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Abstract. Anaplastic thyroid carcinoma (ATC) is the most 
aggressive malignant thyroid tumor with the worst prognosis, 
and the response to treatment is poor. We investigated soluble 
human single-chain variable fragment (scFv) which provides 
unique information for diagnostics, and for monitoring and 
optimizing responses to therapy. Enzyme-linked immuno-
sorbent assay (ELISA) was used to detect the expression of 
scFv. The expression and relative molecular mass of soluble 
scFv were assessed by sodium dodecyl sulfate‑polyacrylamide 
gel electrophoresis (SDS-PAGE) and western blotting, 
respectively. The chloramine T method was used to label 
scFv with 131I. The labeling rate and the radiochemical purity 
were determined. To analyze the distribution of 131I‑scFv in 
body tissues and organs of nude mice, static single photon 
emission-computed tomography (SPECT) imaging and single 
photon emission‑computed tomography/computed tomog-
raphy (SPECT/CT) image fusion were performed. The relative 
molecular mass of soluble scFv was ~29 kDa. The labeling rate 
was 91.64% and the radiochemical purity was 93.3±0.32%. 
SPECT imaging revealed that 131I-scFv selectively accumu-
lated in tumor tissue. In addition, SPECT/CT image fusion 
results were in agreement with the biodistribution results. 
In conclusion, the human scFv antibodies against ATC were 
successfully generated, and clear imaging of 131I‑scFv in a 
nude mouse model at 48 h was obtained.

Introduction

Anaplastic thyroid carcinoma (ATC) is the most malignant 
form of thyroid cancer with the worst prognosis. However, 

its incidence is at ~7-8% (1). ATC undergoes early blood and 
lymphatic metastasis to distant tissues, showing characteris-
tics of rapid progression, poor response to treatment and poor 
prognosis. The current treatment of ATC is controversial, and 
there is a lack of systematic treatment. At present, clinical 
treatment of ATC includes surgery, chemotherapy and radio-
therapy, but the three methods only control the disease at the 
tumor site; the possibility of a radical cure is very low. For 
ATC patients, the average survival time is 3-10 months, the 
1-year survival rate is at ~20%, and the 5-year survival rate is 
only 5-15% (2-5). Various studies have suggested the use of 131I 
to treat ATC, but the degree of differentiation of ATC is low 
or it may be undifferentiated, thus, iodine may not be accumu-
lated, losing the benefit of treatment. In recent years, various 
studies have made great progress in the study of antibodies. 
Luo et al used antibody phage display technology to construct 
an adenocarcinoma lung cancer phage antibody library, and 
then, used inoculation of human lung adenocarcinoma cells 
into nude mice in vivo and analyzed the biodistribution by 
carrying out further imaging (6). In addition, Qiong et al (7) 
completed phage antibody screening of human medullary 
thyroid carcinoma, and successfully used this technique for 
an imaging study, obtaining good results. With the maturation 
of phage display technology and its application, this technique 
provides a new method for the treatment of ATC.

Radioimmunoimaging (RII) is a method of imaging in vitro 
using a specific antibody conjugated to a radioactive isotope 
to make a drug-free conjugate. Its advantage is the use of the 
principle of specific binding of antigen and antibody, combined 
with imaging examination methods. The early location and 
qualitative diagnosis of a tumor is very important (8). To date, 
many researchers have tested RII using radio-pharmaceuticals 
combined with a corresponding antibody against tumor 
markers, and achieved marked results, such as those reported 
by Zhao et al (9) who used phage antibody display technology 
to construct an anti-ABCG2 single-chain variable frag-
ment (scFv) antibody against lung adenocarcinoma, and then 
inoculated human lung adenocarcinoma cells into nude mice, 
and carried out further imaging to confirm specific binding.

