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Summary

Purpose: Colorectal cancer is a lethal and prevalent type 
of cancer in both men and women worldwide, which can 
develop resistance to cancer chemotherapy. Developing an 
effective therapeutic agent is the most promising method 
for this life-threatening disease. The present study aimed to 
identify, clone, express and purify the recombinant arazyme 
(r-arazyme) of Serratia proteomaculans and evaluate the 
antitumor effect of r-arazyme in vitro.

Methods: Bacterial strains and cell line, construction of ex-
pression vector and preparation of recombinant protein were 
prepared and then evaluated by western blot, cell culture, 
cell viability assay, lactate dehydrogenase release assay, cell 
apoptosis assay, caspase-3 and -9 activation assay, adhesion 
assay, matrigel invasion assay and reverse transcriptase-
polymerase chain reaction (RT-PCR). 

Results: R-arazyme caused a great cytotoxic effect against 
human colorectal adenocarcinoma (HT29) cells in a dose-

dependent manner, without any cytotoxic effect on human 
embryonic kidney cells 293 (HEK 293). In addition, r-ara-
zyme could induce apoptosis in colorectal cancer cell lines via 
caspase-3 activation and the elevation of the Bax/Bcl-2 ratio. 
Further, r-arazyme inhibited cancer cells angiogenesis by 
significantly reducing the expression of angiogenesis-related 
genes such as VEGF, VEGFR-1, and VEGFR-2. Furthermore, 
r-arazyme could prevent invasion and adhesion of cancer 
cells. In general, the results may support the evidence that 
r-arazyme is a promising therapeutic candidate against 
cancer. 

Conclusion: R-arazyme may play an important role in 
developing effective therapies against colorectal adenocarci-
noma in humans, which results in reducing the overall mor-
bidity and mortality related to colorectal cancer.

Key words: recombinant arazyme, colorectal cancer, angio-
genesis, apoptosis, anti-tumor

Introduction

 Colorectal cancer is the second and third high-
ly lethal and most prevalent malignancy in females 
and males, respectively, which presents a major 
challenge to healthcare systems around the world, 
due to its difficult early diagnosis, dormant course, 
metastasis, strong invasion, and poor prognosis 
[1-4]. The International Agency for Research on 
Cancer reported that about 1.2 million new cases 
of colorectal cancer were diagnosed worldwide in 
2008, accounting for 8% of all cancer-related mor-

tality [5,6]. In 2016, the incidence of new cases of 
colorectal cancer in the United States and China in-
creased to 134,490 and 274,841 respectively, which 
accounted for 48% colon-related mortality [5,7]. In 
the developed countries, economic development 
and rapid urbanization followed by dietary and life-
style changes resulted in high morbidity and mor-
tality-related colorectal cancers [8]. In addition, the 
incidence and mortality of colorectal cancer have 
increased in developing countries during recent 

This work by JBUON is licensed under a Creative Commons Attribution 4.0 International License.



Anti-cancer effects of recombinant arazyme532

JBUON 2020; 25(1): 532

years, which is higher than that of the world aver-
age [9]. Presently, the standard chemotherapeutic 
regimens based on leucovorin or 5-Fluorouracil (5-
FU) for colon cancer patients are frequently attenu-
ated by developing resistance to a wide spectrum of 
the classic anticancer agents and considerable side 
effects such as systemic toxicity [10-12]. Further, at 
the time of diagnosis, 50% out of 80% patients who 
were subjected to curative surgical resection, will 
develop of metastatic disease [13]. The high inci-
dence and mortality of colorectal cancer combined 
with the paucity of effective anticancer agents 
highlight the urgent need for designing effective 
therapeutic approaches in order to help develop 
newer treatments and control the disease among 
the patients worldwide. Evaluating and identifying 
plant- and bacterial-derived anticancer agents have 
paved the way for developing the new therapeutic 
agents for a few treatment options of metastatic 
colorectal cancer.
 Furthermore, the administration of exogenous 
proteases such as trypsin and chymotrypsin could 
effectively prevent tumor growth in different ani-
mal models of experimental tumors [14]. Treating 
mice with fastuosain, which is the purified cysteine 
protease of Bromelia fastuosa has protective effects 
against tumor development by reducing the num-
ber of lung nodules in a murine metastatic mela-
noma model, which was related to a direct effect on 
tumor cell migration [15,16]. Recently, the metallo-
protease arazyme has shown a strong antitumor ef-
fect in a murine metastatic melanoma by inducing 
cleavage of tumor cell surface CD44 and tumor ma-
trix metalloprotease 8 (MMP-8) antibodies [17,18]. 
Along with its proteolytic-dependent activity, it has 
been purported that arazyme can activate mac-
rophages and dendritic cells, and increase surface 
activation markers and proinflammatory cytokine 
secretion through TLR4-MyD88-TRIF- and MAPK-
dependent signaling pathways [17]. In addition, it 
can enhance IFNγ-dependent, CD8+ and CD4+ T, as 
well as B lymphocytes responses involved in in-
ducing antitumor response [17]. Arazyme, a 51.5 
kDa metalloprotease of Serratia proteamaculans, is 
a symbiotic bacterium from the Nephilaclavata spi-
der encoded by the araA gene [19]. The antitumor 
activities of bacterial-derived proteases have less 
been emphasized.
 The present study aimed to investigate wheth-
er recombinant arazyme (r-arazyme) could have 
cytotoxic activity against HT-29 (human colorec-
tal adenocarcinoma) cell line to induce apoptosis 
and reduce adhesion/invasion of these cells. To 
this aim, the cytotoxic potential of r-arazyme was 
evaluated by considering various aspects involved 
in r-arazyme anticancer effects in vitro.

