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IRFI inhibits the proliferation and metastasis of
colorectal cancer by suppressing the RAS-RACI

pathway
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Background: Interferon regulatory factor 1 (IRF1) plays a role in the immune response, cellular
necrosis, DNA damage, and DNA repair, offering an attractive target for anticancer treatment.
However, little is known about the role of IRF1 in the regulation of CRC progression.
Methods: Quantitative reverse transcription-PCR, Western blot, and immunohistochemistry
were used to examine the expression level of IRF1; Cell Counting Kit-8, migration assay, and
xenograft mouse models were used to examine the function of IRF1 in CRC cell lines; a ChIP
assay was used to examine the binding between IRF1 and Ras association domain-containing
protein 5 (RASSF5).

Results: IRF1 expression was lower in colorectal cancer (CRC) than in normal mucosa and
the IRF1 expression level was inversely associated with CRC metastasis. In addition, IRF1
could inhibit CRC cell proliferation, migration, and metastasis in vivo and in vitro; IRF1 also
induced cell cycle arrest but had no effect on cell apoptosis. IRF1 enhanced the expression of
RASSFS by increasing its promoter activity. Moreover, this study revealed a novel mechanism
for inhibiting the RAS-RAC1 pathway by overexpression of RASSFS.

Conclusion: Altogether, the results indicate that IRF1, which promotes RASSF5 expression,
suppresses CRC metastasis and proliferation possibly through downregulation of the RAS-
RACI1 pathway.
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Background

Metastasis is one of the most important reasons for the treatment of colorectal cancer
(CRC).! Metastasis in patients is associated with a poor prognosis and a high mor-
tality rate. Although there have been many therapeutic advances in CRC treatment,
the 5-year survival rate is only 10% in metastatic cases.” Therefore, clarifying the
molecular mechanisms of CRC and searching for effective targets for clinical therapy
are urgently needed.

IRF1, also called interferon regulatory factor 1, is encoded by the /RFI gene in
humans.? As a transcription factor, IRF1 is the first member of the interferon regulatory
factor family.* IRF1 was originally thought to be a transcription factor that activates
the expression of B-interferon and was subsequently confirmed to have a role in the
transcriptional activation and repression of its target genes.’ IRF1 binds to interferon-
stimulated response elements (ISREs) in the target gene promoter region to regulate
the expression of target genes. IRF1 binds to ISREs through a DNA-binding domain,
which is a helix-turn-helix in the N-terminus of IRF1 protein, and the DNA-binding
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domain is highly conserved in all members of the IRF fam-
ily.%” In addition to its function as a transcription factor, IRF1
can also bind with its cofactor P300 and transactivate the
tumor suppressor p53 and plays a role in the regulation of
the immune response, cell necrosis, DNA damage response,
and inhibition of tumor progression.?

It has been reported that Ras association domain-contain-
ing protein 5 (RASSF5) is one of the target genes of IRF1, but
there have been no experiments confirming this.’ RASSF5 is
recognized as a tumor suppressor gene.' RASSF5 represses
tumor proliferation and induces cell apoptosis in lung cancer
by inhibiting extracellular signal-regulated protein kinase
(ERK) pathway activity.!" Moreover, RASSF5 is a down-
stream protein of the Ras pathway. RASSF5 interacts with
Ras and Rapl in an activated GTPase form to regulate the
adhesion of tumor cells and to inhibit cell cycle progression.'?

At present, it has been confirmed that IRF1 functions
as a tumor suppressor gene in breast cancer, gastric cancer,
esophageal cancer, renal cell carcinoma, and other malignant
tumors."*5 IRF1 promotes the apoptosis of tumor cells,
increases tumor cell sensitivity to chemotherapeutic drugs,
and has other effects, but the relationships between IRF1
and CRC are rarely reported. In this study, we confirmed
that IRF1, a tumor suppressor gene that promotes RASSF5
expression, suppresses CRC metastasis and proliferation
potentially through downregulation of the RAS-RACI
pathway.

