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Impact statement

For glioma treatment, gene therapy/viro-
therapy approach is a promising candidate.
The Ras gene is reported to play a vital role
in the RAS/RAF/mitogen-activated protein
kinase (MAPK) pathway in gliomas. Thus,
targeting the Ras gene should be a rea-
sonable potential therapeutic method for
glioma. In the present study, we used
cytokine-induced killer (CIK) cells as sec-
ondary vectors to systemically deliver
recombinant adenovirus KGHV500 to
glioma xenografts and investigated the anti-
tumor efficiency of recombinant adenovirus
KGHV500 in vitro and in vivo. Our results
expand evidence that targeting Ras is a
useful and potential therapeutic strategy for
gliomas. We believe that anti-p21Ras scFv
delivered by recombinant adenovirus and
CIK cells may play an important role in the
therapy of Ras-driven cancers.

Abstract

Ras gene mutation or overexpression can lead to tumorigenesis in multiple kinds of cancer,
including glioma. However, no drugs targeting Ras or its expression products have been
approved for clinical application thus far. Adenoviral gene therapy is a promising method for
the treatment of glioma. In this study, the human glioma cell line U251 was co-cultured with
recombinant adenovirus KGHV500, and the anti-tumor effects of KGHV500 were determined
by MTT, scratch test, Transwell invasion, and apoptosis assays. Then, KGHV500 was delivered
via the intravenous injection of CIK cells into glioma xenografts. Tumor volume, ki67 prolifer-
ation index, apoptosis levels, and anti-p21Ras scFv expression were tested to evaluate target-
ing ability, anti-tumor efficacy, and safety. We found that the KGHV500 exhibited anti-tumor
activity in U251 cells and increased the intracellular expression of anti-p21Ras scFv compared
with that in the control groups. CIK cells delivered KGHV500 to U251 glioma cell xenografts and
enhanced anti-tumor activity against glioma xenografts compared to that produced by the
control treatment. In conclusion, targeting Ras is a useful therapeutic strategy for gliomas
and other Ras-driven cancers, and the delivery of anti-p21Ras scFv by recombinant adenovirus
and CIK cells may play an essential role in the therapy of Ras-driven cancers.
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Introduction

Gliomas are the most common type of human tumors
affecting the central nervous system (CNS), with almost
250,000 cases reported annually worldwide.! Currently,
although there are multiple therapies available, such as
aggressive surgery resection, radiation or chemotherapy,
the survival rate of the patients remains poor.” Therefore,
it is important to investigate novel and more specific ther-

apies to address this tumor.

Ras genes (H-Ras, N-Ras, and K-Ras) encode proteins
comprising 188-189 amino acids, known as p21 proteins,
that cycle between a GTP-bound active form and a GDP-
bound inactive form.?> These small GTP-binding proteins
play a critical role in many signaling networks through
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which cell proliferation, differentiation, migration, apopto-
sis, and senescence are regulated.* Ras gene mutation or
overexpression can lead to tumorigenesis in multiple
kinds of cancer. The increased expression of Ras in
glioma is first reported by Gerosa.” Transcriptional regula-
tion of Ras is positively correlated with the degree of
glioma malignancy.® In high-grade gliomas, although
somatic Ras mutations are less common, they do express
a high level of Ras protein as a consequence of the excessive
activity of upstream ligands/receptors, such as EGFR.”®
The activation of downstream signaling pathways, such
as the classic RTK/RAS/PI3K signaling axis, which is
altered in 88% of adult human gliomas, follows Ras activa-
tion.” Therefore, the Ras gene may be an important
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therapeutic target for gliomas. Up to now, no drugs target-
ing Ras or its expression products have been approved for
clinical application.

Previously, we constructed recombinant adenovirus
KGHV500, which carries the anti-p21ras single-chain anti-
body gene and can conditionally replicate and proliferate in
tumor cells and expresses the anti-p21Ras single-chain anti-
body. KGHV500 demonstrated significant anti-tumor
effects in lung cancer,™® colorectal cancer,'* and in gastric
cancer.'? In this study, we employed CIK cells as secondary
vectors to systemically deliver recombinant adenovirus
KGHV500 to treat glioblastoma xenografts and investigat-
ed its anti-tumor efficiency and safety in vitro and in vivo.

