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Abstract

Background: UCEC is the most common gynecological malignancy in many countries, and its mechanism of occur-
rence and development is related to tumor mutation burden (TMB) and immune cell infiltration. Therefore, it is neces-
sary to systematically explore the TMB-related gene profile in immune cells to improve the prognosis of UCEC.

Methods: We integrated TMB-related genes with basic clinical information of UCEC patients based on TCGA dataset.
Differentially expressed genes (DEGs) were selected through differential expression screening, PPI, and enrichment
analysis. Additionally, we analyzed the components of immune cell infiltration of the DEGs to obtain the differential
immunity-related genes. A single factor and multifactor Cox regression analyses were conducted to establish new
prognostic indicators of OS and DFS based on TMB-related immune genes. To further study the correlation between
survival and immune cell infiltration, a Cox model based on these immune infiltration compositions was built. Using
the clinical variables, we established nomograms for OS and DFS.

Results: 393 DEGs were significantly associated with clinical outcomes and the immune component in patients
with UCEC. Gene Ontology (GO) and Kyoto Encyclopedia of Genes, Genomes (KEGG) pathway and protein-protein
interaction network (PPI) analyses revealed the role of these genes and information on related pathways. Then, two
prognostic models were established based on the differential immune genes for OS (GFAP and MX2) and DFS (MX2,
GFAP, IGHM, FGF20, and TRAV21). In DFS, the differential immune genes were related to CD4+T cell, CD8+T cell,
macrophage, and neutrophil (all P <0.05). B cell and CD8+-T cell were independent prognostic factors from among
the immune cell elements in UCEC. Finally, the risk scores of these models were combined with the clinical elements-
based nomogram models, and the AUC values were all over 0.7.

Conclusions: Our results identified several clinically significant differential immune genes and established relevant
prognostic models, providing a basis for the molecular analysis of TMB and immune cells in UCEC, and identified
potential prognostic and immune-related genes for UCEC. We added clinical related conditions for further analysis to
confirm the identity of the genes and clinical elements-based models.
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Introduction

Uterine corpus endometrial carcinoma (UCEC) is a com-

mon type of gynecological tumor. It is estimated that
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Hospital, 98 W Nantong Rd, Yangzhou 225001, Jiangsu, China to ovarian cancer. At the same time, the mortality rate
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©The Author(s) 2021. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material

in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material
is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativeco
mmons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/
zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.



http://orcid.org/0000-0002-8875-2826
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12935-021-01774-6&domain=pdf

Zhao et al. Cancer Cell Int (2021) 21:80

survival rate of stage I UCEC exceeds 90%, while stage IV
can only reach 20% [2]. Traditional treatment methods
mainly include surgery, radiotherapy, chemotherapy, and
hormone therapy. For patients with metastases, surgery,
and radiotherapy cannot achieve a satisfactory treatment
level. These patients are treated using chemotherapy or
hormone therapy, which also causes more significant
damage to normal human cells and results in recurrence.
Most importantly, options are often limited after tra-
ditional first-line treatment for advanced patients with
metastases or recurrence, which has prompted many
scholars to develop new treatment methods.

In recent years, immunotherapy has become an effec-
tive method for treating advanced cancer [3]. For exam-
ple, typical clinical trials include lung cancer [4, 5] and
melanoma [5-7]. Among these immunotherapies, the
most important one is Immune Checkpoint Inhibitor
(ICI), and its main inhibitory points include Cytotoxic
T-lymphocyte antigen 4 (CTLA-4) and Programed cell
death 1 receptor (PD-1) [7, 8]. More specifically, ICI
blocks the checkpoint activity of T cells, which increases
the sensitivity of immune cells to the recognition of can-
cer cells and triggers the immune system to attack and
destroy cancer cells. Tumor mutation burden (TMB)
refers to the total number of mutations per mega base in
tumor tissue. There is increasing evidence that the bur-
den of tumor mutations is related to immunotherapy in
cancer patients [9]. Although most inhibitors are rarely
clinically approved for humans, their immunotherapy has
shown great potential in refractory tumors. Immunother-
apy research has also been conducted on targeted therapy
for UCEC. The level of TMB and microsatellite instabil-
ity can predict whether patients with UCEC may benefit
from immunotherapy [10, 11]. Uterine carcinosarcoma is
a rare and aggressive histological variant of UCEC with a
poor prognosis [10]. Bhangoo et al. [11] found that inac-
tivation of DNA polymerase & (POLE) mutation is asso-
ciated with a high TMB and ICI in carcinosarcoma. In
summary, the study of TMB on immune invasiveness of
UCEC requires further research. Therefore, we aimed to
study the relationship between the clinical prognosis of
UCEC and the role of TMB and immunity.

