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Abstract. Thyroid cancer is the most common malignant endo-
crine tumor, with significant morbidity and mortality. Bovine 
myeloid antimicrobial peptide 28 (BMAP‑28) is a cathelicidin 
that is found in bovine neutrophils. In the present study, the 
effect and relative mechanism of BMAP‑28 on the human 
thyroid cancer TT cell line in vitro and in vivo were investi-
gated. A 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium 
bromide assay, flow cytometry and a TT-xenograft mouse 
model were used in this study. The data obtained indicated that 
BMAP‑28 significantly inhibited the proliferation of the TT 
cells in vitro. In addition, the Annexin V‑fluorescein isothiocy-
anate/propidium iodide assay detected that BMAP‑28 induced 
apoptotic effects in the TT cells. Moreover, the expression of 
activated caspase‑3 and ‑9 was upregulated at the transcrip-
tional and translational levels. Simultaneously, the expression 
of matrix metalloproteinase (MMP)3 and MMP9 was down-
regulated following BMAP‑28 treatment. Finally, BMAP‑28 
significantly prevented the tumor growth in the TT‑xenograft 
mouse model. These results indicated that BMAP‑28 could be 
a potential agent for the treatment of thyroid cancer.

Introduction

Thyroid cancer is the most common malignant endocrine tumor, 
with significant morbidity and mortality (1,2). A steady increase 

in the incidence of this cancer type has been recorded over the 
last three decades (3). It is known that the female North American 
population has the highest incidence of thyroid cancer, with an 
age‑standardized rate of 15.1 per 100,000 females. In Western 
Europe, the age‑standardized rate is 5.8 per 100,000 females (4). 
Thyroid cancer comprises tumors with different clinical and 
histological features (5). Specifically, papillary and follicular 
thyroid cancers are slow‑growing and well‑differentiated. 
However, anaplastic thyroid cancers are undifferentiated neopla-
sias with much more aggressive activity, usually leading to 
patient mortality within one year of diagnosis (6).

Antimicrobial peptides (AMPs) are naturally occurring 
molecules found in microorganisms, plants and animals, 
and are considered as an essential component in the innate 
immunity (7,8). Despite their structural conservation, AMPs are 
emerging as a novel source of molecules and have a broad spec-
trum of activity, such as antibacterial, antifungal and antiviral 
functions (9). More recently, their abilities against tumor cells 
have been confirmed by selectively killing cancer cells, whose 
membrane proteins are negatively charged through glycosyl-
ation (10). AMPs exert anticancer activity by a membranolytic 
mode of action or via interaction with intracellular targets, or 
through use of a combination of the two (11). Cationic antitumor 
peptides represent potential antitumor therapy agents, as they 
have a number of advantages compared with other chemical 
agents, including a comparatively simple structure, a low molec-
ular mass, few adverse reactions, greater specific cytotoxicity to 
tumor cells over healthy cells, ease of absorption and a low risk 
for the induction of multi‑drug resistance (12‑14).

Bovine myeloid antimicrobial peptide 28 (BMAP‑28) is a 
cathelicidin, which is found in bovine neutrophils (15). It has 
been reported that BMAP‑28 had a wide range of antimicrobial 
activities and could confer protection to bacterial infection and 
sepsis in animals (16,17). Additionally, previous studies found 
that BMAP‑28 exhibited significantly reduced cytotoxicity 
against 3T3 cells and erythrocytes (18). However, the antitumor 
effect and clear mechanism of BMAP‑28 on thyroid cancer 
cells have not yet been investigated.

