nearly 
no toxicity in normal tissues, but could effectively inhibited
tumor growth [37].

Consequently, it is shown that the specific promoter was
joined to extend the application of the toxin. CMV as a com-
mon promoter was often used as a gene therapy. It can mediate
gene expression in both normal tissue and cancer tissue [39]. 
The survivin promoter was superior to other promoters, ad-
ditionally it exhibited very low activities in major organs [40]. 
It mediated genes targeted therapy that had been detected in 
breast cancer [26], lung cancer [41-42] , gastric cancer [43] 
and glioma [40]. 

So far, the studies of survivin promoter for liver cancer 
therapy were very rarely. In this study, we found that survivin 
protein showed high expression in liver cancer cells especially 
in the HepG2 cells, but no expression or low expression in LO2 
cells (Figure 2A). This suggested that the survivin promoter
may be able to apply to treatment of liver cancer. We found that 
the CMV promoter can induce overexpression of GFP in both 

Figure 5. pSur-Gel administration exerted no obviously systemically toxic-
ity compared with pCMV-Gel in mice. 
(A) The 8 weeks old of BALB/c mice were received a single dose of normal
saline (NS) and liposome delivery 50 μg vehicle, pCMV-Gel or pSur-Gel by 
tail vein injection. Blood was collected at indicated time and serum was 
separated for further analysis of the levels of alanine aminotransferase 
(ALT). The data were represented as mean with s.e.m. (n=6, *P<0.05). (B)
To evaluate the pathological changes of pSur-Gel treated mice, liver tissues 
were stained with H&E. Original magnification×200.
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Figure 6. Cytotoxicity mechanism of pCMV-Gel and pSur-Gel. 
(A) After HepG2 and LO2 cells were transfected with 2 µg vehicle, pCMV-Gel or pSur-Gel for 48 h. The apoptosis was quantified by flow cytometric
analysis of Annexin V-FITC and PI staining. Cells in the lower right quadrant indicate Annexin-positive, early apoptotic cells. The cells in the upper right
quadrant indicate Annexin-positive/PI-positive, late apoptotic cells. (B) Western blot analysis of PARP cleavage in HepG2 and LO2 cells after transfected
for 48 h. (C) Western blot analysis of LC3-II in HepG2 and LO2 cells after transfected for 48 h. (D) After HepG2 and LO2 cells were transfected for 48h.
Cytotoxicity was then determined by the LDH release assay. The data were represented as mean with s.e.m. (n = 3, **P<0.01)
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HepG2 and LO2 cells transfected with pCMV-GFP. However, 
the survivin promoter showed a good selective activity, GFP 
was overexpressed only in HepG2 cells (Figure 2B). Further 
experiments showed that survivin promoter can induce the 
gelonin expression in HepG2 cells (Figure 2C-D). The pro-
liferation of HepG2 cells was inhibited after transfected with
pSur-Gel, whereas, pSur-Gel almost had no effect on LO2 cells
(Figure 3). The pCMV-Gel obviously inhibited the growth of
HepG2 and LO2 cells (Figure 3). In vitro experiments showed 
survivin promoter had a good selectivity and promoted the 
phytotoxin gene specifically expression to inhibit the growth of
hepatoma cell. In vivo experimental, data showed that promot-
er mediated gelonin gene can inhibit the growth of liver tumor, 
similar results were observed in the pCMV-Gel and pSur-Gel 
group (Figure 4A-C). However, liver pathologic changes were 
found only in pCMV-Gel treatment group by H&E staining 
(Figure 5B). Toxin-induced liver damage includes vascular 
damage, induction of liver tumors and development of liver 
cirrhosis [44]. These pathological phenomenas may be due to
the toxin-induced vascular damage, hepatic sinusoid conges-
tion leading to cellular hypoxia, resulting in liver cell atrophy. 
A small dose of the medication was injected and the low toxic-
ity of the plant toxin gelonin may be the reasons why we have 
not found liver cell necrosis in pCMV-Gel group. In acute 
toxicity assessment test, we found that the ALT was obvious 
increased after injected high dose of the pCMV-Gel (Figure
5A), it may cause damage or necrosis of hepatocytes or other 
certain tissues. But the pSur-Gel group had nearly no changes, 
which was confirmed its security again.

