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Background: GKN2, as a secretory protein, is involved in the inflammation and immune
modulation, and its aberrant expression is closely related to tumorigenesis. However, inte-
grated studies on the value of GKN2 as a promising clinical biomarker and immunotherapy
target in multiple tumors are still rare.

Methodology: Multiple online databases, including ONCOMINE, SEGreg, UALCAN,
GEPIA, K-M Plotter, cBioPortal, MethSurv, CellMarker, and Timer, were applied to assess
the clinical significance of GKN2 and its correlation with tumor-infiltrating immune cells in
differentially expressed cancers.

Results: Several databases confirmed that GKN2 was significantly down-regulated in lung
and gastric cancers compared that in normal samples. GKN2 was altered in 3%, 5%, and 4%
of the LUAD, LUSC, and STAD samples, respectively. Hyper-methylation of GKN2 was
found in LUAD and LUSC samples. For the clinical values of GKN2, we found that the low
transcription level of GKN2 was associated with worse OS in lung cancer, and inferior FP
and PPS in gastric cancer, and the relationships between GKN2 expression and clinical
variables regarding OS/FP/PPS in lung and gastric cancers were assessed. Moreover, the
prognostic value of the DNA methylation patterns of GKN2 in LUAD, LUSC, and STAD
was identified. Furthermore, GKN2 expression was found to be significantly correlated with
the infiltrating multiple tumor immune cells, and statistically significant differences in the
correlation between GKN2 expression and multiple markers of neutrophils and macrophage
polarization were observed in LUAD, LUSC, and STAD.

Conclusion: The study revealed the prognosis and risk factors for deterioration in patients
with low expression of GKN2. GKN2 may be used as a valuable prognostic biomarker and
therapeutic target in lung and gastric cancers.
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Introduction

Gastrokine 2 (GKN2), also previously called GDDR, is a protein-encoding gene
mapped to chromosome 2p13 with five exons. It was firstly cloned and reported by
Du et al in 2003." GKN2 encodes an 18.3-kDa secreted protein, it contains an
approximately 100 amino acid brichos domain and homology with smart00019.10,
SF P> GKN2 protein belongs to the gastrokine family proteins that share 60%
similar protein sequences.” GKN2 was originally found to be abundant in normal
gastric mucosa but downregulated or absent in gastric cancer tissue." Moss et al
also found that GKN2 expression was frequently lost in gastric cancer, especially in
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the diffuse subtype. GKN2 low expression was also
observed in other malignant tumors, such as lung cancer,
colon cancer, and glioblastoma,” but was found upregu-
lated in breast and esophageal cancer compared with that
in normal tissues.®>'" These showed the different expres-
sion patterns of GKN2 across human various types of
tumors.

Multiple studies reported that GKN2 was associated
with clinical outcomes, and represent a therapeutic target
for human cancers. Low expression of GKN2 mRNA was
found to be associated with inferior relapse-free survival in
lung adenocarcinoma,'? and worse disease-free survival in
breast cancer,” shorter disease-specific survival in color-
ectal cancer.® GKN2 loss promoted gastric tumorigenesis
and cancer metastasis, and otherwise, GKN2 overexpres-
sion suppressed the proliferation, migration, and invasion
of gastric cancer cells.'* Besides, low expression of GKN2
was associated with poor overall survival in gastric
cancer.'* These findings suggested that GKN2 has impor-
tant impacts on the initiation of cancer and development.

GKN2 contributes to the maintaining of homeostasis
and is involved in the immune response.'>'® GKN2 was
found to be a glucocorticoid-responsive enhancer element
in glucocorticoid signaling, coordinate expression loss of
GKN1 and GKN2 in gastric cancer via impairment of
a glucocorticoid-responsive enhancer.'” And GKN2 could
recruit neutrophils and promote the release of inflamma-
tory factors to contribute to inflammation, GKN2 attenu-
through the NLRP3

Inflammasome.'® GKN2 may contribute to the homeosta-

ates acute gastric lesions
sis of gastric epithelial cells by inhibiting GKNT1 activity."’
These suggested that GKN2 has an effect on the regulation
of immune infiltrating cells and is involved in the tumor
microenvironment. Nevertheless, the potential exact roles
of GKN2 in tumorigenesis and microenvironment are
undefined.

