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Biot2 is a tumor-associated antigen, and it is a novel gene (GenBank EF100607) that was first identified with
the SEREX technique and named by our laboratory. It is highly expressed in cancer cells and testis, with low
or no expression in normal tissues. In our previous study, RNA interference of human Biot2 can inhibit tumor
cell growth, and it is associated with poor prognosis of patients in clinical study; however, the mechanism of
Biot2 that effects tumor growth is not yet clear. Here, in this study, we explore further the mechanism of Biot2
by silencing Biot2 in CT26 cells. It provides some theoretical basis for Biot2 as a new target for gene therapy.
In CT26 cells, the expression of Biot2 was downregulated by Biot2-shRNA. It also promoted G, phase arrest,
the expression of p16 and p21, and cell apoptosis. In the mouse model, the tumor volume and the expression of
PCNA of the Biot2-shRNA group significantly decreased. These results suggest that silencing Biot2 in CT26
cells by RNA interference can inhibit cell growth in vitro and in vivo. It also induces cell cycle arrest in the G,
phase and apoptosis throughout regulation of p16 and p21. Taken together, our data demonstrate that Biot2 can

be a potential target of gene therapy.
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INTRODUCTION

Gene therapy, as an important area of tumor biologi-
cal treatment, has received more and more attention and
application. The purpose of this treatment is to replace
or correct the human gene structure and function by its
expression. Currently, gene therapy is widely used as an
important means of treating cancer and genetic diseases
(1). In 2000, Fischer Professor Necker Hospital in Paris,
France, treated 17 children with SCID disease with gene
therapy; however, after that, three patients had symptoms
of leukemia (2—4). Thus, for gene therapy, we need to
consider the problem of security. The main body of the
target gene in the vector is accomplished by gene transfer
vectors; this includes viral vectors and nonviral vectors.
For the security of gene therapy, nonviral vectors get more
attention and concern, such as targeting of liposomes, poly-
mers, and liposome/polymer/DNA complexes, coupled
with combined electric pulses, ultrasound, and other new
technologies, greatly improving the efficiency of import,
and nonviral vector targeting (5,6) will be an important
direction for future development of nonviral vectors.

RNA interference (RNAI) is defined by short double-
stranded RNA (dsRNA)-induced specific degradation
of homologous mRNA and leads to the phenomenon of
posttranscriptional gene silencing (7-9). Owing to the
use of RNAI, technology can specifically remove or turn
off the expression of specific genes; the technology has
been widely used to explore gene function studies and
viral infection in malignant tumors (10-12), neurode-
generative diseases (13,14), cardiovascular disease, and
other gene therapy (15). RNAIi in experimental studies is
mainly through small interfering RNA and short hairpin
RNA (shRNA) (16,17).

The Biot2 gene was first discovered and identified
by the SEREX serological screening assay (18,19) and
named Biot2 by our laboratory. RT-PCR results revealed
that Biot2 had high expression in the testis tissue but low
or no expression in the heart, liver, spleen, lung, and kid-
ney. It gives us a hint that Biot2 may have tumor specific-
ity and maybe a cancer-testis antigen (19). In our previous
study, the pcDNA3.1-Biot2-transfected NIH3T3 cell line
successfully promoted the proliferation of cells (20,21),
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and targeting interference mouse Biot2 gene can inhibit
the growth of tumor cells in mice (22). Clinical research
on human Biot2 genes was by real-time PCR experiments.
Biot2 expression levels in cancer are higher than the adja-
cent tissues in cervical cancer, endometrial cancer, and
colorectal cancer (23). By analysis and detection of clini-
cal patient tissue sections, with increasing tumor stages,
the levels of Biot2 expression also significantly increased
(24,25). Biot2 genes may be related to tumorigenesis, as
the higher the Biot2 expression levels, the worse is the
prognosis in early patients with colorectal cancer (26).
This indicates that human Biot2 may be a novel cancer
therapy target and a predictive marker for tumor growth
in cancer. The mouse Biot2 gene has high homology
with the human Biot2 gene, and we have a preliminary
study in Biot2 for tumor growth; however, the molecular
mechanism of Biot2 remains poorly understood because
of the lack of animal and in vitro models. Because of its
specificity to tumors and its important functions, the new
gene has attracted increasing attention as a candidate for
tumor gene therapy.

