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Abstract

AIM: To construct a pEgr-IFNy plasmid and to investigate
its expression properties of interferon-y (INF-y) induced by
irradiation and the effect of gene-radiotherapy on the
growth of melanoma.

METHODS: A recombined plasmid, pEgr-IFNy, was
constructed and transfected into B16 cell line with
lipofectamine. The expression properties of pEgr-IFNywere
investigated by ELISA. Then, a B16 melanoma-bearing
model was established in mice, and the plasmid was
injected into the tumor tissue. The tumor received 20 Gy
X-ray irradiation 36 h after injection, and IFN-y expression
was detected from the tumor tissue. A tumor growth curve
at different time points was determined.

RESULTS: The eukaryotic expression vector, pEgr-IFlVy,
was successfully constructed and transfected into B16 cells.
IFN-y expression was significantly increased in transfected
cells after X-ray irradiation in comparison with 0 Gy group
(77.73-94.60 pg/mL, P<0.05-0.001), and was significantly
higher at 4 h and 6 h than that of control group after 2 Gy
X-ray irradiation (78.90-90.00 pg/mL, P<0.01-0.001).
When the transfected cells were given 2 Gy irradiation 5 times
at an interval of 24 h, IFN-y expression decreased in a
time-dependent manner. From d 3 to d 15 after IFNy gene-
radiotherapy, the tumor growth was significantly slower
than that after irradiation or gene therapy alone.

CONCLUSION: The anti-tumor effect of pEgr-IFNy gene-
radiotherapy is better than that of genetherapy or radiotherapy
alone for melanoma. These results may establish an important
experimental basis for gene-radiotherapy of cancer.
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INTRODUCTION

Radiotherapy is one of the trestments for cancer. However, its
therapeutic effect is still unsatisfactory, and thus new therapeutic

strategy must be adopted. Gene therapy in combination with
radiotherapy is one of the most important advancest*. The
introduction of Egr-1 promoter induced by irradiation has
provided a possible approach to this combination therapy!>®.

IFNy is the first cytokine produced by gene engineering
and used for treatment of carcinoma, and has anti-tumor effects.
Its antitumor mechanism includes direct inhibition of tumor
cell proliferation, and indirect action by activating cytotoxic
activitied™ . In the present study we constructed the pEgr-IFNy
plasmid by connecting IFNy cDNA to Egr-1 promoter to
invedtigateitsexpression propertiesin B16 cdlsandits antitumor
effectinmice.

MATERIALS AND METHODS

Construction of pegr-IFNyPlasmid
The expression vector for pEgr-1IFNyis shownin Figure 1.

Cell line and transfection
B16 cell linewas cultured in MH Radiobiology Research Unit
of JlinUniversty andmaintainedin RPM1 1640 (Life Technol ogies)
with 100 mL/L fetal bovine serum (Hyclone Laboratories), L-
glutamine, 100 pg/mL of streptomycin, and 100 U/mL of
penicillin. Thecell linewasincubated at 37 “C in 50 mL/L CO.,.
B16 cellswere transfected in a 6-well plate when the cells
reached 70% confluence. Solution A was prepared by addition
of 10 pg of pEgr-IFNy or pcDNA3.1* to 100 pL serum-free
medium (SFM), and solution B by addition of 10 uL liposometo
100 L SFM. Solutions A and B weremixed at room temperature
for 30 min, then mixed with 0.8 mL SFM, the mixturewas added
to the rinsed cells. The medium was replaced with fresh and
complete medium 6 h after transfection.

Protein determination
Supernatants from different groupswere collected for detection
of thelFNy expression with ELISA kit (Genzyme).

Establishment of B16 melanoma-bearing model

Adult female Kunming mice were provided by the Experimental
Animal Center of Jilin University, with an average weight of
18+2g.

A melanoma-bearing model was established by subcutaneous
injection at right hind limbwith 0.1 mL B16 cdlls(5x10°/mL), 10d
later, tumor tissue received multi-focus injection of plasmids
packaged with liposome (20 pg plasmid and 0.1 mL liposome
per mouse) for the experimental groups.

Tumor size was measured. Then, tumor volume (V) was
cdculated according totheformula: V (mm?®) = LxW?/2, where,
L: the longest diameter of tumor; W: the diameter at right
angles on the largest horizontal section. Tumor growth rate
(f) wastheratio of the volume at different time points over the
initial volume (V).

lonizing irradiation

X-raysof 200 kV and 10 mA with 0.5 mm copper and 1.0 mm
aluminum filter weregiven at adose-rate of 0.8639 Gy/minfor a
total dose of 2--20 Gy.
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Figure 1 Construction of plasmid pEgr-IFNy.

B16 cellswere seeded in a6-wel plate and randomly divided
into different groups. The experiment groups received X-ray
irradiation of various doses or at different time points, control
groups received sham irradiation simultaneously.

