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Purpose: Cystic fibrosis transmembrane conductance regulator (CFTR) was shown to be
downregulated or silenced in carcinomas and acts as a candidate tumor suppressor gene.
However, the function of CFTR gene in colorectal cancer (CRC) is still unclear. This aim of
this study was to investigate the CFTR promoter methylation status and its impact on the
expression and functional role of CFTR in CRC development.

Patients and Methods: CFTR expression in CRC tissues and CRC cell lines was detected
via quantitative real-time polymerase chain reaction (QRT-PCR) and immunohistochemistry
(IHC). The promoter methylation status of CFTR was measured using methylation-specific
PCR (MSP). colony formation, transwell, and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte-
trazolium bromide (MTT) assays were used to evaluate the effect of CFTR overexpression in
CRC cell lines.

Results: qRT-PCR and IHC results indicated that CFTR expression was downregulated in
the CRC tissues compared to the adjacent normal tissues. The promoter methylation status of
CFTR was further analyzed in 70 CRC specimens. MSP validation showed methylation of
CFTR promoter in 62.2% (45/70) of CRC tissues. The methylation of CFTR promoter was
significantly associated with age (P=0.013) and lymph node metastasis (P=0.026) in CRC
tissues. Results of transwell, MTT, and colony formation assays showed that CFTR over-
expression inhibited the migration, invasion, and proliferation of CRC cells.

Conclusion: CFTR expression was downregulated in CRC and promoter methylation may
be responsible for this downregulation. Overexpression of CFTR may suppress CRC tumor
growth by inhibiting the proliferation, migration, and invasion of CRC cells. CFTR promoter
methylation was significantly correlated with lymph node metastasis; thus, CFTR may be
a potential marker for lymph node metastasis of CRC.
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Introduction

Colorectal cancer (CRC) is the third most common cancer and the fourth leading
cause of cancer-related mortality worldwide,' with nearly 500,000 deaths annually.?
From the perspective of the biological etiology of CRC, the progression of benign
tumors (ie polyps) to malignant tumors there is an accumulation of both genetic and
epigenetic changes.® Epigenetics refers to modifications that occur in the expression
of heritable genes without involving changes in DNA sequences. Epigenetic regula-
tion of gene expression occurs in normal tissues and plays a significant role in
embryonic development, gene imprinting, and cell differentiation. Accordingly, epi-
genetic mechanisms play an important role in tumor development, including abnor-

mal DNA methylation and post-translational modification of histones, micro-RNA,
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and non-coding RNA.* CRC research shows that the occur-
rence and development of CRC is closely related to abnor-
mal DNA methylation. abnormal DNA
methylation leads to the invasion of intestinal epithelial

Particularly,

cells and carcinogenesis.

DNA methylation is catalyzed by DNA methyltransfer-
ase, which takes s-adenosine methionine as the methyl
donor. The cytosine 5’ carbon covalent bond of CpG
dinucleotide in the genome binds to a methyl group, thus
affecting gene expression.” In 1989, Riordan et al first
cloned and identified the cDNA fragment of the CFTR
gene, which was located in 7q31.2, with a total length of
190 kb and a total number of 27 exons. The messenger
RNA (mRNA) sequence is 6132 bp long, encoding CFTR
protein, which is composed of 1480 amino acids and has
a relative molecular weight of 168 kDa.® CFTR is an ATP-
bound transmembrane protein that is located in the apical
membrane of epithelial cells of the exocrine gland and
mainly provides selective channels for the transmembrane
movement of chloride ions. CFTR protein is widely dis-
tributed in several organ systems (respiratory, system,
system, and endocrine), sweat glands, and other tissues,
maintaining the balance of electrolytes and homeostasis.’
CFTR gene mutation was initially thought to cause cystic
fibrosis, and subsequent studies have found that CFTR
disorder is associated with many diseases including
chronic obstructive pulmonary diseases, pulmonary fibro-
sis, and cancer.® CFTR is also highly expressed in various
CFTR is
expressed in the apical membrane of intestinal epithelial

epithelial cells of the intestinal mucosa.

cells and is the main ion channel transporter in intestinal
crypt epithelial cells.” Notably, hypermethylation of CETR
gene has been reported to occur frequently in bladder and
liver cancers.'®'? However, the function of CFTR in CRC
remains unclear. Therefore, this study aimed to investigate
the CFTR promoter methylation status and its impact on
the expression and function of CFTR in CRC.