Although gelonin toxins have been used to treat malignant 
cancers many years, studies using different cell types have shown
distinct mechanisms underlying the induction of cell death [45-
47]. Also the mechanism of targeted gelonin gene therapy has no 
detailed reports. In this study, we clearly showed that pCMV-Gel 
and pSur-Gel could induce cell apoptosis and necrosis. Then,
the flow cytometric analysis revealed that the inhibitory effect
of gelonin maybe partly benefit from apoptosis (Figure 6A). In
addition, the results of western blot analysis indicated that the 
cleaved caspase substrate PARP were increased in HepG2 and 
LO2 cells after transfected with pCMV-Gel or pSur-Gel (Figure
6B). However, the autophage marker LC3-II had no changes 
(Figure 6C). Subsequently, to assess whether the necrotic cell 
death was induced, we examined lactate LDH release, which is 
a marker of abrupt membrane lysis [46].The results showed that
pCMV-Gel or pSur-Gel significantly increaseed the LDH release
in HepG2 cells, and pCMV-Gel also significantly increased the
LDH release in LO2 cells, but low in LO2 cells treated with pSur-
Gel (Figure 6C), which indicated that the observed cytotoxicity 
may be also a result of necrosis.

In summary, we have designed a new cancer therapy 
strategy. Using constitutively active phytotoxin gelonin with 
tumor-specific survivin promoter can provide a safe and ef-
fective gene therapy systerm that can be adapted for other 
phytotoxins. That might offer a promising new tactic of plant
toxins for the cancer therapy.

Acknowledgments: This work is supported by China National
Science and Technology Programs of Significant New Drugs to
Create (No.2009ZX09103-714 and No.2013ZX09301-304-003) and 
the National Key Basic Research Program (973 Program) of China 
(No.2010CB529900).

References

[1]  FORNER A, LLOVET JM and BRUIX J. Hepatocellular 
carcinoma. Lancet 2012; 379: 1245–1255. http://dx.doi.
org/10.1016/S0140-6736(11)61347-0

[2]  KUDO M, HAN KH AND YE SL. Hepatocellular carcinoma 
in 2011 and beyond: from the pathogenesis to molecular 
targeted therapy introduction. Oncolocy, 2011, 811: 1–10. 
http://dx.doi.org/10.1159/000333252

[3]  PARKIN DM, BRAY F, FERLAY J AND PISANI P. Global 
cancer statistics, 2002. CA-A Cancer Journal for Clinicians 
2005; 55: 74–108. http://dx.doi.org/10.3322/canjclin.55.2.74

[4]  LLOVET JM, BURROUGHS A and BRUIX J. Hepatocel-
lular carcinoma. Lancet 2003; 362: 1907–1917. http://dx.doi.
org/10.1016/S0140-6736(03)14964-1

[5]  EL-SERAG HB and RUDOLPH L. Hepatocellular car-
cinoma: epidemiology and molecular carcinogenesis. 
Gastroenterology 2007; 132: 2557–2576. http://dx.doi.org/
10.1053/j.gastro.2007.04.061

[6]  YU CY, OU HY, HUAN TL, CHEN TY, TSANG L, et al. Hepa-
tocellular carcinoma downstaging in Liver transplantation. 
Transplantation Proceedings 2012; 44: 412–414. http://dx.doi.
org/10.1016/j.transproceed.2012.01.043

[7]  ANSARI D AND ANDERSSON R. Radiofrequency abla-
tion or percutaneous ethanol injection for the treatment of 
liver tumors. World Journal of Gastroenterology 2012; 18: 
1003–1008. http://dx.doi.org/10.3748/wjg.v18.i10.1003

[8]  VAN LAARHOVEN S, VAN BAREN R, TAMMINGA R and 
DE JONG KP. Radiofrequency ablation in the treatment of 
liver tumors in children. Journal of Pediatric Surgery 2012; 47: 
E7-E12. http://dx.doi.org/10.1016/j.jpedsurg.2011.10.075

[9]  SCHAFER DF and SORRELL MF. Hepatocellular carcinoma. 
Lancet 1999; 353: 1253–1257. http://dx.doi.org/10.1016/
S0140-6736(98)09148-X

[10] HOOFNAGLE JH. Hepatocellular carcinoma: summary 
and recommendations. Gastroenterology 2004; 1271: S319–
S323. 