Materials and methods

Data collection

Clinical data on a UCEC cohort, including age, stage,
grade, histological type, together with transcriptome
data, were obtained from the TCGA data portal (https
://portal.gdc.cancer.gov/). Meanwhile, we downloaded
the processed “mask somatic mutation” data using the
VarScan algorithm in the TCGA database. The R pack-
age “maftools function” [12] was adopted to describe
mutated genes in the UCEC samples. Since each dataset
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was retrieved from published reports, it was verified that
written informed consent had been obtained.

TMB score and clinical characteristics

We used Perl script (JAVAS8 platform) to remove silent
mutations from the samples while calculating the number
of base mutations and then corrected it to the number of
base mutations per million bases, which was the TMB
value. The samples were divided into a low group and
high group based on the median value of TMB. Further,
we used Kaplan-Meier statistics to analyze survival dif-
ferences between these two groups. The Wilcoxon rank-
sum test was used to evaluate the correlation between
TMB and various clinical variables. Furthermore, X-tile
software (Yale University, New Haven, Connecticut,
USA) was utilized to select the optimal threshold value
for age. We analyzed overall survival (OS) and disease-
free survival (DFS) to determine the prognostic value of
the two TMB groups of patients with UCEC.

Differentially expressed genes and enrichment analysis
The Limma package of R software was adopted to predict
differentially expressed genes (DEGs) between the high-
TMB group and low-TMB group. Genes that exhibited
a |Fold Change|of >1 with an adjusted P-value of <0.05
were regarded as significant DEGs. Then, the “pheat-
map” package of R software was used to assess the effect
of the difference by constructing a heatmap plot. Kyoto
Encyclopedia of Genes and Genomes (KEGG) and Gene
Ontology (GO) enrichment analyses were carried out to
identify the primary biological attributes for the genes
selected above using the “enrichplot,” “clusterProfiler;
“ggplot2” and “org.Hs.eg.db” functions of R software. Bio-
logical processes, cellular components, and molecular
functions are the three primary functional components
of GO enrichment analysis. KEGG analysis can identify
the neighbor pathways of the DEGs.

Search tool for the retrieval of interacting genes database
(STRING)

STRING (https://string-db.org/) is a database of known
and predicted protein-protein interactions, and its lat-
est version, 11.0, includes 24,584,628 proteins from 5090
organisms [13]. This tool was applied to explore the phys-
ical and functional associations between the DEGs and
conduct the protein-protein interaction network (PPI)
analysis of the DEGs. The results of the PPI analysis pro-
vided the number of adjacent nodes per gene, which was
obtained through a histogram created using R software.

Gain differential immune genes and survival analysis
CIBERSOR is a general calculation method used to
quantify cellular components from many tissue gene
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expression profiles (GEP), which could accurately esti-
mate the immune composition of tumor biopsy [14]. We
applied the immune cell expression profiles to the “CIB-
ERSORT” algorithm to determine immune cell content
in the UECE sample. The vioplot package was used to
determine the expression differences of various immune
cells in the high-TMB and low-TMB groups. After inter-
secting the immune cell-related genes derived from the
immune database (https://www.immport.org/) and the
DEGs, the differential immune genes were obtained
using the “VennDiagram” package. Kaplan—Meier sur-
vival analysis was performed to assess the survival of the
immune-related genes.

Establishment of differential immune genes-based
prognostic index models

First, differential immune genes were extracted to be
further study using a Cox single-factor and multifactor
regression analysis for OS and DFS, which was performed
using R software. The statistical indicators that were used
were: hazard ratio (HR), 95% confidence interval (Cls),
and log-rank P-value (a P-value of <0.05 was considered
statistically significant). The receiver operating char-
acteristic (ROC) curve of each model was constructed.
Furthermore, patients were divided into high-risk and
low-risk groups based on the median risk score.

TIMER database

TIMER web server (https://cistrome.shinyapps.io/timer/)
is a comprehensive resource for the systematical analysis
of six immune infiltrates, including B cells, CD4+ T cells,
CD8+T cells, Neutrophils, Macrophages, and Dendritic
cells, across diverse cancer types [15]. Moreover, the sur-
vival module in the TIMER database was also used to
draw Kaplan—Meier plots for the immune infiltrates and
hub immune genes to visualize survival differences. The
P-value of the log-rank test used to compare the survival
curves of the two groups is shown in each plot.