In the present study, based on the findings of Xi et al (10), 
we completed the creation of an ATC human phage 
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single‑chain variable fragment antibody (scFv) library and 
successfully screened specific scFv of ATC, completed 
preparation and identification of ATC scFv, and carried out 
RII using 131I-labeled scFv against ATC in tumor-bearing 
nude mice.

Materials and methods

General procedures. All cell lines were cultured in RPMI‑1640 
medium supplemented with 10% fetal bovine serum (both from 
Gibco, Thermo Fisher Scientific, Waltham, MA, USA) and 1% 
penicillin/streptomycin under a humidified atmosphere of 5% 
CO2 at 37̊C. Cells in the logarithmic phase of growth were 
used for all experiments.

All experiments using laboratory animals were carried out 
in accordance with the National Institutes of Health Guide for 
the Care and Use of Laboratory Animals (NIH Publications 
no. 8023, revised 1978).

The Symbia T2 single photon emission-computed tomog-
raphy/computed tomography (SPECT/CT) detector was 
obtained from Siemens (Erlangen, Germany).

Production and purification of scFv. A few phage clones 
that reacted with ARO cells detected from positive phage 
culture were used to infect E. coli HB2151 and inoculated 
onto a SOBAG culture plate and kept at 37̊C overnight. The 
cells were then transferred to 2X YT-AI medium containing 
isopropyl-β‑D-thiogalactoside (IPTG) and collected using 
centrifugation at shock times of 4 and 6 h. Subsequently, the 
cells were resuspended in phosphate-buffered saline (PBS) 
and frozen at -20̊C, then, subjected to five rounds of rapid 
thawing at 37̊C followed by re-freezing. The bacteria were 
then subjected to ultrasonic disruption, and the supernatant 
containing the soluble scFv antibodies was collected and stored 
at -20̊C. The soluble scFv was purified using a HiTrap™ Anti 
E-tag column. Each tube was monitored at an absorbance of 
280 nm, and the highest peak was identified as the purified 
soluble scFv antibody, which was stored at 4̊C.

Sodium dodecyl sulfate polyacrylamide gel electropho-
resis  (SDS-PAGE) and western blotting. To examine the 
expression of scFv, the supernatants containing scFv induced 
by IPTG in E. coli HB2151 at 4 and 6 h were run on SDS-PAGE 
followed by Coomassie brilliant blue staining, with uninduced 
E. coli HB2151 as the control group. Purified scFv was identi-
fied by western blotting.

Enzyme-linked immunosorbent assay (ELISA) detection of 
phage antibody. The TT, ARO and HepG2 cells were cultured 
in 96-well plates at 37̊C for 48 h, washed three times with 
PBS, and fixed with 2.5% glutaraldehyde. After fixation the 
cells were blocked for 1 h in 2% skim milk powder, subse-
quently they were washed in PBS and then again in PBS 
with Tween-20 (PBST). The purified scFv was added to the 
wells of a 96-well plate, then, HRP/anti m13k07 was added 
and the plate was incubated at 37̊C. PBS was used in place 
of purified scFv in ARO cells as the negative control group. 
3,3',5,5'-Tetramethylbenzidine (TMB) dihydrochloride was 
added and allowed to react in the dark for 30 min, then the 
absorbance was read at 450 nm.

Radiolabeling, purification and radiochemical purity test. The 
scFv was labeled with 131I using the chloramine T method. An 
aliquot of scFv (250 µl) was mixed with 100 µl 131I (50 mCi/ml) 
for 3 min. Then, 250 µl chloramine T (1 mg/ml) was added, 
and 1 min later 500 µl sodium metabisulfite (2 mg/ml) was 
added, followed by 100 µl of 1% potassium iodide to terminate 
the labeling process. The 131I-labeled scFv was purified by 
gel‑filtration on a Sephadex G25M column. The chlorine‑acetic 
acid method was used to assess the 131I-scFv labeling rate. 
The paper precipitation method was used to analyze 131I-scFv 
radiochemical purity, and to calculate the specific activity. 
Purified 131I-scFv was maintained at room temperature for 1, 
6, 12 or 24 h and was then added into fresh human serum and 
incubated at 37̊C for 1, 6, 12 or 24 h. Radiation was detected 
and the stability of the labeled conjugate at room temperature 
was analyzed.

