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Abstract. Non‑small cell lung cancer (NSCLC) is one of 
the most prevalent human cancers, which is known for local 
growth, easily migration, long‑distance invasion and reoc-
currence. Targeted ultrasound (US) contrast combined with 
ultrasound for lung cancer diagnosis has been applied in 
the clinic. In the present study, a novel targeted ultrasound 
contrast agent containing chistosan/Fe3O4‑parceled bispe-
cific antibody (TcBab) targeting carcino‑embryonic antigen, 
vascular endothelial growth factor receptor was introduced, 
and the diagnostic accuracy and sensitivity was investi-
gated in patients with NSCLC. A total of 384 patients with 
suspected NSCLC were recruited to investigate the accuracy 
of TcBab‑ultrasound (TcBab‑US) and ultrasound. Results 
demonstrated that TcBab‑US improved sensitivity and may 
provide a novel protocol for diagnosing tumors in patients 
with suspected NSCLC at an early stage. Data analysis demon-
strated that TcBab‑US diagnosed 154 suspected patients with 
NSCLC, whereas ultrasound only diagnosed 84 suspected 
patients with NSCLC out of a total of 384  patients with 
suspected NSCLC (P<0.01). A dosage experiment revealed 
that the optimal dose of TcBab was 5 mg/kg for NSCLC 
patients. Pharmacodynamics analysis showed that TcBab 
may be metabolized within 16 h in serum of patients. Notably, 
early diagnosis determined by TcBab‑US contributed to 
improvement of survival for NSCLC patients as determined 
by a comparison of the survival rate with the survival rate of 
patients who did not receive TcBab (P<0.05). In conclusion, 
these investigations suggested that TcBab improves the accu-
racy and diagnostic confidence of ultrasonic for the diagnosis 
of early‑stage NSCLC, and may have potential application 
value in the clinic.

Introduction

Non‑small‑cell lung cancer (NSCLC) is one of the most 
common tumors, which presents with an increasing trend and 
remains the most common cause of cancer‑associated mortality 
worldwide (1,2). Published literature has revealed that tumor 
growth migration and invasion are the most important features 
of NSCLC, which are characterized by local migration, metas-
tasis and reoccurrence (3). A previous pathological study has 
suggested that NSCLC accounts for ~80% of all lung cancer 
cases and classified adenocarcinoma, large cell carcinoma and 
squamous cell carcinoma as common types of NSCLC (4). A 
number of therapeutic strategies, such as immunotherapy, gene 
therapy, radiotherapy and chemotherapy, have been widely 
applied in clinical settings for the treatment of NSCLC (5‑7); 
however, poor survival rates of patients with NSCLC have 
continued (8‑10).

The majority of clinical patients with NSCLC are diag-
nosed at an advanced stage, which is the primary reason of 
rising death rate  (11,12). Although previous reports have 
introduced various diagnostic methods for NSCLC including 
ultrasound, computerized tomography and magnetic resonance 
imaging, ultrasound is the most widely used for diagnosis of 
NSCLC (13,14). A previous study indicated that endobronchial 
ultrasound in combination with diagnostic bronchoscopy is 
highly effective in the diagnosis and staging of patients with 
lung cancer (15). Another previous study demonstrated that 
contrast‑enhanced ultrasound improved enhancement pattern 
and cellular differentiation for hepatocellular carcinoma (16). 
In addition, contrast‑enhanced ultrasound increased the diag-
nostic rate via observation of microvessel density and vascular 
endothelial growth factor expression, which may be valuable 
in the evaluation of early‑stage breast cancer (17). In addition, 
microbubble ultrasound contrast agent has been reported to 
enhance the diagnostic rate for patients with suspected lung 
cancer in clinical settings (18,19). These reports suggested that 
microbubble ultrasound contrast not only increases reflected 
signal, but also improves the diagnostic rate for patients with 
suspected lung cancer in the clinic.

