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Background: Pancreatic adenocarcinoma (PAAD) is a deadly tumor with a high recurrence 
rate and poor prognosis. Keratin 7 (KRT7) is a member of the keratin gene family that is 
involved in the regulation of cell growth, migration and apoptosis in many cancers. However, 
the role of KRT7 and its biological functions in PAAD remain unclear. We systemically 
analyzed the expression and clinical values of KRT7 in PAAD.
Methods: The Gene Expression Profiling Interactive Analysis (GEPIA), Oncomine and Human 
Protein Atlas (HPA) databases were used to analyze the mRNA and protein expression of KRT7 in 
PAAD. The prognosis and subgroup analysis of KRT7 in PAAD patients was performed using the 
GEPIA, PROGgeneV2 and UALCAN databases. Later, the correlation between KRT7 expression 
and tumor immune molecules in PAAD was evaluated using the Immune Cell Abundance Identifier 
(ImmuCellAI) and TISIDB databases. Finally, the functional enrichment pathway of KRT7 and its 
coexpressed genes were analyzed by the Database for Annotation, Visualization, and Integrated 
Discovery (DAVID) and Metascape databases and Gene Set Enrichment Analysis (GSEA).
Results: The mRNA and protein expression of KRT7 was increased in PAAD tissues 
compared with normal tissues. High KRT7 expression was closely associated with tumor 
grade, TP53 mutations and poor prognosis in PAAD patients. Cox regression analysis proved 
that overexpressed KRT7 was an important and independent risk factor for poor overall 
survival (P = 0.006, HR =1.87) and disease-free survival (P = 0.019, HR =1.793) in PAAD. 
Additionally, KRT7 expression was significantly associated with immune infiltration of 
tumor immune cells and immunomodulators. Functional enrichment analyses and GSEA 
indicated that KRT7 might be involved in the regulation of the p53 pathway in PAAD.
Conclusion: Overexpressed KRT7 could be a promising prognostic and therapeutic target 
biomarker for PAAD by bioinformatics analysis.
Keywords: pancreatic adenocarcinoma, KRT7, prognosis, biomarker, bioinformatics 
analysis

Introduction
Pancreatic adenocarcinoma (PAAD) is a deadly malignant tumor with a high recurrence 
rate and poor prognosis.1 Most patients are diagnosed at an advanced stage, with local or 
systemic metastases. Only 15%-20% of patients are eligible for surgical resection, but 
metastasis and recurrence are also prone to occur after surgery.2,3 Despite considerable 
improvements in surgical techniques and neoadjuvant therapy, in some countries and 
regions, the five-year survival rate of the disease is still approximately 5%.4 Thus, it is 
critical to identify novel biomarkers to provide accurate prediction of treatment targets 
and prognosis for PAAD, which means therapy can be tailored to the individual patient.5
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Keratin 7 (KRT7) is a gene encoding type II keratin 
mainly expressed in simple epithelial cells and their neo
plasms. Type I and type II keratins are intermediate- 
filament-forming proteins expressed in epithelial cells.6 

The main roles of keratin include maintaining cell integrity 
and regulating cell growth, migration and apoptosis in 
normal tissues and cancer.7 Several studies have identified 
KRT7 as an immunohistochemical biomarker and over
expressed KRT7 has been considered a poor prognostic 
factor in many cancers, such as renal neoplasm, lung 
cancer and intrahepatic cholangiocarcinoma.8–10 

Schüssler et al reported that KRT7 was expressed in all 
pancreatic cancers and could be used to distinguish normal 
pancreas from pancreatic cancer.11 It was speculated that 
KRT7 might be a novel promising diagnostic and prog
nostic indicator for PAAD. To our knowledge, there are no 
reports investigating the prognostic role of KRT7 and its 
potential mechanism in PAAD.

The present study comprehensively evaluated the expres
sion and clinical significance of KRT7 in PAAD and its 
underlying mechanisms by using publicly available data
bases such as Gene Expression Profiling Interactive 
Analysis (GEPIA), Oncomine, Human Protein Atlas 
(HPA), UALCAN and PROGgeneV2. The prognostic 
value of KRT7 expression was validated by Cox regression 
analysis. Additionally, the Immune Cell Abundance 
Identifier (ImmuCellAI) and TISIDB databases were used 
to assess the relationships among KRT7 expression and 
tumor infiltrating immune cells and immunomodulators. 
The coexpressed genes of KRT7 in PAAD were also identi
fied using the LinkedOmics database, and the regulatory 
network and possible mechanism of these genes were clar
ified by protein–protein interaction network, Gene Ontology 
(GO) and Kyoto Encyclopedia of Genes and Genomes 
(KEGG) enrichment analyses. Metascape and Gene Set 
Enrichment Analysis (GSEA) were also used to reveal the 
biological functions and signaling pathways related to KRT7 
in PAAD. In summary, this study comprehensively clarified 
the prognostic value and underlying mechanism of KRT7 in 
PAAD by using multidimensional analysis methods.