MATERIALS AND METHODS
Cell Culture

CT26 cells were obtained from the American Type
Culture Collection (ATCC, Manassas, VA, USA) and
maintained in RPMI-1640 medium supplemented with
10% (v/v) fetal bovine serum (FBS), 10 mM L-Glu, and
5 mg/ml penicillin/streptomycin.

Animals

Male BALB/c mice aged between 6 and 8 weeks were
purchased from HFK Bioscience (Beijing, China). All
mice were specifically pathogen-free animals and were
maintained in our animal research facility in a dedicated
aseptic environment, as approved by the institutional pro-
tocol and guidelines. All of the mice that were involved
in this study were approved by the Animal Care and Use
Committee of our institute.

Reagents

Mouse anti-cyclinD1 (1:1,000), and rabbit anti-p21
(1:1,000) were purchased from Protein Tech (Suzhou,
China). Rabbit anti-CDK2 (1:1,000), rabbit anti-p16
(1:1,000), rabbit anti-p27 (1:1,000), and mouse anti-PCNA
(1:1,000) were purchased from BOSTER (China). Rabbit
anti-caspase-3 (1:1,000), rabbit anti-AKT (1:1,000), and
rabbit anti-p-AKT (1:1,000) were bought from Abcam
(Cambridge, UK). Rabbit anti-p53 and mouse anti-B-actin
were bought from Santa Cruz Biotechnology (Heidel-
berg, Germany). TransIT®-2020 transfection reagent was
purchased from Mirus (USA). A Cell-Light™ EdU
Apollo®567 In Vitro Imaging Kit was purchased from Riobo
(Guangdong, China). Cationic liposomes were produced
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by Sichuan University, State Key Laboratory of Biotherapy.
The recombinant plasmid Biot2-shRNA was bought from
Jingsai (Wuhan, China). The plasmid was prepared using
the Endofree Plasmid Giga kit (Qiagen, Chatsworth,
CA, USA).

Transient Transfections

CT26 cells were seeded in six-well plates at a density
of 1x10° cells/well. Twenty-four hours later, 2.5 ml com-
plete growth medium was added per well. Transfections
were carried out using 250 pl of reduced-serum medium
with 2.5 pg shBiot2 according to the protocol for the
Trans IT-2020 reagent. Cells were incubated for 24—48 h
before use.

Quantification of shBiot2 by RT-PCR

Total RNA was extracted from the transfected cells
with the RNA simple total RNA kit according to the
manufacturer’s instructions, and 1 pug of RNA was
used to synthesize cDNA using the first-strand cDNA
synthesis kit. The RT-PCR was performed using an
RT-PCR kit (Life Technologies) according to the man-
ufacturer’s protocol. Data were normalized accord-
ing to the level of GAPDH expression in each sample.
Briefly, 1 ug of total RNA was used as the template and
then reverse-transcribed by using an Oligo primer. The
cDNA was further amplified in the RT-PCR with a uni-
versal reverse primer and a specific forward primer. The
sequences of the primers were as follows: Biot2_F1:
5-AAAATGAAATGTGCAAAGCATCC-3" and Biot2_
R1: 5-TAGGCAGGTCACCAATGAAG-3"; M-GAPDH
Fl: 5-TCCACCACCCTGTTGCTGTA-3’, M-GAPDH
R1: 5-ACCACAGTCCATGCCATCAC-3". The reaction
solution consisted of 2.0 pl diluted RT-PCR product, 0.5 uM
of each paired primer. The PCR procedure included pre-
denaturation at 94°C for 1 min and then 30 cycles of 94°C
for 30 s, 55°C for 30 s, 72°C for 30 s, and a final exten-
sion of 10 min at 72°C. All amplifications were carried
out within the linear range of the assay. The reaction
products were separated on 2% agarose gel and stained
with 1 mg/ml Goldview and quantified by IS-1000 digi-
tal imaging system; the results were confirmed in at least
three replicate experiments.

