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Background: Thomsen–Friedenreich antibody (TF-Ab) is a specific antibody against the 
Thomsen–Friedenreich antigen (TF-Ag). At present, studies on a number of other tumors 
have shown that TF-Ab can effectively inhibit metastasis and induce apoptosis in tumor 
cells. However, the role of TF-Ab in thyroid cancer (TC) remains unclear.
Materials and Methods: Normal subjects and patients with primary papillary TC with or 
without lymph node metastasis were tested for TF-Ab expression by enzyme-linked immu-
nosorbent assays (ELISAs). Immunofluorescence was used to assess the expression of TF-Ag 
in thyroid papillary carcinoma with or without lymph node metastasis and undifferentiated 
cancer tissues. To evaluate the role of TF-Ab in TC, the effects of TF monoclonal antibody 
(mAb A78-G/A7) on cell biological function were investigated by MTT assays, flow 
cytometry, adhesion assays and transwell experiments.
Results: Compared with normal individuals, TF-Ab levels in patients with TC were 
decreased, but no changes were observed with respect to lymph node metastasis. The 
expression of TF-Ag in TC tissues was relatively higher than that detected in adjacent 
tissues, but it was not affected by the presence or absence of lymph node metastasis. Upon 
treatment mAb A78-G/A7 treating, TC cell cycles were affected, meanwhile the abilities to 
adhere, invade and migrate were also significantly reduced.
Conclusion: The results of the present study showed that mAb A78-G/A7 could affect the 
invasion and migration of all assayed TC cell lines. The effects of mAb A78-G/A7 on the 
cell cycle, adhesion, invasion and migration of TC cells were more significant than those 
observed for proliferation and apoptosis.
Keywords: Thomsen–Friedenreich antibody, TF-Ab, Thomsen–Friedenreich antigen, TF- 
Ag, mAb A78-G/A7, thyroid cancer, TC

Introduction
Thomsen–Friedenreich antigen (TF-Ag) is a precursor of the MN blood type (MNS, 
ISBT0002) determinant cluster discovered in 1927 by Thomsen and Friedenreich, 
respectively, and is widely present in cell membrane glycoproteins.1 In normal cells, 
TF-Ag is masked by sialic acid and other sugar chains,2 becoming exposed when 
tumorigenesis occurs and is expressed in most tumor types.3–7 TF-Ag is thought to be 
involved in immune evasion, tumor growth, apoptosis and metastasis.8,9 The over-
expression of TF-Ag is associated with clinical features, such as liver metastasis, 
remote metastasis, and an undesirable outcome in colorectal cancer (CRC) patients, 
which may be caused by TF-Ag expressed by tumor cells being able to specifically bind 

Correspondence: Ruo-Chuan Cheng; 
Qiang-Ming Sun  
Email cruochuan@foxmail.com; 
qsun@imbcams.com.cn

OncoTargets and Therapy                                                                    Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com OncoTargets and Therapy 2020:13 8677–8689                                                              8677

http://doi.org/10.2147/OTT.S261685 

DovePress © 2020 Peng et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

O
nc

oT
ar

ge
ts

 a
nd

 T
he

ra
py

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0001-8510-7680
mailto:cruochuan@foxmail.com
mailto:qsun@imbcams.com.cn
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


to the glycoprotein receptor of the liver membrane, leading to 
liver metastases.10 In addition, TF-Ag expressed on the sur-
face of tumor cells can also adhere to vascular endothelial 
cells, tumor cell attachment in blood vessels.11,12 Thus, TF- 
Ag is a particularly important tumor target. Studies have 
demonstrated that the humoral immune response of a vaccine 
to TF-Ag can kill tumor cells through antibody-dependent 
cell-mediated cytotoxicity (ADCC) and complement depen-
dent cytotoxicity (CDC) and block the ability of tumor cells 
to spread.13 This function also indicates that this target has 
strong clinical application value.

Thomsen–Friedenreich antibody (TF-Ab) is specifically 
produced by human immune B cells in response to TF-Ag.14 

Studies have confirmed that the natural TF-Ab level in tumor 
patients is significantly correlated with their prognosis, indi-
cating that passive TF-Ab immunotherapy does not cause 
pathological reactions.15–18 As a specific antibody produced 
against TF-Ag, studies have shown that the prognosis of 
patients with high TF-Ab levels was significantly better than 
that of patients with low TF-Ab levels.14–16 Other studies also 
showed that the level of TF antibody expression significantly 
changes in tumor patients,19 providing some evidence that TF- 
Ab may could be used to treat TF-Ag. In recent years, some 
scholars have proved that TF-Ab passive immunity can block 
lung metastasis and improve the survival rate in a passive 
immunotherapy experiment using the 4T1 mouse model of 
breast cancer metastasis.20 Furthermore, other scholars have 
performed in vitro and in vivo immunotherapy experiments 
with leukemia and further confirmed that TF-Ab passive 
immunity can induce cell apoptosis.21 Therefore, we believe 
that the apoptosis of TF-Ag-harboring tumor cells induced by 
antibodies toward TF-Ag in the human body may be an 
antitumor immune monitoring mechanism, indicating that 
TF-Ab could have clinical benefits.

