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A major complication of colorectal cancer (CRC), one of the most common and fatal types
of cancers, is secondary liver metastasis. For patients with this fate, there are very few
biomarkers available in clinical application, and the disease remains incurable. Recently,
increasing studies demonstrated that tumorigenesis and development are closely related
to immune escape, indicating that the roles of immune-related indicators might have been
neglected in the past in colorectal cancer liver metastases (CRLM). Here, we unveil that
elevated miR-425 and miR-576 promote CRLM through inhibiting PTEN-mediated cellular
immune function. Specifically, miR-425 and miR-576 were identified for their significant
upregulation in CRLM compared with the primary CRC tissues based on GSE81581
(n = 8) and GSE44121 (n = 18) datasets. Besides, we determined that the two microRNAs
(miRNAs) coparticipated in restraining P53 and transforming growth factor beta (TGF-b)
signaling pathways associated with tumor metastasis, and both shortened the overall
survival of the patients with metastatic susceptibility. Notably, in situ hybridization on
relatively large samples of paired CRC tissues (n = 157) not only substantiated that the
expression of miR-425 and miR-576 was dramatically upregulated in CRLM but also
revealed that they were closely related to tumor deterioration, especially liver metastases.
Moreover, we further confirmed that the combination of miR-425 and miR-576 was an
effective predictive model for liver metastases and poor clinical outcomes. Mechanically,
downregulated PTEN (GSE81558, n = 6) was verified to be a shared target of miR-425
and miR-576 acting as metastasis-related oncogenes, on account of the presence of
binding sites (+2928–+2934 and +4371–+4378, respectively) and the collaborative
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suppression of P53/TGF-b signaling in CRLM, which was further confirmed in CRC cells
(HCT116 and SW480) based on systematic molecular biology experiments. Importantly,
the target PTEN was strongly associated with microsatellite instability, tumor
microenvironment, and immune cell infiltration. Thus, we speculate that miR-425 and
miR-576 are novel biomarkers for CRLM prevention and immunotherapy and upstream
inhibitors of the PTEN-P53/TGF-b function axis.
Keywords: miR-425, miR-576, PTEN, biomarker, immunotherapy, colorectal cancer liver metastasis
INTRODUCTION

Colorectal cancer (CRC) is the third most common cancer in the
western world and represents a leading cause of death worldwide
(1). More than half of CRC patients with a low tumor–node–
metastasis (TNM) stage at diagnosis usually develop metastases
located in the liver within 3 years (2), indicating the urgent need
for efficient biomarkers to assess the susceptibility. In addition,
although surgical resection could provide these patients with an
increase in 5-year survival, the heterogeneity of colorectal cancer
liver metastases (CRLMs) leads to the fact that prediction and
improvement of individual outcomes after surgery remain a
challenge (3, 4). Recently, there is no lack of exploration of
targets especially miRNAs for CRLM (5), but few ones could be
applied in clinical practice, including immunotherapy, an
emerging therapeutic strategy for cancer. Therefore, one of the
primary research focuses is still to excavate potential biomarkers
and immunotherapeutic targets for both early evaluation and
accurate treatment of CRLM.

After their discovery, microRNAs (miRNAs) have been revealed
to play crucial roles in cancer biology (6). Of note, due to the high
structure stability and tissue specificity of these short non-coding
RNA (20–25 nucleotides), increasing evidence highlights their
capacity as a new class of valuable biomarkers (7, 8). Current
research suggests that the impact of miRNAs in CRLM also catches
much attention, and a few miRNAs, such as miR-122, miR-200c,
and miR-338, have been proven to be promising in predicting such
tumorigenesis or prognosis (9–11). However, the limitation of
sample size and the insensitivity of single-miRNA signature
greatly hinder the further related exploration. hsa-miR-425-5p
(miR-425) and hsa-miR-576-3p (miR-576) in our study are
mature and functional, which makes them as potential
biomarkers for occurrence, development, or prognosis of tumors
such as liver cancer, gastric cancer, and bladder cancer (12–14). At
present, the exploration of the clinical values of the two miRNAs
still stays in primary CRC (15, 16), while almost no liver metastasis
is involved. On the other hand, the anti-miRNA treatment is also
AD, rectum adenocarcinoma; CRLM,
NA; miR-425, hsa-miR-425-5p; miR-
e-negative breast cancer; CCA,
ted region; PTEN, phosphatase and
e 10; DEG, differentially expressed

situ hybridization; DFS, disease-free
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cutting a figure in cancer treatment, and the delivery of anti-
miRNAs has been implemented for triple-negative breast cancer
(TNBC), chondrosarcoma, and cholangiocarcinoma (CCA) therapy
(17–19). However, for immunotherapy in cancers especially in
CRLM, no miRNA-based strategy has been reported yet,
suggesting that more potential targets should be explored for
promoting further studies in this field.

It is widely known that miRNAs usually play biological roles
by regulating gene expression at the posttranscriptional level
through interacting with 3′-untranslated regions (3′UTRs) of
the target messenger RNAs (mRNAs) (20). Therefore, the
function of the target genes determines the predictive and
therapeutic potential of miRNAs (21–24). Phosphatase and
tensin homologue deleted on chromosome 10 (PTEN), a tumor
suppressor, is closely associated with malignant progression in
many cancers, including CRLM (25). Naturally, PTEN was
identified as the specific target of a few miRNAs such as miR-
181a and miR-298 involved in controlling CRLM (26, 27). Of
note, a recent study revealed that miR-25-3p, miR-130b-3p, and
miR-425-5p jointly targeted PTEN, thereby promoting the CRLM
occurrence (28). However, there are very few focuses on the
regulatory relationship between miR-576-3p and PTEN.
Moreover, PTEN was widely received to play the pivotal
function through negatively regulating the PI3K/Akt signaling
pathway (29, 30), while it is necessary to look for new
downstream regulatory mechanisms. Importantly, several
studies demonstrate the new lights on the roles of PTEN in
immunotherapy of various types of cancers except for CRLM
(31–33), which hints us to fill the gap of PTEN-mediated
immunoregulation in such tumor.

Herein, we first identified miR-425 and miR-576 for their
significant upregulation and participation in P53/transforming
growth factor beta (TGF-b) signaling pathways in CRLM.
Thereafter, we performed in situ hybridization (ISH) assay on the
larger sample cohort to further verify the dysregulation of the two
indicators in CRC (n = 157), especially that in CRLM (n = 29).
Besides, we conducted a series of analyses to confirm that the two-
miRNA signature was closely related to liver metastasis and clinical
outcomes based on these CRC patients. Furthermore, PTEN was
ascertained as the direct target of miR-425 and miR-576
cooperating in the immune escape-dependent tumor progression
in CRLM. In brief, on the basis of revealing the miR-425/miR-576-
PTEN-P53/TGF-b signaling axis, we definedmiR-425 andmiR-576
as potential biomarkers and immunotherapeutic targets for CRLM
prevention and treatment.
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MATERIALS AND METHODS

Collection of CRC Patient Specimens
In our study, we recruited 157 paired CRC tissues and matched
adjacent-tumor controls based on the First Hospital of China
Medical University and Cancer Hospital of China Medical
University from September 2014 to September 2015. All
enrolled patients were diagnosed histopathologically with clear
colorectal cancer, 29 of which had secondary liver metastases.
Clinically, enhanced CT, enhanced MR, and standard reviews of
serum tumor biomarkers were used to detect the progression of
CRLM. We excluded those patients with a history of other
malignant tumors or without receiving chemotherapy or
radiation before surgery. All patients signed the written
informed consent form before being enrolled in this study. The
Medical Ethics Committee of China Medical University
approved this study. The collected specimens were stored at
−80°C before being used. The clinicopathological variables of
these included CRC patients were integrally collected, among
whom the follow-up end points involved were CRC progression
or patient death, and the follow-up time was 110 months. All the
relevant details are presented in Supplementary Table S1.

Data From GEO and TCGA
RNA-seq data were collected from Gene Expression Omnibus
(GEO) and The Cancer Genome Atlas (TCGA). Among them,
the raw data of the primary CRC tissues and paired liver
metastases [GSE81581 (n = 8), GSE44121 (n = 18), GSE81558
(n = 6), and GSE62321 (n = 26)] were downloaded from GEO
database (https://www.ncbi.nlm.nih.gov/gds/). Moreover, TCGA
data used for further analyses were downloaded from the TCGA
website (https://www.cancer.gov/about-nci/organization/ccg/
research/structural-genomics/tcga) or obtained from the
online platforms.

Gene Expression Analysis
Differentially expressed genes (DEGs), with statistical significance
between the primary CRC tissues and liver metastases, were
identified by running Limma R package and shown as volcano
plot (Biomarker Technologies, http://www.biomarker.com.cn/),
and the threshold values of up- and downregulated DEGs were
set at |Log2 FC| > 1 and p ≤ 0.05. Besides, hierarchical clustering
was performed to reveal the relationships of the DEGs in our
included samples based on pheatmap R package. To reflect the
filtering process, we produced a Venn diagram via Venn R
package to show all possible mRNAs among a finite collection
of the sets that contained the downregulated DEGs and the targets
of bothmiR-425 andmiR-576 based on the data in GSE81558 (n =
6) and the intersectional mRNAs of the three sets were used for
further analysis.