Micebearing B16 xenografts (n = 40) were randomly divided
into five groups: control group, 20 Gy group, pcDNA3.1+20 Gy
group, pEgr-1FNy group and pEgr-1FNy+20 Gy group. Thirty-
six hours before irradiation, melanoma tissue was injected
with plasmids or buffer at 5 separate sites. Tumor beds were
given 20 Gy X-ray irradiation. Animals of 20 Gy group,
pcDNAS.1+20 Gy group and pEgr-1FNy+20 Gy group were
shielded with lead except for the tumor-bearing hind limb,
animalsin the other 2 groups were given sham-irradiation at
the same time. Tumors were measured and recorded as
previously described.

RT-PCR
Total RNA were extracted from EC9706 cells and tumor tissue
for RT-PCR. GAPDH wasused asan internal reference. Primers
wereasfollows. GAPDH, forwardprimer 5 -TGCACCACCAAC
TGCTTAGC -3' and reverse one 5’ -GGCATGGACTGTGG
TCATGAG-3', mouse|FNycDNA, forward primer 5 -GATCCT
TTGGACCCTCTGACTT-3 andreverseone5' -AGACAGTGA
TAAACTATAAATGAGCG-3'.

RT-PCR was performed asfollowing: denaturation at 95 C
for 3min, 30cyclesat 95 C for45s,at 56 ‘C for45s,at 72 °C for
40 sand extension at 72 “C for 10 min.

Statistical analysis

Student’ st test was used to determine comparability between
groups. P values less than 0.05 were considered statistically
significant.

RESULTS

B16 cell line transfected with pEgr-IFNyplasmid
Pre- and post-transfection of B16 cells are shown in Figure 2.

IFNyexpressions in B16 cells transfected with pEgr-IFNyafter
different doses of X-irradiation
After transfection B16 cells received different doses of X-ray
irradiation. The cells of control group were transfected with
pcDNA3.1* plasmid. Six hoursafter irradiation IFNy expression
and mRNA level were detected.

The results showed that IFNy expression in 2-20 Gy groups
was significantly higher than that in 0 Gy group (P<0.05-0.01)
(Figure3).

B16 cells after transfection

Figure 2 Pre- and post-transfection of B16 cells.
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Figure 3 Expression of IFNyin B16 cells after different doses
X-ray irradiation. ( meanSD, n = 3) 2P<0.05 and °P<0.01 vs 0 Gy
group.

Afterirradiation IFNymRNA could be detected in B16 cells
(Figure4). Thelevel of IFNymRNA was compared with that of
GAPDH, andtheir ratiosare shownin Table 1. The IFNy mRNA
levelsin 2-20 Gy groups were higher than that of 0 Gy group.

IFNy
GAPDH

Figure 4 IFNymRNA level in B16 cells after different doses of
X-ray irradiation. Lane 1: DL2000 Marker; Lane 2: 0 Gy group;
Lane 3: 2 Gy group; Lane 4: 5 Gy group; Lane 5: 10 Gy group;
Lane 6: 20 Gy group.

IFNyexpressions in B16 cells transfected with pEgr-IFNyat
different time points after 2Gy irradiation

After transfection B16 cellsreceived 2 Gy of X-ray irradiation
whilethe control group received sham irradiation. IFNy protein
was detected at different time points after irradiation. ELISA
results showed that the IFNy expression increased with time
from 2 hto 6 hiin atime-dependent manner, and peaked at 6 h,
about 1.8 times of that in control group (P<0.001). However,
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from 8 h to 48 h post-radiation IFNy expressions were not
significantly different from that in control group (Figure 5).

Table 1 IFNy mRNA level in B16 cells after irradiation with
different doses

Dose (Gy) Ratio of IFNY mRNA level

0 0.819

0.972

1.347

10 1.950

20 2.144
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Figure 5 Expression time course of IFNyin B16 cells after 2 Gy
X-ray irradiation ( meanzSD, n = 3) °P<0.01 and “P<0.001 vs
control group.

Expression of IFNyin B16 cells at different time points after
X-ray irradiation
After transfection B16 cellsreceived 2 Gy irradiation whilethe

control group received sham irradiation. IFNy expression was
detected 6 hlater. Irradiation and detection wererepesated 5 times
a aninterval of 24 h.

The result showed that the IFNy expression after the first
irradiation was the highest, then decreased in atime-dependent
manner. Theexpressionsafter thefirst 2 timesof irradiation were
higher than that in control group (P<0.01-0.001) (Figure 6).
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Figure 6 Expression of IFNyin B16 cells at different time points
after X-ray irradiation ( mean£SD, n = 3) ’P<0.01 and YP<0.001
vs 0 Gy groups.

Effect of gene-radiotherapy on tumor growth
Melanoma-bearing mice of different groups were shown in
Figure?.

