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TFF3 knockout in human pituitary adenoma cell HP75 
facilitates cell apoptosis via mitochondrial pathway
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Abstract: Trefoil factor 3 (TFF3), a regulatory protein composed of 59 amino acids, has been suggested to be 
involved in pathogenesis, proliferation, differentiation, invasion, migration and apoptosis in multiple malignant tu-
mors. This study thus investigated the effect of TFF3 knockout in human pituitary adenoma cell line HP75 on cell 
apoptosis and related pathways. RNA interference approach was used to knock down the expression of TFF3 pro-
tein. The gene silencing was validated by RNA denaturing gel electrophoresis and Western blotting. The effect of 
TFF3 knockout on cell apoptosis was analyzed by Western blotting and flow cytometry. TFF3 protein level in pituitary 
adenoma was about 3.61 ± 0.48 folds of that in normal tissues (P < 0.01). After transfecting with small interfer-
ence RNA (siRNA) against TFF3, the apoptotic ration was significantly elevated (P < 0.01). Apoptosis related protein 
Bcl-2 and caspase-3 levels were remarkably depressed after siRNA transfection, while Bax and cleaved caspase-3 
levels were elevated. TFF3 protein knockout can facilitate apoptosis of human pituitary adenoma HP75 cells via 
mitochondrial pathway.
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Introduction

Pituitary adenoma is formed by monoclonal 
proliferation of gland cells in anterior pituitary. 
It is one common intracranial tumor, occupying 
about 10%~15% of total cases, only next to  
glioma and meningioma [1-3]. About 3.3% of 
tumors may invade adjacent tissues including 
cavernous sinus and hypothalamus, making 
the surgical resection extremely difficult [4-6]. 
Those patients, therefore, need radio- or che-
mo-therapy after surgery, significantly compro-
mising their life qualities. All these factors con-
tribute to relatively higher recurrence rate of 
pituitary adenoma [2, 7-10]. Therefore, patho-
genesis and effective treatment pathway of 
pituitary adenoma have been widely explored 
but without molecular mechanism fully under- 
stood.

Trefoil factor 3 (TFF3) is one regulatory protein 
composed of 59 amino acid residues. Recent 
studies have indicated the important role of 
TFF3 in occurrence, proliferation, differentia-
tion, invasion, migration and apoptosis of mul-

tiple human tumors [11, 12]. The expression 
level of TFF3 protein can be used as one indica-
tor for tumor progression [13]. TFF3 knockout 
can also significantly enhance the sensitivity of 
tumor cells to radio- or chemo-therapy, beside 
the inhibition on tumor cell proliferation, inva-
sion and migration [14, 15]. In this study, the 
expression of TFF3 protein in human pituitary 
adenoma cell line HP75 was silenced by small 
interference RNA (siRNA), in order to investigate 
the effect of TFF3 knockdown on cell apoptosis, 
along with the elucidation of apoptotic regula-
tory pathway. This study aimed to provide fur-
ther evidence for clinical treatment of pituitary 
adenoma using TFF3 as the target.

Materials and methods

HP75 cell culture and transfection

Human pituitary adenoma cell HP75 was resus-
citated and incubated in low-glucose DMEM 
complete medium (Gibco, US) containing 10% 
fetal bovine serum (FBS, Gibco, US) in a humidi-
fied chamber with 5% CO2 at 37°C. Until reach-
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ing confluence of 80%~90%, cells were digest-
ed in 0.25% trypsin containing EDTA for pass- 
age.

Before transfection, cells were seeded into 
48-well plate at 6 × 105/mL and were divided 
into negative control (transfecting with con-
trolled siRNA vector) and experimental group 
(transfected with siTFF3-siRNA vectors). 18 
hours after transfection, supernatants contain-
ing viral vectors were removed. Cells were re-
suspended in 2 mL RPMI medium containing 
10% FBS. After 48 hours, images were taken to 
deduce the transfection efficiency.

Clinical sample collection

A total of 24 tissues samples were collected 
from pituitary adenoma surgeries from August 
2013 to May 2015 in the department of neuro-
surgery of XXX hospital. Among all 24 pati- 
ents, there were 13 males and 11 females, 
aging between 55 and 72 years old (average 
age = 65.4 years). All cases have confirmed 
diagnosis by pathological examination, and 
have complete medical records. Tissue sam-
ples were rinsed in PBS and kept in liquid nitro-
gen. This study has been pre-approved by the 
ethical committee of the host hospital and  
has obtained written consents from all partici- 
pants.

