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Abstract Despite advances in surgical technology and
radiation therapy, the prognosis in the patients with malig-
nant glioma remains poor. Recent studies show that inter-
leukin-13 receptor {alpha}2 chain (IL-13Ra2), a brain
tumor-associated receptor for IL-13, may play a role in
immunotherapy for glioblastoma. We thus ampliWed human
IL-13Ra2 gene from the human glioblastoma cell line using
RT-PCR and cloned the target gene into the pET-28a, a
prokaryotic expressing plasmid. After transformation, the
recombinant plasmid expressed a soluble protein induced
by IPTG. The puriWed recombinant protein was shown to
be a single band on the SDS-PAGE with a predicated
molecular weight of human IL-13Ra2 gene, suggesting that
the recombinant protein of human IL-13Ra2 was success-
fully expressed. Recombinant IL-13Ra2 protein can be
used as an anti-tumor vaccine, which may provide a prom-
ising new strategy for the treatment of brain malignant
gliomas.

Keywords Malignant gliomas · 
Interleukin-13 receptor a2 · Prokaryotic expression · 
Plasmid · Immunotherapy

Introduction

It is widely accepted that the malignant gliomas are highly
invasive, aggressive and neurologically destructive tumors.
Despite the adoption of advanced treatments such as surgi-
cal resection, radiotherapy, chemotherapy, most patients
with malignant glioma are still unoptimistic [1, 2]. The
interleukin-13 receptor {alpha}2 (IL-13Ra2)chain is a pri-
mary IL-13 binding and internalization component of the
IL-13R system. Recent studies show that the IL-13Ra2 is
speciWcally overexpressed in glioblastoma [3–5]. Some
experts reported that IL-13Ra2 chain did not seem to form a
complex with any other known chain and did not mediate
signaling through STAT6 pathway, even though it binded
with IL-13 with high aYnity [6–8]. Therefore, it was
thought to have a intimate relation with the occurrence and
development of brain glioblastoma. The human leukocyte
antigen (HLA)-A2.1-restricted CD8+ T-cell IL-13Ra2
derived from the glioma-associated antigen was identiWed
[9]. So IL-13Ra2 can be used as the target in glioblastoma
immunotherapy. The objectives of the present study were to
generate an IL-13Ra2 antigen using prokaryotic expression
technique and to provide the groundwork for immunother-
apy of glioblastoma.

Material and methods

Cell lines and cell culture

U251 cell lines were purchased from Shanghai institute of
biochemistry and cell biology, China. The glioma cell line
transfected with IL-13Ra2 plasmid was cultured in Dul-
becco’s modiWed Eagle’s medium (DMEM) supplemented
with 10% fetal bovine serum (FBS), 100 IU/ml penicillin,
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100 �g/ml streptomycin, and 10 mM L-glutamine (all
reagents from Bio Basic Inc., Canada) at 37°C in a humidi-
Wed incubator with 5% CO2.

IL-13Ra2 gene isolation

The RNA was extracted from U251 using Trizol reagent
and the human IL-13Ra2 gene was ampliWed by the
reverse-transcription PCR method. The primers used for
human IL-13Ra2 gene (GeneBank accession number:
NM_000640) were 5�-GGCCTCGAGATGGCTTTCGTT
TGCTT-3� (forward) and 5�-GCGAAGCTTTCATGTA
TCACAGAAAAATTC-3� (reverse), containing XhoI and
HindIII restriction sites underlined, respectively. The PCR
reaction was performed with the Ex taq DNA polymerase
(Takara Co., Japan) in three steps: (1) 94°C predenaturation
for 5 min, (2) 35 ampliWcation cycles 94°C predenaturation
for 30 s, 59°C primer annealing for 45 s, then primer exten-
sion at 72°C for 1 min, and (3) 72°C for 5 min. The 1,142
base pair (bp) fragment was generated. A total of 10 �l of
the production was used for the analysis on 1.5% agarose
gel containing EB and then the photographs were taken.
After puriWcation using gel purify kit (Bio Basic Inc.), the
obtained sequence was analyzed and matched to Gene
Bank sequence.

Cloning of human IL-13Ra2 gene

The IL-13Ra2 gene was cloned according to the cloning
manufacture protocol as follows. The puriWed IL-13Ra2
DNA fragment was inserted into the cloning plasmid
pMD-19 simple T vector(Takara Co., Japan) in water bath
42°C for 30 min. Then 100 �l of the connected product
was put into the competence E. coli, DH5�. The condi-
tions were set at heat shock at 42°C for 42 s and iced bath
for 1 min, followed by shaking culture in 890 ml SOC
medium with 200 rpm at 37°C for 1 h and cultivation in
solid LB medium with 100 mg/ml ampicilin, 24 mg/ml
IPTG and 20 mg/ml X-Gal at 37°C overnight. The white
colony proved the successful clone through the identiWca-
tion by the restriction enzyme digestion and sequencing
analysis.