EDU Cell Proliferation Assay

CT26 cells (1 x 10* cells/well) were seeded in 24-well
plates (n=3 wells per treatment) and then transfected
24 h later with shBiot2. EdU assays were then carried
out according to the manufacturer’s protocol. Cells were
imaged under an inverted fluorescence microscope.

Cell Cycle Analysis by Flow Cytometry

CT26 cells (1 x10° were harvested and washed twice
with cold phosphate-buffered saline (PBS). Cells then
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were stained with 500 pl of propidium iodide (PI) stain-
ing solution (50 mg/ml PI, 0.1% Triton X-100, 200 mg/
ml DNase-free RNase in PBS) for 30 min at room tem-
perature in the dark. Ten thousand events per sample were
acquired using a FACS-scan flow cytometer (Becton-
Dickinson, San Jose, CA, USA), and the percentage
of cells in GO/GI, S, GZ/M, and sub-GZ/M phases of the
cell cycle were determined using CELL Quest software
(Becton-Dickinson).

Terminal Deoxynucleotidyl Transferase-Mediated dUTP
Nick-End Labeling Assay (TUNEL)

In order to evaluate the number of cells undergo-
ing apoptosis, TUNEL staining was performed with the
use of an in situ cell death detection kit (DeadEnd™
Fluorometric TUNEL System, Promega, Madison, WI,
USA) following the instructions of the manufacturer. Five
fields were randomly selected and analyzed under a light
microscope (200x). The apoptosis index was obtained by
counting the number of apoptotic cells in each field.

Western Blotting

All protein samples for Western blot analysis were
resolved by SDS-PAGE on 12% gels and then transferred
to nitrocellulose membranes, which were then blocked
for 1 h at room temperature in Tris-buffered saline (TBS)
containing 0.1% Tween 20 and 5% fat-free milk. All pri-
mary antibody incubations were performed overnight at
4°C. Secondary antibody incubations were carried out at
room temperature for 1 h. Secondary antibodies conju-
gated with horseradish peroxidase were used for detection
by enhanced chemiluminescence (Super Signal; Pierce,
Rockford, IL, USA) or ECL Plus (Amersham Pharmacia
Biotech, Buckinghamshire, UK) according to the manu-
facturer’s instructions.

Animal Studies

BALB/c mice received subcutaneous implantations of
a total of 100 pl of 1x10° of CT26 cells in their rear left
footpad. The interval between the extraction of ascites
and the final inoculation into the mice was less than 1 h.

When the mean diameter of the tumors reached 3 mm
5 days after inoculation, the mice were separated at random
into two groups: the Lip-HK group (n=10 mice) received
10 pg of the HK plasmid and 50 pg liposome complexes
(final volume=100 pl), and the Lip-Biot2-shRNA group
(n=10 mice) received 10 pg of the shRNA plasmid and
50 pg liposome complexes (final volume=100 pl). Mice
were treated once daily for 10 days via injections into the
tail vein.

Tumor size was monitored by measuring the largest
and perpendicular diameters using a caliper once every
3 days. Tumor volume was calculated according to the
following formula: V=Ilengthx width?x0.52. All of the
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data are represented as means +standard error (SE). After
25 days of treatment, mice were sacrificed and were iso-
lated and fixed in 4% of neutral formalin for histological
analysis.