Methods

Clinical specimens and cell lines
A total of 39 fresh-frozen CRC tissues and paired normal
colorectal mucosa were collected from patients at NanFang
Hospital of Southern Medical University (Guangzhou,
China). Written informed consent was obtained from all the
patients, and this study was approved by the Ethics Com-
mittee of Southern Medical University. All the tissues were
frozen in liquid nitrogen and then stored at —80°C for further
use. The patients included in this study had not received any
preoperative therapies. The study was conducted in accor-
dance with the Declaration of Helsinki.

All the cell lines were obtained from American Type
Culture Collection (ATCC), and the cells were cultured and
stored according to ATCC recommendations.

Plasmid construction and RNA

interference
The full-length sequence of IRF1 was amplified by PCR
using cDNA from normal colorectal mucosa tissues, and

then cloned into a pcDNA3.0 plasmid. The primer sequences
used were as follows: IRF1 F, 5- CCCAAGCTTATGCCCAT-
CACTCGGATGC-3’ and R, 5’- CCGCTCGAGCTACG-
GTGCACAGGGAATGG-3’. An shRNA targeting IRF1
(5-GTGTCTTCACAGATCTGAA-3") and an shRNA target-
ing an NC sequence (5-AACCTTACAATGAATCTAC-3")
were purchased from GeneChem, Shanghai, China.

Quantitative reverse transcription-PCR (RT-qPCR), all
RNA isolation, and RT-qPCR experiments were performed
according the assay instructions and previously described
methods.!®!7 Bestar™ Real-time PCR Master Mix was pur-
chased from DBI, (Hazleton, PA, USA), RNAisoTM Plus
and a PrimeScript® first Strand cDNA Synthesis Kit were
purchased from TaKaRa Company (Kusatsu, Japan), and
an antibody against IRF1 was purchased from Proteintech
(Rosemont, IL, USA).

Western blotting

Proteins were extracted and separated in SDS-PAGE gels,
then transferred onto polyvinyl difluoride membranes, and
blotted according to standard methods using anti-IRF1,
anti-RASSFS, anti-Racl, anti-Ras, anti-p53, anti-p21, and
anti-pTubulin, followed by their respective horseradish
peroxidase-conjugated secondary antibodies. Signals were
detected using an enhanced chemiluminescence reaction
performed according to the manufacturer’s instructions
(Alpha Innotech, San Leandro, CA, USA).

Cell Counting Kit-8 (CCK8), plate
colony formation, cell migration, and flow

cytometry assays
The CCKS, plate colony formation, cell migration, and flow
cytometry assays were performed as previously described.!¢!

Chromatin immunoprecipitation (ChlP)
ChIP was performed using a ChIP assay kit (Millipore,
Billerica, MA, USA, catalog EZ17-371) according to the
manufacturer’s instructions. Briefly, 1x10° cells were cul-
tured, fixed with 1% formaldehyde, washed, and then lysed
by sodium dodecyl sulfate lysis buffer, followed by sonica-
tion to produce chromatin of primarily mononucleosomal
size. IRF1 or IgG antibody was incubated overnight with
the DNA to form protein-DNA complexes; then, the DNA
was eluted from the antibody. The immunoprecipitated DNA
sequences containing IRF1 binding sites were amplified by
PCR. The primers used for ChIP were as follows: RASSF5
promoter E, 5’~-CAGAGGATATGTTACCGTGA-3’, and R,
5’-AACACAGGTTCGGTTTGG-3".
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Statistical analysis

The results of all the experiments are presented as the mean
+ SD of >3 independent experiments. One-way ANOVA or
independent Student’s # tests were used for comparing inde-
pendent experimental groups. All statistical analyses were
performed using SPSS version 19 software, and P<0.05 was
considered statistically significant.

Ethics approval and consent to
participate

This study was approved by the Committees for Ethical
Review of Research at Southern Medical University.

