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Histone demethylase PHF8 accelerates the progression of
colorectal cancer and can be regulated by miR-488 in vitro
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Abstract. Plant homeo domain finger protein 8 (PHF8), as an
oncogene, has been highlighted in cancer development and
progression. However, its clinical significance and underlying
molecular mechanisms in colorectal cancer (CRC) remain to
be fully elucidated. In the present study, the role of PHFS in the
progression of CRC was investigated. The mRNA and protein
levels of PHFS in tissues from patients with CRC and cell
lines were detected using the reverse transcription-quantitative
polymerase chain reaction and western blotting, respectively.
Cell viability was analyzed using an MTT assay. The targeted
genes were predicted using a bioinformatics algorithm and
confirmed by a dual luciferase reporter assay. Cell migration
was evaluated using a Transwell assay. The results demon-
strated that the expression of PHF8 was significantly increased
in tumor tissues from patients with CRC and was correlated
with tumor-node-metastasis stage. In addition, it was found that
overexpressed PHF8 was a predictor of poor overall survival
rates in patients with CRC. PHFS loss-of-function signifi-
cantly inhibited proliferation and migration, and promoted
apoptosis of CRC cells. In addition, bioinformatics methods
demonstrated that PHF8 was a putative target of microRNA
(miR)-488, and miR-488 was able to inhibit the expression
of PHFS in CRC cells. miR-488 loss-of-function showed
increased proliferation and migration, and these effects were
reversed by sh-PHF8 transfection in CRC cells. In vitro and
in vivo experiments revealed that PHFS8 accelerated cancer cell
growth and migration, confirming the oncogenic role of PHF8
in human CRC. In conclusion, PHF8 and miR-488 may serve
as CRC biomarkers for the prediction of clinical outcome and
provide a target for the diagnosis and therapy of CRC.
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Introduction

Colorectal cancer (CRC) is one of the most common types
of malignancy and is the third most common type of cancer
worldwide (1). In China, it was estimated that ~376,300 cases
were diagnosed, and 191,000 Chinese succumbed to
CRC-associated mortality in 2015 (2). In previous decades,
the clinical therapeutic strategies for CRC have progressed
significantly, however, the overall survival rate of patients
with CRC has shown little improvement. An important
reason for this is that the molecular mechanisms remain to
be fully elucidated. Therefore, the investigation of the under-
lying molecular mechanisms for targeted therapy of CRC is
important.

Plant homeo domain finger protein 8 (PHFS) is a JmjC
domain-containing protein, which, as a chromatin regulator,
can alter histone modifications and is linked to gene activation
and repression (3). PHF8 is important in fundamental physi-
ological functions and the progression of various diseases.
PHFS8 promotes T-cell activation and proliferation, and is a
link to inflammatory responses and adaptive immunity (4).
Histone methylation modulated by PHFS is essential for
endothelial cell migration (5). PHF8 has also been identified
as a positive regulator of survival in response to mitochon-
drial dysfunction across species (6). PHF8 has been reported
to be involved in several types of cancer, including breast
cancer (7), non-small cell lung cancer (NSCLC) (8), acute
promyelocytic leukemia (9) and esophageal squamous cell
carcinoma (10). Previous studies have demonstrated that
aberrant epigenetic alteration of histone lysine demethyl-
ation is crucial in the development of CRC (11). PHF2 and
Jumonji-domain containing 3 (JMJD3) histone demethylase,
a tumor suppressor, are downregulated in colon cancer (12).
In addition, JMJD2B, lysine-specific demethylase 1 and
JMIJD2A histone demethylase are overexpressed in CRC cells
or tissues (13-15). However, to the best of our knowledge,
there have been no reports on the association of PHF8 with
the development and progression of CRC.

In the present study, the role of PHF8 in CRC was investi-
gated, and it was found that PHF8 was overexpressed in CRC
and was associated with the tumor-node-metastasis (TNM)
stage. PHF8 as an oncogenic protein promoted CRC cell
proliferation, migration and invasion abilities. These results
demonstrated that microRNA (miR)-488 was able to regulate
PHFS in CRC cell lines.
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Materials and methods

Patient samples. A total of 60 CRC tissue samples and
paired corresponding adjacent non-tumor tissue samples
were collected from the Department of Oncology, Chinese
PLA General Hospital (Beijing, China) between September
2012 and January 2015. All collected tissue samples were
immediately stored in liquid nitrogen until use. The human
samples were obtained with written informed consent from all
patients. The study was approved by the Ethics Committee of
the Department of Oncology, Chinese PLA General Hospital.

