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ABSTRACT

Background/Aims: Hippo pathway plays a crucial role in cell proliferation, apoptosis, and tumorigenesis.
This study aimed to investigate the expression of Hippo pathway components in the progression and
metastasis of colorectal cancer (CRC). Materials and Methods: Quantitative real-time polymerase chain
reaction (QRT-PCR) was used to examine the mRNA expression levels of MST1, LATS2, YAP, TAZ, TEAD1,
CDX2, and OCT4, and western blot (WB) was used to examine the protein expression levels of MST1, YAP,
TEAD1, and CDX2 in 30 specimens of human colorectal adenomas, 50 pairs of human CRC tissues, and
adjacent nontumorous tissues from CRC patients. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
was used as the housekeeping gene in qRT-PCR. Results: The mRNA expression levels of MST1 and
LATS2 showed an increasing tendency from CRC to adjacent nontumorous tissues (P < 0.001). Conversely,
the mRNA expression levels of YAP, TAZ, TEAD, and OCT4 showed a decreasing tendency from CRC to
adjacent nontumorous tissues (P < 0.001). MST1 protein was downregulated and YAP and TEAD1 proteins
were upregulated in CRC (all P < 0.001). The mRNA and protein expression levels of CDX2 in CRC were
significantly lower than those in colorectal adenomas and adjacent nontumorous tissues (P < 0.001), but
there was no significant difference between the latter two groups (qQRT-PCR, P = 0.113; WB, P = 0.151).
Furthermore, statistical analysis showed that the expression levels of Hippo signal pathway components
were associated with tumor differentiation, lymph node metastasis, and TNM stage. Conclusion: Hippo
pathway is suppressed in the progression from colorectal adenomas to CRC and is associated with CRC
progression and metastasis. This study suggests the components of Hippo pathway might be prognostic
indicators for CRC patients.
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Colorectal cancer (CRC) was the third most commonly
diagnosed cancer and the fourth most common cancer
leading to death worldwide in 2008.1" The prognosis of
patients with CRC has improved during the past decades in
many countries, probably because of increased application of
colonoscopy with polypectomy.l! As dysplastic adenomas are
the most common form of premalignant precursor lesions,
more and more studies focus on the adenoma-carcinoma
sequence: Normal tissues — adenomas — carcinoma.
The mechanisms of adenoma-carcinoma sequence are
complicated, which include oncogenes, tumor-suppressor
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genes, and cancer stem cell.P* The Hippo pathway was first
discovered through genetic screens in Drosophila, and many
components of the Hippo pathway are highly conserved from
Drosophila to mammals, including mammalian STE20-like
kinase 1/2 (MST1/2), salvador homolog 1 (SAVI), large
tumor suppressor 1/2 (LATS1/2), Yes-associtated protein
(YAP) and its paralog, transcriptional co-activator with
PDZ-binding motif (TAZ), all of which form a kinase
cascade. As a transcriptional co-activator, YAP or TAZ could
combine with TEA domain family member 1 (TEADI) in
the nucleus to promote the expression of target genes. Model
of the Hippo pathway in mammals is shown in Figure 1.0
Recent studies have revealed that the Hippo pathway plays
a critical role in cell growth, proliferation, apoptosis, organ
size, and tumorigenesis. Meanwhile, the suppression of
Hippo pathway has been reported in many cancers, such
as breast, lung, and hepatocellular carcinoma (HCC).[*8l
However, few studies focus on the role of Hippo pathway in
CRC systematically.
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Caudal type homeobox transcription factor 2 (CDX2) and
POU family transcription factor (OCT4) are identified as
markers in embryonic stem (ES) cell. CDX2 is an intestine-
specific protein which is critical to the intestinal development
and differentiation, and previous studies indicate that the
expression of CDX2 is reduced in CRC. OCT4 belongs
to class 5 of POU family transcription factors, containing
multiple transcription factors with pituitary-specific domain,
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Figure 1: Model of the Hippo pathway in mammals

Hippo pathway suppressed in colorectal cancer

octamer transcription factor domain, and neural Unc-86
transcription factor domain. Also, OCT4 suppresses the
expression of CDX2 during embryogenesis, but there is no
evidence demonstrating that CDX2 is suppressed by OCT4
in CRC.