Function Enrichment Analysis
The signaling pathways miR-425 and miR-576 involved were
enriched by Kyoto Encyclopedia of Genes and Genomes (KEGG)
analysis based on the DIANA TOOL-mirPath v.3 database
(http://snf-515788.vm.okeanos.grnet.gr/), and the visualization
of data was carried out through the Enrichment Analysis Circle
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Diagram Tool of SangerBox platform (http://sangerbox.com/).
Specifically, we inputted four columns of data, which are term,
number of genes, p value, and name of genes, then selected the
key colors and drew the ostensive images. Moreover, gene set
enrichment analysis (GSEA) was used to investigate the
mechanisms related to PTEN high/low expression in CRLM.
We considered that the statistically significant differences were
set at normalized enrichment score (NES) >1, nominal (NOM)
p ≤ 0.05, and false discovery rate (FDR) <25%.

Molecular Interaction Prediction
The downstream targets of miR-425 and miR-576 binding to
mRNA 3′UTR were predicted by TargetScan database (http://
www.targetscan.org/vert_72/). We entered a human gene symbol
(PTEN) in the specific box and just submitted the request.
Protein–protein interaction networks analysis was performed
by STRING (http://string-db.org/cgi/input.pl) to identify the
factors interacting directly with the selected protein. In our
study, we searched PTEN via Homo sapiens module, and the
top 10 proteins were obtained. Besides, RNAhybrid platform
(https://bibiserv.cebitec.uni-bielefeld.de/rnahybrid) was used to
evaluate the binding site and minimum free energy (MFE) of
miRNA (miR-425/miR-576)–mRNA (PTEN) interaction. In
brief, we entered the FASTA sequences of the two miRNAs
and PTEN mRNA in the Submission module, checked the
Generate graphics options, and started the calculations of
interaction between these RNAs.

TMA and ISH Assays
Tissue microarrays (TMAs) were performed according to a
previous publication with some modifications (34). Briefly,
each 4-mm TMA section was deparaffinized and rehydrated in
a graded ethanol series. Furthermore, for RNA in situ
hybridization (ISH) assay, we determined miR-425 and miR-
576 levels according to the manufacturer’s protocol (Boster,
Wuhan, China). Briefly, the TMA section was incubated with
digoxin-labeled probes solutions overnight at 37°C. Then, it was
exposed in the streptavidin–peroxidase reaction system and stained
with 3,3′-diaminobenzidine (DAB). Finally, the expression of miR-
425 and miR-576 was counted under a microscope (Nikon, Tokyo,
Japan) for subsequent analysis. In our study, expression scores =
(negative percentage × 0) + (weak positive percentage × 1) +
(medium positive percentage × 2) + (strong positive percentage ×
3); and the expression scores ranged from 0 to 300. The specific
sequences of the probe are listed in Supplementary Table S2.

Risk Score
We calculated risk scores of the prognostic model based on miR-
425 and miR-576 expression (0–300) in CRC via multivariate
Cox regression. As a result, risk score = 0.4253 * miR-425 +
0.4648 * miR-576, and the risk scores of each patient were shown
in the continuous bar charts. Then, patients were divided into
high- or low-risk groups according to the median for further
survival analysis, and the prognostic assessment efficacy of two-
factor was shown as the ROC (receiver operating character) and
Kaplan–Meier curves.
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Immune Analysis
The relationships of miR-425/miR-576 and PTEN with immune
checkpoints, immune pathways, microsatellite instability (MSI),
tumor microenvironment (TME), and immune cell infiltration in
CRLMwere analyzed and visualized by Sangerbox Online platform
(http://sangerbox.com/). Concretely, we used Pearson correlation
analysis to reveal the associations between these indicators and
immune checkpoints, immune pathways, and MSI. Importantly,
TME evaluation including ESTIMATE Score, Immune Score (B
cell, CD4 T cell, CD8 T cell, neutrophil, macrophage, and dendritic
cell) (35), and Stromal score [cancer-associated fibroblasts (CAFs),
myofibroblasts, myeloid cells, endothelial cells, and mesenchymal
stromal cells (MSCs)] (36), used to characterize the tumor purity,
was calculated based on the ESTIMATE algorithm (37). Besides,
the abundances of immune infiltrates were evaluated by multiple
immune deconvolution methods (38).

Cell Culture
The human CRC cells (HCT116 and SW480) and HEK293T
were purchased from Peking Union Medical College Cell
Resource Center (PUMCCRC, Beijing, China). HCT116 and
HEK293T cells were cultured in Dulbecco’s modified Eagle’s
medium (DMEM) medium (Invitrogen, NY, USA), and SW480
cells were grown in L15 medium (HyClone, Logan, UT, USA)
supplemented with 10% (v/v) fetal bovine serum (FBS, Gibco,
NY, USA). These cells were maintained at 37°C with 100 U/ml
penicillin/streptomycin (Invitrogen, CA, USA) in a humidified
atmosphere with 5% CO2. In this study, an absence of
mycoplasma or bacterial contamination of the cells was detected.

Cell Transfection
The mimics and inhibitors of hsa-miR-425 and hsa-miR-576
were obtained from Ribobio (Guangzhou, China). Cells were
cultured on six-well plates with a density of 60%–70%, then
transiently transfected using Lipofectamine 2000 (Invitrogen,
USA). Cells were collected after transfection at 24 or 48 h for
further experiments.

qPCR Assays
Briefly, the total RNAs were extracted by TRIzol reagent
(Invitrogen, CA, USA), and the Reverse Transcription Kit was
purchased from Vazyme (Nanjing, China). Besides, quantitative
PCR (qPCR) was determined using ChamQ SYBR qPCR Master
Mix (Low ROX Premixed) (Vazyme, Nanjing, China) in
triplicate. The normalized relative expression of the indicator
was analyzed using 2−DDCt method to the reference gene
GAPDH. The primers of PTEN mRNA used for qPCR
amplification were 5′-TAGAGCGTGCAGATAATGAC-3′
(forward) and 5′-GGCTCCTCTACTGTTTTTGT-3′ (reverse).

Western Blot Assay
In brief, an equal amount of protein was separated with 10%–12%
sodium dodecyl sulfate polyacrylamide gel (SDS-PAGE) and
transferred to 0.22-mm polyvinylidene fluoride (PVDF) membranes
(Millipore, Bedford, MA, USA). Thereafter, the membranes were
blocked with 5% milk and immunoblotted with primary antibodies.
The antibodies include PTEN (1:1,000; Bioss, Beijing, China), P53
Frontiers in Oncology | www.frontiersin.org 4
(1:500; Bioss, Beijing, China), TGF-b (1:1000; Bioss, Beijing, China),
and GAPDH (1:2000; Zsbio, Beijing, China).

Luciferase Reporter Assay
HEK293T and HCT116 cells were seeded into 96-well plates
overnight before transfection. Then, cells were cotransfected with
luciferase reporter vectors [PTEN 3′UTR-WT and PTEN 3′
UTR-Mut (for miR-425 and miR-576)] (100 ng/well) and miR-
425 and/or miR-576 mimics (50 nM/well) by Lipofectamine
2000 (Invitrogen, CA, USA). Forty-eight hours posttransfection,
the cells were collected and lysed in passive lysis buffer (Promega,
WI, USA). The luciferase activities of the cell lysates were
determined in a Nano-Glo® Reporter Assay System.

Cell Migration Assay
The cell migration assay was conducted by using 24-well insert
Transwell chambers (Corning Costar, USA). The transfected cells (1
×104/well) were first suspended in the serum-free medium and then
added to the upper chamber. By contrast, the bottom chamber
medium contained 10% FBS. After 48 h, the upper chamber was
removed, and cells on the filter membrane were wiped off with
cotton swabs. Chambers were washed with phosphate-buffered
saline (PBS), then fixed in 4% paraformaldehyde for 20 min,
washed with PBS, and air-dried. After that, chambers were stained
with 0.1% crystal violet solution for 10 min. After washing with
distilled water, migrated cells were captured in three random fields
under a microscope, and we finally counted the cell number.