Reports have suggested that the expression levels of 
vascular endothelial growth factor (VEGF) and VEGF receptor 
(VEGFR)‑3 are overexpressed in NSCLC cells and this is asso-
ciated with nodal status in operable NSCLC (20,21). Higher 
expression levels of carcino‑embryonic antigen (CEA) were 
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observed in NSCLC cells, which is regarded as a prognostic 
indicator (22,23). The present study introduced a novel targeted 
ultrasound contrast agent containing chistosan/Fe3O4‑parceled 
bispecific antibody (TcBab) targeting of CEA and VEGFR and 
investigated its efficiency for NSCLC diagnosis. The results 
suggested that TcBab‑ultrasound (TcBab‑US) may improve 
accuracy and sensitivity for patients with suspected NSCLC.

Materials and methods

Ethics statement. The present methodology was performed 
in strict accordance with the recommendations of the Guide 
for the Care and Use of Clinical Study of Pharmaceutical 
Administration Measures for Implementation of China (24). 
Employing nanoparticles loaded with superparamagnetic 
iron oxides and perfluoropentane in patients has been 
approved by the China Food and Drug Administration 
(HHRH20120514CD). The study was approved by the Ethics 
Committee of Huaihe Hospital of Henan University (Kiafeng, 
China). All patients were required to provide written informed 
consent prior to their inclusion.

Patients. A total of 384  patients with suspected NSCLC 
and 20 healthy volunteers were recruited for the present 
study at the Huaihe Hospital of Henan University between 
February 2010 and June 2016. The age of patients ranged from 
32.8‑67.5 years old. The number of male (n=178) and female 
(n=176) patients was approximately equal. The age of the 
healthy volunteers ranged from 26.9‑54.1 years old (10 male 
and 10 female). The patients, including those with suspected 
NSCLC, were diagnosed with NSCLC at an early stage as 
described previously (25). Patients with lung cancer history 
were excluded from this study. A 60‑month follow‑up was 
performed on all patients. The characteristics of patients with 
suspected NSCLC were summarized in Table I.

Principles and settings of contrast‑enhanced ultrasound. The 
ultrasound diagnosis system was used to analyze the efficacy 
of a targeted ultrasound contrast agent for the diagnosis of 
patients with suspected NSCLC using a preprogrammed 
setting. The preprogrammed setting was optimized to obtain 
the ideal image formation. The mechanical index was set 
at 0.2‑0.4 to avoid destruction of the fragile microbubbles 
containing nano‑particles. The details of principles and 
settings of contrast‑enhanced ultrasound were described in a 
previous study (26).

RT‑qPCR analysis. Total RNAs from clinical tissues and 
cultured cells were extracted with TriZol® reagent (Takara Bio, 
Inc., Otsu, Japan) following the manufacturer's protocol. The 
RNA quality and quantity were determined by Nanodrop® 2000 
(Thermo Fisher Scientific, Inc., Waltham, MA, USA). Reverse 
transcription (RT) of first‑strand cDNAs was performed using 
PrimeScript RT Master mix (Takara Bio, Inc.) according to the 
manufacturer's protocol. All PCR reactions were performed 
in an ABI PRISM 7900 Real‑Time system (Thermo Fisher 
Scientific, Inc.) with the SYBR® Premix Ex Taq™ kit (Takara 
Bio, Inc.). For the PCR experiments the following forward and 
reverse primers were used: CEA forward, 5'‑TGG​CAG​CAG​
TGA​CAG​CAG​CA‑3' and reverse, 5'‑TAC​GGA​GGT​GGA​GTG​