Patients and Methods

Tumor Samples and Cell Lines

This study was approved by the Medical Ethics
Committee of the First Affiliated Hospital of Shandong
First Medical University. A total of 70 formalin-fixed
paraffin-embedded (FFPE) specimens and 35 fresh sur-
gical tissue samples were used in this study. All tissue
specimens were collected from CRC patients admitted to
The First Affiliated Hospital of Shandong First Medical

University (Shandong Provincial Qianfoshan Hospital,
Shandong University). Specifically, the specimens were
CRC tissue and paired adjacent normal tissues (>5 cm
from the corresponding tumor edge). No patient received
any adjuvant therapy before surgery. Clinicopathological
information was also collected. Normal colorectal cells
(FHC) and seven human CRC cell lines (ie, HCT116,
CaCo-2, HT29, LOVO, SW480, SW620, and SW1463)
were used. All cell lines were purchased from
GeneChem (Shanghai, China). HCT116, CaCo-2, HT29,
and LOVO were cultured in Dulbecco’s modified eagle
medium (DMEM) (BasalMedia, Shanghai, China) with
10% fetal bovine serum (FBS) (Gibco, Gaithersburg,
MD, USA) and 1% penicillin-streptomycin. SW480,
SW620, and SW1463 were cultured in RPMI-1640 med-
ium (BasalMedia, Shanghai, China) with 10% inacti-
vated FBS and 1% penicillin-streptomycin. All cells
were cultured in a humidified atmosphere of 5% CO”
at 37°C.

Written informed consent was acquired from all human
participants after complete description of the study. All
procedures performed in studies involving human partici-
pants were in accordance with the ethical standards of the
institutional and/or national research committee and with
the 1964 Helsinki Declaration and its later amendments or

comparable ethical standards.

Quantitative Real-Time Polymerase Chain

Reaction

Quantitative real-time polymerase chain reaction (qRT-
PCR) were used to determine the CFTR expression in
CRC cells and tissues. TRIzol (Cwbio, Beijing, China)
was used to extract total RNA from fresh tissues and
cells. cDNA was synthesized using a reverse transcription
kit (Takara, Shiga, Japan), according to the manufacturer’s
instructions. qRT-PCR was performed with an ABI 7500
real-time PCR system (Thermo Fisher, Waltham, MA,
USA), using SYBR® Green PCR Master Mix (Takara,
Shiga, Japan) with beta-actin (ACTB) as a control. Each
sample was tested in triplicate. The PCR primer sequences
for CFTR were as follows: 5'-ACTGGAATCTGAAGG
CAGGAGTCC-3' (forward) and 5-CGAAGGCACGA
AGTGTCCATAGTC-3" (reverse). The PCR primer
sequences for ACTB were as follows: 5-CCTGGCAC
CCAGCACAAT-3' (forward) and 5-GGGCCGGACTC
GTCATAC-3’ (reverse).
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Immunohistochemistry

Mouse monoclonal antibody against CFTR (Abcam,
St.  Louis, MO, USA) diluted at 1:500.
Immunohistochemistry was conducted as follows. The

was

tissue samples were sliced into 4-um sections; dewaxed
in a 60°C incubator for 40 min; and rinsed sequentially in
xylene I for 10 min, xylene II for 10 min, and xylene III
for 10 min. Thereafter, they were rehydrated using abso-
lute ethyl alcohol for 7 min and 95%, 80%, and 70% ethyl
alcohol for 5 min each. Then, the antigen in the measured
tissue slices was repaired with citric acid buffer (pH=6)
and kept at high temperature for 5 min. After antigen
repair, the antigen was cooled to room temperature
(approximately 3 h) then washed three times with PBS
for 3 min each time. The slides were then incubated in 3%
hydrogen peroxide for 15 min and then washed again for
three times with PBS for 3 min each. Then, the slides were
incubated with the anti-CFTR antibody (1:500) at 4°C
overnight. The next day, the slides were placed at room
temperature (RT) for 30 min then incubated with
a secondary antibody for 30 min at 37°C. Then, the slices
were washed three times with PBS for 3 min each and
incubated with horseradish peroxidase-labeled streptomy-
cin anti-biotin antibody for 30 min at RT. The slides were
washed again three times, and then color development
with DAB (15 s) was conducted. The slides were washed
with water, the cell nuclei were dyed using hematoxylin (5
s), and the slides were washed again with water (15-30 s).
Microscope at 200x light magnification was randomly
selected for each slice.