In the present study, the activity and mechanism of BMAP‑28 
on human thyroid cancer TT cells were investigated in order to 
highlight the therapeutic potential of BMAP‑28 in thyroid cancer.
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Materials and methods

Regents. BMAP‑28 (GGLRSLGRKILRAWKKYGPIIVPIIRIG) 
was synthesized using solid‑phase methodology at GL Biochemistry 
Corporation (Shanghai, China). The resulting peptide was purified by 
preparative reverse‑phase high‑performance liquid chromatography, 
resulting in final products that were deemed >95% pure. Synthetic 
antimicrobial peptide was reconstituted in phosphate‑buffered 
saline (PBS; pH 7.4) for subsequent experiments. 3‑(4,5‑Dimeth-
ylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide (MTT), sodium 
pyruvate and dimethyl sulfoxide (DMSO) were obtained from 
Sigma‑Aldrich (St. Louis, MO, USA). Annexin V‑fluorescein 
isothiocyanate/propidium iodide (Annexin V‑FITC/PI) were 
purchased from Mbchemic (Shanghai, China). Colorimetric assay 
kits for detection of capase‑3 and ‑9 were obtained from BioVision 
(Mountain View, CA, USA). Anti‑human matrix metalloproteinase 
(MMP)‑3 phycoerythrin mouse monoclonal antibody (MAb; 
1:1,000) and anti-human MMP‑9 fluorescein rabbit MAb (1:1,000) 
were purchased from R&D Systems Inc. (Minneapolis, MN, 
USA). The Easy Plus Mini kit, iScript Select cDNA Synthesis kit, 
SyberGreen qPCR Primer and iCycler iQ Multicolor Real‑Time 
PCR Detection System were all purchased from KeyGEN (Nanjing, 
China). The study was approved by the ethics committee of the 
Department of Thyroid Surgery, China‑Japan Union Hospital of 
Jilin University (Changchun, China).

Cell culture. Human thyroid cancer TT cells were obtained from 
the American Type Culture Collection (Manassas, VA, USA) 
and maintained as previously described (19). Briefly, the TT 
cells were maintained in F‑12K supplemented with 16% fetal 
bovine serum (Gibco Life Technologies, Carlsbad, CA, USA), 
100 U/ml penicillin and 100 U/ml streptomycin. The cells were 
cultured at 37˚C in a humidified incubator containing 5% CO2.

MTT assay. An MTT assay was performed to evaluate the effect 
of BMAP‑28 on the TT cells. As previously described (20), 
the cells were seeded in 96‑well plates at a concentration of 
5x103 cells/well with F‑12K medium containing 10% fetal calf 
serum and allowed to attach for 12 h. Different concentrations of 
BMAP‑28 (0, 0.5, 1, 2, 4, 8, 16 and 32 µM) were added to the cells 
and further incubated for 24, 48 or 72 h. Following incubation, 
the cells were incubated with MTT solution (5 µg/ml) for 4 h at 
37˚C, then switched into 150 µl DMSO and shaken for 5 min at 
room temperature prior to measuring absorbance at 490 nm.

Cell apoptosis assay. Cell apoptosis assays (21) were 
conducted by double staining using Annexin V and PI kits 
(eBioscience Inc., San Diego, CA, USA) to investigate whether 
BMAP‑28 induces apoptosis in TT cells. The TT cells were 
seeded in 6‑well plastic plates (5x105 cells/well) 24 h prior to 
BMAP‑28 treatment. The medium supernatant in the plates 
was then replaced, and various concentrations of BMAP‑28 
(ranging from 0 to 4 µM), diluted in PBS, were added to 
the plates. Subsequent to incubation at 37˚C in a humidified 
atmosphere with 5% CO2 for 48 h, the cells were harvested 
and washed twice with PBS. For the Annexin V‑FITC/PI 
assay, the cells were treated according to the manufacturer's 
instructions. Briefly, cells were suspended in 100 µl binding 
buffer (eBioscience, Inc.) and 5 µl Annexin V‑FITC. This 
mixture was incubated at room temperature in the dark for 

15 min. Next, cells were washed once with binding buffer, 
suspended in 100 µl binding buffer and 5 µl PI was added. 
Following this, the cells were analyzed using a BD FACS 
Calibur flow cytometer (BD Biosciences, San Jose, CA, 
USA). Signals of Annexin V‑FITC were measured at 488 nm 
for excitation and 525 nm for emission, and signals of PI were 
detected at 535 nm for excitation and 615 nm for emission.