GGT​GT‑3'; VEGFR forward, 5'‑AGC​CGA​GGA​AGA​ACT​
ATG​AAC‑3' and reverse, 5'‑ATT​TGA​GGG​TGA​GGA​ATG​
GG‑3' and GAPDH forward, 5'‑CAA​AGG​TGG​ATC​AGA​TTC​
AAG‑3' and reverse, 5'‑GGT​GAG​CAT​TAT​CAC​CCA​GAA‑3'. 
The PCR conditions included an initial denaturation step 
of 94˚C for 2 min, followed by 30 cycles of 94˚C for 30 sec, 
59˚C for 30 sec, 72˚C for 2 min and a final elongation step at 
72˚C for 10 min. Taq DNA polymerase was purchased from 
Sigma‑Aldrich (Merck KGaA, Darmstadt, Germany). GAPDH 
was used as the internal control to normalize gene expression. 
The relative gene expression levels were calculated using the 
2‑‑ΔΔCq method (27). All experiments were repeated ≥3 times. 
No negative control was used.

Ultrasound nanoparticles contrast agent. TcBab for targeting of 
CEA and VEGFR were provided by the Biological Pharmaceutical 
Laboratory of Henan Medical University (Kaifeng, China). 
The construction of Chistosan/Fe3O4‑encapsulated TcBab was 
performed by using the covalent bond as described in a previous 
study (28). Novel Chistosan/Fe3O4 nanoparticles‑encapsulated 
TcBab was used to improve the imaging resolution ratio and 
diagnostic sensitivity in early‑stage NSCLC diagnosis. TcBab 
contrast agent (0.2 mg/kg) was administered orally 60 min prior 
to contrast‑enhanced ultrasound.

ELISA. Serum was isolated from peripheral blood (10 ml) 
using centrifugation at 4,000 x g for 15 min at 4˚C. ELISA 
kits were used to determine interleukin CEA (cat. no. DY4128) 
and VEGFR (cat. no. MVR200B; both Bio‑Rad Laboratories, 
Inc., Hercules, CA, USA). The procedures were performed 
according to the manufacturer's protocols.

Western blotting. A549, H1650 and MRC5 cells were 
purchased from the BeNa Culture Collection (Beijing Bei Na 
Chuanglian Biotechnology Research Institute, Beijing, China). 
All cells were cultured in Dulbecco's modified Eagle's medium 
(Thermo Fisher Scientific, Inc.) supplemented with 10% fetal 
bovine serum (Thermo Fisher Scientific, Inc.) in a humidified 
atmosphere containing 5% CO2 at 37˚C.