Materials and Methods
Data Collection and Statistical Analysis
The information of PAAD samples was obtained from the 
public The Cancer Genome Atlas (TCGA) database 
(https://cancergenome.nih.gov/).12 The TCGA-PAAD 
dataset included RNA-sequencing data and corresponding 

clinical information of 178 patients. All data were pro
cessed and statistically analyzed using R software (version 
3.6.1). To explore the effect of KRT7 expression on 
PAAD, patients were divided into two groups based on 
the medium value of KRT7 expression. The Wilcoxon test 
was performed to compare the differences between two 
groups. The correlations of KRT7 expression with clinico
pathological parameters were assessed by the chi-square 
test or Fisher’s exact test. The univariate and multivariate 
Cox analysis was conducted to validate the prognostic 
value of KRT7 expression by using Survival package. 
A P value <0.05 was considered statistically significant.

Analysis of KRT7 Expression in PAAD
GEPIA13 (Gene Expression Profiling Interactive Analysis, 
http://gepia.cancer-pku.cn/) is a powerful online platform 
that can provide differential expression analysis, correlation 
analysis, and patient survival analysis based on the data from 
the TCGA and genotype-tissue expression (GTEx) data
bases. In this study, the mRNA expression of KRT7 in 
PAAD and normal pancreas tissues is compared and repre
sented by box plots via the GEPIA database.

The Oncomine database14 (http://www.oncomine.org) 
provides comprehensive analysis results of multiple cancer 
transcriptome datasets. We further validated KRT7 expres
sion in tumor and normal samples based on a series of 
published studies. P value ≤1E-4, fold change ≥2 and top 
10% gene rank were selected as thresholds.

The HPA database15 (Human Protein Atlas, https:// 
www.proteinatlas.org) is the largest comprehensive data
base providing expression data of 1,7058 proteins in cell 
lines, normal human tissues and tumor tissues through 
immunodetection techniques. In this study, we used the 
HPA database to assess the immunohistochemical staining 
of KRT7 in PAAD.

Survival and Subgroup Analyses
PROGgeneV216 (http://www.compbio.iupui.edu/prog 
gene) is an online database for survival analysis of genes 
in various cancer types. Users can perform survival ana
lysis on a single gene, multiple genes, ratio of expression 
of two genes and gene signatures across a large of publicly 
available microarray datasets. For more rigorous results, 
the present study explored the relationship of KRT7 
expression with overall survival and disease-free survival 
in PAAD using the GEPIA and PROGgeneV2 databases. 
Hazard ratio (HR) values and logrank P values were 
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calculated. The expression threshold was set at 50%, and 
the P value cutoff was 0.05.

UALCAN17 (http://ualcan.path.uab.edu) is a web ser
ver based on TCGA data that users can analyze the relative 
expression and prognostic information of certain genes in 
various tumors. In this study, UALCAN was used to 
explore the relationship between KRT7 expression and 
distinct clinicopathological features.

Correlation Analysis Between KRT7 and 
Immune Features in PAAD
The ImmuCellAI database18 (Immune Cell Abundance 
Identifier, http://bioinfo.life.hust.edu.cn/web/ImmuCellAI/) is 
a new powerful web portal to estimate the infiltration level of 
24 immune cells including 18 T-cell subsets and 6 other critical 
immune cells based on RNA sequencing and microarray data. 
The results of flow cytometry demonstrated that ImmuCellAI 
algorithm can estimate the abundance of immune cells more 
accurately than other algorithms, such as Cell-type 
Identification By Estimating Relative Subsets Of RNA 
Transcripts (CIBERSORT),19 xCell20 and Tumor Immune 
Estimation Resource (TIMER).21 The immune cells consist 
of B cells, monocytes, macrophages, neutrophils, dendritic 
cells (DCs), natural killer (NK) cells and 18 T-cell subtypes, 
namely, CD4+ T cells, CD8+ T cells, naïve CD4+ T cells, naïve 
CD8+ T cells, cytotoxic T (Tc) cells, exhausted T (Tex) cells, 
type 1 regulatory T (Tr1) cells, natural regulatory T (nTreg) 
cells, induced regulatory T (iTreg) cells, T helper 1, 2, and 17 
(Th1, Th2, and Th17) cells, follicular T helper (Tfh) cells, 
central memory T (Tcm) cells, effector memory T (Tem) cells, 
natural killer T (NKT) cells, mucosal-associated invariant 
T (MAIT) cells, and gamma delta T (Tgd) cells. We calculated 
the abundance of each immune cell type in TCGA-PAAD 
samples and visualized the results by R software.