Methods 

Bacterial strains and cell line 

 Escherichia coli BL21 (DE3) as expression bacterial 
host was preserved in our laboratory. HT-29 (human 
colorectal adenocarcinoma) and HEK 293 (Human em-
bryonic kidney cells 293) cell lines were purchased from 
Pasteur Institute (Tehran, Iran).

Construction of expression vector 

 The complete arazyme-encoded gene (araA) of 
S.proteamaculans (GenBank Accession No: AY818193.1) 
was inserted into an expression vector pET28a, in the 
frame with a T7 promoter kanamycin resistant gene and 
the C-terminal six-His-tagged sequence. BamHI and XhoI 
(Fermentas, Lithonia) restriction sites were located at the 
5’ end and the 3’ end of araA gene, respectively. Then, the 
recombinant gene construct pET28a/araA was synthe-
sized by Biomatik Corporation (Cambridge, Ont., Canada) 
and subsequently verified by PCR, restriction digestion, 
and DNA sequencing. In addition, specific primers were 
designed for araA sequences of S. marcescens including 
forward 5’-CGCTATCGCTCACTGCACTA-3’ and reverse 
5’-CGGGGCTTTCAAAGTTCAGC-3’. Amplifications were 
conducted by using Pfu DNA polymerase (Fermentas, 
Lithonia) in 30 cycles, with the cycle parameters includ-
ing predenaturation at 94°C for 1 min, denaturation at 
94°C for 1 min, annealing at 60°C for 1 min, elonga-
tion at 72°C for 1 min, and a final extension at 72°C for 
5 min. Further, the recombinant construct was cleaved 
with BamHI and XhoI. 

Preparation of recombinant protein

 The recombinant gene construct was overexpressed, 
and the protein was affinity-purified by a Ni-NTA aga-
rose-based procedure following an on-column re-solubi-
lization protocol, as previously described [20-23]. Briefly, 
the overexpression of r-arazyme was induced by adding 
1 mM isopropyl β-D-1-thiogalactopyranoside (IPTG; Sig-
ma, USA) to E. coli BL21 (DE3) carrying the recombinant 
gene construct culture for 2, 4, 6 and 12 h. Then, the bac-
terial cells were pelleted and dissolved in a lysis buffer 
(50 mM NaH2PO4, 300 mMNaCl, and 1 mM PMSF at 
pH 8.0). Then, the suspension was centrifuged, the su-
pernatant was mixed with Ni-NTA resins (QIAGEN, Ger-
many), and treated with washing buffers with decreasing 
urea concentrations (8, 6, 4, 2, 1, 0 M urea). Finally, the 
arazyme was eluted with 250mM imidazole solution. 
In order to remove imidazole, the protein solution was 
dialyzed against phosphate buffered saline (PBS) (pH 
7.4) overnight. The total amount of purified solubilized 
protein from 1 L of bacterial culture was quantitatively 
measured by using a NanoDrop 2000 spectrophotom-
eter system (Thermo Scientific, USA). In addition, the 
r-arazyme protein was tested for lipopolysaccharide 
(LPS) contamination by using a commercially available 
Pierce™ LAL Chromogenic Endotoxin Quantitation Kit.

Western blot

 The r-arazyme was electrophoresed by SDS-PAGE 
with 12.5% polyacrylamide mini-gels and then trans-
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ferred onto polyvinylidene fluoride (PVDF) membranes 
(Hi-bond Amersham Biosciences, USA) by using a semi-
dry blotting apparatus at 15 volts/10 min (Labconco, 
Kansas City, MO, USA). The protein was electrotrans-
ferred to PVDF membranes (Invitrogen) in a semi-dry 
transfer cell at 15 volts/10 min (Trans-Blot®SD, Bio-Rad, 
USA) and washed with Tris-buffered saline with Tween 
20 (TBS-T) containing 20 mMTris–HCl (pH 7.4), 0.5 M 
NaCl, and 0.05% Tween 20 (Merck, Germany). Mem-
brane blots were blocked for one hour with PBS with 
1% (w/v) skim milk, and accordingly incubated with 
mouse anti-His tag monoclonal antibody, with 1:10,000 
diluted HRP-conjugated goat anti-mouse antibodies 
(Sigma, USA). After washing byTBS-T several times, the 
membranes were developed using a 3, 3’-Diaminobenzi-
dine substrate (DAB). In addition, membrane blots were 
de-stained with 50% methanol plus 7% acetic acid (5-
10min RT). Finally, the images of DAB-stained blots were 
captured by a digital camera.