Methylation-Specific Polymerase Chain

Reaction

Methylation-specific PCR (MSP) primers were designed in
the locations of CpG islands in the promoter region of
CFTR gene according to MethyPrimer (Figure 1A) (http://
www.urogene.org/cgi-bin/methprimer/methprimer.cgi).
Genomic DNA was extracted using TIANamp FFPE DNA
kit (Tiangen, Beijing, China) and prepared according to the

manufacturer’s instructions. Extracted genomic DNA was
treated with EpiTect Bisulfite Kit (Qiagen, Hilden,
Germany), following the manufacturer’s instruction. Sulfite-
modified DNA samples (2 pL) were amplified using
Methylation-specific PCR (MSP) kit (Tiangen). Cycle con-
ditions were as follows: 95°C for 5 min for 1 cycle; 94°C
for 20 s, 60°C for 30 sec, and 72°C for 20 s for 35 cycles;
and 72°C for 5 min for extension. Then, to prepare 2%

agarose gel, 10 uL. PCR product was added to each hole,
and 120 V vertical water level electrocoagulation for 45
min was performed for observation and to collect images.
MSP primers were designed as follows: 5-TTAAGGA
ATTCGATTAGGTTAECG-3' (M-forward) and 5'-TCT
CTTTAAATCCAATTAACAACGC-3' (M-reverse), 5'-TA
GGAATTTGATTAGGATTATTGG-3' (U-forward) and 5'-
CTCTTTAAATCCAATTAACAACACT-3' (U-reverse).

Demethylation Using 5-Aza-2'-

Deoxycytidine Treatment

Cell lines at logarithmic growth stage were inoculated in
6-well plates at 1x10° cells/well and cultured for 24
h. After cell adherence, the degree of fusion reached
40-50%. Medium containing 5-AZA-CDR was replaced,
and the final concentration was 5 uM. Culture was con-
tinued for 48 h, and cells in the control group were added
with equal amount of DMSO. CFTR expression in the
experimental and the control cells was detected using
qRT-PCR.

Construction of CFTR-Overexpressing

HCTI16 and CaCo-2 Cell Lines

HCT116 and Caco-2 cells in logarithmic growth stage
were inoculated in 6-well plates at 1x10° cells/well and
cultured for 24 h. A total of 20-30% confluent HCT116
and CaCo-2 cells were transfected with CFTR lentivirus
(LV), according to the manufacturer’s protocols
(GeneChem, Shanghai, China). The HCT116 and CaCo-2
cells were also transiently transfected with control empty
plasmids (GeneChem). The culture system follows the
reagent manufacturer’s instructions. Briefly, serum-free
DMEM medium containing 20 pL p-HitransG and CFTR
lentivirus (LV) or empty plasmids was mixed and added to
the cells and the culture was continued for 12 h. The cells
were then cultured in DMEM (BasalMedia) with 10% FBS
(Gibco) and 1% penicillin-streptomycin for 72 h. After
42-72 hours from the transfection, plasmid transfection
efficiency was evaluated.

Colony Formation Assay

Cells were seeded at 1000 cells/well in 6-well plates and
cultured in triplicate. The complete growth medium con-
dition was changed every 48 h. After 2 weeks, the cells
were fixed with 4% paraformaldehyde for 30 minutes,
stained with 0.2% crystal violet for 10 minutes, and
counted. Each experiment was repeated three times.
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Figure | Expression and promoter methylation status of CFTR in colorectal tissues and adjacent normal tissues.

Notes: (A) Schematic diagram of CpG islands in the CFTR promoter region. (B) CFTR mRNA expression in colorectal cancer tissues and paired adjacent normal tissues
(>5 cm from the corresponding tumor edge). The experiment was repeated three times (*P<0.05). (C) Representative images of CFTR IHC in CRC tissues and paired
adjacent normal tissues (magnification, X200). (D) Representative methylation of CFTR promoter in CRC tissues and adjacent normal tissues. “M” indicates methylated

CFTR; “U” indicates unmethylated CFTR.

