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The role of KRT7 in metastasis and prognosis
of pancreatic cancer
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Abstract

Purpose The aim of this study is to delve into the value of N6-Methyladenosine (m6A)-associated genes (MAGSs) in
pancreatic cancer (PC) prognosis.

Methods PC sequencing data and corresponding clinicopathological information were retrieved from GEO and
TCGA databases. We filtered 19 MAGs in PC specimens and implemented functional annotation in biology. Later,

the m6A modification pattern was stratified into m6Acluster A-B according to MAG expression levels, and further
categorized into genecluster A-C based on differentially expressed genes between méAcluster A and B. Next, a MAG-
based prognostic prediction model was established by the least absolute shrinkage and selection operator (LASSO)
regression analysis and multivariate Cox regression analysis. At last, the role of KRT7 in PC were explored.

Results We found m6Acluster A pattern presented enrichment pathways associated with cell apoptosis, proliferation,
migration, and cancer pathways. Additionally, high-risk group displayed more dismal prognosis and a higher
programmed death-ligand 1 expression. The survival prediction ability of the model was verified in three independent
PC GEO datasets. KRT7 is the most momentous risk gene in the established prognostic model. Among 18 clinical
samples, the KRT7 protein in the surviving patient samples is lower than that in the deceased patient samples. We
also identified elevated expression of KRT7 in PC tumor tissues compared to normal tissues using GEPIA 2. Then, the
metastasis of PC cells was promoted by overexpressed KRT7 in vitro and in vivo. And IGF2BP3 upregulated KRT7 by
increasing the mRNA stability of KRT7.

Conclusions The PPM built based on CXCL5, LY6K and KRT7 is an encouraging biomarker to define the prognosis.
Additionally, IGF2BP3 promoted KRT7 by stabilizing mRNA of KRT7. And KRT7 promoted the metastasis of PC cells by
promoting EMT.
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Background

Pancreatic cancer (PC), deemed as “The King of Carci-
noma is a commonly encountered malignancy occurring
in the digestive tract. As unveiled by the GLOBOCAN
2020 data, the International Agency for Research on
Cancer estimates that the number of deaths from PC
(466,000) nearly equals to that of cases (496,000) [1].
On a global scale, PC, on account of its dismal progno-
sis, takes the seventh place among fatal cancers in both
men and women, and this ranking is predicted to rise
to the second place by 2030 [2]. Among all cancers, PC
exhibits the lowest 5-year survival rate (9%) among all
types of cancers [3, 4]. Pancreatic adenocarcinoma takes
up the largest proportion (85%) in PC [3]. At this stage,
useful gene signatures showing efficacy and functioning
in prognosis, early detection and improved treatment
regimens are still scanty. This phenomenon entails an
urgency of developing an approach to predicting the pos-
sibility of a prolonged survival and improved prognosis,
on the strength of the traits of transcriptome and genome
sequencing.

In eukaryotes, N6-methyladenosine (m6A), first
reported in the 1970s, is the dominant and abundant type
of mRNA modification [5]. m6A is mediated by three cat-
egories of individual proteins, namely, writers, erasers,
and readers, and their existence may be an indicative of
m6A modification. Writers, including METTL 3/14/16,
WTAP, VIRMA, ZC3H13 and RBM15/15B, are respon-
sible for the methylation process [6, 7]; erasers, including
FTO and ALKBHS, abrogate methylation as demethylases
[6, 8]; readers, including YTHDC1/2, HNRNPC, HNRN-
PA2B1, IGFBP1/2/3, FMRI1, LRPPRC, YTHDFI1/2/3,
IGF2BP3, and RBMX, are methylated effectors, ben-
eficial for the downregulation of corresponding proteins
via impairing the stability of target RNAs [6, 9, 10]. The
dysregulation of m6A modification displays relevance
to carcinogenesis, progression, metastatic spread, and
drug resistance of discrepant cancer entities [11, 12]. For
example, studies have unravelled that via mRNA m6A
modification, METTLI14 can inhibit the differentiation
of hematopoietic stem/progenitor cells and promote
leukemogenesis [13]. Another study has unveiled that
IGF2BP3 (a RNA m6A reader) promotes tumor metasta-
sis in triple-negative breast cancer [14]. It has also been
demonstrated that WTAP regulates the malignant behav-
iours of colorectal cancer cells by mediating the m6A of
PDK4 [15].

