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Abstract: Integrin αvβ3 (ITG) is highly expressed in various cancers and is considered a major target for anti-angio-
gensis cancer therapy. The single chain fragment variable of which (ScFv αvβ3) has been reported to inhibit tumor 
growth both in vitro and in vivo. Here, we conjugated cdGIGPQc which can exclusively bind to NSCLC cells according 
to our previous study synthesized by SPPS with ScFv αvβ3 expressed in E. coli BL21 (DE3) to develop a novel lung 
cancer specific targeted drug. Specific cell targeting of cdGIGPQc-ScFv was assessed in parallel with the single ScFv 
and a control nonspecific peptide-ScFv through immunofluorescence and flow cytometry while the αvβ3-binding 
property was examined by Western blot. Our results showed that cdGIGPQc-ScFv retained both the lung cancer-
binding activity of cdGIGPQc and the antigen-recognizing ability of ScFv αvβ3 in vitro. CCK8 assays and in animal 
experiments suggested that cdGIGPQc-ScFv possessed a superior antitumor effect than ScFv and nonspecific pep-
tide-ScFv both in vitro and vivo. Further immunohistochemical staining revealed that cdGIGPQc-ScFv retarded lung 
cancer growth through inhibiting tumor angiogensis and proliferation. Therefore, cdGIGPQc delivery of ScFv αvβ3 to 
lung cancer may be a hopeful new strategy for enhancing specific antitumor efficacy and cdGIGPQc-ScFv could be a 
potential drug for lung cancer targeted treatment.
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Introduction

Lung cancer has always been known as a lead-
ing cause of cancer-related death worldwide 
with increasing incidence and mortality [1]. De- 
spite advances in the treatment of lung cancer, 
the overall disease course has remained rela-
tively unchanged over decades. To date, com-
prehensive treatment of multiple subjects is 
still the major therapy pattern, though the over-
all outcome is unsatisfactory [2, 3]. However, 
biological target therapy aiming at the process 
of tumorigenesis or progression has provid- 
ed new approaches for the treatment which 
may surmount the therapeutic plateau owing  
to their high sensitivity and specificity [4-6].

Angiogenesis, a prerequisite and indispens- 
able process in the proliferation, invasion and 
metastasis of tumors, is regarded as a symbol 
and therapeutic target of tumor evolution [7-9]. 

Integrin family plays an important role in can-
cer-related angiogenesis [10, 11], and its par-
ticular expression pattern promotes the malig-
nant behavior of lung cancer [12]. One of the 
subtypes alphavbeta3 (ITG αvβ3) is a primary 
component of the vascular cell adhesion recep-
tor and contributes fundamentally to invasive 
angiogenesis [13, 14], whose aberrant overex-
pression and activation in various cancers pro-
motes tumor growth [15], hence recognized as 
a key target for anti-angiogenic therapy [16-19]. 
The antagonists of ITG αvβ3 can selectively 
induce apoptosis of angiogenic blood vessels 
especially proliferating vascular cells and pro-
mote regression of human tumors, leaving exi- 
sting quiescent blood vessels unaffected [19]. 
Being the monoclonal antibodies (mAbs) of ITG 
αvβ3, LM609 had great anti-angiogenesis and 
proliferation inhibition effects both in vitro and 
in vivo [19], and the humanized version named 
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as Vitaxin undergoing phase II clinical trial, was 
well tolerable in clinical patients with metastat-
ic cancer [20, 21], whereas without objective 
anti-tumor responses [21, 22]. It may be the 
low local drug concentrations caused by large 
molecule dimensions, or the lack of selectivity 
and specificity to cancer cell that limited the 
anti-tumor efficacy. On the other hand, the ScFv 
format of ITG αvβ3 antibody has been devel-
oped as an alternative to Vitaxin and proved to 
have good therapeutic potential of inhibiting 
cancer cell growth both in vitro and vivo [23]. 
Unlike full length mAbs, ScFvs are recombinant 
antibody fragments just composed of connect-
ed variable light (VL) and variable heavy (VH) 
while retaining the original antigen-binding 
capacity and biological function [24]. They have 
lower production cost, better tumor microcir- 
culation penetration and less immunogenicity 
due to the lack of Fc portion [25, 26]. However, 
the low binding affinity and fast clearance of 
small-size ScFvs has become another obstacle 
to take [27]. To achieve the sustained release, 
many efforts have been made such as adding 
small targeting agent [28].