Materials and methods

Cell lines and recombinant adenovirus

The human glioblastoma cell line U251 was obtained from
the Cell Bank of the Chinese Academy of Science. The
human embryonic kidney cell line HEK 293 was purchased
from the Conservation Genetics CAS Kunming Cell Bank.
All cells were cultured and supplemented with 10% fetal
bovine serum (FBS) (Biological Industries, Israel), 100
units/mL penicillin, and 100 pg/mL streptomycin at 37°C
with 5% CO..

The KGHV500 and KGHV400 adenoviruses were previ-
ously constructed from wild type adenovirus 5 by our lab-
oratory. Both of them express the F35 fiber protein, which is
the ligand of CD46. KGHV500 contains the anti-p21Ras
scFv gene, but KGHV400 does not. The recombinant ade-
novirus was purified by discontinuous density gradient
centrifugation with cesium chloride, and the viral titer
was determined using the tissue culture infectious dose
50 (TCID50) method™ in HEK 293 cells.

Detection of p21Ras and CD46 proteins in U251 cells

U251 cells were collected, fixed, paraffin embedded, and
sectioned (Leica, R, Leica Company, Germany). Then,
CD46 protein and p21H-ras were detected by immunohis-
tochemistry (IHC) using an anti-CD46 monoclonal anti-
body (Abcam, EPR4014, UK) and anti p21Ras monoclonal
antibody as the primary antibody, respectively.

Infection of U251 cells by the recombinant adenovirus

U251 cells at 1 x 10° cells/ ml were seeded on six-well plates
and grown to 70%-80% confluence, then were co-cultured
with KGHV500 at various multiplicity of infection (MOI)
values (50, 100, and 200) under conditions of 5% CO, at
37°C with saturated humidity to determine optimal MOL
After 48 h, KGHV500 infection in U251 cells was assessed
with an inverted microscope (Nikon, Tokyo, Japan) and
electron microscopy (EM) (JEM-1011, Japan).

Preparation and identification of CIK cells

Cytokine-induced killer (CIK) cells were generated from
the peripheral blood mononuclear cells (PBMCs) of healthy
donors, as previously described.'* The cell density was
adjusted to 1x10° cells/ml in RPMI 1640 medium
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(HyClone, Inc., USA) containing 10% FBS, and the cells
were then cultured at 37°C with saturated humidity. On
day O, the cells were co-stimulated with IFN-y (1000 U/
ml, PeproTech, USA) for 24 h. On the second day, an anti-
CD3 monoclonal antibody (50ng/ml, OKT eBioscience,
USA) and IL-2 (300 U/ml, PeproTech, USA) were added;
fresh medium containing IL-2 was used to replace half of
the old medium every threedays until day 14. CIK cells
were identified by immunohistochemistry with anti-CD3
monoclonal antibody (ZSGB-Bio, China) and anti-CD56
monoclonal antibody (MXB, China). IHC also detected
CD46, the receptor for the KGHV500 fiber protein, on all
CIK cells.

CIK cell infection with recombinant adenoviruses

CIK cells were co-cultured with KGHV500 at an MOI of
100. The hexon protein of adenovirus was detected in
CIK cells by immunohistochemistry to determine the infec-
tion efficiency of KGHV500.

Scratch test to assess cell migration

U251 cells were seeded in 6-well plates and cultured over-
night. A wound was made with a plastic pipette tip and
then washed twice with PBS.'® Subsequently, the cells in
one 6-well plate were infected with KGHV500, and the con-
trol group was infected with KGHV400 at the appropriate
MOIL. The size of the wound was determined from images
captured under a microscope (Olympus, Tokyo, Japan) at
Oh, 24h, and 36h after wounding. The gap distance was
measured, and the average length was calculated for each
condition.