Herein, we delved into the value of m6A-associated
genes (MAGs) in PC prognosis, and explored their bio-
logical functions in PC, with 19 MAGs as research
objects, using public datasets.
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Methods
Data sources and clinical specimens
The survival data of MAGs in Figure S1 was downloaded
from Gene Expression Profiling Interactive Analysis 2
(GEPIA2, http://gepia2.cancer-pku.cn/#index), with
|Log2FC|>0.8, P>0.05, and matched normal data from
TCGA normal and GTEx data as the filtering criteria.

Data pertaining to gene expressions, prognosis and
clinicopathological information of PC were downloaded
from the Gene Expression Omnibus (GEO) (https://
www.ncbi.nlm.nih.gov/geo/) and TCGA (https://portal.
gdc.cancer.gov/) databases. We harvested four GEO data-
sets (GSE21501, GSE28735, GSE62452, and GSE71729)
and the TCGA-PAAD dataset for the following research.
First, we took the intersection of genes in GSE21501 and
TCGA-PAAD, and rectified the merged data with the
“sva” package. For transcriptome data, we first perform
log transformation on transcriptome data, and then uti-
lize the SVA package ComBat function for batch correc-
tion. And we have added this in methods section. From
the intersection data, we extracted the expression pro-
files of 19 MAGs (METTL3, WTAP, ZC3H13, RBM15,
RBM15B, YTHDCI1/2, HNRNPC, YTHDF1/2/3, FMRI,
LRPPRC, HNRNPA2BI1, IGFBP2/3, RBMX, FTO, and
ALKBH3S) in 310 PC patients, as illustrated in Table
S1. Later, external validation was achieved by use of
GSE28735, GSE62452 and GSE71729 containing 42, 66
and 125 PC specimens with survival information.

A total of 18 clinical specimens used for immunohis-
tochemistry staining were collected in our hospital. All
patients have already provided written informed consent.

Consensus clustering analysis of MAGs

A consensus unsupervised clustering analysis was imple-
mented by use of the R package “ConsensusClusterPlus”
According to the MAG expression levels, the m6A pat-
tern was stratified into two discrete subtypes (m6Aclus-
ter A-B), and the differences in biological processes
between the two modification patterns were clarified on
the strength of gene set variation analysis (GSVA) with
the hallmark gene set (c2.cp.kegg.symbols and c5.go.
symbols) derived from the GSEA/MSigDB database.
Adjusted P (adj.P) <0.05 was indicative of statistically sig-
nificant difference.

Identification of differentially expressed genes (DEGs)
between mé6Acluster A and mé6Acluster B

The empirical Bayesian approach of “limma” package was
applied to determine DEGs between m6Acluster A and
mo6Acluster B, with logFC>1 and adj.P<0.01 as the sig-
nificance criteria.
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Establishment and verification of the MAG-based
prognostic prediction model (MAG-PPM)

To build a MAG-PPM based on a scoring system, firstly,
a univariate Cox regression analysis was implemented to
determine DEGs prominently associated with the prog-
nosis for further assessment (Table S2). Secondly, the
m6A modification pattern was further stratified into
genecluster A-C for in-depth assessment by use of an
unsupervised clustering method as per the expression
of prognosis-related DEGs. Finally, a multivariate Cox
regression analysis and a least absolute shrinkage and
selection operator (LASSO) regression analysis were per-
formed to build the MAG-PPM.

The risk score (RS) was calculated as follows:

RS=X (Expi * Coefi).

Where Expi stands for the expression of each gene,
and Coefi for the risk coefficient. The gene expression
and risk coefficient are shown in Table 1. Based on the
median RS, the PC patients fell into high-risk (HR) group
and low-risk (LR) group, and the intragroup comparison
of the overall survival (OS) rate was conducted via the
Kaplan—Meier (KM) survival analysis. Beyond that, we
took the measure of the performance of the MAG-PPM
in prediction by time-dependent receiver operating char-
acteristic (ROC) curves. Lastly, independent prognostic
factors pertaining to OS were clarified via univariate and
multivariate Cox regression analysis.