Results
IRFI downregulation in CRC correlates

with tumor metastasis

To assess the expression pattern of IRF1 in CRC, RT-qPCR
was used to analyze IRF1 expression in 39 CRC paired
samples. The results showed that the level of IRF1 was sig-
nificantly decreased in 33 of 39 CRC specimens (P<0.002)
compared with their normal counterparts (Figure 1A, B). In
addition, in seven paired samples, IRF1 was downregulated in
six CRC tissues (Figure 1C) as determined by Western blot-
ting. Immunohistochemistry was also used to examine IRF1
expression, and we found that IRF1 was highly expressed
in 36 of 61 normal mucosa samples, while it was highly
expressed in only 20 CRC samples (Figure 1D, E).

We also examined the relationship between the IRF1
expression level and the clinicopathological characteristics
of the tumor specimens. As shown in Table S1, the IRF1
expression level was inversely associated with CRC serosal
invasion (P=0.002), lymph metastasis (P=0.002), and TNM
classification (P=0.043).

In addition, we also assessed the expression of IRF1 in
six CRC cell lines and found that compared with SW620
cells, IRF1 was more highly expressed in SW480, HT29,
and HCT116 cells. Notably, IRF1 was upregulated in SW480
cells, which have low metastatic capacity, compared with
SW620 cells, which possess strong metastatic abilities
(Figure 1F, G).

These results indicated that IRF1 was downregulated in
CRC tissues and may serve a critical role in CRC metastasis.

IRFI inhibits CRC cell proliferation,

migration, and metastasis
To study the function of IRF1 in CRC progression, IRF1 was
overexpressed or silenced in CRC cell lines (Figure S1A, B).

The results of the CCKS assay (Figure 2A) demonstrated
that overexpression of IRF1 resulted in inhibition of cell
growth in SW480 cells. In contrast, knockdown of IRF1 in
HT29 cells (the IRF1 level was higher in these cells than in
SW480 cells) had the opposite effect. Plate clone formation
assays showed that the cell proliferation activity was signifi-
cantly inhibited in overexpression-IRF1 (oe-IRF1) SW480
and SW620 cells (Figure 2B). The results of cell migration
assays also showed that overexpression of IRF1 significantly
reduced the migratory abilities of SW480 cells compared
with the vector group, while IRF1 silencing promoted HT29
cell migration (Figure 2C).

Consistent with the in vitro observations, xenograft
tumors that formed in the oe-IRF1 group were generally
smaller and slower growing than those that formed in the
control group (Figure 2D, E). Moreover, the tumors that
developed in the oe-IRF1 group displayed a lower Ki67
proliferation index (Figure 2F). We also found that overex-
pression of IRF1 inhibited the metastasis of SW620 cells to
the lung (2/5) and liver (0/5) (Figure 2G).

IRFI induces cell cycle arrest but has no

effect on cell apoptosis

Flow cytometry was used to examine whether the decreased
cell proliferation might be a result of cell cycle arrest or
induction of cell apoptosis. As shown in Figure 3A, SW480
cells transfected with the oe-IRF1 plasmid had a significantly
increased proportion of cells in GO/G1 phase, from 47.08%
to 74.84% compared with the vector group. HT29 cells
transfected with the sh-IRF1 plasmid had a significantly
increased proportion of cells in G2/M phase, from 76.45% to
55.7% (Figure 3B). In addition, the proportion of apoptotic
cells was detected. The results showed that transfection of
IRF1 plasmid or sh-IRF1 into SW480 and HT29 cells had no
obvious effect on cell apoptosis compared with transfection
of the vector alone (Figure 3C, D).

IRFI activates RASSF5 expression and
inhibits the RAS-RACI pathway

As a transcription factor, IRF1 binds to many gene promoter
areas and regulates their expression. Using bioinformatics
analysis, we found that IRF1 could bind to the RASSF pro-
moter (Figure 4A). ChIP assays result shown that RASSF5
promoter sequence were obviously enriched in the anti-IRF1
groups in SW480 and SW620 cells, and this result was similar
to the bioinformatics analysis result (Figure 4B).

