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Abstract. Background: B-cell translocation gene 1 (BTGI)
acts as a tumour suppressor in human malignancies. However,
the precise mechanism of BTG1 down-regulation in colorectal
carcinoma (CRC) remains unclear. We analyzed BTGI
expression in CRC cell lines and tissues and investigated the
mechanism underlying the observed alterations. Materials and
Methods: Real-time polymerase chain reaction (PCR) and
western blot analyses were performed to analyze BTGI
expression in CRC cell lines. The methylation status of the
BTG promoter region in cell lines was determined by
methylation-specific PCR, and the effect of demethylation on
BTG1 expression was explored with 5-aza-deoxycytidine
treatment. BTGI protein expression in CRC tissue samples
was evaluated using immunostaining. Results: CRC cell lines
and tissue samples expressed lower levels of BTG1 compared
to controls, and BTGI levels were significantly lower in
metastatic than primary CRC. In BTG1-down-regulated CRC
cell lines, the BTG1 promoter was highly methylated, and 5-
aza-deoxycytidine significantly restored BTGI expression.
Conclusion: BTG1 down-regulation in CRC occurs through
epigenetic repression, which is involved in the development
and progression of CRC.

Colorectal carcinoma (CRC) is one of the most frequently
diagnosed malignancies in the developed world. It is the
third most common cancer and the fourth leading cause of
cancer-related death in the Republic of Korea (1, 2). In
Western countries, CRC is the fourth most common cancer
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and the second leading cause of cancer-related death (3-5).
Despite advances in operative techniques and improvements
in chemotherapeutic agents, the prognosis of patients with
CRC remains poor because of local recurrence, lymph node
metastasis, and distant metastasis. It is important for
pathologists to provide accurate pathological and molecular
features of tumours, that may affect the treatment decisions
of oncologists and surgeons.

Cellular differentiation, apoptosis, and proliferation are
cell cycle-dependent processes (6). Many proto-oncogenes
and tumour-suppressor genes are directly involved in or
function as major factors in cell-cycle regulation. Aberrant
expression of these genes results in deregulation of the cell
cycle, abnormal cellular proliferation, and tumour
development (7). Impaired cell-cycle regulation is closely
linked to tumour development and progression (8, 9). B-Cell
translocation gene 1 (BTGI) was originally identified as a
translocation partner of the c-myc gene in B-cell chronic
lymphocytic leukaemia. BTGl is a member of the
mammalian BTG/Tob family of proteins that are involved in
regulation of cell-cycle progression, inhibition of cellular
proliferation, promotion of apoptosis, and stimulation of
cellular differentiation in various cell types (10-13).
Exogenous expression of BTGl was found to reduce
proliferation through G; arrest and apoptosis in murine
fibroblasts (14). Similarly, the BTG1 expression levels is
inversely correlated with the proliferative capacity of murine
microglial cells (15). Moreover, enhanced BTG1 expression
promotes the differentiation of neural stem cells and germ
cells (16, 17).

Based on these characteristics, BTGI is currently
considered to be a tumour-suppressor gene. Experiments in
induction of gene expression showed that BTG/ mediated
apoptosis and negatively regulated cellular proliferation, cell-
to-cell adhesion, migration, and invasion in several human
malignancies (18-24). However, the role of BTGI in the
development and progression of CRC is yet to be elucidated.
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Moreover, the precise molecular mechanisms of action of
BTGI in CRC remain unclear.

In this study, BTGI expression was evaluated and
compared between CRC and normal colonic epithelial cell
lines in order to clarify the role of BTGI in colorectal
carcinogenesis. We further analysed the promoter methylation
status of the BTGI promoter region in CRC cell lines to
understand the mechanism responsible for any observed
alterations in BTG expression, and compared the BTG/
expression status before and after demethylation treatment. In
addition, we compared BTG expression between primary
and metastatic CRC tissue samples. Our results indicate that
promoter methylation is one of the mechanisms contributing
to the down-regulation of BTGI in CRC, suggesting its
involvement in the development and progression of CRC.