Cell culture

BxPC-3 cells (iCell Bioscience Inc., Shanghai, CHN) were
cultured in 90% Dulbecco’s modified Eagle’s medium
(SH30243.01, Hyclone, USA) with 10% fetal bovine
serum (11011-8615, Tianhang, CHN) at 37 °C in 5%
CO, atmosphere.

Cell transfection

SiRNAs targeting KRT7 (KRT7 siRNA) and IGF2BP3
(IGF2BP3 siRNA), KRT7 overexpression vector (KRT7
OE), IGF2BP3 overexpression vector (IGF2BP3 OE) were
designed and chemically synthesized by RiboBio (Guang-
zhou, CHN). Sequences of siRNAs employed herein were
listed below: KRT7 siRNA sense: 5-AAUCUUCUUGU
GAUUGUGGGU-3’; anti-sense: 5-CCACAAUCACAA
GAAGAUUCC-3! IGF2BP3 siRNA sense: 5- GATATC
TCCATTGCAGGAA-3’; anti-sense: 5-CTTTGTTAG
TCCTAAAGAA-3. siRNA NC: 5-UUCUCCGAACGU
GUCACGUTT-3! As per the manufacturer’s guideline,

Table 1 The gene expression and risk coefficient in MAG-based
prognostic prediction model
id coef

KRT7 0.19047896774614
LYeD 0.089224196311407
CXCL5 0.113680406489047
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Lipofectamine 3000 (Invitrogen, Shanghai, CHN) was
employed to transfect BxPC-3 and PANC-1 cells for
24-48 h, after which functional assays of the obtained
cells were implemented.

Cell migration and invasion assays

Transwell inserts (Costar, Cambridge, MA) were used
to evaluate the potential of cell invasion and migration.
1x10* cancer cells were seeded into the coated (for
invasion assay) or uncoated (for migration assay) upper
chamber with Matrigel (BD Biosciences, San Jose, CA).
In the bottom chamber, we filled seven hundred and fifty
microlitre complete DMEM medium. We removed the
cells in the upper chamber after culturing for 24 h, then
with 4% paraformaldehyde fixed the cells in the bottom
chamber and with 0.1% crystal violet stained them. Via
a light microscope we counted the invaded and migrated
cell numbers.

Western blot experiment

We inoculated the cells in six-well plates for four hours,
consequently examined the protein expression level of
KRT7, E-cadherin, N-cadherin, Vimentin and Snail in the
cells. Afterwards, we isolated the total protein from cells
via RIPA lysate, and determined its total amount. After-
wards, we taken 100 pg proteins from each group for
electrophoresis and transferred them onto PVDF mem-
branes. We used the primary antibody for hypothermal
incubation overnight after one hour of sealing at room
temperature. With coloring reagent and photographing,
we performed color development, then added the sec-
ondary antibodies, which were labelled with horseradish
peroxide, for one hour of incubation in the next day.

Animals experiment

In this study, two cohorts of animal studies were per-
formed. Control PANC-1 cells (PANC-1,,,) or KRT7
overexpression stable PANC-1 cells (PANC-1ygr,) were
injected into immunodeficient female mice (n=3 for each
group) through the tail vein. Development of pulmonary
metastases was monitored the IVIS@ Lumina II system
(Caliper Life Sciences, Hopkinton, MA).

mRNA stability assay

After 48 h of cell transfection, cells were exposed to Act
D (Abmole, Shanghai, China) at a concentration of 5 pg/
ml for O h, 3 h, 6 h, and 9 h. At different time points, the
cells were collected and RNA was extracted using Trizol
reagent (Invitrogen, Grand Island, NY, USA). After RNA
extraction, the KRT7 mRNA level was identified using
RT-qPCR as described earlier.
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Statistical analysis

R v4.1.3 software and GraphPad Prism v8.0.1 were intro-
duced for statistical processing and visualization. Data
were reported as mean+SD from at least three indepen-
dent experiments. The data was statistically analysed by
two-way ANOVA or Student’s t-test. P<0.05 was indica-
tive of statistical significance.

Results

Transcriptional alterations of MAGs in PC

Totally 23 MAGs including 8 writers, 2 erasers and 13
readers were extracted from previous literature for this
study. First, we explored the expression levels of the 23
MAGs in PC patients by use of GEPIA2 (http://gepia2.
cancer-pku.cn/#index). As unveiled in Figure S1, 18 out
of 23 MAGs were upregulated in tumour tissues.