Total protein was harvested from A549, H1650 and MRC5 
cells cell samples (1x108) using a radioimmunoprecipitation 
buffer (Sigma‑Aldrich; Merck KGaA) and protein concentra-
tions were measured using a bicinchoninic acid protein assay 
kit (Thermo Fisher Scientific, Inc.). A total of 30 µg protein 
was loaded per lane and separated by 10% SDS‑PAGE and 
transferred to a polyvinylidene difluoride membranes using a 
semidry transfer system. Samples (20 µg) were blocked with 
5% bovine serum albumin (Gibco; Thermo Fisher Scientific, 
Inc.) for 1 h at 37˚C and incubated with rabbit anti‑human 
CEA (cat. no.  2383; 1:1,000) or VEGFR (cat. no. 2479; 
1:1,000; both Cell Signaling Technology, Inc., Danvers, MA, 
USA) and anti‑GAPDH (1:1,000; ab8245; Abcam, Cambridge, 
UK) primary antibodies for 2 h at 37˚C. The membranes 
were then washed with PBS three times and incubated with 
a horseradish peroxidase‑conjugated anti‑rabbit immuno-
globulin G secondary antibodies (1:5,000; cat. no. PV‑6001; 
OriGene Technologies Inc., Rockville, MD, USA) for 2 h at 
37˚C. Protein expression levels were visualized using a chemi-
luminescence detection system (LumiGLO; Cell Signaling 
Technology, Inc.).
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Immunohistochemistry and histological staining. A549 cells 
were cultured in six‑well plates at a density of 1x105 cells/well, 
in Eagle's Minimum Essential medium (EMEM) supple-
mented with 10% heat‑inactivated fetal bovine serum (both 
Biowhittaker; Lonza Group, Ltd., Basel, Switzerland) for 
12 h at 37˚C. The cells or tumor tissues were fixed with 10% 
methanol for 1 h at room temperature and blocked with phos-
phate buffered saline with Tween‑20 containing 5% non‑fat 
milk for 1 h at room temperature. The cells were subsequently 
incubated with rabbit anti‑human CEA (1:1,000) or VEGFR 
(1:1,000) primary antibodies for 2 h at 37˚C. Subsequently, 
f luorescein isothiocyanate‑conjugated goat anti‑rabbit 
secondary antibodies (1:5,000; cat. no. PV‑6001; OriGene 
Technologies Inc.) were added for 2 h in the dark at 37˚C. Cells 
were then counterstained with DAPI (Sigma‑Aldrich; Merck 
KGaA, Darmstadt, Germany) for 2 h at 37˚C and imaged 
under fluorescence microscopy in three fields of view (BX51; 
Olympus Corporation, Tokyo, Japan) at magnification, x40. 
Samples without secondary antibodies were used as the nega-
tive control for VEGFR and CEA expression. For histological 
staining, the tumor tissues were fixed in 10% buffered formalin 
for 1 h at 37˚C followed by embedding in paraffin. Sections 
(4‑µm‑thick) were then stained with hematoxylin‑eosin for 2 h 
at 37˚C. All images were analyzed with ImageJ 1.44p software 
(National Institutes of Health, Bethesda, MD, USA). Subtypes 
of NSCLC were confirmed by two clinical pathologists as 
described previously (29).

Treatment of NSCLC patients diagnosed with TcBab‑US. 
Early‑stage NSCLC patients diagnosed with TcBab‑US 
received different treatments including radiotherapy, chemo-
therapy, traditional Chinese medicine, biological therapy and 
comprehensive therapy as described previously  (30). The 
median overall survival and median progression‑free survival 
of NSCLC patients were analyzed in a previous study (31).

Viability assay. NSCLC cell viability assay was assessed 
using a Cell Counting Kit‑8 (CCK‑8; Beyotime Institute of 
Biotechnology, Haimen, China) according to the manufac-
turer's protocol. NSCLC cells (1x103) were seeded into 96‑well 
plates and TcBab (5 mg/ml) or PBS (control) was added for 

48 h at 37˚C. CCK‑8 reagent was added to wells prior to the 
endpoint of incubation (3 h) at 37˚C. NSCLC cell viability was 
analyzed using a microplate reader at a wavelength of 570 nm.

Scanning electron microscopy (SEM) and transmission elec‑
tron microscopy (TEM) assays. The treated cells were fixed in 
2.5% glutaraldehyde solution for 24 h at 4˚C. Following fixa-
tion, the cells were washed in 1.2 mol/l phosphate buffer, which 
was changed three times within 3 h. The cells were then fixed 
in 1% osmic acid for 1‑1.5 h and washed in double‑distilled 
water, which was replaced three times in 2 h. The cells were 
dehydrated twice at room temperature using 50, 70, 80, 90 and 
100% ethanol, for 20 min at each concentration. The ethanol 
solution was replaced with isoamyl acetate and the cells were 
placed in a critical point drying apparatus (a high‑pressure 
hermetically sealed container) and liquid CO2 was added. The 
cells were then dried at a critical temperature of 31.8˚C and 
72.8 atm, sputter‑coated with platinum using an IB‑5 sputter 
coater with a 1.3 nm layer of platinum and observed using a 
Zeiss Field‑Emission‑Scanning‑Electron‑microscope (Zeiss 
GmbH, Jena, Germany) at magnification, x400. The accelera-
tion voltage was 1‑5 kV.