Animal models and biodistribution. ARO cells were inocu-
lated subcutaneously into the right forelimb of 4- to 6-week-old 
male nude mice (Department of Laboratory Animal Center 
at Chongqing Medical University). When the tumor volume 
reached >1 cm3, mice were injected via the tail vein with 100 µl 
of purified 131I-labeled scFv (500 µCi/ml, 18.5 MBq/ml). Three 
mice were sacrificed at 12, 24, 48 and 72 h after injection. 
The tumor, liver, kidney, spleen, heart, lung, stomach, intes-
tine, brain, muscle and blood were removed from each mouse 
and weighed, and the radioactivity was determined using a 
γ counter.

SPECT/CT and RII in tumor-bearing nude mice. The 
tumor-bearing mice were provided with water containing 
1% potassium iodide for 3 days prior to imaging to block 
the thyroid, and were then injected with 131I-labeled scFv, as 
previously described. At 12, 24, 48 and 72 h after injection 
the mice were scanned using a single head rotating scintilla-
tion camera of SPECT. When the tumor was clearly visible, 
SPECT/CT image fusion was performed in nude mice (high 
energy collimator, matrix 256x256, with a peak at 364 keV, 
and an acquisition time for each frame of 15 min).

Statistical methods. All experimental data were analyzed using 
the statistical software SPSS 22.0 (IBM Corp., Armonk, NY, 
USA) and graphically expressed as the mean ± standard devia-
tion (mean ± SD). A Student's t-test was used for the comparison 
of two sample means, the mean of variance was compared by 
single factor analysis, and the quantitative data were analyzed 
using the χ2 test. A value of P<0.05 was considered significant.

Results

Production and purification of scFv. Analysis of phage 
antibody specificity by ELISA revealed that of the 
12 monoclonal phages, eight reacted positively to ARO cells, 
giving a positive rate of 66.7%. Phage-infected E. coli TG1 
expressed the soluble protein. The results of the purification 
of the soluble antibody on the Sephadex G25M column 
and the peak value of 15-21 represents the purified soluble 
antibody scFv.15-21. The tubes with the highest readings at 
A280 nm were considered to be the purified expression of 
soluble scFv.
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SDS-PAGE and western blotting. The scFv induced by IPTG 
at 4 and 6 h was run on SDS-PAGE followed by Coomassie 
brilliant blue staining, with uninduced E. coli HB2151 used as 

the control. Western blotting of the purified scFv revealed that 
scFv has a relative molecular mass of ~29 kDa (Fig. 1).

ELISA detection of phage antibody. ELISA results showed that 
the absorbance of ARO cells at 450 nm was 0.37±0.03, while the 
absorbance of hepatocarcinoma cells was 0.18±0.01, that of TT 
cells was 0.13±0.02, and the PBS control group was 0.05±0.00. 
Analysis of variance showed that the differences were statisti-
cally significant (P<0.05), and confirmed that the specificity of 
ARO cells was higher than the other cells (Table I; Fig. 2).

Table I. Detection of scFv.

A, Detection of scFv

	 95% CI
	 Deviation	 -------------------------------
		  from	 Standard	 Lower	U pper
	 Group	 average	 error	 limit	 limit

ARO	 HepG2	 0.191	 0.0159a	 0.155	 0.227
	 PBS	 0.318	 0.0159a	 0.281	 0.355
	 TT	 0.242	 0.0159a	 0.205	 0.279

B, Detection of scFv

			   Standard
Group	 Average	 No.	 deviation

ARO	 0.369	 3	 0.029
HepG2	 0.178	 3	 0.015
PBS	 0.051	 3	 0.004
TT	 0.127	 3	 0.021
Total	 0.181	 12	 0.124

aP<0.05. scFv, single-chain variable fragment; CI, confidence 
interval; PBS, phosphate-buffered saline.