Detection of caspase‑3, caspase‑9, MMP3 and MMP9 expres‑
sion. Caspase‑3, caspase‑9, MMP3 and MMP9 expression was 
assessed using colorimetric assay kits according to the manu-
facturer's instructions (22). The TT cells were treated with 
various concentrations of BMAP‑28 (ranging from 0 to 4 µM) 
for 24 h. Next, cell pellets were washed twice with PBS and 
scrapped with ice‑cold lysis buffer. Active caspase 3, caspase 9, 
MMP3 and MMP9 expression was measured accordingly: 
The fluorescence intensity was measured at 405 nm with a 
flow cytometer to detect the production of active molecules.

Quantitative polymerase chain reaction (qPCR). The effect of 
BMAP‑28 on the caspase 3, caspase 9, MMP3 and MMP9 RNA 
expression of the TT cells was examined by a qPCR, as previ-
ously described (23). Total RNA was extracted from the TT 
cells with or without BMAP‑28 (ranging from 0 to 4 µM) treat-
ment using TRIzol reagent and then purified with an RNeasy 
Mini kit (Qiagen Sciences Inc., Germantown, MD, USA). Next, 
qPCR was performed in an ABI PRISM 7300 sequence detec-
tion system (Applied Biosystems Life Technologies, Foster 
City, CA, USA), with 3 wells (10 µl/well) set for every reaction. 
The reactions were performed under the following conditions: 
95˚C for 10 min; 45 cycles of 95˚C for 15 sec, 60˚C for 30 sec 
and 72˚C for 30 sec to collect signals; followed by 72˚C for 
7 min to obtain a solubility curve. Relative mRNA expression 
was calculated using the comparative CT (2‑ΔΔCt) method.

The sequences of the primers were as follows: Caspase 3 
forward, 5'-AGGAAGGTGGCAACG-3' and reverse, 5'-CGC 
CA A AT C T T G C TA AT‑3 ' ;  c a s p a s e  9  fo r wa r d , 

Figure 1. Bovine myeloid antimicrobial peptide 28 (BMAP‑28) inhibits the 
proliferation of human thyroid cancer TT cells. The TT cells were treated 
with different concentrations of BMAP‑28 (ranging from 0 to 32 µM) for 
the indicated time periods (24, 48 and 72 h), and then the cell viability was 
measured by 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide 
assay. The BMAP‑28 treatment group exhibited inhibited cell proliferation in 
a dose‑ and time‑dependent manner. Data are shown as the mean ± standard 
deviation from three separate determinations with four replicates each.
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5'-GGCTGTCTA CGGCACAGATGGA-3' and reverse, 
5'‑CTGGCTCGGGGT TACTGCCAG‑3'; MMP‑3 forward, 
5'-CTCACAGACCTGACT CGGTT-3'  and reverse, 
5'‑CACGCCTGAAGGAAGAGATG‑3';  and MMP‑9 
forward, 5'-CGCAGACATCGTCATGT-3' and reverse, 
5'‑GGATTGGCCTTGGAAGATGA‑3'.

TT‑xenograft mouse model and BMAP‑28 administration 
in vivo. Nude mice purchased from the Academy of Military 
Medical Science (Beijing, China) were housed in a rodent 
facility at 22±1˚C with a 12‑h light‑dark cycle and provided 
with continuous standard rodent chow and water for acclima-
tization. The TT cells (2x107 cells/ml; 0.1 ml) were inoculated 
intradermally into the hind flank. When the diameter of the 
tumors reached 0.5 cm, the mice were randomly divided into 
four groups (n=6 per group) consisting of a model control group 
administered with normal saline, and three BMAP‑28‑treated 
groups administered at 0.25, 0.50 or 1 mg/kg body weight. 
These four groups were administered intra‑tumoral injec-
tions (50 µl) once every 5 days for 25 days. At the indicated 
time‑points, the mice were sacrificed by cervical dislocation 
24 h after the final administration. The tumor weights of the 
mice from each group were measured. During the treatment, 
the tumor volume (TV) of each mouse was measured.

