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Abstract. Carcinoembryonic antigen (CEA) is a biomarker 
and therapy target for non‑small cell lung cancer (NSCLC), 
which is the most common type of lung cancer. Nanobodies 
with high target specificity are promising candidates to func-
tion as anti‑CEA probes. In the present study, the targeting 
effects of an anti‑CEA nanobody obtained from phage display 
were investigated using technetium‑99 m (99mTc) and fluo-
rescence labeling. In vitro binding and immunofluorescent 
staining assays, as well as in vivo blood clearance and biodis-
tribution assays were performed. High specificity and affinity 
of the nanobody for CEA‑positive H460 cells was observed 
in vitro. The pharmacokinetics assay of the 99mTc‑nanobody in 
Wistar rats demonstrated that the nanobody had appropriate 
T1/2α and T1/2β, which were 20.2 and 143.5 min, respectively. 
The biodistribution assay using H460 xenograft‑bearing nude 
mice demonstrated a high ratio of signal in tumor compared 
with background, which confirmed that the nanobody may be 
useful as a molecular probe for CEA‑positive cancer, particu-
larly in NSCLC.

Introduction

Carcinoembryonic antigen (CEA) is a glycoprotein, which 
was first identified from human colon adenocarcinoma and the 
fetal digestive system (1,2). CEA is overexpressed on the cell 
surface of a variety of carcinomas (3). CEA overexpression is 
observed in patients with a variety of carcinomas, including 
in the colon, thyroid, lung, uterus, pancreas and ovary, and the 
serum levels of CEA are increased in certain cancer types. 

CEA can be used as a cancer marker in clinical testing; it can 
also be used as a prognostic marker for cancer after radio-
therapy and chemotherapy (4,5), a predictive factor for cancer 
treatment (6), and as a therapeutic target (7,8). Radiolabeled 
monoclonal antibodies (mAbs) have been developed for 
the treatment and diagnosis of CEA‑positive cancers  (9). 
Nevertheless, the pharmacokinetics of intact mAbs that exhibit 
slow blood elimination and high liver uptake of are not ideal 
for their use as cancer‑targeted probes (10,11). Smaller anti-
body fragments, such as antigen‑binding fragment (Fab) and 
single chain fragment variable, particularly nanobodies, have 
better pharmacokinetics for use as cancer‑targeted probes due 
to their rapid metabolism and high uptake by tumors. The 
nanobodies with a prolate shape of ~4.2 nm in length and 
2.5 nm in diameter (12) are the smallest intact antigen‑binding 
fragments (15 kDa) available, which were first isolated from 
heavy‑chain camelid antibodies, and have efficient and specific 
cancer targeting ability  (11,13). Nanobodies have several 
advantages, including high stability, ease of manufacturing 
with high yield, fast elimination and high affinity to the target 
site; thus, they may be suitable as cancer imaging probes and 
therapeutic vectors.

The incidence of cancer has sustained an increase in the 
last decades, and lung cancer occupies a large proportion of 
cancer case. It was estimated that lung and bronchus cancer 
accounted for 13.3% of all new cancer cases in 2016, and the 
percent survival in 2006‑2012 was 17.7% in America (14). 
The major type of lung cancer is non‑small cell lung cancer 
(NSCLC), which accounts for up to 85% of all types of lung 
cancer. Serum CEA level is useful as a prognostic and predic-
tive marker for overall survival, and risk of recurrence and 
death in lung cancer, particularly in NSCLC, regardless of the 
treatment received (15,16). Combined with other indicators 
for lung cancer, CEA can be a diagnostic marker (17,18) and 
useful target for NSCLC therapy (19).

The present study investigated the targeting of a nano-
body (code: 15.2m) to CEA, with fluorescein isothiocyanate 
(FITC)‑labeled immunofluorescent staining, radiotechne-
tium‑labeled cell binding and biodistribution assays on the 
H460 CEA‑positive human large cell lung cancer cell line. 
The results indicated that the nanobody targets CEA‑positive 
cells; therefore, it may serve as a promising targeted probe for 
NSCLC.
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Materials and methods