TISIDB22 (http://cis.hku.hk/TISIDB/) is a comprehensive 
tool to investigate the interactions between select genes and 
the immune system in 30 TCGA cancer types. TISIDB was 
utilized to explore the relationship between KRT7 expression 
and immunomodulators. The correlation was measured by 
Spearman’s test and P < 0.05 was considered significant.

Analysis of Coexpressed Genes of KRT7 
in PAAD
LinkedOmics23 (http://www.linkedomics.org) is an open 
platform database containing multiomics data and clinical 
data for 32 TCGA cancer types. In this study, the LinkFinder 
module helped us analyze the correlation between KRT7 and 

other genes in PAAD. We identified coexpressed genes that 
were strongly positively correlated with KRT7 expression 
with Pearson correlation coefficient >0.7 and P value <0.05 
as criteria. These genes coexpressed with KRT7 were then 
submitted to the Search Tool for the Retrieval of Interacting 
Genes (STRING)24 database (https://string-db.org/) to con
struct a protein–protein interaction network. Cytoscape25 

and its plug-in Molecular Complex Detection (MCODE) 
were utilized to analyze and visualize the most dense and 
significant module in the PPI network. GO and KEGG 
enrichment analysis were conducted to reveal the functions 
and regulatory pathways of these genes in PAAD by using 
the Database for Annotation, Visualization, and Integrated 
Discovery (DAVID) database26 (https://david.ncifcrf.gov/).

Functional Enrichment Analysis and GSEA 
of KRT7
GeneMANIA27 (http://genemania.org) is a useful tool for 
identifying genes that are functionally similar to specific 
genes and revealing their functional interaction networks. In 
the present study, we analyzed the relationship between KRT7 
and its interactive genes by using the GeneMANIA database. 
Then, KRT7 and its interactive genes were input into the 
Metascape database to assess their biological functions. 
GSEA28 is a computational method to assess the significant 
difference of a predetermined set of genes in two different 
biological states. GSEA software was used to explore the 
biological functions of KRT7 expression in PAAD. The nor
malized enrichment score was determined by analyzing 
1000 permutations. P value <0.05 and false discovery rate 
(FDR) <0.25 were criteria to identify the significantly enriched 
gene set.

Results
KRT7 Was Upregulated in PAAD
The expression levels of KRT7 in PAAD samples and normal 
samples were analyzed and compared using the GEPIA, 
Oncomine and HPA databases. In the GEPIA database, 
KRT7 was overexpressed in PAAD tissues compared to nor
mal tissues (Figure 1A). This result was further validated by 
the Oncomine database. Meta-analyses of four studies 
revealed that the mRNA expression of KRT7 was higher in 
PAAD samples than in normal samples (Figure 1B). In addi
tion, we found that the expression of KRT7 was upregulated in 
many types of human tumors, such as bladder cancer, liver 
cancer and ovarian cancer (Figure 1C). Moreover, the results 
of immunohistochemistry provided by the HPA database 
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showed that KRT7 was highly expressed in PAAD tissues 
compared with low expression in normal pancreas tissues 
(Figure 1D).

Correlation of KRT7 with 
Clinicopathological Parameters in PAAD
We further studied whether the expression level of KRT7 
could predict the prognosis of PAAD patients via the 

GEPIA and PROGgeneV2 databases. Survival analysis in 
the GEPIA database showed that overexpressed KRT7 was 
correlated with poor overall survival (P = 8e-4, HR=2, 
Figure 2A) and disease-free survival (P = 0.0011, 
HR=2.1, Figure 2B) in PAAD patients. The results ana
lyzed by the PROGgeneV2 database illustrated that 
patients with KRT7 overexpression had poor overall sur
vival in GSE21501 (P = 0.0235, HR = 1.29 (1.03–1.61), 

Figure 1 The expression level of KRT7 in PAAD and normal pancreas tissues. (A) The expression of KRT7 in PAAD (red) and normal pancreas tissue (gray) analyzed by 
GEPIA. (B) Meta-analyses of the KRT7 expression in PAAD samples analyzed by Oncomine. (C) The expression of KRT7 in various tumors analyzed by Oncomine. Red 
indicates high expression, and blue indicates low expression. (D) Immunohistochemical staining of KRT7 in PAAD tissues (a-c) and normal pancreas tissues (d-f) analyzed by 
the HPA database.
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Figure 2C) and GSE57495 (P = 0.0045, HR = 1.46 (1.12– 
1.89), Figure 2D) cohorts. The relationships between 
KRT7 and other clinicopathological parameters of PAAD 
are outlined in Table 1. We found that KRT7 expression 
had a significant correlation with tumor grade (Table 1, 
Figure 3A) and TP53 mutations (Figure 3B) according to 
the results from the UALCAN database. Moreover, uni
variate and multivariate Cox regression analysis proved 
that overexpressed KRT7 was an important and indepen
dent risk factor for poor overall survival (P = 0.006, HR 
=1.87 (1.2–2.915)) and disease-free survival (P = 0.019, 
HR =1.793 (1.097–2.933)) in PAAD patients (Tables 2 and 
3). Overall, KRT7 could be considered as a reliable prog
nostic factor for PAAD patients.