Our preliminary study had screened a novel 
small molecular peptide cdGIGPQc using the 
“one-bead one-peptide” combinatorial library, 
which was able to specially bind lung cancer 
cells by recognizing the human integrin α3β1 
abnormally expressed on the tumor cell sur-
face [29]. All about this specific peptide had 
been applied for national invention patents  
(CN 101486754, CN 101638429, CN 1026- 
43331A, CN 102641511A), laying the found- 
ation for new therapy method targeted lung 
cancer. In this study, we conjugated cdGIG- 
PQc with ScFv αvβ3 for targeting lung can- 
cer cells to achieve selective killing. cdGIGPQc 
was supposed to enhance the binding speci- 
ficity of ScFv to lung cancers and the recom- 
binant protein was expected to characterized 
by more specific tumor targeting and faster 
tumor penetration. Our results demonstrated 
that cdGIGPQc-ScFv αvβ3 retained both the 
targeting characteristic of cdGIGPQc and anti-
angiogenic effect of ScFv αvβ3 to suppress 
tumor progression both in vitro and vivo.

Materials and methods

Cell culture

A549 human lung adenocarcinoma cell and 
L78 human lung adenosquamous carcinoma 

cell were obtained from ATCC (American type 
culture collection). A549 and L78 cells were 
maintained at 37°C in a 5% CO2 atmosphere 
with RPMI-1640 medium containing 10% fetal 
bovine serum and 1% penicillin-streptomycin.

Polypeptide synthesis

Small molecular cdGIGPQc (cd) and cNAQA- 
EQc (non-related, cN ) are two short peptides 
composed of eight amino acids, inside which 
“c” represents D-cysteine, “d” represents D- 
aspartic acid, “G” represents L-glycine, “I” rep-
resents L-isoleucine, “P” represents L-proline, 
“Q” represents L-glutamine, “N” represents 
L-asparagine, “A” represents L-alanine, “E” re- 
presents L-glutamic acid, respectively. They 
were synthesized by solid-phase peptide syn-
thesis (SPPS) technology (by Abgent Biotech- 
nology Co., Ltd). The compounds were analy- 
zed by electrospray ionization mass spectro- 
metry (ESI-MS) and purified by high perfor-
mance liquid chromatography (HPLC).

Construction of the ScFv expression vector

The DNA sequence of anti-human integrin αvβ3 
ScFv was obtained from reference [30] and 
synthesized by Abgent Biotechnology Co., Ltd 
(Suzhou, China). The ScFv DNA fragment with 
5’-EcoRI, 3’-XhoI restriction site was then in- 
serted into vector pET-28a. The transfer vector 
plasmid pET-28a-ScFv was confirmed by re- 
striction analysis.

Expression and purification of ScFv fragments

The recombinant plasmid pET-28a-ScFv was 
introduced into the escherichia coli BL21 (DE3) 
as host strain. Single colonies were inoculated 
into LB medium with Kanamycin the next day 
and incubated over night at 37°C under shak-
ing (240 rpm). When the value of optical density 
at 600 nm (OD600) became 0.6-0.8, maintained 
induction was achieved by adding isopropy-β-D-
thiogalactoside (IPTG) to a final concentration 
of 0.5 mM. After 3 to 4 h induction, the thalli 
were harvested by 6500 rpm centrifugation of 
5 min and dissolved in bacterial lysate buffer. 
The supernatant and precipitation were collect-
ed separately by ultrasonic decomposition and 
centrifuge (13000 rpm, 15 min). Next, the pre-
cipitation was thoroughly dissolved in 1× bind-
ing buffer (20 mM imidazole, 0.5 M NaCl, 20 
mM Tris, 8 M Urea, PH 7.9), sonicated, and cen-
trifuged at 13000 rpm, 4°C for 15 min. Then 
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the supernatant of ScFv was filtrated and puri-
fied by Ni-NTA Agarose before analyzed via po- 
lyacrylamide gel electrophoresis (SDS-PAGE) 
with Coomassie Blue staining.

