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Abstract Fibroblast growth factor receptor 3 (FGFR3) is a
noted proto-oncogene involved in the pathogenesis of many
tumors, so more and more studies focus on the potential use of
receptor kinase inhibitor and therapeutic antibodies against
FGFR3. In this study, we designed a novel fusion protein
containing the single-chain Fv (ScFv) against FGFR3 and 9-
arginine, denoted as ScFv-9R. To achieve the high-level pro-
duction and soluble expression, ScFv and ScFv-9Rwere fused
with small ubiquitin-related modifier (Sumo) by polymerase
chain reaction and expressed in Escherichia coliBL21 (DE3).
The recombinant bacteria was induced by 0.5 mM
isopropyl-β-D-thiogalactopyranoside for 20 h at 20 °C; super-
natants of Sumo-ScFv was harvested and purified by DEAE
Sepharose FF and Ni-NTA orderly, and supernatants of Sumo-
ScFv-9R was harvested and purified by Ni-NTA. After
cleaved by the Sumo protease, the recombinant ScFv or
ScFv-9R was released from the fusion protein, respectively.
The purity of ScFv or ScFV-9R was shown to be higher than
90 %, and their yield reached 3–5 mg per liter of bacterial
culture. In vitro data showed that ScFV-9R can attenuate the
phosphorylation of FGFR3 and ERK in the absence or

presence of FGF9. Gel retardation assay showed that 1 μg
of ScFv-9R could efficiently bind to about 4 pmol siRNA.
Fluorescent microscope analysis showed that ScFv-9R can
efficiently bind and deliver siRNA into RT112 cells. In con-
clusion, we use Sumo fusion system to acquire high-level
production, soluble expression, and bifunctional activity of
ScFv-9R in E. coli. Our results also revealed that ScFv-9R, as
a novel carrier, may have potential applications in antitumor
studies and pharmaceutical development.
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Introduction

Fibroblast growth factors (FGFs) are composed of over 20
members that bind to fibroblast growth factor receptors
(FGFRs). As multifunctional signaling moleculars, FGFs ex-
ert important functions in regulating cell proliferation, differ-
entiation, and survival during embryo development and adult
stage (Wesche et al. 2011). Many reports indicated deregula-
tion of FGFRs involved in a large number of diseases, espe-
cially cancer. Of all the FGFRs, overexpression or activating
mutations of FGFR3 was highlighted and defined in many
types of cancer, such as multiple myeloma (MM) (Plowright
et al. 2000), bladder cancer (di Martino et al. 2012), breast
cancer (Glénisson et al. 2012), and colorectal cancer (Sonvilla
et al. 2010). Enhancing FGFR3 signaling promotes tumor
growth, metastasis, and resistance to drug. Thus, FGFR3 has
been considered as a novel therapy target for several tumors,
e.g., multiple myeloma (Qing et al. 2009) and bladder cancer
(Qing et al. 2009;Du et al. 2012).

There is no doubt that antibody-based therapeutics have
been a prospective direction for clinical therapy and pharma-
ceutical development of human malignancies. Monoclonal
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antibody or single-chain Fv (ScFv) against FGFR3 has been
screened and applied to study antitumor activity in vitro and
in vivo. PRO-001, a monoclonal antibody against FGFR3
inhibits phosphorylation of FGFR3 and downstream sig-
naling ERK activation in MM cells (Trudel et al. 2006).
ScFv directed against FGFR3 was shown to inhibit
proliferation of bladder cancer cell line RT112 in vitro
(Martínez-Torrecuadrada et al. 2005). Immunotoxin, 3C/
rGel, which consists of FGFR3-specific Fv fragments
and NH2 terminus of rGel significantly exhibited antitu-
mor activity in RT112 tumor xenografts by inducing
cell apoptosis (Martínez-Torrecuadrada et al. 2008).

In recent years, RNA interference (RNAi) has been
considered as a therapeutic method against cancer.
However, how to deliver siRNA into target cells becomes
a key question for its application. A new type of fusion
protein containing ScFv and basic polypeptide (e.g., prot-
amine, 9-arginine) was created by combination of ScFv
technique and RNAi theory. It can deliver siRNA into
ScFv-targeting cancer cells as a novel siRNA carrier. Up
to now, there exist many fusion protein targeting different
types of cancer cells, such as ErbB2+ breast cancer cells
(Li et al. 2001), HIV env+ cells (Song et al. 2005),
HBsAg+ cells (Wen et al. 2007), and Her2+ breast cancer
cells (Yao et al. 2012).