Thyroid cancer (TC) is a common malignant tumor of 
the endocrine system with an increasing incidence, making 
there an urgent need to discover new biological targets and 
treatments for this type of cancer.22 In our previous study,23 

TF-Ag, as a pan-oncoantigen, was shown to be significantly 
overexpressed in TC. However, the potential effect of TF- 
Ab on TF-Ag has not been demonstrated in TC. Although 
the results of some studies have provided convincing evi-
dence supporting the anticancer effect of TF-Ab on TF-Ag, 
this activity in TC has not been confirmed. Therefore, in the 
present study, the role of mAb A78-G/A7 in the prolifera-
tion and metastasis of TC cells was investigated, and the 
results demonstrated that TF-Ag can be an effective 

therapeutic target for TC and that TF-Ab has potential use 
for targeting TF-Ag to treat TC.

Materials and Methods
Human Tissue and Serum Samples
Human tissue and serum samples (N=40) were collected 
from patients with thyroid cancer from the First Affiliated 
Hospital Of Kunming Medical University. Control serum 
samples (N=40) were collected from healthy people in the 
Physical Examination Center Of The First Affiliated 
Hospital of Kunming Medical University. Based on the 
findings from hematoxylin and eosin staining of sections 
for pathological diagnosis and histological types,24 three 
groups were included, papillary thyroid carcinoma (PTC) 
with (N=20) or without (N=20) lymph node metastasis and 
healthy controls (histologically identified as normal thyr-
oid tissue at a distance of more than 2 cm from the edge of 
the cancer)25 (N=20). All tissue specimens were immedi-
ately frozen and transferred to the Kunming Institute of 
Biology, after which they were used to generate 10% 
buffer formalin-fixed and paraffin-embedded sections. 
The paraffin sections were sliced into 5-µm-thick sections. 
All serum samples were obtained by centrifugation at 3000 
rpm for 15 minutes after the collection of fresh blood and 
stored at −20°C. The inclusion and exclusion criteria of 
this study are presented in Table 1.

Cell Culture
All TC cell lines were invasive tumor cell lines isolated 
from human thyroid carcinoma tissues that were provided 
to us as a gift by the Kunming Biology Institute, Chinese 
Academy (Kunming, China). TC cells were cultured in 
Dulbecco’s Modified Eagle’s Medium (DMEM) supple-
mented with 10% fetal bovine serum FBS (Gibco, 
10,099–141C, USA) in an incubator and under an atmo-
sphere with 5% CO2 at 37°C.

Enzyme-Linked Immunosorbent Assay 
(ELISA)
The standard TF-Ag was replaced by asialoglycophorin from 
human blood group MN (aGP, a9791-1mg, Sigma, Germany), 
which was coated on ELISA plates and incubated overnight in 
a refrigerator at 4°C. Human serum samples were diluted 1:2 
(50-μL samples diluted with diluent to 100 μL), with a 2-fold 
gradient dilution of mAb A78-G/A7 used as the standard 
control. Then, the samples were added to the corresponding 
perforated plates and placed in a 37°C box for 30 minutes after 
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being washed thrice with 1× washing liquid. Since the stan-
dard control uses an IgM-reactive mAb A78-G/A7, 100-μL of 
enzyme binder (rabbit anti-human IgM, 74293S, CST, USA) 
was added to each well and incubated at 37°C for 30 minutes 
after being washed with the liquid three times. Next, color and 
stop solutions were added in turn, and the absorbance value 
(OD value) was read at 450 nm on a microplate reader within 
15 minutes.

Immunofluorescence
Tumor tissues were treated as previously reported for the 
immunofluorescence analysis. The appropriate fixative was 
selected to fix the tissues, and then the permeability treat-
ment was performed to ensure that the antibody could reach 
the antigen site. Subsequently, the slides were blocked with 
5% BSA and then incubated with mAb A78-G/A7. The 
slides were washed with PBS thrice and then incubated 
with a secondary antibody (goat anti-mouse IgM, AP128F, 
Millipore, Germany). The same methods described above 
were also performed using an antibody against CDH2 (N- 
cadherin, 13116S, CST, USA). A Nikon Eclipse TE2000-U 
microscope was used to mount and observe the slides, and 
the results were analyzed using ImageJ.