Cell culture

 HT-29 (human colorectal adenocarcinoma) and HEK 
293 (Human embryonic kidney cells 293) cell lines were 
purchased from Pasteur Institute (Tehran, Iran). Then, 
the cells were cultured as a monolayer in RPMI-1640 
medium (Gibco, Germany) including10% fetal bovine se-
rum (FBS, Gibco) and 1% penicillin/streptomycin (100 U/
mL penicillin and 100 mg/L streptomycin 100 μg/mL; 
Gibco) at 37°C in the presence of 5% CO2.

Cell viability assay

 Cell viability assay was evaluated with 3-(4, 5-di-
methylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT) as it was already described [24,25]. Briefly, 1×105 
cells/mL were cultured in 96-well plates (Nunc; Naper-
ville, IL) and treated with 5, 10, 16, 32, 64, 128 and 256 
μg/ml of r-arazyme for 24 h. Then, the cells were sub-
sequently treated with MTT solution (Sigma-Aldrich; 
Merck Millipore) at 37°C in a 5% CO2 incubator for 4 h. 
In the next procedure, the culture medium was replaced 
by 200 μl DMSO and the absorbance was measured at 
570nm by using an ELISA microplate reader [26]. The 
percentage of cytotoxicity activity was calculated as fol-
lows: Cytotoxicity activity (%) =[1−(absorbance of experi-
mental well/ absorbance of negative control well)] ×100.

Lactate dehydrogenase (LDH) release assay

 Lactate dehydrogenase (LDH) release assay was 
performed as previously described [27]. Briefly, HT-29 
cells were incubated with different concentrations of r-
arazyme for 24 h. Then, the cells were lysed with 2% 
(v/v in PBS) Triton X-100 (Sigma, USA) and mixed with 
100 μl of the LDH reaction solution for 30 min. Finally, 
the absorbance of the reaction mixture was measured at 
490 nm by using an ELISA microplate reader. 

Cell apoptosis assay

 Annexin V-FITC/PI staining assay was performed 
to identify apoptotic cells as previously described [28]. 
Briefly, HT-29 cells (2×105 cells/well) were treated with 
different concentrations of r-arazyme on 6-well tissue 

culture plates for 24 h. The cells were subsequently 
trypsinized and centrifuged at 1500×g for 5 min to re-
move the cell culture supernatant. Then, the cells were 
stained with annexin V-FITC (5 mg/ml) solution (BD, San 
Diego, CA, USA) and PI (6 mg/ml) (Sigma) for 20 min 
in the dark. Finally, the cells were analyzed by using a 
FACScan flow cytometer [27] and FLOWJO software ver-
sion 9.0 (Tree Star, USA). 

Caspase-3 and -9 activation assay

 Caspase-3 and -9 activities were measured by using 
a caspase-3 or -9 colorimetric assay kit (Abcam, Cam-
bridge, MA, USA) according to the manufacturer’s in-
structions. First, r-arazyme treated and untreated cells 
were dissolved in a lysis buffer of HEPES, pH 7.4, 0.1% 
CHAPS, 1 mmol/L DTT, 0.1 mmol/L EDTA and 0.1% Tri-
ton X-100 and incubated for 30 min on ice. Then, the sus-
pension was centrifuged and the supernatant was mixed 
with reaction buffer containing 2 mmol/L Ac-DEVD-AFC 
for caspase-3 and LEHD-AFC for caspase-9 in a caspase 
assay buffer at 37°C with 10 mmol/L DTT for 30 min. 
Finally, caspase activity was determined by measuring 
the absorbance at 405 nm.

Adhesion assay

 Adhesion assay was performed as previously de-
scribed [17]. First, r-arazyme-treated and untreated cells 
were washed twice with PBS and fixed with methanol. 
Then, the cells were subsequently stained with toluidine 
blue 1% in sodium tetraborate 1% and solubilized in SDS 
1%. Finally, the absorbance at 540 nm was measured 
after developing the color.

Matrigel invasion assay

 As it was already mentioned, the matrigel invasion 
assay was performed [17]. First, the upper and lower 
transwell chambers (8-mm pore size, Corning Costar 
Co., MA, USA) were filled with RPMI-diluted Matrigel 
(Basement Membrane Matrix, BD Biosciences, NJ, USA) 
and RPMI (Gibco, Germany) containing 10% FBS, re-
spectively. Then, r-arazyme-treated and untreated cells 
were added to the upper chambers and incubated for 5h 
at 37°C in 5% CO2. After removing non-invading cells, 
the cells underneath the membrane filter were fixed in 
paraformaldehyde and stained with toluidine blue solu-
tion. Finally, the suspension was solubilized in SDS 1% 
and the absorbance was measured at 600 nm.