[11]  AVILA MA, BERASAIN C, SANGRO B and PRIETO J. New 
Therapies for Hepatocellular Carcinoma. Oncogene 2006; 25:
3866–3884. http://dx.doi.org/10.1038/sj.onc.1209550

[12]  WELDON JE and PASTAN I. A guide to taming a toxin-re-
combinant immunotoxins constructed from Pseudomonas 
exotoxin a for the treatment of cancer. Febs journal 2011; 278: 
4683–4700. http://dx.doi.org/10.1111/j.1742-4658.2011.08182.
x

[13]  ANSIAUX R and GALLAZ B. Use of botulinum toxins in 
cancer therapy. Expert Ppin Investig Drugs 2007; 16: 209–218. 
http://dx.doi.org/10.1517/13543784.16.2.209

[14]  KREITMAN RJ. Immunotoxins for Targeted Cancer 
Therapy. The AAPS Journal 2006; 8: 532–551. http://dx.doi.
org/10.1208/aapsj080363

app:ds:apoptosis
app:ds:necrosis
http://dx.doi.org/10.1016/S0140-6736%2811%2961347-0
http://dx.doi.org/10.1016/S0140-6736%2811%2961347-0
http://dx.doi.org/10.1159/000333252
http://dx.doi.org/10.3322/canjclin.55.2.74
http://dx.doi.org/10.1016/S0140-6736%2803%2914964-1
http://dx.doi.org/10.1016/S0140-6736%2803%2914964-1
http://dx.doi.org/10.1053/j.gastro.2007.04.061
http://dx.doi.org/10.1053/j.gastro.2007.04.061
http://dx.doi.org/10.1016/j.transproceed.2012.01.043
http://dx.doi.org/10.1016/j.transproceed.2012.01.043
http://dx.doi.org/10.3748/wjg.v18.i10.1003
http://dx.doi.org/10.1016/j.jpedsurg.2011.10.075
http://dx.doi.org/10.1016/S0140-6736%2898%2909148-X
http://dx.doi.org/10.1016/S0140-6736%2898%2909148-X
http://dx.doi.org/10.1038/sj.onc.1209550
http://dx.doi.org/10.1111/j.1742-4658.2011.08182.x
http://dx.doi.org/10.1111/j.1742-4658.2011.08182.x
http://dx.doi.org/10.1517/13543784.16.2.209
http://dx.doi.org/10.1208/aapsj080363
http://dx.doi.org/10.1208/aapsj080363


478 Z. WANG, X. ZHOU, J. LI, X. LIU, Z. CHEN, G. SHEN, T. GUAN, N. YE, X. WEI, N. HUANG, L. YANG , Y. WEI, J. LI

[15]  LI YM and HALL WA. Targeted toxins in brain tumor 
therapy. Toxins 2010; 2: 2645–2662. http://dx.doi.org/10.3390/
toxins2112645

[16]  CASTRO MG, CANDOLFI M, KROEGER KM, KING GD, 
CURTIN JF et al. Gene therapy and targeted toxins for glioma. 
Current Gene Therapy 2011; 11: 155–180. http://dx.doi.
org/10.2174/156652311795684722

[17]  REITER Y, BRINKMANN U, LEE BK, and PASTAN I. 
Engineering antibody Fv fragments for cancer detection 
and therapy: Disulfide-stabilized Fv fragments. Nature
Biotechnology 1996; 14: 1239–1245. http://dx.doi.org/10.1038/
nbt1096-1239

[18]  ZHOU XK, QIU J, WANG Z, HUANG NY, LI XL et al. In vitro 
and in vivo anti-tumor activities of anti-EGFR single-chain 
variable fragment fused with recombinant gelonin toxin. 
Journal of Cancer Research and Clinical Oncology 2012; 138: 
1081–1090. http://dx.doi.org/10.1007/s00432-012-1181-7