Statistical Analysis
In the present study, all of the data analyses were performed by
using SPSS 19.0 software package (SPSS Inc. Chicago, USA). The
Student’s t-test (two-tailed) and Wilcoxon t-test were used to
compare the significant differences between the paired and
unpaired continuous variables among groups. Pearson c2 or
Fisher’s exact test was conducted to analyze the expression or
distribution frequency differences of the variables. Logistic
regression analysis revealed the association between the two
miRNAs expression and the clinical parameters. Kaplan–Meier
method and multivariate Cox proportional hazard regression
analysis were selected to estimate the potential prognostic value
of related indicators. The high-order interactions were assessed
between miR-425/576 and clinicopathological variables by using
multifactor dimensionality reduction. The data were presented as
mean ± standard deviation (SD) or median (quartile). The
statistical significance was considered when p < 0.05 in all tests.
RESULTS

High miR-425 and miR-576 Levels
Associated With CRLM
To explore the vital miRNAs involved in promoting CRLM
progression, we analyzed the data from GSE81581 (n = 8) cohort
to reveal the dysregulated miRNAs between CRLM and primary
CRC tissues, and there were 207 upregulated miRNAs and 20
downregulated ones, illustrated in Figure 1A. Among them,
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A B

D

E F

G
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FIGURE 1 | High miR-425 and miR-576 levels associated with CRLM. (A) Volcano plot showing the differentially expressed miRNAs between CRLM and primary
CRC tissues based on the GSE81581 (n = 8) cohort. (B) The hierarchical cluster heat map illustrating the TOP20 upregulated and top 20 downregulated miRNAs in
CRLM compared with primary CRC (n = 4, p < 0.05). (C) The analysis and visualization of tumor-related pathways in which miR-425 and miR-576 were involved by
DIANA TOOL and SangerBox. (D) Kaplan–Meier curves showing the association between miR-425 or miR-576 high/low expression and the prognosis of patients
with CD4+ or in stage II upon the TCGA database. (E) ISH assay determining the cellular localization of miR-425 and miR-576 in CRC tissues with or without liver
metastases and the matched adjacent-tumor controls (n = 157). Scale bars = 50 mm. (F) Violin charts displaying the differences in expression scores of miR-425 and
miR-576 in the cohort (n = 157). Median (interquartile range) is shown. (G) ROC curves determining the liver metastasis-based cutoff scores of miR-425 and miR-
576 expression in CRC tissues (n = 157).
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miR-425 and miR-576 (Log2 FC = 3.40 and 3.36, respectively) were
further selected for their significant upregulation in CRLM
(Figure 1B, Supplementary Figure S1A, and Supplementary
Table S3). Furthermore, we investigated the metastasis-related
roles that miR-425 and miR-576 collectively played, and P53 and
TGF-b signaling pathways were dramatically enriched based on
KEGG analysis (Figure 1C and Supplementary Table S4).
Notably, high miR-425 and miR-576 expression shortened the
overall survival time of rectum adenocarcinoma (READ) patients
with either CD4+ or stage II, which both were closely related to
CRC metastasis (Figure 1D).

In order to verify the abnormal expressionof the twomiRNAs,we
collected tissues from CRC patients (n = 157), some of which were
with livermetastases (n=29), andmatched tumor-adjacent controls.
TMAand ISHassays showed that comparedwith that in controls, the
expression of miR-425 and miR-576 was higher in CRC samples,
especially in those with liver metastases (Figures 1E, F). Thereafter,
high area under curve (AUC) landscapes ofmiR-425 (AUC=0.768,p
< 0.001) and miR-576 (AUC = 0.796, p < 0.001) based on liver
metastasis and other related risk factors were calculated by drawing
Frontiers in Oncology | www.frontiersin.org 6
ROC curves (Figure 1G and Supplementary Figures S1B, C),
preliminarily determining the convincible diagnostic capacity of
them in CRLM. These findings indicate that abnormally high
expression of miR-425 and miR-576 plays crucial parts in the
CRLM progression.
Correlation Between miR-425 and
miR-576 Expression and CRLM-Related
Clinical Variables
To investigate their clinical values in CRLM patients, we analyzed
the relationships of miR-425 and miR-576 with environmental
factors or pathological variables including age, sex, family history,
T stage, N stage, sample size, intestinal tract occupation,
differentiation degree, vascular invasion, primary site, and liver
metastasis in the selected CRC cohort (n = 157). Specifically, the
frequency distribution and adjusted regression analyses firstly
showed that both miR-425 and miR-576 high expression
distributed frequently in the tissues of patients with liver
metastases (p < 0.05, adjusted OR >1), shown in Figure 2A and
A B

C

FIGURE 2 | Correlation between miR-425 and miR-576 expression and CRLM-related clinical variables. (A) The contribution of miR-425 and miR-576 high
expression to liver metastases analyzed by chi-square or Fisher’s exact tests and unconditioned logistic regression. (B, C) The correlation of miR-425 (B) and miR-
576 (C) high/low expression with clinicopathological variables analyzed by chi-square or Fisher’s exact tests and unconditioned logistic regression.
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Supplementary Table S5. Furthermore, excessive miR-425
expression was associated with advanced T stage, intestinal tract
occupation (>1/2), differentiation degree (grade 2), and primary
rectum in CRC (p < 0.05, adjusted OR >1), shown in Figure 2B and
Supplementary Table S5. Similarly, increased miR-576 expression
was a contributing factor for infiltrating into the serous membrane
and extensive intestinal tract occupation (>1/2), shown in Figure 2C
and Supplementary Table S5. The above results suggest that miR-
425 and miR-576 promote liver metastasis progression by driving
the evolution of the related risk factors in CRC.

To further verify that synergistically overexpressed miR-425
and miR-576 lead to enhancing effects on CRLM, the linear
regression analysis first showed a significant positive correlation
between them based on our collected 157 samples (R = 0.3537,
p < 0.0001, Figure S2A). Thus, after the 157 patients being
divided into two subgroups in terms of miR-425 high/low
expression, stratification analysis for miR-576 uncovered that
there were increases in both the distribution frequency difference
and the adjusted OR value of the primary site (Figure S2B and
Supplementary Table S6). Moreover, MDR analysis was
performed to reveal that the combination of miR-425 and
miR-576 with family history, differentiation degree, and the
primary site was the optimal prediction model for its highest
cross-validation consistency (CVC) and the least prediction
errors in assessing the risk of liver metastasis (Table 1). These
findings suggested that CRC patients with high miR-425 and
miR-576 levels are peculiarly prone to liver metastasis.

Impact of miR-425 and miR-576
Expression on Prognosis of
CRLM Patients

To estimate the prognostic application of miR-425 and miR-576
in CRC, we investigated the association of their levels with
clinical outcomes through overall and stratification analyses
based on these CRC samples (n = 157). Totally, the systematic
Frontiers in Oncology | www.frontiersin.org 7
survival analyses revealed that patients with high miR-425
expression had the worse overall survival (OS, p < 0.001; high/
low expression, MST = 39/68 months, HR > 1) and disease-free
survival (DFS, p < 0.001; high/low expression, MST = 36/67
months, HR > 1), and so did those with miR-576 (OS, P < 0.001;
high/low expression, MST = 42/71 months, HR > 1; DFS, p <
0.001, high/low expression, MST = 39/71 months, HR > 1),
illustrated in Figure 3A, Supplementary Figure S3A, and
Supplementary Tables S7, S8.

Then, the stratified survival analysis and MDR analysis were
used to explore the synergistic effects of the two miRNAs on
CRLM prognosis. Concretely, the results first demonstrated that
miR-425 and miR-576 high expression was more significantly
related to the OS and DFS of patients with liver metastases
(n = 29), shown in Figure 3B, Supplementary Figure S3B, and
Supplementary Tables S7, S8. Besides, miR-425 low expression
effectively alleviated the poor prognosis of patients with lowmiR-
576 expression, and vice versa (Supplementary Figures S3C, D
and Supplementary Tables S7, S8). As expected, the two-factor
model consisting of miR-425 and miR-576 could effectively
predict the OS states (Table 2), while the combination of miR-
425 and miR-576 with T stage and differentiation degree was the
best model to assess the risk of DFS (Table 3). Importantly, we
further verified that the assembly of miR-425 and miR-576 was a
better prognostic predictor with the high sensitivity in advanced
CRC (AUC for 3/5 years = 0.73/0.75) and CRLM (AUC for 3/5
years = 0.76/0.82) by calculating risk scores (Figures 3C–H and
Supplementary Figures S3E, F). These results suggest that the
high level of the two-miRNA signature (miR-425 and miR-576)
frequently forebodes a poor prognosis in CRC, especially
in CRLM.

PTEN Identified as the Target of miR-425
and miR-576 Facilitating CRLM
To clarify the meaningful downstream target of miR-425 and
miR-576 mediating liver metastasis and poor prognosis, we
TABLE 1 | MDR analysis for the prediction of liver metastasis with or without 12 risk factors including high miR-425 and miR-576 expression.