Reverse transcriptase-polymerase chain reaction

 The mRNA expression of apoptosis regulatory 
genes (Bax and Bcl-2) and angiogenesis genes (VEGF-
A, VEGFR-1, and VEGFR-2) were measured by SYBR 
Green real-time PCR analysis by using specific oligonu-
cleotide primers [29-31]. Then, the total RNA of treated 
and untreated cells was extracted by using a TRIZOL 
reagent (Invitrogen, USA), which was used for cDNA 
synthesis by implementing a RevertAidTMfirst stranded 
cDNA Synthesis Kit (Fermentas, Lithonia). Glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH) gene was 
utilized as an endogenous control. The PCR reaction 
mixture included 12.5 μl of SYBR Green Master Mix, 
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400 ng of template DNA, forward and reverse primers 
(0.25 μM each), and 12 μl of nuclease-free water. Finally, 
RT-PCR was cycled between 95°C for 15 s and 60°C for 
1 min for 40 cycles, after a 95°C denaturation step for
5 min. 

Statistics

 Statistical analyses were performed by IBM SPSS 
Statistics for Windows, Version 21.0 (IBM Corp. Released 
2012. Armonk, NY: IBM Corp.) and GraphPad Prism 6 
(GraphPad Prism version 6.00 for Windows, GraphPad 
Software, La Jolla California USA). Normally distributed 
data were analyzed by ANOVA with Tukey’s multiple 
comparison tests. Nonparametric data were analyzed by 
Kruskal-Wallis U test followed by multiple comparison 
tests. The results were expressed as the mean ± standard 
error of the mean [32], and p value <0.05 was considered 
as statistically significant. 

Results

Cloning and expression of the r-arazyme

 Agarose gel electrophoresis of the PCR prod-
uct indicated a single band with the expected sizes 
of 1,482b prepresenting the amplification of the 

araA gene (Figure 1A). In addition, the presence 
of the araA gene recombinant construct (pET-28a/
araA) was verified by BamHI and XhoI digestion 
(Fig. 2B). Finally, the identity and orientation of the 
araA gene recombinant construct were confirmed 
by DNA sequencing (data not shown).
 In the next procedure, the protein expression of 
E. coli BL21 (DE3) carrying recombinant vector was 
induced with IPTG (1 mM). Based on SDS-PAGE 
gel, the expression product of r-arazyme protein 
was approximately 51.5kDa. The r-arazyme was 
successfully purified by Ni–NTA affinity chroma-
tography under denaturing procedures and 65 mg 
of highly purified r-arazyme was obtained from one 
liter of the induced culture (Figure 3C). As illus-
trated in Figure 4D, based on western blot analy-
sis, anti-His monoclonal antibody reacted specifi-
cally with a ~51.5kDa, protein in E. coli BL21 (DE3) 
lysates, corresponding to r-arazyme.

R-arazyme has high cytotoxic activity against HT-29 
cell

 First, the cytotoxic activity of r-arazyme 
against HT-29 cells was determined by MTT assay. 

Figure 1. Screening araA gene and protein by restriction enzyme digestion and Immunobloting methods. Analysis of 
the PCR product following the amplification of the araA gene; Lane M, DNA size marker; lane 1-5, PCR product resulting 
from the amplification of the araA gene (A). Screening araA gene by restriction enzyme digestion. The plasmids were 
extracted and digested with the appropriate restriction enzymes. Lane 1, pET22b-araA digested with BamHI and Xho1; 
lane M, DNA size marker (B). SDS PAGE for detecting expressed and purified r-arazyme; Lane M, low molecular weight 
protein size markers; lane 1, 2, 3 and 4, ~51 kDa induced arazyme protein from bacterial cultures after 2, 4, 6 and 12 h 
of induction; lane 6, pellet of un-induced bacteria; lane 7, purified r-arazyme (C). Immunobloting results; Lane 1, crude 
cell lysate of 4 h-induced bacteria detected by monoclonal anti-His tag antibody; Lane M, low molecular weight protein 
size markers (D).



Anti-cancer effects of recombinant arazyme 535

JBUON 2020; 25(1): 535

HEK 293 cells were used as control. As shown in 
Figure 2A, r-arazyme significantly decreased HT29 
cell viability in a dose-dependent manner. R-ara-
zyme at 128 and 256 μg/ml concentrations showed 
the highest cytotoxic activity against HT-29 cells, 
with the cell viability of 29 and 19%, respectively 
(p<0.05). As displayed in Figure 2A, the cytotoxic 
activity of r-arazyme against HT-29 cells at all con-
centrations was significantly higher than that of 
untreated cells (p<0.01), which was 21.01 μg/ml for 
the IC50 value of r-arazyme. It is worth noting that 
r-arazyme at all concentrations was found to have 
no cytotoxic activity on HEK 293 cells (Figure 2B). 
Further, no significant difference was found regard-
ing the cytotoxic activity of r-arazyme between 24 
and 48 h treatments.