Chemicals. The nanobody (code, 15.2m; molecular weight, 
15  kDa) was obtained from a phage display library as 
described previously (20,21). Fresh technetium‑99 m (99mTc)‑ 
pertechnetate eluant was purchased from the China Institute 
of Atomic Energy (Beijing, China). Sodium borohydride, HCl, 
sodium potassium tartrate tetrahydrate, sodium carbonate, 
and fluorescent dyes (FITC and DAPI) were purchased from 
Sigma‑Aldrich (Sigma‑Aldrich; Merck KGaA, Darmstadt, 
Germany). Silica gel plates were obtained from Yantai 
Jiangyou Silica Gel Development Co., Ltd. (Yantai, China). 
Carbon monoxide and carbon dioxide were purchased from 
Tianjin KUNTENG Gas Marketing Co. Ltd. (Tianjin, China). 
Ultracentrifugal filter units with a molecular weight cut‑off of 
3,000 Da were purchased from EMD Millipore (Billerica, MA, 
USA) and used as per the manufacturer's manual. RPMI‑1640 
medium, penicillin, fetal bovine serum (FBS), and strepto-
mycin were purchased from Hyclone (GE Healthcare Life 
Sciences, Logan, UT, USA). Human serum was obtained from 
the Tianjin Blood Center (Tianjin, China). All procedures using 
human sera were approved by and conducted in accordance 
with the regulations of the Ethics Committee of the Institute 
of Radiation Medicine, Chinese Academy of Medical Sciences 
(Tianjin, China).

Cell culture and animals. H460 cells were obtained from 
the Cell Resource Center of the Institute of Basic Medical 
Sciences of the Chinese Academy of Medical Sciences/Peking 
Union Medical College (Beijing, China) and cultured in 
RPMI‑1640 medium supplemented with 10% FBS, 100 U/ml 
penicillin, and 100 µg/ml streptomycin at 37˚C and 5% CO2. 
Female BALB/c nude mice (age, 4‑5 weeks; weight, 18‑20 g) 
and female Wistar rats (age, 6‑8 weeks; weight, 200‑250 g) 
were purchased from the Experimental Animal Center of 
Academy of Military Medical Sciences (Beijing, China). All 
animals were kept under controlled temperature (20‑22˚C) 
and 12 h light/dark cycles with ad libitum access to food and 
water. All animal procedures were approved by and conducted 
in accordance with the regulations of the Ethics Committee 
of the Institute of Radiation Medicine, Chinese Academy of 
Medical Sciences (Tianjin, China).

Immunofluorescent staining assay. The nanobody (1 mg) 
was diluted three times against PBS; subsequently, 600 µl 
FITC (1 mg/ml in DMSO) was added, and the mixture was 
gently stirred for 24  h at 4˚C. The reaction mixture was 
purified by ultrafiltration, and washed twice to remove the 
unreacted dyes. The FITC‑nanobody was obtained, and the 
absorbance at 280 and 495 nm was measured to determine 
the concentration of the nanobody and the ratio of FITC to 
the nanobody. Following washing twice with PBS, the H460 
cells seeded in 24‑well plates at a density of 4x104 cells/well 
were fixed with ethanol for 10 min at room temperature; then 
0.5 ml serum‑free medium and 100 µl FITC‑nanobody solu-
tion (concentration was adjusted according to the absorbance) 
were added sequentially. Following incubation for 80 min at 
4˚C, the fluorescent images were acquired using a fluorescence 
microscope (DMI6000B; Leica Microsystems, Inc., Buffalo 
Grove, IL, USA), and the nuclei were stained using DAPI.

Radioactive technetium labeling. The nanobody was labeled 
with 99mTc at its His6 tail, as described previously (22,23). 
Briefly, 1 ml of the fresh 99mTc‑pertechnetate eluant (10 mCi) 
was added to a mixture of 4 mg sodium carbonate, 22 mg 
sodium borohydride and 15 mg sodium potassium tartrate 
tetrahydrate. The mixture was reacted in a boiling water bath 
for 20 min under atmospheric carbon monoxide to obtained 
the [99mTc (H2O)3(CO)3]+. After adjusting to a neutral pH using 
1 mol/l HCl, the [99mTc(H2O)3(CO)3]+ was added to a nanobody 
solution (1 mg/ml) and incubated for 90 min at 50˚C.

Purification and radiochemical purity test. The 99mTc‑nano-
body solution was purified by ultrafiltration and washed twice 
using PBS to remove the dissociative [99mTc(H2O)3(CO)3]+. 
Then the 99mTc‑nanobody solution was passed through a 
0.22‑µm Millipore filter (EMD Millipore) to eliminate 
possible aggregates. Thin layer chromatography (TLC) was 
then performed to determine the labeling efficiency and 
radiochemical purity of the 99mTc‑nanobody, directly after 
labeling and after purification. The analytes were spotted 
on silica gel plates, which were subsequently developed 
in acetone and detected using an AR‑2000 radio‑TLC  
Imaging Scanner equipped with a 10% methane:argon gas 
supply and the running analysis software Winscan version v.3  
(Bioscan Inc., Washington, DC, USA). The analysis of crude 
mixtures was used to calculate the yield, and the analysis of 
the purified product was used to calculate the radiochemical 
purity.

