OncoTargets and Therapy

Dove

ORIGINAL RESEARCH

TIMP| Is A Potential Key Gene Associated With
The Pathogenesis And Prognosis Of Ulcerative
Colitis-Associated Colorectal Cancer

Ru Huang'*
Kaijing Wang (>*
Lei Gao'

Wei Gao®

IDepartment of Heart Failure, Research
Center for Translational Medicine,
Shanghai East Hospital, Tongji University
School of Medicine, Shanghai, People’s
Republic of China; 2Department of
Colorectal Surgery, Shanghai East
Hospital, Tongji University School of
Medicine, Shanghai, People’s Republic of
China

*These authors contributed equally to
this work

Correspondence: Wei Gao

Department of Colorectal Surgery,
Shanghai East Hospital, Tongji University
School of Medicine, Shanghai, People’s
Republic of China

Email yoursgaowei@ |63.com

Lei Gao

Department of Heart Failure, Research
Center for Translational Medicine,
Shanghai East Hospital, Tongji University
School of Medicine, Shanghai, People’s
Republic of China

Email gldlykdx@163.com

This article was published in the following Dove Press journal:
OncoTargets and Therapy

Purpose: Colorectal cancer (CRC) is the third most frequently diagnosed cancer worldwide.
As a high-risk factor for CRC, ulcerative colitis (UC) has been demonstrated to lead to
epithelial dysplasia, DNA damage, and eventually cancer. There are approximately 18% of
patients with UC may develop CRC.

Patients and methods: The gene expression profiles were retrieved from the Gene
Expression Omnibus. The Database for Annotation, Visualization and Integrated Discovery
was employed to conduct gene annotations. Protein-protein interaction network was constructed
by the Search Tool for the Retrieval of Interacting Genes, and further analysed by the Molecular
Complex Detection. The correlation between TIMP1 and prognosis was evaluated by the Gene
Expression Profiling Interactive Analysis. To predict the potential functions of TIMPI1, the
GeneMANIA, Coremine, and FunRich were employed. After transfection with small interfering
RNA targeting 7/MP1, cell proliferation, migration, and apoptosis were determined by CCK-8,
scratch wound, and Annexin V-FITC/PI assays, respectively.

Results: TIMP1, consistently overexpressed in the initiation and progression of UC-asso-
ciated CRC (ucaCRC), was identified to be a potential biomarker for the prognosis of
patients with CRC. Experimental results showed knockdown of TIMP1 could increase the
migration, while did not affect the proliferation and apoptosis of RKO cells. The role of
TIMP1 in the malignant transformation of ucaCRC was confirmed by using the protein/gene
interactions and biological process annotation and validated by analysing the transcription
factors targeting 7/MP].

Conclusion: TIMP1 is consistently upregulated in the pathological process of ucaCRC and
can be a potential biomarker for the worse prognosis of CRC.

Keywords: colitis ulcerative, colorectal neoplasms, high-throughput screening assays,

prognosis

Introduction

Colorectal cancer (CRC) is the third most frequently diagnosed cancer and also the
second most common cancer-related death worldwide, which accounts for roughly
1.8 million new cases and 881,000 deaths in 2018." The therapeutic approaches,
such as surgery and adjuvant therapy, have increased the overall survival rate for
patients with CRC, however, the outcomes of these patients remain poor due to
metastasis.” There are several mechanisms leading to CRC such as genomic
instability and mutations of tumor-suppressor genes,” and also several high-risk
factors for CRC such as hereditary nonpolyposis colon cancer syndrome, familial
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adenomatous polyposis, and ulcerative colitis (UC).* UC is
characterized by leukocyte infiltration and uncontrolled
inflammatory reactions,” and such pathologic features can
lead to epithelial dysplasia, DNA damage, and eventually
malignancy.®® Particularly, there are approximately 18%
of the patients with UC may eventually develop CRC after
30 years of diseases.” However, the molecular mechanisms
driving the progression of ucaCRC have not been fully
characterized yet.