Best interaction models Liver metastasis

Cross-validation consistency Sign test (p#) Training odds ratio

X2 0.0666 100/100 23.4988 (5.2827–104.5291)
X2,X11 0.0284 97/100 19.1635 (5.4337–67.5858)
X1,X2,X12 0.1184 91/100 28.8576 (6.5056–128.0064)
X1,X2,X10,X12 0.0060 95/100 ∞

X1,X2,X9,X10,X12 0.0001 98/100 ∞

X1,X2,X4,X5,X8,X12 0.4602 79/100 ∞

X1,X2,X4,X5,X8,X10,X12 0.0284 96/100 ∞

X1,X2,X4,X5,X6,X7,X8,X10 0.3086 92/100 ∞

X1,X2,X3,X4,X5,X6,X7,X8,X10 0.8644 94/100 ∞

X1,X2,X3,X4,X5,X6,X7,X8,X9,X10 0.9967 96/100 ∞

X1,X2,X3,X4,X5,X6,X7,X8,X9,X10,X11 0.9999 95/100 ∞

X1,X2,X3,X4,X5,X6,X7,X8,X9,X10,X11,X12 1 100/100 ∞
August 2021 |
MDR, multifactor dimensionality reduction.
p# value is for 100-fold permutation test.
The best model with maximum cross-validation consistency and minimum prediction error rate is in bold.
1, miR-425 expression; 2, miR-425 expression; 3, T stage; 4, N stage; 5, sample size (cm); 6, intestinal tract occupation; 7, sex; 8, age (years); 9, family history; 10, differentiation degree;
11, vascular invasion; 12, primary site.
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analyzed the DEGs between CRC tissues and matched tumor-
adjacent controls upon GSE81558 (n = 6) dataset by drawing a
volcano plot (Figure 4A). Thereafter, PTEN was enriched for its
dramatic downregulation in CRLM and potential to be bound by
miR-425 and miR-576 through Venn diagram (Figure 4B).
Coincidentally, the heat map cluster showed that PTEN was
most significantly decreased in CRLM (Log2 FC = 1.63),
illustrated in Figure 4C and Supplementary Table S9.
Furthermore, the key proteins interacting with PTEN in cancer
Frontiers in Oncology | www.frontiersin.org 8
were present by further searching STRING (Figure 4D). Of note,
we explored the complimentary domain and binding sites
between PTEN 3′UTR and miR-425 (+2928 to +2934) or miR-
576 (+4371 to +4378). Meanwhile, the cogent MFEs between the
pairing sequences were calculated as −20.8 and −16.1 kcal/mol,
respectively (Figure 4E). Further analysis revealed that PTEN
expression was significantly downregulated in several types of
cancer based on TCGA database (Figure 4F), and the lower levels
of PTEN expression were prone to tumor metastasis and poor
A B

D E

F G H

C

FIGURE 3 | Impact of miR-425 and miR-576 on the prognosis of CRC patients with liver metastases. (A, B) Kaplan–Meier curves, log-rank tests, and adjusted Cox
regression models showing the association of miR-425 and miR-576 with the OS of the patients with CRC (A) and only with CRLM (B). (C–H) The risk group, true
positive fraction, and proportional hazard of the two-miRNA signature (miR-425 and miR-576) in CRC (C–E) especially those in CRLM (F–H), were built and
evaluated based on Cox regression and risk score analysis.
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prognosis in CRC (Figures 4G, H). Moreover, consistent with
miR-425 and miR-576, PTEN was confirmed to positively
participate in P53 and TGF-b signaling pathways, which played
meaningful parts in tumor metastasis based on GSE62321 (n = 26)
dataset (Figure 4I). These findings indicate that downregulated
PTEN acts as the shared target of miR-425 andmiR-576 in CRLM,
thereby leading to unfavorable clinical outcomes.

Effect of miR-425 and miR-576 on Tumor
Metastasis by Inhibiting PTEN-P53/TGF-b
Axis in CRC Cells
Next, we demonstrated that miR-425 and miR-576 induced the
occurrence of metastasis from CRC by negatively regulating PTEN-
Frontiers in Oncology | www.frontiersin.org 9
P53/TGF-b axis identified via loss- and gain-function experiments
at the cytological level. Concretely, qPCR assay identified that the
overexpression of the two miRNAs caused substantial inhibition of
PTEN mRNA expression in both HCT116 and SW480 cells
(Figure 5A). Conversely, miR-425 and miR-576 depletion
significantly enhanced the expression of PTEN mRNA in such
two types of CRC cells (Figure 5B). Importantly, the changes in the
PTEN protein were proved consistent by usingWestern blotting, so
were in the P53 and TGF-b (Figures 5C, D and Supplementary
Figures S4A, B). Since a relatively higher affinity was predicted
among these indicators, we subsequently performed the luciferase
intensity detection after cotransfected with PTEN 3′UTR-WT/
Mut luciferase reporter and miR-425 and/or miR-576 mimics in
TABLE 2 | MDR analysis for the prediction of OS with or without 13 risk factors including high miR-425 and miR-576 expression.

Best interaction models OS

Cross-validation consistency Sign test (p#) Training odds ratio

X1 0.3086 100/100 7.1017 (3.1318–16.1040)
X1,X2 0.0284 98/100 6.7983 (3.2946–14.0279)
X1,X3,X4 0.9982 69/100 8.4830 (3.9548–18.1959)
X1,X2,X5,X8 0.9940 80/100 12.8208 (5.4133–30.3647)
X1,X2,X5,X8,X10 0.2421 88/100 17.1383 (7.3221–40.1139)
X1,X2,X5,X7,X8,X12 0.9996 68/100 27.1930 (11.0334–67.0200)
X1,X2,X4,X7,X8,X11,X12 0.9940 75/100 55.0337 (20.2416–149.6282)
X1,X2,X3,X5,X7,X7,X8,X12 0.6914 89/100 123.0854 (36.3814–416.4226)
X1,X2,X3,X4,X5,X7,X8,X10,X12 0.9967 97/100 248.9106 (60.5475–1023.2702)
X1,X2,X3,X4,X5,X7,X8,X9,X10,X12 1 84/100 468.4440 (87.2530–2514.9816)
X1,X2,X3,X4,X5,X7,X8,X9,X10,X11,X12 1 86/100 ∞

X1,X2,X3,X4,X5,X6,X7,X8,X9,X10,X11,X12 1 100/100 ∞

X1,X2,X3,X4,X5,X6,X7,X8,X9,X10,X11,X12,X13 1 100/100 ∞
August 202
MDR, multifactor dimensionality reduction.
p# value is for 100-fold permutation test.
The best model with maximum cross-validation consistency and minimum prediction error rate is in bold.
1, miR-425 expression; 2, miR-425 expression; 3, T stage; 4, N stage; 5, sample size (cm); 6, intestinal tract occupation; 7, sex; 8, age (years); 9, family history; 10, differentiation degree;
11, vascular invasion; 12, primary site; 13, liver metastasis.
TABLE 3 | MDR analysis for the prediction of DFS with or without 13 risk factors including high miR-425 and miR-576 expression.

Best interaction models DFS

Cross-validation consistency Sign test (p#) Training odds ratio

X1 0.6914 100/100 8.2789 (3.2341–21.1928)
X1,X2 0.9716 49/100 7.8796 (3.4605–17.9418)
X1,X3,X4 0.0443 99/100 11.9058 (4.8387–29.2949)
X1,X2,X3,X10 0.0018 100/100 14.5048 (6.0340–34.8668)
X1,X2,X3,X4,X10 0.9334 73/100 20.0722 (8.2334–48.9336)
X1,X2,X3,X4,X10,X12 0.9334 75/100 48.6573 (14.4132–164.2616)
X1,X2,X4,X5,X6,X8,X12 0.8644 86/100 ∞

X1,X2,X4,X5,X6,X8,X10,X12 0.7579 97/100 ∞

X1,X2,X3,X4,X5,X6,X8,X10,X12 0.9892 84/100 ∞

X1,X2,X3,X4,X5,X7,X8,X9,X10,X12 0.9895 97/100 ∞

X1,X2,X3,X4,X5,X6,X7,X8,X9,X10,X12 1 100/100 ∞

X1,X2,X3,X4,X5,X6,X7,X8,X9,X10,X12,X13 1 98/100 ∞

X1,X2,X3,X4,X5,X6,X7,X8,X9,X10,X11,X12,X13 1 100/100 ∞
1

MDR, multifactor dimensionality reduction.
p# value is for 100-fold permutation test.
The best model with maximum cross-validation consistency and minimum prediction error rate is in bold.
1, miR-425 expression; 2, miR-425 expression; 3, T stage; 4, N stage; 5, sample size (cm); 6, intestinal tract occupation; 7, sex; 8, age (years); 9, family history; 10, differentiation degree;
11, vascular invasion; 12, primary site; 13, liver metastasis.
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HCT116 and HEK293T cells. As expected, the results showed that
miR-425 and/or miR-576 dramatically suppressed the expression
intensity of WT luciferase reporters (Figure 5E); however, no
significant alteration was observed on the Mut ones, suggesting a
direct bonding pattern between PTEN 3′UTR and miR-425 and/
Frontiers in Oncology | www.frontiersin.org 10
or miR-576 (Figure 5E). Furthermore, ectopic miR-425 and miR-
576 expression observably facilitated the migration abilities of
HCT116 and SW480 cells (Figures 5F, G) and vice versa
(Figures 5H, I). Collectively, these results demonstrated that
miR-425 and miR-576, directly targeting PTEN-mediated P53/
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FIGURE 4 | PTEN identified as the target of miR-425 and miR-576 facilitating CRLM. (A) Volcano plot showing the differentially expressed mRNAs between CRLM
and primary CRC tissues based on the GSE81558 (n = 6) cohort. (B) Taking an intersection of mRNAs among those down-regulated in GSE81558 (n = 6) and
targeted by miR-425 and miR-576 via Venn diagram. (C) The hierarchical cluster heat map illustrating the top 20 upregulated and top 20 downregulated mRNAs in
CRLM compared with primary CRC (n = 4, p < 0.05). Red in heat map denotes upregulation. Blue denotes downregulation. (D) STRING sever predicting the
protein–protein interaction networks related to PTEN. (E) Evaluating the sites and MFEs of miR-425/miR576 binding to PTEN 3′UTR through RNAhybrid. (F) The
distribution of PTEN levels in various tumors, including CRC, compared with the normal by searching Oncomine (https://www.oncomine.org/). (G) The expression
differences of PTEN between the metastasis and the blank groups in CRC samples based on the TCGA database. (H) Kaplan–Meier curves showing the association
between PTEN high/low expression and the prognosis of patients in stage II upon the TCGA database. (I) GSEA analysis enriching the signaling pathways in which
high PTEN expression participated.
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FIGURE 5 | Effect of miR-425 and miR-576 on tumor metastasis by inhibiting PTEN-P53/TGF-b axis in CRC Cells. (A, B) The levels of PTEN mRNA after miR-425/
miR-576 overexpression (A) or knockdown (B) in HCT116 and SW480 cells detected by qPCR assay. (C, D) The changes in PTEN protein and P53 and TGF-b
upon interfering miR-425 and/or miR-576 expression in HCT116 and SW480 cells detected by Western blot assay. (E) Dual-Luciferase reporter assay identifying the
specific binding activities of PTEN 3′UTR with miR-425/miR-576 in HCT116 and HEK293T cells. (F–I) The cell migration abilities in CRC cells treated with mimics
and inhibitors of miR-425 and/or miR-576 detected by cell migration assay. All tests were performed at least three times. Data were expressed as mean ± SD
(ns, p > 0.05; ***p < 0.001; ****p < 0.0001).
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TGF-b signaling pathways, are involved in the promotion of cell
migration in the course of CRLM.