Relationship Between KRT7 and Immune 
Molecules in PAAD
Due to the critical role of immune response in tumor develop
ment and treatment, we further explored the relationship 
between KRT7 and immune infiltration in PAAD. The 
ImmuCellAI database helped us precisely determine the infil
tration level of 24 immune cell types in PAAD samples 
(Figure 4A). Obviously, the proportions of immune cells var
ied significantly between different PAAD samples. In terms of 
quantitative abundance, the proportions of Tc, MAIT, NK, 
Tgd, CD4+T and CD8+T cells were lower in the high KRT7 
expression group than in low KRT7 expression group. By 
contrast, the proportions of CD8+ naïve T cells, Th2 cells, 

Figure 2 Prognostic significance of KRT7 in PAAD. (A-B) The prognostic significance of KRT7 expression in PAAD analyzed by GEPIA. (C-D) The prognostic significance of 
KRT7 expression in PAAD analyzed by PROGgeneV2.
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NKT cells, DCs and monocytes were relatively higher in the 
low KRT7 expression group than in the high KRT7 expression 
group (all P < 0.05, Figure 4B).

Concomitantly, the TISIDB database was used to assess the 
relationships between KRT7 and immunomodulators. The 
correlations between KRT7 and immunoinhibitors and immu
nostimulators are shown in Figure 5A and C, respectively. The 
immune molecules showing the greatest correlation with 
KRT7 were TGFB1 (P = 1.95e−7, r = 0.38) and PVRL2 (P =  
4.46e−6, r = 0.337) (Figure 5B) among the immunosuppres
sants, and NT5E (P = 3.95e−9, r = 0.426) and CD276 (P =  
2.52e−6, r = 0.346) (Figure 5D) among the immunostimulants. 
These results strongly confirm that KRT7 have a significant 
effect in the regulation of the above immune molecules in 
PAAD.

Analysis of Coexpressed Genes 
Correlated with KRT7 in PAAD
As shown in Figure 6A, almost all genes expressed in 
PAAD were related to KRT7 expression. Specifically, 
5400 genes marked in red were positively correlated with 
KRT7 in PAAD, while 5265 genes marked in green were 
negatively correlated with KRT7 (FDR < 0.05).

A total of 120 coexpressed genes that had a strong 
positive correlation with KRT7 were used to construct 

Table 1 Correlation Between KRT7 Expression and 
Clinicopathological Characteristics of PAAD

Variables No. 

(n=178)

KRT7 High 

(n=89)

KRT7 Low 

(n=89)

P value

Age 0.33

≥60 123 58 65

<60 55 31 24

Gender 0.292

Female 80 36 44

Male 98 53 45

Histological type

Other subtype 25 7 18 0.046

Ductal type 147 80 67

Colloid carcinoma 4 1 3

Undifferentiated 1 0 1

Unknown 1 1 0

Grade 0.006

G1 31 9 22

G2 95 46 49

G3 48 33 15

G4 2 1 1

Gx 2 0 2

T classification 0.49

T1 7 3 4

T2 24 9 15

T3 142 75 67

T4 3 2 1

TX 1 0 1

Unknown 1 0 1

N classification 0.977

N0 49 24 25

N1 124 63 61

NX 4 2 2

Unknown 1 0 1

M classification 0.543

M0 80 39 41

M1 4 1 3

MX 94 49 45

Stage 0.588

I 21 9 12

II 147 76 71

III 3 2 1

IV 4 1 3

Unknown 3 1 2

Family history 0.13

No 47 29 18

Yes 64 29 35

Unknown 67 31 36

Chronic pancreatitis 1

No 12 64 65

Yes 913 7 6

Unknown 36 18 18

(Continued)

Table 1 (Continued). 

Variables No. 

(n=178)

KRT7 High 

(n=89)

KRT7 Low 

(n=89)

P value

Diabetes history 0.418

No 109 59 50

Yes 38 17 21

Unknown 31 13 18

Alcohol history 0.131

No 64 26 38

Yes 102 55 47

Unknown 12 8 4

Adjuvant 

chemotherapy

0.584

No 45 25 20

Yes 90 44 46

Unknown 43 20 23

Adjuvant 

radiotherapy

0.679

No 102 51 51

Yes 32 18 14

Unknown 44 20 24
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a protein–protein interaction network, and the most 
important module in the network was highlighted in 
yellow (Figure 6B). The top 50 significant genes that 
were positively (Figure 6C) and negatively (Figure 6D) 
correlated with KRT7 are shown in the heat map. The 
top 7 highly connected genes included KRT7, KRT19, 
KRT15, KRT16, KRT17, KRT80 and MUC1 in the 
module were considered as the hub genes in PAAD. 
The survival correlation of 6 hub genes (KRT19, 
KRT15, KRT16, KRT17, KRT80 and MUC1) in the 
module was analyzed using GEPIA, and the results 
showed that KRT19, KRT16 and KRT17 were asso
ciated with the overall and disease-free survival rates 
in PAAD patients (Figure 7).