To identify the potential genes that promote the pro-
gression of normal mucosa to ucaCRC, the microarray and
high throughput sequencing technologies have been
adopted recently.'™'" To overcome the limited or incon-
sistent results result from the different platforms or a small
sample size, the integrated bioinformatics methods has
been uncovered.'” As a result, through combining the
datasets retrieved from the Gene Expression Omnibus
(GEO) and subsequent bioinformatics analysis, we have
previously identified several crucial genes functioning
pivotally in many pathological processes including five
candidates to be the potential diagnostic biomarkers,
NMU-mediated alectinib resistance in non-small cell
lung cancer, and COL4Al-mediated trastuzumab resis-
tance in gastric cancer.'*

Therefore, in the present study, through retrieving the
datasets from the GEO and conducting an integrative
bioinformatics analysis, we identify that TIMP metallo-
peptidase inhibitor 1, also known as TIMP1, upregulated
consistently in the initiation and progression of ucaCRC
may function pivotally in the malignant transformation of
ucaCRC via multiple mechanisms.

Materials And Methods

Processing Of Microarray Data

In the present study, the gene expression profiles of GSE9452,
GSE8671, GSE14538, GSE46451, and GSE31106 were
retrieved from the GEO (http://www.ncbi.nlm.nih.gov/geo)
as previously reported.” In detail, GSE9452 contains 5 control
samples and 21 UC samples;'® GSE8671 is consisted of 32
colorectal adenomas and the corresponding normal mucosa

from the same individuals;'” GSE14538 contains one sample
(Caco2 cell line) treated with 20 mmol/L mesalazine for 4
days and 1 untreated sample;'® GSE46451 is composed of 12
mucosal biopsies including 3 biological replicates in each of 4
categories (non-inflamed with or without mesalazine, inflamed
with or without mesalazine);'® GSE31106 includes 3 color-
ectal tissues collected from AOM/DSS-induced CRC mice

model at inflamed stage, dysplasia stages (low-grade dyspla-
sia, high grade dysplasia and high-grade dysplasia with active
inflammation) and carcinoma stage separately, and 3 normal
colorectal tissues from control group.?’ The detailed informa-
tion of these datasets were provided in the supplementary
materials. These microarray datasets were then analyzed by
using the GEO2R (http://www.ncbi.nlm.nih.gov/geo/geo2r/),
an online tool used to compare two or more groups.21 P value

<0.05 and [log2FC| > 1 were statistically considered as the cut-
off criterion.

Functional And Pathway Enrichment

Analyses

To obtain the functional annotation of these differentially
expressed genes (DEGs), the Database for Annotation,
Visualization and Integrated Discovery (DAVID, http://
david.abcc.nciferf.gov/) was next employed to perform
the Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) analyses.”” P < 0.05 was
regarded as the significant threshold.

Construction Of The Protein-Protein
Interaction Network (PPI)

As a widely used online database, the Search Tool for the
Retrieval of Interacting Genes (STRING, http://string-db.
org), has been applied to provide information regarding the
predicted and experimental protein interaction.”> To
explore the interactive associations between 78 signifi-
cantly upregulated DEGs and 7 target genes of mesalazine,
we mapped these genes to the STRING, and confidence
score > 0.4 was set as significant. The Molecular Complex
Detection (MCODE) was used to screen the modules of
PPI network in the Cytoscape, and genes within the high-
est MCODE scores module are considered as hub genes.

Survival Analysis Of TIMPI

To evaluate the correlation between the expression of
TIMP1 for CRC, Gene
Expression Profiling Interactive Analysis (GEPIA, http://

and its clinical outcomes

gepia.cancerpku.cn/index.html), an online database based
on The Cancer Genome Atlas (TCGA) and the Genotype-
Tissue Expression (GTEx) projects, was employed. Based

on the expression level of TIMP1, CRC patients were
divided into low and high expression groups respectively.
The overall survival was then analyzed. The hazard ratio
(HR) with 95% confidence intervals and log rank P value
were computed.

submit your manuscript

8896

Dove

OncoTargets and Therapy 2019:12


http://www.ncbi.nlm.nih.gov/geo
https://www.dovepress.com/get_supplementary_file.php?f=222608.xlsx
https://www.dovepress.com/get_supplementary_file.php?f=222608.xlsx
http://www.ncbi.nlm.nih.gov/geo/geo2r/
http://david.abcc.ncifcrf.gov/
http://david.abcc.ncifcrf.gov/
http://string-db.org
http://string-db.org
http://gepia.cancerpku.cn/index.html
http://gepia.cancerpku.cn/index.html
http://www.dovepress.com
http://www.dovepress.com

Dove

Huang et al

GeneMANIA And Coremine Analyses
The GeneMANIA (https://www.genemania.org/) was applied
to predict the potential functions of TIMP1 as introduced

previously.”* Moreover, the Coremine Medical online data-
base (https://www.coremine.com/medical/) was employed to

conduct the annotations of biological processes involving
TIMP1, CRC, and UC.