Abbreviations: MF, MSP forward primer; MR, MSP reverse primer; UF, unmethylation forward primer; UR, unmethylation reverse primer.

Cell Viability Detection

Cells were plated into 96-well plates at 6000 cells/well,
and cell viability was measured using the MTT kit
(Solarbio, China) 0, 24, 48,
72 h. Absorbance was measured on an Epoch microplate
reader (Biotek US, Winooski, VT, USA) at a wavelength
of 490 nm. Each experiment was repeated three times.

Beijing, at and

Transwell Assay for Migration

The effect of CFTR on cell migration was detected using
the Transwell Assay System (Corning, High Wycombe,
UK). Cells were suspended and harvested in serum free
medium and then placed into the upper well at
a concentration of 10* cells/200 pL. The complete medium
containing 10% FBS was added into the lower well

(600 uL). The chamber was incubated for 48 h. The cells

remaining on the upper surface were scraped gently and
washed with PBS two times. The cells that migrated to the
lower surface of the membrane were stained with 0.2%
crystal violet and counted. Each experiment was repeated
three times.

Transwell Assay for Invasion

Cells were suspended at 10* cells/200pL in serum-free
medium (200 plL) and placed into the upper compart-
ment of an invasion chamber. The extracellular matrix
(ECM; MatrigelTM, BD Biosciences, Franklin Lakes,
NJ) the upper After
48 h incubation, the invasive cells migrated through

was coated onto well.
the ECM layer to the complete medium in the lower
well. The cells were stained with 0.2% crystal violet for
10 minutes and counted. Each experiment was repeated

three times.
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Statistical Analysis

All statistical analyses were performed using SPSS 18.0. Data
were analyzed using Student’s #-test (independent-samples
t-test) and the chi-square (also termed X2) test as appropriate.
All tests were bilateral with a significance level of 0.05.

Results
CFTR Expression Was Significantly
Decreased in Colorectal Cancer Tissues

Compared to Normal Tissues

The mRNA expression of CFTR in 35 pairs of CRC
tissues and adjacent normal tissues was measured using
gRT-PCR. The results showed that compared with adjacent
normal tissues, the mRNA expression of CFTR was sig-
nificantly decreased in CRC tissues (P=0.034, Figure 1B).
Furthermore, protein expression of CFTR was examined in
70 paired CRC tissues and adjacent normal tissues via
CFTR
observed mainly in the cytoplasm and cell membranes.

immunohistochemistry  (IHC). staining was
The positive expression rates of CFTR protein in adjacent
tissue samples and colorectal cancer tissues were 62.9%
(44/70) and 45.7% (32/70), respectively, with statistically
significant differences (P=0.04) (Figure 1C), indicating
that CFTR is downregulated in CRC tissues.

CFTR Promoter Was Frequently

Methylated in Colorectal Cancer

We obtained the promoter sequence of CFTR by using
UCSC (http://genome.ucsc.edu). The Li Lab (a software
for predicting CPG island and designing MSP primers,

http://www.urogene.org/cgi-bin/methprimer/methprimer.cgi)

analysis showed that CFTR contains a typical CpG island
(from 1354 to 1814 bp) (Figure 1A). To explore the methy-
lation status of CFTR promoter, 70 paired samples of FFPE
specimens (ie CRC tissues and adjacent normal tissues) were
analyzed using MSP (Figure 1D). CFTR promoter methyla-
tion was significantly higher in CRC tissues compared to that
in adjacent normal tissues [62.2% (45/70) vs 41.4% (29/70),
P=0.0068; Figure 1D]. These results indicate that the CFTR
promoter was frequently methylated in human CRC.

CFTR Expression Was Inversely
Associated with Promoter Methylation in

Colorectal Cancer
To determine whether CFTR downregulation in CRC was
due to its promoter methylation, 35 samples of CRC

