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Abstract
Aim: To further analyse cancer involvement of basic transcription factor 3 (BTF3) after detection of its upregulation in gastric tumor samples. 
METHODS: BTF3 transcription rates in human gastric tumor tissue samples (n = 20) and adjacent normal tissue (n = 18) specimens as well as in the gastric cancer cell lines AGS, SGC-7901, MKN-28, MKN-45, MGC803 were analyzed via quantitative real-time polymerase chain reaction. Furthermore, the effect of stable BTF3 silencing via infection with a small interfering RNA (siRNA)-BTF3 expressing lentivirus on SGC-7901 cells was measured via Western blot analysis, proliferation assays, cell cycle and apoptosis profiling by flow cytometry as well as colony forming assays with a Cellomic Assay System. 
Results: A significant higher expression of BTF3 mRNA was detected in tumors compared to normal gastric tissues (P < 0.01), especially in section tissues female patients compared to male patients and all tested gastric cancer cell lines expressed high levels of BTF3. From days 1 to 5, the relative proliferation rates of stable BTF3-siRNA transfected SGC7901 cells were 82%, 70%, 57%, 49% and 44% compared to the control, while the percentage of cells arrested in the G1 phase was significantly decreased (P = 0.000) and the percentages of cells in the S (P = 0.031) and G2/M (P = 0.027) phases were significantly increased. In addition, the colony forming tendency was significantly decreased (P = 0.014) and the apoptosis rate increased from 5.73% to 8.59% (P = 0.014) after BTF3 was silenced in SGC7901 cells. 
Conlusion: BTF3 expression is associated with enhanced cell proliferation, reduced cell cycle regulation and apoptosis and its silencing decreased colony forming and proliferation of gastric cancer cells.
© 2013 Baishideng. All rights reserved.  
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Core tip: After we found, that basic transcription factor 3 (BTF3) transcription rates in human gastric tumor tissue samples were significantly higher than in adjacent normal tissues, we extended our study on gastric cancer cell lines. We silenced BTF3 in SGC7901 cells, which led to 82%, 70%, 57%, 49% and 44% proliferation rates of the control within the first 5 d after infection with a small interfering RNA-BTF3 containing lentivirus. After BTF3 silencing, the percentage the G1 phase arrested SGC7901 cells was decreased (P = 0.000), the percentages of cells in the S (P = 0.031) and G2/M (P = 0.027) phases were increased and the apoptosis rate increased from 5.73% to 8.59% (P = 0.014).
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INTRODUCTION
Basic transcription factor (BTF3) is a 27 kD protein that in humans is encoded by the BTF3 gene[1,2] and evolutionarily conserved in a variety of cells[3]. BTF3 was initially discovered as a member of the general transcription machinery and functions as a transcriptional initiation factor from proximal promoter elements by forming a stable complex with RNA polymerases[4,5]. There are two ubiquitously expressed isoforms of the BTF3 gene that encode BTF3a and BTF3b proteins. The BTF3a is the transcriptional active form of BTF3, while the isoform BTF3b, which lacks the first 44 amino acids of the BTF3a N-terminus is transcriptionally inactive, although it is able to bind to the RNA polymerase II[6]. However, previous studies indicated that BTF3 was not in fact essential for specific, in vitro initiation of transcription, but its biological importance was shown by the fact that mouse embryos, homozygous for a loss of function mutation in the BTF3 gene died at the early stage of development indicating its important role during development[7]. In addition, BTF3 was up-regulated strongly in mouse pregnancy, indicating an involvement in alveolar growth[8]. In cancer, It has been reported that the BTF3 gene has been over expressed in colorectal cancer, glioblastomas and hepatocellular carcinomas[9-12]. In the pancreatic ductal adenocarcinoma, the median level of the BFT3 and BFT3a mRNA was increased 1.3 and 4.6 folds compared to the normal tissue respectively. Down regulation of the BTF3 expression using small interfering RNA (siRNA) resulted in reduced expression of several cancer‑associated genes, including ephrin receptor B2, which is mainly expressed during development and involved in tumor cell survival[13,14] and heparanase 2 an extracellular matrix degrading enzyme involved in cell adhesion, as well as ataxia-telangectasia mutated gene, which is implicated in cell cycle arrest[15], DNA repair[16] or apoptosis and the oncogene V-abl Abelson murine leukemia viral oncogene homolog 2, a nuclear protein tyrosine kinase for cell differentiation, cell division and cell adhesion[17]. By BFT3 silencing up‑regulated genes were k-ras oncogene-associated gene, related ras viral oncogene homolog 2, nuclear factor kappa-B, murine retrovirus integration site 1 and mucosal vascular addressin cell adhesion molecule 1 all known to be involved in tumor development[18]. In addition, BTF3 interacts with either 17β-estradiol or epidermal growth factor activated ERα via its AF1 domain in the breast cancer cell line MCF-7 and up-regulates transcriptional responses of ERα reporter genes[19,20]. In this study we analyzed the expression of BTF3 mRNA and protein in gastric tumors and normal samples as well as compared BTF3 expressions in different gastric tumor cell lines. Finally we used siRNA-BTF3 to down regulate BTF3 expressions in gastric tumor cells and measured the changes of proliferation and apoptosis to investigate the relationship between BTF3 and gastric cancer.
MATERIALS AND METHODS
Patients 
Human tissue samples were gastric tumor (n = 20) and adjacent normal tissue (n = 18) specimens obtained from patients with a median age of 63 years (range: 35–83 years) in whom gastric resections were performed from November 2011 to March 2012 in the Second Xiangya Hospital of Central South University. All samples were confirmed by histological analysis. Freshly removed tissues (within 5 min after surgical excision) were: (1) fixed in paraformaldehyde solution for 12 to 24 h and then paraffin embedded for histological analysis; (2) kept in RNAlater (Ambion Ltd., Huntingdon, Cambridgeshire, United Kingdom) for RNA analysis; or (3) snap-frozen in liquid nitrogen and maintained at -80˚C for protein analysis. The Human Ethics Committee of the first affiliated hospital of Hunan normal university in China, approved all studies, and written informed consent was obtained from all patients.
Cell culture 
Gastric cancer cell lines (AGS, SGC-7901, MKN-28, MKN-45, and MGC803) were grown in complete DMEM medium (GIBCO, supplemented with 10% FCS and 5 U/mL penicillin, and incubated at 37 ˚C in 5% CO2 atmosphere.
Plasmid and vector construction 
The selected and optimized siRNA (sense: GCCGAAGAAGCCTGGGAATCA, Anti-sense: TGATTCCCAGGCTTCTT CGGC) against human BTF3 and negative control (sense: TTCTCCGAACG TGTCACGT, antisense: ACGTGACACGTTCGGAGAA) was used in generating the lentiviral vector. Basically, the BTF3 siRNA transcript template was synthesized, digested with Age I/EcoRI enzymes, and then ligated with pGCSIL-GFP vector. After checking by agarose electrophoresis, successful recombinants were amplified and purified. All used recombinants were sequenced. In order to evaluate the inhibition effect of BTF3 sequences, the confirmed pGCSIL-GFP recombinants were transfected into 293T cells (data not shown). The expressed BTF3 protein was detected by Western blot.