Combination of cdGIGPQc-ScFv

The connection of cdGIGPQc and ScFv was 
accomplished by using thiols inside of mole-
cules, mediated through the coupling agent 
SMCC [Succinimidyl 4-(N-maleimidomethyl) cy- 
clohexane-1-1 carboxylate]. Briefly, the purified 
protein ScFv and SMCC were put together in 
the proportion of 1:2 to make up a reaction  
system and reacted at room temperature for  
6 h. ScFv modified with SMCC was collected 
after redundant SMCC was removed by dialy-
sis. Subsequently, dissolved peptide was add- 
ed into the solution for another reaction at 
room temperature for 4 h. Redundant peptide 
was removed via dialysis, then recombinant 
cdGIGPQc-ScFv (cd-ScFv) was obtained and 
verified by SDS-PAGE. As a contrast, cNAQAE-
Qc-ScFv (cN-ScFv) was prepared using the 
same method.

Cell-binding assay of cdGIGPQc-scFv

To explore whether cdGIGPQc-scFv bound lung 
cancer cells as well as cdGIGPQc, immunofluo-
rescence technique was utilized as follow. 
Firstly, A549 and L78 cells were seeded evenly 
in 96-well plates at 5,000 cells per well for a 
night to achieve adherence. After fixed in 4% 
paraformaldehyde for 30 min and blocked with 
5% BSA for 1 h, they were incubated with 100 
μL FITC-cd-ScFv (15 μg/mL) or FITC-cN-ScFv 
(15 μg/mL) in the dark at 4°C overnight. The 
unbound fluorescent antibodies were removed 
by washing three times with PBS and the nuclei 
were labeled with DAPI (1:200, GeneCopoeia, 
Guangzhou, China). After three washes with 
PBS, the cells were observed under the fluo- 
rescence microscope. Pictures were merged  
by Image J software. The same volume of PBS 
and FITC-cdGIGPQc (1 μg/mL) were used as 
negative and positive control, respectively. Ex- 
periments were performed more than three 
times.

Furthermore, flow cytometry was next used to 
quantified the binding ability of the recombined 
protein to lung cancer cells. After washed three 
times with PBS, 2×106 A549 and L78 cells were 
resuspended and incubated with FITC-cd-ScFv 

(15 μg/mL) or FITC-cN-ScFv (15 μg/mL) in 100 
μl PBS at room temperature for 20 min, while 
the cells treated with FITC-cdGIGPQc and PBS 
were regarded as positive and negative con-
trols. The results were then analyzed by BD 
FACSVerseTM and FlowJo software.

The αvβ3-binding property of cdGIGPQc-scFv 

The binding abilities of ScFv and cdGIGPQc-
ScFv to human integrin αvβ3 were checked by 
Western Blot assay. Briefly, the human integrin 
αvβ3 proteins (Chemicon, USA) were subject- 
ed to 10% SDS-PAGE and then electrically 
transferred in constant current of 100 mA for 
116 min to a 0.45 μm PVDF membrane. After 
blocked with 5% BSA for 2 h, the PVDF mem-
brane was incubated with protein ScFv and 
cdGIGPQc-scFv as primary antibodies at 4°C 
overnight, followed by second antibody HRP-
conjugated anti-His tag antibody (1:2000, cw- 
biotech, Beijing, China) at room temperature  
for 1 h. At the same time, primary antibody anti-
αvβ3 mAb (1:1000, Chemicon, USA) was used 
as positive control, followed by HRP-conjugated 
goat anti-mouse IgG (1:2000, Bioss, Beijing, 
China) as second antibody. After washed with 
TBST, the target proteins were detected by  
adding HRP substrate (Millipore Corporation, 
Billerica, USA) which consisted of equal vol-
umes of Luminol Reagent and Peroxide Solu- 
tion, and visualized using Bio-Rad ChemiDoc 
XRS+.