Cell culture. The normal epithelial cell line (NCM460) and
four CRC cell lines (HCT116, HT29, SW480 and SW620) were
obtained from the Cell Resource Center, Shanghai Institutes
for Biological Sciences (Shanghai, China) and were maintained
in RPMI-1640 (Thermo Fisher Scientific, Inc., Waltham, MA,
USA) supplemented with 10% FBS (Thermo Fisher Scientific,
Inc.) at 37°C in a humidified incubator (Thermo Fisher
Scientific, Inc.) with a 5% CO,, 95% air atmosphere.

Cell viability detection using 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT). The prolif-
eration of the CRC cells was monitored using an MTT
Cell Proliferation/Viability Assay kit (R&D Systems, Inc.,
Minneapolis, MN, USA) according to the manufacturer's
protocol.

Transwell migration assay. The CRC HCT116 and SW480
cells were treated with trypsinization and resuspension in
5% FBS medium to achieve a density of 1x10° cells/ml.
Transwell inserts (8-mm pore size; Corning, Corning, NY,
USA) were placed in wells containing medium and 10% FBS.
A 200 ml volume of cell suspension medium with 5% FBS
was added to the upper chamber and incubated at 37°C with
5% CO, dioxide for 48 h. Following incubation for the appro-
priate period, the upper side of the membrane was washed and
wiped using cotton swabs. The cells on the lower membrane
surface were fixed with methanol for 10 min and stained with
1% toluidine blue (wt/vol; prepared in phosphate-buffered
saline), for 5 min, and washed twice with phosphate-buffered
saline. When the dye had dried, 100 ml of 10% acetic acid
was added to the upper chamber and vortexed for 10 min,
followed by transfer into 96-well plates. The OD570 values
were measured using a BioTek Synergy MX microplate reader
(BioTek Instruments, Inc., Winooski, VT, USA).

Terminal deoxynucleotidyl transferase-mediated dUTP nick
end labeling (TUNEL) assay. The induction of apoptosis was
monitored using the TUNEL method. The TUNEL assay was
performed in accordance with manufacturer's protocol of the
TUNEL apoptosis kit (R&D Systems, Inc.).

Lentivirus preparation and infection. Short hairpin (sh)-blank
control (CN) and specific sh-RNAs targeting PHFS8 were
purchased from Invitrogen; Thermo Fisher Scientific, Inc.,
and the corresponding sequences were cloned into the
pSIREN-RetroQ plasmid (Addgene, Inc., Cambridge, MA,
USA) for retrovirus production with 293T cells (American Type
Culture Collection, Manassas, VA, USA). The shRNA targeting
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PHFS (shPHFS) had the following sequence: 5-"ACTATGTTG
GTTCTGACAA-3'; sh-CN had the following sequence: 5'-CGC
GAGTTAGCGCGTGCTA-3'. For transduction, the 293T cells
were incubated with virus-containing supernatant in the pres-
ence of 8 mg/ml polybrene. After 48 h, the infected cells were
selected for with puromycin (2 mg/ml) at 37°C, following which
the clones were selected and cultured for further experiments.

Luciferase reporter gene activity assay. The 3'-untranslated
region (UTR) of the PHF8 gene, containing the predicated target
sites for miR-488, was purchased from GenePharma Co., Ltd.,
Shanghai, China, and obtained from online prediction software
(miRanda-mirSVR; www.microrna.org). The fragment was
inserted into the multiple cloning sites of the pMIR-REPORT
luciferase microRNA expression reporter vector (Ambion;
Thermo Fisher Scientific, Inc.). The CRC cells (2x10°) were
co-transfected with 100 ng luciferase reporters containing the
PHF8 3'-UTR and miR-488 mimics using Lipofectamine 2000
(Invitrogen; Thermo Fisher Scientific, Inc.) at 37°C. The cell
lysates were harvested 24 h post-transfection and luciferase
activity was measured using a dual luciferase reporter assay
kit (Beyotime Institute of Biotechnology, Haimen, China)
according to the manufacturer's protocol.