Quantitative real-time polymerase chain reaction 
Cells were split during the log-phase growth before plating into the 6-well plate with complete medium, and incubated at 37˚C with 5% CO2. Appropriate amount of lentiviral vectors were added to cells when 30% confluence was reached. Total RNA was extracted 5 days after treatment from cells with GFP expression by Trizol (Invitrogen, 15596-026).  RNA (2 ug) was reverse transcribed using M-MLV-RTase (Promega, M1705) following manufacture's instruction. Real-Time PCR was done using the tested primer set (Table 1) and SYBR Master Mixture (TAKARA, DRR041B) following the manufacture's instruction with a TAKARA's TP800 Real Time PCR Instrument. Following the normalization with glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene, Relative quantification of BTF3 expression was done by the comparative CT method (2-ΔΔC method).

Total protein extraction, SDS-PAGE and immunoblotting 
Cells were harvested 36 to 48 hours following the transfection. Pellets were washed twice with cold PBS and then cells were lysed on ice for 10 to 15 min using proper lysis buffer (1 mol/L Tris-HCl 100 mmol/L, 2% 2-mercaptoethanol, 20% glycerol, 4% SDS). After sonication, total protein extraction was performed by centrifugation at 1200 g for 15 min at 4˚C. Protein was separated using SDS-polyacrylamide gel electrophoresis (SDS-PAGE), with 4% separating and 3%-15% gradient stacking gel. After SDS-PAGE, protein samples were wet transferred to PVDF membranes for immunoblotting. To detect the target protein, the PVDF membrane was incubated with appropriate primary antibodies, either 2 h at the room temperature or overnight in the cold room (Mouse Anti-GFP Santa-Cruz SC-9996, 1:2000, Mouse anti-GAPDH Santa-Cruz SC-32233 1:5000), following 3 times of 10 min TBST washes, membranes were incubated with secondary antibodies for 2 h at room temperature (Goat Anti-Mouse IgG Santa-Cruz SC-2005 1:5000). After further 3 times washing, target proteins were detected by using ECL + plusTM Western blotting system (Amersham Cat.RPN2135).