CCK8 assay

The anti-tumor growth effects of cdGIGPQc-
ScFv and cNAQAEQc-ScFv in vitro were tested 
via measuring the quantity of living cells us- 
ing the Cell Counting Kit-8 (CCK8) (DOJINDO, 
Japan) according to the manufacturer’s instruc-
tion. Briefly, A549 and L78 cells were seeded  
in 96-well plates (5,000 cells/well). After 24 h, 
the culture medium was replaced with serum-
free medium for the next 12 h. Then, the cells 
were incubated with serial dilutions of cdGIG-
PQc-scFv and cNAQAEQc-scFv from 50 pM to  
5 μM for 24 h. Equimolar ScFv was used as  
controls. After washed with PBS, the cells  
were incubated with CCK8 solution for 1 to 4  
h at 37°C until the optical density values at 
450 nm (OD450) were read from microplate 
reader. The relative inhibition rates of tumor 
cell growth and the half-maximal inhibitory  
concentration (IC50) were calculated by SPSS 
20.0. Experiments were repeated three times.
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Animal experiments

Male nude BALB/c mice (nu/nu) of 4 weeks 
were purchased from the Laboratory Animal 
Center, Medical School of Sun Yat-sen Uni- 
versity, Guangdong, China. It took mice appro- 
ximately one week to adapt to new specific 
pathogen free conditions before receiving lung 
cancer cells. A549 and L78 cells in logarith- 
mic growth phase were harvested and in- 
jected subcutaneously into the back of each 
mouse at 5×106 cells in 200 μl PBS. After im- 
plantation, tumor size was regularly assessed 
every three days using vernier caliper. About 
one weeks later, when the average diameter  
of tumor reached 5-8 mm, mice were randomly 
divided into cd-scFv, cN-scFv, ScFv, PBS groups 
(n=6). 10 μg cd-scFv and equimolar amounts  
of cN-scFv and ScFv in 100 μl PBS were intra- 
venously injected three times per mouse on 
days 0, 4, 8 referring to previous reports [23], 
and the mice treated with equal volume of  
PBS were used as negative control. We then  
followed the mice for three weeks and rou- 
tinely checked the general condition including 
appearance, activity and signs of toxicity. Tu- 
mor volume was calculated by the formula: V= 
(length × width2)/2. The last tumor weight was 
measured using electronic analytical balance.

Histopathology and immunohistochemistry

At the end of the experiment, harvested tumors 
were formalin fixed and then paraffin embed-

ded. We performed hematoxylin-eosin stain- 
ing (H&E staining) to verify the tumor tissue 
excised from the xenograft models and to 
check the effect of drug on vital organs, includ-
ing heart, lung, liver, kidney and spleen. Next, 
paraffin-embedded tumor specimens were cut 
into about 4 µm-thick section for immunohis- 
tochemistry analysis. The sections were stain- 
ed by CD31 (Santa Cruz, lnc) and Ki67 (MXB, 
lnc), followed by corresponding secondary anti-
bodies. The results were observed under fluo-
rescent microscopy and then analyzed with 
Image-Pro Plus software.

Statistical analysis

Data were presented as mean ± SD. Statistical 
analysis of cytotoxicity assay was performed 
using one-way ANOVA with Statistical Product 
and Service Solutions 20.0 (SPSS). For animal 
experiment, tumor growth curve diagram and 
histogram were draw using GraphPad Prism 
6.02 (Graphpad Software). p value <0.05 was 
considered statistically significant.

Results

Construction and analysis of cdGIGPQc-ScFv

Small-molecule peptide cdGIGPQc possess- 
ing the binding specificity to lung cancer cells, 
along with non-related and nonspecific peptide 
cNAQAEQc, were synthesized by SPPS. The pro- 
ducts were identified and purified by ESI-MS 
and HPLC. The purity of cdGIGPQc and cNAQA-

Figure 1. Synthesis and analysis of small molecular peptides. Polypeptides were artificially synthesized using SPPS 
method and the structure of cdGIGPQc (A) and cNAQAEQc (B) were analyzed by ESI-MS and HPLC, respectively.

Table 1. The synthesized DNA sequence and the amino acid sequence of ScFv αvβ3
DNA sequence CAGGTGCAGTTACAGCAGTCTGGTGCTGAATTAGCCCGTCCGGGTACAAGCGTTAAGTGGAG