GO and KEGG Analysis of Coexpressed 
Genes
We input 120 coexpressed genes into the DAVID database 
to perform functional enrichment analysis. GO analysis 
showed that these genes correlated with KRT7 were 
mainly associated with the biological processes of cell– 
cell adhesion, proteolysis, epidermis development, etc. 
(Figure 8A). They were mainly located in the extracellular 
exosome, plasma membrane, extracellular space, etc. 
(Figure 8B), acting as cadherin binding involved in cell– 
cell adhesion, calcium ion binding, structural molecule 
activity, etc. (Figure 8C). KEGG pathway enrichment ana
lysis showed that the p53 signaling pathway and ECM– 
receptor interaction were the most significantly enriched 
pathways (Figure 8D).

Interacting Genes and GSEA of KRT7
To get a better understanding of biological functions of 
KRT7, the protein–protein interaction network of KRT7 
and its interacting genes was conducted via the 
GeneMANIA database and displayed in Figure 9A. The 
results of Metascape analysis showed that KRT7 was 
involved in cornification, intermediate filament cytoskele
ton organization, hair follicle development, developmental 
process involved in reproduction, response to calcium ion 
and membrane trafficking (Figure 9B). Moreover, GSEA 
results indicated that the significant pathways of high 
KRT7 expression (FDR q-value <0.25, NOM p-value 
<0.05) in the MSigDB collection (c2.cp.kegg and h.all. 
v.7.1.symbols.gmt) were the p53 pathway, DNA replica
tion and base excision repair (Figure 9C). These findings 
suggest that KRT7 play an important role in the develop
ment and progression of PAAD.

Discussion
As we all known, PAAD is the most common malignant 
tumor with high recurrence and poor prognosis.1 

Promising biomarkers of PAAD need to be identified for 
improvement of the diagnosis and therapy to reduce mor
tality. KRT7 is a member of the keratin gene family, which 
mainly plays a role in maintaining the structural integrity 
of epithelial cells. Many studies have reported that dysre
gulation of keratin expression is correlated with worse 
patient prognosis in many tumor types. For example, 
downregulated KRT7 was significantly associated with 
the progress and poor prognosis in patients with cervical 
cancer.29 A low level of KRT18 was associated with TNM 

Figure 3 The relationship between KRT7 expression and tumor grade (A) and TP53 mutations (B) in PAAD analyzed by UALCAN. *P < 0.05, **P < 0.01, ***P < 0.001.
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Table 2 Univariate and Multivariate Cox Regression Analysis of Overall Survival in PAAD Patients

Variables Univariate Multivariate

P value HR (95% CI) P value HR (95% CI)

Age

<60 Reference
≥60 0.144 1.403 (0.891–2.207)

Gender
Female Reference

Male 0.35 0.823 (0.548–1.24)

Histological type

Ductal type Reference

Other subtype 0.001 0.238(0.103–0.547) 0.009 0.28(0.107–0.734)
Colloid carcinoma 0.98 0.982(0.241–4.006) 0.464 0.515(0.087–3.035)

Undifferentiated 0.996 – 0.999 –

Unknown 0.996 – 0.999 –

Grade

G1 Reference
G2 0.042 1.993(1.027–3.87) 0.044 2.093(1.02–4.295)

G3+G4 0.008 2.575(1.283–5.17) 0.017 2.434(1.166–5.08)

Gx 0.592 1.754(0.225–13.66) 0.022 14.67(1.483–145.09)

T classification
T1+T2 Reference

T3+T4 0.026 2.053(1.089–3.871) 0.096 2.369(0.858–6.544)

TX 0.997 – 0.997 –
unknown 0.997 – 0.998 –

N classification
N0 Reference

N1 0.005 2.099(1.250–3.524) 0.057 2.047(0.979–4.277)

NX 0.972 1.027(0.234–4.501) 0.025 7.338(1.279–42.11)
Unknown 0.995 – 0.997 –

M classification
M0 Reference

M1 0.905 0.917(0.222–3.8)

MX 0.337 0.815(0.537–1.237)

Stage

I Reference
II 0.032 2.349(1.077–5.123) 0.208 0.407(0.1–1.648)

III+IV 0.428 1.738(0.444–6.81) 0.371 0.457(0.082–2.542)

Unknown 0.996 – –

Family history

No Reference
Yes 0.637 1.138 (0.665–1.95)