Figure 2. The comparative analysis of cytotoxic effects of r-arazyme on HT29 and HEK 293 cell lines. HT29 (A) and 
HEK 293 (B) cell lines were incubated with different amounts of r-arazyme (5-256 μg/ml). HEK 293 cell line was used 
as a control. Data represent the mean±SEM of three independent experiments. *p<0.05 and **p<0.01 indicate the groups 
which were significantly different.

Figure 3. The comparison of LDH released from the r-
arazyme treated and untreated- HT29 cells. The level of 
released LDH from HT-29 cells after 24 h of treatment with 
different amounts of r-arazyme (16-128 μg/ml) was meas-
ured by LDH leakage assay. Data represent the mean±SEM 
of three independent experiments. *p<0.05 and **p<0.01 
indicate the groups which were significantly different.

Figure 4. The effect of r-arazyme on HT-29 cell apoptosis. 
HT-29 cells were treated with 16-128 μg/ml of r-arazyme 
and then, annexin V/PI staining using flow cytometry was 
performed. (A): Flow cytometry analysis of HT-29 cells was 
treated with 16, 32, 64, and 128 μg/ml r-arazyme for 24 h. 
(A): Representative scatter plots of PI (y-axis) vs. annexin 
V (x-axis). Representative figures showing the population 
of viable (annexin V- PI-), early apoptotic (annexin V+ PI-), 
late apoptotic (annexin V+ PI+) and necrotic (annexin V- 
PI+) cells. (B): The percentage of early and late apoptotic 
cells. Data represent the mean±SEM of two independent ex-
periments. *p<0.05 and **p<0.01 indicate the groups which 
were significantly different.
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 Furthermore, the LDH enzyme leakage assay 
was performed to confirm the cytotoxic effects of 
r-arazyme against HT-29 observed in MTT assay. 
Following r-arazyme treatment, LDH leakage in-
creased significantly and dose-dependently in HT-
29 cells, compared to the untreated cells (p<0.05; 
Figure 3). As shown in Figure 6, r-arazyme at con-
centrations 16, 32, 64, and 128 μg/ml caused the 
increase of 3.1-, 4.2-, 4.8-, and 5.6-fold (p<0.01) in 
the LDH release than the untreated control, con-
firming the observed cytotoxicity in MTT assay. 
However, this cytotoxic effect was not observed in 
HEK 293 cells.

R-arazyme induces apoptosis of HT-29 cells 

 Annexin V and PI staining were conducted to 
see whether the cytotoxic effect of r-arazyme on 
HT-29 is related to apoptosis or not. As shown in 
Figure 4A, r-arazyme-treated cells indicated a sig-
nificant decrease in the percentage of viable cells in 
a dose-dependent manner. R-arazyme significantly 
increased the percentage of early apoptotic cells 
from 3% in untreated cells at the concentrations of 
16, 32, 64, and 128μg/ml to 29.9, 17.65, 33.7, and 
77.8%, respectively (p>0.05 [OR P<0.05?]; Figures 
4A-B). In addition, the population of late-stage apo-

Figure 5. A comparative analysis of r-arazyme effects on caspase-3 and −9 activations in HT-29 cells. The relative fold 
caspase-3 (A) and -9 (B) activity were measured in HT29 treated cells with 16-128 μg/ml of r-arazyme. Data represent 
the mean±SEM of three independent experiments. *p<0.05 and **p<0.01 indicate the groups which were significantly 
different.

Figure 6. Quantitative PCR analysis of apoptosis-associated genes in r-arazyme-treated HT-29 cells. HT-29 cells were 
treated with 16-128 μg/ml of r-arazyme. The total RNA was isolated and converted to single-stranded cDNAs, which 
were then quantified by real-time PCR using sybr green and primer pairs pre-designed for Bax (A), Bcl-2 (B) and GAPDH 
as an endogenous control. Relative mRNA levels of Bax and Bcl-2 in treated HT29 cells versus untreated cells are ex-
pressed as the mean ± SD of at least three independent experiments. *p<0.05 and **p<0.01 indicate the groups which 
were significantly different.
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ptotic cells after treatment with 16, 32, 64, and 128 
μg/ml of r-arazyme significantly increased to 10.95, 
29.11, 31 and 15.5 %, respectively, compared to the 
amounts in the untreated-cells (4.78%) (p<0.05; 
Figure 4A-B). Further, as illustrated in Figures 
4A-B, the number of early cells increased signifi-
cantly in the presence of 16 and 128 μg/ml of the 
r-arazyme (p<0.05), compared to the amounts in 
the late apoptotic cells (p>0.01).
 In addition, the caspase 3 and 9 activities in 
HT-29 cells were measured to evaluate the cell apo-
ptosis pathway induced by r-arazyme. As illustrat-
ed in Figures 5A-B, r-arazyme increased caspase 3 
and 9 activities in a dose-dependent manner. Fur-
ther, r-arazyme significantly increased the caspase 
3 activity at the concentrations of 16, 32, 64, and 
128 μg/ml by the folds of 1.8, 1.9, 3, and 3.1, respec-
tively, compared to the amounts in the untreated 
cells (p<0.01; Figure 5A). Further, caspase 9 activity 
after treatment with 16, 32, 64, and 128 μg/ml of 
r-arazyme significantly increased by 2, 2.4, 3, and 
3.4 fold, respectively, compared to the amounts in 
the untreated cells (p<0.01; Figure 5B). 
 In the next procedure, the expression level of 
apoptosis-related genes, Bcl-2, and Bax were as-
sessed in r-arazyme treated HT29 cells by RT-PCR. 
Then, the relative expression of the gene was de-
termined by dividing its expression amount to that 
of the GAPDH gene. As shown in Figures 6A-B, the 
incubation of cells with increasing concentrations 
of r-arazyme resulted in decreasing the expression 
of anti-apoptotic Bcl-2 mRNA significantly, associ-
ated with a marked increase in the expression of 
pro-apoptotic Bax mRNA in a dose-dependent man-
ner (p<0.05). As illustrated in Figure 6A, the expres-
sion level of Bax mRNA increased 1.9, 2.3, 2.8 and 
3.1 folds after treatment with 16, 32, 64, and 128 
μg/ml of r-arazyme, respectively. Furthermore, the 
expression level of Bcl-2 gene decreased 0.1, 0.8, 
0.5 and 0.4 folds when the HT29 cells were treated 
with 16, 32, 64, and 128 μg/ml of r-arazyme (Figure 
6B).