Materials and Methods

Cell culture and treatment. The human normal colonic epithelial cell
line CCD 841 CoTr and the human CRC cell lines HCT 116, HT-29,
SW 480, and SW 620 were purchased from the American Type Culture
Collection (Manassas, VA, USA) and maintained in Dulbecco’s
modified Eagle's medium (DMEM) or Roswell Park Memorial Institute
(RPMI) 1640 medium supplemented with 10% heat-inactivated foetal
bovine serum, penicillin (100 U/ml), and streptomycin (100 pg/ml;
Gibco, Life Technologies, Grand Island, NY, USA) (25). All cell lines
were cultured at 37°C in a humidified atmosphere of 5% carbon
dioxide. The demethylating agent 5-aza-deoxycytidine (5-aza-CdR) was
obtained from Sigma-Aldrich (St. Louis, MO, USA), dissolved in
phosphate-buffered saline (PBS) to a concentration of 50 mg/ml as a
stock solution, and stored at —20°C until use.

Cell lines were seeded in 6-well plates at a density of 5x105
cells/mL in the media and treated with 1 pM (final concentration)
of 5-aza-CdR for 72 h. Freshly prepared 5-aza-CdR was replaced
every 24 h and cells were harvested at 96 h after initial treatment.
Control cultures were treated under similar experimental conditions
in the absence of 5-aza-CdR (final concentration (PBS only).

c¢DNA synthesis. RNase-free DNase I treatment was carried out to
remove contaminating genomic DNA from purified total RNA
obtained from the cell lines. Isolated total RNA was diluted to 1 mg/ml
with sterile diethylpyrocarbonate-treated water and 2.5 ml was added
to reactions containing 1x DNase I buffer and 1 U DNase I (final
volume, 10 ml). After incubation at 37°C for 30 min, the reactions
were stopped at 70°C for 10 min. DNase I-treated RNA was reverse-
transcribed into first-strand cDNA using random primers. DNase I-
treated RNA (1 pg) and random primers (250 ng) were mixed in a 0.5-
ml polymerase chain reaction (PCR) tube and brought to 11 ml with
sterile diethylpyrocarbonate-treated water, heated at 65°C for 5 min,
and chilled quickly on ice. Other reagents were added to the 20-ml
reaction volume at the following final concentrations: 1x First-Strand
Buffer, 10 mM dithiothreitol, 0.5 mM each dNTP, and 200 U
Superscript II Reverse Transcriptase (Invitrogen, Carlsbad, CA, USA).
Reactions were incubated at 42°C for 1 h, heated to 70°C for 10 min,
and the products were stored at —20°C.

Quantitative reverse-transcriptase (qRT)-PCR. Total RNA was
isolated using TRI Reagent (Molecular Research Center, Cincinnati,
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OH, USA) and used for cDNA synthesis with a ReverTra Ace qPCR
RT kit (Toyobo, Osaka, Japan). The amount of cDNA was
determined spectrophotometrically. The cDNA was used for qRT-
PCR using the Bio-Rad CFX96 Real-Time PCR Detection System
(Bio-Rad Laboratories, Hercules, CA, USA) with a C1000 Thermal
Cycler (Bio-Rad Laboratories). PCR was carried out in a 20-pl
reaction containing 0.5 uM of each primer, 10 pl of 2x SsoAdvanced
SYBR Green Supermix (Bio-Rad Laboratories), and 2 pl of template
DNA. PCRs for BTG and (-actin were initiated with a denaturing
step at 95°C for 3 min, followed by 40 cycles at 95°C for 30 s and
60°C for 30 s. Amplification patterns were analysed and threshold
cycle numbers (Ct) for each sample were determined using CFX
Manager Software (Bio-Rad Laboratories). The AACt method was
used to calculate relative target gene expression after normalization
to expression of B-actin (24). The primer sequences used for BTG1
were as follows: forward: 5’-CAA GGG ATC GGG TTA CCG TTG
T-3’; reverse: 5’-AGC CAT CCT CTC CAA TTC TGT AGG-3’. The
AACt method was used to calculate relative target gene expression
after normalization to expression of (3-actin (26). Amplification of
the target gene was confirmed by melting-curve analysis and target
amplicon size was confirmed by agarose gel electrophoresis. Each
sample was assayed in triplicate.