Transfection of cells with miR-488 mimics and inhibitor. The
FAM-modified 2'-OMe-oligonucleotides were chemically
synthesized and purified using high-performance liquid chro-
matography (GenePharma Co., Ltd., Shanghai, China). The
2'-OMe-miR-488 mimics were composed of RNA duplexes
with the following sequence: 5'-UUGAAAGGCUAUUUC
UUGGUC-3'. The sequences of the 2'-OMe-miR-488 inhibitor
and 2'-Ome-scramble oligonucleotides were as follows:
5-GACCAAGAAAUAGCCUUUCAA-3' and 5'-CUAUCA
AUCGGCGGAUCCUAU-3'. The cells were transfected using
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.) at a final concentration of 100 nM. At 24 h post-trans-
fection, the culture medium was replaced and the cells were
harvested 24 h later for analysis.

RT-gPCR analysis. RNA extraction was performed using
TRIzol according to the manufacturer's protocol (Invitrogen;
Thermo Fisher Scientific, Inc.). The synthesis of cDNAs was
performed by reverse transcription reactions with 4 g of total
RNA using moloney murine leukemia virus reverse transcrip-
tase (Invitrogen; Thermo Fisher Scientific, Inc.) with oligo
dT (15) primers (Fermentas; Thermo Fisher Scientific, Inc.)
as described by the manufacturer. The levels of miR-488 were
quantified using the mirVana qRT-PCR miRNA detection
kit (Ambion; Thermo Fisher Scientific, Inc.) in conjunction
with RT-qPCR with SYBR Green. PCR reaction mixtures
(final volume, 25 ul) were prepared, including 12.5 ul SYBR
Green Supermix (Bio-Rad Laboratories, Inc., Hercules, CA,
USA), 2 ul cDNA, 300 nM each primer, and diethylpyrocar-
bonate-treated H,O. The cycling conditions were 95°C for
5 min, followed by 38 cycles of 95°C for 15 sec, 58°C for 30 sec
and 72°C for 30 sec. Following the cycle reaction, the quan-
tification cycle (Cq) was determined and relative miR-488
levels were calculated based on the Cq values normalized to
the levels of U6 in each sample (16). PCR was performed with
the following primers: PHFS, forward 5'-GACATGTGCCAG
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Figure 1. PHF8 is associated with a poor prognosis in patients with CRC. Expression of PHF8 in 60 colorectal cancer tissues and corresponding adjacent normal
tissues. (A) mRNA expression of PHF8 was measured using reverse transcription-quantitative polymerase chain reaction analysis. (B) mRNA expression of
PHF8 was measured in tissues of different TNM stages. (C) Protein expression of PHF8 was measured in tissues of different TNM stages. (D) Kaplan-Meier
survival curve and log-rank test were used to evaluate whether the mRNA expression level of PHF8 was associated with overall survival rate. Values are
expressed as the mean + standard deviation. P<0.05 was considered to indicate a statistically significant difference. PHF8, plant homeo domain finger protein 8;

TNM, tumor-node-metastasis; NC, non-cancerous.

GACTGGTTT-3' and reverse 5'-CAGCAGCCTTCTCCTCTT
CAA-3'; GAPDH, forward 5-GCACCGTCAAGCTGAGAA
C-3" and reverse 5“TGGTGAAGACGCCAGTGGA-3'.

Western blot analysis. The CRC tissues and cells were homog-
enized and extracted in NP-40 buffer. Protein concentrations
were determined using the Bicinchoninic Acid kit for Protein
Determination (cat. no. BCA1-1KT; Sigma-Aldrich; Merck
KGaA, Darmstadt, Germany). Samples containing 50 ug
protein were separated on a 10% SDS-PAGE gel and transferred
onto nitrocellulose membranes (Bio-Rad Laboratories, Inc.).
Following saturation with 5% (w/v) non-fat dry milk in TBS
and 0.1% (w/v) Tween 20 (TBST), the membranes were incu-
bated with the primary antibody anti-PHF8 (cat. no. ab191386;
1:2,000; Abcam, Cambridge, UK) at 4°C overnight. Following
three washes with TBST, the membranes were incubated
with the appropriate horseradish peroxidase-conjugated
secondary antibody (cat. no. sc-516102; 1:20,000; Santa Cruz
Biotechnology, Inc., Dallas, TX, USA) at room temperature
for 1.5 h, visualized using chemiluminescence (Thermo Fisher
Scientific, Inc.) and analyzed using Quantity One software
(version 4.4.0; Bio-Rad Laboratories, Inc.). GAPDH primary
antibody (cat. no. 2118; 1:2,000; Cell Signaling Technology,
Inc., Danvers, MA, USA) was used to as the control antibody.