Transwell assay to assess cell invasion

Transwell invasion assays were carried out using a 24-well
Transwell chamber as follows. Matrigel (BD Matrigel
Matrix, USA) was diluted 1:20-1:30 with DMEM without
FBS, and was filled in the upper compartment chamber
(60 pL/well) and incubated at 37°C for 30 min. Then, cells
infected by recombinant adenovirus were resuspended in
serum-free DMEM and then plated in the upper wells at a
concentration of 1 x 10° cells per well. The bottom chamber
was filled with 600uL of DMEM containing 10% FBS.
Finally, after incubation, noninvasive cells in the top cham-
bers were gently wiped away with a cotton swab. Invasive
cells on the bottom surface of a filter were fixed with meth-
anol, stained with Giemsa dye, and then counted under an
inverted microscope (10 fields were counted for each
sample).

MTT assay to assess cell viability

U251 cells were seeded in a 96-well plate at a density of
5 x 10* cells per well and cultured at 5% CO,. When the
cells reached 70% of confluence, KGHV500 was added at
a MOI =100 for infection. Then, 20 uL. of an MTT solution
(5mg/mL, Amresco, USA) was added to each well at one,
two, three, four, and five days after infection and further
incubated at 37°C for 4 h. The supernatant was removed,
and 150 puL. of DMSO was added to each well and mixed for
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10min. Cell viability was determined by a microplate
reader (Bio-Rad, model 680) at a wavelength of 490 nm.

TUNEL assay to assess cell apoptosis

U251 cells were collected as cell pellets at 48 h after infec-
tion with KGHV500, then, were embedded in paraffin and
cut into slices. The terminal deoxynucleotidyl transferase-
mediated dUTP nick end labeling (TUNEL) assay was per-
formed with an in situ cell death detection kit (Roche
Diagnostics GMbH, Germany) according to the kit instruc-
tions. The apoptotic cells were visualized and counted by
fluorescence microscopy.

Nude mice model of U251 cell xenograft

This study received the approval of the Ethics Committee
of Kunming University of Science and Technology. All ani-
mals involved in the study were cared for under institu-
tional guidelines. The glioma xenograft tumor was
established as previously described™®"; 1 x 107 cells of
U251 cells were injected subcutaneously in the right axilla
of six-week-old female immune-deficient nude mice (Vital
River Laboratories, Beijing, China). When the size of xeno-
graft tumors reached at least 5mm in length, CIK cells
infected by recombinant adenovirus were injected into
the tail veins of xenograft recipient mice for treatment.
The treatment was repeated once every three days and
tumor volume was measured with a caliper every day.
Tumor growth curves were generated with the tumor
volume calculated according to the following formula:
V=(LxW?/2.

Histology and immunohistochemistry

The nude mice were sacrificed to observe pathological
lesions on every other day after treatment. Thirty-four days
later, all mice were sacrificed. Xenograft tumor and organs
were fixed in formalin, embedded in paraffin, sectioned at a
thickness of 3-4 um and stained with hematoxylin & eosin
(H&E) for histological assessment.'® Immunohistochemistry
assay was used to detect the expression of Ki67, anti-p21Ras
scFv, and the adenovirus hexon protein with anti-ki67 anti-
body (OriGene, ZM0166, USA), anti-Flag tag mAb (Abnova,
MAB9744, China), and anti-virus hexon antibody (Novus,
NBP2-11638, USA), respectively.

In vivo, glioma cell proliferation was assessed by count-
ing the percentage of Ki67 positive glioma cell nuclei. More
than 1000 neoplastic cells were counted in each tumor
tissue.

Western blotting

The expression of the scFv in xenografts and organs was
detected by Western blotting. First, the total protein was
extracted from tissues. Then, the protein samples were sep-
arated via SDS-PAGE and transferred to PVDF membranes.
The membranes were incubated with anti-Flag tag mono-
clonal antibody (Abnova, China) overnight and then horse-
radish peroxidase (HRP)-conjugated secondary antibody
(goat anti-mouse IgG, ZSGB-Bio, ZB-5305 China). Then,
the PVDF membranes were stained with DAB, and protein

expression levels were compared with those of f-actin, an
internal control. Both anti-Flag tag and HRP-conjugated
secondary antibodies were used at a 1:1000 dilution.