tissues and paired adjacent normal tissues were analyzed
via MSP. The results of qRT-PCR and MSP showed that
CFTR promoter methylation occurred in 16 of the 23
cancer tissues with downregulated CFTR mRNA expres-
sion and in 4 of the 12 cancer tissues with upregulated
CFTR mRNA expression. Analysis of these data using
chi-square test showed that the expression of CFTR
mRNA was negatively correlated with the methylation of
its promoter (P=0.04) (Table 1). To further verify whether
promoter methylation influenced CFTR expression, nor-
mal colorectal cell lines (FHC) and seven human CRC cell
lines (ie HCT116, CaCo-2, LoVo, HT29, SW480, SW620,
and SW1463) were subjected to qRT-PCR and MSP. qRT-
PCR results showed that compared with FHC cell lines,
the expression of CFTR mRNA was highest in LoVo cell
lines, followed by HT29 and SW1463 cell lines, while it
was distinctly suppressed in HCT116, CaCo-2, SW480,
and SW620 cell lines (Figure 2A). Meanwhile, the results
of MSP showed that unmethylation of the CFTR promoter
was found in FHC and LoVo cell lines, whereas complete
methylation was found in HCT116, CaCo-2, SW480, and
SW620 cell lines, and partial methylation was found in
HT29 and SW1463 cell lines (Figure 2B). Reduced CFTR
expression was associated with promoter methylation in
CRC cell lines. To further identify the relationship
between the expression and promoter methylation of
CFTR, CRC cell lines were treated with 5-AZA-CDR.
After 5-AZA-CDR treatment, the expression of CFTR
mRNA in HCT116, CaCo-2, SW480, and SW620 cell
lines increased significantly, whereas no significant
changes were found in LoVo and FHC cell lines.
Meanwhile, the expression of CFTR mRNA in HT29 and
SW1463 cell lines was slightly increased (Figure 2C). As
expected, the expression of CFTR mRNA of CRC cell
lines with complete methylation or partial methylation of
CFTR promoter was decreased after 5-AZA treatment
(Figure 2C). These results indicate that CFTR expression
is regulated by promoter methylation in human CRC.

Table | Analysis of the Correlation Between CFTR Promoter
Methylation and CFTR Expression in Colorectal Cancer

CRC Tissue | CFTR mRNA Expression | n | 7* P
Down Up

Methylation 16 4 20 | 4227 | 0.04*

Unmethylation | 7 8 15

Notes: P values are obtained from the chi-squared test. Statistically significant:
*P<0.05.
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Notes: (A) CFTR mRNA expression in CRC cell lines (*P<0.05, **P<0.01, ***P<0.001). (B) Representative methylation of CFTR in CRC cell lines. “M” indicates methylated;
“U” indicates unmethylated. (C) Changes of CFTR mRNA expression in CRC cell lines after 5-Aza-CdR treatment. The experiment was repeated three times (*P<0.05,

#p<0,01).

Relationship Between the Methylation of
CFTR Promoter and Clinicopathologic

Characteristics

Subsequently, we evaluated the relationship between the
methylation of CFTR promoter and the clinicopathological
characteristics of CRC patients using FFPE specimens
from 70 CRC patients. Analysis of the CRC FFPE samples
showed that there was no correlation between the methyla-
tion of CFTR promoter and clinicopathological character-
istics such as sex, tumor size, tumor location, T stage,
distant metastases or stage (Table 2). However, in CRC
specimens, the methylation of the CFTR promoter was
associated with age (P=0.013), lymph node metastasis
(P=0.026), and regional lymph node
(P=0.022) in CRC specimens (Table 2).

involvement

CFTR Overexpression Suppresses

Colorectal Cancer Cell Proliferation

The results of qRT-PCR and MSP showed that CFTR
expression was lower and completely methylated in
HCT116 and CaCo-2 cell lines. CFTR-
overexpressing HCT116 and CaCo-2 cell lines were used
to investigate the function of CFTR in CRC. Lentivirus
transfection efficiency in HCT116 and CaCo-2 cell lines
was evaluated via qRT-PCR (Figure 3A). The effect of
CFTR on cell proliferation was studied using MTT and

Therefore,

colony formation assay. In HCT116 cell lines with CFTR
overexpression, the OD values were 1.16 = 0.04 vs 0.69 +
0.05 before and after CFTR overexpression, respectively
(Figure 3B). In CaCo-2 cell lines with CFTR overexpres-
sion, the OD values were 1.69 + 0.08 vs 0.86 + 0.05 before

and after CFTR overexpression, respectively (Figure 3B).
OD values significantly decreased in both cell lines (both
P<0.01) with overexpression of CFTR.

The colony numbers were 414.33 = 7.04 vs 197.67 +
5.44 in HCT116 cell lines and 253.00 + 4.55 vs 118.00 +
1.70 in CaCo-2 cell lines before and after CFTR over-
expression, respectively (Figure 3C).