The samples were fixed in 2.5% glutaric dialdehyde for 24 h 
at 4˚C. Following rinsing three times with phosphate‑buffered 
saline (PBS), the lung cancer tissue was treated with 2% osmium 
tetroxide for 2 h. It was subsequently dehydrated in a graded 
series of acetone following washing with PBS. Following dehy-
dration, the lung cancer tissue was saturated in acetone/resin 
(1:1) at 37˚C for 24 h, embedded in Epon, polymerized in an oven 
at 60˚C for 24 h and cut into semi‑thin sections (1‑µm‑thick). 
The TEM assay was performed using a Varian LEO 9220 
(120 kV; Carl Zeiss AG, Oberkochen, Germany) instrument 
and analysis was performed using DigitalMicrograph software 
version 3.7 (Gatan Inc., Pleasanton, CA, USA) at magnification, 
x200. Samples were suspended in chloroform and sonicated at 
100 kHz for 5 min at 37˚C. A total of 2 µl of the suspension was 
placed on a CF200‑Cu‑grid (Electron Microscopy Sciences, 
Hatfield, PA, USA) and allowed to dry.

Pharmacodynamics of TcBab. Plasma concentration of TcBab 
was analyzed in patients with suspected lung cancer after 
receiving TcBab contrast agent. Blood samples were collected 
from 32 participators at 0, 6, 12, 18 and 24 h following admin-
istrated with TcBab contrast agent. Plasma TcBab levels were 
determined via liquid chromatography‑tandem mass spec-
trometry as previously described (32).

Statistical analysis. All data were presented as the 
mean ± standard deviation of triplicate samples. Unpaired 
data was analyzed using Student's t‑test and comparisons of 
data between multiple groups were analyzed using one‑way 
analysis of variance with Tukey's post hoc test. Kaplan‑Meier 
was used to estimate the survival rate during 60‑months 
long‑term observation. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Affinity of TcBab for CEA and VEGFR expression in NSCLC 
cells. CEA and VEGFR expression levels were analyzed in 

Table I. Characteristics of patients with non‑small cell lung 
cancer.

Characteristics	 Male	 Female

Patients, n	 178	 176
Age, years	   35.4‑64.2	    32.8‑67.5
Medical history of cancer, n	 2	 3
Blood pressure, 	 105.6±7.4	 108.8±10.5
mmHg (mean ± SD)		
Diagnosis (n)		
  Ultrasound	 178	 176
  TcBab‑US	 178	 176

SD, standard deviation; TcBab‑US, chistosan/Fe3O4‑parceled bispe-
cific antibody‑ultrasound.
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tissues isolated from patients with NSCLC and healthy controls. 
It was revealed that CEA and VEGFR expression levels were 
significantly upregulated in NSCLC tissues compared with 
healthy tissues (Fig. 1A). It was demonstrated that CEA and 
VEGFR expression levels were markedly higher in NSCLC 
tumor tissue compared with normal tissue (Fig. 1B). The image 
gives a representation of the VEGFR and CEA staining using 
one sample from each group (Fig. 1B). Western blot analysis 
demonstrated that the protein expression of CEA and VEGFR 
were notably increased in A549 and H1650 cells compared 
to MRC5 cells (Fig. 1C). It was demonstrated that TcBab 
was able to upregulate CEA and VEGFR, as determined by 
western blotting, which decreased CEA and VEGFR expres-
sion in A549 cells (Fig. 1D). Immunofluorescence revealed 
that TcBab treatment decreased CEA and VEGFR expression 
in A549 cells compared with the non‑treated cells (Fig. 1E). 
TcBab treatment (5 mg/ml) decreased the viability of NSCLC 
cell lines A549 and H1650, but did not affect viability of the 
non‑cancerous MRC5 cell line (Fig. 1F). This data suggested 
that CEA and VEGFR are overexpressed in NSCLC cell lines 
and TcBab was able to enhance the expression levels of both 
CEA and VEGFR in NSCLC cells.