Immune Analysis of miR-425/miR-576-
PTEN Axis for CRLM
To further investigate their crucial roles in immune regulation of
CRLM initiation and development, we first analyzed the association
of miR-425 and miR-576 with the related indicators. As a result,
Frontiers in Oncology | www.frontiersin.org 12
miR-425 was closely related to immune checkpoints such as CD160,
CD200R1, and CD80, and immune pathways including CD56bright
natural killer cell and monocyte in CRC progression (Figure 6A).
Similarly, there were significant relationships of miR-425 with the
checkpoints (BTLA, CD160/200R1/28/80, COS, LGALS9,
TNFRSF14, and TNFSF14/15/4) and pathways (activated CD8 T
cell, CD56bright/CD56dim natural killer cell, gamma delta T cell,
memory B cell, monocyte, plasmacytoid dendritic cell, and type 17
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FIGURE 6 | Immune analysis of miR-425/miR-576 and PTEN for CRLM. (A, B) The association of miR-425 (A) and miR-576 (B) with immune checkpoints and
immune pathways in CRC progression. (C–E) The correlation of PTEN with MSI score (C), TME (D), and immune cell infiltration (E) in CRC progression (*p < 0.05;
**p < 0.01; **p < 0.001; ****p < 0.001).
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T helper cell), illustrated in Figure 6B. Moreover, we further
discovered that tumor suppressor PTEN was positively correlated
withMSI (Figure 6C) and TME (ESTIMATE Score, Immune Score,
and Stromal Score) and immune cell infiltration (neutrophil,
macrophage, dendritic, CD8_Tcell, and B_cell), which clarified
the effects of PTEN on regulating CRLM based on the perspective
of immune (Figures 6D, E). The results above indicate that miR-
425/miR-576-mediated PTEN inhibition promotes the CRLM
process by triggering immune escape.
DISCUSSION

At present, the majority of patients with CRC blindly reach a
severe advanced pathological stage with liver metastases due to a
lack of evaluative biomarkers (39). Furthermore, although the
first-line surgical and chemotherapy regimens are generally
accepted, emerging immunotherapies have shown significant
improvement in patient survival, suggesting the urgency to
explore immune-based targets for CRLM treatment (40). In
our study, the significantly upregulated miR-425 and miR-576,
targeting PTEN, were identified as key factors in CRLM.

It has been reported that miRNAs were proposed as
biomarkers to assess tumorigenesis and survival in CRLM, on
account of not only their expression differences in tumors but also
their abilities to mediate the rapid progression and adverse
outcomes (41–43). It is noteworthy that miR-425 was identified
as a biomarker in a wide variety of tumors such as gastric cancer,
prostate cancer, and liver cancer (44–46), while miR-576 played
predictive roles in bladder cancer, breast cancer, and nonmelanoma
skin cancer (14, 47, 48). However, the potential of miR-425 and
miR-576 in CRLM might not have been considered. In our study,
we first noticed miR-425 and miR-576 for their abnormally high
expression in liver metastases based on the GSE81581 (n = 8)
dataset containing sample information on primary CRC and
CRLM. Besides, the two miRNAs were proven to shorten the
survival of patients with either CD4+ or stage II in CRC, which both
were closely related to tumor metastasis (49, 50). These findings
preliminarily demonstrate the ability of miR-425 and miR-576 to
predict and evaluate liver metastasis. To provide more evidence
that miR-425 and miR-576 acted as potential biomarkers, we
further performed ISH assay on our included CRC samples (n =
157). Statistical analysis results showed that upregulated miR-425
and miR-576 levels were easier to appear in samples with liver
metastases, which showed high predictive sensitivities by drawing
ROC curves. In addition, miR-425 high expression was associated
with advanced T stage, intestinal tract occupation (>1/2), low
differentiation, and primary rectum. Analogously, miR-576 high
expression was a contributing factor for the infiltration into the
serous membrane and extensive intestinal tract occupation (>1/2).
What is more, high miR-425 or miR-576 expression was associated
with a poor prognosis of CRLM patients. As we have seen, all of the
above based on sufficient samples clearly verified the existed clinical
relevance of miR-425 and miR-576.

More interestingly, a multitude of studies attested that muti-
miRNA signature tended to show more convincing forecasting
Frontiers in Oncology | www.frontiersin.org 13
ability for tumor occurrence and progression (51–53). For
instance, the two-factor model including miR-33a-5p and miR-
128-3p in whole blood acted as a potential biomarker for early
diagnosis in lung cancer (51); the combination of three miRNAs
(miR-141, miR-21, and miR-375) played roles in recognizing
prostate cancer (52), and the 6-miRNA signature (miR-15b-5p,
miR-18a-5p, miR-29a-3p, miR-335-5p, miR-19a-3p, and miR-
19b-3p) in serum from CRC screening participants was
identified as noninvasive biomarker for advanced adenoma
and CRC detection (53). Thus, on the premise of the certified
positive correlation of expression between miR-576 and miR-
425, we further spied that the combination of miR-425 and miR-
576 with family history, differentiation, and the primary site was
the optimal signature to assess the risk of liver metastasis. Besides,
systematic survival analyses revealed that the prognostic model
based on miR-425 and miR-576, with high sensitivities, effectively
evaluated clinical outcomes in CRC, especially in CRLM. In brief,
we constructed a novel two-miRNA panel to predict the liver
metastases and survival states of patients with CRC.

As we all know, it is usual that most miRNAs play the regulatory
roles indirectly by binding to and degrading the target mRNAs.
Given this molecular mechanism, we further confirmed that PTEN,
significantly downregulated in CRLM, was the cosuppression target
of miR-425 and miR-576 collaboratively acting as the tumor
promoters. In addition to the negative regulatory patterns in CRC
cells, we identified the complimentary domain between PTEN 3′
UTR and miR-425 (+2928 to +2934) or miR-576 (+4371 to +4378)
and calculated the cogent MFEs between them (−20.8 and −16.1
kcal/mol), in some detail. To further clarify that, we verified their
direct binding interaction in HCT116 and HEK293T cells by Dual-
Luciferase reporter assay. Besides, it is remarkable that miR-425 and
miR-576 overexpression has been shown to promote the migration
ability of HCT116 and SW480 cells by Transwell migration assay
and vice versa. Similarly, miR-425 was discovered to play positive
roles in not only promoting tumorigenesis and metastasis through
activating CTNND1-mediated b-catenin pathway in CRC but also
facilitating CRC chemoresistance by targeting PDCD10 (15, 54). Of
note, it has been reported that exosomal miR-425 induced liver
metastasis by regulating PTEN through activation of the PI3K/Akt
signaling pathway (55). Herein, however, P53 and TGF-b signaling
pathways were the indispensable links that miR-425/PTEN axis
regulated CRLM, which was actually validated in CRC cells. As for
miR-576, our study was the first to reveal its potential as a
biomarker for liver metastasis and the regulation mechanism
involving downstream PTEN-P53/TGF-b signaling axis in the
process of CRC cells undergoing liver metastasis.