Analysis Of The Transcription Factors
Targeting TIMPI

To look for the potential transcription factors targeting
TIMPI1, the FunRich (https://www.funrich.org), which is
an analysis tool to identify the transcription factors for the

specific genes, was also employed.?

Cell Culture And Transfection

RKO cells were obtained from the American Type Culture
Collection (ATCC), and grown in Dulbecco’s modified
Eagle’s medium (Gibco, USA) supplemented with 10% fetal
bovine serum (Hyclone, UK), 100 U/mL penicillin and 100
pg/mL streptomycin (Gibco, USA). Cells were maintained at
37 °C in a 5% CO, incubator. The siRNA against 7/MP] and
the negative control oligo were designed following LNA
Oligo Tools and Design Guidelines (Exiqon, Denmark), and
synthesized by GenScript (Nanjing, China). The HiPerFect
transfection reagent (Qiagen, Netherland) was applied for the
transfection according to the manufacturer’s instructions.

Cell Proliferation Assay

Cells were seeded into 96-well plates and cultured over-
night at 37 °C. After transfection with siTIMP1 and the
corresponding siControl for 48 h, 10 pL CCK-8 solution
was added into each well. After an additional incubation at
37°C for 2h, the absorbance was measured at 450 nm
using the microplate reader (Dynatech, USA).

Scratch Wound Assay

The scratch wound assay was employed to measure the cell
movement. RKO cells were cultured in 6-well plate, and the
wound was achieved using a 0.1 pL pipette tip. Images were
captured after transfection with siTIMP1 and the correspond-
ing siControl for 48 h to determine the wound closure rate.

Quantitative Reverse Transcription
Polymerase Chain Reaction (Qrt-PCR)

RNA was extracted by using the Trizol reagent (Invitrogen,
USA). The cDNA was synthesized by using the PrimeScript™

RT reagent kit (Takara, Japan). qRT-PCR was performed by
the ABI 7900HT Real-time PCR System (Applied Biosystem,
USA) using the SYBR® Green mix (Takara, Japan). Data were
analyzed with the comparative Ct (**Ct) method to assess the
relative expression, and the GAPDH was employed as the
internal control as previously introduced.”*** The primers
for GAPDH and TIMP! were obtained from the Sangon
Biological Engineering (Shanghai, China).

Apoptosis Assay

After transfection with siRNA, cells were collected,
washed with PBS, and stained using the Annexin
V-FITC/PI Apoptosis kit (Beyotime, China) according to
the manufacturer’s instructions. Stained cells were ana-
lyzed with the BD FACSAria III flow cytometer.

Statistical Analysis

Data were shown as mean + standard deviation (SD). Two
groups were compared by using the two-tailed Student’s
t-test. A significant difference was considered as p < 0.05.
GraphPad Prism 7 (GraphPad Software, Inc., USA) was
used to analyze all the data.

Results
Functional Characterization Of DEGs
Significantly Upregulated In UC And CRC

To obtain the genes that function importantly during the
initiation and progression of UC-associated CRC
(ucaCRC), we first retrieved the GSE9452 dataset and
obtained 568 significantly DEGs in the UC samples
(Figure 1A). Among these DEGs, 426 genes were signifi-
cantly upregulated, and 142 genes were significantly down-
regulated in UC (Figure 1B). Next, the GSE8671 dataset
containing 32 CRC tissues and the corresponding normal
mucosa from the same individuals was also retrieved, and
3154 significantly DEGs were identified (Figure 1C). Among
these DEGs, 930 genes were significantly upregulated, and
2224 genes were significantly downregulated in CRC
(Figure 1D). Considering the genes consistently upregulated
in both UC and CRC are more likely to be critical for the
malignant transformation,”® we compared the genes that
were significantly upregulated in UC and CRC and even-
tually obtained 78 communal candidates (Figure 1E). To
explore the functional enrichments of the 78 genes, GO and
KEGG analyses were applied as reported previously.*® As
shown in Figure 1F, these genes were highly enriched in the
response to wounding (biological process), the extracellular
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Figure | Functional enrichment analysis of DEGs identified from GSE9452 and GSE8671 datasets. (A) Volcano plot illustrating 568 DEGs between 5 control samples and 21
UC samples. Red, significantly upregulated DEGs in UC samples; blue, significantly downregulated DEGs in UC samples; gray, not significant. Fold change > 2 and p < 0.05
were regarded as significant. (B) DEGs distribution in UC samples. (C) Volcano plot illustrating 3154 DEGs between control samples and CRC samples. Red, significantly
upregulated DEGs in CRC samples; blue, significantly downregulated DEGs in CRC samples; gray, not significant. Fold change > 2 and p < 0.05 were regarded as significant.
(D) DEGs distribution in CRC samples. (E) Venn diagram analysis of significantly upregulated DEGs between GSE9452 and GSE8671. Top 5 enriched GO (F) and top 4
enriched KEGG (G) of these overlapped 78 genes between GSE9452 and GSE867| were indicated.