In this work, we comprehensively compared the
expression level in various kinds of tumors vs normal
tissues and determined the differentially expressed can-
cers. And then explored the prognostic values of the tran-
scription level and DNA methylation of GKN2 in these
cancers, the relationship between GKN2 expression and
clinical variables was also assessed. At last, we explored
the correlation between GKN2 and tumor-infiltrating
immune cells to elucidate the potential mechanism of
GKN2 in tumor progression and prognosis. The flow dia-

gram was presented in Supplementary Figure 1.

Materials and Methods

GEPIA
GEPIA

applied for interactive body map, the gene expression pro-
file of GKN2, pathological stage analysis of GKN2, and
correlation analysis between GKN2 and immune marker

(http://gepia.cancer-pku.cn/index.html)*®  was

genes in lung adenocarcinoma (LUAD), lung squamous
cell carcinoma (LUSC), and stomach adenocarcinoma
(STAD).

SEGreg
SEGreg (http://bioinfo.life.hust.edu.cn/SEGreg) is
a comprehensive database to identify the specifically

expressed genes in cancers/tissues/cell lines (TCGA,
BodyMap, CCLE, and GTEx) from several databases.>'

ONCOMINE

ONCOMINE (www.oncomine.org) database was used to

evaluate the expression of GKN2 in various cancers
according to the significance thresholds (p-value 0.05,
fold changel.5, gene rank the top 10%).>

UALCAN

In this work, UALCAN (http://ualcan.path.uab.edu/analy
sis.html) database was applied to investigate the expres-
sion of GKN2 and methylation level of GKN2 in lung
cancer and gastric cancer.*

cBioPortal
cBioPortal (www.cbioportal.org) was used to explore the
genetic alterations of GKN2 in LUAD, LUSC, and STAD.***

Kaplan—Meier Plotter
In this work, Kaplan—Meier Plotter (https://kmplot.com/
analysis/) was used to explore the clinical values of

GKN2 in patients with lung and gastric cancer.”® OS
(overall survival), FP (first progression), and PPS (post-
progression survival) and multiple clinical characteristics
were assessed in lung and gastric cancer.

MethSurv
MethSurv (https://biit.cs.ut.ee/methsurv/) web too
applied to perform multivariable survival analysis using
DNA methylation data of GKN2 in LUAD, LUSC, and
STAD using TCGA.

1?7 was
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Timer

Timer web server (https:/cistrome.shinyapps.io/timer/)*>>°

was used to explore the correlation of GKN2 level and the
infiltration of the immune cells with the “Gene module”, the
cox proportional hazard model was also conducted. The
correlations between somatic copy number alterations of
GKN2 and abundance of immune infiltrates were analyzed
under “SCNA module”, the correlation module was used to
draw the expression scatterplots between GKN2 and genes
of macrophage polarization markers in LUAD, LUSC, and
STAD, the related gene markers of monocytes and macro-
phage were obtained from related references®®>* and the
CellMarker database (http://biocc.hrbmu.edu.cn/
CellMarker/).**

Statistical Methods

Kaplan—Meier plots were used to get curves related to over-
all survival (OS), first progression (FP), and post-
progression survival (PPS). The results from Oncomine
were displayed with the number of analyses, gene rankings,
fold changes, and P-values. The data were from Kaplan—
Meier plotter, MethSurv, GEPIA, and TIMER were shown
with the log-rank P-value with the hazard ratio (HR). Gene
correlations were evaluated with Spearman correlation
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coefficients and P-values. A P-value of less than 0.05 was
considered statistically significant.

Results
GKN2 Expression Level in Human

Tumors and Normal Tissues

We explored the gene expression distribution of GKN2
across all tumor samples and paired normal tissues. The
interactive body-map was visually shown the median
expression of GKN2 in tumor and normal samples
(Figure 1A). And the transcription levels of GKN2 were
noticeably higher in STAD, and followed by LUAD and
LUSC among all cancers (Figure 1B). In all normal tis-
sues, the gene expression level of GKN2 was remarkedly
higher in the stomach and followed by lung tissue
(Figure 1C).