Western blot analysis. Whole-cell lysates were prepared in
radioimmunoprecipitation assay buffer (50 mM Tris-hydrogen
chloride, pH 8, 150 mM sodium chloride, 1% NP-40, 0.5% sodium
deoxycholate, and 0.1% sodium dodecyl sulphate) containing
protease inhibitors (cOmplete Protease Inhibitor Cocktail Tablet;
Roche Applied Science, Basel, Switzerland), and cleared by
microcentrifugation (10,000 x g for 20 min at 4°C). The resulting
lysate was assessed for protein concentration, and 20-30 ug of each
protein sample was resolved using 12% sodium dodecyl sulphate-
protein gel electrophoresis gel (Bio-Rad Laboratories) and
electroblotted onto nitrocellulose membranes (GE Healthcare, Little
Chalfont, UK). After 1-h incubation in blocking solution (5% non-
fat dry milk in Tris-buffered saline with Tween; Pierce, Rockford,
IL, USA), the membranes were exposed to the following
appropriate primary antibodies overnight at 4°C: anti-BTG1
(polyclonal, diluted 1:200; Abcam, Cambridge, MA, USA) and anti-
a-tubulin (diluted 1:500; Abcam). The blots were washed three
times in Tris-buffered saline with Tween and incubated with the
horseradish peroxidase-conjugated secondary antibody (Cell
Signaling Technology, Beverly, MA, USA) for 1 h at room
temperature. Protein bands were visualized using enhanced
chemiluminescence reagent (iNtRON Biotechnology, Seongnam,
Republic of Korea).

Methylation-specific PCR. Genomic DNA was extracted from the cell
lysate using a NucleoSpin Tissue kit (Macherey-Nagel, Dueren,
Germany) and treated with sodium bisulphite using an EZ DNA
Methylation Kit (Zymo Research, Irvine, CA, USA). During the
modification, unmethylated cytosines of the genomic DNA are
converted to uracils, while methylated cytosines remain unchanged.
The bisulphite-modified DNA was subjected to PCR using primer
pairs that specifically amplified either methylated or unmethylated
sequences of BTGI. The following primers specific for methylated
BTG1 were used (27): MSP1 (-149 to -289), 5’-GTT TTT AAG TTA
AAA GGA AGG AAG TC-3’ (sense) and 5’-ATA TCA AAA AAT
ATT AAA AAT CAC GCA-3’ (antisense); MSP2 (=517 to —645), 5°-
TTT GAG GAG TTA GTT ATC GAG ATT C-3’ (sense) and 5’-AAA
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TAA ATA AAA ACC GCC TAA CG-3’ (antisense). The following
primers specific for unmethylated BTGI were used: USP1 (-149 to
—289), 5’-GTT TTT AAG TTA AAA GGA AGG AAG TTG T-3’
(sense) and 5°-ATA TCA AAA ATA TTA AAA ATC ACA CA-3’
(antisense); USP2 (=517 to —645), 5’-TGA GGA GTT AGT TAT
TGA GAT TTG G-3’ (sense) and 5’-AAA TAA ATA AAA ACC ACC
TAA CAC A-3’ (antisense). Methylation-specific PCR was performed
in 20-pl mixtures for 40 cycles using HotStarTaq DNA polymerase
(Qiagen, Hilden, Germany). The same unconverted genomic DNAs
were used in the PCR assays as negative controls.

Tissue specimens. This study was reviewed and approved by the
Institutional Review Board of Myongji Hospital, Goyang, Republic
of Korea (2017-11-001). CRC tissue samples were obtained from
114 consecutive patients who underwent surgery for primary
adenocarcinoma of the colorectum. Twenty normal colonic mucosa
samples obtained from patients without CRC were used as controls.
Corresponding tissue samples from hepatic CRC metastases were
also obtained from 79 patients who met the criteria for hepatic
resection with curative intent (25, 28-30). In this study. no patient
underwent preoperative neoadjuvant chemotherapy or neoadjuvant
concurrent chemoradiation therapy.