region (cellular component), and the endopeptidase activity
(molecular function). Additionally, these genes were also
enriched in the complement and coagulation cascades, che-
mokine, and NOD-like receptor signaling pathways
(Figure 1G). Altogether, our results screen out 78 genes
that may function importantly in the initiation and progres-

sion of ucaCRC.

TIMPI Is Identified To Be Consistently
Upregulated In The Initiation And
Progression Of ucaCRC

Receiving a regular intake of mesalazine has been vali-
dated to reduce the risk of ucaCRC through altering the
expression of several genes, suggesting that these target
genes may function importantly in the progression of
ucaCRC.*'*?  Additionally, increasing evidences have
pointed out that inter- or intracellular proteins interactions
can facilitate cancer progression.*>>* Therefore, on the
one hand, identifying the candidates and their potential
interacting genes based on the comprehensive bioinfor-
matics analyses would be more helpful in recognizing
the critical oncogenes of ucaCRC. On the other hand,
these genes upregulated constantly during the progression
of ucaCRC and simultaneously showing interaction with
the target genes of mesalazine are more likely to be the
potential therapeutic targets. Collectively, to obtain the
potential genes that are important in the initiation and

progression of ucaCRC, we made assumption that the
genes should be consistently upregulated during the malig-
nant transformation process and also the effective target
for therapeutic drugs in both diseases. As a result, we first
acquired 7 target genes of mesalazine including ALOXS,
CHUK, IKBKB, MPO, PPARG, PTGSI1, and PTGS2
(Figure 2A). The PPI network was subsequently con-
structed based on the 78 identified genes (Figure 1E) and
these 7 target genes. The module with highest scores was
generated via using the plug-ins MCODE in Cytoscape,
and 8 hub genes were obtained (Figure 2B). To explore
whether these hub genes were also effective targets for
mesalazine in UC and CRC, we determined the mRNA
expression of these genes after mesalazine treatment by
retrieving the GSE46451 and GSE14538 datasets. As
shown in Figure 2C, among these hub genes, the expres-
sion of TIMP1 was found to be remarkably reduced in UC
and CRC after mesalazine treatment suggesting that
TIMP1 is a therapeutic target for mesalazine. It has been
established that the malignant transformation of ucaCRC
commonly involves  “inflammation-dysplasia-cancer”
(Figure 2D), and DSS induced-ucaCRC is a canonical
model to study this malignant process.’® Therefore, to
examine the expression pattern of TIMPI in this whole
pathophysiological process, we retrieved the GSE31106
it was

dataset and found consistently upregulated

(Figure 2E). Taken together, these results suggest that
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Figure 2 TIMPI is identified to be consistently upregulated in the initiation and progression of ucaCRC. (A) Target genes of mesalazine obtained from the Drug Repurposing
Hub. (B) The Module obtained from the PPl network constructed from 7 target genes of mesalazine and the overlapped 78 DEGs between GSE9452 and GSE8671. (C)
Relative expression of 8 hub genes after mesalazine treatment in UC (GSE46451) and CRC (GSE14538), respectively. (D) Diagram of the process of AOM/DSS-induced
colitis-associated mice CRC model. (E) Relative expression of TIMPI in the process of AOM/DSS-induced colitis-associated mice CRC model based on GSE31106 dataset.