In  vitro stability. Two portions of 100 µl 99mTc‑nanobody 
were added to 500 µl normal saline at room temperature and 
500 µl human serum at 37˚C, respectively. Radiochemical 
purities were determined using thin layer chromatography as 
mentioned above at 1, 2, 6 and 24 h.

In vitro evaluation of the 99mTc‑nanobody. H460 cells were 
seeded in 24‑well plates, at a density of 4x104 cells/well. 
Following overnight incubation, the cells were washed twice 
using cold PBS then the 99mTc ‑nanobody was added at concen-
trations of 0.02 to 80 nM. The plates were incubated on ice 
for 1 h then washed using cold PBS two times. Portions of 
1 ml sodium hydroxide (1 mol/l) were added and the plates 
were incubated at room temperature for 1 h. The lysates were 
collected and the radioactivity was measured by a γ counter 
(2470 WIZARD2; PerkinElmer, Inc., Waltham, MA, USA). 
The blocking experiment was performed by adding 50 µg cold 
nanobody to the wells and incubating each for 30 min before 
adding the 99mTc‑nanobody.

Blood clearance of the 99mTc‑nanobody. Wistar rats (n=3) 
were injected with 10 µCi 99mTc‑nanobody via the cauda vein. 
Blood samples were collected using microcapillaries at 1, 5, 
10, 20, 40, 60, 90, and 120 min after the injection, and the 
radioactivity was measured using a γ counter to obtain a 
radioactivity‑time curve. Data are presented as the percentage 
injected activity per total blood weight (% ID/g). Total blood 
weight was calculated as 7% of the total body weight.

Biodistribution. The distribution of the 99mTc‑nanobody was 
investigated using nude mice bearing subcutaneously‑implanted 
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human xenografts of H460 cells. The H460 cells (1x107) in 
200 µl PBS were subcutaneously injected into the left armpit 
of female BALB/c nude mice (n=4) to establish the xenograft 
tumors. After the tumor volume reached approximately 
200 mm3, the mice were injected with 100 µCi 99mTc‑nano-
body via the tail vein. At 1, 2, and 6 h post‑injection, four 
mice were anesthetized, exsanguinated and dissected. Blood, 
tumor and normal tissues were weighed, and radioactivity was 
measured using a γ counter. Radioactivity uptake was calcu-
lated as % ID/g.

Statistical analysis. The statistical significance of the 
differences between groups was assessed using two‑tailed  
Student's t‑test. Data are expressed as the mean ± standard 
deviation of three independent experiments. P<0.05 was 
considered to indicate a statistically significant difference. 
Statistical analysis was performed using the GraphPad Prism 
software version 5 (GraphPad Software, Inc., La Jolla, CA, 
USA).

Results

Immunofluorescent staining. The concentration of nanobody 
and the ratio of FITC to nanobody were determined by 
[(A280‑0.31xA495)/1.4] and [3.1xA495/(A280‑0.31xA495)] 
respectively and the results were 0.254 mg/ml and 10.1; the 
FITC‑nanobody was diluted twice using PBS for staining test. 
The fluorescent images are presented in Fig. 1.

Purification and radiochemical purity. The 99mTc‑nanobody 
and the dissociative [99mTc (H2O)3(CO)3]+ were separated well 
on silica gel plates using acetone as the developing solvent. The 
radiolabeling efficiency, which was determined using thin layer 
chromatography, was 87.0% (Fig. 2A). The crude product was 
then purified by ultrafiltration to obtain the 99mTc‑nanobody, of 
which radiochemical purity was 97.1% (Fig. 2B).

In vitro stability. The radiochemical purity of the 99mTc‑nano-
body was assessed in normal saline at 25˚C and in human 
serum at 37˚C. Under both conditions, the 99mTc‑nanobody 
exhibited good stability (Fig. 3).

In vitro evaluation of the 99mTc‑nanobody. An in vitro binding 
assay was performed using CEA‑positive H460 cells, the 
99mTc‑nanobody exhibited a normal binding manner that was 
effectively blocked by cold nanobody (Fig. 4).

Blood clearance of the 99mTc‑nanobody. As per the radioac-
tivity‑time curve presented in Fig. 5, the blood elimination was 
fast during the initial 50 min and it then slowed. The half‑lives 
of distribution (T1/2α) and elimination (T1/2β) were 20.2 and 
143.5 min, respectively (Fig. 5).