Immunohistochemical Staining

Polycolonal goat anti-mouse PCNA (1:200; Santa
Cruz Biotechnology) was used for immunohistochemis-
try (IHC) and was applied to paraffin-embedded material.
The IHC staining was performed using the labeled strepta-
vidin-biotin method. Sections of primary tumor were
deparaffinized in xylol and rehydrated in graded alcohol
series. Antigen retrieval was carried out by autoclaving
sections in retrieval buffer (10 mM pH 6.0 EDTA citrate
buffer) for 3 min. Endogenous peroxidase activity was
blocked by incubation in 3% hydrogen peroxide at room
temperature for 15 min. Nonspecific binding of reagents
was quenched by incubation for 20 min in 5% normal
serum, as determined by secondary antibodies. Sections
were then probed with primary antibodies, after which
the sections were incubated overnight at 4°C, followed
by incubation with biotinylated secondary antibodies at
37°C for 45 min, washed with a slight agitation in PBS
for 15 min, and incubated with avidin—biotin—horseradish
peroxidase complex at 37°C for 45 min. Cell nuclei were
gently counterstained with reformative Gill’s hematoxy-
lin, and slides were dehydrated and mounted.

The results regarding microvessel density (MVD) and
lymphatic microvessel density (LMVD) were expressed
as the average value of five fields with the highest num-
ber of microvessels in each tumor section. Microvessel
counting was performed with the use of a light micro-
scope (400x magnification).

Statistical Analysis

All assays were conducted three times and found to
be reproducible. Statistical significance was defined as
p<0.05. Results were expressed as mean + standard devi-
ation (SD). Statistical correlation of data between groups
is checked for significance by Student’s ¢ test. These anal-
yses were performed using SPSS 13.0 software.

RESULTS

RNA Interference Reduced Biot2 Expression
and Inhibited the Proliferation of CT26 Cells

To investigate the interference efficiency of Biot2-
shRNA, we transfected CT26 cells with sh-Biot2. As
shown using real-time reverse transcription-polymerase
chain reaction (RT-PCR), the expression of Biot2 decreased
compared with that in the control cells after 24 h of growth
(Fig. 1A). Early studies found that Biot2 gene downregu-
lation can inhibit tumor cell growth. In this experiment, to
further confirm the effects of sh-Biot2 on proliferation in
CT26 cells, we used EdU assays to measure cell numbers
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and found a 10.78% +1.95% and 25.92% +5.59% decrease
in growth compared with the control after 24 h and 48 h
growth (p<0.05) (Fig. 1B, C).

Biot2 Gene Downregulation Induced
CT26 Cells G, Arrest

Biot2 gene downregulation inhibited the cell prolifera-
tion of CT26; furthermore, we want to know whether
targeting interference Biot2 gene can inhibit the CT26
cell proliferation or not. We detected that when Biot2
gene is downregulated, CT26 cell DNA replication and
cell cycle change. Transfected Biot2-shRNA and control-
shRNA in CT26 cells, 48 h later, detected the DNA
replication and cell cycle by flow cytometry. The Biot2-
shRNA group had tumor cell cycle arrest in G, phase.
G, phase cells increased by 11.0% compared to control-
shRNA group (Fig. 2A). Then, we examined the expres-
sion of associated cell cycle regulatory proteins, kinase,
and kinase-dependent kinase inhibitors (CKIs) in the cell
cycle. Transfected Biot2-shRNA and the control-shRNA,
after 48 h, detected the expression of cell cycle regulatory
proteins by Western blot; compared to the control group,
p21, pl6, and cyclinD1 had significantly increased, and
p27 and CDK2 had no significant change (Fig. 2B, C).

Biot2 Gene Downregulation Promotes
CT26 Cell Apoptosis

Programmed cell death usually occurs after cell cycle
arrest. Biot2 gene downregulation led to CT26 cell arrestin
G, phase. In order to verify whether the Biot2 gene down-
regulation also caused CT26 cell apoptosis, we detected
the apoptotic cells through a series of apoptosis detection
methods. After transfecting Biot2-shRNA and control-
shRNA for 48 h, Hoechst/PI double staining was used to
detect the apoptotis of CT26 cells. Compared to the con-
trol group, the apoptosis rate increased 15.96% +0.85%
in the Biot2-shRNA group (p<0.05) (Fig. 3A). TUNEL
assay detected apoptosis of CT26 cells; TUNEL-positive
rate increased 6.36% +0.89% of the Biot2-shRNA group
(p<0.05) (Fig. 3B). Western blot detected the expres-
sion of caspase-3, an apoptosis marker protein. Cleaved
caspase-3 expression of the Biot2-shRNA group was signifi-
cantly increased compared to the control group (Fig. 3C).