Statistical analysis. The SPSS 15.0 software package (SPSS,
Inc.,Chicago,IL, USA) was used for general statistical analysis.

The significance of differences between groups was estimated
using Student's t-test, one-way analysis of variance and y” test.
Survival rates were calculated using the Kaplan-Meier method
with a log-rank test applied for comparison. The correlation
between level of PHF8 and levels of miR-488 was analyzed
using linear regression analysis. P<0.05 was considered to
indicate a statistically significant difference.

Results

PHFS is associated with a poor prognosis in patients with
CRC. To determine whether PHF8 is involved in the progres-
sion of CRC, the present study first examined the mRNA
and protein expression levels of PHF8 in cancer tissues and
non-cancerous tissues from patients with CRC. The results
of the RT-qPCR analysis showed that the mRNA expression
of PHFS8 was significantly increased in the cancer tissues,
compared with that in the non-cancerous tissues (Fig. 1A).
In addition, the mRNA expression of PHF8 was higher in
samples of a high TNM grade, compared with those of a
low TNM grade (Fig. 1B). It was also found that the protein
expression of PHF8 was correlated with disease stage; the
protein expression of PHF8 was markedly upregulated as
TNM grade increased (Fig. 1C). To understand the prog-
nostic significance of the upregulation of PHF8 in CRC, the
association between the expression of PHF8 in CRC cancer
tissues and patient survival rates was examined using the
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Table I. Clinicopathological characteristics and expression
levels of PHFS in patients with colorectal cancer.

Expression of PHF8
Variable Patients (n) Low (n) High (n) P-value
Age (years) 0.802
<50 19 7 12
>50 41 16 25
Gender 0.625
Female 24 8 16
Male 36 15 21
TNM stage 0.005
/11 23 15 8
1I/1v 37 8 29
Lymph node <0.001
metastasis
Absent 20 14 6
Present 40 9 31

PHFS, planthomeo domain finger protein 8; TNM, tumor-node-
metastasis.

Kaplan-Meier method, which revealed that overexpressed
PHF8 predicted poor overall survival rates in the CRC patient
cohort (Fig. 1D). Clinicopathological analysis indicated that
PHFS8 was significantly correlated with clinical stage and
Ilymph nodes metastasis (Table I). These results suggested
that PHFS is involved in the progression of CRC.

PHF8regulates proliferation, migration and apoptosis in CRC
cell lines. To further investigate the potential role of PHF8 in
the regulation of tumor progression, several CRC cell lines
(HCT116, HT29, SW480 and SW620) and normal colorectal
epithelial cells (NCM460) were examined. Consistent with
the tumor tissue observations, the mRNA expression of PHFS
was upregulated in the HCT116, SW480 and SW620 CRC cell
lines, compared with that in the NCM460 cell line (Fig. 2A).
The protein expression of PHF8 was also upregulated in the
HCT116 and SW480 CRC cell lines, compared with that in
the NCM460 cell lines (Fig. 2B). Among the CRC cell lines,
PHFS8 was markedly overexpressed in the HCT116 and SW480
cell lines. Thus, the HCT116 and SW480 cell lines were used
in subsequent experiments. The CRC cells were infected with
a retrovirus carrying shPHFS, and the effects of PHFS8 on
proliferation, migration and apoptosis were evaluated. It was
demonstrated that cell proliferation was markedly reduced
when PHF8 was knocked down in the HCT116 and SW480
cell lines (Fig. 2C and D). A Boyden chamber was used to
investigate the migration of CRC cell lines. As expected,
the knockdown of PHFS significantly inhibited HCT116 and
SW480 cell migration (Fig. 2E). To investigate whether DNA
damage was involved in the apoptosis induced by PHF8 knock-
down, a TUNEL assay was performed. PHF8 loss-of-function
significantly increased the number of TUNEL-positive cells in
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the HCT116 and SW480 cells (Fig. 2F). Taken together, these
results indicated that PHF8 regulates proliferation, migration
and apoptosis in CRC cell lines.