Quantitative real-time PCR

Total RNA was extracted from tumor and organ tissues by
using RNA TRIzol Reagent (EastTM total RNA extraction
kit, Promega, USA) according to the manufacturer’s
instructions. Data were collected and analyzed by Bio-
Rad CFX96 Manager software. The expression level of
each candidate gene was internally normalized against
the expression of GAPDH." The relative expression
levels were determined by the > *Ct method.

Statistical analysis

The experiment was performed in triplicate for each group,
and the results were averaged. Values are expressed as the
mean £ SD. SPSS 22.0 software was used for statistical anal-
yses. Comparisons among groups were analyzed using
one-way ANOVA followed by LSD-t test. The statistical
significance of differences between the control and treat-
ment groups was calculated, and differences for which
the P-value <0.05 were considered statistically significant.

Results

U251 cells and CIK cells infection by the recombinant
adenoviruses

Human glioblastoma cell line U251 presented malignant
pathological characteristics such as large cell size, irregular
morphology, large nuclei, hyperchromatic nuclei and a high
nucleus-to-cytoplasm ratio, and a high expression of CD46
protein on the surface of the cells. CD46 is the receptor of
fiber 35 proteins, allowing U251 cells to bind to KGHV500
and KGHV400. We found that U251 cells overexpressed
p21H-Ras, which led them to be the target of anti-p21Ras
scFv. After co-cultured with KGHV500, many virus particles
at a diameter of 70-100 nm were found in the cytoplasm and
cell nucleus of U251 cells under electron (Figure 1(A)).
TCID50 assay revealed that the highest KGHV500 infection
efficiency was an MOI of 100 (Figure 1(B)).

We prepared CIK cells from PBMCs by a combined treat-
ment with IFN-y, IL-1a, and IL-2 for 14 days as described in
the Materials and methods. The isolated cells were identi-
fied by immunohistochemistry and showed the phenotypic
characteristics of CIK cells, that is, CD3" and CD56™. These
data suggested that the PBMCs cells had been successfully
induced to CIK cells. Moreover, similar to the adenovirus
CD46 receptor on the U251 cell membrane, nearly all the
CIK cells expressed CD46 protein on the cell surface. After
co-culture with KGHV500 or KGHV400, the hexon protein
was detected in all CIK cells, which means that CIK cells
could interact with adenovirus due to the expression of the
CD46 receptor (Figure 1(C)).

Anti-tumor efficacy of KGHV500 in vitro

We performed a scratch test after U251 cells were infected
with KGHV500 at MOI=100 to investigate migration
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Figure 1. U251 cells and CIK cells were infected by recombinant adenovirus KGHV500. (A) (a) U251 cells presented the following malignant pathological charac-
teristics: large cell size, irregular morphology, large nuclei, hyperchromatic nuclei, and a high nucleus-to-cytoplasm ratio (H&E staining). (b) CD46, the receptor of
KGHV500 fiber proteins, was highly expressed on the surface of U251 cells (IHC staining). (c) H-p21Ras was overexpressed in the cytoplasm of U251 cells (IHC
staining). (d) Many KGHV500 viral particles with a diameter of 70-100 nm were observed in the cytoplasm and nuclei of U251 cells by electron microscopy(arrow),
Scale bars =50 um and 500 nm, respectively. (B) The KGHV500 virus infection efficiency in U251 cells was detected by calculating the TCID50. The best infection
efficiency was achieved at an MOI of 100, at which the strongest fluorescence signal and weakest cytopathic effect were observed. (C) The IHC staining showed that
CIK markers CD3, CD56 were expressed on the cell membrane. CD46 protein, the adenovirus receptor, was clearly expressed on the surface of CIK cells. The
adenovirus hexon protein was detected in CIK cells after their infection with KGHV500. (A color version of this figure is available in the online journal.)
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ability of cells. At 24h and 36 h after infection, the wound  to detect whether KGHV500 could inhibit tumor invasion.
healing area was smaller in the KGHV500 group than that ~ The results showed that the number of U251 cells that
in the KGHV400 group and the uninfected group (P <0.01)  invaded the bottom chamber reduced significantly in the
(Figure 2(a) and (b)). Transwell invasion assays were used ~ KGHV500 group compared with the KGHV400 group (P