In our studies, we designed a new fusion molecular,
ScFv-9R-containing ScFv against FGFR3 (Martínez-
Torrecuadrada et al. 2005) and 9-arginine, which specifi-
cally binds to siRNA and delivers siRNA into FGFR3+

cancer cells via silencing specific gene expression to sup-
press tumor growth. In order to get better bioactivity of
ScFv, recombinant ScFv was often expressed in
eukaryocyte, such as SF21 cells (Li et al. 2001), SF9 cells
(Yao et al. 2012), and HEK293 T cells (Jäger et al. 2013),
but low protein production and high cost impede its
application. Compared with eukaryocyte expression sys-
tem, the Escherichia coli expression system is very popu-
lar to get recombinant protein in vitro, but it is also easier
to form inclusion body which needs to be denatured,
refolded, and purified through many chromatography col-
umns. Previous studies report that recombinant ScFv often
forms inclusion body using traditional E. coli expression
method (Ye et al. 2012; Wang et al. 2013). To overcome
these shortcomings, we chose a novel expression system,
small ubiquitin-related modifier (Sumo) molecular partner,
which had been testified by our group and many other
labs. Various proteins, such as MMP13 (Marblestone et al.
2006), FGF21 (Wang et al. 2010), and FGF23 (Liu et al.
2012), have been expressed successfully by being fused
with Sumo. Our results showed that Sumo is very helpful
to promote soluble expression of recombinant ScFV-9R,
which is a promising drug carrier to efficiently deliver
siRNA into FGFR3-positive cancer cells.

Materials and methods

Reagents

Prime STAR®GXL DNA Polymerase was purchased from
TaKaRa Company (Japan). Restriction enzymes NdeI and
XhoI were purchased from NEB (England). Gel extraction kit
and plasmid miniprep kit were obtained from the CW Bio
Company (China). DEAE Sepharose FF and Ni-NTA agarose
were purchased from GE Heal thcare (Sweden) .
Lipofectamine® 2000 (Lipo-2000) was purchased from
Invitrogen Co. Anti-His antibody was provided from
Proteintech (Chicago). p-FGFR3 (Tyr724) antibody was pur-
chased from Santa Cruz (USA). Anti-FGFR3 antibody was
obtained from Abcam (USA). Anti-ERK (1/2), anti-phospho-
ERK (1/2), and anti-beta-actin antibody were purchased from
Cell Signaling (USA). All siRNA duplexes were synthesized
and labeled with FAM by GenePharma Co. Ltd. (China).
Pierce® BCA Protein Assay Kit was purchased from Thermo
Company (USA). The human bladder cancer cell line RT112
was supported by JENNIO Company (China). pET-20b-Sumo
plasmid was kept in Biochemistry Lab, College of Basic
Medical Science, Jilin University. Dr. Qi Xiang from Jinan
University generously supplied us with the Sumo protease.

Design of fusion genes and constructions of pET-Sumo-ScFv
and pET-Sumo-ScFv-9R

The gene sequence of anti-FGFR3 ScFv was synthesized by
Generay Biotech Co. (China), and its format is VH-linker-VL

according to the prior report (Martínez-Torrecuadrada et al.
2005). The fusion protein comprised of anti-FGFR3 ScFv and
9-arginine was denoted as ScFv-9R. According to the se-
quence of ScFv, ScFv-9R, and Sumo fragment, five primers
were designed and synthesized as shown in Table 1. Psumo-
linker contained 3′ terminal sequence of Sumo and 5′ terminal
sequence of ScFv. As shown in Fig. 1, Sumo-linker was
created by polymerase chain reaction (PCR) using SF1 and
Psumo-linker as forward and reverse primers, using pET-20b-
Sumo as a template. PCR parameters consisted of 5 min of
Prime STAR®GXL DNA Polymerase activation at 98 °C,
followed by 35 cycles of denaturation at 98 °C for 10 s,
annealing at 58 °C for 15 s, extension at 68 °C for 60 s, and
then a final single extension at 68 °C for 5 min.