Western blotting

Cells were collected and rinsed in cold PBS, 
and were lysed in 0.2 mL lysis buffer for extract-
ing total proteins. 20 μg proteins were separat-
ed by SDS-PAGE, and were transferred onto 
PVDF membrane. The membrane was incubat-
ed with primary antibody against Bcl-2, GAPDH, 
TFF3, Bax or GAPDH (Abcam, US). Secondary 
antibody including goat anti-mouse IgG IR Dye 
800cw and goat anti-rabbit IgG IR Dye 800cw 
(Odyssey, US) was then applied for continuous 
incubation. After PBS rinsing, Odyssey scan-
ning system was used to visualize the signal. 
Protein expression level was calculated against 
GAPDH.

RNA gel electrophoresis

1.2% formaldehyde-based denaturing agarose 
was prepared. RNA samples were mixed with 
1.0 μL ethidium bromide and were loaded onto 
agarose gel. Gel electrophoresis was perform- 

ed under 10 V/cm electrical field for 30 min. 
Ultraviolet imaging system was used to analyze 
experiment results.

Cell apoptosis assay

HP75 cells were firstly digested by 0.25% tryp-
sin for preparing single cell suspension. After 
rinsing in PBS for three times, cell were re- 
suspended at 105/mL concentration. Annexin 
V-FITC (5 μL) was firstly added, followed by PI 
dye (5 μL). The mixture was incubated in dark 
for 30 min, and was subsequently loaded for 
flow cytometry assay. Each experiment was 
triplicated (N = 3).

Statistical analysis

All experimental data were analyzed by SPSS 
18.0 software, and were presented by mean ± 
standard deviation (SD). Independent two-sam-
ple student t-test was used to compare means. 
A statistical significance was defined when P < 
0.05.

Results

TFF expression in human pituitary adenoma 
tissues

All 24 samples of human pituitary tissues  
were identified as invasive pituitary adenoma. 
Western blotting was performed on tumor and 
adjacent tissues. Results showed significantly 
elevated TFF3 protein level in tumor tissue 
compared to adjacent normal tissue (P < 0.01, 
Figure 1).

TFF3 expression after siRNA transfection

HP75 cells were transferred with controlled 
siRNA vector or siTFF3-siRNA vector. RNA gel 
electrophoresis results showed significantly 
depressed mRNA level in siRNA transfect- 
ed cells (Figure 2A). Western blotting fur- 
ther showed decreased protein levels (Figure  
2B). Therefore efficient siRNA transfection is 
achieved.

HP75 cell apoptosis after TFF3 protein knock-
down

Using annexin V-FITC and PI double labelling, 
flow cytometry results showed significantly  
elevated apoptotic level of HP75 cells after 
TFF3-siRNA transfection, as compared to con-
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trol group (18.33 ± 1.93 vs. 3.85 ± 0.98, P < 
0.01, Figure 3).

Apoptotic proteins expression in HP75 cells

48 hours after TFF3 knockdown, Western blot-
ting was performed to detect expressional pro-
file of apoptotic related protein Bcl-2 and Bax. 
Result showed significantly decreased Bcl-2 
protein, and increased pro-apoptotic protein 
Bax expression levels after TFF3 knockdown 
(Figure 4, P < 0.01). Further studies showed 
that, 48 hours after TFF3 knockdown, the pre-
cursor of caspase-3 protein, procaspase-3, 
was significantly down-regulated, with elevated 
level of proteolytic fragments (Figure 4, P < 
0.01). These results collectively suggested the 
silencing of TFF3 protein facilitated apoptosis 
of HP75 cells via endogenously mitochondrial 
pathway.

Discussion

Recent clinical studies have revealed the patho-
genesis of pituitary adenoma including interac-

tion between multiple cytokines and genes. 
TFF3 is one regulatory protein composed of 59 
amino acid residues. Recent studies have indi-
cated the important role of TFF3 in occurrence, 
proliferation, differentiation, invasion, migra-
tion and apoptosis of multiple human tumors. 
The expression level of TFF3 protein can be 
used as one indicator for tumor progression 
[11-13]. TFF3 knockout can also significantly 
enhance the sensitivity of tumor cells to radio- 
or chemo-therapy, beside the inhibition on 
tumor cell proliferation, invasion and migration 
[14, 15]. This study investigated a total of 24 
pituitary adenoma samples and found low 
expression level of TFF3 in normal people, 
while tumor patients had significantly higher 
level. Therefore, the role of TFF3 protein in the 
pathogenesis of pituitary adenoma is of critical 
importance.