The antitumor activity was expressed as the inhibitory 
rate (%) and calculated as follows: (A ‑ B) / A x 100, where 
A and B were the average tumor weight of the model and 
BMAP‑28 groups, respectively.

The TV was calculated using the following formula: 
TV = 1 / 2 x a x b2, where a and b are the long and short 
diameters of the tumors in each mouse, respectively.

Statistical analysis. All experiments were performed in tripli-
cate. The data are presented as the mean ± standard deviation. 
Statistical analysis was performed by a one‑way analysis of vari-
ance, followed by Dunnett's multiple comparison or Student's 
t‑test, where P<0.05 was considered to indicate a statistically 
significant difference.

Results

BMAP‑28 suppresses cell proliferation of TT cells. To clarify 
the effects of BMAP‑28 on thyroid cancer cells in vitro, human 
thyroid cancer TT cells were treated with BMAP‑28 at different 
concentrations (ranging from 0 to 32 µM) for 24, 48 and 72 h. 
As shown in Fig. 1, BMAP‑28 time‑ and dose‑dependently 
inhibited the cell proliferation. Specifically, at 48 h, the cell 
viabilities were 65.2, 53.3, 30.7, and 19.9% at the dose of 1, 2, 
4 and 8 µM BMAP‑28, respectively. The results illustrate that 
BMAP‑28 exerted a direct cytotoxic effect on the TT cells.

BMAP‑28 induces cell apoptosis of TT cells. To test 
whether BMAP‑28 induced cell death through apoptosis, 
an Annexin V‑FITC/PI assay was performed to measure 
the percentage of apoptotic cells. Positive staining with 
Annexin V‑FITC correlated with the loss of membrane 

Figure 2. BMAP‑28 induces the cell apoptosis of TT cells. (A) Analysis of TT cell apoptosis was conducted by flow cytometry using Annexin V‑fluorescein 
isothiocyanate/PI staining. Late apoptotic cells, which could bind Annexin V and PI, are in the upper right quadrant, while early apoptotic cells, which could 
bind Annexin V, are in the lower right quadrant. Representative dot plots indicate the distribution of different cell populations following treatment with 
BMAP‑28 (ranging from 0 to 4 µM) for 48 h. (B) Percentage of apoptosis. Respective data from at least three independent experiments are summarized and 
presented as the mean ± standard deviation (**P<0.01 vs. control group). BMAP‑28, bovine myeloid antimicrobial peptide 28; PI, propidium iodide.

  A

  B
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polarity, among which the complete loss of membrane integ-
rity lead to apoptosis. PI entered the cells after the loss of 
membrane integrity. Therefore, dual labeling with Annexin V 
and PI was adopted for discriminating between unaffected 
and apoptotic cells. The results indicated that BMAP‑28 
induced apoptotic effects on the TT cells (Fig. 2A). Specifi-
cally, the induced apoptotic cell accumulation reached 6.5, 
14.6 and 15.3% at the dose of 1, 2 and 4 µM BMAP‑28, 
respectively (Fig. 2B). Therefore, induced apoptosis could be 
one mechanism for BMAP‑28 in preventing the proliferation 
of TT cells.

BMAP‑28 activates caspase‑3 and caspase‑9 in TT cells. 
Given that caspase‑3 and caspase‑9 are activated during the 
early stage of apoptosis, they are treated as markers of apop-
totic cells (22). The present results indicated that caspase‑3 and 
caspase‑9 were activated in the BMAP‑28‑treated TT cells as 
the dose increased (Fig. 3A‑D). Moreover, similar results were 
obtained in the qPCR assay where the RNA levels of caspase‑3 
and caspase‑9 in the TT cells were increased after exposure to 
BMAP‑28 (Fig. 3E and F).