Outputs of the immune elements-based models

Surv  (UCEC)~B_cell +CD8_Tcell + CD4._Tcell + Mac-
rophage + Neutrophil + Dendritic was the formula of
Cox’s regression model. This model was fitted using the
“coxph” function of the R software package, “survival”
HR is presented as lower and upper 95% confidential
intervals, and the threshold p-value was set at 0.05.

Construction of nomogram models for OS and DFS

The information on clinical characteristics obtained from
public datasets and two risk groups were collected and
divided into a modeling group and a verification group
based on a 7:3 ratio. The “rms” package of R software was
used to construct the nomogram and calibration plots.
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ROC curves were also plotted to determine the sensitiv-
ity and specificity of the nomogram models.

Statistical analysis

R 3.6.3 (https://www.r-project.org/) software was used
for all statistical analyses. Additionally, the R package
“survival” was utilized to conduct the univariate Cox
regression analysis to examine the relationship between
OS and DFS with gene expression. At the same time, a
model was constructed based on the multivariate Cox
regression analysis. X-tile software was used to group
patient data based on age, with 69 years of age for OS and
59 years of age for DFS used the critical values (Figs. 3,
4). Then, nomogram plots were conducted for both
clinical parameters and risk groups. The area under the
curve (AUC) of the ROC curve was computed using the
ROC function of the “survival” package in R software.
A P value of <0.05 was considered to indicate statistical
significance.

Results

Analyze mutation data in UCEC

The somatic mutation data of 375 UCEC patients were
downloaded from the TCGA database, and these materi-
als were visualized using the “maftools” R package. Dia-
grams a—c in Fig. 1 provides a summary of the types of
mutations in the samples, in which missense mutations
occupied the leading position (Fig. 1a), C>T was the most
common single nucleotide variant (SNV) (Fig. 1c). Only
one mutation type, Single Nucleotide Polymorphism
(SNP), was found in UCEC (Fig. 1b). The mutation value
and median of each sample are shown in Fig. 1d, e. Fur-
thermore, we showed the top 10 mutated genes in the
samples, which included TTN (35%), MUC16 (22%),
PTEN (46%), RYR2 (20%), CSMD3 (20%), PIK3CA (46%),
TP53 (31%), ARID1A (23%), CHD4 (19%) and CTNNB1
(22%) (Fig. 1f). The waterfall chart shown in Fig. 2a dem-
onstrates the specific mutation types and proportions
of the mutant genes in each sample. Figure 2b shows
the connection between two mutant genes, in which
the green color indicates a positive correlation, while a
brown color indicates a negative correlation.

Relationship between TMB and clinical features

The TMB of UCEC cases was calculated to determine
its clinical significance. For OS, initially, we found that
69 years of age was the best age cut-off value using x-tile
software, and the median value of TMB was used as the
optimal cut-off value to divide these samples into two
groups: low and high TMB groups. It could be detected
that the low TMB group showed a more unsatisfactory
survival outcome compared to the high TMB group,
based on values in the log-rank test and Kaplan—Meier
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curve (P=0.025, Fig. 3c). The high TMB group was
closely related to the grade 3 or 4 (P=0.011, Fig. 3e)
endometroid pathological type (P<0.001, Fig. 3f) and
stage I or II (P=0.029, Fig. 3g), while there was no signif-
icant difference between TMB and age (P =0.62, Fig. 3d).
For DFS, Fig. 4 shows that 59 years of age was the opti-
mal threshold and that the association between TMB and
survival were similar to the results for OS. Additionally,
expression levels of TMB decreased due when age was
<59, the grade was 3—4, and endometrioid histological
type (all P<0.05), and there were no significant associa-
tions between TMB and stage (P=0.11).

Enrichment analyses and the PPI of genes in the different
TMB group

We found 393 differentially expressed genes (DEGs)
between the high TMB and low TMB groups, and the

top 19 DEGs are shown in Table 1. The heatmap con-
structed shows the expression levels of the DEGs
(Fig. 5a). The Venn diagram was created to show 1713
immune-related genes and 393 DEGs to obtain 98 dif-
ferential immune genes (Fig. 5b). After that, the KEGG
pathway and GO term enrichment analyses of these
DEGs were conducted. Figure 6a and Table 2 show
that the GO terms primarily enriched for biological
processes included humoral immune response and
lymphocyte-mediated immunity. Simultaneously, the
Immunoglobulin complex, external side of the plasma
membrane, and immunoglobulin complex were the cel-
lular components that were mainly enriched.