TTGTCGCACGTCAGGCTATACCTTTACGAGCTTTGGCATTGCCTGGGTTAAACAGCGCTCTGG

CCAGGGCTTAGAGTGGATCGGCGAAATCTTTCCTCGCTCAGGCAATACTTATTATAACGAAAA

GTTCACGGGCAAAGCCACACTGACCGCCGATACAAGTAGCTCAACCGCATATATGGAACTGC

GTAGCCTGACGAGTGAAGATTCTGCTGTGTATTTTTGTGCGACATATACGAGCTATGGTGCGA

TGGATTATTGGGGTCAGGGCACCAGTGTGACCGTGTCTTCAGGTGGCGGTGGTAGCGGTGGT

GGCGGTTCAGGCGGCGGTGGTTCAGAAATCGTGTTAACACAGAGTCCGACAACGATGGCCG

CGTCACGCGGCGAAAAAATTACAATCACATGTAGTGCTAATAGTTCAATCTCTAGTAATCATC

TGCATTGGTATCAGCAGAAAAGTGGCTTTTCTCCTAAATTTCTGATCTATCGCACCTCTATCTT

AGCAAGCGGCGTTCCTGCACGCTTTTCTGGCAGCGGCTCAGGCACCTCTTATAGTTTAACCA

TTGATACGATGGAAGCCGAAGATGTTGCCACATATTATTGCCAGCAGGGCTCAAGTAAACCGT

ATACGTTTGGCGGTGGGACAAAACTGGAAATTAAACGCGCCCATCATCATCATCATCATtaa

Amino acid sequence QVQLQQSGAELARPGTSVKWSCRTSGYTFTSFGIAWVKQRSGQGLEWIGEIFPRSGNTYYNEKFTGKATLTADTSSSTAYMELRSLTSED-
SAVYFCATYTSYGAMDYWGQGTSVTVSSGGGGSGGGGSGGGGSEIVLTQSPTTMAASRGEKITITCSANSSISSNHLHWYQQKSGFSPK-
FLIYRTSILASGVPARFSGSGSGTSYSLTIDTMEAEDVATYYCQQGSSKPYTFGGGTKLEIKRAHHHHHH
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EQc were 96.45% and 95.08% respectively, 
shown as prominent peak in the HPLC report 
(Figure 1). 

The synthesized DNA and the corresponding 
amino acid sequences of αvβ3 ScFv were  
present in Table 1. To obtain purified ScFv pro-
tein, the recombinant plasmid pET-28a-ScFv 
was confirmed by restriction analysis (Figure 
2A) before transferred into E. coli BL21 (DE3). 
Kanamycin resistant colonies were selected  
for further culture, and then the ScFv fragments 
in the supernatant were purified with Ni-NTA 
Agarose. After purification, the ScFv protein 
migrated as a single band of 26.5 KDa when 
demonstrated by SDS-PAGE and Coomassie 
Blue staining (Figure 2B).

Peptide cdGIGPQc and ScFv were connected 
through SMCC and the compound was ana-
lyzed via SDS-PAGE. Recombinant cdGIGPQc-
ScFv presented a molecule weight slightly  
larger than ScFv (Figure 2C). And ScFv fused 
with cNAQAEQc was prepared in the same  
way, which shared a similar molecule size as 
cdGIGPQc-ScFv. 

Binding ability of cdGIGPQc-ScFv to lung can-
cer cells in vitro

The particular binding property of cdGIGPQc-
scFv to lung cancer cells was analyzed through 
immunofluorescence staining and flow cytome-

try. Figure 3A, 3C represented the results of 
A549 cells, while Figure 3B, 3D represented 
L78’s. The fluorescent images demonstrated 
that FITC-cd-ScFv was able to bind A549 and 
L78 lung cancer cells like the positive con- 
trol FITC-cdGIGPQc, with an apparently higher 
affinity compared to FITC-cN-ScFv (Figure 3A, 
3B). Consistently in flow cytometry assays, cells 
treated with FITC-cd-ScFv (15 μg/mL) exhibited 
a similar high positive rate as FITC-cdGIGPQc 
by more than 95%, whereas FITC-cN-ScFv treat-
ment came out with a much lower positive rate 
as well as fluorescence intensity (Figure 3C, 
3D). Taken all together, these results indicated 
that the fusion of cdGIGPQc and ScFv did not 
affect the lung cancer cell binding characte- 
ristic of cdGIGPQc agent, but enhanced the 
binding capacity of ScFv to lung cancer cells.