(a) KGHV500 KGHV400 uninfection (

(=2
~

1 — KGHV500
0.8] — KGHV400
—=— uninfection

rcentage (%)

c
S 0.4

ra

24 h

Cell mi
o

Oh 24h  36h

(

[=1
=

o]
(=
(=]
*

36 h

160

20
1201 |7

8015

0
40 4 KGHV500 KGHV400

|
KGHV500 KGHV400 uninfection

The number of invasion cell
>

—_—

Cell apoptotic percentage (%) =

B (=] co
o o o
[
S

KGHV400 uninfection

uninfection

KGHV500 KGHV400 uninfection

g

T )

a

= g 187~ KGHV500
€161~ KGHV400
K] 1.4 _._ uninfection
s 1.2 1
21.01

b= < 0.8

n © 0.6

T 2 0.4

2 3 0.2

0

d1 d2 d3 d4 d5 Day

Figure 2. The anti-tumor efficacy of KGHV500 in vitro. (a, b) Cell migration was measured by scratch test at 0 h, 24 h, and 36 h after U251 cells were infected with
KGHV500. The migration of U251 cells was inhibited by KGHV500 and KGHV400, and the extent of this inhibition was greater in the KGHV500 group than in the
KGHV400 group. (c, d) Transwell invasion assays showed that the invasion ability of U251 cells was decreased in the KGHV500 group compared to the KGHV400 and
PBS groups. (e, f) U251 cell apoptosis after viral infection was detected by TUNEL assays. The percentage of apoptotic cells in the KGHV500 group was higher than
that in the KGHV400 and PBS groups. (g) U251cell proliferation was tested by MTT assay at 1 d, 2 d, 3d, 4 d, and 5 d after infection with KGHV500. Among the three
groups, proliferation was lowest in U251 cells infected with KGHV500. All experiments were performed in triplicate. All the data are represented as the means +
standard deviation (SD) of three experiments. *P < 0.05; **P < 0.01. (A color version of this figure is available in the online journal.)



<0.05) (Figure 2(c) and (d)). In TUNEL assay, an increased
proportion of apoptotic U251 cells was observed in the
KGHV500 group compared with the KGHV400 control
group (73.104+3.14% vs. 18.46 £2.32%, P <0.01) (Figure 2
(e)). However, only a few apoptotic cells were observed in
the uninfected group (Figure 2(f)). As a result, the recom-
binant adenovirus KGHV500 induced a significant degree
of U251 cell death via apoptosis. After infection with the
virus KGHV500, an MTT assay was employed to determine
whether KGHV500 could inhibit the proliferation activity
of U251 cells. As shown in Figure 2(g), on the first day, the
number of living U251 cells of the three groups was almost
the same. However, on the fifth day, the number of living
cells in the KGHV500-infected group decreased sharply
compared with KGHV400-infected group and the unin-
fected group. The number of living U251 cells in the
KGHV400-infected group was 16 times higher than that
in the KGHV500-infected group, and the number of living
U251 cells in the uninfected group was 22 times higher than
that in the KGHV500-infected group.