Our study aimed to investigate the expression of Hippo
pathway components in the progression from colorectal
adenomas to CRC, and we wondered whether CDX2 and
OCT# are the target genes of YAP or TAZ which combine
with TEADI. In addition, we assessed the correlation of the
clinicopathologic characteristics in CRC patients.

MATERIALS AND METHODS

Patients and tissue specimens

This study was approved by the ethics committee of Qingdao
University Medical College and obtained the consent from the
patients. Fifty pairs of CRC and adjacent nontumorous tissues
were obtained from the patients who had undergone surgical
operation and 30 specimens of colorectal adenoma tissues
were obtained from the patients undergoing polypectomy
at Affiliated Hospital of Qingdao University during 2012.
Adjacent nontumorous tissues were dissected more than 5 cm
away from the cancer edge. All the patients with CRC did
not receive preoperative chemoradiotherapy. The specimens,
which were verified by a pathologist, were snap-frozen in liquid
nitrogen after resection and stored at —80°C.

Quantitative real-time polymerase chain reaction

Quantitative real-time polymerase chain reaction (qQRT-PCR)
was used to determine the expression levels of Hippo pathway
components in CRC (n = 50), adjacent nontumorous
tissues (n = 50), and colorectal adenomas (n = 30).
Total RNA was extracted from the specimens using Trizol
reagent (Invitrogen, Carlsbad, USA) according to the
manufacturer’s protocol and RNA quality was determined by
measurements of OD26/OD280 and analysis on an agarose
gel. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
was used as the housckeeping gene for loading control. All
the sequences of primers are listed in Table 1. The cDNA

Table 1: The sequence of primers used in RT-PCR

Gene Forward

GAPDH CACCAGGGCTGCTTTTAACTC

MST1 AGACCTCCAGGAGATAATCAAAGA
LATS2 TAGAGCAGAGGGCGCGGAAG

YAP TGAACAAACGTCCAGCAAGATAC
TAZ CTTGGATGTAGCCATGACCTT
TEAD1 AATCCCACCGCCAAAATTGAGC
OCT4 CGTGAAGCTGGAGAAGGAGAAGCTG
CDX2 AAGTGAAAACCAGGACGAAAGA

Reverse Product
TGGAAGATGGTGATGGGATTT 180 bp
AGATACAGAACCAGCCCCACA 139 bp
CCAACACTCCACCAGTCACAGA 130 bp
CAGCCCCCAAAATGAACAGTAG 165 bp
TCAATCAAAACCAGGCAATG 150 bp
TACCATACATTTTGCCTTCGTCT 220 bp
CCACATCGGCCTGTGTATATCCCAG 140 bp
GGATGGTGATGTAGCGACTGTA 102 bp

RT-PCR: Real-time polymerase chain reaction
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synthesis was carried out using TaKaRa PrimerScript”
RT-PCR. The gRT-PCR was performed with SYBR® Premix
Ex Taq™ II (TaKaRa) according to the manufacturer’s
protocol by Roche LightCyle Real-time PCR (Roche, Basel,
Switzerland). Reactions for all assays were carried out in
a total volume of 20 ul (containing 2 x SYBR II 10 ul,
forward primer 1.6 ul, reverse primer 1.6 ul, ddH,0 4.8 ul,
c¢DNA 2 ul) with the following amplification steps: An
initial denaturation at 95°C for 30 s followed by 40 cycles
of denaturation at 95°C for 5 s and anncaling at 60°C for
30 s. The 2724T method was used to calculate the relative
expression levels. The group with adjacent nontumorous
tissues was used as a normal standard for normalization and
comparison for each gene. Three separate experiments were
performed for each clone.