Characterization of TcBab. The hydrodynamic radius of the 
TcBab particles was calculated by SEM analysis (33). SEM 
revealed that a narrow particle distribution in the range from 

20 to 35 nm was achieved (Fig. 2A). TEM‑images illustrated 
the association of pore density with TcBab (Fig. 2B). These 
results indicated that TcBab is stable.

Efficacy of TcBab‑US in early diagnosis for patients with 
suspected NSCLC. The dose of targeting nanoparticles 
contrast agent was identified as 30  mg/kg to achieve the 
optimum efficiency for diagnosing patients with suspected 
NSCLC (Table II). Efficacy of TcBab‑US for patients with 
suspected NSCLC was investigated. As presented in Fig. 3, 
clinical outcomes revealed that TcBab‑US diagnosed 154 
suspected patients with NSCLC, whereas ultrasound diagnosed 

Figure 1. Affinity of TcBab for CEA and VEGFR expression in NSCLC cells. (A) Expression levels of CEA and VEGFR in NSCLC tissues and healthy 
tissues. (B) CEA and VEGFR expression levels were higher in NSCLC tumor tissue than in healthy tissue, as determined by immunohistochemistry staining. 
(C) Expression levels of CEA and VEGFR in A459 and H1650 NSCLC cells and the non‑cancerous MRC5 cell line. (D) TcBab enhanced the expression levels 
of CEA and VEGFR. (E) Analysis of effects of TcBab on CEA and VEGFR expression in A549 cells. (F) TcBab decreased the viability of NSCLC cells. Data 
are presented as the mean ± standard deviation. **P<0.01. n=6 in each experiment. NSCLC, non‑small cell lung cancer; CEA, carcino‑embryonic antigen; 
VEGFR, vascular endothelial growth factor receptor; TcBab, chistosan/Fe3O4‑parceled bispecific antibody.

Figure 2. Particle size distribution of TcBab calculated by contin analysis. 
(A) Scanning electron microscopy analysis of the TcBab particle distribution 
in the range from 22 to 30 nm. (B) TEM‑images illustrates the association of 
pore density with TcBab. TcBab, chistosan/Fe3O4‑parceled bispecific antibody.
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84 suspected patients with NSCLC out of a total of 384 patients 
(P<0.01). No obvious adverse effects of TcBab were observed 
in patients. These results suggested that TcBab contributed to 
improved accuracy and sensitivity for diagnosing patients with 
suspected NSCLC.

Pharmacodynamics of TcBab in plasma of patients with 
suspected NSCLC. To analyze metabolism of TcBab, the 
pharmacodynamics of TcBab in plasma in patients with 
suspected NSCLC were investigated. As presented in Fig. 4A, 
plasma concentration levels of TcBab were increased within 
4 h and were metabolized within 16 h. Results demonstrated 
that plasma concentration levels of CEA and VEGFR were 
decreased within 4 h and recovered to normal levels within 
16 h in patients with suspected NSCLC (Fig. 4B and C). This 
clinical data suggested that TcBab‑US may be a potential indi-
cator for the diagnosis of early‑stage patients with suspected 
NSCLC.

Histopathology confirms the accuracy of TcBab‑US‑diagnosis 
in patients with NSCLC. The present study further confirmed 
patients with suspected NSCLC via histopathology analysis. 
The representative NSCLC tissues demonstrated that TcBab‑US 
diagnosed 46 patients suffering with large cell carcinoma out 
of a total of 384 patients, and ultrasound diagnosed 27 patients 
(Fig. 5A). A total of 74 patients were diagnosed with squamous 
cell carcinoma by TcBab‑US, which was a significantly greater 
number compared with single ultrasound (34/384) diagnosis 
(Fig. 5B). Additionally, TcBab diagnosed 53 out of 384 patients 
with suspected NSCLC as having adenocarcinoma at early 
stage, compared with 23 patients in the ultrasound group 
(Fig. 5C). These data suggested that TcBab‑US may be a reli-
able diagnostic method in diagnosing early‑stage patients with 
suspected NSCLC.