Using Sumo-linker and ScFv or ScFv-9R as templates, SF1
and P2 or PR2 as the forward and reverse primers, the Sumo-
ScFv or Sumo-ScFv-9R was generated by PCR. Further, the
fusion genewas digestedwithNdeIand XhoI, and then inserted
into the E. coli expression vector pET-20b to create a new
expression vector. The inserted fragment in the recombinant
plasmid was confirmed by the restriction enzyme digestion and
DNA sequencing. The sequence of fusion gene has been
submitted to GenBank (accession number, KF732845).
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Inducible expression and soluble detection of Sumo-ScFv
and Sumo-ScFv-9R

The recombinant bacteria containing pET-ScFv or pET-ScFv-
9R was inoculated in the LBmedium (1 % peptone, 1 % yeast
extract, and 0.5 % sodium chloride, pH 7.0) and incubated in a
shaker at 37 °C until OD600 was 0.6 to 0.8. Isopropyl-β-D-
thiogalactopyranoside (IPTG) was added to a final concentra-
tion of 0.5 mM for 20 h induction at 20 °C. Recombinant
bacteria was collected by centrifugation and lysed by sonica-
tion into the buffer. The supernatants were harvested by cen-
trifugation at 14,000 rpm for 30min at 4 °C, and the remaining
pellets (insoluble fraction) containing inclusion bodies were
resuspended into an equal volume of lysis buffer. Both soluble
and insoluble fractions were analyzed by 12 % sodium dode-
cyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE).
The amount of fusion protein yield was measured by densi-
tometer scanning.

Purification of Sumo-ScFv and Sumo-ScFv-9R

The cell lysate of Sumo-ScFv was purified by DEAE
Sepharose FF column chromatography. Sumo-ScFv was elut-
ed with buffer containing different concentrations of NaCl
(0.1–1 mol/L, pH 8.0), followed by further purification with
Ni-NTA resin. The Ni-NTA resin was washed with bufferI
(50 mmol/L Tris-HCl containing 20 mM imidazole and
300 mM NaCl, pH 8.0) until OD280 of effluent reached the
base line. Contaminating proteins were eluted from the col-
umn with wash bufferII (50 mmol/L Tris-HCl containing
40 mM imidazole and 300 mM NaCl, pH 8.0). Finally, His6-
tagged Sumo-ScFv protein was collected from the column
with elution buffer (50 mmol/L Tris-HCl containing
300 mM imidazole and 300 mM NaCl, pH 8.0). The fusion
protein of Sumo-ScFv-9R was purified by Ni-NTA resin
according to the prior descriptions. Samples taken at the
elution peak were pooled. The purity of fusion protein was
assessed using SDS-PAGE, and its concentration was evalu-
ated with BCA Protein Assay Kit.

Cleavage of Sumo from Sumo-ScFv and Sumo-ScFv-9R
and further purification

The Sumo-ScFv or Sumo-ScFv-9R protein was diluted to a
concentration of 0.5 mg/mL. Ten units of Sumo protease were
added to the dilution in high-salt buffer (50 mM Tris-HCl, pH
7.0, 0.1 M NaCl, 1 mM DTT), and the mixture was incubated
for 10 h at 4 °C, then the mixture was loaded into an Ni-NTA
resin column to obtain ScFv or ScFv-9R, which was further
desalted with dialysis bag and concentrated by ultrafiltration
at 4 °C.

Authenticity assay of fusion protein

The immunogenic activity of purified Sumo-ScFv and Sumo-
ScFv-9R was assayed by Western blot. Total cellular protein
was boiled in an equal volume of sample-loading buffer, a
Tris-HCl buffer (pH 6.8) containing 20 % glycerol, 2.5 %
SDS, 10 % β-mercaptoethanol, and 0.005 % bromophenol
blue. Protein samples were electrophoresed on 12 % poly-
acrylamide gels containing SDS. Proteins were electrophoret-
ically transferred into the PVDF membrane and overnight
block nonspecific binding with 5 % nonfat milk powder.
The membrane was incubated with a polyclonal anti-
histidine antibody (1:3,000), then washed and incubated with
a 1:2,000 dilution of secondary HRP-conjugated antibody.
Immunoreactive bands were visualized using an ECL kit.