Cell Proliferation Assay
The number of live cells was assessed using a CCK8 kit 
(341–07761, DOJINDO, Japan). BCPAP and 8305C cells 
were cultured in DMEM supplemented with 10% FBS and 
plated in 96-well plates at a density of 2000 cells/well. After 
treating the cells with mAb A78-G/A7, the CCK8 working 

solution was added to the wells and incubated for 4 hours at 
37°C. The cells were stained after 1 day to quantitate cell 
viability, and an EPOCH™ Spectrophotometer System 
(BioTek, Winooski, VT, USA) was used to measure the 
absorbance of the samples at 450 nm.

Cell Apoptosis Assay
After 72 hours17 of treatment with mAb A78-G/A7, the cells 
were washed with PBS, fixed in 2% paraformaldehyde 30 
minutes, and permeated for 30 minutes with PBS containing 
0.1% Triton X-100. Then, the cells were centrifuged for 5 
minutes at 1000 rpm, resuspended in 1×binding buffer at a 
density of 1×106 cells/mL and stained with fluorescein iso-
thiocyanate (FITC)-conjugated annexin V using an Annexin 
V FITC Apoptosis kit (556,547, BD, USA) for 15 minutes 
before flow cytometry analysis. The blank control group 
received the same treatment. A flow cytometer (Becton 
Dickinson Immunocytometry Systems) and CellQuest Pro 
(version 3.3) (BD Biosciences) were using to determine the 
apoptotic rate.

Cell Cycle Analysis
mAb A78-G/A7-treated cells were grown to 70–80% con-
fluence in 6-cm dishes. After culturing for 72 hours, the 
supernatant was collected, and the adherent cells were tryp-
sinized, washed with ice-cold PBS, and then fixed in PBS 
containing 70% ethanol at −20°C overnight. Subsequently, 
the cells were resuspended in 1× binding buffer (10× buffer 
diluted with distilled water), stained at room temperature in 
the dark for 30 minutes with PI/RNase Staining Buffer 

Table 1 Inclusion and Exclusion Criteria of This Study

Health 
Control

PTC Patient

Samples 40 40

Inclusion 
Criteria

Patients diagnosed by imaging examination, tissue and/or cytology as having primary papillary thyroid cancer 
without treatment;

At least one measurable lesion (the maximum diameter of the lesion can be measured by imaging diagnosis, such 
as B-ultrasound, CT and MRI);

No history of other thyroid diseases;

No history of other tumors; 
Male or female, aged over 18 and under 75 (including 18 and 75 years old); 

The volunteers are voluntary and signs informed consent with good compliance.

Exclusion 

Criteria

Obvious cardiovascular abnormalities or severe liver and kidney dysfunction (grade 4); 

Abnormal coagulation function (INR>1.5×ULN, APTT>1.5×ULN) with bleeding tendency.
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Solution (550825.0, BD Pharmingen, USA), and then imme-
diately analyzed using a flow cytometer. The accompanying 
software (CellQuest Pro) was used to analyze the data, and 
the data are presented as the means and standard deviation. 
The experiment was performed three times.

Cell Adhesion Assay
BCPAP and 8305C cells in DMEM supplemented with 10% 
FBS were added to 96-well plates at a density of 2000 cells/ 
well. After incubating with mAb A78-G/A7 for 72 hours, the 
adherent cells were collected through trypsinization. Then, 
the cells were cultured again in 96-well plates in DMEM 
supplemented with 10% FBS on a shaking table at 37°C and 
with shaking 80 rpm/minute for one hour. The 96-well plates 
were placed under a microscope (Nikon Eclipse TE2000-U) 
to observe the cells that adhered to the matrix. Then, the 
culture medium was refreshed before adding CCK8 working 
solution (341–07761, DOJINDO, Japan) to the wells and 
incubating for 2 hours at 37°C, after which the OD value 
was read at 450 nm on a microplate reader.

Cell Migration Assay
Boyden chambers (EMD Millipore) were used to assess 
cell migration ability. DMEM supplemented with 10% 
FBS was added to the bottom of each chamber, and then 
aliquots of mAb A78-G/A7-treated cells (1.5×105) sus-
pended in DMEM were placed into the top of each cham-
ber. The cells were cultured for 24 hours, after which the 
unmigrated cells were removed from the film. Then, the 
cells that moved to the bottom of the film were stained 
with crystal violet and observed using a microscope (200× 
magnification). ImageJ was used to scan and analyze four 
random fields. A bar graph of the sample pixel intensities 
was generated to show the results, which were reported as 
the means and standard deviations.

Cell Invasion Assay
A DMEM suspension of 1.5×105 mAb A78-G/A7-treated 
cells was placed onto the top of a Boyden chamber (EMD 
Millipore), which contained 50 μL of Matrigel (1 mg/mL 
final concentration), with medium DMEM supplemented 
with 10% FBS added to the lower chamber. Crystal violet 
was used to stain the cells that invaded to the bottom of the 
membrane and were observed under a microscope (200× 
magnification). ImageJ was used to scan and analyze four 
random fields. A bar graph of the sample pixel intensities 
was generated to show the results, which were reported as 
the means and standard deviations.