Tumor growth rate of pEgr-IFNy group was significantly
slower than that of control group (P<0.001) between 6 d and
15 d after irradiation (Table 2), so was pEgr-IFNy plus 20 Gy
group compared with control and 20 Gy groups between 3 d
and 15 d after irradiation (P<0.001).

Table 2 Tumor growth rate after gene-radiotherapy ( meanSD, n = 8)

f (V/V,) on days after irradiation

Group

3d 6d 9d 2d 15d
Control 1.23+0.37 3.11+1.5 12.29+4.83 20.21+7.62 22.80+8.50
20 Gy 1.57+0.19 2.34+0.40 3.28+0.68° 4.18+0.66° 6.18+1.40°
PcDNA3.1+20 Gy 1.86+0.54 1.67+0.40% 2.26+0.50°¢ 2.86+0.58 5.19+0.66°
PEgr-1FNy 1.38+0.23 1.76+0.56° 2.61+0.75° 5.23+0.98° 8.03+2.14°
PEgr-1IFNy+20 Gy 0.48+0.10" 0.34+0.11°f 0.38+0.14° 0.43+0.11°f 0.35+0.10°f

3P<0.05, °P<0.001 vs control group; P<0.01, P<0.001 vs 20 Gy group.

pEgr-IFNy group

Figure 7 Melanoma-bearing mice 15 d after treatment.
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RT-PCR analysis of IFNyin tumor tissue
Melanoma-bearing mice were injected with plasmids, and the
tumor received 20 Gy X-ray irradiation, 3d later total RNA from
tumor tissue was extracted for RT-PCR.

GAPDH bands were shown in all groups, but IFNy cDNA
bands were shown only in pEgr-1FNy and pEgr-IFNy+20 Gy
groups (Figure 8).

Figure 8 RT-PCR analysis of intratumor IFNy. Lane 1: DL2000
Marker; Lane 2: control; Lane 3: 20 Gy; Lane 4: pcDNA3.1+20 Gy;
Lane 5: pEgr-IFNy; Lane 6: pEgr-IFNy+20 Gy.

DISCUSSION

In 1992 Wei chselbaum put forward the new therapeutic strategy
that took advantage of the dual tumor-killing effects of
genetherapy and radiotherapy, namely, to choose certain
exogenous genes that could be activated by irradiation and
then transcript some cytotoxic proteins to kill the tumor cells.
They also established the techniques that might be used for
target gene therapy of carcinomag™®®!,

It had been reported that Egr-1 was transcriptiona ly induced
by exposureto irradiation, and itsinduction by irradiation was
conferred by serum response or CC (A/T) rGG elementsin its
promoter region®>*. Based on thisfinding, wefirstly connected
IFNy cDNA with Egr-1 promoter to construct pEgr-1FNy plasmid
to investigate the expression properties in B16 melanoma
cells. Furthermore, a melanoma model was established by
subcutaneous injection of B16 cells, and then plasmids were
injected to observe its antitumor effect in vivo.

Firstly, B16 cells transfected with pEgr-IFNy received
different doses of X-ray irradiation and the IFNy expression
was detected. The results showed that the IFNy expression
level in B16 cells post-transfection induced by irradiation was
higher than that of sham-irradiation group (P<0.05-0.01). Time-
course studies revealed that IFNy expression reached its peak
a 6 h after 2Gy irradiation, and the maximal level was 1.8 times
of that in control group (P<0.01). Furthermore, after repeated
irradiation the IFNy expression in B16 cells post-transfection
reached the pesk level just after the first irradiation, and then
decreased in time-dependent manner. All of these demonstrated
that pEgr-IFNy plasmid could enhance |FNy expression.

Secondly, the results of in vivo experiments showed that
the proliferation of melanoma was significantly inhibited in
pEgr-1FNy group in comparison with control group between
6 and 15 d after irradiation (P<0.001). So was pEgr-IFNy gene-
radiotherapy group compared with control and 20 Gy groups
between 3 and 15 d after irradiation (P<0.001). IFNyexpression
was detected in melanomatissue having receivied injection of
PEgr-I1FNy plasmid. These results demonstrated that injection
of pEgr-IFNyimproved antitumor effect, and combined pEgr-1FNy
and irradiation showed the most optimal effect.

This study combined pEgr-IFNy plasmid and irradiation,
and demonstrated much more enhanced antitumor efficacy than
either oneinthe melanomamodd. It wasvery easy to administer
directly the plasmid into melanomatissue, and therapeutic dose
could also be administered as required. The tumor could be
effectively exposed toradiation with external beamor intratumoral

sources, or both, to enhance local |FNy expression and boost
local tumor control. Increased IFNy levels might elicit systemic
mediators, such as cytokines and matrix proteinases, which
target occult distant metastases and thereby further enhance
the therapeutic ratio. The absence of systemic toxicities with
intratumoral administration of IFNy supports the safe addition
of pEgr-IFNy gene radiotherapy to current antitumor protocols.
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