Genetic alterations of MAGs in PC

To get a thorough understanding of the expression pat-
tern of MAGs pertaining to tumorigenesis, PC patients
from GSE21501 and TCGA-PAAD were integrated
for further assays. We took the intersection of genes in
GSE21501 and TCGA-PAAD, and rectified the merged
data with the “sva” package. From the intersection data,
we extracted the expression profiles of 19 MAGs. The
expression information of 19 MAGs (METTL3, WTAP,
ZC3HI13, RBM15/15B, YTHDCI1/2, HNRNPC, FMRI,
YTHDF1/2/3, LRPPRC, HNRNPA2BI, IGFBP2/3, RBMX,
FTO, and ALKBHS) in 310 PC patients is presented in
Table S1. The comprehensive landscape of the interac-
tions, correlations and prognostic significance of the 19
MAGs in PC patients is depicted with the MAG network
(Fig. 1A). It was observable that the MAG expressions of
the same functional category displayed striking interrela-
tions, and prominent interrelations among writers, eras-
ers, and readers were also detectable.

The incidence rates of somatic mutations and copy
number variations (CNVs) in 19 MAGs in PC were sum-
marized. Among 173 specimens, only 3.47% experienced
mutations in the MAGs (Fig. 1B). Additionally, the CNV
frequency test unravelled that CNVs were pervasive
in 19 MAGs, dominated by a deletion in copy number
(Fig. 1C). Figure 1D illustrates the location of CNVs in
the MAGs on chromosomes.

m6A modification patterns mediated by 19 MAGs

On the grounds of the expressions of 19 MAGs, patients
with qualitatively discrepant m6A modification patterns
were categorized by use of the “ConsensusClusterPlus”
package, and m6Acluster A and m6Acluster B were
ascertained using unsupervised clustering (Fig. 2A). The
prognostic assessment of the two discrete patterns unrav-
elled that m6Acluster B was advantageous over m6Aclus-
ter A in survival (Fig. 2B), and they exhibited a striking
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discrepancy in the m6A transcriptional profile (Fig. 2C).
Further, GSVA was implemented to ascertain the differ-
ences between m6Acluster A differs from m6Acluster B.
As unravelled by GO enrichment analysis, pathways in
mo6Acluster A were related to cell proliferation, migra-
tion, aging and differentiation, such as transport of virus,
negative regulation of protein tyrosine kinase activity,
regulation of cell aging, positive regulation of vascular
endothelial cell migration, regulation of erythrocyte dif-
ferentiation, and hematopoietic stem cell proliferation
(Fig. 2D). As demonstrated by the KEGG pathway anal-
ysis, pathways in m6Acluster A mainly relevance to cell
apoptosis and cancers, such as apoptosis, pathways in
cancer, renal cell carcinoma, small cell lung cancer, neu-
rotrophin signalling pathway, and chronic myeloid leu-
kaemia (Fig. 2E).

Generation of m6A gene signatures

DEGs between m6Acluster A and m6Acluster B were
harvested by use of “limma” package, with the aim to fur-
ther investigate their potential biological behaviours (Fig-
ure S2A). Then, the univariate Cox regression unveiled
that there were 39 DEGs showing remarkable relevance
to the prognosis (Table S2). Further, the m6A patterns
were categorized into three genomic subtypes, namely,
genecluster A-C, by means of the unsupervised clustering
analysis of the 39 DEGs (Figure S2B). It was illustrated by
KM curves that patients with genecluster B displayed the
optimal OS (Figure S2C). In genecluster A-C, strikingly
discrepant expressions of MAGs were observable, identi-
cal to the expected results of m6A modification patterns
(Figure S2D).