In vivo anti-tumor efficacy of KGHV500

We established a U251 xenograft model in nude mice and
administered CIK cells carrying KGHV500 to treat the
mice through tail vein injection. Tumor growth curves
were drawn according to the tumor volume (Figure 3(a)
and (b)). From tumor growth curves, the slowest tumor
growth was observed in the CIK+KGHV500 group, in
contrast to the fastest tumor growth observed in the
PBS group. The pace of growth in CIK, KGHV500,
CIK +KGHV400 groups is decreased (P <0.01). These
results indicated that KGHV500 delivered by CIK cells
could obviously suppress the tumor growth in vivo, and
its anti-tumor effect was better than other groups. Ki67
proliferation index revealed a reduced tumor cell prolifer-
ation in CIK+4KGHV500 treatment compared to the
CIK +KGHV400 (16.33 £1.53% vs. 28 +4.36%, P <0.05)
and KGHV500 group (16.33+1.53% vs. 37+£7%, P
<0.01) as well as other groups (P <0.01) in tumor tissue
(Figure 3(c) and (e)). Then, we performed TUNEL staining
on tumor tissue sections to assess whether KGHV500
could lead to apoptosis in vivo (Figure 3(d) and (e)). We
observed more apoptotic cells in CIK +KGHV500 group
(78.20+£3.52) % compared with the CIK+KGHV400
groups (27.23+3.21) % and other groups (P <0.01).
There was almost no apoptosis cell in the PBS group
(210+£0.99) %, which was the same result as what was
observed in wvitro. These results implied that the
CIK+KGHV500 has the ability to inhibit proliferation
and induce the apoptosis of U251 cells in vivo. Further,
the expression of apoptosis-associated genes was detected
by real-time PCR (qPCR). As a result, the expression of
proapoptotic genes (Caspase-3, Caspase-7, and p53) was
upregulated, while the expression of antiapoptotic genes
(Bcl-2 and Survivin) was downregulated in the
CIK+KGHV500 group (Figure 3(f)). Real-time PCR
(qPCR) verified the TUNEL assay results and revealed
the cause of apoptosis at the gene level.
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KGHV500 and anti-p21Ras scFv in tumors and
major organs

To determine whether CIK cells delivered KGHV500 to the
transplanted tumors, we still needed to confirm these
tumors truly expressed anti-p21Ras scFv in vivo. The
nude mice from each group were sacrificed on days 1, 3,
5, and 7 after treatment, and the tumors and 10 major
organs including heart, liver, spleen, lung, kidney, stomach,
pancreas, brain, small intestine, large intestine were
removed. No significant pathological lesions were found
in organs of the nude mice in both experimental and control
groups. Adenovirus hexon protein and anti-p21Ras scFv
were detected in the tumor by immunohistochemistry.
From day 1, the tumor began to express hexon protein in
both CIK +KGHV500 experimental group and KGHV500
group. As time progressed, we also found that the hexon
expression increased gradually in both groups. The
CIK+KGHV500 experimental group expressed more
scFv in the tumor than did the KGHV500 group. A signif-
icant difference was found between the two groups (P
<0.05) (Figure 4(a) and (b)). Correspondingly, we found
that xenograft tumors from the CIK+ KGHV500 group
expressed more anti-p21Ras scFv than xenograft tumors
from the KGHV500 group (P <0.05) (Figure 4(c) and (d)).
These results indicated that the CIK+KGHV500 group
could target the tumor.

To observe the safety of KGHV500 in the body, we ana-
lyzed the hexon and anti-p21Ras scFv distribution in
organs. In the KGHV500 group, adenovirus hexon was
expressed in all of the above organs except the brain,
while we observed the positive hexon expression only in
the liver, spleen, and kidney in CIK+KGHV500 group
(Figure 5(a)). These results indicated that the toxicity of
CIK combined with KGHV500 delivery through the blood
in the nude mouse model was decreased.

We further performed Western blotting to detect the
expression of scFv in the tumors and major organs. The
data showed strong expression of scFv in tumors but little
scFv expression in the liver, kidney, and spleen of mice in
the CIK+ KGHV500 group (Figure 5(b)). In the KGHV500
group, scFv expression was detected in all tested organs
except for the brain (Figure 5(c)).