Statistical Analysis
Independent Student’s t-test was used to assess differences 
between different groups. The data are reported as the 
means±standard deviation, where P<0 demonstrated a sig-
nificant difference between different two groups.

Results
Serum TF-Ab IgM Levels are Dramatically 
Lower in Patients with Primary TC Than 
in Healthy Individuals
The level of TF-Ab IgM expression was investigated in 
primary TC patients and healthy individuals using ELISAs 
(N=20). The results showed that healthy individuals 
expressed TF-Ab IgM at higher levels than primary TC 
patients (Figure 1A). Additionally, our results showed that 
the expression of TF-Ab IgM in the serum of TC patients 
with lymph node metastasis was not different from that in 
those without lymph node metastasis (Figure 1A).

TF-Ag is Highly Expressed in TC Tissue
Immunofluorescence analysis was used to assess the 
expression of TF-Ag in TC and normal tissues, with the 
results showing that TF-Ag expression was higher in TC 
tissues than that observed in normal tissues (Figure 1B). 
However, we failed to detect an obvious difference 
between TC tissues with lymph node metastasis and 
those without lymph node metastasis (Figure 1B).

TF-Ag is Obviously Expressed in TC Cell 
Lines
The level of TF-Ag expression in TC cell lines was eval-
uated by immunofluorescence analysis. Based on our 
results, TF-Ag was prominently overexpressed in the dif-
ferent TC cell lines when compared to that observed in 
normal human thyroid cells (both P<0.05) (Figure 2A). In 
addition, we observed that TF-Ag expression was drama-
tically high in BCPAP cells (papillary cancer cells) and in 
8305C cells (undifferentiated cancer cells) (Figure 2A).

mAb A78-G/A7 Effectively Inhibits the 
Adhesion of TC Cells
Since TF-Ag-mediated adhesion plays an important role in 
the process of metastasis, as a specific antibody to TF-Ag, we 
investigated whether mAb A78-G/A7 could effectively inhi-
bit the expression of the adhesion factor N-cadherin 
(Figure 2C), thereby weakening cell adhesion (Figure 2B). 
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We observed that the percentage of adherent cells in the mAb 
A78-G/A7-treated group was significantly decreased and 
that the expression of the adhesion factor N-cadherin was 
markedly decreased compared to that observed in the control 
group. These results suggest that mAb A78-G/A7 has a 
negative effect on the overall metastatic mechanism of TC 
and other tumors. Furthermore, we determined the optimal 
concentration of mAb A78-G/A7 to use against TC cells by 
assessing the cell adhesion rate using a dilution series of the 
antibody (Figure 2D).

TF-Ag Expression in TC Cells Can Be 
Effectively Inhibited by mAb A78-G/A7 
Treatment
To further verify the blocking effect of mAb A78-G/A7 
toward TF-Ag, we used immunofluorescence staining to 
assess the expression of TF-Ag in TC cells with or without 
mAb A78-G/A7 treatment (Figure 2E). Our data indicated that 
a 1:20 medium/antibody ratio could significantly decrease TF- 
Ag expression in tumor cells. These results provide evidence 
that TF-Ab expression is negatively correlated with TF-Ag 
expression in TC and that TF-Ab is a potential regulator of 
TF-Ag.

8305C Cell Proliferation is Significantly 
Inhibited by mAb A78-G/A7 Interference
To directly estimate the influence of mAb A78-G/A7 on 
TC cell proliferation, we assessed cell division using a 
CCK8 kit to stain cells. CCK8 is a fluorescent dyestuff 
that can be used to monitor cell proliferation via decreased 
fluorescence intensity that occurs after each cellular divi-
sion. The OD values of the mAb A78-G/A7-treated 8305C 
cells after 24 hours were significantly lower than those 
observed for the untreated cells (P<0.05), demonstrating 
that cell proliferation was notably suppressed. In contrast, 
the OD values of the mAb A78-G/A7-treated BCPAP cells 
after 24 hours were not obviously different from those of 
the untreated cells (P>0.05), proving that cell growth was 
not suppressed. These results demonstrate that interference 
of TF-Ag by mAb A78-G/A7 treatment has different 
potential effects on cell proliferation in different TC cell 
lines (Figure 3A).

mAb A78-G/A7 Affects BCPAP and 
8305C Cell Cycle Distribution
To verify the observed effects on cell growth, the cell 
cycle distribution of BCPAP and 8305C cells 72 hours 