Colony numbers were significantly reduced after over-
expression of CFTR (both P<0.01). These results suggest
that overexpression of CFTR inhibits cell proliferation
in CRC.

CFTR Overexpression Inhibits Cell
Migration and Invasion in HCT 116 and
CaCo-2 Cell Lines

As CFTR promoter methylation was associated with lymph
node metastasis in human CRC, we investigated the effects
of CFTR overexpression on cell migration in CRC. mRNA
levels of CFTR in HCT116 and CaCo-2 cell lines were
detected via qRT-PCR to determine whether CFTR was
overexpressed (Figure 3A). The number of migrated cells
were 453.67 +9.03 vs 184.67 =£5.73 in HCT116 and 429.67
+7.13 vs 255.00 + 5.72 in CaCo-2 cell lines before and after
CFTR overexpression. The number of invasive cells were
104.21 £4.51 vs 61.33 £1.45in HCT116 cells, and 116.32 +
3.84 vs 63.67 £ 1.21 in CaCo-2 cells, before and after over-
expression of CFTR. The number of migrated and invasive
cells decreased significantly after overexpression of CFTR in
CRC cells (both P<0.01).The results of the transwell assay
suggest that CFTR overexpression inhibits cell migration
and invasion in HCT116 and CaCo-2 cell lines (Figure 3D).
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Table 2 Relationship Between CFTR Promoter Methylation and Clinicopathological Characteristics of CRC

Variables n CFTR Va P
Methylation Unmethylation

Age (years)
=60 31 15 16 6.126 0.013*
>60 39 30 9

Gender
Male 41 26 15 0.033 0.856
Female 29 19 10

Tumor size (cm)
=5 49 33 16 0.667 0414
>5 21 12 9

Location
Rectum 49 31 18 0.074 0.785
Colon 21 14 7

Yes/no lymph node metastasis
Yes 43 32 I 4.986 0.026*
No 27 13 14

T stage
TI, T2 I5 9 6 0.153 0.696
T3, T4 55 36 19

Regional lymph node
NO 27 13 14 7.684 0.022*
NI 29 24 5
N2 14 8 6

Distant metastases
MO 46 26 20 3.523 0.061
MI 24 19 5

Stage
[ 12 4.833 0.185
Il 15 9 6
1] 19 9 10
v 24 19 5

Notes: P values are obtained from the chi-squared test. Statistically significant: *P<0.05.

Abbreviations: CFTR, cystic fibrosis transmembrane conductance regulator; qRT-PCR, quantitative real-time polymerase chain reaction; IHC,
immunohistochemistry; MSP, methylation-specific PCR; mRNA, messenger RNA; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide; FFPE, formalin-fixed paraffin-embedded; CRC, colorectal cancer; DMEM, Dulbecco’s modified Eagle medium; FBS, fetal bovine serum; DAC,
5-aza-2'-deoxycytidine; ACTB, beta-actin; LV, lentivirus; OE, overexpression.

Discussion

Several studies have recently suggested that abnormal
expression or function of CFTR may be associated with
cancer incidence.'>'* A large cohort study has shown that
patients with cystic fibrosis (CF) in the United States have
a significantly increased risk of developing cancers of the
digestive tract.'* In addition, another study also found
increased risks of renal cancer, thyroid lymphoma, and
skin and prostate malignancies in CF patients.'*'>'® This

relationship between CFTR and cancer risk suggests that
CFTR plays a key role in cancer progression.

Dietary and lifestyle changes have increased the inci-
dence of CRC. In Asia, CRC has become the third most
common malignancy,'” with the incidence increased by 2 to
4 times in China, Singapore, Japan, South Korea, and other
Asian countries.'® However, the function of CFTR in CRC
remains unclear. In the present study, the results of qRT-PCR

and THC indicated that compared to the adjacent normal
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Figure 3 CFTR overexpression inhibits the proliferation and migration of CRC cells in HCT116 and CaCo-2 cell lines.