Discussion

Human glioblastoma cell line U251 was established at the
Wallenberg laboratory, Uppsala, Sweden in the 1960s and
was derived from a male patient with malignant astrocyto-
ma.? Since U251 cells present a high expression of p21Ras
protein, we may take it as a target and carry out treatment
experiments using anti-p21ras scFv to explore a new treat-
ment method for glioma. Here, we found that recombinant
adenovirus KGHV500 harboring anti-p21Ras scFv gene
could infect U251 cells, then proliferate and express the
scFv intracellularly. Consequently, the proliferation and
migration of U251 cells were inhibited, resulting in more
apoptosis. In wvivo, CIK cells successfully delivered
KGHV500 to the U251 cell xenografts through the blood.
Then, KGHV500 expressed anti-p21Ras scFv and repressed
tumor growth significantly. Moreover, we also found that
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Figure 3. In vivo anti-tumor efficacy against human glioma cell line xenografts. (a, b) U251 cells were subcutaneously inoculated into the right axillae of BALB/c nude
mice to establish a xenograft model, and CIK cells carrying recombinant adenovirus were injected by the tail vein. Tumor growth curves were drawn according to the
tumor volume. Tumor volumes in the different groups increased in the following order: the CIK+ KGHV500, CIK+KGHV400, KGHV500, CIK, and PBS groups. Means +
SD. (c) Cell proliferation of xenograft tumor was visualized by IHC of Ki67 proliferation index. The expression of Ki67 was showed the dark brown color with cell nuclei.
Scale bars =100 um (d) TUNEL staining (green fluorescence) was observed in the cytoplasm of apoptotic cells, and cell nuclei were stained with DAPI (blue fluo-
rescence). () The bars show quantitative analysis of the Ki67 positive cells and the TUNEL staining in all groups. The Ki67 was apparently reduced in CIK + KGHV500
group than other groups after treatment. There were more apoptotic tumor cells in the CIK + KGHV500 group than in the other four groups. (f) gPCR analysis revealed
that expression of the proapoptotic genes Caspase-3, Caspase-7, and p53 was upregulated, while expression of the antiapoptotic genes Bcl-2 and Survivin was
downregulated in the KGHV500 + CIK group. Means + SD.*P < 0.05; **P < 0.01. (A color version of this figure is available in the online journal.)

the KGHV500 promoted the apoptosis of U251 cells by  regarded as a powerful tool to regulate biological functions
upregulating the Caspase-3, Caspase-7, and p53 genes in diseased tissues and to treat cancers.”? The use of a suit-
while downregulating the Bcl-2 and Survivin genes. able vector is essential for successful gene treatment.

Gene therapy has broadened the concept with the intro-  Adenovirus (Ad), the most commonly used vector, has sig-
duction of “therapeutic” genes to cells in the 1970s * and is  nificant advantages of gene delivery due to its relative ease
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Figure 4. Expression of the adenovirus nucleocapsid protein (Hexon) and anti-p21-Ras scFv in tumors was examined by immunohistochemistry. (a, b) The expression
of hexon increased gradually from the first day to the 7th day, and hexon expression was higher in the CIK+KGHV500 group than in the KGHV500 group on the same
days. (c, d) The expression of anti-p21-Ras scFv in the tumors. The CIK+KGHV500 group expressed more anti-p21-Ras scFv than the KGHV500 group on the same
days. Scale bars =50 um. Means £SD.*P < 0.05; **P < 0.01. (A color version of this figure is available in the online journal.)

of modification, ability to purify high titers, high efficiency
of transgene expression, and stable gene transfer into many
different tissue types. In this study, the recombinant adeno-
virus KGHV500 was derived from wild-type adenovirus 5
(Ad5). In KGHV500, the E1A promoter of Ad5 was
replaced with the human telomerase reverse transcriptase
(hTERT) promoter, and the E1B promoter was replaced
with the hypoxia response element (HRE) promoter,
which gave KGHV500 the ability to specific replicate in
tumor cells. Besides, the fiber gene of Ad5 was replaced
with the adenovirus 35, which allowed KGHV500 to bind
the CD46 on the surface of CIK cells. Moreover, as glioma
cells are resistant to Ad5 infection due to their low
coxsackie-adenovirus receptor (CAR) expression,” > we
use recombinant adenovirus KGHV500 as a vector that
has the ability to bind CD46 protein to enhance the gene
transduction efficiency.