[19]  LYU MA, CAO Y, MOHAMEDALI KA and ROSENBLUM 
MG. Cell-targeting fusion constructs containing recombinant 
gelonin. Merhods Enzymol 2012; 502: 167–214. http://dx.doi.
org/10.1016/B978-0-12-416039-2.00008-2

[20]  MOHAMEDALI KA, RAN S, GOME-MANZANO C, RAM-
DAS L, XU J et al. Cytotoxicity of VEGF(121)/rGel on vascular 
endothelial cells resulting in inhibition of angiogenesis is me-
diated via VEGFR-2. BMC Cancer 2011; 11: 358. http://dx.doi.
org/10.1186/1471-2407-11-358

[21]  CAO Y, MARKS JD, HUANG Q, RUDNICK SI, XIONG CY 
et al. Single-chain antibody-based immunotoxins targeting 
Her2/neu: design optimization and impact of affinity on
antitumor efficacy and off-target toxicity. Molecular Cancer
Therapeutics 2012; 11: 143–153. http://dx.doi.org/10.1158/
1535-7163.MCT-11-0519

[22]  LI LY, DAI HY, YEH FL, KAN SF, LANG J et al. Targeted 
hepatocellular carcinoma proapoptotic BikDD gene therapy. 
Oncogene 2011; 30: 1773–1783. http://dx.doi.org/10.1038/
onc.2010.558

[23]  WANG CJ, XIAO CW, YOU TG, ZHENG YX, GAO W 
et al, Interferon-alpha enhances antitumor activities of 
oncolytic adenovirus-mediated IL-24 expression in hepato-
cellular carcinoma. Mol Cancer 2012; 11: 31. http://dx.doi.
org/10.1186/1476-4598-11-31

[24]  LO HW, DAY CP and HUNG MC. Cancer-specific gene
therapy. Adv Genet 2005; 54: 235–255. 

[25]  DORER DE and NETTELBECK DM. Targeting cancer by 
transcriptional control in cancer gene therapy and viral on-
colysis. Advanced Drug Delivery Reviews 2009; 61: 554–571. 
http://dx.doi.org/10.1016/j.addr.2009.03.013

[26]  GARG H, SALCEDO R, TRINCHIERI G, and BLUMEN-
THAL R. Improved nonviral cancer suicide gene therapy using 
survivin promoter-driven mutant Bax. Cancer Gene Therapy
2010; 17: 155–163. http://dx.doi.org/10.1038/cgt.2009.63

[27]  LU B, MAKHIJA SK, NETTELBECK DM, RIVERA AA, 
WANG M et al. Evaluation of tumor-specific promoter
activities in melanoma. Gene Therapy 2005; 12: 330–338.
http://dx.doi.org/10.1038/sj.gt.3302385

[28]  CHEN JS, LIU JC, SHEN L, RAU KM, KUO HP et al. Cancer-
specific activation of the survivin promoter and its potential

use in gene therapy. Cancer Gene Therapy2004; 11: 740–747.
http://dx.doi.org/10.1038/sj.cgt.7700752

[29]  ULASOY IV, RIVERA AA, SONABEND AM, RIVERA LB, 
WANG M et al. Comparative evaluation of survivin, midkine, 
and CXCR4 promoters for transcriptional targeting of glioma 
gene therapy. Cancer Biology and Therapy 2007; 6: 679–685.
http://dx.doi.org/10.4161/cbt.6.5.3957

[30]  IKEGUCHI M, UETA T, YAMANE Y, HIROOKA Y, and 
KAIBARA N. Inducible nitric oxide synthase and survivin 
messenger RNA expression in hepatocellular carcinoma. 
Clinical Cancer Research, 2002; 8: 3131–3136. 

[31]  MORIAIAI R, ASANUMA K, KOBAYASHI D, YAJIMAT, 
YAGIHASHI A et al. Quantitative analysis of the anti-apop-
totic gene survivin expression in malignant haematopoietic 
cells. Anticancer Research 2001; 21: 595–600. 