Establishment and verification of the MAG-PPM

The LASSO penalized regression analysis and multi-
variate Cox regression analysis were implemented on 39
DEGs to evaluate the prognostic performance of the top
significant prognostic genes (Fig. 3A and B). A PPM was
built on the grounds of KRT7, LY6D, and CXCLS5 for PC.
The specimens fell into HR and LR groups on the grounds
of the threshold of the median RS, where the RS was con-
structed below: RS = (0.19047896774614 * expression of
KRT?7) + (0.089224196311407 * expression of LY6D) +
(0.113680406489047 * expression of CXCLS). The case
distributions in m6Acluster A-B, genecluster A-C, and
HS and LS groups are unveiled in Fig. 3C. We found a
significant difference in RS between m6Acluster A and
mo6Acluster B. m6Acluster A showed the lower median
score than m6Acluster B (Fig. 3D). Also, the median score
reached the minimum in genecluster B but the maximum
in genecluster C (Fig. 3E). Additionally, as depicted by the
KM survival curves, LS group had a significantly favour-
able OS compared to that in HS group (Fig. 3F). Beyond
that, AUC values of 0.689, 0.670, and 0.618 correspond to
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Fig. 1 Genetic alterations of m6A-associated genes (MAGs) in pancreatic cancer (PC)
(A) The interaction between MAGs based on GSE21501 and TCGA-PAAD cohort. (B) The mutation frequency of 19 MAGs from TCGA cohort. (C) The CNV
variation frequency of MAGs in TCGA cohort. (D) The location of CNV alteration of MAGs using TCGA cohort

the 1-, 3-, and 5-year survival rates of the patients were
represented by, respectively (Fig. 3G). Furthermore, PPM
was confirmed as an independent prognostic biomarker
for evaluating patient outcomes by univariate (Fig. 3H)
and multivariate Cox regression analysis (Fig. 3I).

To validate the efficiency of the RS in prognosis, the
RS across three external validation groups (GSE28735,
GSE62452, GSE71729) was calculated (Fig. 4A-C). The
median RS calculated by use of the same formula was
taken as the demarcation point, and the patients from
the three datasets were divided into HS and LR groups.

Consistently, HR group demonstrated worse prognosis
than LR group. 1- and 3-year AUC values in GSE28735
were 0.593 and 0.825, respectively (Fig. 4D); 1-, 3-, and
5-year AUC values in GSE62452 were 0.628, 0.879, and
0.911, respectively (Fig. 4E); 1- and 3-year AUC values in
GSE71729 were 0.575 and 0.645, respectively (Fig. 4F).
As KRT7 is the most momentous risk gene
(Coefi=0.19) in the established prognostic model, we
investigated the underlying mechanism developed by
KRT7 expression negatively affects the prognosis of
PC. First, 18 PC samples were collected and performed
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Fig. 2 m6A modification patterns mediated by 19 m6A-associated genes (MAGs)

(A) Differences in clinicopathologic features and expression levels of MAGs between the two distinct subtypes. (B) The prognostic assessment of m6A-
cluster A and m6Acluster B. (C) PCA analysis showing a remarkable difference in transcriptomes between méAcluster A and méAcluster B. (D) GO enrich-
ment analysis between m6Acluster A and m6Acluster B. (E) KEGG enrichment analysis between m6Acluster A and m6Acluster B

immunohistochemistry. As shown in Fig. 4G, patients into KRT7 high expression group and low expres-
with higher expression of KRT7 had poorer survival sion group based on the median value of KRT7 mRNA
rates than those with lower expression. Furthermore, we  expression. We performed enrichment analysis of DEGs
identified elevated expression of KRT7 in PC tumor tis- between the KRT7 high expression group and low expres-
sues compared to normal tissues using GEPIA 2 (http://  sion group using FunRich. Results showed that most of
gepia2.cancer-pku.cn/#index), with conditions set at the DEGs were enriched in Mesenchymal-to-epithelial

|Log2FC| Cutoff: 1 and p-value Cutoff: 0.001 (Fig. 4H). transition pathway (Fig. 5A). So, we putdown the KRT7
expression level in BxPC-3 cells by transfecting KRT7
Inhibition of KRT7 prevents PC cell metastasis siRNAs. And overexpression the KRT7 expression level

Previous studies have found that KRT7 is closely related in PANC-1 cells (Fig. 5B and C). Then, we performed
to tumor metastasis [16, 17]. And we divided the patients  cell migration and invasion assays. In BxPC-3 cells, cell
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Fig. 3 Establishment of the MAG-based prognostic prediction model