The tissues resected by surgeons were initially examined by
pathologists before fixation in 10% neutral-buffered formalin. After
fixation for 12-24 h, the tissues were thoroughly examined
macroscopically and sectioned. After processing with an automatic
tissue processor, the sections were embedded in paraffin blocks.
Four-micrometre-thick slices were cut from each formalin-fixed,
paraffin-embedded (FFPE) tissue block using a rotary microtome
and stained with hematoxylin and eosin using an automatic staining
instrument. After staining, the slides were covered with a glass
coverslip and sent to two Board-certified pathologists. The
pathologists independently examined all available hematoxylin and
eosin-stained slides by light microscopy, made definitive
pathological diagnoses, and selected the most representative slide
from each case for immunohistochemical staining.

Immunohistochemical staining. BTG1 protein expression was
assessed by immunohistochemistry using the Bond Polymer Intense
Detection System (Vision BioSystems, Mount Waverley, Victoria,
Australia) following the manufacturer’s instructions (25, 28, 31-
38). In brief, the 4-um sections of FFPE tissue were deparaffinized
with Bond Dewax Solution (Vision BioSystems) and an antigen
retrieval procedure was performed using Bond Epitope Retrieval
Solution (Vision BioSystems) for 30 min at 100°C. Endogenous
peroxidases were quenched with hydrogen peroxide for 5 min.
Sections were incubated for 15 min at ambient temperature with
rabbit polyclonal antibody to BTG1 (diluted 1:100; Abcam). A
biotin-free polymeric horseradish peroxidase-linker antibody
conjugate system was used with a Bond-maX automatic slide
stainer (Vision BioSystems), and visualization was performed using
1 mM 3,3’-diaminobenzidine, 50 mM Tris-hydrogen chloride
buffer (pH 7.6), and 0.006% hydrogen peroxide. Sections were
counterstained with hematoxylin. To minimize inter-assay
variation, positive and negative control samples were included in
each run. The positive control was normal colonic tissue. The
negative control was prepared by substituting non-immune serum
for the primary antibody; no detectable staining was evident.

Interpretation of immunohistochemical staining. Immunostaining
was analysed by two independent pathologists. The BTG1 staining

intensity was graded as: 0: absent, 1: weak, 2: intermediate, or 3:
strong. The staining proportion was graded as: 0: 0%, 1: 1-49%, 2:
50-74%, or 3: 75-100%. The subcellular location of BTG1-positive
signals (nuclear or cytoplasmic) was also estimated. The final score
was calculated as the product of the staining intensity and
proportion scores, resulting in final scores of 0 (negative), 1-2
(weak), and 3-9 (positive) (25, 27, 34, 35, 39, 40). Disagreements
between the two pathologists were resolved by consensus.

Statistical analysis. We used the Wilcoxon test to compare the
expression levels of BTG/ mRNA before and after 5-aza-CdR
treatment. Chi-squared or Fisher’s exact tests were performed to
compare BTG1 immunoreactivity among the normal colonic
mucosa, primary CRC, and metastatic CRC tissue samples.
Statistical analyses were performed using PASW Statistics for
Windows (version 18.0; Armonk, NY, USA). p-Values less than 0.05
were considered statistically significant.

Results

Mechanism contributing to BTG1 down-regulation. BTG1
protein was expressed at different levels in different CRC
cell lines. The CRC cell lines HCT 116, HT-29, SW 480, and
SW 620 exhibited significantly reduced BTG1 protein
expression compared to the normal colonic epithelial cell
line CCD 841 CoTr. Consistent with these findings, HCT
116, HT-29, and SW 480 cells expressed significantly lower
levels of BTGI mRNA than CCD 841 CoTr cells. We
recently observed that BTG/ promoter methylation was
increased in ovarian carcinoma cell lines and that BTG1
expression was restored after treatment with the
demethylating agent 5-aza-CdR (40). Based on this previous
observation, we assumed that promoter methylation might
explain the reduced expression of BTG in CRC cell lines.
We observed increased methylation of the BTG1 promoter
region (MSP1) in HCT 116 and SW 480 cells (Figure 1A),
indicating a possible mechanism for the reduced BTG1
expression in these cell lines.