Authenticity assay of the recombinant ScFv-9R

The recombinant ScFv-9R was identified for amino acid
compositions by liquid chromatography-tandem mass

Table 1 PCR primers

Primer name
(size)

Sequence (5′–3′)

SF1 GGAATTCCATATGCATCATCATCATCATCACG

Psumo-linker CTTTCCAGCAGCTGCACTTCACCACCAATCTG
TTCTCTGT

P1 GAAGTGCAGCTGCTGGAAAGCGGCGGCGGC

P2 CGCTCGAGTTAGCGTTTAATTTCCACTTTGGT
GCCCT

PR2 CGCTCGAGTTAACGACGACGACGACGACGA
CGACGACGCGAGCCGCCGCCGCCCGAGC

Fig. 1 Schematic illustration of ScFv or ScFv-9R synthesis. According
to the sequence of ScFv, ScFv-9R, and Sumo fragment, five primers were
designed and synthesized (as shown in Table 1). Sumo-linker was created
by PCR using SF1 and Psumo-linker as primers; Sumo-ScFv or Sumo-
ScFv-9Rwas then synthesized by PCR using Sumo-linker, ScFv or ScFv-
9R as templates, SF1, and P2 or PR2 as primers
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spectrometry (LC-MS/MS) analysis (technical services pro-
vided by Beijing Protein Institute Co. Ltd).

RT112 cells were cultured in DMEM medium containing
10 % FBS. Before stimulation, cells were firstly starved for
4 h, and then treated with 10 ng/mL FGF9 and 40 μg/mL
heparin for 30 min in the absence or presence of ScFv-9R.
Then total protein from RT112 cellular extracts was analyzed
by SDS-PAGE, followed by immunoblotting with specific
antibody against p-FGFR3, FGFR3, p-ERK, and ERK. β-
actin was detected as a loading control.

Gel retardation assay

Ten picomoles of noncoding siRNAwere mixed with increas-
ing amounts of ScFv-9R in the phosphate-buffered saline
(PBS) buffer and incubated at 4 °C for 30 min. A 2.5 μg
ScFv was applied as a negative control. The mixture was then
performed by electrophoresis on 2 % (w/v) agarose gels and
detected by ethidium bromide (EB) staining.

ScFv-9R delivered siRNA into RT112 cells

Forty picomoles of noncoding siRNA labeled with FAMwere
mixed with 10 μg of ScFv-9R in the PBS buffer totalling
50 μL and incubated at 4 °C for 60 min. ScFv was used as a
negative control, and lipo-2000 was used as a positive control.
The mixture was added to the medium of RT112 cells and
cultured at 37 °C for 4 h in the cell incubator. The cells were
then harvested and washed two times with PBS and observed
under a fluorescent microscope. Further, the cells preincubat-
ed with ScFv-9R/FAM-siRNAwere fixed by 4 % paraformal-
dehyde and stained with 5 μg/mL 4′,6-diamidino-2-
phenylindole (DAPI) and observed under a fluorescent micro-
scope (Olympus, Japan).

Results

Construction of pET-Sumo-ScFv and pET-Sumo-ScFv-9R

The gene sequences of ScFv and ScFv-9R were synthesized
by Generay Biotech Co. (China). The strategies for Sumo-
ScFv and Sumo-ScFv-9R constructs were described in
“Materials and methods” (Fig. 1). As shown in Fig. 2a, the
PCR product of ScFv and Sumo-ScFv is 708 and 1,026 bp,
respectively. Additionally, the molecular weight of ScFv-9R
and Sumo-ScFv-9R is 780 and 1,098 bp, respectively
(Fig. 2b). The final PCR products (Sumo-ScFv and Sumo-
ScFv-9R) were digested and cloned into pET-20b plasmid,
respectively. The sequence of recombinant plasmid containing
Sumo-ScFv or Sumo-ScFv-9R was confirmed by automated
DNA sequencing, and results showed that their sequences are
in conformity with the expected sequence.

Expression, purification, and identification of Sumo-ScFv
and Sumo-ScFv-9R

Recombinant bacterial cells containing Sumo-ScFv or Sumo-
ScFv-9R were induced by 0.5 mM IPTG for 20 h at 20 °C,
then the recombinant bacterial cells were harvested by centri-
fugation, and protein was extracted and separated by sonica-
tion and centrifugation. The supernatants and pellets were
collected and performed to 12 % SDS-PAGE analysis. As
shown in the left panel of Fig. 3, the results showed that
Sumo-ScFv was expressed highly in the total bacteria and
supernatant but less in precipitation. The molecular weight
of recombinant protein is 38 kDa, which is consistent with the
predicted size of Sumo-ScFv. The target protein is more than
50 % of the total bacterial protein, and the soluble fraction
(supernatant) reaches 95% of the total target protein. The right
panel of Fig. 3 showed the expression of Sumo-ScFv-9R in
total bacteria, supernatant, precipitation of recombinant bac-
terial cells. The results showed that the molecular weight of
recombinant protein is 39 kDa,which is consistent with the
predicted size of Sumo-ScFv. The target protein is more than
50 % of total bacterial protein, and the soluble fraction
(supernatant) reaches 80 % of total target protein.