Figure 1 TF-Ab IgM expression differed between primary TC patients and healthy individuals; TC and adjacent tissues showed a diverse presentation of TF-Ag. 
Notes: (A) TF-Ab IgM levels were detected by ELISAs; the standard antigen was replaced by aGP, while the standard antibody was replaced by mAb A78-G/A7. The serum 
of TC patients and normal subjects was analyzed. The expression levels were quantified by reading the absorbance value (OD value) at 450 nm on a microplate reader. The 
horizontal coordinate represents the grouping, respectively are Control: healthy people; PTC: papillary thyroid carcinoma patients without lymph node metastasis; PTC/ 
LNM: papillary thyroid carcinoma patients with lymph node metastasis. The ordinate represents the expression quantity of TF-Ab. Data=means±SEM. Compared with the 
Control group, *P<0.05. (B) The expression of TF-Ag in TC and normal tissues was detected by immunofluorescence. The horizontal coordinate represents the grouping, 
respectively are Control: normal paracancer control tissue; PTC: papillary thyroid carcinoma tissue without lymph node metastasis; PTC/LNM: papillary thyroid carcinoma 
tissue with lymph node metastasis. The ordinate represents the expression quantity of TF-Ag. Data=means±SEM. Compared with the Control group, ***P<0.001. 
Abbreviations: TF-Ab, Thomsen–Friedenreich antibody; TC, thyroid cancer; TF-Ag, Thomsen–Friedenreich antigen; ELISAs, enzyme-linked immunosorbent assay; aGP, 
asialoglycophorin from human blood group MN; mAb A78-G/A7, Thomsen–Friedenreich monoclonal antibody (A78-G/A7).
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Figure 2 Continued.
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after the addition of mAb A78-G/A7 was assessed by flow 
cytometry. Our results showed that the mAb A78-G/A7- 
treated 8305C cells had more cells in G1 phase and fewer 
cells in G2 phase than that observed in the untreated 
8305C cells (Figure 3B). Similarly, the mAb A78-G/A7- 
treated BCPAP cells had more cells in G1 phase than was 
observed for the untreated BCPAP cells. Although the 
number of BCPAP cells in G2 phase was increased, the 

number of cells in S phase was significantly decreased. 
Therefore, overall, it appears that the doubling time was 
suppressed. The number of cells in G0/G1 stage notably 
increased (P<0.05), showing that mAb A78-G/A7 could 
significantly affect the cell cycle of both 8305C and 
BCPAP cells (Figure 3B). With respect to the BCPAP 
cells, we believe that there were other factors that resulted 
in inconsistencies in proliferation.

Figure 2 mAb A78-G/A7 negatively regulates TF-Ag expression in TC cells. (A) The expression of TF-Ag in TC cell lines was detected by immunofluorescence, and normal 
thyroid cells were used as a loading control. The arrows point to cells that express TF-Ag. BCPAP and 8305C cells showed relatively high TF-Ag levels. The horizontal 
coordinate represents the grouping, respectively are Nthy-ori 3–1: normal thyroid cells; TPC-1: papillary thyroid cancer cells; BCPAP: papillary thyroid cancer cells; cal-62: 
anaplastic thyroid cancer cells; 8305C: anaplastic thyroid cancer cells. The ordinate represents the TF-Ag positive cell percents. Data=means±SEM. Compared with the Nthy- 
ori 3–1, ***P<0.001, ****P<0.0001. (B) The control group was used as a reference, and the TC cell line was treated with a gradient concentration of mAb A78-G/A7 starting 
from 1:10 to observe cell adhesion. The adherent cells in medium containing 10% FBS were photographed under a microscope. BCPAP: papillary thyroid cancer cells; BCPAP 
mAb A78-G/A7 Treated Groups: BCPAP cells with mAb A78-G/A7 treated; 8305C: anaplastic thyroid cancer cells; 8305C mAb A78-G/A7 Treated Groups: 8305C cells with 
mAb A78-G/A7 treated; 1/10, 1/20, 1/40, 1/60, 1/80 are the concentrations of antibodies that used. (C) The expression of the adhesion factor N-cadherin was detected by 
immunofluorescence. Consistent with the results of the adhesion experiment, the expression of the adhesion factor N-cadherin was also downregulated after mAb A78-G/ 
A7 treatment, further confirming that mAb A78-G/A7 inhibits the adhesion of TC cells. The horizontal coordinate represents the grouping, respectively are: BCPAP 
(papillary thyroid cancer cells) and BCPAP/mAb A78-G/A7 (BCPAP cells with mAb A78-G/A7 treated); 8305C (anaplastic thyroid cancer cells) and 8305C/mAb A78-G/A7 
(8305C cells with mAb A78-G/A7 treated). The ordinate represents the expression levels of N-cadherin. Data=means±SEM. Compared with the BCPAP, ****P<0.0001; 
Similar results observed in 8305C, ***P<0.001. (D) We further determined the optimal concentration of mAb A78-G/A7 to use in TC cells by determining the cell adhesion 
rate after using a gradient concentration of the antibody and the cell adhesion rate decreased significantly at a ratio of 1:20. The horizontal axis represents the concentration 
of mAb A78-G/A7 that used to treat cells, and the vertical axis represents the adhering cells that were quantified by reading the absorbance value (OD value) at 450 nm. 
Data=means±SEM. Compared with the Control group (BCPAP or 8305C without mAb A78-G/A7 treated), *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001. (E) 
Immunofluorescence was used to analyze the expression of TF-Ag in cells with or without mAb A78-G/A7 treatment to further demonstrate the negative regulatory 
effect of mAb A78-G/A7 on TF-Ag. The horizontal coordinate represents the grouping, respectively are: BCPAP (papillary thyroid cancer cells) and BCPAP/mAb A78-G/A7 
(BCPAP cells with mAb A78-G/A7 treated); 8305C (anaplastic thyroid cancer cells) and 8305C/mAb A78-G/A7 (8305C cells with mAb A78-G/A7 treated). The ordinate 
represents the expression levels of TF-Ag. Data=means±SEM. Compared with the blank control group, ****P<0.0001. 
Abbreviations: mAb A78-G/A7, Thomsen–Friedenreich monoclonal antibody (A78-G/A7); TF-Ag, Thomsen–Friedenreich antigen; FBS, fetal bovine serum.
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mAb A78-G/A7 Promotes the Apoptosis 
of 8305C Cells
Fluorescence-activated cell sorting (FACS) analyses based 
on annexin V/7-AAD staining revealed a survival disad-
vantage of the mAb A78-G/A7-treated 8305C cells but not 
the mAb A78-G/A7-treated BCPAP cells. The number of 
apoptotic cells in the mAb A78-G/A7-treated BCPAP 
group (27.0%) was not significantly different from that 