The RASSFS5 gene is a RAS-associated gene. As a tumor
suppressor gene, RASSF5 is inactivated in many tumors. We
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Figure | Expression of IRFI in CRC tumors and cell lines.

Notes: (A) RT-qPCR analysis of IRFI expression in 39 paired CRC tissues. Data are represented as the mean * SD of three independent experiments. (B) Comparison of
IRFI expression in 39 primary CRC tissues (T) with paired adjacent normal tissues (N). Data are represented as the mean =+ SD of three independent experiments. (C) The
expression of IRF| in CRC tissues and paired normal tissues as examined by Western blotting. (D, E) Immunohistochemical staining of IRFI in CRC tissues and paired normal

tissues. (F, G) The expression of IRFI in CRC cell lines as examined by Western blotting and RT-qPCR. **P<0.01, ***P<0.001.
Abbreviations: CRC, colorectal cancer; IRFI, interferon regulatory factor |; N, normal tissue; RT-qPCR, quantitative reverse transcription-PCR; T, colorectal tissue.
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Figure 2 IRFI inhibits CRC cell proliferation, migration, and metastasis.

Notes: (A) The effects of IRFI overexpression and knockdown on cell proliferation as determined by CCK8 assays. Data are represented as the mean + SD of three
independent experiments. (B) The effects of IRFI overexpression and knockdown on cell proliferation by plate colony formations assays. Data are represented as the mean
+ SD of three independent experiments. (C) The effects of IRFI overexpression and knockdown on cell proliferation as measured by Transwell migration assays. Data are
represented as the mean * SD of three independent experiments. (D) Effects of oe-IRF| transfection on the subcutaneous tumor generation capacity of SW620 cells (n=5).
(E) Tumor sizes were measured on the indicated days. Data are represented as the tumor volume mean * SD. (F) Ki-67 index was analyzed to evaluate the proliferative
capacity of subcutaneous tumor cells. (G) Gross images and H&E stained sections of liver and lung metastases from xenotransplanted mice who were injected via the tail

vein (n=5 per group). *P<0.05, **P<0.01, ***P<0.001.

Abbreviations: CCK8, Cell Counting Kit-8; CRC, colorectal cancer; IRFI, interferon regulatory factor |; OD, optical density.

examined the expression of RASSFS and the RAS-RACT path-
way-associated proteins RAS, Racl, P21, and P53 in SW480 and
SW620 cell lines that were transfected with the IRF1 plasmid.
The results showed that overexpression of IRF1 significantly
increased the expression of RASSF5, P53, and P21, while RAC1
and RAS protein levels were notably decreased (Figure 4C).

All these results indicated that IRF1 activates RASSFS5
expression by increasing the transcriptional activity of its
promoter. Thus, RASSFS5 expression may inhibit the RAS-
RACI pathway.

Discussion
Members of the IRF family are able to bind to the interferon
(IFN) promoter and induce the expression of IFN when

tissues are infected by viral and microbial agents.'® With more
in-depth research, additional functions of IRF1 will slowly
be revealed. In ovarian cancer cells, the chemotherapy drug
cisplatin increased IRF1 expression levels, which reduced
the effectiveness of chemotherapeutic drugs.' In invasive
neuroblastoma, IRF1 and nuclear factor-kappa B are respon-
sible for repairing the major histocompatibility complex I
and processing antigens for presentation by cytotoxic T cells,
both of which play a role in tumor suppression.? In this study,
we found that the level of IRF1 was significantly decreased
in 33 of 39 CRC specimens (P<0.002) compared with their
normal counterparts and that the IRF1 expression level was
inversely correlated with CRC serosal invasion (P=0.002),
lymph metastasis (P=0.002), and TNM classification.
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Figure 3 IRFI induces cell cycle arrest but has no effect on cell apoptosis.