Western blot analysis

Western blot (WB) analysis was used to determine the
expression levels of the components of the Hippo pathway
in CRC (n = 50), adjacent nontumorous tissues (n = 50),
and colorectal adenomas (n = 30). Total proteins were
extracted from the tissues which were grinded at low
temperature using a mixture of phenylmethylsulfonyl
fluoride or phenylmethanesulfonylfluoride (PMSF)
and radio immunoprecipitation assay (RIPA) buffer
(PMSEF: RIPA = 1:200). We then calculated the protein
concentration using protein quantitative recagent
kit-bicinchoninic acid (BCA) method. Equal amounts of
proteins were separated through sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) and
transferred onto polyvinylidene fluoride (PVDF) membranes.
The membranes were blocked in phosphate-buffered saline
with tween 20 (PBST) containing 5% nonfat milk for
1 hour at room temperature before being blotted with the
appropriate primary antibody overnight at 4°C (MST1,
1:1000, Abcam Company, Cambridge, UK; YAP, 1:1000,
Abcam Company, Cambridge, UK; TEADI, 1:1000, Abcam
Company, Cambridge, UK; CDX2, 1:1000, ZSGB-BIO,
Beijing, China). The membranes were washed with
phosphate-buffered saline (PBS) and incubated with goat
anti-rabbit horseradish peroxidase—conjugated secondary
antibodies (Abcam Company, Cambridge, UK) for 1 hour
at room temperature. The antibody—protein complexes were
visualized by chemiluminescence and the specific protein
bands were photographed by VILBER Fusion X7 image
system. Quantity One software was used for the analysis
and quantification of WB image. B-actin was used as the
internal control.

Statistical analysis

Statistical analysis was undertaken using SPSS 19.0.
The one-way analysis of variance (ANOVA) was used for
continuous data, and P < 0.05 was considered to indicate
significant difference. The correlations were analyzed by
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Pearson’s correlation coefficient, and P < .05 was considered
to indicate significant difference.

RESULTS

The relative expression levels of Hippo pathway
molecules

In this study, qRT-PCR showed that the mRNA expression
levels of MST1 and LATS2 were significantly lower in CRC
tissues than those in colorectal adenomas and adjacent
nontumorous tissues (P < 0.01). The mRNA expression
levels of MSTT and LATS2 showed an increasing tendency
from CRC to colorectal adenomas and then to adjacent
nontumorous tissues [Figure 2]. Conversely, the mRNA
expression levels of YAP, TAZ, and TEADI obviously
increased in CRC compared with colorectal adenomas
and adjacent nontumorous tissues (P < 0.01) and showed
a decreasing tendency [Figure 2]. On determining the
expression levels of MST1, YAP, and TEADI by WB,
we found that MST1 protein in colorectal adenomas
and adjacent nontumorous tissues increased 0.3676 and
0.7039 times, respectively, compared with CRC [Figure 3].
Compared with CRC, YAP protein expression level decreased
by 31.58% and 51.22% and TEAD] protein expression level
decreased by 20.87% and 40.11% in colorectal adenomas
and adjacent nontumorous tissues, respectively, which
were consistent with the results of QRT-PCR [Figures 2
and 3]. The results of Pearson’s Chi-square test showed
that the expression of MST1 was positively correlated
with the expression of LATS2 (r = 0.96, P < 0.01), the
expression of LATS2 correlated negatively with YAP and
TAZ (r=—=0.86,P < 0.01;r = =0.93, P < 0.01), and the
expression of TEADI correlated positively with YAP and
TAZ (r = 0.96, P < 0.01;r = 0.98, P < 0.01).

The expression levels of CDX2 and OCT4

As shown in Figures 2 and 3, the results of qRT-PCR and
WB indicated that the expression of CDX2 was significantly
lower in CRC than that in colorectal adenomas and adjacent
nontumorous tissues (all P < 0.01). However, there was
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Figure 2: Relative expression levels of genes in adjacent nontumorous
tissues, colorectal adenomas, and CRC detected by qRT-PCR



no significant difference between the latter two groups
(qRT-PCR, P = 0.113; WB, P = 0.151). In Figure 2, it is
observed that the expression of OCT4 gradually increased
from adjacent nontumorous tissues to colorectal adenomas
and then to CRC (P < 0.01). Furthermore, Pearson’s
Chi-square test showed the expression levels of YAP and
TEADI were negatively correlated with the expression
of CDX2 (r = =0.977, P < 0.01; r = =0.933, P < 0.01)
and positively correlated with OCT4 (r = —=0.971,
P <0.01;r=—-0942, P < 0.01). Meanwhile, there was a
significant negative correlation between OCT4 and CDX2
(r=-098,P<0.0I).