ITG αvβ3-binding activity of ScFv and cdGIG-
PQc-ScFv in vitro

We next used Western Blot assay to examine 
the integrin αvβ3-binding ability of ScFv and 
cdGIGPQc-ScFv in vitro. Primarily, human inte- 
grin αvβ3 proteins mixed with loading buf- 
fer were electrophoresed to 10% SDS-PAGE 
and transferred to a PVDF membrane. As pri-
mary antibodies, both ScFv and cdGIGPQc-
ScFv were able to recognize integrin αvβ3 th- 
rough antigen-antibody reaction, resulting in 
identical protein bands with the mAb of αvβ3 

Figure 2. Expression of ScFv and purification of cdGIGPQc-ScFv. The recombinant plasmid pET-28a-ScFv was trans-
formed into the E. coli BL21 (DE3). A: The recombinant plasmid pET-28a-ScFv confirmed by restriction analysis be-
fore transformation. B: After induction, purified ScFv protein extracted from bacteria was separated on a SDS-PAGE 
gel and stained with Coomassie Blue. Lane M, protein molecular mass markers (KDa); Lane BI, bacterial proteins 
before induction; Lane AI, bacterial proteins after induction; Lane p, the precipitation after sonication; Lane FT, the 
filtered proteins; Lane E1, E2, E3, the purified ScFv protein; Lane R, the renatured ScFv protein. C: SDS-PAGE analy-
sis of cdGIGPQc-ScFv and cNAQAEQc-ScFv. Lane 1, 2, cNAQAEQc-ScFv; Lane 3, 4, cdGIGPQc-ScFv; Lane 5, protein 
molecular mass markers; Lane 6, the ScFv protein.
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(Figure 4A). These results clearly declared that 
the reformed ScFv fragment did not lose the 
original antigen-binding ability of its parent full-
length αvβ3 monoclonal antibody, which was 
neither destroyed for the combination of cd- 
GIGPQc and ScFv.

Inhibition of cancer cell proliferation by cdGIG-
PQc-ScFv in vitro

The cytotoxicity of cdGIGPQc-ScFv in vitro was 
evaluated via CCK8 assays. Figure 4B and  
4C represented the results in A549 and L78 
cells respectively, as one of the three repeat- 
ed experiments. The lower IC50 values of cd- 

GIGPQc-ScFv calculated by SPSS meant less 
viable cells after treatment, thereby indicating 
a more significant tumor suppression. Under 
the same concentration, cdGIGPQc-ScFv inhib-
ited tumor cell proliferation more dramatically 
than ScFv and cNAQAEQc-ScFv, while the se- 
mblable dose-dependent curves of ScFv and 
cNAQAEQc-ScFv suggested a similar inhibitory 
effect between them two (Figure 4B, 4C). It’s 
clear that cdGIGPQc-ScFv could efficiently in- 
hibit proliferation of A549 and L78 cells at 
micromolar concentrations. When the concen-
tration increased to 5 μM, cdGIGPQc-ScFv was 
able to kill almost all the NSCLC cells after 24  
h of treatment.

Figure 3. Binding ability of cdGIGPQc-ScFv to lung cancer cells in vitro. Fluorescence microscope imaging was used 
to detect the binding of FITC-cdGIGPQc-ScFv and FITC-cNAQAEQc-ScFv to A549 cells (A) and L78 cells (B), respec-
tively. Scale bar: 100 μm. The binding affinity of cdGIGPQc-ScFv and cNAQAEQc-ScFv to A549 (C) and L78 cells (D) 
was examined by flow cytometry. Histograms were generated from FlowJo software. The blue lines represented lung 
cancer cells treated with FITC-cdGIGPQc, FITC-cd-ScFv or FITC-cN-ScFv, while the red lines represented the negative 
control.
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Inhibition of tumor growth by cdGIGPQc-ScFv 
in vivo

We chose A549 and L78 cells to establish two 
nude-mice xenograft models of lung cancer 
and evaluate the anti-tumor effect of cd-ScFv in 
vivo. When the average tumor volume was 100 
mm3, the same amounts of ScFv, cd-ScFv and 
cN-ScFv were given for three times. After two 
weeks of treatment, the tumor volumes in ScFv, 
cd-ScFv and cN-ScFv groups, especially the cd-
ScFv, were significantly decreased compared 