According to the isoelectric point of fusion protein, DEAE
Sepharose FF was chosen for the first-step purification of
Sumo-ScFv. SDS-PAGE analysis showed that most of the
host proteins were removed and still residual proteins exist
in the target proteins. Further, Ni-NTA was applied to the
second-step purification because His6 was located in the N-
terminal of Sumo. Sumo-ScFv was eluted from Ni-NTA col-
umn using Tris-HCl containing 200 mM imidazole. SDS-
PAGE analysis showed that the purity of Sumo-ScFv is more

Fig. 2 Synthesis of Sumo-ScFv and Sumo-ScFv-9R by PCR. The se-
quence of ScFv and ScFv-9R were synthesized by Generay Biotech Co.
(China). The strategies for Sumo-ScFv and Sumo-ScFv-9R synthesis
were described in “Materials and methods.” As shown in panel a, the
molecular weight of ScFv and Sumo-ScFv is 708 and 1,026 bp, respec-
tively. Additionally, the molecular weight of ScFv-9R and Sumo-ScFv-
9R is 780 and 1,098 bp (panel b), respectively
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than 96 % (Fig. 4a). Sumo-ScFv-9R was successfully purified
by Ni-NTA column, and its purity reached 95 % (Fig. 4b).

To assay the authenticity of fusion protein, immunoactivity
of the purified Sumo-ScFv and Sumo-ScFv-9R was per-
formed with anti-histidine antibody by Western blot. The
results revealed that both Sumo-ScFv (Fig. 4c, lane 1 and lane
3) and Sumo-ScFv-9R (lane 2 and lane 4) could specifically
react with anti-histidine antibody.

Further purification and determination of ScFv and ScFv-9R
after cleavage of Sumo

To cleave the Sumo from the fusion protein, the purified
Sumo-ScFv or Sumo-ScFv-9R was digested by Sumo

protease for 10 h at 4 °C, and then loaded on the Ni-NTA.
The Sumo and Sumo protease containing His6 tags were
affiliated by Ni-NTA resin, and only ScFv or ScFv-9R was
eluted from the column when washed off by the resin with
elution buffer. As shown in Fig. 5, SDS-PAGE analysis
showed that the Sumo fragment from Sumo-ScFv or Sumo-
ScFv-9R could be efficiently cut by Sumo protease and sep-
arated with ScFv or ScFv-9R by Ni-NTA; AKTA analysis
showed a major peak of ScFv or ScFv-9R, and their
purity exceed 90 and 95 %, respectively (Fig. S1). To
confirm the authenticity of the fusion protein, the ScFv-
9R was successfully identified by mass spectrometric
method. Details of sequenced ScFv-9R were attached
in Fig. S2.

Fig. 3 SDS-PAGE analysis of recombinant Sumo-ScFv and Sumo-
ScFv-9R. Bacterial cells containing Sumo-ScFv or Sumo-ScFv-9R were
induced by 0.5 mM IPTG for 20 h at 20 °C, then the recombinant
bacterial cells were harvested by centrifugation, and protein was extracted
and separated by sonication and centrifugation. In bacterial cells

containing blank plasmid, pET-20b was used as negative control. M
represents the molecular weight marker of protein. Total bacteria, super-
natant, and precipitation of bacterial cells containing Sumo-ScFv was
shown in the left panel. The right panel showed total bacteria, superna-
tant, and precipitation of bacterial cells containing Sumo-ScFv-9R

Fig. 4 SDS-PAGE analysis of
Sumo-ScFv and Sumo-ScFv-9R
purification and their
identification by Western blot.
The recombinant protein of
Sumo-ScFv supernatant shown
above was loaded on a DEAE
Sepharose FF and Ni-NTA
orderly (a). b Showed the
purification of Sumo-ScFv-9R by
Ni-NTA. Immunoactivity of
purified Sumo-ScFv (lane 1 and
lane 3) and Sumo-ScFv-9R (lane
2 and lane 4) was performed with
anti-histidine antibody by
Western blot
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ScFv-9R can specifically target FGFR3 and efficiently deliver
siRNA into RT112 cells