Hippo pathway suppressed in colorectal cancer

Association of Hippo pathway components with the
clinicopathologic characteristics of CRC patients
InTable 2, it is found the expression levels of MST1, LATS2,
and CDX2 in patients with lymph node metastasis were
significantly lower than those in patients without lymph
node metastasis (P < 0.05). On the contrary, the expression
levels of YAP, TAZ, TEADI, and OCT4 in patients with
lymph node metastasis were significantly higher than
those in patients without lymph node metastasis (YAP
and TAZ, P < 0.01; TEADI and OCT4, P < 0.05). The
results of QRT-PCR showed the mRNA expression levels
of MSTI, LATS2, and CDX2 gradually decreased from
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Figure 3: Expression of MST1, YAP, TEAD1, and CDX2 proteins in adjacent nontumorous tissues, colorectal adenomas, and CRC detected by
western blot. (a) Relative expression levels of MST1, YAP, TEAD1, and CDX2 proteins. (b) Bands of MST1, YAP, TEAD1, and CDX2 proteins

(a, adjacent nontumorous tissues; b, colorectal adenomas; c, CRC)

Table 2: Association of hippo pathway components with the clinicopathologic characteristics of CRC patients

n MST1 LATS2 YAP TAZ TEAD1 OCT4 CDX2

Age (years)

>50 30 1.600+0.165 0.969+0.161 2.806+0.244 3.401+0.211  3.374+0.139 2.115£0.200  1.803+0.181

<50 20 1.316+0.159 0.800+0.217 3.101+0.287 3.798+0.210 3.415+0.200 2.447+0.245 1.84910.222
Gender

Male 32 1.551+0.158 0.934+0.153 2.877+0.233 3.440+0.199 3.339+0.134 2.180+0.193  1.886%0.178

Female 18 1.369+0.172  0.843+0.238 3.009+0.313 3.773+0.236 3.483+0.215 2.368+0.264 1.708+0.226
Degree of differentiation**

Well 17  2.167+0.910* 1.114+0.371* 2.185+1.464% 2.342+0.280* 2.402+0.162* 1.764+0.255* 2.965+0.107*

Moderate 24 1.539+0.168 0.978+0.180 2.802+0.280 3.452+0.208 3.386+0.157 2.144+0.225 1.821+0.202

Poor 9 1.050+0.127 0.356+0.072 3.490+0.291 4.357+0.114 3.921+0.106 2.841+0.221  1.218%0.150
Lymph node metastasis

Positive 23 1.188+0.157# 0.577+0.122% 3.452+0.288* 4.008+0.163* 3.653+0.146" 2.598+0.218" 1.485+0.184%

Negative 27 1.740+0.159 1.176+0.202 2.476+0.208 3.179+1.169 3.167+0.162 1.949+0.205 2.108+0.191
Location

Colon 16 1.345+0.216 0.857+0.241 3.156+0.343 3.806+0.260 3.712+0.149 2.350+0.282  1.800+0.173

Rectum 34 1.553+0.142 0.921+0.154 2.816+0.221 3.444+0.188 3.239+0.147 2.199+0.187  1.865+0.239
TNM stage***

| 6 2.288t0.216* 1.399+0.408* 1.997+0.246% 1.931+0.310% 2.939+0.228* 1.697+0.079* 2.819+0.306*

Il 15 1.809+0.203 1.046+0.246 2.147+0.252 3.026+0.246 3.212+0.221 1.968+0.186 2.422+0.213

] 20 1.331+0.089 0.535+0.088 2.632+0.250 4.087+0.138 3.692+0.127 2.443+0.179 1.491+0.180

\Y 9 1.023+0.049 0.398+0.096 3.267+0.249 4.364+0.239 3.985+0.146 2.819+0.183  0.889+0.136

#P<0.05, *P<0.01, **according to the degree of differentiation defined by World Health Organization expert group on histological typing of intestinal tumors,

Hkk

according to the 7™ edition of the AUJCC Cancer Staging Manual CRC: Colorectal cancer, TNM: Tumor, nearby lymph node, distant metastasis
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good to poor differentiation (P < 0.01) and the expression
levels of YAP, TAZ, TIEADI, and OC'T4 gradually increased
from poor to good differentiation (YAP, P < 0.05; others,
P < 0.01). As shown in Table 2, the expression of Hippo
pathway components was significantly associated with
TNM stage in CRC. The mRNA expression levels of MST1,
LATS2, and CDX2 gradually decreased from TNM [ to IV
stage (P < 0.01) and the mRNA expression levels of YAP,
TAZ, TEADI, and OCT#4 gradually increased from TNM
I to IV stage (YAP and TAZ, P < 0.05; TEAD and OCTH4,
P < 0.01). In additon, there was no significant correlation
with age, gender, and location of cancer [Table 2].