To further investigate the effect of promoter methylation on
BTG down-regulation, we treated these two cell lines with
the demethylating agent 5-aza-CdR. Treatment with 5-aza-
CdR significantly reduced BTGI promoter methylation in
HCT 116 and SW 480 cells (Figure 1B). This reduction was
associated with significant restoration of BTGI mRNA
expression, with a 4.04-fold increase in HCT 116 cells
(p<0.001) and a 3.72-fold increase in SW 480 cells (p<0.001)
compared to the respective pre-treatment levels (Figure 1C).
The restorative effect of 5-aza-CdR on BTG! expression in
HCT 116 cells was confirmed at the protein level (Figure 1D).
These findings indicate that promoter methylation is
responsible for reduced BTG1 expression in CRC cells.

Reduced BTGI expression in CRC tissue samples.

Representative photomicrographs of BTG1 immunostaining are
shown in Figure 1E. BTG1 immunoreactivity was observed in
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Figure 1. Mechanism contributing to reduced B-cell translocation gene 1 (BTG1) expression in colorectal carcinoma (CRC) cell lines. A: Methylation
status of the BTGI gene promoter region as analysed by methylation-specific polymerase chain reaction. MSP: Methylation-specific polymerase
chain reaction primer; USP: unmethylation-specific polymerase chain reaction primer. B: Effect of treatment with the demethylating agent 5-aza-
deoxycytidine (5-aza-CdR) on BTG1 promoter methylation. C: Restoration of BTIGI mRNA expression by demethylation using 5-aza-CdR***
p<0.001. D: Western blot for BTG1 before and after treatment with the demethylating agent. E: BTG protein expression in normal colonic mucosa
and CRC tissue samples. Original magnification: E, x100.
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Table 1. B-Cell translocation gene 1 (BTGI1) immunoreactivity in colorectal carcinoma (CRC) and normal colonic tissue samples.

Category Total, n BTG1 immunoreactivity, n (%) p-Value
Negative Weak Positive

Normal mucosa? 20 0 (0.0) 8 (40.0) 12 (60.0)

Primary CRC 114 30 (26.3) 32 (28.1) 52 (45.6) 0.0362

Metastatic CRC 79 35 (44.3) 22 (27.8) 22 (27.8) <0.001b, 0.004¢

aVersus normal mucosa; Pversus normal mucosa; Sversus primary CRC.

the cytoplasm, although a few tumour cells with strong
cytoplasmic BTG1 expression exhibited faint nuclear BTG1
immunoreactivity. Patchy and weak BTG1 immunoreactivity
was identified in the extracellular matrix. Diffuse and moderate-
to-strong cytoplasmic BTG1 immunoreactivity was observed in
12 out of the 20 (60.0%) normal colonic tissue samples. In
contrast, 32 (28.1%) out of the 114 primary CRC tissue samples
exhibited weak BTG1 expression, and no BTG1 expression was
detected in 30 (26.3%) primary CRC tissue samples. Overall,
BTG1 expression in primary CRC tissue samples was
significantly decreased compared to that in normal colonic tissue
samples (p=0.036; Table I). Moreover, BTG1 expression was
significantly reduced in metastatic CRC tissue samples
compared to that in primary CRC tissue samples (p=0.004;
Table I). Fifty-seven (72.2%) out of the 79 metastatic CRC tissue
samples exhibited weak (22/79) or no (35/79) BTG1 expression.

Discussion

In this study, we analyzed the mRNA and protein expression
of BTG in CRC cell lines and tissue samples. We found that
CRC cell lines displayed reduced BTG1 expression compared
to the normal colonic epithelial cell line. Consistent with
these findings, more than half (54.4%) of the primary CRC
tissue samples showed reduced BTG1 immunoreactivity. The
difference in BTG1 expression between primary CRC and
normal colonic tissues was significant, indicating that BTG1
is a potential diagnostic biomarker for CRC. In addition,
reduced BTGl expression was observed in 72.2% of
metastatic CRC tissue samples, with a significant difference
in BTG1 expression between metastatic and primary CRC
tissue samples. Overall, our results indicate that BTG/ down-
regulation is associated with the development and progression
of CRC, highlighting BTG1 as a novel therapeutic target for
the treatment of patients with CRC.