miR-488 is involved in the progression of CRC. The levels
of miR-488 were measured in 60 CRC tissue samples and
non-cancerous tissues from patients with CRC. The results
demonstrated that miR-488 was decreased in 50/60 (83.3%)
of the CRC tumor samples, and miR-488 was significantly
downregulated in the cancer tissues, compared with the
non-cancerous tissues (Fig. 3A). The expression of miR-488
was also significantly lower in tissues of a higher TNM grade,
compared with that in tissues of a lower TNM grade (Fig. 3B).
To understand the prognostic significance of the downregu-
lation of miR-488 in CRC, the present study analyzed the
association between miR-488 in CRC cancer tissues and
patient survival rates using the Kaplan-Meier method. The
downregulation of PHF8 predicted poor overall rates in the
CRC cohort (Fig. 3C). Linear regression analysis was also
performed to determine whether miR-488 was correlated with
the expression of PHF8 in CRC. An inverse correlation was
found between the expression levels of miR-488 and PHFS in
CRC tissues (Fig. 3D).

miR-488 targets the PHFS8 3'-UTR in CRC cell lines. To
further investigate the association between miR-488 and
PHEFS in the present study, the MiRanda prediction algo-
rithms were used. PHF8 was a putative target of miR-488,
predicted by bioinformatics analysis (Fig. 4A). The bioin-
formatics analysis revealed that the PHF8 3'-UTR contained
one conserved target site of miR-488. To confirm this, either
the wild-type sequence of PHFS8 or its mutant sequence
were transfected into the pMIR luciferase reporter and then
co-transfected with miR-488 or miR-NC into CRC cells.
The relative luciferase activity of wild-type pmIR-PHF8
was significantly decreased by 55 and 50% in the HCT116
and SW480 cells, respectively (Fig. 4B). miR-488 mimics or
inhibitors were also transfected into HCT116 or SW480 cells,
and the expression of PHFS in the HCT116 and SW480 cells
was determined using RT-qPCR and western blot analyses.
As expected, the miR-488 mimic-transfected HCT116 and
SW480 cells exhibited lower mRNA and protein expres-
sion levels of PHFS8 (Fig. 4C-F). By contrast, the miR-488
inhibitor-transfected HCT116 and SW480 cells exhibited
higher mRNA and protein expression levels of PHF8
(Fig. 4C-F). The miR-488 inhibitor-transfected HCT116 and
SW480 cells also exhibited increased proliferation, and this
was reversed by sh-PHFS transfection (Fig. SA and B). The
miR-488 inhibitor-transfected HCT116 and SW480 cells also
exhibited increased cell migration, and this was also reversed
by sh-PHFS transfection (Fig. 5C and D).

Discussion

Previous studies have indicated that PHF8 may be an onco-
gene in certain types of cancer, including breast cancer (7)
and NSCLC (8), however, the functional role and mechanistic
action of PHF8 in CRC remain to be fully elucidated. In the
present study, it was found that the expression of PHF8 was
significantly increased in tumor tissues from patients with
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CRC. PHFS was correlated with TNM stage, and it was found ~ PHFS loss-of-function significantly inhibited proliferation and
that the overexpression of PHFS predicted poor overall survival ~ migration, and promoted apoptosis of HCT116 and SW480
rates in the CRC patient cohort. In vitro evidence showed that  cells.
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Histone modifications, including methylation, acetylation, attention due to its central role in transcriptional regulation
phosphorylation and ubiquitination, are involved in a wide and other genomic functions (17). In the present study, the role
variety of biological and pathological processes, including cell ~ of PHF8, a member of the most recently identified family of
differentiation, proliferation, apoptosis and metabolism (10).  histone lysine demethylases, in the pathogenesis and progres-
Among these histone modifications, methylation has attracted  sion of CRC was investigated. The results indicated that PHF8



MOLECULAR MEDICINE REPORTS 16: 4437-4444, 2017

A HCT116

— NC-miR-488+NC-sh-PHF8
~=~ NC-miR-488+sh-PHF8

= 800 - —— miR-488 inhibitor+NC-sh-PHF8
g —— miR-488 inhibitor+sh-PHF8
8 600 7
B
£ 4004 ]
£
S 200- 3
= ke
% *
Q 0 v T v T
0 24 43 72
Time (h)
c HCT116
3
2 250 : e e
o
5 200
;.:,:"'
2 1504
@
Q
2 100-
©
=3
£ 504
2
Eﬁ; o > 2 > >
& & & &
& & & &
N & B S
& g 4 e
x )l & ,@
}*@ (&Q -b\“o &
& o & &
a & &
S & &
&