Figure 1. (A) SDS-PAGE analysis of scFv expression. M, marker; lane 1, E. coli HB2151; lane 2, 4 h of purification of scFv induced by IPTG; lane 3, 6 h of 
purification of scFv induced by IPTG; lane 4, the purified antibody scFv. (B) Western blotting detection of purified scFv; lane 1, E. coli HB2151; lane 2, the 
purified antibody scFv. scFV, single-chain variable fragment; IPTG, isopropyl-β‑D-thiogalactoside.

Figure 2. Detection of the binding activity of scFv and ARO cells. ELISA, 
enzyme-linked immunosorbent assay; PBS, phosphate-buffered saline; scFv, 
single-chain variable fragment.
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Light microscopy results also showed that scFv had a high 
specificity for ARO cells (Fig. 3).

Radiolabeling, purification and radiochemical purity test. The 
scFv was successfully labeled with 131I using the chloramine 
T method, and then purified using a Sephadex G25M column. 
Eluent fractions were collected in 100 tubes of 131I‑scFv, and 
by evaluating the radioactivity in each tube, two emission 
peaks were revealed, the first located in tubes 34-49, while the 
second radioactive peak was found in tubes 57-64. The eluent 
of the first radiation peak was collected, purified and labeled 
131I-scFv. The labeling rate was found to be 91.64% and the 
radiochemical purity was 93.3±0.32%. Purified 131I-scFv was 
maintained at room temperature for 1, 6, 12 or 24 h before its 
addition to fresh human serum and incubation at 37̊C for 1, 
6, 12 or 24 h. The radiochemical purity was assessed and the 
stability of the 131I-scFv after storage at room temperature and 
in serum was analyzed at the different time-points (Fig. 4).

Animal models and biodistribution. Four weeks after 
injecting ARO cells, an ATC-bearing nude mouse model 
was successfully constructed  (Fig. 5). Examination of the 
in vivo distribution of 131I-scFv in tumor-bearing nude mice 
revealed that 131I-scFv was mainly distributed in tumor tissue 
and in liver, kidney, spleen, heart, lung, stomach, intestine, 
brain, muscle and blood. The concentrations of radioactivity 
in the tumor tissues, liver, kidney, intestine and blood were 
all high after injection, but with increasing time, the levels of 

Figure 3. The specific detection of the soluble antibody under light micros-
copy (magnification, x200). (A) ARO cells, positive. (B) ARO cells, negative. 
(C) TT cells, negative. (D) HepG2 cells, negative.

Figure 5. (A) Human ATC-bearing nude mouse. The tumor volume was 
increased to >1 cm3. (B) Distribution of 131I-scFv in tumor-bearing nude 
mice. The concentration of radioactivity of the tumor tissues, liver, kidney, 
intestine and blood were all high in the early stage, but as time increased, in 
other tissues except for tumor tissues it was significantly decreased. ATC, 
anaplastic thyroid carcinoma.

Figure 4. (A) Purification of 131I-scFv. The assessment of the radioactivity 
of 100 tubes revealed two emission bands, a first emission peak was located 
in tubes 34-49 and the second radioactive peak was found in tubes 57-64. 
(B) The room temperature stability test of 131I‑scFv. The radiochemical purity 
was 95.9, 93.8, 92.5 and 91.3% at 1, 6, 12 and 24 h, respectively. (C) The serum 
stability test of 131I-scFv. The radiochemical purity was 95.2, 94.5, 93.0 and 
91.3% at 1, 6, 12 and 24 h, respectively. scFv, single-chain variable fragment.
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radioactivity in other tissues were decreased while those in 
the tumor tissues remained high (Table II; Fig. 5). 131I-scFv 
revealed a long residence time and a slow rate of clearance 
in tumor tissue. In addition, the ratio of radioactivity of 
tumor:blood and tumor:muscle increased with time, reaching 
a peak at 48 h.