observed in the untreated cell group (25.0%) (P>0.05). 
However, the number of apoptotic cells in the mAb A78- 
G/A7-treated 8305C cell group (63.0%) was significantly 
higher than that observed in the untreated cell group 
(45.8%) (P<0.05). These results indicate that interference 
of TF-Ag by mAb A78-G/A7 promotes the apoptosis of 
8305C cells but not BCPAP cells (Figure 4). We hypothe-
size that mAb A78-G/A7 may also affect some specific 

Figure 3 Effects of mAb A78-G/A7 interference on proliferation and cell cycle progression in BCPAP and 8305C cells. 
Notes: Both BCPAP and 8305C cells were treated with mAb A78-G/A7. Proliferation was assessed with the CCK8 assay and by reading the absorbance value (OD value) at 
450 nm on a microplate reader. (A) Cell cycle stage was analyzed by flow cytometry. The horizontal coordinate represents the grouping, respectively are: BCPAP (papillary 
thyroid cancer cells) and BCPAP/mAb A78-G/A7 (BCPAP cells with mAb A78-G/A7 treated); 8305C (anaplastic thyroid cancer cells) and 8305C/mAb A78-G/A7 (8305C 
cells with mAb A78-G/A7 treated). The ordinate represents the number of living cells. Data=means±SEM. Compared with the BCPAP blank control group, results showed 
ns (non-significant, P>0.05); Compared with the 8305C, 8305C/mAb A78-G/A7 showed a significant difference, **P<0.01. (B) The bar graph summarizes the data from the 
results of mAb A78-G/A7 interference on proliferation and cell cycle progression in BCPAP and 8305C cells. The horizontal coordinate represents the cell cycle, 
respectively are: GO/G1, G2/M, S. The ordinate represents the number of cells in corresponding cell cycle, including BCPAP (papillary thyroid cancer cells) and BCPAP/mAb 
A78-G/A7 (BCPAP cells with mAb A78-G/A7 treated); 8305C (anaplastic thyroid cancer cells) and 8305C/mAb A78-G/A7 (8305C cells with mAb A78-G/A7 treated). 
Data=means±SEM. Compared with the the blank control group, *P<0.05, **P<0.01, ns (P>0.05, non-significant). 
Abbreviations: mAb A78-G/A7, Thomsen–Friedenreich monoclonal antibody (A78-G/A7); CCK8, cell counting kit-8.
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surface molecules of different cell lines in different man-
ners, resulting in different therapeutic effects, which is 
worth further investigation.

BCPAP and 8305C Cell Migration is 
Dramatically Reduced by mAb A78-G/A7 
Treatment
To determine the effect of TF-Ab treatment on BCPAP and 
8305C cell migration, cells treated with or without mAb 
A78-G/A7 were tested using transwell assays. Our data 
indicated that the migration capacities of BCPAP cells 
were clearly reduced (P<0.05) by treatment with mAb 
A78-G/A7 (Figure 5), with similar results were observed 
for 8305C cells (P<0.05) (Figure 5).

mAb A78-G/A7 Notably Decreases the 
Invasive Ability of BCPAP and 8305C Cells
To assess the effects of mAb A78-G/A7 on BCPAP and 
8305C cell invasion, cell invasion assays were performed. 
The ability of cells that were treated with or without mAb 
A78-G/A7 to go through the Matrigel was analyzed 
through invasion assays. The results showed that the inva-
sive abilities of BCPAP and 8305C cells were dramatically 
inhibited (P<0.05) after the addition of mAb A78-G/A7 
(Figure 6).