Biot2 Gene Downregulation Inhibition of CT26 Cell
Proliferation and Promotion of Cell Apoptosis
May Be Relevant With p53 Gene

We conclude that Biot2 gene downregulation inhib-
ited CT26 cell proliferation and apoptosis, and may be
related to two factors, p53 and AKT: p21 mainly through
the upstream p53 and AKT-mediated pathway expres-
sion protein. In order to verify the speculation, trans-
fected Biot2-shRNA and control-shRNA, 48 h later,
used Western blot to detect expression of the proteins.
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Compared with the control group, the p53 protein of
the Biot2-shRNA group significantly increased, and the
expression of apoptosis family members Bcl-2 decreased
significantly, too, but proapoptotic family member Bax
expression did not change significantly (Fig. 4A); p-AKT
also did not change significantly (Fig. 4B). These data
show that inhibiting of CT26 cell proliferation and pro-
moting cell apoptosis are likely due to the increase in
P53 activity.

Biot2 Gene Downregulation Inhibits
CT26 Cell Growth In Vivo

Because of these dramatic effects of Biot2 knock-
down in cells, we next used a mouse model to investigate
the effects of Biot2 inhibition in tumors. Mice bearing
CT26-derived tumors were treated daily with Lip-HK
or Lip-CCDC7-shRNA, and tumor size was analyzed.
Importantly, tumors in the Biot2-shRNA group were signi-
ficantly smaller than those in the control group. Moreover,
animals treated with Lip-Biot2-shRNA showed a signifi-
cant decrease in the average tumor volume when compared
with the controls (p<0.05) (Fig. 5A). After 25 days, the
mice were sacrificed and the tumors were weighed. Wet
weight of the tumors in the control group was 0.67+0.32 g;
the other group was 0.41+0.16 g (p<0.05) (Fig. 5B).
The Biot2-shRNA group tumors weighed significantly
less than the controls. IHC staining of proliferating cell
nuclear antigen (PCNA) expression in the tumor was
found. PCNA-positive cells in the Biot2-shRNA group
were significantly reduced compared to the controls
(Fig. 5C). Thus, these data supported that knockdown of
Biot2 by RNA interference suppressed the proliferation
and oncogenic potential of colorectal cancer cells and
decreased tumor formation in mouse.

DISCUSSION

Gene therapy is an important research direction, as the
current biological treatment of cancer has been widely
used; however, its existence also has its own problems.
Security and targeted gene therapy are two issues that
need to be considered. Researchers are constantly look-
ing for new carrier transport systems and new gene ther-
apy, hoping to solve these problems. In this study, we
targeted interference of the Biot2 gene, Biot2 expression
downregulated in CT26 cells. We also explored the pos-
sibility of Biot2 gene as a therapy target in vitro and in
vivo. From our results, we found that interference of the
Biot2 gene can inhibit the proliferation of CT26 cells in
vitro and in vivo. Therefore, these data provide important
insights into the role of Biot2, which plays a key role in
the growth of CT26 tumors, and it is a potential target for
gene therapy.