DISCUSSION

MSTT and LATS2 are upstream components in the Hippo
pathway according to Dong’s elucidation of Hippo signal
pathway in mammals.”? MST1, the ortholog of Drosophila
protein kinase hpo, is a STE20-like kinase containing
Ser/Thr protein kinase domain in the N-terminal and
SARAH domain in the C-terminal. The activated MST1
phosphorylates and activates its direct substrate, LATS2. The
phosphorylation of LATS2 is enhanced by SAVI (defined
as the adaptor protein, also called hWW45 in human
beings), which combines with MST1 and LATS2 through
the SARAH domain of MST1 and PPXY motifs of LATS2,
respectively.'"”! Zhou®!" confirmed that MST1 is required
for tumorigenesis suppression by knockdown of MST1 gene,
and downregulation of MSTI mRNA expression in adult
mouse liver leads to the onset of hepatocyte proliferation,
massive overgrowth, and multifocal hepatocyte carcinoma
eventually. Xul"?! demonstrated that MST1 performs tumor
suppressor function by transfecting recombinant eukaryotic
expression vector which contains human wild-type MST1
gene to human non-small-cell lung cancer (A549 cells). In
this study, MST'1 and LATS2 are suppressed in colorectal
adenomas and CRC, and the expression levels of MST1 and
LATS2 show a decreasing trend from adjacent nontumorous
tissues to CRC. All these suggest that the inactivation of
MSTT and LATS2 might result in progression from colorectal
adenomas to CRC because of the absence of proliferation
and tumorigenesis suppressing function. In addition, the
expression of MST'1 shows a positive correlation with LATS2
in CRC, which indicates that the downregulation of MST1
might be followed by the suppression of LATS2. However,
the mechanism of suppression has not been found. Previous
researches!®" suggest that the downregulation is associated
with promoter hypermethylation and gene deletion.

YAP and its paralog TAZ are the core components and
downstream regulators of Hippo pathway and play a role
in gene induction as transcriptional co-activators after
they combine with TEADI leading to cell proliferation,
organ size, epithelial-mesenchymal transition, and
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tumorigenesis.™* YAP, the ortholog of Drosophila protein
kinase Yki, is first cloned because of binding to the SH3. YAP
and TAZ are phosphorylated by LATS2 after they combine
with each other through WW domain and PPXY motifs
and the phosphorylation sites are S127 and S89, respectively.
Once combined with 14-3-3 protein, the phosphorylated
YAP and TAZ proteins are fixed in the cytoplasm. The
expression of YAP is upregulated in many tumors, such as
gastric, esophageal, pulmonary, and hepatic carcinomas.
Overexpression of YAP results in liver overgrowth and then
progresses to HCC. YAP is an independent prognostic marker
for overall survival and disease-free survival times of HHCC
patients and is associated with tumor differentiation. ! This
phenomenon is also found in intestinal cancer. Camargo
et al., observed in their study that YAP could restrict the
differentiation of stem cell in the intestine and expand
multipotent undifferentiated progenitor cells.!" Zhou et al.,
study confirms that overexpression of YAP promotes colonic
tumorigenesis through inducing the ablation of kinases
MST1 and MST2."1 TAZ plays a similar function in cell
proliferation and tumorigenesis. Previous studies have shown
that the proliferative and oncogenic potential of TAZ is
suppressed when TAZ gene is knocked down in non-small-cell
lung carcinoma using siRNA transfection.!"® The qRT-PCR
and WB results suggest that the expression levels of YAP
and TAZ are both upregulated and show an uptrend from
adjacent nontumorous tissues to CRC. Pearson’s Chi-square
test showed the mRNA expression level of LATS2 is negatively
correlated with the mRNA expression levels of YAP and TAZ,
which indicates YAP or TAZ might be overexpressed secondary
to the suppression of MSTT and LATSZ2 in CRC and colorectal
adenomas. Our results are consistent with Zhou et al., and
previous researches. Therefore, the overexpression of YAP or
TAZ, downstream regulators of Hippo pathway, might lead
to excessive cell proliferation, polarity absence, adenoma
formation, and CRC progression eventually. On analyzing
the correlation between YAP/TAZ and the clinicopathologic
characteristics of CRC patients, we found that the expression
levels of YAP and TAZ were positively correlated with tumor
differentiation, lymph node metastasis, and TNM stage.
Also, there was no significant correlation with age, gender,
and location of tumor, which is similar to the study results
of Yuen et al.'"”! So, the expression of YAP and TAZ might
predict the prognosis for CRC patients.