Construction of the expression plasmid

The extracted plasmid from cloning was digested by the
restriction enzymes, XhoI and HindIII (Takara Co.). The
digested product was then inserted into the expression
plasmid pET-28a with T4 DNA ligase at 16°C for 24 h.
The pET-28a was also digested by XhoI and HindIII. The
connected product was transformed into the E. coli BL21
(DE3) (Novagen Inc., USA) and cultured in LB media
(1% tryptone, 0.5% yeast extract, 1% NaCl) with 50 �g/ml

kanamycin at 37°C overnight, followed by the restriction
enzyme digestion and sequencing analysis.

Expression and puriWcation of IL-13Ra2 antigen

The cells containing pET-28a–IL-13Ra2 were picked from
the LB media and then in shaking culture at 37°C over-
night. Then 100 ml of the cells was respectively added into
Wve tubes (labeled as 1, 2, 3, 4, and 5) with 5 ml LB media
containing 50 �g/ml kanamycin. 50 �l of isopropyl-�-D-thi-
ogalactoside (IPTG) (24 �g/ml) was added into tubes 2–4,
respectively. after shaking the culture at 37°C for 3 h. After
culturing for 1, 2, 3, and 4 h, 1 ml of the cells was then ana-
lyzed using SDS-PAGE with 12% polyacrylamide gel at
diVerent time points, respectively. After we conWrmed that
the objective antigen was highly expressed at the condition
of inducing temperature 35°C and at 0.8 mM Wnal concen-
tration of IPTG, we induced lots of cells which contain
pET-28a–IL-13Ra2 at this condition. In addition, the
induced cells were then harvested by centrifugation at
6,000£g for 10 min and resuspended in 30 ml buVer B(pH
8.0, 8 mM urea). The cells were broken by turning on and
oV an ultrasound equipment (KS-1200, Haishu ultrasound
equipment Inc., China) with 20 cycles and a power of
300 W for 5 s. Inclusion bodies containing rh IL-13Ra2
were recovered by centrifugation at 2,000£g, washed for
three times, and then resuspended in buVer B. The inclusion
bodies were then Wltered by Chromatography columns with
Ni-NTA his-bind resin (Novagen Inc.). The depurated
inclusion bodies washed down by buVer E (pH 4.5, 8 mM
urea) were collected and analyzed by SDS-PAGE using
12% polyacrylamide gels. Moreover, the depurated product
was the objective protein.

Results

Cell culture and ampliWcation of IL-13Ra2 gene

The three-forth of the total U251 cells had adhered to the
fusiform-liked plate. A large cell body and multi-macula
were obtained after 3 days of culturing (Fig. 1a).The IL-
13Ra2 Gene was ampliWed successfully by reverse-tran-
scription PCR from U251 glioma cells. The results showed
a 1,142 bp sequence on DU 800 Nucleic Acid Analyzer and
the homology was 100% after sequencing and contrast with
the GeneBank CDS (accession NM_000640) (Fig. 1b).

Construction of cloning plasmid

Thirty colonies of white and blue growth were shown on
the LB plate after culturing for one night (Fig. 2a). The
white colony, the positive transfection colony, was picked
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and identiWed by the analysis of PCR, enzyme and sequenc-
ing. As a result, the homology was 100% after sequencing
and contrast with GeneBank, which means the cloning plas-
mid was constructed successfully.

Construction of expression plasmid

It was observed that »40 colonies grew on the LB plate.
One of the colonies was selected and identiWed by PCR,
sequencing and double digestion with XhoI and HindIII.

All the results proved that the construction was successful.
Figure 2b shows the digestion result.

Expression and puriWcation of IL-13Ra2 antigen

The IL-13Ra2 antigen was expressed successfully with
inclusion body form and the peak expression appeared after
3 h inducing (Fig. 3a).The molecular weight of the IL-
13Ra2 antigen was analyzed using SDS-PAGE as equal to
approximately 60 kDa. The purity was >95% after purifying

Fig. 1 The U251 glioma cell 
lines and the IL-13Ra2 gene. 
a The U251 cell with fusiform-
liked cell body after 3 days 
of culturing (arrow). b The 
IL-13Ra2 gene ampliWed by 
RT-PCR from the U251 cells is 
1,142 bp using DU 800 Nucleic 
Acid Analyzer

Fig. 2 The IL-13Ra2 gene is cloned and constructed to obtain the
recombination plasmid pET-28a–IL-13Ra2. a The IL-13Ra2 gene is
transferred to E. coli DH5� and screened by blue–white patch, the
white colony (arrow) is the positive transfection colony. b The recom-

bination plasmid pET-28a–IL-13Ra2 is identiWed by the enzymes,
XhoI and HindIII. 1 marker, 2 the recombinant plasmid after digestion,
3 vacant plasmid, and 4 recombinant plasmid

Fig. 3 The IL-13Ra2 antigen is expressed and puriWed by SDS-
PAGE. a SDS-PAGE analysis of IL-13Ra2 antigen expression. 1 marker,
2 inducing without IPTG, 3 inducing with IPTG for 1 h, 4 inducing
with IPTG for 2 h, 5 inducing with IPTG for 3 h, and 6 inducing with

IPTG for 4 h. It is shown that IL-13Ra2 antigen expression reaches the
peak after 3 h of induction. b The IL-13Ra2 antigen after purifying.
1 indicates marker, 2 IL-13Ra2 antigen after purifying, and 3 the
control without purifying
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in Chromatography columns with Ni-NTA his-bind resin
(Fig. 3b).