Recently, with the rise in the anti-miRNAs strategy, to explore
more miRNAs involved in crucial tumor-related pathways as
prospective targets has become a shared purpose. Although the
critical roles of miRNAs have always been manifested for CRC
(56), even CRLM (57), no specific miRNA-based strategy has
been reported yet, which indicated that the mining miRNAs with
potential for approval was an urgent mission. Besides, increasing
evidence indicated that immunotherapy has become a powerful
clinical strategy for treating cancer (58). However, the key
challenges in the broad implementation of such therapy for
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cancer remains to be the serious adverse effects and poor
treatment response due to the complex modulation and
components of the immune system, which suggests that it is
particularly important to clarify the molecular mechanism of
immunotherapeutic targets (59). Our results demonstrated that
upregulation of miR-425 and miR-576 was closely related to
disease progression and shortened survival in CRLM, and their
shared target PTEN not only suppressed P53/TGF-b signaling
pathways but also was positively related to MSI, TME, and
immune cell infiltration. At present, PTEN has been confirmed
to function at the interface between cancer and tumor immune
microenvironment (TIME) (31), which plays crucial roles in
immune biological processes and the response of cancer to
immunotherapy (60); however, its interaction network remains
to be elucidated. Thus, on the basis of illustrating the signaling
axis, we first proposed that miR-425 andmiR-576 were promising
potential immunotherapeutic targets for the individualized anti-
miRNAs treatment of CRLM patients.

In conclusion, elevated miR-425 and miR-576 were associated
with tumorigenesis and worse outcomes and negatively involved
in PTEN-P53/TGF-b-immune function axis in CRLM.
Therefore, our work is beneficial to better understanding the
potential applications of miRNA–mRNA to provide an
immediate cue for potential biomarkers and targets in CRLM
prevention and immunotherapy.
DATA AVAILABILITY STATEMENT

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/Supplementary Material.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by The Medical Ethics Committee of China Medical
Frontiers in Oncology | www.frontiersin.org 14
University. Written informed consent to participate in this study
was provided by the participants’ legal guardian/next of kin.
AUTHOR CONTRIBUTIONS

HW, YL and MW conceived and designed the project. XH, QC,
KL and BF designed and supervised experiments conducted in
the laboratories. XH, QC, HG and YC performed experiments
and/or data analyses. HW, MW, YL, and HZ contributed
reagents/analytic tools and/or grant support. HW, YL, MW,
and XH wrote the paper. All authors contributed to the article
and approved the submitted version.
FUNDING

This work was supported by grants from the National Natural
Science Foundation of China (81872905, 31828005, and
81673475), National Natural Science Foundation of China and
Liaoning joint fund key program (U1608281), Liaoning
Revitalization Talents Program (XLYC1807155), Shenyang
S&T Projects (20-204-4-22), the Science and Technology
Innovative Foundation for Young and Middle-aged Scientists
of Shenyang City (RC200382), Shenyang High Level Talent
Innovation and Entrepreneurship Team (2019-SYRCCY-B-01),
Key R&D Guidance Plan Projects in Liaoning Province
(2019JH8/10300011), and Major Special S&T Projects in
Liaoning Province (2019JH1/10300005).
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2021.
657984/full#supplementary-material
REFERENCES
1. Hadjipetrou A, Anyfantakis D, Galanakis CG, Kastanakis M, Kastanakis S.

Colorectal Cancer, Screening and Primary Care: A Mini Literature
Review. World J Gastroenterol (2017) 23(33):6049–58. doi: 10.3748/wjg.v23.
i33.6049

2. Wang J, Li S, Liu Y, Zhang C, Li H, Lai B. Metastatic Patterns and Survival
Outcomes in Patients With Stage IV Colon Cancer: A Population-Based
Analysis. Cancer Med (2020) 9(1):361–73. doi: 10.1002/cam4.2673

3. Liu W, Sun Y, Zhang L, Xing BC. Negative Surgical Margin Improved Long-
Term Survival of Colorectal Cancer Liver Metastases After Hepatic Resection:
A Systematic Review and Meta-Analysis. Int J Colorectal Dis (2015) 30
(10):1365–73. doi: 10.1007/s00384-015-2323-6

4. Martin J, Petrillo A, Smyth EC, Shaida N, Khwaja S, Cheow HK, et al.
Colorectal Liver Metastases: Current Management and Future Perspectives.
World J Clin Oncol (2020) 11(10):761–808. doi: 10.5306/wjco.v11.i10.761

5. Sahu SS, Dey S, Nabinger SC, Jiang G, Bates A, Tanaka H, et al. The Role and
Therapeutic Potential of MiRNAs in Colorectal Liver Metastasis. Sci Rep
(2019) 9(1):15803. doi: 10.1038/s41598-019-52225-2
6. Balacescu O, Sur D, Cainap C, Visan S, Cruceriu D, Manzat-Saplacan R, et al.
The Impact of MiRNA in Colorectal Cancer Progression and its Liver
Metastases. Int J Mol Sci (2018) 19(12):3711 doi: 10.3390/ijms19123711

7. Zhang BH, Shen CA, Zhu BW, An HY, Zheng AB, Xu SB, et al. Insight Into
MiRNAs Related With Glucometabolic Disorder. BioMed Pharmacother
(2019) 111:657–65. doi: 10.1016/j.biopha.2018.12.123

8. Sakaue S, Hirata J, Maeda Y, Kawakami E, Nii T, Kishikawa T, et al.
Integration of Genetics and MiRNA-Target Gene Network Identified
Disease Biology Implicated in Tissue Specificity. Nucleic Acids Res (2018)
46(22):11898–909. doi: 10.1093/nar/gky1066

9. Sun L, Liu XX, Pan B, Hu XX, Zhu YF, Su YY, et al. Serum Exosomal MiR-122
as a Potential Diagnostic and Prognostic Biomarker of Colorectal Cancer
With Liver Metastasis. J Cancer (2020) 11(3):630–7. doi: 10.7150/jca.33022

10. Toiyama Y, Hur K, Tanaka K, Inoue Y, Kusunoki M, Boland CR, et al. Serum
MiR-200c is a Novel Prognostic and Metastasis-Predictive Biomarker in
Patients With Colorectal Cancer. Ann Surg (2014) 259(4):735–43.
doi: 10.1097/SLA.0b013e3182a6909d

11. Chu CA, Lee CT, Lee JC, Wang YW, Huang CT, Lan SH, et al. MiR-338-5p
Promotes Metastasis of Colorectal Cancer by Inhibition of Phosphatidylinositol
August 2021 | Volume 11 | Article 657984

https://www.frontiersin.org/articles/10.3389/fonc.2021.657984/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2021.657984/full#supplementary-material
https://doi.org/10.3748/wjg.v23.i33.6049
https://doi.org/10.3748/wjg.v23.i33.6049
https://doi.org/10.1002/cam4.2673
https://doi.org/10.1007/s00384-015-2323-6
https://doi.org/10.5306/wjco.v11.i10.761
https://doi.org/10.1038/s41598-019-52225-2
https://doi.org/10.3390/ijms19123711
https://doi.org/10.1016/j.biopha.2018.12.123
https://doi.org/10.1093/nar/gky1066
https://doi.org/10.7150/jca.33022
https://doi.org/10.1097/SLA.0b013e3182a6909d
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Hu et al. Identifying miRNA-based Biomarkers for CRLM
3-Kinase, Catalytic Subunit Type 3-Mediated Autophagy Pathway.
EBioMedicine (2019) 43:270–81. doi: 10.1016/j.ebiom.2019.04.010

12. Wu H, Shang J, Zhan W, Liu J, Ning H, Chen N. Mir4255p Promotes Cell
Proliferation, Migration and Invasion by Directly Targeting FOXD3 in
Hepatocellular Carcinoma Cells. Mol Med Rep (2019) 20(2):1883–92.
doi: 10.3892/mmr.2019.10427

13. Zhang Z, Wen M, Guo J, Shi J, Wang Z, Tan B, et al. Clinical Value of MiR-
425-5p Detection and its AssociationWith Cell Proliferation and Apoptosis of
Gastric Cancer. Pathol Res Pract (2017) 213(8):929–37. doi: 10.1016/
j.prp.2017.05.009

14. Meng FM, Meng FM, Song XL. MiR-576-3p is a Novel Marker Correlated
With Poor Clinical Outcome in Bladder Cancer. Eur Rev Med Pharmacol Sci
(2017) 21(5):973–7.