Discussion
Immunotherapy is thought to be of great benefit to cancer 
patients,26 and recent studies have shown that anti-cancer 

Figure 4 Effects of mAb A78-G/A7 interference on cell apoptosis in BCPAP and 8305C cells. 
Notes: TC cells were treated with mAb A78-G/A7. Apoptosis was analyzed by flow cytometry in BCPAP and 8305C cells. The horizontal coordinate represents the 
groupings, respectively are: BCPAP (papillary thyroid cancer cells) and BCPAP/mAb A78-G/A7 (BCPAP cells with mAb A78-G/A7 treated); 8305C (anaplastic thyroid cancer 
cells) and 8305C/mAb A78-G/A7 (8305C cells with mAb A78-G/A7 treated). The ordinate represents the apoptotic percents. Data=means±SEM. Compared with the 
BCPAP blank control group, results presented ns (non-significant, P>0.05); While compared with the 8305C, 8305C/mAb A78-G/A7 showed a obvious difference, **P<0.01. 
Abbreviations: TC cells, thyroid cancer cells; mAb A78-G/A7, Thomsen–Friedenreich monoclonal antibody (A78-G/A7).
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vaccines targeting tumor-related carbohydrates (such as 
TF-Ag) have beneficial effects in the prevention and treat-
ment of various tumors. The results of several previous 
studies have shown that the TF-Ag vaccine is effective in 
improving the survival of breast cancer patients.27,28 In 
addition to TF-Ag-specific antibody response activation, 
TF-Ag-specific T cell activation has also been observed in 
TF-Ag passive immunized patients.29 The results of an 
experimental animal study also showed that mice immu-
nized with a synthetic TF-Ag glycopeptide vaccine pro-
duced cytotoxic T cell responses toward TF-Ag-positive 
tumor cells.30 These results suggest that tumor vaccines 
targeting TF-Ag can activate specific humoral and cellular 
antitumor responses. Thus, we believe that TF-Ag can be 
viewed as an important tumor target.

In clinical medicine, antibody immunotherapy targeting 
carbohydrate-associated antigens has been shown to have 
distinct benefits for cancer patients. Natural carbohydrate- 

reactive IgM Abs that can induce the apoptosis of tumor cells 
are viewed as a key components of innate immune surveil-
lance against tumors.31 Currently, a number of antibody 
drugs are used in the clinical treatment of cancer patients. 
For example, trastuzumab, which triggers her2-positive 
breast cancer cells apoptosis,32 and rituximab, which targets 
the B-cell malignant tumor surface antigen CD20, have been 
well used clinical treatment.31 TF-Ab is specifically pro-
duced by human immune B cells in response to TF-Ag. 
Naturally produced TF-Ab (the specific antibody against 
TF-Ag) can be detected in all adult serum,33 which may be 
part of the humoral immunosurveillance mechanism against 
TF-Ag positive tumor cells.34 However, studies have shown 
that naturally produced TF-Ab is potentially degraded and is 
present in lower titers in cancer patients. The naturally occur-
ring TF-Ab in healthy humans indicates that passive TF-Ab 
immunity will not cause pathological reactions. A previous 
study35 showed that TF-Ab can promote the apoptosis of TF- 

Figure 5 In vitro migration assay of BCPAP and 8305C cells. 
Notes: TC cells, treated with or without mAb A78-G/A7, were examined in a transwell plate. Each cell line was divided into two groups that were treated with or without 
mAb A78-G/A7. BCPAP and 8305C cells on the membranes were stained with crystal violet (×100). Bar graphs below the stained migration membranes show the results of 
the migration assay, as analyzed using ImageJ software. Results are expressed as the pixel intensity of the scanned stained migration membranes relative to negative controls. 
The horizontal coordinate represents the groupings, respectively are: BCPAP (papillary thyroid cancer cells) and BCPAP/mAb A78-G/A7 (BCPAP cells with mAb A78-G/A7 
treated); 8305C (anaplastic thyroid cancer cells) and 8305C/mAb A78-G/A7 (8305C cells with mAb A78-G/A7 treated). The ordinate represents the migration cells. 
Data=means±SEM. Relative to the blank control group, ***P<0.001. 
Abbreviations: mAb A78-G/A7, Thomsen–Friedenreich monoclonal antibody (A78-G/A7); TC cell lines, thyroid cancer cell lines.
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Ag positive cancer cells, demonstrating its potential use for 
cancer biotherapy. Thus, we proposed a hypothesis that the 
TF-Ag antibody vaccine can increase and further maintain a 
high anti-TF-Ag immune response and high TF-Ab titers that 
could prevent the recurrence and metastasis of tumors.