Notes: (A) The effect of IRFI overexpression on the cell cycle in SW480 cells as examined by FCM. (B) The effect of IRFI knockdown on the cell cycle in HT29 cells as
examined by FCM. (C) The effect of IRFI overexpression on cell apoptosis in SWW480 cells as examined by FCM. (D) The effect of IRFI knockdown on apoptosis in HT29
cells as examined by FCM. All data are represented as the mean * SD of three independent experiments. *P<0.05.

Abbreviations: FCM, flow cytometry; IRFI, interferon regulatory factor I; Pl, propidine iodide.
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Figure 4 IRFI activates RASSF5 expression and inhibits RAS-RACI pathway.
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Notes: (A) Predicted IRFI binding sites on the RASSF5 promoter as determined by bioinformatics methods. (B) ChlIP assay antibodies against IRF| in CRC cells. RT-PCR
and PCR show that the promoter sequence of RASSF5 could be enriched in the anti-IRFI group compared with the IgG group. (C) Western blot analyses of RASSF5, RAS,

P21, P53, and Racl in IRF|-transfected cells. *P<0.05.

Abbreviations: CRC, colorectal cancer; ChlP, chromatin immunoprecipitation; IRFI, interferon regulatory factor |; RASSF5, Ras association domain-containing protein 5;

RT, reverse transcription.

In the present study, the potential role of IRF1 was inves-
tigated in CRC cell lines through gain- and loss-of-function
assays. The results demonstrated that IRF1 overexpression
inhibited cell proliferation and migration in vitro and that
overexpressed IRF1 suppressed CRC cell metastasis in vivo.
IRF1 modulated the cell cycle distribution of CRC cells;
however, IRF1 had no obvious effects on cell apoptosis.
These results indicate that IRF1 serves a suppressive role in
CRC progression, which is consistent with the expression
patterns of IRF1 in gastric cancer and prostate carcinoma.*?

It has been reported that IRF1 generally exerts its bio-
logical function by binding to the promoters of its specific
target genes.? Using bioinformatics analysis, we found that
IRF1 could bind to the promoter of the RASSF5 gene, which
is a Ras-associated gene, and we confirmed this finding by

ChIP assays. RASSFS5 is expressed in most normal tissues
and is downregulated in many tumor tissues and cell lines,
including in lung cancer.?* Ras/rac1 proteins are effectors of
RASSF5 because RASSFS inhibited the activity of Ras/racl
proteins by inducing the expression of other tumor suppressor
genes, such as P53 and P21. Our results indicated that IRF1
could enhance the expression of RASSFS5 in CRC cell lines.
Meanwhile, the Ras and Rac1 proteins were suppressed, and
p53 and p21 protein levels were notably increased. A large
number of studies have reported that inhibition of the RAS-
RACI pathway suppresses tumor progression, which can be
seen in CRC.>% Altogether, our study confirmed that IRF1, a
tumor suppression gene that promotes RASSFS5 expression,
suppresses CRC metastasis and proliferation possibly through
downregulation of the RAS-RACI1 pathway.

Cancer Management and Research 2019:11

submit your manuscript

375

Dove


www.dovepress.com
www.dovepress.com

Hong et al

Dove

Conclusion

In summary, we found that IRF1, which promotes RASSF5
expression, suppresses CRC metastasis and proliferation
possibly through downregulation of the RAS-RACI1 pathway.

Availability of data and materials
Literature collection was performed through PubMed. All
statistical analyses were performed using SPSS 19.0. Data
are stored by the corresponding author of this article and are
available upon request.

Acknowledgments

This work is supported by the National Natural Science Foun-
dation of China (No. 81272758, No. 81874074, No. 81672429,
No. 81502479), the Natural Science Foundation of Guangdong
Province, China (No. 2014A030310099), and the Grants for
Scientific Research of Doctoral Research Initiation Fund
(BSKY) (No. 0121035101) from Anhui Medical University.

Author contributions

XNL, MH, and ZZ participated in the design of the study,
drafted the manuscript, and performed the experiments. JZ,
XML, and QC analyzed the data and performed the statistical
analysis. WJZ and WZ prepared the figures. CL and FZ con-
ceived and designed the study. All authors contributed to data
analysis, drafting or revising the article, gave final approval
of the version to be published, and agree to be accountable
for all aspects of the work.