Survival rate of patients with NSCLC diagnosed by TcBab‑US. 
TcBab‑US diagnosed early‑stage NSCLC patients received 
different anti‑cancer treatments. A summary of the anti‑cancer 
treatments is presented in Table III. The results indicated that 
128 patients were alive and tumor‑free, 20 patients were still 
alive with tumor, and 6 patients succumbed in this investigation 
in a 60‑month follow‑up (Fig. 6A). It was also demonstrated 
that the median overall survival of NSCLC patients diagnosed 
by TcBab‑US was 54.2 months (Fig. 6B), which is significantly 
higher compared with the mean survival of NSCLC patients 
who did not receive TcBab as reported previously (P<0.05) (34). 
Notably, the median progression‑free survival was 44.8 months 
for patients with NSCLC (Fig. 6C). These data suggested that 
early‑stage diagnosis via TcBab‑US prolongs median overall 
survival in a 60‑month follow‑up for patients with NSCLC.

Discussion

NSCLC is one of the most prevalent malignant lung tumors, 
which has become a major public health problem and the 
leading cause of cancer‑associated mortality worldwide (35). 
Data analysis has revealed that ~120 million new cases of 
lung cancer are diagnosed every year and that the propor-
tion is increasing as the tumors become more common in 
younger patients (36). Notably, >50% of patients diagnosed 
with NSCLC are at stage IIIB or IV disease, which is not only 
difficult to treat, but also increases pathologic material guiding 
systemic therapy (37). Therefore, a number of reports suggest 
that early diagnosis is beneficial for the treatment of NSCLC 
and may contribute to survival rate for patients in clinic (25,38). 
Previous research has indicated that contrast‑enhanced ultra-
sound has been widely applied in NSCLC diagnosis (39). The 
present study investigated the efficacy of a novel targeted 
ultrasound therapy that contained a nano‑scale ultrasound 
contrast agent for the diagnosis of early‑stage NSCLC patients. 
Findings demonstrated that TcBab enhances expression of 
target surface antigens in NSCLC cells, and also improves 
accuracy and sensitivity of ultrasound for patients with 
suspected NSCLC, which prolongs median progression‑free 
survival and median overall survival in 60‑month follow‑up 
for patients with NSCLC.

A previous report demonstrated that VEGFR is over-
expressed in NSCLC cell lines, which presents a potential 
molecular target for the next generation of targeted therapies 
in solid tumors (40). Zhang et al (41) previously demonstrated 
that a VEGFR‑2 inhibitor may be regarded as an anti‑cancer 
agent for the treatment of thyroid cancer, glioblastoma multi-
forme and NSCLC by inhibiting the activity of VEGFR. The 
present study demonstrated that binding with VEGFR via 

Table II. Confirmation of dosage of targeting nanoparticles contrast agent for patients with non‑small cell lung cancer.

Parameter	 5‑15 mg/kg (n=10)	 20‑30 mg/kg (n=14)	 35‑45 mg/kg (n=18)

Signal intensity (HU)	 66.6±10.2	 83.4±12.2	 84.2±13.6
Sensitivity (%)	 63.5±11.8	 84.5±10.4	 84.6±12.1

Data are presented as the mean ± standard deviation.

Figure 3. Diagnostic efficacy of TcBab‑US for patients with suspected 
non‑small cell lung cancer (n=384). Data are presented as the mean ± standard 
deviation. **P<0.01. TcBab‑US, chistosan/Fe3O4‑parceled bispecific anti-
body‑ultrasound.
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Figure 4. Pharmacodynamics of TcBab in plasma of patients with suspected NSCLC. (A) Plasma concentration levels of TcBab in patients with suspected 
NSCLC. Plasma concentration levels of (B) CEA and (C) VEGFR in patients with suspected NSCLC. n=3 in each group and experiments were repeated 
three times. NSCLC, non‑small cell lung cancer; CEA, carcino‑embryonic antigen; VEGFR, vascular endothelial growth factor receptor; TcBab, chis-
tosan/Fe3O4‑parceled bispecific antibody. Data are presented as the mean ± standard deviation.