with the PBS group in both A549 model (Figure 
5A) and L78 model (Figure 5D), as Figure 5B 
and 5E represented the tumor growth curves  
of A549 and L78 xenograft. The last average 
tumor weights of different groups in the A549 
cell xenograft model were 982.9 ± 111 mg 
(PBS group), 636.3 ± 30.42 mg (ScFv group), 
429.9 ± 85.32 mg (cd-ScFv group) and 631.1 ± 
141.07 mg (cN-ScFv group) (Figure 5C), respe- 
ctively. Analogously in the L78 xenograft mo- 
del, the last tumor weights were 530.8 ± 72.50 
mg (PBS group), 250.1 ± 28.68 mg (ScFv 
group), 185.8 ± 48.99 mg (cd-ScFv group) and 
305.5 ± 100.45 mg (cN-ScFv group) (Figure 
5F). In a word, ScFv and cN-ScFv showed a  
similar anti-tumor growth activity, while cd- 
ScFv retarded tumor growth more remarkably. 
Moreover, notable ruptures with small tumor 
volume were only observed in cd-ScFv group. 
All the above implied that conjugating with  
lung cancer-special peptide cdGIGPQc instead 
of other non-special peptide (like cNAQAEQc) 
did enhance the antitumor efficacy of ScFv, 
considering both the smaller volume and lower 
weight of tumor. Unlike conventional chemo-
therapy, there was no obvious change in mice 
weight or general activity when treated with cd-
ScFv, suggesting a good tolerance in vivo.

High efficiency and low-toxicity of cdGIGPQc-
ScFv

The H&E staining visually demonstrated the 
tumor nature of A549 and L78 xenograft, and 
for immunochemistry, CD31 was supposed to 
reflect the tumor angiogenesis while Ki67 rep-
resented tumor cell proliferation (Figure 6A, 
6B). The IOD/Area values of CD31 and Ki67 
were significantly lower in the cd-ScFv group 
compared with any other groups (Figure 6C, 
6D). The simultaneously decreased trend of 
CD31 and Ki67 further verified the antitumor 
mechanism of cd-ScFv. These studies proved 
that cd-ScFv can decrease the tumor microves-
sel density and suppress cell proliferation more 
effectively than ScFv and cN-ScFv which indi-
cated a better antitumor effect. As exhibited by 
Figure 7, there was no obvious influence or tox-
icity of cd-ScFv on major organs and only mild 
inflammation was seen in a few individuals, 
therefore implying a low animal toxicity.

Discussion

ScFvs have been widely used in the research 
work of solid tumors like nasopharyngeal [31], 

Figure 4. Antigen-binding ability and tumor growth 
inhibition of cdGIGPQc-ScFv in vitro. A: The antigen-
specific binding of ScFv and cd-ScFv was analyzed 
via Western blot analysis. After human ITG αvβ3 was 
imprinted, ScFv and cd-ScFv detected a protein band 
similar to that by positive control mAb, as primay ati-
bodies. B, C: Human lung adenocarcinoma cell A549 
and human lung adenosquamous carcinoma cell 
L78 were incubated with indicated concentrations of 
cdGIGPQc-ScFv, cNAQAEQc-ScFv or control ScFv for 
24 h and the cell proliferation was checked by CCK8 
assay. cdGIGPQc-ScFv showed a superior antitumor 
effect than ScFv and cNAQAEQc-ScFv. Data were 
from one of independent triplicate experiments.
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lung [32], gastric [33], colon [34], bladder [35], 
ovarian [36], and prostate cancers [37]. Since 
ITG αvβ3 is considered the most pivotal tar- 
get for angiogensis, ScFv αvβ3 had been pro-
duced to be an available alternative to Vitaxin 
which had been proven to be effective in hu- 

man breast carcinoma cells [23, 30]. In this 
study, we performed CCK8 assays and ani- 
mal experiments to verify the tumor inhibition 
capacity of ScFv αvβ3. Nevertheless, consi- 
dering the small size of ScFv, the lower bind- 
ing affinity and faster systemic clearance might 