To investigate whether ScFv-9R can specifically inhibit
FGFR3 signaling pathway by competing FGFR3 with FGFs,
RT112, a FGFR3-positive bladder cancer cell line, was stim-
ulated by FGF9 and heparin in the absence or presence of
ScFv-9R. The phosphorylation of FGFR3 and ERK which
represent receptor kinase activity and its downstream major
signaling molecular were detected by Western blot with a
specific antibody. The results showed that ScFv-9R can effi-
ciently attenuate the phosphorylation of FGFR3 and ERK in
the absence or presence of FGF9 (Fig. 6).

To determine the ability of ScFv-9R to bind siRNA,
10 pmol noncoding siRNA were mixed with increasing
amounts of ScFv-9R and incubated at 4 °C for 30 min. The
mixture was then analyzed on 2 % agarose gel. As shown in
Fig. 7, ScFV-9R was able to shift siRNA in a concentration-
dependent manner, whereas ScFv itself displayed no siRNA-

binding ability. Clearly, to bind 10 pmol, siRNA needs no less
than 2.4 μg ScFv-9R. In other words, 1 μg ScFv-9R can
efficiently bind about 4 pmol siRNA.

To confirm whether ScFv-9R can efficiently deliver siRNA
into RT112 cells, 40 pmol noncoding siRNA labeled with
FAM were mixed with 10 μg of ScFv-9R and incubated at
4 °C for 60min. Then the mixture was added to the medium of
RT112 cells and cultured at 37 °C for 4 h in the cell incubator.
The cells were harvested and observed under a fluorescent
microscope. Fluorescent microscope analysis showed that the
FAM-positive cells only exist in ScFv-9R/siRNA and lipo-
2000/siRNA-treated cells (Fig. 8), and no FAM fluorescent
was found in control groups (ScFv-9R and ScFv/siRNA, data
not shown). These results demonstrate that ScFv-9R can
efficiently deliver siRNA into RT112 cells and also suggest
that the ability of lipo-2000 in siRNA delivery is better than
that of ScFv-9R.

Discussion

Targeted gene therapy needs efficient carrier system.
Liposome is an extremely efficient tool to deliver DNA, but
it is not selective. Virus is also highly efficient in gene transfer,

Fig. 5 SDS-PAGE analysis of
purification and cleavage of
Sumo-ScFv and Sumo-ScFv-9R.
The purified Sumo-ScFv or
Sumo-ScFv-9R was digested by
Sumo protease for 10 h at 4 °C,
and then loaded into the Ni-NTA
column. SDS-PAGE analysis
showed the results of before and
after digestion as well as that of
after purification

Fig. 6 Inhibition of FGFR3 signaling pathway by ScFv-9R. RT112 cells
were stimulated with 10 ng/mL FGF9 and 40 μg/mL heparin in the
absence or presence of ScFv-9R for 30 min. Then total protein from
RT112 cell lysis solution was analyzed by SDS-PAGE and performed to
immunoblotting with p-FGFR3, FGFR3, p-ERK, and ERK. β-actin was
detected as a loading control

Fig. 7 Gel retardation assay of siRNA binding to ScFv-9R. Ten pico-
moles of noncoding siRNAweremixed with increasing amounts of ScFv-
9R in the PBS buffer and incubated at 4 °C for 30min. A 2.5μg ScFvwas
applied as a negative control. The mixture was then performed by
electrophoresis on 2 % (w/v) agarose gels and detected by EB staining
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but safety and immunogenicity are impossible to avoid (Li
et al. 2001). The creation of fusion protein that consisted of
ScFv and basic peptides opens the way to resolve these
difficulties. It could target the defined cell population and
deliver siRNA to silence the specific gene expression. As we
know, tumor development involved numerous genes and mul-
tiple signaling pathways. Only inhibiting one gene or one
pathway is easier to induce cancer cell resistance to drug or
generate new mechanisms of escape by altering other genes’
characterizations or signaling transduction. For example, non-
small cell lung cancer (NSCLC) cell lines generate acquired
resistance to epidermal growth factor receptor (EGFR) tyro-
sine kinase inhibitors in that FGFR-mediated ERK signaling
was activated (Ware et al. 2010), so simultaneous inhibition of
EGFR and FGFR would be required for the treatment of
NSCLC patients. In view of clinical drawbacks of single drug,
ScFv fusion protein can deliver siRNA cocktail which can
disturb several signaling pathway and downregulate many
gene expressions because it contains numerous siRNAs
against different proto-oncogene. Facts proved that siRNA
cocktail is more effective than one siRNA alone in tumor
suppression (Yao et al. 2012).