4443

B SW480
- NC-miR-488+NC-sh-PHF8
-=- NC-miR-488+sh-PHF8
< 6001 - miR-488 inhibitor+NC-sh-PHF&
= == miR-488 inhibitor+sh-PHF8
3
‘© 400 1
=
=
T 200 1
= >
> *
]
U 0 T T T T
24 48 72
Time (h)
D SW480
£2007 T —y
c
8
5
< 150 4
2
8 1004
=]
L
@
k=2 .
g 50
2
ﬁ; ° el ] > >
< < < &
a Q¢ &< &
° 2 & &
S S &
> g ©
& & & &
M & o &
& o & &
& < o€ e
I & &
&

Figure 5. Effects of PHF8 on cell viability and migration. (A) HCT116 and (B) SW480 cells were infected with retrovirus carrying sh-PHF8 or miR-488
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post-infection. Values are expressed as the mean + standard deviation (n=3 in each group). "P<0.05, “P<0.01 and ““P<0.001, vs. control group. PHFS, plant
homeo domain finger protein 8; sh-, short hairpin RNA; miR, microRNA; NC, negative control.

as an oncogene was involved in the progression of CRC. PHF8
hasdiverseroles in cellular activity and is recruited to promoters
by its PHD domain, based on interactions with H3K4me2/3.
It also controls G1/S transition in conjunction with E2F1,
HCF-1 and SET1A (8,10). In breast cancer, PHF8 is overex-
pressed, and interaction with USP7 leads to the upregulation
of cyclin A2 (7). The knockdown of PHF8 in ESCC cell lines
has been shown to result in an inhibition of cell proliferation
and an increase of apoptosis (10). In the present study, it was
demonstrated that the knockdown of PHFS8 inhibited cellular
proliferation and migration, and an increased the apoptosis of
HCT116 and SW480 cells. Consistent with previous reports,
these results suggested that PHFS8 as an oncogene regulated
cellular proliferation and migration in cancer cells.

miRs are critical in the development and progression of
human cancer through the post-transcriptional regulation of
gene expression (10). Previous studies have indicated that
miR-488 inhibits the proliferation and enhances the apoptosis
of prostate carcinoma cells (18). miR-488 acts as a tumor
suppressor gene, involved in the suppression of cell prolifera-
tion, cell cycle, colony information and migration in gastric
cancer cells, and is negatively correlated with TNM stage
in patients with gastric cancer (19). However, the functional
role and the underlying molecular mechanisms of miR-488 in
CRC remain to be fully elucidated. The results of the present

study demonstrated that miR-488 was decreased in cancer
tissues and was significantly lower in high TNM grade tissues,
compared with that in low TNM grade tissues. In addition, an
inverse correlation was found between the expression levels
of miR-488 and PHF8 mRNA in CRC tissues. To further
investigate the association between miR-488 and PHF8, bioin-
formatics methods demonstrated that PHFS8 was a putative
target of miR-488, and miR-488 inhibited the expression of
PHF8 in CRC cell lines. miR-488 was involved in the progres-
sion of CRC; miR-488 loss-of-function resulted in increased
proliferation and migration, which were reversed by sh-PHF8
transfection in HCT116 and SW480 cells. The in vitro and
in vivo experiments revealed that PHF8 accelerated cancer cell
growth and migration, confirming the oncogenic role of PHFS
in human CRC.

In conclusion, the data obtained in the present study
support the carcinogenic role of PHF8 in CRC, and suggest
that the PHF8 oncogene is involved in the progression of
CRC. The preliminary findings indicated that PHFS, as a
potential target of miR-488, can be suppressed by the overex-
pression of miR-488. Low levels of miR-488 and high levels
of PHFS8 were correlated with poor overall survival rates in
patients with CRC. These results suggested that miR-488 and
PHFS8 may serve as CRC biomarkers for the prediction of clin-
ical outcome and as targets for diagnosis and therapy in CRC.
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