Some researchers reported that CIK cells could inhibit
the growth of GBM in intratumoral injection or intravenous
injection.'*'® Those mainly relied on CIK cells to harbor the
non-major histocompatibility complex-restricted cytotoxic-
ity of natural killer cells and T cell anti-tumor activity.”®
Here, we utilized CIK cells to successfully deliver
KGHV500 to the tumor site ” as CIK cells are immune
cells and thus can recognize NKG2D ligands on the
tumor surface® as well as exhibit tumor-specific tropism.
Moreover, this method can avoid clearance and a decrease
in the level of circulating viral particles by neutralizing
antibodies.”* Thorne et al. % first reported the use of
CIK cells to carry the vaccinia virus to cancer, where it
killed tumor cells. Yang et al. *' recently employed CIK
cells to carry oncolytic adenovirus as a combined therapy
for liver cancer. Both of them obtained satisfactory results.
In our study, since CIK cells were used as the drug carrier,
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Figure 5. The expression of hexon and anti-p21 Ras scFv in the major organs of nude mice. (a) Hexon was detected by immunostaining in all tested organs except for
the brain in the KGHV500 group. However, in the CIK+KGHV500 group, only the liver, spleen, kidney, and tumor exhibited detectable hexon levels. Scale

bars =100 um. (b, c). Western blotting showed that anti-p21-Ras scFv was expressed in only tumors and the liver, spleen, and kidney in the CIK+KGHV500 group. In
contrast, the scFv was expressed in tumors and all tissues except for the brain in the KGHV500 group. (A color version of this figure is available in the online journal.)

the injected number of CIK cells was lower than that of
therapeutic use. That might be a reason to explain the
ability to inhibit tumor growth in the CIK group was weak-
ened than the KGHV500 group. Since CIK cells can
protect the viral vector from host immunosurveillance
and deliver the vector to distant tumor regions, our study
also expands evidence that CIK could be a promising
second drug carrier.

In virus-based gene therapy, systematic administration
generally leads to unwanted vector uptake by many

different cell types in multiple organs.’®> In addition to
target specificity, obtaining a safe method of systemic
administration is an important goal that must be met. In
the present study, compared with the KGHV500 group,
most tissues in the CIK+KGHV500 groups exhibited
almost no adenovirus hexon and anti-p21 Ras scFv expres-
sion, but small amounts of these proteins were detected in
the livers, spleens, and kidneys of mice in the
CIK 4+ KGHV500 group. Other researchers reported a low
level of Ad5/F35 adenovirus expression in the human



liver® and monkey liver.** Ad5/F35 might enable a small
degree of nonparenchymal liver cell infection but not
parenchymal liver cell infection.** The low level of Ad5/
F35 expression in the spleen might be related to the homing
of CIK cells to peripheral lymphoid organs.® We assume
that KGHV500 and scFv could be detected in the kidneys in
both the experimental and control groups because the kid-
neys are excretory organs.

Furthermore, KGHV500 infects cells by binding its
fiber35 protein to the CD46 molecule, the receptor for
fiber35, on the cell surface, including CIK cells, dendritic
cells>” human hematopoietic progenitor cells,”® and epithe-
lial cells® and fibroblasts.*” KGHV500 is regulated by two
tumor-specific promoters hTERT and HRE. Therefore, it
replicates and continuously expresses anti-p21 Ras scFv
in tumor cells but does not replicate and proliferate in
normal cells. Although it can infect some normal cells
with CD46, it only expresses anti-p21 Ras scFv briefly.
This is why the hexon and anti-p21Ras scFv were observed
in the liver, kidney, spleen, and other organs, but no cell
damage was observed under pathological examination.

As reported in some studies, p21Ras was expressed in
embryonic cells and a few normal adult cells.> These
normal adult cells might be infected by KGHV500 if they
express CD46. However, the impact on Ras function should
be very small since KGHV500 does not replicate in the cells.
More importantly, in this study, CIK cells with tumor-
targeting were used to deliver KGHV500 to transplanted
tumors through blood in vivo, which largely avoided the
infection of normal cells on the way.

In summary, the present study demonstrates that
recombinant adenovirus KGHV500 could intracellularly
express anti-p21Ras scFv in human glioma cell line U251,
then inhibit U251 cell growth, migration, and invasion; and
promoted glioma cell apoptosis. In vivo, CIK cells could
deliver KGHV500 to glioma xenografts in nude mice with
relative safety. Our findings expand evidence that targeting
Ras is a useful therapeutic strategy for gliomas and other
Ras-driven cancers. We believe that anti-p21Ras scFv deliv-
ered by recombinant adenovirus and CIK cells may play an
essential role in the therapy of Ras-driven cancers.
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