In this study, we construct fusion protein ScFv-9R contain-
ing 9-arginine and ScFv against FGFR3 which specifically
binds to both soluble and cell-surface expressed FGFR3 on
cancer cells (Martínez-Torrecuadrada et al. 2005). To get high
production and better bioactivity of ScFv-9R, we used Sumo
molecular partner as a fusion expression system, by which we
acquired high-level, soluble, and pretty purity of recombinant
ScFv-9R. So far, the reported recombinant protein fromE. coli
expression system almost contained all various types of tag or
start codon. Thus, the other advantage of Sumo system is that

the recombinant protein has a natural amino acid sequence
without any tags after cleavage of Sumo, and it is very
important for safety in vivo and pharmaceutical development.
To select the optimal inducible conditions, we try to use
different temperature and culture time after induction for the
expression of recombinant ScFv-9R. The results showed that
high temperature (37 °C) can get the high yield of ScFv-9R at
the short induction time(4 h); however, most of recombinant
proteins do not exist in soluble fraction, but in the inclusion
body (data not shown). In contrast, low temperature (20 °C)
and long induction time (20 h) can significantly promote
ScFv-9R expression in soluble fraction, which containedmore
than 90 % recombinant protein (Fig. 3). Using this expression
and purification system, we can finally get 5 mg ScFv or 3 mg
ScFv-9R protein in per liter of bacterial culture. As far as we
know, this yield is high enough to meet the demand of animal
experiments in the future.

To confirm the specificity and target ability of ScFv-9R, we
applied FGF9 to activate FGFR3 signaling pathway in the
absence or presence of ScFv-9R, and Western blot results
showed that ScFv-9R can inhibit FGF9 or basal condition-
stimulated FGFR3 phosphorylation and its downstream sig-
naling molecular ERK phosphorylation. These results also
suggest that the target activity of ScFv-9R is similar as the
previous report (Martínez-Torrecuadrada et al. 2005) and also
confirmed the recent finding which is bladder cancer cells can
secrete FGF (Chung and Koh 2013). Further, we also per-
formed ScFv-9R/siRNA to treat THP-1 cells, an FGFR3-
negative cell line (Fig. S3), and the results showed that
ScFv-9R/siRNA cannot deliver siRNA into THP-1 cells (data
not shown). In contrast, ScFv-9R can efficiently deliver
siRNA into FGFR3-positive RT112 cells (Fig. 8), implying

Fig. 8 ScFv-9R efficiently delivered siRNA into RT112 cells. Forty
picomoles of noncoding siRNA labeled with FAM were mixed with
10 μg of ScFv-9R in the PBS buffer totalling 30 μl and incubated at
4 °C for 60min. lipo-2000 was used as positive control. Then the mixture
was added to the medium of RT112 cells and cultured at 37 °C for 4 h in

the cell incubator. The cells were harvested and fixed with 4 % parafor-
maldehyde and stained with DAPI, then observed under a fluorescent
microcopy. Upper panel lipo-2000 plus FAM-siRNA, lower panelScFv-
9R plus FAM-siRNA, bar=10 μm
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better specificity of ScFv-9R. In our experiments, we used
DAPI to stain nuclear so that we can clearly distinguish
whether ScFv-9R can deliver siRNA into cells. The results
showed FAM fluorescent distributes around the nuclear in the
ScFv-9R/siRNA-treated RT112 cells (Fig. 8), not in the cell
surface. These results all demonstrate that ScFv-9R is efficient
and a bifunctional carrier that binds to and delivers siRNA and
selectively targets FGFR3-positive cells.

In summary, we acquired successfully high yield and better
purity of ScFv-9R by Sumo fusion expression in E. coli. The
results showed that recombinant ScFv-9R have bifunctional
characteristics that not only bind to siRNA but also target and
deliver siRNA into FGFR3-positive cancer cells. Future stud-
ies need to investigate whether delivered siRNA can silence
specific gene expression, leading to suppression of tumor
growth in vitro and in vivo.
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