To investigate the regulatory mechanisms of BTGI
expression, we focused on the promoter methylation status
in CRC cells. In CRC cells with BTGI down-regulation, the
BTG1 promoter was highly methylated, and demethylation
restored BTGI mRNA and protein expression. These

findings suggest that epigenetic mechanisms are responsible
for the repression of BTG expression in CRC cells, and that
the down-regulation of BTG expression in CRC cell lines
is a result of aberrant promoter hypermethylation. In line
with these findings, we recently demonstrated that BTGI
mRNA and protein expression levels are reduced in ovarian
carcinoma cell lines (40), and that BTG/ promoter
methylation was reduced and the BTG1 expression level was
restored after treatment with 5-aza-CdR. Reduced BTGI1
expression was also observed in gastric carcinoma, in which
BTGl was found to be silenced via promoter
hypermethylation (27). Taken together, these results provide
new insight concerning the alterations of BTG1 expression.
We suggest that the therapeutic targeting of BTGI is a
potential strategy for the treatment of CRC.

However, some experimental data on B7GI promoter
methylation are in conflict with the above findings. Gastric
carcinoma and hepatocellular carcinoma cell lines did not
exhibit BTGI promoter hypermethylation (41). These
conflicting findings regarding promoter methylation status
may be related to the differences in organs and cell types,
differences in methods used to analyse methylation status, and
the inadequacy of a single model for explaining the complex
process of carcinogenesis. Furthermore, down-regulation of
BTG expression has also been linked to alternative molecular
regulatory mechanisms such as microRNAs in renal cell
carcinoma and prostate carcinoma (42, 43). Taken together,
these findings indicate that promoter hypermethylation may
be partially responsible for repressed BTG1 expression.

Data on BTG1 expression in other malignancies support
the notion that BTG1 may function as a tumour suppressor.
BTG1 protein expression in renal cell carcinoma tissues was
found to be significantly lower than that in normal kidney
tissue (22). BTG1-overexpressing renal cell carcinoma cells,
obtained by stable transfection of BTG/ cDNA, had a
significantly higher apoptotic rate and lower invasiveness
than control cells, which were accompanied by reduced B-
cell lymphoma 2 and matrix metalloproteinase expression
levels. These findings indicate that BTG1 might inhibit
cellular proliferation by reducing B-cell lymphoma 2
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expression and can modulate the invasion and metastasis of
cancer cells by down-regulating matrix metalloproteinase.
Similarly, BTG I-transfected breast carcinoma cell xenografts
had a significantly smaller tumour size, lower cell density,
and higher degree of tumour necrosis than untransfected
xenografts in control mice (24), indicating that BTG/
overexpression mediates the inhibition of xenograft
formation and breast carcinoma cell growth in vivo. In
addition, BTG I-transfected hepatocellular carcinoma cells
(20), non-small cell lung carcinoma cells (21), and
nasopharyngeal carcinoma cells (19) exhibited more frequent
Gy/G arrest, higher apoptotic rates, and significantly lower
invasive capabilities than corresponding untransfected cells.

In terms of clinical significance, BTGI down-regulation has
been linked with aggressive biological behaviour. In gastric
carcinoma, reduced BTG1 expression was associated with
deeper tumour invasion, lymphovascular invasion, lymph node
metastasis, and advanced stage (27). BTGI mRNA expression
in International Federation of Gynecology and Obstetrics
(FIGO) stage I-II ovarian carcinomas was reported to be
higher than that in FIGO stage III-IV ovarian carcinomas (44).
Furthermore, reduced BTG1 expression was significantly
associated with adverse clinicopathological parameters and
reduced survival in carcinomas of the breast (45), oesophagus
(18), liver (46), lung (21), nasopharynx (19), and thyroid (7).
These data suggest that BTG! down-regulation may be a
major contributor to tumour development and progression, and
that BTG1 expression scores may provide valuable
information for assessments to predict disease severity.

In conclusion, we observed that BTGI expression was
down-regulated in CRC cell lines and tissues, and was
restored after demethylation treatment in CRC cells,
suggesting that down-regulation of BTGI by promoter
methylation may be one of the mechanisms contributing to
colorectal carcinogenesis. These results corroborate the role
of BTGI as a tumour suppressor. Restoration of BTG/
expression may offer a new therapeutic approach for treating
patients with CRC.
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