Regarding molecular functions, most genes were
enriched for antigen binding, immunoglobulin recep-
tor binding, and receptor-ligand activity. In the KEGG
pathway enrichment analysis of the DEGs, these genes
showed notable associations with breast cancer, basal
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a Altered in 516 (97.54%) of 529 samples.
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cell carcinoma, gastric cancer, hippo signaling pathway,
and the Wnt signaling pathway (Fig. 6b and Table 3).
String was utilized to confirm the relationship between
DEGs and then construct networks describing their
interactions (Fig. 7a). The most common neighbors in
the PPI diagram were APOA1 and APOB (Fig. 7b).

Association between differential immune gene expressions
and immune infiltration

The violin plot shows the difference between various
immune cell types in the high and low TMB groups.
As suggested by the results, T cells CD8 (P<0.001),
T cells CD4 memory resting (P=0.006), T cells CD4
memory activated (P<0.001), T cells follicular helper
(P<0.001), T cells regulatory (P=0.031), NK cells resting
(P=0.042), Macrophages M0 (P=0.002), Macrophages
M1 (P<0.001), Macrophages M2 (P=0.018) and Den-
dritic cells activated (P=0.014) showed significant dif-
ferences between the high and low TMB groups (Fig. 8).
Differential immune genes showed significant associa-
tions between their expression patterns, and the OS and
DEFS for UCEC patients were used to conduct a univariate
Cox regression analysis. Eventually, we found GFAP (HR
1.023, 95%CI 1.011,1.036, P<0.001) and MX2 (HR 1.132,
95%CI 1.062,1.207, P <0.001) to be related to overall sur-
vival after multivariate Cox regression analysis was used
to remove genes that were not independent indicators of

prognosis (Fig. 9a). It could be detected that high expres-
sion of GFAP and MX2 were related to poorer OS in
endometrial cancer patients, based on the values of the
long-rank test and Kaplan-Meier curve (Fig. 9b, ¢). MX2
(HR 1.130, 95%CI 1.058, 1.207, P<0.001), GFAP (HR
1.025, 95%CI 1.012, 1.038, P<0.001), IGHM (HR 0.999,
95%CI 0.998, 1.000, P=0.039), FGF20 (HR 0.939, 95%CI
0.883, 0.998, P=0.041) and TRAV21 (HR 0.611, 95%CI
0.407, 0.917, P=0.017) were analyzed for DFS (Fig. 10a).
Regarding DFS, UECE patients with a higher expression
level of MX2 and GFAP had a worse prognosis, while
patients with higher mRNA levels of IGHM, FGF20, and
TRAV21 showed a favorable outcome (Fig. 8c—h). These
genes and clinical factors, including age, grade, stage,
histological type, which are related to prognosis, were
selected for model construction. The prognosis index
formula multiplied the gene expression level and clini-
cal characteristics in each case with the corresponding
Cox regression coefficient. All selected genes were clas-
sified into either a high-risk or low-risk group based on
the median prognosis index value, and survival curves
were plotted. Moreover, Kaplan-Meier plots were drawn
to analyze differences in survival time between both
groups, indicating that cases in the low-risk group were
significantly associated with increased survival probabil-
ity than those in the high-risk group, for both OS and
DFS (Figs. 9d and 10h). As shown in Figs. 8e and 9b, the
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Table 1 The top 19 DEGs in UCEC

Gene Low group High group logFC P-value FDR
ERVMER34-1 8.007284856 2261724965 —1.823889628 0.000229986 0.001203484
CRYGN 0421748475 0.208045874 —1.019481175 7.82E—11 4.35E—-09
IGKV20R22-4 0.446894633 1.119245354 1324519704 0.010006045 0.026333049
MYT1 0.28577249 0.12531108 —1.189353053 3.48E—08 7.38E—07
IGHV4-31 8410528443 1748325048 1.05570508 6.91E—05 0.00044633
SIX3 23926374 0.838171842 —1.513283815 0.001384316 0.005254444
PAGE2 4.185109335 2.030715895 —1.043276898 0.000968098 0.003926813
AC011008.2 031787423 0.150634816 —1.0774008 1.59E—07 2.63E—06
CYP4F3 0403131219 0.823924444 1.031262531 0.00367986 0.011629492
COL22A1 1.05899893 0495353661 —1.096170312 0.00192648 0.006859294
GRIKS 2776782427 1332647212 —1.05911923 7.20E—05 0.000460392
TTYH1 0.84036637 0407639698 —1.043723874 0.002854537 0.009465163
TCLTA 0.149056807 0.377160857 1.339317699 0.00311425 0.010161885
IGLV5-45 13.93991507 2893674286 1.053680768 0.000152768 0.000861658
HMGN2P6 0.199381466 0404795154 1.021660709 0.01678836 0.03972772
CYTLI 5.128458024 1.579728719 —1.698848284 1.13E-12 1.26E—10
HTR1E 0400763548 0.090015782 —2.154501428 0.000105609 0.000635234
IGLL1 0.189352489 0.900723467 2250009862 0.0085663 0.023218884
HOXC8 0.283649843 0.703358842 1310149851 547E-05 0.000365756