15. Liu D, Zhang H, Cui M, Chen C, Feng Y. Hsa-MiR-425-5p Promotes Tumor
Growth and Metastasis by Activating the CTNND1-Mediated Beta-Catenin
Pathway and EMT in Colorectal Cancer. Cell Cycle (2020) 19(15):1917–27.
doi: 10.1080/15384101.2020.1783058

16. Eldaly MN, Metwally FM, Shousha WG, El-Saiid AS, Ramadan SS. Clinical
Potentials of MiR-576-3p, MiR-613, NDRG2 and YKL40 in Colorectal Cancer
Patients. Asian Pac J Cancer Prev (2020) 21(6):1689–95. doi: 10.31557/
APJCP.2020.21.6.1689

17. Yin H, Xiong G, Guo S, Xu C, Xu R, Guo P, et al. Delivery of Anti-MiRNA for
Triple-Negative Breast Cancer Therapy Using RNA Nanoparticles Targeting
Stem Cell Marker Cd133. Mol Ther (2019) 27(7):1252–61. doi: 10.1016/
j.ymthe.2019.04.018

18. Sun X, Chen Y, Yu H, Machan JT, Alladin A, Ramirez J, et al. Anti-MiRNA
Oligonucleotide Therapy for Chondrosarcoma. Mol Cancer Ther (2019) 18
(11):2021–9. doi: 10.1158/1535-7163.MCT-18-1020

19. Xie Y, Wang Y, Li J, Hang Y, Jaramillo L, Wehrkamp CJ, et al.
Cholangiocarcinoma Therapy With Nanoparticles That Combine
Downregulation of Microrna-210 With Inhibition of Cancer Cell
Invasiveness. Theranostics (2018) 8(16):4305–20. doi: 10.7150/thno.26506

20. Schuster SL, Hsieh AC. The Untranslated Regions of mRNAs in Cancer.
Trends Cancer (2019) 5(4):245–62. doi: 10.1016/j.trecan.2019.02.011

21. Lu K, Huang J, Yang Y, Lu D. Predicting the Target Genes of MiRNAs in
Preterm via Targetscore Algorithm. Exp Ther Med (2019) 17(3):2085–90.
doi: 10.3892/etm.2019.7179

22. Lee YR, Chen M, Pandolfi PP. The Functions and Regulation of the PTEN
Tumour Suppressor: New Modes and Prospects. Nat Rev Mol Cell Biol (2018)
19(9):547–62. doi: 10.1038/s41580-018-0015-0

23. Alvarez-Garcia V, Tawil Y, Wise HM, Leslie NR. Mechanisms of PTEN Loss
in Cancer: It’s All About Diversity. Semin Cancer Biol (2019) 59:66–79.
doi: 10.1016/j.semcancer.2019.02.001

24. Ortega-Molina A, Serrano M. PTEN in Cancer, Metabolism, and Aging.
Trends Endocrinol Metab (2013) 24(4):184–9. doi: 10.1016/j.tem.2012.11.002

25. Zhao S,MiY,GuanB, ZhengB,Wei P,GuY, et al. Tumor-DerivedExosomalMiR-
934 InducesMacrophageM2Polarization toPromoteLiverMetastasis ofColorectal
Cancer. J Hematol Oncol (2020) 13(1):156. doi: 10.1186/s13045-020-00991-2

26. Li Z, Wang H, Xu Z, Sun Y, Han J. Expression and Mechanism of Microrna-
181A on Incidence and Survival in Late Liver Metastases of Colorectal Cancer.
Oncol Rep (2016) 35(3):1403–8. doi: 10.3892/or.2016.4546

27. Arabsorkhi Z, Gharib E, Yaghmoorian Khojini J, Farhadieh ME,
Nazemalhosseini-Mojarad E, Zali MR. MiR-298 Plays a Pivotal Role in
Colon Cancer Invasiveness by Targeting PTEN. J Cell Physiol (2020) 235
(5):4335–50. doi: 10.1002/jcp.29310

28. Wang D, Wang X, Si M, Yang J, Sun S, Wu H, et al. Exosome-Encapsulated
MiRNAs Contribute to CXCL12/CXCR4-Induced Liver Metastasis of
Colorectal Cancer by Enhancing M2 Polarization of Macrophages. Cancer
Lett (2020) 474:36–52. doi: 10.1016/j.canlet.2020.01.005

29. Bi X, Lv X, Liu D, Guo H, Yao G, Wang L, et al. METTL3-Mediated
Maturation of MiR-126-5p Promotes Ovarian Cancer Progression via
PTEN-Mediated PI3K/Akt/Mtor Pathway. Cancer Gene Ther (2020) 3–4
(10):335–49 doi: 10.1038/s41417-020-00222-3

30. Yang F, Yan Y, Yang Y, Hong X, Wang M, Yang Z, et al. MiR-210 in
Exosomes Derived From Cafs Promotes non-Small Cell Lung Cancer
Migration and Invasion Through PTEN/PI3K/AKT Pathway. Cell Signal
(2020) 73:109675. doi: 10.1016/j.cellsig.2020.109675
Frontiers in Oncology | www.frontiersin.org 15
31. Conciatori F, Bazzichetto C, Falcone I, Ciuffreda L, Ferretti G, Vari S, et al.
PTEN Function at the Interface Between Cancer and Tumor
Microenvironment: Implications for Response to Immunotherapy. Int J Mol
Sci (2020) 21(15):5337 doi: 10.3390/ijms21155337

32. Barroso-Sousa R, Keenan TE, Pernas S, Exman P, Jain E, Garrido-Castro AC,
et al. Tumor Mutational Burden and PTEN Alterations as Molecular Correlates
of Response to PD-1/L1 Blockade in Metastatic Triple-Negative Breast Cancer.
Clin Cancer Res (2020) 26(11):2565–72. doi: 10.1158/1078-0432.Ccr-19-3507

33. Vidotto T, Melo CM, Castelli E, Koti M, Dos Reis RB, Squire JA. Emerging
Role of PTEN Loss in Evasion of the Immune Response to Tumours. Br J
Cancer (2020) 122(12):1732–43. doi: 10.1038/s41416-020-0834-6

34. Li Y, Xin S, Wu H, Xing C, Duan L, Sun W, et al. High Expression of
Microrna31 and its Host Gene LOC554202 Predict Favorable Outcomes in
Patients With Colorectal Cancer Treated With Oxaliplatin. Oncol Rep (2018)
40(3):1706–24. doi: 10.3892/or.2018.6571

35. Li T, Fan J, Wang B, Traugh N, Chen Q, Liu JS, et al. TIMER: A Web Server
for Comprehensive Analysis of Tumor-Infiltrating Immune Cells. Cancer Res
(2017) 77(21):e108–e10. doi: 10.1158/0008-5472.CAN-17-0307

36. Ren Q, Zhu P, Zhang H, Ye T, Liu D, Gong Z, et al. Identification and
Validation of Stromal-Tumor Microenvironment-Based Subtypes Tightly
Associated With PD-1/PD-L1 Immunotherapy and Outcomes in Patients
With Gastric Cancer. Cancer Cell Int (2020) 20:92. doi: 10.1186/s12935-020-
01173-3

37. Yoshihara K, Shahmoradgoli M, Martinez E, Vegesna R, Kim H, Torres-
Garcia W, et al. Inferring Tumour Purity and Stromal and Immune Cell
Admixture From Expression Data. Nat Commun (2013) 4:2612. doi: 10.1038/
ncomms3612

38. Li T, Fu J, Zeng Z, Cohen D, Li J, Chen Q, et al. TIMER2.0 for Analysis of
Tumor-Infiltrating Immune Cells. Nucleic Acids Res (2020) 48(W1):W509–
14. doi: 10.1093/nar/gkaa407

39. Lopez G, Boggio F, Ferrero S, Fusco N, Del Gobbo A. Molecular and
Immunohistochemical Markers With Prognostic and Predictive Significance
in Liver Metastases From Colorectal Carcinoma. Int J Mol Sci (2018) 19
(10):3014 doi: 10.3390/ijms19103014

40. Sharma P, Retz M, Siefker-Radtke A, Baron A, Necchi A, Bedke J, et al.
Nivolumab in Metastatic Urothelial Carcinoma After Platinum Therapy
(Checkmate 275): A Multicentre, Single-Arm, Phase 2 Trial. Lancet Oncol
(2017) 18(3):312–22. doi: 10.1016/S1470-2045(17)30065-7

41. Gao C, Zhou C, Zhuang J, Liu L, Liu C, Li H, et al. MicroRNA Expression in
Cervical Cancer: Novel Diagnostic and Prognostic Biomarkers. J Cell Biochem
(2018) 119(8):7080–90. doi: 10.1002/jcb.27029

42. Adhami M, Haghdoost AA, Sadeghi B, Malekpour Afshar R. Candidate
MiRNAs in Human Breast Cancer Biomarkers: A Systematic Review. Breast
Cancer (2018) 25(2):198–205. doi: 10.1007/s12282-017-0814-8

43. Blanca A, Cheng L, Montironi R, Moch H, Massari F, Fiorentino M, et al.
MiRNA Expression in Bladder Cancer and Their Potential Role in Clinical
Practice. Curr Drug Metab (2017) 18(8):712–22. doi: 10.2174/
1389200218666170518164507

44. Zhu XL, Ren LF, Wang HP, Bai ZT, Zhang L, MengWB, et al. Plasma MicroRNAs
as Potential New Biomarkers for Early Detection of Early Gastric Cancer. World J
Gastroenterol (2019) 25(13):1580–91. doi: 10.3748/wjg.v25.i13.1580

45. Zhang JY, Su XP, Li YN, Guo YH. MicroRNA-425-5p Promotes the
Development of Prostate Cancer via Targeting Forkhead Box J3. Eur Rev
Med Pharmacol Sci (2019) 23(2):547–54. doi: 10.26355/eurrev_201901_16867

46. Fang F, Song T, Zhang T, Cui Y, Zhang G, Xiong Q. MiR-425-5p Promotes
Invasion and Metastasis of Hepatocellular Carcinoma Cells Through SCAI-
Mediated Dysregulation of Multiple Signaling Pathways. Oncotarget (2017) 8
(19):31745–57. doi: 10.18632/oncotarget.15958