The role of r-arazyme in decreasing tumor cell adhe-
sion, invasion and metastasis

 In order to assess the anti-adhesive effects of 
r-arazyme, HT29 cells were incubated with dif-
ferent concentrations of r-arazyme, and attached 
cells were colorimetrically quantitated by using 
an ELISA reader. As shown in Figure 7, r-arazyme 
could significantly decrease cell adhesion in a con-
centration-dependent manner (p<0.05). The treat-
ment of tumor cells with 128 μg/ml of r-arazyme 
indicated the highest anti-adhesive effects, with a 
52% reduction in cell adhesion (p<0.05; Figure 7). 

In addition, the adhesions of HT29 cells treated 
with 64 μg of r-arazyme was significantly reduced 
by 44%, compared to the amounts at 32 and 16 μg 
concentrations (p<0.05, Figure 7). Further, 72% re-
duction in cell adhesion was observed under 32 μg/
ml of r-arazyme treatment, which was significantly 
higher than 16 μg/ml treatment group (p<0.05). Fi-
nally, the treatment of tumor cells with 16 μg/ml 
of r-arazyme significantly reduced cell adhesion, 
compared to the untreated cells (p<0.05).
 In the next procedure, Matrigel invasion assay 
was performed to determine the inhibitory effects 
of r-arazyme on colon cancer cell invasion. As dis-
played in Figure 8, r-arazyme decreased HT29 cells 
cell invasion to the matrigel-coated substrate in a 

Figure 7. The effect of r-arazyme on HT-29 cell adhesion. 
HT-29cells were treated with 16, 32, 64, and 128 μg/ml r-
arazyme for 24 h, plated on 96-wells plate, and non-adher-
ent cells were removed by a PBS rinse and adherent cells 
were stained after incubation for 3 hours. Data represent 
the mean±SEM of three independent experiments. *p<0.05 
indicates the groups which were significantly different.

Figure 8. The effect of r-arazyme on HT-29 cell invasion. 
The ability of HT-29cells-treated with different amounts of 
r-arazyme (16-128 μg/ml) to invade matrigel was evaluated 
as described in materials and methods. Data represent the 
mean±SEM of three independent experiments. *p<0.05 in-
dicates the groups which were significantly different.
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dose-dependent manner. In addition, the treatment 
of HT29 cells with 16, 32, 64, and 128 μg/ml of 
r-arazyme decreased tumor cells invasion by 65, 
50, 67 and 87%, respectively. Finally, significant 
differences were observed between the different 
concentration of r-arazyme (p<0.05; Figure 8).

The role of r-arazyme in inhibiting angiogenesis of 
tumor cells

 In order to evaluate the possible anti-angio-
genic effect of r-arazyme, VEGF-A, VEGFR-1, and 
VEGFR-2 mRNA expression were first evaluated 
by using RT-PCR. Then, the relative expression 
of the genes was determined by dividing its ex-
pression amount to that of the GAPDH gene. The 
results of data analysis for RT-PCR demonstrated 
the expression of VEGF-A, VEGFR-1 and VEGFR-2 
mRNA in decreasing r-arazyme-treated cell in a 
dose-dependent manner. As illustrated in Figure 
9A, the treatment of HT-29 cells with 16, 32, 64, 
and 128 μg/ml of r-arazyme significantly reduced 
the transcription of VEGFR-1 by 2.1, 1.9, 1.6 and 
1.2 folds, respectively, compared to the amounts 
in untreated cells (p<0.05). Further, as shown in 
Figure 9B, the expression level of VEGFR-2 gene 
decreased 1.3, 1, 0.6 and 0.4 folds when the HT29 
cells were treated with 16, 32, 64, and 128 μg/ml 
of r-arazyme, respectively. Furthermore, the treat-
ment of HT-29 cells with 16, 32, 64, and 128 μg/
ml of r-arazyme decreased the mRNA levels of 
VEGF-A to 1.4, 1, 0.7 and 0.4 folds, compared to the 
amounts in untreated cells (p<0.05; Figure 9C). Fi-
nally, significant differences were reported between 
the different concentration of r-arazyme (p<0.05; 
Figure 9A-C). 