(A-B) The LASSO regression analysis and partial likelihood deviance on the prognostic genes. (C) Alluvial diagram of subtype distributions in groups
with different risk score and survival outcomes. (D) Differences in risk score among two m6A modification patterns. (E) Differences in risk score among
genecluster A-C. (F) Survival analyses for low and high score groups. (G) ROC curves according to the risk score. (H) Forest plot of univariate cox regression

analysis. (I) Forest plot of multivariate cox regression analysis

migration and invasion were inhibited by KRT7 siRNA,
and in PANC-1 cells, cell migration and invasion were
promoted by KRT7 overexpression (Fig. 5D and E). The
epithelial mesenchymal transition related proteins were
detected by western blot. The protein level of N-cad-
herin, Snail, Vimentin were decreased by KRT7 siRNA,
and increased by overexpression of KRT7 (Fig. 5F).
And the protein level of E-cadherin was increased by

KRT?7 siRNA, and decreased by overexpression of KRT7
(Fig. 5F).

KRT7 promoted PC metastasis in vivo

To explore the effects of KRT7 in vivo, KRT7 overexpres-
sion stable PANC-1 cells (PANC-1yyr;) and negative
control cells (PANC-1,,.,,) were injected into the tail
vein of nude mice. Then, we used in vivo imaging system
to dynamically monitor the process of lung metastasis
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GEPIA2

(A-C) Validate the prediction effect of RS in GSE28735, GSE62452, and GSE71729 dataset. (D-F) ROC curves to predict the sensitivity and specificity of
survival according to the risk score in GSE28735, GSE62452, and GSE71729 dataset. (G) Immunohistochemistry of KRT7 in PC tissues and the relationship
between protein levels of KRT7 and prognosis. Bar =100 um. (H) We analyze the expression of KRT7 in pancreatic cancer versus normal tissues using the

GEPIA 2 database

(Fig. 6A). Results showed that the PANC-1,..,, group
had significantly fewer lung metastases. And as Fig. 6B
and C showed, the PANC-1,,, group had significantly
fewer lung metastases, compared with the PANC-1p,

group.

IGF2BP3 promoted KRT7 by increasing the mRNA stability
of KRT7

To further investigate the molecular mechanism of KR77,
we extracted 23 MAGs from GSE28735 and GSE62452

respectively, and conducted correlation analysis between
KRT7 and MAGs. The results showed that the correlation
coefficient (0.63 and 0.66) between KRT7 and IGF2BP3
mRNA were the highest (Fig. 7A). Then, we performed
western blot assay, and found that IGF2BP3 siRNA
decreased the protein level of KRT7 (Fig. 7B). To further
determine the mechanism underlying /GF2BP3-induced
regulation of KRT7, BxPC-3 and PANC-1 cells were
pre-transfected with IGF2BP3 OE or IGF2BP3 siRNA
for 24 h. Then we treated cells with the transcription
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inhibitor actinomycin D (Act D) and found that IGF2BP3
OE enhanced stability of KRT7 mRNA, IGF2BP3 siRNA
decreased stability of KRT7 mRNA (Fig. 7C).

Evaluation of TME and checkpoints between HR and LR
groups

How RS and immune cell interrelate was estimated by
use of the CIBERSORT algorithm. It was unveiled in
Figure S3A, RS exhibited positive relevance to macro-
phages and neutrophils and negative relevance to naive
B cells, monocytes, and CD8* T cells. By the same token,
we delved into how KRT7, LY6D, and CXCLS5 relate to
immune cell abundance. Observably, there were asso-
ciations between several immune cells and the genes

(Figure S3B). Beyond that, we found that PD-L1 was
highly expressed in HS group (Figure S3C).

Discussion

PC is a lethal disease with a high death rate, and cur-
rent PC cases present an annual upward trend [18], so
it comes into the spotlight of relevant research. Most
patients have developed into the locally advanced or
metastatic stage when diagnosed, due to the lack of early
and effective screening. As such, PC cases have a high
propensity for relapse and death in spite of the condition
that they have been surgically treated and received adju-
vant chemotherapy or other standardized managements
[19, 20]. This entails an urgency to search for applicable
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biomarkers for early PC screening and OS prediction for
PC cases.