Cell cycle regulation plays an important role in the growth
of tumor cells (27,28). During the cell’s carcinogenesis, the
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Figure 4. Biot2-shRNA inhibits cell proliferation and promotes apoptosis of CT26, resulting in p53 upregulation. CT26 cells were
transfected with Biot2-shRNA for 48 h, then analyzed by Western blotting to determine the protein level of P53, Bcl-2, Bax (A) and the
protein expression of AKT and p-AKT (B). These proteins were assayed by Western blotting. Equal amounts of total cellular protein
(20 pg) were resolved by 12% SDS-PAGE. B-Actin was used as loading control.

cycle regulation of the expression of proteins and CKI
cycle disorders may cause abnormality and the abnormal
expression of tumor-suppressor genes, which cause cells
to become cancerous (29,30). G, cell cycle arrest is a key
part of the regulation. G, is regulated by a variety of regu-
latory proteins and CKIs, such as cyclinD1, cyclinE, p16,
p21, p27, and so on. Among the above, CKIs are especially
critical and important in the regulation of G, (30,31). In
our experiments, after Biot2 gene downregulation, CT26
cells were arrested in G, phase; the two major proteins
pl6 and p21 in G, phase expression increased, but there
was no significant change in p27. The result indicates that
the cycle arrest is caused mainly by p16 and p21. p16 and
p21 are the key regulated proteins during the G, phase,
and they play a key regulatory role in the development
and progression of tumors. In 50% of human tumors, the
deletion, point mutation, and methylation of the p16 gene
caused genetic inactivation, and overexpression of pl6
had a poor prognosis of tumors (32). p21 has also been
reported to have a role in many tumors (33,34).

Cells will slowly die after the tumor cell cycle arrest.
Therefore, we studied the Biot2 gene downregulation and
CT26 cell apoptosis occurrence. We found that the Biot2
gene downregulation can promote CT26 cell apoptosis.
Therefore, it may provide a reliable basis for the Biot2
gene as a therapy target.

Cyclin-dependent kinase inhibitor p21 is mainly regu-
lated by p53 and AKT pathways; the two pathways are
critical for inhibiting tumor growth and promoting apo-
ptosis. In our study, we examined the expression of p53
and p-AKT protein; when the Biot2 gene was downregu-
lated, p53 gene expression increased, but the p-AKT did
not change significantly. In addition, we also tested the

expression of the inhibitor of apoptosis protein family
member Bcl-2 and proapoptotic family member Bax;
Bcl-2 decreased significantly and Bax did not. p53 as
an important tumor-suppressor gene has been the focus
of tumor biology treatment. p53 is the cell cycle regula-
tion station from G, to S phase transition, and it regu-
lated downstream protein p21 and cyclin-dependent
kinase to arrest the cell cycle in G, phase. Before DNA
replication, failed accurately repaired DNA will lead to
pS53-dependent apoptosis. p53 plays an important role in
tumor growth; when abnormally expressed or mutated,
cells begin malignant transformation. In the experimen-
tal studies, after Biot2 gene downregulation, pS3 expres-
sion increased. We hypothesize that CT26 cell growth
inhibition and apoptosis are likely due to the increase in
p53 activity, but it needs further research. Moreover, we
found that the expression of Bcl-2 increased, but not in
Bax. Thus, the specific mechanism of Biot2 downregula-
tion leading to CT26 cells undergoing apoptosis remains
to be further studied.

By this study, we demonstrated the possibility of the
Biot2 gene as cancer therapy and its role in tumor growth.
Biot2 downregulation can inhibit the growth of cells by
experiments in vitro and in vivo. However, it should be
noted that this study has some disadvantages. First of
all, the result is only for one of our cell lines. In order to
prove the role of Biot2 in tumors, we also need to repeat
our studies in other tumor cell lines. Second, the specific
mechanism of Biot2 downregulation leading to CT26
cell apoptosis is not clear. Is it mitochondria mediated or
receptor mediated? It is also our future research direction.
Finally, the specific mechanism of Biot2 genes and p53
is not very deep; it needs more experiments to explore.
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The evidence we have to prove the possibility of Biot2
as a target therapy gene may not be enough, so further
studies in this direction will be summarized in our next
study. But through the studies, it is confirmed that some
of the features and functions of Biot2 genes are slowly
being understood and also provides some basis for gene
therapy of Biot2 gene.
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