TC is a common malignant tumor of the endocrine 
system, the occurrence of which has rapidly increased in 
recent years.21 Although TC treatments and their effects 
have improved recent years, the trauma caused by surgery 
and the recurrence of tumors are still intractable problems, 
decreasing the quality of life and increasing the economic 
burden on patients.36,37 Therefore, it is of great importance 
to further elucidate the pathogenesis of TC and identify 
molecular targets with potential for use in early diagnosis, 
prevention, and treatment. In the present study, we 
observed that TF-Ag was highly expressed among the 
assayed TC tissues and four human TC cell lines with 
different metastatic potential, and significantly high TF- 

Ag expression was confirmed in BCPAP and 8305C cells, 
demonstrating that TF-Ag can also be an effective target in 
TC. Thus, exploring the potential effects of the TF-Ag- 
targeting TF-Ab is important for the development of ther-
apeutic approaches for TC.

In the present study, we observed a significant decrease in 
serum TF-Ab expression in primary TC patients. We further 
investigated the effect of mAb A78-G/A7 treatment on TC cell 
proliferation, apoptosis and invasion. Our results demonstrated 
that interference of TF-Ab by mAb A78-G/A7 inhibits cell 
proliferation and tumor spread, suggesting a tumor suppressor- 
like role for TF-Ab in TC. Through in vitro experiments, we 
observed that treatment with mAb A78-G/A7 significantly 
inhibited the proliferation of 8305C cells (P<0.05), and the 
number of cells in G0/G1 stage and that underwent apoptosis 
were obviously increased (P<0.05). However, a similar effect 
was not observed for BCPAP cells, with cell proliferation and 
apoptosis not being significantly inhibited. Nevertheless, the 

Figure 6 In vitro invasion assay of BCPAP and 8305C cells. 
Notes: TC cells, treated with or without mAb A78-G/A7, were examined in a transwell plate. Each cell line was divided into two groups that were treated with or without 
mAb A78-G/A7. The chamber was coated with Matrigel. BCPAP and 8305C cells on the membranes were stained with crystal violet (×100). Bar graphs below the stained 
invasion membranes show the results of the invasion assay, as analyzed using ImageJ software. Results are expressed as the pixel intensity of the scanned stained invasion 
membranes relative to negative controls. The horizontal coordinate represents the groupings, respectively are: BCPAP (papillary thyroid cancer cells) and BCPAP/mAb A78- 
G/A7 (BCPAP cells with mAb A78-G/A7 treated); 8305C (anaplastic thyroid cancer cells) and 8305C/mAb A78-G/A7 (8305C cells with mAb A78-G/A7 treated). The 
ordinate represents the invasion cells. Data=means±SEM. Relative to the blank control group, ***P<0.001. 
Abbreviation: mAb A78-G/A7, Thomsen–Friedenreich monoclonal antibody (A78-G/A7).
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adhesion, invasion and migration of all mAb A78-G/A7-trea-
ted TC cells were dramatically decreased (P<0.05), proving 
that TF-Ag blockade may reduce the invasive potential and 
proliferation of TC cells. To avoid the influence of cell viabi-
lity, cell invasion was examined 24 hours after mAb A78-G/ 
A7 treatment. To assess cell viability, CCK8, a fluorescent 
dyestuff that that can be used to monitor cell proliferation via 
decreased fluorescence intensity that occurs after each cellular 
division, was used. The effect of mAb A78-G/A7 treatment on 
cell adhesion, invasion, and migration were also tested in the 
high TF-Ag expression cell lines (BCPAP and 8305C). Our 
results showed that mAb A78-G/A7 could decrease the inva-
sive potential and migration of BCPAP and 8305C cells by 
blocking TF-Ag (Figures 4 and 5). Our findings provide new 
insights into possible treatments for patients with TC.

In summary, the results of our study confirmed impor-
tant biological roles for TF-Ag in TC progression and 
spread. Abnormal TF-Ab levels are expected to be a new 
noninvasive predictor of primary TC. Importantly, we 
observed a potential effect of mAb A78-G/A7 against 
TF-Ag in TC, providing the first evidence for a new 
therapeutic target for TC. The effectiveness of mAb 
A78-G/A7 on TC cells also provides evidence for the 
possible anticancer effect of TF-Ab in TC. Therefore, 
TF-Ab passive immunotherapy may be beneficial to TC 
patients. Further investigation of the mechanism of TF-Ab 
passive immunity in TC patients will be conducive to the 
development of targeted anti-TC treatment.

Nonetheless, our study failed to successfully establish 
animal models of papillary TCs for a further investigation, 
limiting the full therapeutic effects that could be observed. 
However, the future elucidation of TF-Ab effects will further 
enrich the development of anticancer drug therapy for TC.
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