Notes: (A) CFTR mRNA expression in lentivirus transfection cell lines. The experiment was repeated three times (***P<0.001, ****P<0.0001). (B) Growth curve showing
the effect of CFTR on cell proliferation in HCT116 and CaCo-2 cell lines before and after CFTR overexpression as detected via MTT for 72 hours. The experiment was
repeated three times. **P<0.0] compared to control. (C) Effects of CFTR overexpression on colony formation of HCT116 and CaCo-2 cell lines. The experiment was
repeated three times. **P<0.01 compared to control. (D) CFTR overexpression inhibits cell migration and invasion in HCT 116 and CaCo-2 cell lines. The transwell assay
showed that HCT1 16 cells and CaCo-2 cell lines migrated and invaded after 48 hours of culture (X200, magnification). The results were plotted as the average number of
migrated and invaded cells from six random microscope fields. All data are representative of at least three independent experiments. **P<0.0| compared to controls.

tissues, CFTR expression was downregulated in the CRC
tissues. The inactivation of tumor suppressor genes is mainly
caused by gene mutations and loss of chromatin. Recent
studies that analyzed CpG island methylation of gene pro-
moter has confirmed that methylation is the third mechanism
of tumor suppressor gene inactivation, and in some cases, the
only mechanism of tumor suppressor gene inactivation.'’
The occurrence and development of CRC is a complex and
slow process involving multiple factors and processes. In
addition to genetic changes, such as gene mutations, epige-
netic changes are also involved. For example, DNA methyla-
tion plays a significant role in tumor formation and
progression.”” In the normal genome, 70-80% of CpG can
be methylated, and there is a CPG-rich region on the promo-
ter (ie CpG island) that usually does not undergo

21-23

methylation. In tumor tissues, genome-wide

hypomethylation and hypermethylation in promoter regions
occur, particularly in tumor suppressor gene promoters.>*
Some sites of CRC often show obvious hypermethylation,
such as the CpG island of some tumor suppressor genes, and
can be stably inherited.”> Notably, hypermethylation of
CFTR gene has been reported to occur frequently in bladder
and liver cancers.'®'? CFTR contains a typical CpG island
(from 1354 to 1814 bp) (Figure 1A). Thus, we explored the
CFTR promoter methylation status and its impact on CFTR
expression in CRC. As expected, our results suggest that
CFTR expression is regulated by and inversely associated
with its promoter methylation in human CRC. We then
further investigated the relationship between CFTR promoter
methylation and clinicopathological characteristics in 70
CRC specimens. The data showed that CFTR promoter
significantly  associated with

methylation was age
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(P=0.013) and lymph node metastasis (P=0.026) in CRC
specimens. We also found that the methylation probability
of CFTR in colorectal cancer patients with stage IV with
distant metastasis was 79.2% (19/24), which was higher than
that in patients without distant metastasis 56.5% (26/46);
however, there was no statistical significance between the
two groups (P=0.061). Therefore, expanding the sample size
to further verify the significance of CFTR methylation in
patients with stage IV with metastasis may be needed. In
addition, the qRT-PCR, MSP and demethylation treatment
assays of CRC cell lines (ie FHC, HCT116, CaCo-2, LoVo,
HT29, SW480, SW620, and SW1463) also showed that
CFTR overexpression is negatively correlated with the
methylation of its promoter. Consequently, we investigated
the biological functions of CFTR overexpression using col-
ony formation, transwell, and MTT assays in HCT116 and
CaCo-2 cell lines. The results showed that CFTR overexpres-
sion suppresses cell proliferation, migration and invasion in
CRC. Epithelial-mesenchymal transition (EMT) can inhibit
the proliferation and migration ability of endometrial tumor
cells,**” and some studies found that EMT can be promoted
by inhibiting the expression of CFTR.'® These results further
suggest that CFTR may be a candidate tumor suppressor
gene for CRC.

This study has some limitations. The number of CRC
samples used in this study was insufficient, and thus we
were unable to determine the possible relationship
between CFTR promoter methylation and survival prog-
nosis of CRC. Although our analysis shows that CFTR
promoter methylation is associated with lymph node

metastasis, further studies are needed.

Conclusion

CFTR expression is downregulated in CRC tissues and
CFTR promoter methylation may be responsible for the
downregulation of CFTR. Overexpression of CFTR inhi-
bits the proliferation, migration, and invasion of CRC
cells, and this may suppress CRC tumor growth. CFTR
promoter methylation is significantly correlated with
lymph node metastasis and thus may be a potential marker
for lymph node metastasis of CRC.
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