SPECT/CT RII in tumor-bearing nude mice. The SPECT/CT 
imaging results revealed that tumor tissue in tumor-bearing 
nude mice was still clearly visible at 48 h, and the highest 
target/non-target (T/NT) value was 4.38. The concentra-
tions of radioactivity in other parts of the body were 
decreased (Fig. 6).

Discussion

Related studies have shown that the molecular pathogen-
esis of ATC involves a series of gene mutations, chiefly 
of BRAF, RAS, catenin (cadherin-associated protein)  β1, 
PIK3CA, AXIN1, TP53, PTEN and APC, and that chromo-
somal abnormalities are common (11). Mutations in the p53 
tumor‑suppressor gene results in the production of inactive p53 
proteins that have been found in most cases of ATC, but not 
in other thyroid tumors (12). Mutations in the β-chain protein 
gene occur in as many as 65% of ATC cases (13). The evidence 
for a high degree of differentiation was provided by a study of 
undifferentiated carcinoma and concomitant BRAF mutations 

Figure 6. SPECT/CT fusion imaging and static SPECT imaging. (A) SPECT/CT fusion imaging and simulated imaging of a tumor-bearing mouse at 48 h after 
the injection of 131I-scFv into the tail vein. (B) SPECT imaging of a tumor-bearing mouse after the caudal vein injection of 131I-scFv. scFv, single-chain variable 
fragment; SPECT/CT, single photon emission computed-tomography/computed-tomography.

Table II. Distribution of 131I-scFv in tumor-bearing nude mice.

Tissue	 12 h	 24 h	 48 h	 72 h

Tumor	 4.47±0.56	 4.31±0.72	 4.01±0.66	 3.23±0.09
Liver	 9.92±0.31	 4.57±0.23	 2.97±0.69	 1.32±0.33
Kidney	 8.72±0.11	 7.59±0.47	 6.08±0.72	 4.23±0.91
Spleen	 5.32±0.57	 3.29±0.58	 1.72±0.37	 0.56±0.20
Lung	 2.73±0.11	 1.57±0.52	 0.69±0.76	 0.38±0.55
Stomach	 3.73±0.98	 1.43±0.24	 1.05±0.63	 0.77±0.36
Intestine	 6.57±0.72	 4.32±0.64	 3.32±0.53	 0.96±0.32
Brain	 1.56±0.11	 0.89±0.12	 0.73±0.26	 0.37±0.08
Heart	 4.05±0.07	 1.98±0.20	 0.87±0.22	 0.40±0.02
Muscle	 3.08±0.28	 1.59±0.39	 0.65±0.32	 0.54±0.65
Blood	 5.67±0.89	 4.43±0.25	 1.09±0.12	 0.55±0.07
Ratio
Tumor/brain	 2.86±0.33	 4.84±0.60	 5.49±0.31	 8.72±0.13
Tumor/muscle	 1.45±0.22	 2.71±0.25	 6.16±0.02	 5.98±0.01
Tumor/blood	 0.18±0.03	 0.97±0.32	 3.67±0.62	 5.87±0.11



liu et al:  Preparation and SPECT imaging of 131I-scFv 2985

in the region of the p53 mutation in the second step (14,15). 
Due to the fact that ATC gene therapy is currently still in the 
early stages, most research is still in the exploratory stage. 
Induction differentiation therapy has better effects in vitro, 
but currently there are no large-scale clinical trials, pending 
further research. Coupling of a radioactive nuclide to an 
orientation-specific antibody creates a radio-immunoassay 
drug treatment method suitable for in vivo use. Known as 
radioimmunotherapy (RIT), it has provided a novel approach 
to ATC diagnosis and treatment (16,17). To date, numerous 
studies (18) have achieved promising RII results with the use 
of radioactive nuclide-labeled antibodies.