And then we compared the GKN2 expression level in
human tumors vs corresponding normal tissues. In the
Oncomine database, significantly more datasets showed low
expression of GKN2 in tumor versus normal samples than the
high expression of GKN2 (Figure 2A). The absolutely low
expression of GKN2 was observed in eight kinds of malignant
tumors, including brain and CNS cancer, colorectal cancer,
gastric cancer, lung cancer, myeloma, and sarcoma, while
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Figure | The expression of GKN2 in human tumors and normal tissues. (A) the median expression of GKN2 in tumor (Red colour) and normal (Green colour) samples in
the interactive body map. The expression of GKN2 in different human tumors from TCGA (B) and normal tissues from GTEx (C).
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higher expression was found in breast and esophageal cancers
(Figure 2A). And among this, most top dataset were found in
gastric cancer (9 analyses) and lung cancer (9 analyses)
(Supplementary Table 1). Next, we further examined GKN2
expression in various cancers with RNA-sequencing expres-
sion data from the TCGA and the GTEx projects, the expres-
sion profile of GKN2 across all tumor samples and paired

normal tissues was displayed in Figure 2B. There were sig-
nificantly different in GKN2 expression between LUAD,
LUSC, STAD, and their paired normal tissues, however,
GKN2 was expressed at similar levels in other tumors and
the corresponding normal samples (Figure 2B).

Taken together, these data suggested that GKN2 might
play a significant role in lung and gastric cancers, and thus
the subsequent studies would mainly focus on the unique
role of GKN2 in these two kinds of human cancers.

Genetic Alteration, mMRNA Expression,
Methylation Level of GKN2 in Lung and

Gastric Cancers
The genetic alterations of GKN2 in lung and gastric can-
cers were analyzed with cBioPortal. As a result, GKN2

was altered in 3%, 5%, 4% of the included LUAD, LUSC,
STAD samples, respectively (Figure 3A).

The mRNA expression and the methylation level of
GKN2 in lung and gastric cancers were analyzed with
UALCAN. As shown in Figure 3B-C, GKN2 was signifi-
cantly down-regulated in tumor samples of LUAD, LUSC,
and STAD when compared with the corresponding normal
samples (Figure 3B). And significant hyper-methylation of
GKN2 was found in LUAD and LUSC tumor samples
(Figure 3C).

We also assessed the correlation between GKN2
expression and the pathological stage. As displayed in
Supplementary Figure 2, a significant correlation was
found between the GKN2 expression and LUSC patholo-
gical stage (P<0.05).

Prognostic Value of GKN2 Expression in

Lung and Gastric Cancers
To explore the correlation between GKN2 mRNA
expression and prognosis in lung and gastric cancers,
we investigated the effects of GKN2 expression on
All

mRNA expression of GKN2 was significantly associated

survival via Kaplan—Meier plotter. in all, low
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Figure 2 The gene expression level of GKN2 in human tumors compared to paired normal samples. (A) Differential expression of GKN2 in the Oncomine database. (B)
The expression profile of GKN2 across all tumor samples and paired normal tissues in the GEPIA database.
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Figure 4 Survival curves of low expression of GKN2 in lung cancer (A-C) and gastric cancer (D-F) from Kaplan—Meier plotter.
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The Relationship Between GKN2
Expression Levels and Clinical Variables in

Lung and Gastric Cancers

And then, we further studied the relationship between
GKN2 mRNA expression levels and clinical variables in
lung and gastric cancer patients with the Kaplan—Meier
plotter. The results of prognostic values of GKN2 in clin-
icopathological subtypes regarding OS, FP, PPS in lung,
and gastric cancer were displayed in Supplementary Table 2

and Supplementary Table 3, respectively.

For lung cancer, low GKN2 mRNA expression was
correlated with worse OS in male patients, and inferior
FP in patients with never smoked history, lung adenocar-
cinoma, and treatments (only surgical margins negative, or
without chemotherapy) (Supplementary Table 2).