TIMP1 may be important in the initiation and progression
of ucaCRC.

Identification Of TIMP| As A Potential
Biomarker For The Worse Prognosis Of
Patients With CRC

To validate the expression of TIMPI in CRC, we further

employed the GEPIA, a bioinformatics website based on
TCGA and GTEx data,*® and found that the expression of
TIMP1 is higher in CRC compared to normal colorectal
tissues (Figure 3A). Because the expression of genes may

1,” we then validated

be inconsistent with their protein leve
the protein level of TIMP1 in CRC tissues. By using the
Human Protein Atlas database, we found TIMP1 was
highly expressed in the CRC tissue, but not detected in
the non-malignant colorectal tissue (Figure 3B). To assess
the association between the TIMP1 expression and the
clinical outcome of patients with CRC, as shown in
Figure 3C, GEPIA results revealed the expression of
TIMP1 was negatively associated with the overall survival

in patients with CRC (P = 0.036). To explore the role of

TIMP1 in the proliferation and movement of CRC in vitro,
we then decreased the expression of 7/MPI in RKO cells
(Figure 3D). The cell proliferation and apoptosis rate of
RKO cells were not significantly altered by TIMP1 knock-
down (Figure 3E and F). However, interestingly, knock-
down of TIMP1 significantly increased the cell migration
of RKO cells suggesting that TIMP1 may function as an
inhibitor of cell movement in vitro (Figure 3Q).
Collectively, our data suggest that upregulated TIMP1
can be a potential biomarker for the prognosis of patients
with CRC and also functions importantly in the cancer cell

movement in Vitro.

Mechanistical Validation Of TIMPI In
Driving The Malignant Transformation Of
ucaCRC

To mechanistically verify that TIMP1 functions importantly
in the ucaCRC, the GeneMANIA was used. As shown in
Figure 4A, 20 proteins/genes might interact with TIMP1,
and 3 genes including MMP9, STAT3, and JUN have been
studied to be participated in the malignant transformation
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Figure 3 Identification of TIMPI as a potential biomarker for the worse prognosis of patients with CRC. (A) TIMP| is significantly upregulated in CRC tissues compared
with normal colorectal tissues by GEPIA. *significantly different from normal tissues; *p < 0.05. (B) The expression of TIMPI in the CRC and non-malignant colorectal
tissues. Representative immunohistochemistry images were retrieved from the Human Protein Atlas online database. Magnification, x40. (C) Survival analysis of the
correlation between TIMPI expression and overall survival in patients with CRC generated from GEPIA. Log rank tests were employed to determine the statistical
significance. (D) Relative expression of TIMPI in RKO cells after transfection with 100 nmol/L TIMP1 siRNA (siTIMPI) and control siRNA (siControl) for 48 h as assessed by
qRT-PCR. Data are shown as mean + SD. **p < 0.01. (E) Cell proliferation analysis of RKO cells after transfection with 100 nmol/L siTIMPI and siControl for 48 h. Data are
shown as mean * SD. Two independent experiments were performed. (F) Flow cytometric analysis of Annexin V/PI staining in RKO cells after transfection with 100 nmol/L
siTIMPI and siControl for 48 h. (G) RKO cells exhibited increased cell migration after transfection with 100 nmol/L siTIMPI and siControl as assessed by the scratching
wound-healing assay. Data are shown as mean + SD. **p < 0.01. Two independent experiments were performed. Unpaired Student’s t-test was performed (D, E, and G).

from to UC to CRC.**™*® As shown in Figure 4B, most of
these genes showed no significantly alteration in UC and
CRC except for MMPY in UC. Identification of the tran-
scription factors regulating 7/MP1 can be valuable in elu-
cidating the underlying mechanisms of TIMPI-mediated
ucaCRC."* We therefore employed the Funrich to predict
the potential transcription factors, and HOXA9, PLAU,
ATF1, KLF7, and SP1 were selected to be the top 5 candi-
dates (Figure 4C). Among the factors, SP1 has been
reported to be functional in promoting ucaCRC.*' The
Coremine Medical database was applied to annotate the
enriched biological processes of TIMPl. As shown in
Figure 4D, there were ten biological processes were closely
associated with the pathological processes, and TIMP1
could participate in such process by altering the cell pro-
liferation, the cell cycle and also the cell migration.
Therefore, these results indicate that TIMP1 may function

importantly in the ucaCRC through various mechanisms.