Figure 5. The antitumor efficacy of cdGIGPQc-ScFv in vivo. Inhibitory effects of cdGIGPQc-ScFv were evaluated in 
murine xenograft models of A549 cell (A) and L78 cell (D). When average tumor volume reached 100 mm3, mice 
were randomly divided into four group (n=6), equal amount of cdGIGPQc-ScFv, cNAQAEQc-ScFv and ScFv were in-
jected i.v. every four days for three times. Mice treated with PBS served as negative control. (B, E) The tumor volume 
was regularly measured using caliper and calculated by the formula: V=(length × width2)/2. (C, F) The last tumor 
weight was obtained by analytical balance. Results were shown as mean ± SD. Statistical analyses were performed 
using unpaired t test. *, P<0.05.
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Figure 6. Representative images of H&E staining and Immunohistochemistry of xenografted tumor. (A, B) Histological features of tumor specimens and represen-
tative photomicrographs of anti-CD31 and anti-Ki67 immunostaining on A549 (A) and L78 (B) xenograft after the mice were treated with ScFv, cdGIGPQc-ScFv, 
cNAQAEQc-ScFv for 2 weeks. Scale bar: 100 μm. (C, D) The IOD/Area of anti-CD31 and anti-Ki67 positivity in images of A549 (C) and L78 (D) xenograft was analyzed 
and calculated with Image-Pro Plus analysis software. At least 9 images from each group were used for quantification and statistical analysis. Statistical analyses 
were performed using unpaired t test. *, P<0.05.
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lead to a short half-life period and limit the use 
in vivo [27]. In addition, lacking of tumor-speci-
ficity is likely to result in a relative low concen-
tration on one particular tumor. In order to over-
come the intrinsic limitations and enhance the 
actual effects, single ScFv has been engineer- 
ed to form multifunctional multimers [38, 39], 
or to combine with small targeting agent [28].

It had been reported that biodegradable pep-
tide could achieve both specific cell targeting 
and selective release of cytotoxic cargo [40]. 
And we had previously selected a small molecu-
lar peptide cdGIGPQc that exclusively bound 
NSCLC cells which might serve as specific tar-
geted deliver. Therefore, we initiated to conju-
gate cdGIGPQc with ScFv αvβ3 attempting to 
apply it in lung cancer therapy, which may mo- 
derately increase the molecular weight and 
enhance the lung cancer binding specificity. 
Herein, cdGIGPQc can be synthesized via SPPS 
with high quality as proved by ESI-MS and HPCL 
analysis. For the conjugation, we found that 
cdGIGPQc and ScFv αvβ3 can be simply con-
nected by sulfhydryl, while retaining both the 
NSCLC cell-binding ability of cdGIGPQc and the 
antitumor effect of ScFv αvβ3. As demonstrat-
ed by immunofluorescent cell staining and flow 
cytometry, cdGIGPQc-ScFv had a more vigor-
ous NSCLC cell targeting and binding affinity 
than the single ScFv and cNAQAEQc-ScFv (non-
special peptide-ScFv). Our study also confirm- 
ed that the tumor inhibitory effect of ScFv was 
enhanced both in vitro and in vivo after conju-
gating to cdGIGPQc. The synchronous change 
of microvessel density and tumor cell prolifera-
tion indicated by IHC revealed that cdGIGP- 
Qc-ScFv retard tumor growth through inhibi- 

ting angiogenesis. About the unique early tu- 
mor ruptures among the mice treated with cd-
ScFv, it was speculated that cdGIGPQc-ScFv 
significantly cut off the nutrient supply of blood 
vessel infiltration by blocking integrin αvβ3, 
leading to a failure of supporting even when  
the tumor was small. The little influence on nor-
mal vital organs also implied a good tolerance 
and low toxicity. Whereas given an experimen-
tal concentration, the therapeutic superiority  
of cd-ScFv in murine xenograft wasn’t so signi- 
ficant as in vitro, therefore it deserves more 
investigation about the optimal concentration 
and better drug-given method.

In conclusion, we first constructed and charac-
terized the recombinant cdGIGPQc-ScFv αvβ3 
that provided great lung cancer-special bind- 
ing activity and antitumor efficacy both in vitro 
and murine model. The productive simplicity, 
high efficacy and low toxicity of cdGIGPQc- 
ScFv make it convincible and feasible for clini-
cal use. Therefore, it may be a potential new 
targeted drug for lung cancer treatment. Based 
on this success of employing the NSCLC cell 
specific small molecular peptide as a drug 
deliver, next attempt to make it an agent in 
other multifunctional drugs or Chimeric Anti- 
gen Receptor T-Cell Immunotherapy (CAR-T) 
might whipping up a storm in the field of solid 
tumor therapy, especially in lung cancers.
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