Disclosure
The authors report no conflicts of interest in this work.

References

1. Niv Y. Mucin and colorectal cancer metastasis. Am J Gastroenterol.
1994;89(5):665-669.

2. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A. Global
cancer statistics, 2012. CA Cancer J Clin. 2015;65(2):87-108.

3. Komatsu Y, Derwish L, Hirasawa K. IRF1 Downregulation by Ras/
MEK Is independent of translational control of IRF1 mRNA. PLoS
One. 2016;11(8):¢0160529.

4. Mirjaci¢ Martinovi¢ K, Srdi¢-Raji¢ T, Babovi¢ N, Dzodi¢ R, Jurisi¢
V, Konjevi¢ G. Decreased expression of pSTAT, IRF-1 and DAP10
signalling molecules in peripheral blood lymphocytes of patients with
metastatic melanoma. J Clin Pathol. 2016;69(4):300-306.

5. Szelag M, Piaszyk-Borychowska A, Plens-Galaska M, Wesoly J,
Bluyssen HA. Targeted inhibition of STATs and IRFs as a poten-
tial treatment strategy in cardiovascular disease. Oncotarget.
2016;7(30):48788-48812.

6. Zhan FB, Liu H, Lai RF, Jakovli¢ I, Wang WB, Wang WM. Molecular
identification and functional characterisation of the interferon regulatory
factor 1 in the blunt snout bream (Megalobrama amblycephala). Fish
Shellfish Immunol. 2016;54:456-465.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

. Shah S, King EM, Mostafa MM, Altonsy MO, Newton R. DUSP1

maintains IRF1 and leads to increased expression of IRF1-dependent
genes: a mechanism promoting glucocorticoid insensitivity. J Biol
Chem. 2016;291(41):21802-21816.

. Lim R, Tran HT, Liong S, Barker G, Lappas M. The transcription factor

interferon regulatory factor-1 (IRF1) plays a key role in the terminal
effector pathways of human preterm labor. Biol Reprod. 2016;94(2):32.

. Leslie A, Carey FA, Pratt NR, Steele RJ. The colorectal adenoma-

carcinoma sequence. Br J Surg. 2002;89(7):845-860.

Liao TJ, Tsai CJ, Jang H, Fushman D, Nussinov R. RASSF5: An MST
activator and tumor suppressor in vivo but opposite in vitro. Curr Opin
Struct Biol. 2016;41:217-224.

Dammann R, Yang G, Pfeifer GP. Hypermethylation of the cpG island
of Ras association domain family 1A (RASSF1A), a putative tumor
suppressor gene from the 3p21.3 locus, occurs in a large percentage of
human breast cancers. Cancer Res. 2001;61(7):3105-3109.
Donninger H, Schmidt ML, Mezzanotte J, Barnoud T, Clark GJ. Ras sig-
naling through RASSF proteins. Semin Cell Dev Biol. 2016;58:86-95.
Walch-Riickheim B, Pahne-Zeppenfeld J, Fischbach J, et al. STAT3/IRF1
pathway activation sensitizes cervical cancer cells to chemotherapeutic
drugs. Cancer Res. 2016;76(13):3872-3883.

Plaisier CL, O’Brien S, Bernard B, et al. Causal mechanistic regulatory
network for glioblastoma deciphered using systems genetics network
analysis. Cell Syst. 2016;3(2):172-186.

Xie C, Liu C, Wu B, et al. Effects of IRF1 and IFN-f interaction on the
M1 polarization of macrophages and its antitumor function. /nt J Mol
Med. 2016;38(1):148-160.

Zhang ZY, Lu YX, Zhang ZY, et al. Loss of TINCR expression pro-
motes proliferation, metastasis through activating EpCAM cleavage in
colorectal cancer. Oncotarget. 2016;7(16):22639-22649.