47. Wu H, Wang Q, Zhong H, Li L, Zhang Q, Huang Q, et al. Differentially
Expressed Micrornas in Exosomes of Patients With Breast Cancer Revealed by
Nextgeneration Sequencing. Oncol Rep (2020) 43(1):240–50. doi: 10.3892/
or.2019.7401

48. Balci S, Ayaz L, Gorur A, Yildirim Yaroglu H, Akbayir S, Dogruer Unal N,
et al. MicroRNA Profiling for Early Detection of Nonmelanoma Skin Cancer.
Clin Exp Dermatol (2016) 41(4):346–51. doi: 10.1111/ced.12736

49. Zhou G, Noordam L, Sprengers D, Doukas M, Boor PPC, van Beek AA, et al.
Blockade of LAG3 Enhances Responses of Tumor-Infiltrating T Cells inMismatch
August 2021 | Volume 11 | Article 657984

https://doi.org/10.1016/j.ebiom.2019.04.010
https://doi.org/10.3892/mmr.2019.10427
https://doi.org/10.1016/j.prp.2017.05.009
https://doi.org/10.1016/j.prp.2017.05.009
https://doi.org/10.1080/15384101.2020.1783058
https://doi.org/10.31557/APJCP.2020.21.6.1689
https://doi.org/10.31557/APJCP.2020.21.6.1689
https://doi.org/10.1016/j.ymthe.2019.04.018
https://doi.org/10.1016/j.ymthe.2019.04.018
https://doi.org/10.1158/1535-7163.MCT-18-1020
https://doi.org/10.7150/thno.26506
https://doi.org/10.1016/j.trecan.2019.02.011
https://doi.org/10.3892/etm.2019.7179
https://doi.org/10.1038/s41580-018-0015-0
https://doi.org/10.1016/j.semcancer.2019.02.001
https://doi.org/10.1016/j.tem.2012.11.002
https://doi.org/10.1186/s13045-020-00991-2
https://doi.org/10.3892/or.2016.4546
https://doi.org/10.1002/jcp.29310
https://doi.org/10.1016/j.canlet.2020.01.005
https://doi.org/10.1038/s41417-020-00222-3
https://doi.org/10.1016/j.cellsig.2020.109675
https://doi.org/10.3390/ijms21155337
https://doi.org/10.1158/1078-0432.Ccr-19-3507
https://doi.org/10.1038/s41416-020-0834-6
https://doi.org/10.3892/or.2018.6571
https://doi.org/10.1158/0008-5472.CAN-17-0307
https://doi.org/10.1186/s12935-020-01173-3
https://doi.org/10.1186/s12935-020-01173-3
https://doi.org/10.1038/ncomms3612
https://doi.org/10.1038/ncomms3612
https://doi.org/10.1093/nar/gkaa407
https://doi.org/10.3390/ijms19103014
https://doi.org/10.1016/S1470-2045(17)30065-7
https://doi.org/10.1002/jcb.27029
https://doi.org/10.1007/s12282-017-0814-8
https://doi.org/10.2174/1389200218666170518164507
https://doi.org/10.2174/1389200218666170518164507
https://doi.org/10.3748/wjg.v25.i13.1580
https://doi.org/10.26355/eurrev_201901_16867
https://doi.org/10.18632/oncotarget.15958
https://doi.org/10.3892/or.2019.7401
https://doi.org/10.3892/or.2019.7401
https://doi.org/10.1111/ced.12736
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Hu et al. Identifying miRNA-based Biomarkers for CRLM
Repair-Proficient Liver Metastases of Colorectal Cancer. Oncoimmunology (2018)
7(7):e1448332. doi: 10.1080/2162402X.2018.1448332

50. Zaimenko I, Jaeger C, Brenner H, Chang-Claude J, Hoffmeister M, Grotzinger
C, et al. Non-Invasive Metastasis Prognosis From Plasma Metabolites in Stage
II Colorectal Cancer Patients: The DACHS Study. Int J Cancer (2019) 145
(1):221–31. doi: 10.1002/ijc.32076

51. Pan J, Zhou C, Zhao X, He J, Tian H, Shen W, et al. A Two-MiRNA Signature
(MiR-33a-5p and MiR-128-3p) in Whole Blood as Potential Biomarker for
Early Diagnosis of Lung Cancer. Sci Rep (2018) 8(1):16699. doi: 10.1038/
s41598-018-35139-3

52. Porzycki P, Ciszkowicz E, Semik M, Tyrka M. Combination of Three MiRNA
(MiR-141, MiR-21, and MiR-375) as Potential Diagnostic Tool for Prostate
Cancer Recognition. Int Urol Nephrol (2018) 50(9):1619–26. doi: 10.1007/
s11255-018-1938-2

53. Marcuello M, Duran-Sanchon S, Moreno L, Lozano JJ, Bujanda L, Castells A, et al.
Analysis of a 6-MiRNA Signature in Serum From Colorectal Cancer Screening
Participants as Non-Invasive Biomarkers for Advanced Adenoma and Colorectal
CancerDetection.Cancers (Basel) (2019)11(10):1532doi:10.3390/cancers11101542

54. Zhang Y, HuX,Miao X, ZhuK, Cui S,MengQ, et al. MicroRNA-425-5p Regulates
Chemoresistance in Colorectal Cancer Cells via Regulation of Programmed Cell
Death 10. J Cell Mol Med (2016) 20(2):360–9. doi: 10.1111/jcmm.12742

55. Li W, Zhang T, Guo L, Huang L. Regulation of PTEN Expression by
Noncoding RNAs. J Exp Clin Cancer Res (2018) 37(1):223. doi: 10.1186/
s13046-018-0898-9

56. To KK, Tong CW, Wu M, Cho WC. MicroRNAs in the Prognosis and
Therapy of Colorectal Cancer: From Bench to Bedside. World J Gastroenterol
(2018) 24(27):2949–73. doi: 10.3748/wjg.v24.i27.2949

57. Gao B, Shao Q, Choudhry H, Marcus V, Dong K, Ragoussis J, et al. Weighted
Gene Co-Expression Network Analysis of Colorectal Cancer Liver Metastasis
Frontiers in Oncology | www.frontiersin.org 16
Genome Sequencing Data and Screening of Anti-Metastasis Drugs. Int J Oncol
(2016) 49(3):1108–18. doi: 10.3892/ijo.2016.3591

58. O’Donnell JS, Teng MWL, Smyth MJ. Cancer Immunoediting and Resistance
to T Cell-Based Immunotherapy. Nat Rev Clin Oncol (2019) 16(3):151–67.
doi: 10.1038/s41571-018-0142-8

59. Riley RS, June CH, Langer R, Mitchell MJ. Delivery Technologies for Cancer
Immunotherapy. Nat Rev Drug Discov (2019) 18(3):175–96. doi: 10.1038/
s41573-018-0006-z

60. Xu ZY, Zhao M, ChenW, Li K, Qin F, XiangWW, et al. Analysis of Prognostic
Genes in the Tumor Microenvironment of Lung Adenocarcinoma. PeerJ
(2020) 8:e9530. doi: 10.7717/peerj.9530

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Hu, Chen, Guo, Li, Fu, Chen, Zhao, Wei, Li and Wu. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.
August 2021 | Volume 11 | Article 657984

https://doi.org/10.1080/2162402X.2018.1448332
https://doi.org/10.1002/ijc.32076
https://doi.org/10.1038/s41598-018-35139-3
https://doi.org/10.1038/s41598-018-35139-3
https://doi.org/10.1007/s11255-018-1938-2
https://doi.org/10.1007/s11255-018-1938-2
https://doi.org/10.3390/cancers11101542
https://doi.org/10.1111/jcmm.12742
https://doi.org/10.1186/s13046-018-0898-9
https://doi.org/10.1186/s13046-018-0898-9
https://doi.org/10.3748/wjg.v24.i27.2949
https://doi.org/10.3892/ijo.2016.3591
https://doi.org/10.1038/s41571-018-0142-8
https://doi.org/10.1038/s41573-018-0006-z
https://doi.org/10.1038/s41573-018-0006-z
https://doi.org/10.7717/peerj.9530
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Identification of Target PTEN-Based miR-425 and miR-576 as Potential Diagnostic and Immunotherapeutic Biomarkers of Colorectal Cancer With Liver Metastasis
	Introduction
	Materials and Methods
	Collection of CRC Patient Specimens
	Data From GEO and TCGA
	Gene Expression Analysis
	Function Enrichment Analysis
	Molecular Interaction Prediction
	TMA and ISH Assays
	Risk Score
	Immune Analysis
	Cell Culture
	Cell Transfection
	qPCR Assays
	Western Blot Assay
	Luciferase Reporter Assay
	Cell Migration Assay
	Statistical Analysis

	Results
	High miR-425 and miR-576 Levels Associated With CRLM
	Correlation Between miR-425 and miR-576 Expression and CRLM-Related Clinical Variables
	Impact of miR-425 and miR-576 Expression on Prognosis of CRLM Patients
	PTEN Identified as the Target of miR-425 and miR-576 Facilitating CRLM
	Effect of miR-425 and miR-576 on Tumor Metastasis by Inhibiting PTEN-P53/TGF-β Axis in CRC Cells
	Immune Analysis of miR-425/miR-576-PTEN Axis for CRLM

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