Unknown 0.516 1.192(0.702–2.024)

Chronic pancreatitis

No Reference

Yes 0.663 1.178 (0.563–2.466)
Unknown 0.453 1.209(0.736–1.985)

(Continued)
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stage, lymph node metastasis, and unfavorable survival in 
breast cancer patients.30 Altered levels of KRT19 were 
associated with prognosis and metastasis in patients with 
various cancer types.31 However, the role of KRT7 in 
PAAD and its functional mechanisms are still unclear. In 
this study, we compared the differences of KRT7 expres
sion between PAAD tissues and normal pancreas tissues. 
The clinical significance and potential mechanism of 
KRT7 in PAAD, as well as its correlation with immunity 
were analyzed by bioinformatics analysis.

Our research group comprehensively analyzed the roles 
of KRT7 expression in PAAD by utilizing online data
bases. Firstly, the GEPIA and Oncomine databases showed 
that the mRNA expression of KRT7 was increased in 
PAAD tissues compared with normal tissues, which was 
consistent with the previous study.11 

Immunohistochemical images from HPA database also 
verified high staining of KRT7 in PAAD tissues. More 
importantly, consistent with previous findings in other 
cancers, Kaplan–Meier survival curves produced by 
GEPIA and PROGgeneV2 indicated that high expression 
of KRT7 was associated with poor prognosis in PAAD 

patients.8–10 Univariate and multivariate Cox regression 
analysis proved that overexpressed KRT7 was an impor
tant and independent risk factor for overall survival and 
disease-free survival in PAAD. In addition, we found that 
high expression of KRT16, KRT17 and KRT19 was asso
ciated with poor overall survival and disease-free survival 
in PAAD. It has been reported that many members of the 
keratin family was involved in the prognosis and metas
tasis of human cancers,30–32 which further confirmed the 
reliability of our results. All these findings demonstrated 
the possible prognostic value of KRT7 expression in 
PAAD.

Our results showed that KRT7 not only participated in 
the progression and prognosis of PAAD, but also played 
a pivotal role in the immune microenvironment of PAAD. 
One major finding of this study was that KRT7 expression 
in PAAD was associated with infiltration levels of immune 
cells. Through ImmuCellAI analysis, we found that the 
expression of KRT7 was significantly correlated with the 
number of DCs, monocytes, NK and a variety of T cells, 
namely, CD8+ naïve T cells, Tc, Th2 cells, NKT cells, 
MAIT, Tgd, CD4+ T and CD8+ T cells. These immune 

Table 2 (Continued). 

Variables Univariate Multivariate

P value HR (95% CI) P value HR (95% CI)

Diabetes history
No Reference

Yes 0.798 0.93 (0.535–1.618)

Unknown 0.91 1.032(0.6–1.771)

Alcohol history

No Reference
Yes 0.592 1.128 (0.727–1.75)

Unknown 0.94 1.031(0.47–2.261)

Adjuvant chemotherapy

No Reference
Yes 0.004 0.498(0.309–0.802) 0.0001 0.34(0.195–0.595)

Unknown 0.447 0.806(0.462–1.405) 0.057 0.332(0.107–1.032)

Adjuvant radiotherapy

No Reference

Yes 0.005 0.383(0.196–0.75) 0.028 0.424(0.197–0.916)
Unknown 0.913 1.027(0.637–1.657) 0.554 1.369(0.483–3.878)

KRT7
Low Reference

High 0.001 2.095 (1.379–3.181) 0.006 1.87(1.2–2.915)
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Table 3 Univariate and Multivariate Cox Regression Analysis of Disease-Free Survival in PAAD Patients

Variables Univariate Multivariate

P value HR (95% CI) P value HR (95% CI)

Age

<60 Reference
≥60 0.851 1.045(0.663–1.647)

Gender
Female Reference

Male 0.578 0.883(0.57–1.369)

Histological type

Ductal type Reference

Other subtype 0.007 0.407(0.213–0.78) 0.377 0.713(0.336–1.513)
Colloid carcinoma 0.997 – 0.998 –

Undifferentiated 0.998 – 0.999 –

Unknown 0.998 – 0.999 –

Grade

G1 Reference
G2 0.03 2.131(1.076–4.222) 0.202 1.595(0.779–3.265)

G3+G4 0.002 3.024(1.481–6.177) 0.101 1.858(0.886–3.894)

Gx 0.099 5.72(0.721–45.406) 0.135 5.276(0.594–46.6)

T classification
T1+T2 Reference

T3+T4 0.021 2.138(1.121–4.078) 0.962 1.026(0.359–2.926)

TX 0.997 – 1 –
Unknown 0.997 – 0.998 –

N classification
N0 Reference

N1 0.026 1.753(1.068–2.878) 0.284 1.421(0.747–2.704)