Flow cytometry assays 
Cells were harvested by Trypsin/EDTA solution from the 6cm dishes at 80% confluence followed by the setting up of the designed assays. Pellets were then washed with PBS and collected into 5ml centrifuge tubes in triplicate. After fixation using pre-cooled 4˚C 70% ethanol for 1 h, cells were washed again and then stained with Propidium iodide (FACSCalibur, BD United States).
Colony forming assay 
Five hundred cells were plated per well in 96-well plates in triplicate. After the colony number reached more than 5 in most of the wells the colonies were scanned using Cellomics system following the manufacture's protocol. The colony size and cell numbers within each colony was analyzed by Cellomics system (Thermo, ArrayScan VT1, United States). The data were then statistically analyzed. 
Statistical analysis

Results of all calculations are expressed as mean ± SD. Analysis of variance (ANOVA) with multiple comparisons using Bonferroni's test or one-way ANOVA was performed where appropriate. The difference between two groups was analyzed by unpaired t-test GraphPad Prism (version 3.02–2000). The results of statistical tests were considered significant if the P value was < 0.05 and < 0.01.
RESULTS
Level of BTF3 expression in gastric cancer and tumor cell lines 
A quantitative real-time PCR was performed to identify the transcription levels of the BTF3 gene in 20 human gastric tumors and the relative tumor free margins (n = 18) as healthy tissue control. A significant higher transcription of BTF3 mRNA was detected in tumors compared to normal gastric tissues (Figure 1A, P < 0.01), especially in female patients’ section tissues compared to male patients (Figure 1B) and between the gastric body tumor and adjacent normal tissue, but no significant difference was detectable between gastric antrum or cardia tumor and adjacent normal tissues (Figure 1C). In order to further confirm that the BTF3 gene was widely expressed in our gastric tumor cell lines, quantitative real-time polymerase chain reaction (PCR) was performed in five different cell lines AGS, SGC-7901, MKN-28, MKN-45 and MGC803. SGC-7901, MKN-45 and MGC803 which are all poorly differentiated adenocarcinomas, while the MKN-28 and AGS are high and moderately differentiated cell lines. The expected products of BTF3 mRNA were detected in all the above five cell lines (Figure 1D). 
Silencing of BTF3 by using siRNA 
Based on the significant BTF3 up-regulation from the clinical data, we sought that the regulation of BTF3 in gastric tissue might be related to cancer initiation promotion and progression. To investigate this, the gene was silenced using lentiviral vectors expressing the specifically designed synthetic siRNA-BTF3. In pilot experiments, the siRNA-BTF3 was successfully transfected into human SGC7901 and 293T cell lines for mRNA expression profiles and protein analyses via GFP expression to estimate the transfection efficiency (Figure 2A). In SGC7901 cells, a significant down-regulation of the BTF3 gene was measured after siRNA-BTF3 application (Figure 2B). The BTF3 transcription in siRNA transfected cells was 12.4% compared with the negative control transfected cells (P = 0.0066).  Also the BTF3 protein levels in SGC7901 cells, detected by a Western blot analysis 48 h after siRNA-BTF3 transfection were reduced compared to the control (Figure 2C). 
The BTF3 silencing effect in SGC7901 cells 
In order to identify the effect on gastric tumor cells, proliferation, cell cycle, apoptosis and colony forming assays were performed with siRNA-BTF3 transfected SGC7901 cells. The silencing of BTF3 significantly slowed down the SGC7901 cell growth in the proliferation assay (Figure 3). On day 1 the siRNA transfected cells already started to show an 18% slower proliferation rate compared with the negative controls.  The difference became increasingly significant and peaked at the end the proliferation assay on day 5, where the siRNA transfected cells had a 44% proliferation rate of the negative control. From day 1 to day 5, the relative proliferation rates of siRNA transfected SGC7901 were 82%, 70%, 57%, 49% and 44%, respectively. In summary, an obvious effect on proliferation of SGC7901 was induced by silencing BTF3 (Figure 3, BTF3-siRNA). A cell cycle profile of the siRNA-BTF3 transfected cells showed, that the percentage of cells arrested in the G1 phase was significantly decreased, while the percentages of cells at the S and G2/M phases were significantly increased (Figure 4). The knockdown of BTF3 in SGC7901 cells also induced an increased level of apoptosis. Cells with good transfection efficiency were harvest at day 5 for a flow cytometry assay with two methods (Figure 5A and C). The negative control group which was transfected with empty vectors showed 5.73%, 0.76% apoptosis, while the apoptosis rate of siRNA-BTF3 transfected group was 8.59%, 1.1% (Figure 5B and D). The down-regulation of BTF3 increased the apoptosis rate nearly 2 fold. To detect the long term effect on SGC7901 cells following BTF3 silencing, a colony forming assay was performed. Colonies were scanned and analyzed by the Cellomic Assay System. Cells after BTF3 silencing showed a significant lower colony forming ability compared with the negative controls (Figure 6A). In the silenced group, 14 d following the initiation of the assay in average 10 colonies were detected, whereas a significant higher number of 22 colonies (mean) were detected in the negative group (P = 0.014) (Figure 6B). In addition, the number of cells in each siRNA-BTF3 transfected SGC7901 cell colony was also reduced compared with the control.