Yuan L, Zhou C, Lu Y, et al. IFN-y-mediated IRF1/miR-29b feedback
loop suppresses colorectal cancer cell growth and metastasis by repress-
ing IGF1. Cancer Lett. 2015;359(1):136—147.

Shan S, Qi C, Zhu Y, Li H, An L, Yang G. Expression profile of carp
IFN correlate with the up-regulation of interferon regulatory factor-1
(IRF-1) in vivo and in vitro: the pivotal molecules in antiviral defense.
Fish Shellfish Immunol. 2016;52:94-102.

Pavan S, Olivero M, Cora D, di Renzo MF. IRF-1 expression is induced
by cisplatin in ovarian cancer cells and limits drug effectiveness. Eur
J Cancer. 2013;49(4):964-973.

Lorenzi S, Forloni M, Cifaldi L, et al. IRF1 and NF-kB restore MHC
class I-restricted tumor antigen processing and presentation to cytotoxic
T cells in aggressive neuroblastoma. PLoS One. 2012;7(10):e46928.
Chen CJ, Lin TT, Shively JE. Role of interferon regulatory factor-1 in
the induction of biliary glycoprotein (cell CAM-1) by interferon-gamma.
J Biol Chem. 1996;271(45):28181-28188.

Liu X, RuJ, Zhang J, et al. miR-23a targets interferon regulatory factor
1 and modulates cellular proliferation and paclitaxel-induced apoptosis
in gastric adenocarcinoma cells. PLoS One. 2013;8(6):¢64707.
XuL,Zhou X, Wang W, et al. IFN regulatory factor 1 restricts hepatitis E
virus replication by activating STAT 1 to induce antiviral IFN-stimulated
genes. FASEB J. 2016;30(10):3352-3367.

Walters KA, Olsufka R, Kuestner RE, et al. Prior infection with type
A Francisella tularensis antagonizes the pulmonary transcriptional
response to an aerosolized Toll-like receptor 4 agonist. BMC Genomics.
2015;16:874.

Lan YT, Jen-Kou L, Lin CH, et al. Mutations in the RAS and PI3K
pathways are associated with metastatic location in colorectal cancers.
J Surg Oncol. 2015;111(7):905-910.

Alamo P, Gallardo A, di Nicolantonio F, et al. Higher metastatic effi-
ciency of KRas G12V than KRas G13D in a colorectal cancer model.
FASEB J. 2015;29(2):464-476.

submit your manuscript

376

Dove

Cancer Management and Research 2019:11


www.dovepress.com
www.dovepress.com

Dove

IRFI suppresses CRC metastasis and proliferation

Supplementary materials

Table S1 Clinicopathologic characteristics of IRFI expression in CRC patients

Clinicopathological variables N Low expression© High expression
All case 39 19 20 P
Age (years)?
< 19 9 10
>8 0.869
>58 20 10 10
Gender
Male 23 Il 12
Female 16 8 8 0894
Tumor size (cm)®
<4. 16 7 9
4.53 0.605
>4.53 23 12 Il
Differentiation
V\{ell 15 5 10 0.129
Middle/poor 24 14 10
Serosal invasion
Yes 16 12 4
No 23 7 16 0.006
Lymph metastasis
Yes 18 13 5
No 21 6 15 0.007
TNM classification
1=l 21 4 17 0.001
v 18 13 5 :

Notes: *Grouping of age was performed according to median. "Tumor size was grouped according to median. <IRF| expression level was divided according to median.
Abbreviations: CRC, colorectal cancer; IRFI, interferon regulatory factor I.
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Figure S| Construction of oe-IRF| and knockdown IRFI transfected cell lines.

Notes: (A) Ectopic expression of IRFI in SW480 and SW620 cell lines was analyzed by qRT-PCR (upper) and Western blotting (lower). (B) Verification of the knockdown
efficiency of shRNA-IRFI in HT29 cells. *P<0.05, **P<0.01.

Abbreviations: CRC, colorectal cancer; IRFI, interferon regulatory factor |; qRT, quantitative reverse transcription.
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