Biodistribution. Nude mice bearing H460 xenografts were 
injected with the 99mTc‑nanobody and sacrificed at 1, 2 and 
6 h. The radioactivity of different tissues was measured with 
a γ counter. The result demonstrated that the radiolabeled 

Figure 1. Images of FITC‑nanobody stained H460 cells observed under x40 magnification. (A) Light microscopy, (B) FITC fluorescence, (C) DAPI fluores-
cence, and (D) overlay FITC and DAPI. Immunofluorescence demonstrated that the nanobody adhered to the surface of CEA‑positive H460 cells. FITC, 
fluorescein isothiocyanate.
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nanobody was predominantly excreted through the kidney, 
and partially accumulated in the liver and spleen. A high 
uptake by tumor was observed. The high uptake by bone may 

be caused by the dissociation of the radionuclide from the 
99mTc‑nanobody in vivo (Fig. 6).

Discussion

Molecular imaging has become an all‑important tool in 
cancer diagnosis and targeted therapy; it involves the use of 
probes coupled to molecules with appropriate signal‑emitting 
tags  (11,24,25). Nanobodies are suitable for molecular 
imaging as they have several advantages, including fast distri-
bution and elimination, high affinity and specificity, ease of 
manufacturing, and high stability. This study evaluated the 
targeting profile of a nanobody against CEA with the objec-
tive of developing a new probe for the molecular imaging of 
NSCLC. On account of appropriate decay characteristics and 
the ease of labeling with a His‑tag that is far from the activity 
site of the probe, 99mTc is the most commonly used signal tag in 

Figure 3. In vitro stability. Radiochemical purity of the 99mTc‑nanobody 
remained >90.1% and 89.5% periodically over 24 h in normal saline at room 
temperature (25℃) and in human serum at 37˚C, respectively. 99mTc, techne-
tium‑99 m.

Figure 4. Specific binding of the 99mTc‑nanobody. The 99mTc‑nanobody 
was incubated with H460 cells at a concentration of 0.02 to 80 nM, which 
exhibited a normal binding manner (red); when the cells were pretreated with 
cold nanobody, the binding was blocked (black). Data were analyzed using 
two‑tailed t‑test, *P<0.05 vs. blocking. 99mTc, technetium‑99 m.

Figure 5. Blood clearance of the 99mTc‑nanobody. Wistar rats (n=3) were 
injected with the 99mTc‑nanobody. Blood was drawn at different time‑points, 
and radioactivity was measured with a γ counter to obtained the radioac-
tivity‑time curve; data are presented as %ID/g. T1/2α and T1/2β were 20.2 and 
143.5 min, respectively. 99mTc, technetium‑99 m.

Figure 2. Labeling efficiency and radiochemical purity. The labeling effi-
ciency and radiochemical purity were assayed using silica gel plates. The 
99mTc‑nanobody had an RF of 0.11, and the RF of [99mTc(H2O)3(CO)3]+ was 
0.47. (A) Labeling efficiency was 87.0%. (B) Following purification, the 
radiochemical purity of the 99mTc‑nanobody was 97.1%. RF, retention factor; 
99mTc, technetium‑99 m.



MOLECULAR MEDICINE REPORTS  16:  625-630,  2017 629

nanobody imaging experiments (11). Therefore, 99mTc‑labeling 
was used to investigate the distribution and elimination of 
CEA‑targeting nanobody with the aim to develop a clinically 
relevant single photon emission computed tomography probe.

In the present study, in vitro immunofluorescent staining 
indicated efficient binding of the nanobody to CEA‑positive 
cells. The 99mTc‑nanobody exhibited good stability in normal 
saline and serum. The binding and blocking experiment 
revealed that the 99mTc‑nanobody had normal and specific 
affinity for CEA‑positive cells. The T1/2α and T1/2β were 20.2 
and 143.5 min, respectively. The radioactivity‑time curve 
revealed suitable pharmacokinetics for its use in imaging. 
Biodistribution data in nude mice with H460 xenografts 
revealed rapid tumor uptake and specific tumor targeting by 
the 99mTc‑nanobody. A high tumor‑to‑background ratio further 
confirmed its use in CEA‑positive cancers. The radioactivity 
in tumor tissue was nine times higher than the background 
of the muscle, indicating a favorable distribution for imaging; 
a high uptake in the kidney indicated its urinary excretion. 
All these results present the nanobody as a potentially useful 
molecular probe for NSCLC.

In conclusion, a pilot study was conducted using a 
CEA‑targeted nanobody to investigate its NSCLC targeting 
effects. In vitro binding, in vivo distribution and pharma-
cokinetics assays were performed, and the results indicate 
that the nanobody may be a promising molecular probe for 
CEA‑positive tumors, particularly in NSCLC cases.
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