[32]  AHN BC, RONALD JA, KIM YI, KATZENBERG R, SINGH 
A et al. Tumor-specific gene expression in an orthotopic
hepatoma rat model using a Survivin-targeted, amplifiable
adenoviral vector. Gene therapy2011; 18: 606–612. http://
dx.doi.org/10.1038/gt.2011.5

[33]  PIRIE CM, HACKEL BJ, ROSENBLUM MG, and WITTRUP 
KD. Convergent potency of internalized gelonin immunoto-
xins across varied cell lines, antigens, and targeting moieties. 
Journal of Biological Chemistry 2012; 286: 4165–4172. 

[34]  SHAPIRA A and BENHAR I. Toxin-Based Therapeutic
Approaches. Toxins 2010; 2: 2519–2583. http://dx.doi.
org/10.3390/toxins2112519

[35]  BECKER N AND BENHAR I. Antibody-based immunotoxins 
for the treatment of cancer. antibodies 2012; 1: 39–69. 

[36]  RISBERG K, FODSTAD O and ANDERSSON Y. Immunotox-
ins: a promising treatment modality for metastatic melanoma? 
The Ochsner Journal 2010; 10: 193–199.

[37]  HUANG YH. , ZUGATES GT, PENG W, HOLTZ D, DUNTON 
C et al. Nanoparticle-delivered suicide gene therapy effectively
reduces ovarian tumor burden in mice. Cancer Research 
2009; 69: 6184–6191. http://dx.doi.org/10.1158/0008-5472.
CAN-09-0061

[38]  XU HN, HUANG WD, CAI Y, DING M, GU JF et al. HCCS1-
armed, quadruple-regulated oncolytic adenovirus specific for
liver cancer as a cancer targeting gene-viro-therapy strategy. 
Molecular Cancer 2011; 10: 133. http://dx.doi.org/10.1186/
1476-4598-10-133

[39]  GLUSHAKOVA LG, LISANKIE MJ, ERUSLANOV EB, OJANO-
DIRAIN C, ZOLOTUKHIN I et al. AAV3-mediated transfer 
and expression of the pyruvate dehydrogenase E1 alpha subunit 
gene causes metabolic remodeling and apoptosis of human 
liver cancer cells. Molecular Genetics and Metabolism 2009; 
98: 289–299. http://dx.doi.org/10.1016/j.ymgme.2009.05.010

[40]  VAN HOUDT, W. J. , HAVIV, Y. S. , LU, B. , WANG, M. , 
RIVERA, A. A. , ULASOV, I. V. , LAMFERS, M. L. M. , REIN, 
D. , LESNIAK, M. S. , SIEGAL, G. P. , and Others The human
survivin promoter: a novel transcriptional targeting strategy 
for treatment of glioma. Journal of neurosurgery, 2006; 104: 
583–592. http://dx.doi.org/10.3171/jns.2006.104.4.583

[41]  XU Y, HOU JX, LIU ZC, YU HJ, SUN WJ et al. Gene therapy 
with tumor-specific promoter mediated suicide gene plus
IL-12 gene enhanced tumor inhibition and prolonged 

http://dx.doi.org/10.3390/toxins2112645
http://dx.doi.org/10.3390/toxins2112645
http://dx.doi.org/10.2174/156652311795684722
http://dx.doi.org/10.2174/156652311795684722
http://dx.doi.org/10.1038/nbt1096-1239
http://dx.doi.org/10.1038/nbt1096-1239
http://dx.doi.org/10.1007/s00432-012-1181-7
http://dx.doi.org/10.1016/B978-0-12-416039-2.00008-2
http://dx.doi.org/10.1016/B978-0-12-416039-2.00008-2
http://dx.doi.org/10.1186/1471-2407-11-358
http://dx.doi.org/10.1186/1471-2407-11-358
http://dx.doi.org/10.1158/1535-7163.MCT-11-0519
http://dx.doi.org/10.1158/1535-7163.MCT-11-0519
http://dx.doi.org/10.1038/onc.2010.558
http://dx.doi.org/10.1038/onc.2010.558
http://dx.doi.org/10.1186/1476-4598-11-31
http://dx.doi.org/10.1186/1476-4598-11-31
http://dx.doi.org/10.1016/j.addr.2009.03.013
http://dx.doi.org/10.1038/cgt.2009.63
http://dx.doi.org/10.1038/sj.gt.3302385
http://dx.doi.org/10.1038/sj.cgt.7700752
http://dx.doi.org/10.4161/cbt.6.5.3957
http://dx.doi.org/10.1038/gt.2011.5
http://dx.doi.org/10.1038/gt.2011.5
http://dx.doi.org/10.3390/toxins2112519
http://dx.doi.org/10.3390/toxins2112519
http://dx.doi.org/10.1158/0008-5472.CAN-09-0061
http://dx.doi.org/10.1158/0008-5472.CAN-09-0061
http://dx.doi.org/10.1186/1476-4598-10-133
http://dx.doi.org/10.1186/1476-4598-10-133
http://dx.doi.org/10.1016/j.ymgme.2009.05.010
http://dx.doi.org/10.3171/jns.2006.104.4.583