NX 0.995 – 0.998 –
Unknown 0.997 – 0.998 –

M classification
M0 Reference

M1 0.861 0.881(0.213–3.638) 0.998 0.997(0.08–12.48)

MX 0.005 0.521(0.329–0.825) 0.061 0.632(0.391–1.022)

Stage

I Reference
II 0.014 2.688(1.217–5.937) 0.845 1.15(0.286–4.627)

III+IV 0.172 2.599(0.659–10.24) 0.872 1.217(0.111–13.31)

Unknown 0.995 – – –

Family history

No Reference
Yes 0.818 1.065(0.62–1.831)

Unknown 0.84 1.059(0.605–1.855)

Chronic pancreatitis

No Reference

Yes 0.623 0.776(0.282–2.137)
Unknown 0.371 0.737(0.378–1.438)

(Continued)
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cells play an important role in the tumor occurrence, 
progression and response to therapy in PAAD. For 
instance, a paucity of DCs leads to dysfunctional immune 
surveillance in pancreatic cancer.33 Dense fibrosis in pan
creatic ductal adenocarcinoma can be induced by manip
ulating tumor-infiltrating monocytes, leading to enhanced 
chemotherapy efficacy.34 In pancreatic cancer, NK cell 
activity decreased as cancer progressed, and decreased 
NK cell activity was associated with poor clinical out
comes in terms of response to chemotherapy, tumor pro
gression and survival.35 The current study showed that 
a variety of T cells play the role of anti-tumor immune 
effector cells in PAAD. Lymph node desmoplasia of pan
creatic adenocarcinoma was associated with activation of 
cancer-associated fibroblasts and Th2 infiltration.36 NKT 
cells regulated pancreatic cancer by modulating tumour- 
associated macrophages through their production of micro
somal prostaglandin E synthase-1 and 5-lipoxygenase, and 
the absence of NKT cells led to aggressive development of 
pancreatic cancer.37 Tgd cells support the oncogenesis of 
pancreatic ductal adenocarcinoma by inhibiting αβ 
T cells.38 High levels of infiltrating CD4+ and CD8 T+ 
cells showed a good prognostic impact in pancreatic 

cancer.39 Salas et al have reported that cytokeratin family 
also played a critical role in regulating innate immunity.40 

The interaction between tumor cells with various cells, 
including stromal cells, vascular cells, and immune cells, 
raises the possibility of tumor immune escape, resulting in 
a fatal prognosis for patients.41 Therefore, we speculate 
that KRT7-mediated changes in the infiltration level of 
immune cells, especially T lymphocyte, which is closely 
related to immune function, thereby affecting the tumor 
microenvironment by the immune suppression mechanism. 
Dysregulation of the tumor immune microenvironment 
affected by KRT7 overexpression might be responsible 
for the poor prognosis of PAAD, which has implications 
for checkpoint immunotherapy. However, the interaction 
between KRT7 and immune checkpoints has rarely been 
reported.

In recent years, immunotherapy, especially immune 
checkpoint blockade, has been proven as an effective 
treatment option to stop cancer progression and metastasis. 
In this study, we found that the expression of KRT7 also 
had a positive correlation with four common immune 
checkpoint expression, namely, TGFB1, PVRL2, NT5E 
and CD276 by using the TISIDB database. The combined 

Table 3 (Continued). 

Variables Univariate Multivariate

P value HR (95% CI) P value HR (95% CI)

Diabetes history
No Reference

Yes 0.817 0.933(0.52–1.674)

Unknown 0.126 0.561(0.268–1.176)

Alcohol history

No Reference
Yes 0.307 1.284(0.795–2.073)

Unknown 0.525 0.732(0.279–1.919)

Adjuvant chemotherapy

No Reference
Yes 0.997 1.001(0.583–1.719)

Unknown 0.797 1.1(0.532–2.276)

Adjuvant radiotherapy

No Reference

Yes 0.551 0.849(0.495–1.455)
Unknown 0.807 0.927(0.502–1.711)

KRT7
Low Reference

High 0.000 2.313(1.476–3.626) 0.019 1.793(1.097–2.933)
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blockade of TGFB1 and GM-CSF could improve the che
motherapy effect of pancreatic cancer by inhibiting M2 
polarized TAMs and inducing CD8+ T cells.42 Targeting 
PVRIG-PVRL2 interactions could enhance CD8+ T cell 
function and inhibit tumor growth.43 The immune check
points PVR and PVRL2 are prognostic indicators of acute 
myeloid leukemia, and their blockade could be a new 
treatment option.44 The ectonucleotides CD39 and CD73/ 
NT5E are newly recognized novel checkpoint inhibitor 

targets.45 Du et al found that chimeric antigen receptor 
T cells targeting B7-H3/CD276 could inhibit the growth of 
pancreatic ductal adenocarcinoma in vitro and in orthoto
pic and metastatic xenograft mouse models.46 It has been 
confirmed that immune checkpoints regulate the anti- 
tumor immunity of the body, and KRT7 might affect the 
anti-tumor immune response by increasing the expression 
of immune checkpoints and promoting immune cell infil
tration. Therefore, KRT7 combined with immune 