BMAP‑28 suppresses MMP3 and MMP9 in TT cells. To inves-
tigate whether BMAP‑28 could affect MMP3 and/or MMP9, 
further experiments were performed. The obtained data indi-
cated that the protein and mRNA expression of MMP3 and 
MMP9 in the TT cells was downregulated in a dose‑dependent 
manner following exposure to BMAP‑28 (Fig. 4).

BMAP‑28 prevents tumor growth in the TT‑xenograft mouse 
model. In order to detect whether BMAP‑28 could prevent 
the TT growth in vivo, the TT-xenograft nude mouse model 
was established. As shown in Fig. 5, BMAP‑28 significantly 
inhibited the TT cell growth as the dose increased. Specifi-
cally, in the 1 mg/kg group, the tumor inhibitory rate was up 
to 55.6%. These results suggested that BMAP‑28 administra-
tion prevented the TT tumor growth in the mice.

Discussion

Thyroid cancers are the most commonly occurring neoplasms 
of the endocrine system, with an excellent prognosis in 
the initial stages (1). The cancer is histopathologically 

Figure 3. Bovine myeloid antimicrobial peptide 28 (BMAP‑28) activates caspase‑3 and caspase‑9 in TT cells. The TT cells were cultured in the presence 
of different concentrations of BMAP‑28 (ranging from 0 to 4 µM) for 48 h and subjected to the quantitative polymerase chain reaction and flow cytometric 
analysis for active caspase‑3 and caspase‑9, respectively. BMAP‑28 exhibited an initial increase in the level of (A and B) active caspase‑3 and (C and D) active 
caspase‑9. The histogram overlays shown in (A) and (C) are representative of triplicates, and the combined results are presented in (B) and (D). BMAP‑28 
upregulated (E) caspase‑3 and (F) caspase‑9 gene expression (n=3; data are shown as the mean ± standard deviation. *P<0.05, **P<0.01 vs. control group).

  A   B

  C   D

  E   F
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classified into three groups: Differentiated thyroid carcinoma 
(94%), medullary thyroid carcinoma (4%) and anaplastic 

(undifferentiated) thyroid carcinoma (2%). However, there are 
few available therapeutic options for advanced or metastatic 

Figure 4. Bovine myeloid antimicrobial peptide 28 (BMAP‑28) prevents the transcription and translation of matrix metalloproteinase (MMP)3 and MMP9. 
(A‑D) BMAP‑28 suppressed the protein expression of (A and B) MMP3 and (C and D) MMP9 in the TT cells. The TT cells were treated with BMAP‑28 (ranging from 
1 to 4 µM) for 48 h, then the cells were collected and analyzed by flow cytometry. (E and F) Downregulation of MMP3 and MMP9 transcription in BMAP‑28‑treated 
TT cells. RNA extracted from TT cells treated with or without BMAP‑28 (1, 2 and 4 µM) for 48 h were analyzed by quantitative polymerase chain reaction, as described 
in the Materials and methods section. Values are presented as the mean ± standard deviation from three separate experiments. *P<0.05 and **P<0.01 vs. control group.

  A   B

  C   D

  E   F

Figure 5. Bovine myeloid antimicrobial peptide 28 (BMAP‑28) significantly suppresses tumor growth in vivo. (A) The tumor volume curve in the TT‑bearing 
mice treated with or without BMAP‑28. (B) The tumor weights were decreased in a dose‑dependent manner. Data are presented as the mean ± standard devia-
tion. *P<0.05 and **P<0.01 vs. the control group.

  A   B
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disease. Hence, it is necessary to develop novel drugs with 
high efficiency and low toxicity.

AMPs, which are effective molecules of innate immunity, 
have recently been shown to exhibit anticancer activity; 
they have gained much attention as potential anticancer 
agents (24). AMPs with cancer‑selective toxicity have become 
a potential source of alternative chemotherapeutic agents that 
may overcome the limitations of current drugs.