Discussion
Herein, TIMP] is identified to be consistently upregulated
in the initiation and progression of ucaCRC and can also
be a potential biomarker for the prognosis of patients with
CRC based on the integrative bioinformatics analyses. The
role of TIMP1 in the malignant transformation of ucaCRC
is further validated via employing several online tools
including the protein/gene interactions, the biological pro-
cess annotation, and the transcription factors identification.
The pathogenesis of CRC in patients with UC is largely
distinct from that of sporadic CRC and has been recognized
as a step-wise progression from inflamed epithelia to dys-
plasia and eventually cancer. Malignant transformation is
one of the most serious complications of UC, in which the
homeostasis of the intestinal immune system is severely
disrupted.** The excessive reactive oxygen species gener-
ated by chronic inflammation in the colorectal mucosa can
be the main cause of DNA damage in patients with UC that
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eventually leads to CRC.** There are two major options
provided currently for CRC screening in patients with UC
including the more frequent surveillance and the colectomy
based on the degree of dysplasia examined by the
colonoscopy.** However, dysplasia-based screening is com-
paratively problematic and has a poor success rate in terms
of identifying patients who are likely to turn into cancer.
Additionally, there is also a high degree of intraobserver
variability regarding the interpretation of histological
images.* As a result, novel and reliable biomarkers for
premalignancy screening are urgently required. Herein,
TIMP1 is identified as a pivotal candidate in promoting
the development of ucaCRC. Mutations in p53 and adeno-
matous polyposis coli have long been revealed as critical

46,47
C,™

events for ucaCR! and the mutation detection based

on tissues biopsy have also yielded promising results as
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biomarkers of premalignancy in patients with UC.*® As
the level of TIMP1 has been suggested to be associated
with the prognosis of several cancer types such as breast

and pancreatic cancer,*® !

and given that the expression of
TIMP1 is consistently upregulated during this malignant
transformation (Figure 2E) and negatively correlates with
the prognosis of CRC patients (Figure 3C), we thus con-
clude that TIMP1 can be also a potential biomarker for
CRC screening in patients with UC.

TIMPs are dimers consisting of a smaller C-terminal
domain and an N-terminal domain binding to the MMPs
substrate and thereby essential for MMPs degradation.>
TIMP1, the inducible form, belongs to a glycoprotein group
with four members (TIMP1-4), whose main function is to
mediate extracellular matrix turnover. TIMP1 has been

demonstrated to participate in multiple pathological processes
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Figure 4 Functional role of TIMPI in the UC-associated CRC. (A) The interaction network analysis of TIMP| obtained from the GeneMANIA. The interaction types were
exhibited as indicated in the network legend. (B) Relative mRNA expression of the genes interacting with TIMP| generated from the microarray datasets including GSE9452
and GSE8671, respectively. Data are shown as mean * SD. **p < 0.01. (C) Relative expression of transcription factors regulating TIMPI including HOXA9, PLAU, ATFI,
HNF4A, KLF7, and SP1. (D) Biological processes annotation of TIMP| with UC and CRC obtained from the Coremine Medical. Unpaired Student’s t-test was performed (B).
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such as wound healing and cancer metastasis.”> Consistent
with these previous findings, our results indicate that TIMP1
can function as an intracellular inhibitor in the cancer cells
movement (Figure 3G), which can be closely related with the
expression or function of MMP9 (Figure 4A). Breakdown of
extracellular matrix mediated by MMPs is necessary for the
migration of cancer or immune cells during metastasis.>
Previous studies have pointed out that MMP?9 is significantly
upregulated in the DSS-induced UC, and targeting of MMP9
can relieve the experimental symptoms of UC.>**®> TIMP1 has
also been reported to inhibit macrophages angiogenic activity
through forming specific form with MMP9.>® Based on these
findings, we therefore speculate that the interaction between
TIMP1 and MMP9 may function importantly in the initiation
and progression in sporadic CRC and ucaCRC.

Conclusion

Collectively, our findings suggest that 7/MP/ consistently
upregulated in the pathological process of ucaCRC can
also be a potential biomarker for the worse prognosis of
CRC. Uncovering this novel role of TIMP1 in the malig-
nant transformation may extend our understanding of the
pathogenesis from normal mucosa to ucaCRC.
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