As a co-transcriptional activator, TEAD] is required for
gene promoters in the nucleus. Previous researches show
that TIEADI gene knockdown restricts the proliferation
and tumorigenesis potential of YAP and TAZ.I"21 We
found in our study that TEADI is overexpressed in CRC
and colorectal adenomas, and is positively correlated with
the expression of YAP and TAZ. This means TEADI might be
co-overexpressed with YAP or TAZ to promote the expression
of backward genes.



However, the question is which genes are promoted by
YAP/TAZ-TEADI co-overexpression? CDX2 and OCT4 are
overexpressed in ES cells and are the markers of pluripotency.
CDX2 is initially co-expressed with and suppressed by OC'14
in the ES cells, and the suppression of OC'T4 leads to the
upregulation of CDX2.?Yl In human beings, CDX2 is strictly
expressed in the intestinal epithelial cells, which plays a critical
role in directing intestinal development, differentiation and
maintenance of the intestinal phenotype.® Previous research®!
shows that the expression of CDX2 is reduced in CRC. Mallo
et al., reduced the tumorigenicity, resistance to apoptosis,
and migration potential of IIT29 cells after upregulating
CDX2 expression by transfection with CDX2 ¢cDNA.
Therefore, Kim suggests that CDX2 is a tumor suppressor
gene. In addition, recent studies report that reduced CDX2
expression is associated with poor overall survival in patients
with CRC and could be a prognostic indicator. Another
study® reports that TEAD/TEF family transcription factor
could induce the expression of CDX2 in ES cells. So, we
wonder if YAP/TAZ-I'EAD] complex would upregulate or
downregulate CDX2 expression in patients with CRC. We
found in our study that the mRNA and protein expression
levels of CDX2 in CRC are significantly lower than those
in colorectal adenomas and adjacent nontumorous tissues.
Therefore, the expression of CDX2 might be reduced in
CRC. Consequently, we detected the expression levels of
OCT# (the antagonist of CDX2) by qRT-PCR. OCT4 is
required for maintaining the proliferation and pluripotency
of ES cell, and OCT4 knockdown by RNA interference leads
to triggering differentiation of ES cell at the morphologic and
molecular level.””) Overexpression of OCT4 in tumor stem
cells has been found in many tumors, such as pulmonary,
cervical, pancreatic, and colorectal carcinomas. Our results
show the mRNA expression levels of OC'T4 are significantly
higher in CRC than those in colorectal adenomas and adjacent
nontumorous tissues. Meanwhile, there is a significantly
negative correlation between CDX2 and OCT4. This study
indicates that the suppression of CDX2 might be associated
with the overexpression of OCT4, which inhibits the expression
of CDX2 in colorectal tumor stem cell, although TEADI
might induce CDX2 expression. Ience, there is another
hypothesis that YAP/TAZ-I'EADI complex might reduce
CDX2 expression due to the tumor microenvironment in
colorectal stem cells instead of embryonic microenvironment.
Besides, the expression of CDX2 is associated with tumor
differentiation, lymph node metastasis, and 'TNM stage, and
there is no significant correlation with age, gender, and location
of tumor. Therefore, CDX2 might be treated as a prognostic
factor for patients with CRC.

CONCLUSIONS

The results obtained show that the Hippo pathway is
suppressed and the downstream cascade kinases are

Hippo pathway suppressed in colorectal cancer

overexpressed in both colorectal adenomas and CRC, which
indicates that the suppression of Hippo pathway might
be one mechanism in the pathogenesis from colorectal
adenomas to CRC. The Hippo pathway is closely related to
the tumor differentiation, lymph node metastasis, and TNM
stage, which suggests that this signal pathway might serve as
a prognostic indicator for patients with CRC. In accordance
with these results, the target genes of Hippo pathway might
be CDX2 and OCTH.
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