Discussion

 In this study, the r-arazyme was successfully 
expressed and characterized. PCR and sequencing 
analysis revealed that the specifically designed 
primers in this study amplified an approximately 
1,482 bp length fragment, which is consistent 
with the arazyme gene. When the recombinant 
vector was induced, SDS-polyacrylamide gels 
showed an apparent molecular mass of 51kDa 
[17,19]. In addition, the expression of r-arazyme 
in a heterogeneous host is related to the misfold-
ing and aggregation of inclusion bodies. In the 
on-column re-solubilization method, urea-solubi-
lized inclusion bodies are physically immobilized 
to Ni–NTA resin, and accordingly the denaturing 
agent is gradually replaced by a non-denaturing 
buffer [22,33]. This protocol greatly helps the in-
ternal localization of hydrophobic domains and 
efficient superficial positioning of hydrophilic 
parts in the configured protein [33,34]. In addition, 
the results of this study indicated that the use of 
refolding the inclusion body protein on Ni-NTA 
column resulted in enhancing the yield of soluble
proteins.
 The results of evaluating the in vitro cytotoxic 
activity of r-arazyme-induced cell death against 
HT29 cells showed that r-arazyme had anti-prolif-
erative activity in dose-dependent and tumor-se-
lective manner, as reflected by the low IC50 values 
and the absence of cytotoxic effects on HEK 293 
cells. In MTT assay, the number of metabolically 
active viable cells is associated with the intensity 
of formazan dye produced by mitochondrial de-
hydrogenase enzyme via the reduction of yellow 
tetrazolium MTT [35]. Further, LDH as a stable 

Figure 9. Quantitative PCR analysis of angiogenesis-associated genes in r-arazyme-treated HT-29 cells. HT-29cells were 
treated with 16-128 μg/ml of r-arazyme. The total RNA was isolated and converted to single-stranded cDNAs, which 
were then quantified by real-time PCR by using sybr green and primer pairs pre-designed for VEGF-1 (A), VEGFR-2 (B),
VEGFR-A (C) and GAPDH as an endogenous control. Relative mRNA levels of for VEGF-1, VEGFR-2 and VEGFR-A in 
treated HT29 cells versus untreated cells are expressed as the mean ± SD of at least three independent experiments. 
*p<0.05 and **p<0.01 indicate the groups which were significantly different.
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cytoplasmic enzyme is released from apoptotic 
and necrotic cell death following irreversible cell 
membrane damage [36]. The results of LDH as-
say indicated that r-arazyme in a dose-depended 
manner led to robust cytotoxic effects toward HT-
29, as elucidated by elevating the LDH level and 
cell permeability, which results in increased cell 
death. Further, the results of MTT and LDH assays 
together indicated that r-arazyme plays a great 
role to inhibit cell proliferation and induce cell 
death of human colon cancer. Additionally, the 
results demonstrated that the r-arazyme failed to 
influence the growth and metabolism of normal 
cells, which are the most suitable attributes of 
a therapeutic drug and this potential should be 
considered for more newer drug development.
 In the next procedure, Annexin/PI flow cyto-
metric assay was utilized to evaluate the path-
ways of cell death induced by r-arazyme. Based 
on the analysis of flow cytometry, r-arazyme treat-
ment resulted in increasing the numbers of cells 
undergoing early and late apoptosis. The results 
suggested that r-arazyme induces translocation 
of phosphatidylserine from the inner to the outer 
leaflet of the cell membrane, which is generally 
accepted as one of the biomarkers of apoptosis 
[37]. Unlike necrosis, apoptosis is able to pre-
serve tissue homeostasis by removing dead cells 
by immune cells, such as macrophages, without 
inducing inflammatory responses, which causes 
the destruction of normal cells and tissue damage 
[38]. In addition, to maintain their uncontrolled 
proliferation, cancer cells show different resist-
ance mechanisms to apoptosis. Thus, the potential 
of apoptosis-inducing related to r-arazyme can be 
considered as a possible therapeutic agent against 
cancer in future studies [39].
 Apoptosis or programmed cell death is con-
sidered as a highly complex process which can 
mobilize a number of specific molecules and is 
classified into caspase-dependent or -independent 
mechanisms [40]. Further, the caspase-dependent 
pathway is divided into the extrinsic (death re-
ceptor) and the intrinsic (mitochondrial) cascade, 
as determined by the involvement of caspase-8 
or caspase-9, respectively [38]. Additionally, both 
intrinsic and extrinsic pathways resulted in in-
activation of caspase-3 which is involved in the 
final execution of dying cells while caspase-9 is an 
initiator caspase involved in the intrinsic pathway 
[38]. A few studies reported the anticancer effects 
of r-arazyme but the mechanisms of cancer cell 
apoptosis have not been clearly elucidated [17,41]. 
In assessing the molecular mechanism underly-
ing apoptosis process, the results of the present 
study indicated that r-arazyme could induce a 