largest AUC areas were found for the risk score of OS
(0.646) and DFS (0.743), respectively.

Association between risk score and immune infiltrates

The relationship between risk score and different types
of immune cells were obtained from the Timer website
using R software. The risk score of DFS showed a nega-
tive correlation with CD4+T cell, CD8+T cell, mac-
rophage, and neutrophil (all P<0.05, Fig. 11a). However,
the risk score of OS was not associated with immune
cells (all P<0.05, Fig. 11b).

High B cell and CD8 +T cell infiltration indicates a better
outcome

To understand the association between immune infil-
trating cells and survival in UCEC, we used the Cox
regression equation to calculate the expression levels
of CD4+ T cell (HR 0.001, 95%CI 0, 0.052, P=0.005),
CD8+T cell (HR 0.001, 95%CI 0, 0.052, P=0.001) and
Neutrophil (HR 2314.933, 95%CI 1.836, 2919028.574,
P =0.033), which had declined due to cancer progression
(Table 4). Additionally, Kaplan-Meier plots were applied
to determine that UECE patients with a higher expres-
sion level of B cell and CD8+ T cell had a better progno-
sis (Fig. 12).

Nomogram of the differential immune genes and clinical
variables for OS and DFS

The basic clinical characteristics of the patients are
shown in Table 5 for OS and in Table 6 for DES. Through
univariate and multivariate Cox analyses of the mod-
eling group and the entire cohort of patients, we found
that the risk score (especially for DFS) may be an inde-
pendent risk factor for UCEC patients (Tables 7, 8, 9,
10). Additionally, we used risk group, age, grade, stage,
and histological type to construct nomogram models for
OS (Fig. 13a) and DFS (Fig. 14a). To verify the predictive
value of the models, 3-year and 5-year calibration charts
were drawn for the modeling group and the verification
group for OS (Fig. 13b—e) and DFS (Fig. 14b—e), which
suggested the two models produced consistent results.
ROC curves were constructed, and their AUC areas were
greater than 0.7, indicating that these two models showed
a high level of diagnostic accuracy.

Discussion

Immunotherapy has been used to treat recurring or
metastatic tumors in clinical settings, but it is only
effective for certain tumors, such as breast cancer [16]
and prostate cancer [17]. In recent years, an increas-
ing number of research studies have focused on
immune molecular features and immunotherapeutic



Zhao et al. Cancer

Cell Int (2021) 21:80

Page 9 of 32

o
'Ei’.i I* ﬂM‘ \{fﬂ

i
Wil
|l=’hu.1“.ﬁ'

'u'i' | ik 4 f

Fig. 5 Heatmap and enri
level of expression, an

i 'ln\ n‘
=

_l l\ |[wimll l][l HlH
=|‘ \":lIH‘ '|| HlllllH ”\ll {l H'” ‘

=|‘[ \lHH|‘\ ‘Hl |‘ J l[ || \ ‘Jl

d blue color represen

ts a lowe

M‘

JI }" I \||
th ‘ i

B
ity m il

10 ”\I\]l “J

i (.,‘F.'"E,J

H\ |
[l H

i nh

1 Jﬂ‘HH‘f il

i II

‘ (LI} \ \
*‘” l ||H|\[|I | \lll I‘ ll\llﬂl I‘ I\ il HIII IIHI HP\ HII |

| IHIlllH lﬂmf \

|
I III[
111111 l

LI IWE L T

Hl

i ik I 'H | m[" |
Hikim '“1“ ]'
il W o W[ e

pe
lGLV8 61

\[‘ | “ | WIHIII lll\ \‘II\
I \ ‘ ‘JH‘h’I
i FEEJ

ﬁ

IH
T

ll ‘ ‘I HOXCQ
’ . AC 06875
[“ 1) I AC093001.1

ey

i

i n‘u

HW\

— ===

|\ 1GLLA
\ ERAS

||| DDDDD

H‘H [

H\
‘HH ]I‘

| Iﬂ]‘\ﬁ '