479HCC GENE THERAPY WITH PHYTOTOXIN DRIVEN BY SURVIVIN PROMOTER

host survival in a murine model of Lewis lung carcinoma. 
Journal of Translational Medicine 2011; 9: 39. http://dx.doi.
org/10.1186/1479-5876-9-39

[42]  SHER YP, LIU SJ, CHANG CM, LIEN SP, CHEN CH et 
al. Cancer-targeted BikDD gene therapy elicits protective 
antitumor immunity against lung cancer. Molecular Cancer 
Therapeutics 2011; 10: 637–647. http://dx.doi.org/10.1158/
1535-7163.MCT-10-0827

[43]  LUO XR, LI JS, NIU Y and MIAO L. Targeted killing effects of
double CD and TK suicide genes controlled by survivin pro-
moter on gastric cancer cell. Molecular Biology Reports 2011; 
38: 1201–1207. http://dx.doi.org/10.1007/s11033-010-0218-8

[44]  GRUNHAGEL F, FISCHER HP, SAUERBRYCH T and RE-
ICHEL C. Drug- and toxin-induced hepatotoxicity. Zeitschrift
fur Gastroenterologie 2003; 41: 565–578. http://dx.doi.
org/10.1055/s-2003-39650

[45]  NIMMANAPALLI R, LVU MA, Du M, KEATING MJ and 
ROSENBLUM MG et al. The growth factor fusion construct
containing B-lympho-cyte stimulator (BLyS) and the toxin 
rGel induces apoptosis specifically in BAFF-R-positive CLL
cells. Blood 2007; 109: 2557–2564. http://dx.doi.org/10.1182/
blood-2006-08-042424

[46]  CAO Y, MARKS JD, MARKS JW, CHEUNG LH and KIK S et 
al. Construction and Characterization of Novel, Recombinant 
Immunotoxins Targeting the Her2/neu Oncogene Product: in 
vit-ro and in vivo Studies. Cancer Res 2009; 69: 8987–8995. 
http://dx.doi.org/10.1158/0008-5472.CAN-09-2693

[47]  VEENENDAAL LM, JIN HQ, RAN S, CHEUNG L and 
NAVONE N et al. In vitro and in vivo studies of a VEGF121/
rGelonin chimeric fusion toxin targeting the neovasculature 
of solid tumors. Proc Nat Acad Sci USA 2002; 99: 7866–7871. 
http://dx.doi.org/10.1073/pnas.122157899

http://dx.doi.org/10.1186/1479-5876-9-39
http://dx.doi.org/10.1186/1479-5876-9-39
http://dx.doi.org/10.1158/1535-7163.MCT-10-0827
http://dx.doi.org/10.1158/1535-7163.MCT-10-0827
http://dx.doi.org/10.1007/s11033-010-0218-8
http://dx.doi.org/10.1055/s-2003-39650
http://dx.doi.org/10.1055/s-2003-39650
http://dx.doi.org/10.1182/blood-2006-08-042424
http://dx.doi.org/10.1182/blood-2006-08-042424
http://dx.doi.org/10.1158/0008-5472.CAN-09-2693
http://dx.doi.org/10.1073/pnas.122157899