Discussion

Malignant glioma is considered as one of the most malig-
nant tumors in brain. Despite signiWcant advances in
modern microsurgery, radiotherapy and chemotherapy, the
prognosis for patients with malignant glioma remains poor.
Immunotherapy for glioma is an attractive alternative treat-
ment because activated antitumor immune cells have poten-
tials to migrate into the central nervous system (CNS) and
to selectively destroy the malignant cells that have inWl-
trated normal CNS tissues [10]. The IL-13Ra2 chain, a pri-
mary IL-13 binding and internalization component of the
IL-13R system, was restricted and expressed in high level
in most human malignant gliomas. Therefore, IL-13Ra2
might be a speciWc antigen to target on malignant gliomas
in human beings.

The major goal of our study was to obtain a speciWc and
eVective antigen of IL-13Ra2 by prokaryotic expression
technique, which could make a big contribution to the
immunotherapy of human malignant gliomas. The primer
with the two restriction enzymes XhoI and HindIII of the
IL-13Ra2 gene could be designed according to the Gene-
bank IL-13Ra2 CDS. Furthermore, the IL-13Ra2 gene
could also be ampliWed by reverse-transcription PCR
method from glioma cells U251. After puriWcation by gela-
tin recovery, the IL-13Ra2 gene could be connected to the
cloning plasmid pMD-19 simple T vector by connecting T–
A and transfecting the E. coli DH5� with high eYciency.
The IL-13Ra2 gene was well cloned, which was identiWed
by the analysis of PCR, enzyme and sequencing. It was
then digested from the pMD-19- IL-13Ra2 and connected
to the expression plasmid pET-28a which was also double-
digested by XhoI and HindIII. In addition, the recombinant
plasmid of pET-28a–IL-13Ra2 was then transfected to the
E. coli BL21(DE3), and also identiWed by the analysis of
PCR, enzyme and sequencing. Moreover, the IL-13Ra2
antigen was successfully highly expressed after 3 h of
induction by IPTG with a Wnal concentration of 0.8 mM,
and the main form of the IL-13Ra2 antigen was inclusion
body. Finally, the IL-13Ra2 antigen was puriWed by Chro-
matography columns with Ni-NTA his-bind resin conve-
niently and analyzed by the SDS-PAGE. It is well reported
that prokaryotic expression is a perfect and well-rounded
technique [11, 12], so we can use it to obtain our objective
IL-13Ra2 antigen conveniently and successfully.

Some studies have demonstrated that IL-13Ra2 chain
has been thought to play a role in immunosurveillance in
cancer-bearing hosts [13]. It does not seem to form a com-
plex with any other known chain and does not mediate

signal transduction through the Janus-activated kinase-
signal transducers and activators of transcription (STAT)
pathway, even though it binds with IL-13 with high aYnity.
So it is known as a decoy receptor in high-grade malignant
glioma [14–17].

Recent studies have well reported that the IL-13Ra2
chain is abundantly and speciWcally overexpressed by glio-
blastomas while normal brain cells do not express this pro-
tein or express it in a very low level [18–20]. In addition,
our previous studies also showed that the IL-13Ra2 chain
was highly and speciWcally expressed in high-grade glio-
mas, but no or low-level expression was found in normal or
low-grade gliomas tissues [21]. In recent years, the immu-
notherapy on brain glioblastomas has a good progression,
and most of the vaccines target on glioblastomas were
tumor cell RNA or cell lysates [22–26], but these vaccines
had some negative side eVects such as immunizing cephali-
tis, vitiligo and others [27]. However, Eguchi et al. 28 and
Jiang et al. 29 proved that the IL-13Ra2 protein could be an
attractive vaccine target and their results showed that the
eVective anti-tumor immune responses could be induced in
preclinical models using dendritic cell-based vaccines.
However, the vaccines they used were short peptide, which
was part of the IL-13Ra2 protein. In contrast, our objectives
are to express a total and eVective vaccine IL-13Ra2 that
targets on brain malignant glioma and thus to prevent the
immune escape. Most importantly, it is well documented
that IL-13Ra2 antigen in HLA-A0201 CD8+ T cells could
induce speciWc T-cell response [30, 31]. Therefore, the IL-
13Ra2 could be a HLA-A0201-restricted CTL antigen in
immunotherapy of malignant gliomas.

The present study showed that recombinant expression
plasmid pET-28a–IL-13Ra2 could be successfully con-
structed in vitro and IL-13Ra2 antigen could also be well
expressed by the prokaryotic expression technique. It is
possible that IL-13Ra2 antigen is considered as a special
vaccine to target on malignant gliomas and then will make
a great contribution to the immunotherapy of brain malig-
nant gliomas.
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