N |

||| \\\' ]| HH[ EPN2AS1
Il

W Flc
WNT16
| L|NCO11 13

il

(Ll II Il

H‘I I CACNA1S
SLC5A8

l]l[l

: I‘H‘\‘\ U ‘II \‘ J‘H [1EL1

{1 \ | 1| APOB

ichment analysis of the DEGs. a Distribution of genes i
ion; b Venn diagram of the immune

r level of expressi

RGS13

Ty
|
A1 3-43
1A

5

(}1

d DEGs

Type

10. :
oW

high
I

in the high and low TMB groups: the red color represen
-related genes an

ts a higher




Zhao et al. Cancer Cell Int

(2021) 21:80

Page 10 of 32

humoral immune response

lymphocyte mediated immunity -

complement activation

protein activation cascade -

immunoglobulin mediated immune response
B cell mediated immunity -

complement activation, classical pathway -
humoral immune response mediated by circulating immunoglobulin |
regulation of humoral immune response 1
phagocytosis, recognition

dg

Count

@

immunoglobulin complex -

external side of plasma membrane 1
immunoglobulin complex, circulating -
blood microparticle 1

plasma membrane receptor complex

T cell receptor complex-

'IH @

@
@~
[ EY

qvalue

99

0.01
0.02

antigen binding 1

immunoglobulin receptor binding 4

receptor ligand activity

metal ion transmembrane transporter activity
ion gated channel activity -

gated channel activity 1

serine-type endopeptidase activity 4

frizzled binding 4

fibroblast growth factor receptor binding
lipoprotein particle receptor binding 4

‘l' 0.03

)

NOTUM

NKD!

SOX2

BMP2

RB2

PPP2R2B

WNFI0A

®
[y

WNT5B T7A GF8

0.05

DKKg Breast cancer Gastric cancer

0.10

GeneRatio

Hippo signaling pathway

F20

FGF4

YNT16

Fig. 6 Enrichment analysis of the DEGs. a GO plots of the DEGs. b KEGG analysis results of the DEGss

Basal cell carcinoma

category

~— Basal cell carcinoma
~— Breast cancer

— Gastric cancer

— Hippo signaling pathway
~— Whnt signaling pathway

size

'

fold change




(2021) 21:80 Page 11 of 32

Zhao et al. Cancer Cell Int

6¢

6¢

6€

6¢

8¢

8¢

S=CAHOI/TOHODI/ZL-EAHODI/LINDI/OMOI/CL-A LANDI
JLL=LAMOI/Z9-EAHDI/0E-EAHDI/EF-/A1D1/ST11D1/6 1
~EN1DI/69-LAHOI/0L-CAHDI/EOHDI/IZ-CAHOI/S-LANOI
JEL-EAHOI/Z L-CANIDI/€L-EAHDI/EC-EAHDI/0Z-EAHDI
/65 VAHOI/LT-ENIDI/99-EAHDI/CL-EAHDI/ES-EAHODI/LS
“ONIOI/E7-EAHODI/B-CATDI/FOHODI/T-GAMDI/0E-CANOI
/WHOI/ 77 LNIDI/7E-FAHDI/CVYE LTI/ LTIDI/ LE-FAHDI

S=CAHOI/COHOI/YL-EAHODI/LITDI/ MO/ L-A LANDI
JLL=LAOI/B9-EAHDI/0E-EAHDI/€7-LA1DI/STIDI/6L
~EN1D1/69- LAHOI/0L-CAHODI/EDHODI/9C-CAHOI/S- LANOI
JEL-EAHOI/Y L-CAIDI/€L-EAHDI/€C-EAHDI/0Z-EAHOI
/65 VAHOI/LZ-ENTDI/99-EAHDI/CL-EAHDI/ES-EAHODI/LS
“ONIDI/EF-EAHDI/8-CATIDI/FOHODI/T-SAMDI/0E-CANDI
/WHOI/ 77 LNIDI/FE-YAHDI/CVYE LTI/ LTIDI/ LE-PAHODI