For gastric cancer, compared with high levels of GKN2,
low GKN2 transcriptional levels were correlated with worse
OS/FP/PPS in male patients and cases in stage 3 disease,
stage T3, or stage MO status (Supplementary Table 3).

Moreover, GKN2 expression had a significant prognostic
correlation with the N stage, low GKN2 mRNA expression
was significantly related with worse OS/FP/PPS in patients
with lymph node metastasis (Supplementary Table 3).

Decreased GKN2 expression was also significantly related
to worse OS/FP in patients with poorly differentiated differ-
entiation, lower GKN2 was correlated with worse prognosis
after stratification by Lauren classification (diffuse and
mixed for shorter OS, mixed for inferior FP, diffuse for
worse PPS) (Supplementary Table 3).

Prognostic Value of DNA Methylation of
GKN2 in LUAD, LUSC, and STAD

DNA methylation has been recognized as an important
biological process of tumorigenesis and cancer develop-
ment. We investigated the effects of DNA methylation of
GKN2 on the survival of LUAD, LUSC, and STAD cases
via the MethSurv platform.

The heat map of DNA methylation results of GKN2 in
LUAD, LUSC and STAD were displayed in Figure 5A-C.
And the effect of the DNA methylation patterns of GKN2 in
LUAD, LUSC, and STAD was also identified (Figure 6A-H).
Among them, the significant prognostic values were
observed in TSS1500-Open_Sea-cg02298327 (P=0.0097),
TSS1500-Open_Sea-cg24550525 (P=0.018), Body-Open
_Sea-cg18543306 (P=0.047) in LUAD, and TSS1500-Open
_Sea-cg02298327 (P=0.016) in LUSC.

Immune Cell Infiltration of GKN2 in
Patients with LUAD, LUSC, and STAD

To explore the potential mechanism by which GKN2
expression affects clinical outcome, we studied the corre-
lation between GKN2 and tumor-infiltrating immune cells
with TIMER. Among the six tumor-infiltrating immune
cells, GKN2 expression was found only to be positively
correlated with the infiltration of macrophages (P<0.05) in
LUAD. And for LUSC, GKN2 expression positively cor-
related with all six immune infiltrates (B cells, CD4+
T cells, CD8+ T cells, Neutrophils, Macrophages, and
Dendritic cells) (all P<0.05). For STAD, there were sig-
nificantly positive correlations between GKN2 expression
and the infiltration of immune cells (B cells, and CD8+
T cells) (P<0.05) (Figure 7). In addition, we also explored
the correlations between somatic copy number alterations
(CAN) of GKN2 and abundance of immune infiltrates in
LUAD, LUSC, and STAD, these results were displayed in
Supplementary Figure 3. Furthermore, the cox propor-

tional hazard model of GKN2 and six tumor-infiltrating
immune cells in LUAD, LUSC, STAD was performed. As
shown in Supplementary Table 4. B cellandCD4 Tcell,

GKN2, and Macrophage were found to be significantly
related to the clinical outcome of LUAD, LUSC, and
STAD patients, respectively.

Correlation Analysis Between GKN2
Expression and Neutrophils and

Macrophage Polarization Markers in
LUAD, LUSC and STAD

Since neutrophils and macrophages played vital roles in
immunity and tumor development, we analyzed the corre-
lation coefficients between GKN2 expression and specific
markers of neutrophils and macrophage polarization
(monocytes, TAMs, Ml,
LUAD, LUSC, and STAD.

MPO, PTPRC, and CD15 were applied as neutrophils
markers (Supplementary Figure 4), the results from scat-

and M2 macrophages) in

terplots displayed that there were significant correlations
between GKN2 and neutrophil markers (MPO and
PTPRC) in LUSC, and neutrophil markers (PTPRC) in
STAD.