Figure 4 Analysis of the difference in immune infiltration between the high and low KRT7 expression groups analyzed by ImmuCellAI. (A) The landscape of immune 
infiltration levels in TCGA-PAAD samples. (B) The difference of 24 immune infiltrating cells in the high and low KRT7 expression groups in PAAD.
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checkpoint blockade might has the potential to promote 
immune cell infiltration and enhance the survival of 
patients with PAAD by stimulating immune responses. 
This study has demonstrated the clinical significance of 
KRT7, but in vitro and in vivo studies are needed to 
further demonstrate the mechanisms of KRT7 in the 
immune regulation of PAAD.

Through the functional enrichment analysis, we found 
that the genes coexpressed with KRT7 obtained from the 
LinkedOmics database were mainly associated with critical 
biological processes, such as cell–cell adhesion, proteolysis, 
and epidermis development, as well as the regulation of the 
p53 signaling pathway and ECM-receptor interaction, 
thereby affecting the tumorigenesis and progression of 
PAAD. The results of GSEA analysis indicated that KRT7 
was associated with the p53 pathway in PAAD. The results 
of UALCAN analysis showed that the expression of KRT7 
was significantly correlated with tumor grade and TP53 
mutations. TP53 is one of the most frequently mutated 
genes in pancreatic adenocarcinoma, and mutations of 

TP53 can cause abnormal cell proliferation and promote 
tumor progression. Some clinical evidence suggested that 
TP53 could be used as a biomarker for prognosis and therapy 
prediction.47 KRT19 together with p53 mutations promotes 
advanced disease and unfavorable prognosis in hepatocellu
lar carcinomas.48 TP53 acts as a co-repressor to regulate 
KRT14 expression during epidermal cell differentiation.49 

Consequently, we speculated that KRT7 might promote the 
occurrence and development of PAAD through the p53 path
way and become an indicator of TP53 mutations.

Given the limited sample data of PAAD patients avail
able to us, we analyzed data from a large number of public 
databases to investigate the clinical values of KRT7 
expression in PAAD. However, our study had some lim
itations. This study is a retrospective study based on 
bioinformatics analysis. Therefore, more solid experiments 
and well-designed prospective studies are warranted to 
provide strong evidence to verify our findings on the 
functional roles and potential mechanism of KRT7 in 
PAAD due to the complexity of cancer genomics.

Figure 5 The correlation between KRT7 expression with immunomodulators. (A-B) The correlation between KRT7 expression with immunoinhibitors and the top 2 
immunoinhibitors showing the greatest correlation with KRT7 in PAAD. (C-D) The correlation between KRT7 expression with immunostimulators and the top 2 
immunostimulators showing the greatest correlation with KRT7 in PAAD.
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Figure 6 Genes correlated with KRT7 in PAAD analyzed by LinkedOmics. (A) All expressed genes correlated with KRT7 in PAAD. (B) Protein–protein interaction network 
and MCODE analysis of coexpressed genes. (C) Top 50 genes positively related to KRT7 in PAAD. (D) Top 50 genes negatively related to KRT7 in PAAD.

Figure 7 Survival analysis of 6 hub genes in PAAD performed by GEPIA. The results showed that KRT19, KRT16 and KRT17 were associated with the overall and disease- 
free survival rates in PAAD patients (P < 0.05).
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Figure 9 The biological functions of KRT7 and its related genes. (A) Protein–protein interaction network of KRT7 and its related genes analyzed by GeneMANIA. (B) 
Functional enrichment pathways of KRT7 and its related genes analyzed by Metascape. (C) Significant pathways in the data sets of high KRT7 expression analyzed by GSEA.

Figure 8 Significant GO and KEGG terms of the coexpressed genes. (A) Biological process analysis of the coexpressed genes. (B) Cell component analysis of the 
coexpressed genes. (C) Molecular function analysis of the coexpressed genes. (D) KEGG pathway analysis of the coexpressed genes.
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Conclusions
In this study, we found that both the transcriptional and 
translational levels of KRT7 were significantly elevated in 
PAAD patients. High expression of KRT7 predicted a worse 
prognosis in PAAD and Cox regression results showed that 
KRT7 was an independent prognostic indicator in PAAD. In 
addition, we also found that the expression of KRT7 was 
positively associated with the infiltration of DCs, monocytes, 
NK and a variety of T cells and four common immune 
checkpoints expression. These findings provide evidence 
for the use of KRT7 as an effective biomarker for prognostic 
monitoring in PAAD and as a therapeutic target modulating 
the tumor immune microenvironment.
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