Figure 5. Histopathology confirms the accuracy of TcBab‑US‑diagnosed patients with NSCLC. (A) Diagnostic rate of large cell carcinoma by TcBab‑US and 
ultrasound and a representative image of tumor morphology. (B) Diagnostic rate of squamous cell carcinoma by TcBab‑US and ultrasound and a representative 
image of lung tumor morphology. (C) Diagnostic rate of adenocarcinoma by TcBab‑US and ultrasound and a representative image of tumor morphology. 
Magnification, x40. **P<0.01. NSCLC, non‑small cell lung cancer; TcBab‑US, chistosan/Fe3O4‑parceled bispecific antibody‑ultrasound.
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nano‑scale ultrasound contrast agent TcBab enhanced ultra-
sonic signal feedback from lung nodes.

CEA is one of the surface markers of NSCLC cells, which is 
associated with survival in patients with stage IA‑B NSCLC (42). 
Cedrés et al (43) previously suggested that serum tumor marker 
CEA is associated with worse prognosis in advanced NSCLC. In 
addition, Fiala et al (44) have indicated that CEA has a predic-
tive role in patients with advanced‑stage NSCLC treated with 
erlotinib. Furthermore, the diagnostic value of CEA for differen-
tiation of early‑stage NSCLC from benign lung disease has been 
investigated and discussed (45). The present study concurred 
with a previous report (46) and demonstrated that binding with 
CEA via nano‑scale ultrasound contrast agent TcBab enhanced 
ultrasonic signal feedback from lung nidus.

At present, contrast medium has improved the diag-
nostic capability of ultrasound for a large number of 
human diseases (47,48). de Ziegler (49) previously demon-
strated that contrast ultrasound enhances the sensitivity 
and specificity assessment for uterine pathologies in the 
clinic. Wang et al  (50) recently indicated that microflow 
imaging of contrast‑enhanced ultrasound may be used to 
evaluate neovascularization in peripheral lung cancer. In 
the p‑resent study, contrast target nano‑scale ultrasound 
agent not only improved the resolution of ultrasound, but 
also improved the diagnostic sensitivity of ultrasound 
in the diagnosis of patients with early‑stage NSCLC. 
Notably, contrast‑enhanced target contrast agent ultrasound 
combined with ultrasound possesses clinical guidance value 
for the assessment of patients with early‑stage NSCLC (51), 
which may have important clinical implications in NSCLC 
diagnosis.
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Figure 6. Overall survival of patients with NSCLC diagnosed by TcBab‑US. (A) NSCLC patient percentage in each category, as diagnosed by TcBab‑US in a 
60‑month follow‑up. (B) Evaluation of the median overall survival of patients with lung cancer diagnosed by TcBab‑US in early stage. Kaplan‑Meier was used 
to estimate the survival rate during 60‑months long‑term observation. (C) Analysis of the median progression‑free survival of lung cancer patients diagnosed 
by TcBab‑US in early stage. Kaplan‑Meier was used to estimate the survival rate during 60‑months long‑term observation. NSCLC, non‑small cell lung cancer.

Table III. Treatment of patients with non‑small cell lung 
cancer diagnosed by chistosan/Fe3O4‑parceled bispecific 
antibody‑ultrasound.

Characteristics	 Male	 Female

Total patients (n)	 86	 68
Treatments (n)		
  Radiotherapy	 10	 10
  Chemotherapy	 8	 14
  Chinese medicine	 8	 10
  Biological therapy	 12	 8
  Comprehensive therapy	 48	 26
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