CD14, CD36, and ITGAM were identified as markers
for monocytes, CD68, CCL2, and CSFIR for TAMs
(tumor-associated macrophages), NOS2, CXCL10, and
TNF for M1 macrophages, and CCL18, CD163, and
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IL10 for M2 macrophages. In LUAD (Figure 8), the markers of monocytes (CD36), M1 (NOS2, CXCL10),
results from scatterplots showed that there were signifi- and M2 macrophages (CCL18, IL10) in tumor tissues.

cant correlations between GKN2 and the immune In LUSC (Figure 9), there were significant correlations
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between GKN2 and most immune markers of monocytes, between GKN2 and immune markers of monocytes
TAMs, M1, and M2 macrophages in tumor tissues. In  (CD36, ITGAM) and M1 macrophages (TNF) in tumor
STAD (Figure 10), significant correlations were found tissues.
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Figure 8 Scatterplots of correlation between GKN2 expression and the expression of gene markers of macrophage polarization in LUAD (n = 515).
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In addition, the relationships between GKN2 and the
above gene markers in cancers were assessed using the
GEPIA database, the results were generally consistent with
those of the TIMER (Supplementary Table 5). The results
implied that GKN2 might play an important role in the regula-
tion of macrophage polarization in LUAD, LUSC, and STAD.

Discussion

Gastrokine (GKN) family comprises three secreted proteins,
and GKN2 is an important member of this family.>> GKN2 is
a cytoplasmic protein that mainly localizes to the epithelial
cells of the normal human gastric mucosa. GKN2 was highly
expressed in normal gastric mucosa but was decreased or
even absent in STAD tissues, especially in the diffuse
subtype.* Trefoil factor family (TFF) peptides are a group
of small peptides with the characteristic of three-loop struc-
ture named the trefoil domain. These peptides have important
functionalities, including interactions with the immune sys-
tem, involvement in mucosal protection and repair, as well as
in tumorigenesis.>*>® Certain interactions at the structure
and function levels between the GKN and TFF families
were also identified. Previous reports showed that GKN2
could bind with TFF2,** as well as TFF1 at a protein
level.***! Moreover, the disruption of co-expression between
GKN2 and TFF1 was found to be related to a more invasive

and metastatic phenotype induced by TFF1.4*** GKN2 also
showed effects on the behaviors of tumor cells, GKN2
absence could promote proliferation, migration, and metas-
tasis by causing the degradation of extracellular matrix
components.'* Notably, GKN2 was involved in immune
and inflammation response of the tumor microenvironment,
GKN2 shown an anti-inflammatory role in gastric tumor

1843 and elevated GKN2 was associated with

6,12,13

progression,
a more favorable outcome in multiple cancers.
Therefore, our study aimed to provide evidence that GKN2
could serve as a prognostic marker as well as to shed light
on the potential effects of GKN2 in the tumor
microenvironment.

In this study, GKN2 transcription level profiles in
various kinds of normal tissues and tumors were analyzed
with datasets from GEPIA, SEGreg, and Oncomine. In the
comparison of various normal tissues, we observed GKN2
expression was much higher in the stomach and followed
by lung tissue. And among different kinds of tumors, the
GKN2 mRNA expression level was obviously higher in
STAD and followed by LUAD and LUSC. According to
the analysis results of the Oncomine, the most top datasets
that GKN2 differentially expressed were gastric and lung
cancer, and the data from TCGA and the GTEx projects
that

also confirmed
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Figure 9 Scatterplots of correlation between GKN2 expression and the expression of gene markers of macrophage polarization in LUSC (n = 501).

Journal of Inflammation Research 2020:13

submit your manuscript

941

Dove


https://www.dovepress.com/get_supplementary_file.php?f=277353.docx
http://www.dovepress.com
http://www.dovepress.com

Liu and Wu

Dove

A monocytes

° cor = 0.005
lp p =9.17e-01

o
CD14
CD68

cor = -0.004
e P= 9.27e-01

cor = 0.029
p = 5.53e-01

X .
S0

7.54

Y

5.04

NOS2
CcCL18

259

0.01

hd cor = 0.001

IS
CD36

Expression level (log, TPM)
cCL2

. cor = -0.056

CXCL10
CD163

0.0+

e o cor = 0.081

' o © o0 3 - .
44

o0t .
wX e
MR

ITGAM
.
.
IS
CSF1R

e cor = 0.058

TNF
IL10

0.0 2.5 5.0 7.5 10.0 125

0.0 2.5 5.0 7.5

GKN2 expression level (log, TPM)
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significantly lower in tumor samples in LUAD, LUSC, and
STAD when compared with their paired normal tissues.
These indicated the unique and important roles of GKN2
in gastric and lung cancers.