DISCUSSION
In cells, multiple protein complexes are required to be orderly assembled on proximal promoter elements such as the TATA box and CAAT box sequences in order to initiate the gene transcription. At the very early stage of the transcription initiation, TFIID which belongs to the transcription factors class II (TFII) family is required to be stably bound to the TATA box. The BTF3 protein, which works as an additional TFII related protein, does not directly associate with the proximal promoter but forms a stable complex with RNA polymerase II and is part of the gene transcription initiation complex[4,5]. Several studies have reported that expression pattern of transcription factors are frequently changed in gastric tumors. For example, the transcription factor Sp1 has been reported to be higher in malignant gastric tissues, and might serve as an independent prognostic factor, by influencing the tumor infiltration and progression[21]. Another transcription factor, the E2F transcription factor 1, which plays a critical role in cell cycle regulation and other biological processes of the cells, is also up-regulated in human gastric cancer tissues, but further analysis revealed, that its over expression slows down the cancer cell growth rate[22]. Other transcription related genes were reported to be differentially expressed in gastric tumors compared to normal tissues. Some genes like the antitumor genes GATA-4 and GATA-5 are down regulated[23,24], whereas others like the oncogenes Forkhead box protein M1[25], phosphorylated Forkhead box protein O1, both genes, which are related to angiogenesis[26] and Activating transcription factor 4[27], which is cell protective and  thereby leading to multidrug resistance, are up-regulated. In the present study, we found that the expression of BTF3 is up-regulated in 20 gastric tumor samples compared with normal tissues. We further investigated the expression levels of BTF3 in different malignant gastric tumor cell lines and found uniform expression levels among them (Figure 2). This is in agreement with previous information, because high BTF3 protein levels in gastric cancers have been reported in the Human Protein Atlas[28]. Hence BTF3 is as a transcription factor and related to apoptosis[29-32], we thought the expression level of BTF3 might be important for cell cycle check points, proliferation and further potentially linked with human tumor development and progression. In order to elucidate this, we silenced BTF3 in SGC7901 cells (Figure 3). As a result the cell cycle arrest shifted from the G1 to the G2/M and S phases with significantly increased the apoptosis rate, which was also reflected in our colony forming assay with significantly less cell growth after BTF3 silencing (Figure 6). This data indicated that BTF3 silencing might induce G2/M check point failure, which led to the inhibition of cell cycle completion and enhanced apoptotic activity.
In summary our data indicated, that BTF3 has a potential link with gastric cancer development and progression. Low expression or silencing of BTF3 might inhibit tumor growth and be a benefit for cancer treatments. However, the clinical data revealed, that the tumors had different BTF3 levels, which might be due to the different stages of the gastric tumors examined.
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It has been reported that the basic transcription factor 3 (BTF3) gene has been over expressed in colorectal cancer, glioblastomas as well as pancreatic ductal adenocarcinoma. Down regulation of the BTF3 expression using small interfering RNA (siRNA) resulted in changed expression of several cancer associated genes involved in tumor cell survival, cell adhesion and cell cycle. 
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BTF3 was upregulated in all gastric cancer samples, which we measured. In our study we demonstrated, that silencing of BTF3 in SGC7901 cells led to significant decline of proliferation, which was due to enhanced cell cycle arrest and concomitant higher apoptosis rates. The long term effect of BTF3 silencing led to a lower amount of colony forming with less cell survival. 
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In gastric cancer tissues enhanced expression of BTF3 was reported in the Human Protein Atlas, but the exact role of BTF3 in gastric cancer was not further analyzed. In their study we showed, that BTF3 plays an essential role in gastric cancer cell proliferation. 
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BTF3 was upregulated in all gastric cancer tissues, derived from surgical interventions. Silencing of BTF3 led to less proliferation with enhanced apoptosis rates in SGC7901 cells. Their findings may be useful for the diagnosis and treatment of gastric cancer in the future