This study firstly down-regulated TFF3 protein 
expression by RNA interference, and validated 
by RNA denaturing agarose gel electrophoresis 
and Western blotting. After knockdown of TFF3 
in HP75 cells, the percentage of Annexin V-FITC 

Figure 1. TFF3 protein expression. A. Western blotting 
bands of TFF3 protein in normal pituitary tissue (left) and 
in pituitary tumor (right). B. Quantitative data of TFF3 in 
normal and tumor tissues. **P < 0.01 compared to nor-
mal tissue.

Figure 2. TFF3 expression level in HP75 cells after transfection. A. RNA gel electrophoresis; B. Western blotting 
bands.
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and PI double positive cells was significantly 
elevated from 3.85% ± 0.98% to 18.33% ± 
1.93%. As apoptosis is the result of a series  
of interactions between apoptotic related pro-
teins, we further tested apoptosis related pro-
teins including Bcl-2, Bax and caspase-3 pro-
teins in HP75 cells 48 hours after transfect- 
ion. Our results showed significantly depressed 
anti-apoptotic protein Bcl-2 and caspase-3 pre-
cursors expression after TFF3 knockdown, and 
elevated pro-apoptotic proteins Bax and cas-
pase-3 cleaved fragment levels.

Bcl-2 is a type of intracellular protein that is 
coded by oncogene bcl-2 that inhibits cell apop-
tosis. Its over-expression may induce the malig-
nant clonal proliferation of tumors [16]. Bax 
protein is one membrane perforated protein 
that can stimulate cytochrome C release, and 
can initiate caspase-3 proteinase-induced 
endogenous apoptotic pathway after activa-
tion. The over-expression of pro-apoptotic pro-

tein Bax can inhibit tumor cell proliferation in 
addition to facilitating cell apoptosis [17]. Both 
belonged to Bcl-2 protein family, Bax and Bcl-2 
proteins play an important modulatory role in 
the means of their relative ratio [18]. In most 
tumor cells, the anti-apoptotic protein Bcl-2 
was up-regulated while pro-apoptotic protein 
Bax is down-regulated, thus inhibiting tumor 
cell apoptosis. In contrast, the down-regulation 
of Bcl-2 and up-regulation of Bax can activate 
caspase-3 proteinase precursor, procaspase-3, 
further activating downstream apoptotic signal-
ing pathway. Caspase-3 proteinase plays a cru-
cial role in endogenous (mitochondrial) apop-
totic pathway. The activation of caspase-3 pro-
teinase can further induce apoptotic related 
proteins, for initiating mitochondria-induced 
endogenous apoptosis, finally leading to the 
alternation of molecular biological and morpho-
logical properties of tumors. Therefore the acti-
vation of Bax is regarded as one of key steps in 
caspase-3 protein activation, which can initiate 

Figure 3. Cell apoptosis of HP75 cells after TFF3 
knockdown. A. Flow cytometry results (FITC/PI); 
B. Quantitative results of cell apoptosis after 
TFF3 protein knockdown. **P < 0.01 compared 
to control group.
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mitochondria-induced endogenous apoptosis 
program, further leading to cell death [19]. Our 
study found significantly depressed expression 
levels of Bcl-2 and caspase-3 precursor pro-
teins in HP75 cells with TFF3 knockdown, whilst 
Bax and caspase-3 cleaved fragments were 
significantly elevated [20]. These data collec-
tively suggested the induced cell apoptosis of 
HP75 cell line by TFF3 protein knockdown by 
mitochondrial pathway.

This study showed significantly elevated TFF3 
protein expression level in pituitary adenoma 
patients compared to normal peoples. The 
knockdown of TFF3 protein expression by 
siRNA approach was shown to induce tumor 
cell apoptosis via mitochondrial pathway. Our 
study provides new insights regarding the pre-
cise treatment of pituitary tumor and evaluat-
ing biological behavior of tumors. Further explo-
ration of TFF3 may provide novel drug targets 
for the diagnosis and treatment of pituitary 
adenoma.
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