According to the cBioPortal, the GKN2 genetic altera-
tions were found in 3%, 5%, 4% of the LUAD, LUSC,
STAD samples, respectively. The results from UALCAN
further shown the significantly down-regulated expression
level of GKN2 in LUAD, LUSC, and STAD. And the
hyper-methylation phenomenon of GKN2 was observed
in LUAD and LUSC tumor samples. In addition, there
was a significant correlation between GKN2 expression
and LUSC pathological stage. Furthermore, the clinical
values of GKN2 expression were also explored in lung
and gastric cancer using the Kaplan—Meier plotter. Low
GKN2 mRNA expression indicated worse OS in patients
with lung cancer and inferior FP/PPS in cases with gastric
cancer. And compared with higher expression of GKN2,
decreased expression of GKN2 was revealed to be asso-
ciated with worse OS/FP/PPS for lung cancer patients in
stage 3 disease, stage T3, or stage MO status. And in
gastric cancer, the low GKN2 expression level was sig-
nificantly related with worse OS/FP/PPS in patients with
lymph node metastasis, decreased GKN2 expression was
also significantly related with worse OS/FP in patients

with poorly differentiated differentiation, lower GKN2
was correlated with worse prognosis after stratification
by Lauren classification. In summary, these results pro-
vided strong evidence that GKN2 is a powerful tumor
marker to predict clinical outcomes in the lung and gastric
cancers.

We found that GKN2 expression was related to the
infiltration of tumor immune cells in the lung and gastric
cancers. GKN2 expression was found to be positively
correlated with macrophages infiltration in LUAD, and
six immune infiltrates, including B cells, CD4+ T cells,
CDS8+ T cells, Neutrophils, Macrophages, and Dendritic
cells in LUSC, and B cells and CD8+ T cells in STAD.
And the correlations between GKN2 CAN and immune
infiltrates abundance in LUAD, LUSC, and STAD were
assessed, and B_cellandCD4 Tcell, GKN2, Macrophage
were found to be significantly related to the clinical out-
come of LUAD, LUSC and STAD patients, respectively.
Interestingly, we also performed correlation analysis
between GKN2 expression and neutrophils and macro-
phage polarization markers in LUAD, LUSC and STAD.
We found significant correlations between GKN2 and neu-
trophil markers (MPO and PTPRC) in LUSC, and neutro-
phil marker (PTPRC) in STAD, significant correlations
between GKN2 and the immune markers of monocytes
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(CD36), M1 (NOS2, CXCL10), and M2 macrophages
(CCL18, IL10) were found in LUAD, significant correla-
tions were revealed between GKN2 and most immune
markers of monocytes, TAMs, M1, and M2 macrophages
in tumor tissues of LUSC, and significant correlations
were found between GKN2 and immune markers of mono-
cytes (CD36, ITGAM) and M1 macrophages (TNF) in
tumor tissues of STAD. These correlations indicated
a potential mechanism that GKN2 regulated the neutro-
phils and macrophage in LUSC, LUAD, and STAD.
Therefore, GKN2 might play an important role in immune
cell recruitment and functional regulation in the tumor
microenvironment.

Some limitations of this study should be acknowl-
edged. This work was based on data from multiple public
databases, the biases resulting from confounding factors
might exist. And the exact mechanisms of GKN2 in the
regulation of the infiltrating of tumor immune cells are
largely uncovered and needed to be explored in future
researches.

In conclusion, this work provided comprehensive evi-
dence of GKN2 as a valuable clinical biomarker and
immunotherapy target in the lung and gastric cancers.
GKN2 transcription level was significantly related to sur-
vival outcomes and tumor-infiltrating immune cells in lung
and gastric cancer. GKN2 might play an important role in
the infiltrating of tumor immune cells and can be applied
as a prognostic biomarker in lung and gastric cancer.
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