BMAP‑28, a cathelicidin found in bovine neutrophils, 
has been shown to possess broad‑spectrum antimicrobial 
activity (16). However, its anti‑thyroid cancer activity has not 
been elucidated. In the present study, the anticancer activity and 
mechanisms of BMAP‑28 on human TT cells were investigated. 
It was found that BMAP‑28 significantly inhibited the prolifera-
tion of the TT cells in vitro (Fig. 1), indicating that BMAP‑28 
possessed anti‑TT cell activity. The mechanisms of BMAP‑28 
on the TT cells were investigated in the further experiments.

Apoptosis, an active process leading to cell death, is medi-
ated by programmed signaling pathways that can be initiated 
by a range of types of extracellular or intracellular stimulation. 
In order to evaluate the efficacy of anticancer therapies, the 
ability to induce apoptosis is essential (25). In the present study, 
the Annexin V‑FITC/PI double‑staining assay suggested that 
BMAP‑28 induced apoptosis in the TT cells (Fig. 2). Members 
of the caspase family have major roles in cell apoptosis (26). 
The caspase cleavage cascade is a well‑known process that 
starts with initiator caspase activation via the intrinsic or 
extrinsic pathways. Caspase‑9 is the key initiator caspase for 
the intrinsic pathway to induce cell death, and activation of 
this caspase occurs with the release of cytochrome c at the 
mitochondrial membrane. Caspase 3 is an effector caspase that 
mediates the cleavage of multiple cellular proteins in tandem 
with other effector caspases (27). The present study found that 
the protein and mRNA expression of caspase‑3 and caspase‑9 
increased significantly in the BMAP‑28‑treated group, which 
indicated that BMAP‑28 could induce apoptosis in the TT cells 
partly via the activation of caspase‑9 and caspase‑3 (Fig. 3). 
From these results, it may be concluded that activated caspase‑3 
and ‑9 contribute to BMAP‑28‑induced apoptosis.

MMPs family members are among the best characterized 
proteases and consist of zinc endopeptidases sharing homolo-
gous catalytic domains. The main characteristic of these 
enzymes is to catalyze the cleavage of the extracellular matrix 
protein components and to function in tissue remodeling during 
development, wound healing, cancer invasion and metastasis, 
as well as other physiological processes (28). A wide variety 
of extracellular matrix components are known to be degraded 
by the MMP‑9 and MMP‑3 enzymes, including collagen I, 
collagen IV and the proteoglycans (29). MMP‑9 has significant 
involvement in tumor metastasis due to its role in basement 
membrane cleavage, which allows migratory phenotype cells 
to be more motile and invasive (30). The inhibition of MMP‑9 
and MMP‑3 expression may therefore be significant in the 
development of tumor metastasis treatments. As shown in 
Fig. 4, in the present study, BMAP‑28 was able to inhibit the 
mRNA and protein of MMP‑9 and MMP‑3.

BAMP‑28 exhibited a marked inhibitory effect on the 
TT cells in vitro, which contributed to the induction of 
apoptosis (caspase‑3/9) and the inhibition of cancer invasion 
(MMP‑3/9). TT‑xenograft tumor models were established 

in nude mice (Fig. 5) to investigate whether BAMP‑28 also 
had an inhibitory effect in vivo. Compared with the model 
control, BMAP‑28 dose‑dependently suppressed the prolif-
eration of the TT cells in the tumor‑bearing mice. Hence, 
BAMP‑28 could inhibit the TT cell proliferation, not only 
in vitro, but also in vivo.

In summary, BMAP‑28 inhibited the proliferation of 
human TT cells in vitro and in vivo through the induction 
of the activation of caspase‑3 and caspase‑9 and the inhibi-
tion of MMP‑3 and MMP‑9. These results suggested that 
BMAP‑28 may be a potential candidate for the treatment of 
thyroid cancer.
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