S-CAHOV/TOHOI/ Y L-EAHDI/LITDI/OADI/L-ALANDI
JLL=LAMDI/Z9-EAHOI/0E-EAHDI/€-LA1DI/ST1D1/6 L
~EN1DI/69-LAHDI/0L-CAHOI/€DHODI/IT-CAHDI/S-LANDI
JEL-EAHOI/Z L-CNIDI/€L-EAHDI/EC-EAHDI/0Z-EAHOI
/6S-YAHOI/LZ-EN1DI/99-EAHDI/A4D/TL-EAHDI/€S
~EAHDI/LS-ON1DI/€F-EAHOI/8-CAIDI/FOHDI/C-SANDI
JOE-CAMDI/WHOI/A77-LIDI/FE-YAHODI/ LTIDI/ LE-VAHOI

S=CAHOI/COHOI/YL-EAHODI/LITDI/OADI/CL-A LANDI
JLL=LAIOI/Z9-EAHDI/0E-EAHDI/€F-LA1DI/STT1D1/6L
~EN1DI/69- LAHOI/0L-CAHOI/EDHODI/9C-CAHOI/G- LANOI
JEL-EAHOI/Z L-CANIDI/€L-EAHDI/EC-EAHDI/0C-EAHOI
/65 VAHOI/LZ-EATDI/99-EAHDI/A4D/CL-EAHDI/ES
~EAHDI/LS-ON1DI/€P-EAHOI/8-CATIDI/FOHDI/C-SANDI
JOE-CMOV/WHOI/ - LATDI/FE-FAHODI/ LTIDI/ LE-FAHOI

S-CAHDI/COHOI/ZL-EAHODI/LITD1/OMOI
JCL=ALAADI/LL-LADI/ZO-EAHDI/0E-EAHDI/€7-LATOI
/STIO1/6 L-EATDI/69- LAHODI/OL-CAHDI/EOHDI/9C-CAHOI
/S LAMOI/EL-EAHDI/7 L-CAIDI/€L-EAHDI/€C-EAHOI
/OC-EAHOI/6G-VAHOI/ LZ-EAN1DI/99-EAHDI/CL-EAHDI/ES
~EAHDI/LS-ON1DI/EF-EAHOI/8-CATDI/FOHDI/C-SANDI
JOE-CAMDV/WHOI/A77- LAIDI/FE-YAHDI/ LTIDI/ LE-FAHOI

S=CAHOI/COHODI/ZL-EAHODI/LITDI/DMOI
/CL=-ALAADI/LL=LANODI/F9-EAHDI/0E-EAHDI/E4-LA1DI
/STI91/6 L-EATDI/69- LAHOI/0L-CAHDI/EOHDI/9C-CAHOI
/S LAOI/EL-EAHDI/Z L-CAIDI/€L-EAHDI/EC-EAHOI
/OC-EAHOI/6G-VAHOI/ LZ-EANTDI/99-EAHDI/CL-EAHDI/ES
~EAHDI/LS-ON1DI/EF-EAHOI/8-CATDI/FOHDI/C-SANDI
JOE-CANDI/WHOI/ 7= LAIDI/ P E-FAHDI/ LTIDI/ LEFAHOI

yc—3cl’L

S5¢—388L

9¢—3rl¢

8¢—388'L

0e—3/€6

le—3/¢y

y¢—30C°L

GC—36¢8

9¢—38C'¢C

8¢—300°C

0€—3/6'6

L€—395Y

0/98l/1¢e

0£981/81¢

0/981/861

0£981/SL1

0/981/051

0£981/LEL

LEE/BE

LEE/6E

LEE/6€

LE€/6E

JASYALS

LEE/8E

Ayunuwul pajeipaw |12 g

asuodsai sUNWW PR1eIPaW UlNgojbounwiw|

OpeISED UOIRAIDE UIR101d

uolneAidoe ucwC‘_w_QC‘_OU

ulingojbounwiw

BueNDId Aq paeipau asuodsal sunwiul [_JoWNnH

Kemyied |eDISSe|D ‘UOIIBAIIDE JUSWR|dWOD)

¥¢/6100-09

#909100-09

9/£CL00:09

9569000-09

SS¥C000:0D

8569000-05

dg

dd

dd

dd

dd

dd

juno>H

aieuab

anjeab

1snfpe-d

oneybg

oneyauan

uondudsaq

ai

335N U s53A 3Y3 jo s3jyoid OO pajieIag Z djqelL



Page 12 of 32

(2021) 21:80

Zhao et al. Cancer Cell Int

S=CAHOI/ZOHOI/LITDI/OMDI/CL-ALANDI
/LL=LAMDI/0E-EAHDI/EF-LATOI/6 L-EATDI/69- LAHDI
/OL=CAHOI/EDOHODI/G-LAMDI/E L-EAHDI/#7 L-CA1DI
JECEAHODI/6GVAHOI/ LZ-EATDI/ES-EAHDI/LG-ONTOI