With the development of sequencing technology, rely-
ing on the big data platform and using the bioinformatics
principle to explore the factors affecting the development
of disease at gene level are adopted by more and more
researchers [21-24]. In present study, we harvested four
GEO datasets (GSE21501, GSE28735, GSE62452, and
GSE71729) and the TCGA-PAAD dataset. We merged
GSE21501 and TCGA-PAAD datasets for research, and
external validation by use of GSE28735, GSE62452 and
GSE71729 datasets.

Here, we revealed two distinct m6A modification pat-
terns (m6Acluster A and B) based on 19 MAGs. The
OS turned out to be more unfavourable in patients with
m6Acluster A relative to those with m6Acluster B. Then,
genecluster A-C were identified obtained on the grounds
of the DEGs between m6Acluster A and B. We found
that the expression level of most of 19 MAGs were lower
in m6Acluster B cases than in m6Acluster A cases, and
m6Acluster B cases had better OS. The expression level
of DEGs were lower in genecluster C, and genecluster C
cases had better OS. Further, the PPM was built on the
grounds of KRT7, LY6D, CXCL5. KRT7 has previously
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validated to be overexpressed in numerous cancers and
associated with unsatisfactory survival outcomes in cer-
vical cancer, breast cancer, ovarian cancer, etc [25-27].
CXCLS expression is raised in thyroid cancer cells and
tissues. The results of in vitro experiments unravelled
that the downregulated CXCLS5 strikingly attenuated the
malignant behaviour of tumor cells [28]. CXCL5 overex-
pression promotes tumour development by promoting
epithelial-mesenchymal transition (EMT) [29]. CXCLS
knockdown repressed the proliferation, migration, and
expression of EMT indexes of PC cells in vitro, and
curbed the growth of xenograft tumours in vivo as well
[30]. LY6D is upregulated in laryngeal cancer and may
serve as a biomarker for chemoresistance in cancer stem
cells [31]. Tethering LY6D expression helps blockade can-
cer cell growth and metastasis [16, 17]. A higher LY6D
expression level heralds a higher aggression and worse
outcomes of PC [32].

The specimens fell into HS and LS groups as per the
threshold of the median RS. Integrated analyses yielded
a prominently shorter OS in HS group relative to LS
group, and ascertained that RS of PPM is the indepen-
dent diagnostic biomarker in PC. Further, the credible
efficacy of the RS prognostic model was ascertained by
three external validation datasets (GSE28735, GSE62452,
GSE71729) and ROC analysis. Among 18 clinical sam-
ples, the KRT7 protein in the surviving patient samples
was lower than that in the deceased patient samples. And
by using GEPIA 2, we found that KRT7 was upregulated
in PC relative to normal tissues. Moreover, we divided
the patients into KRT7 high expression group and low
expression group based on the median value of KRT7
mRNA expression. We performed enrichment analysis of
DEGs between the KRT7 high expression group and low
expression group using FunRich, and found that most
of the DEGs were enriched in Mesenchymal-to-epithe-
lial transition pathway. In vitro and in vivo experiments
also determined that overexpressed KRT7 promoted the
metastasis of PC cells. To further investigate the molec-
ular mechanism of KRT7, we conducted the correlation
analysis between KRT7 and 23 MAGs in GSE62452 and
GSE28735, respectively. The results showed that the cor-
relation coefficient between KRT7 and IGF2BP3 mRNA
was the highest. Most importantly, IGF2BP3 has been
identified as an m6A reader, promoting the expression of
HIFIA by enhancing RNA stability [33]. Then, by west-
ern blot assay and mRNA stability assay, we found that
IGF2BP3 enhanced the mRNA stability of KRT7 to regu-
late KRT7 expression.

However, this research has several limitations. Firstly,
the model we constructed is based solely on public data-
bases, and more clinical sample data and an independent
validation cohort are needed to validate its effectiveness.
Secondly, key genes in the model include CXCL5 and
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LY6K, and their functions and mechanisms in PC require
further research. Lastly, even we found that /GF2BP3 can
regulate the expression of KRT7 and the mRNA stability
of KRT7, further exploration of the molecular mecha-
nism is still needed.

Conclusions

Altogether, the PPM built based on CXCLS, LY6K and
KRT?7 performs well in survival prediction. And /IGF2BP3
enhanced the mRNA stability of KRT7 to regulate KRT7
expression. and overexpressed KRT7 promoted the
metastasis of PC cells in vitro and in vivo.
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