concentration-dependent increase in caspase-9 
and -3 activities, which confirm the contribution 
of intrinsic caspase pathways in the cell death in-
duced by r-arazyme. Further, the apoptotic effects 
of r-arazyme in HT-29 cells were confirmed by a 
dose-dependent up-regulation of Bax and down-
regulation of Bcl2, which are the key genes in 
the intrinsic pathway of apoptosis [42]. In vitro, 
anti-tumor proliferation and the activity of many 
drug components are accomplished through the 
Bax/Bcl-2 pathways [43-45]. However, in vivo 
the association is created between clinical prog-
nostic factors, Bcl-2 and Bax mRNA expression 
[46,47]. Interestingly, the protein expression of 
anti-apoptotic Bcl-2 and pro-apoptotic Bax have 
been associated with longer survival in NSCLC 
patients [43]. The down-regulation of Bcl-2 and 
up-regulation of Bax demonstrated the dysregu-
lation of the associated molecules Bcl-2 and Bax 
and the activation of caspases-3 and -9 [48,49]. 
The dysregulation of the mitochondria integrity-
associated molecules Bcl-2 and Bax suggested 
that the activation of the mitochondrial pathway 
is the main event during apoptosis. These find-
ings support the notion that r-arazyme can reduce 
the survival dosage-dependently and inhibit the 
growth of colon cancer cell via both intrinsic and 
extrinsic apoptosis pathways, which may have a 
therapeutic potential in managing colon cancer. 
 It is evident that the development of tumor 
cell invasion and metastasis are a dynamic multi-
step process including cell adhesion, proteolytic 
degradation, migration and angiogenesis [50]. 
Targeted anti-cancer drugs block cell cycle pro-
gression by interfering with specific molecules, 
which play a critical role in tumor cell growth, 
survival, migration, and invasion spread of can-
cer [51,52]. Currently, there is increasing atten-
tion to the combination of multiple anticancer 
agents, which target and interfere with several 
pathways [53]. Data from the potency assessment 
of r-arazyme indicated that the effective inhibi-
tion of adhesion and invasion of the treated-HT-29 
cell is evident by reducing the invaded cell to the 
matrigel-coated substrate in a dose-dependent 
manner significantly.
 In evaluating the mechanism by which r-
arazyme inhibits tumor growth and invasion, we 
found that r-arazyme could efficiently inhibit the 
angiogenesis of colon cancer cells, which was con-
firmed by reducing the expression of angiogen-
esis-related genes significantly, including VEGF 
and its tyrosine kinase receptors, VEGFR-1 and 
VEGFR-2. In addition, the inhibition of angiogen-
esis is a critical step for cancer prevention and 
treatment, since exceeding the concentrations of 
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angiogenesis inhibitors than those of stimulators 
could potentially inhibit the tumor growth and 
dissemination to other organs [54]. VEGF, VEG-
FR-1 and VEGFR-2 are identified as common anti-
angiogenic target molecules because they are the 
key mediators of angiogenesis in both physiologi-
cal and pathological conditions [55]. VEGF induces 
a cascade of signaling pathways through binding 
to VEGFR-1 and VEGFR-2 leading to proliferation, 
migration, survival, and vascular permeability 
[56,57]. Although VEGF-A, as a critical factor in 
angiogenesis induction, has been emerged as an 
attractive target for anti-angiogenesis treatment, 
the chronic therapeutic use of anti-VEGF agents 
is limited due to its side effects. It is worth noting 
that RT-PCR analysis revealed that r-arazyme can 
decrease the expression of the VEGF-A, VEGFR-1 
and VEGFR-2 transcript gene expression, which 
can contribute to its anti-tumor activities through 
inhibiting tumor angiogenesis. Consistent with 
these observations, endothelial cell invasion assay 
indicated that the angiogenesis potential of con-
ditioned medium from tumor cells significantly 
reduced when the related cells were treated with 
r-arazyme, supporting that r-arazyme is an anti-
angiogenesis inhibitor by suppressing VEGF ex-
pression in tumor cells. 

Conclusions

 In conclusion, a novel r-arazyme can be quali-
fied as a therapeutic option against colon cancer be-
cause it can elicit robust cytotoxic effect in HT-29 
cells by modulating the activity and/or expressing 
the proteins by regulating the process of cellular 
apoptosis, adhesion invasion, and angiogenesis. In 
light of these findings, a thorough assessment of 
r-arazyme under controlled clinical settings seem 
warranted against different tumor cells. The results 
in the present study reinforced the promise that 
the clinical applications of therapeutic potential for 
r-arazyme may provide patients with an extended 
range of protection in the near future, and con-
tribute to the reduction of the high morbidity and 
mortality related to cancer world over.
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