Terminology

BTF3 was initially discovered as a member of the general transcription machinery and functions as a transcriptional initiation factor from proximal promoter elements by forming a stable complex with RNA polymerases and mouse embryos, homozygous for a loss of function mutation in the BTF3 gene died at the early stage of development. In later developmental stages the role of BTF3 has been described as transcriptional regulator and modulator of apoptosis.
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The authors analyzed the BTF3 expression in human gastric cancer tissues and compared the rates with expression in adjacent non-tumor tissues. As a result, all cancer tissues showed enhanced BTF3 expression. Further analysis via stable silencing of BTF3 in gastric cancer SGC7901 cells revealed, that inhibiting BTF3 activity led to lower proliferation and enhanced apoptosis rates. The results are interesting and BTF3 might be a target gene for gastric cancer treatments.
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 Figure 1 Level of basic transcription factor 3 expression in gastric cancer and tumor cell lines. A: Bar charts represent the mRNA levels of basic transcription factor 3 (BTF3) in gastric tumor and adjacent normal tissue measured by quantitative real-time polymerase chain reaction (PCR); B: BTF3 mRNA expression data from Figure A further classified by gender; C: BTF3 expression pattern among gastric body, gastric antrum and cardia tumors; D: The expression of BTF3 mRNA was detected by quantitative real time-PCR among different cell lines. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as the reference gene. Black bars represent tumors and gray bars normal tissues in all. The difference in BTF3 expression, aP < 0.05, bP < 0.01 between groups was assessed by unpaired t-test and comparisons were considered significantly different. 
Figure 2 Silencing of basic transcription factor 3 by using small interfering RNA. A: Transfection rates of small interfering RNA (siRNA)-normal control (NC)/siRNA-basic transcription factor 3 (BTF3)-green fluorescent protein (GFP) vectors in human SGC7901 cells, estimated by bright field and fluorescence microscope; B: Bar charts represent quantitative real-time polymerase chain reaction (PCR) data of BTF3 mRNA levels in control and BTF3-siRNA transfected SGC7901 cells (bP < 0.01 between groups, unpaired t-test); C: Immuno-blotting analysis using BTF3-specific antibodies to detect BTF3 protein expressions in control and BTF3-siRNA transfected SGC7901 cells. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as internal control.
Figure 3 Cell proliferation assay. Fluorescent images of control and small interfering RNA (siRNA)-basic transcription factor 3 (BTF3) transfected cell proliferation assays. Cells were counted based on the green fluorescent protein (GFP) signals during 5 d. BTF3-siRNA scatter chart of the cell proliferation assay analyzed with two way analysis of variance, aP < 0.05 between groups.
Figure 4 Flow cytometry assays. A: Cell-cycle stages of control and basic transcription factor 3 (BTF3)-small interfering RNA (siRNA) transfected cells were analyzed by flow cytometry. Data are presented as a histogram, with cell number (y-axis) plotted against DNA content (x-axis); B: Cells arrested at different cell-cycle stages were plotted as bar charts. aP < 0.05, bP < 0.01 between groups was assessed by unpaired t-test and comparisons were considered significantly different; C: The table represents the percentage of cells in different cell-cycle stages.
Figure 5 Apoptosis analyses by flow cytometry. A and C: Flow cytometry (FACS) analysis of control and basic transcription factor 3 (BTF3)-small interfering RNA (siRNA) transfected cells; B and D: Apoptosis rates plotted as bar charts. aP < 0.05, bP < 0.01 between groups.
Figure 6 Colony forming abilities identified by Cellomic Assay System assays. A: Colonies formed from control and basic transcription factor 3 (BTF3)-small interfering RNA (siRNA) transfected cells were imaged via the Cellomic Assay System; B: Number of clones plotted in a bar chart; C: Colony cell numbers of control and BTF3-siRNA transfected cells plotted in a bar chart aP < 0.05 between groups were analysed with unpaired t-test.
Table 1 Primer sequences
	Primer
	Sequence

	GAPDH-F
	TGACTTCAACAGCGACACCCA

	GAPDH-R
	CACCCTGTTGCTGTAGCCAAA

	BTF3-F
	GCGAACACTTTCACCATTACAG

	BTF3--R
	AACTTCATCATCATCATCCTCTCC


BTF3: Basic transcription factor 3; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.
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