Recently, as phage-display technology has matured, our 
research group used this technique to establish an ATC phage 
antibody library and screen antibodies for ATC specificity. 
The biological characteristics of the antibodies were analyzed 
by ELISA, SDS-PAGE and western blotting. Results identified 
an antibody which exhibited specificity to ARO cells. Then, 
the purified scFv was labeled with 131I, the ARO cells were 
injected into nude mice in vivo, and a radioimmunoassay was 
successfully achieved. Use of the 131I-labeled polypeptide was 
feasible in the present study. The labeling rate of 131I-scFv was 
91.64%, the radio-chemical purity of purified 131I-scFv was 
93.3±0.32% and the radiochemical purity of 131I-scFv which 
was stored at 37̊C in human blood serum at 24 h was 91.9%. 
These results demonstrated that 131I-scFv had good stability 
in vitro, and met the requirements of in vivo experimental 
study on peptides (19). SPECT imaging can directly observe 
the dynamic changes in the in vivo distribution of the agents 
imaged. Results of 131I-scFv polypeptide imaging showed 
that, in nude mice xenografted with ARO cells, dynamic 
changes in distribution of the imaging agent in vivo can be 
directly observed using SPECT imaging, which is closer to 
clinical practice. Concentrations of radioactivity were not 
found in the thyroid at any time after injection mainly since 
the labeled compound targets the tumor vasculature with high 
affinity and specificity and is stable without iodothyronine. 
This is consistent with the results from the asssessment of the 
in vitro stability of 131I‑scFv. SPECT imaging using 131I-scFv 
revealed a higher tumor uptake in the mice bearing ARO 
cells. The experimental results revealed that in tumor-bearing 
nude mice at 48 h after intravenous injection of 131I-scFv, the 
tumor imaging was clear. Concomitantly, the T/NT reached 
the highest value of 4.38, suggesting that the antibody bound 
specifically to ARO cells. The final objective of the imaging 
was to explore methods of treatment which could be used to 
target and destroy tumor cells by binding to the specific tumor 
antigen. 131I is a good imaging agent which is currently used 
in the clinical diagnosis and treatment of thyroid disease (20). 
If combined with the purified scFv, as used for imaging 
of tumor‑bearing nude mice, it could provide a new way of 
diagnosing and treating ATC. In future our research may 
continue to focus on ATC treatment with 131I-scFv, to confirm 
the specific effect of 131I‑scFv in killing tumor cells.

There are some limitations to this experimental study. 
Traditional screening methods were used and ways to increase 
antibody concentration to avoid the loss of the antibody under 
screening conditions (21) may need to be explored and further 
optimized in later experiments. IPTG, used in this experi-
ment, is toxic; various studies (22) have shown that lactose 

can also be utilized in the induction process and is safe and 
non-toxic, thus we may consider using lactose induction in 
our future experiments. In the early stage of imaging, blood, 
liver and kidney tissue all exhibited a high concentration of 
radioactivity, but with time, the concentration of radiation in 
these organs significantly decreased. The high concentration 
in the kidney may be related to the excretion of the labeled 
antibodies. The high concentration in the liver may due to 
reticuloendothelial cells non-specifically taking up 131I-scFv, 
or there may be some fragment crystallizable (Fc) recep-
tors. Consequently, focusing on improving the process, for 
example, how to carry out chemical modifications when 
designing scFv to decrease the radioactivity uptake of 
non‑tumor tissue, and to make scFv stay specifically in the 
tumor tissue, is warranted.

In conclusion, human single-chain variable fragment 
antibodies against ATC were successfully generated. 131I‑scFv 
was successfully prepared, and the imaging of 131I-scFv in 
a nude mouse model at 48 h after injection of tumor cells 
clearly showed it specifically localized in the tumor tissue. In 
the future we may continue to investigate the potential of this 
construct in anticancer therapy.
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