9C  /8-CAIDI/FOHOI/T-SAIDI/0E-CAMODI/7- LIDI/FE-FAHOI

G-CAHOI/ZOHOI
JELIOXD/YL-ENHOI/LONDI/ OADI/CL-ALANOI/LL-LANDI
/Y9-EAHOI/0E-EAHDI/E-LA1DI/STIDI/6 L-EATDI/69
~LAHOI/0L-CAHDI/EDHOI/9T-CAHODI/S- LANODI/E L-EAHDI
/Y L=CN1DI/€L-EAHDI/EC-EAHDI/0C-EAHDI/6S-VAHODI/ LT
~EA1DI/99-EAHDI/V8AD/TL-EAHOI/ES-EAHDI/LS-ON1DI
/EV-EAHODI/B-CAIDI/FOHODI/CAETN/T-GAMDI/0E-CANOI

474 /WHOI/ 7= LN1DI/FE-YAHDI/CVYE LTI/ LTIDI/ LE-PAHDI

S-CAHOI/COHOI/YL
~EAHDI/LITOI/OADI/CL-ALANDI/LL-LANDI/A9-EAHOI
/OE-EAHOI/EX-LAIDI/STIDI/6 L-ENTDI/69-LAHOI/0L
“CAHDI/EOHDI/IC-CAHDI/S- LANDI/E L-EAHDI/Z L-CATOI
JEL-ENHOI/EC-EAHOI/0C-EAHOI/6S-FAHDI/ L Z-EATDI/99
~EAHDI/Y8AD/CL-EAHOI/ES-EAHDI/LS-ONTDI/EF-EAHOI
/8-CN1OI/FOHDI/EDY /I TN/ C-SANDI/0E-CANOI

[a%4 JWHOI/ - LA1DI/FE-YAHDI/CVYE LTI/ LTIDI/ LE-PAHDI

S=CAHOI/ZOHODI/E LTIDXD/ LD/ OMOI/CL-ALANOI/LL
= LANDI/SHTA/OE-EAHDI/E7-LA1DI/6 L-EATDI/69- LAHOI
/OL=CAHOI/EOHOI/S-LANDI/E L-EAHOI/ ¥ L-CATDI/ LT
JEC-EAHOI/6GTVAHODI/LZ-EATDI/ES-EAHDI/LS-ONT1OI

6C  /8-CNIDI/FOHOI/T-SANDI/0E-CADI/F7- LATOI/FE-FAHOI

S=CAHOI/ZOHDI/ Y L-EAHDI/LDTOI
/OADI/F9-EAHDI/0E-EAHDI/STIDI/69-LAHOI/0L-CAHOI
/EOHDI/IC-CAHOI/E L-EAHDI/EL-EAHDI/EC-EAHOI
/O0C-EAHOI/6G-FAHODI/99-EAHOI/CL-EAHOI/€S-EAHDI

9 /E7-EAHOI/FOHDI/WHOI/ZE-YAHODI/ LTIDI/LE-VAHOI

S=CAHOI/TOHODI/ELTIDXD/ L-EAHOI/LDTDI/6TDXD
/OADI/CL-QLAMDI/LL-LAADI/FI-EAHDI/SHTH/0E-EAHOI
/EP-LN1DI/STIDI/dWVD/6 L-EATDI/69- LAHDI/0L-CAHOI

/EOHDI/IC-CAHOI/S-LANDI/ONAI/EXTI/E L-EAHOI

/Y L=CNIDI/EL-ENHDI/ LA/ EC-EAHDI/0C-EAHDI/6S
“PAHDI/ LZ-EATDI/99-EAHOI/A4D/CL-EAHOI/V LDIY/ES
~EAHDI/LS-ONDI/E7-EAHDI/B-CNTOI/FOHDI/C-SANDI

A4 JOE-CAMOI/WHOI/A7- LATDI/FE-YAHDI/ LTIDI/ LE-PAHOI

61—3/SY

6l—3¢CL

0¢—300'G

0¢—3r0'L

€¢—3¢06

¥C—366'L

61—3/8% 0/981/SL1

6l—36C'L 0/981l/19¢

0C¢—3Ce's 0/98l/cse

0¢—30L°L 0/98L/¥elL

€¢—3196  0/981/¥8

YC—3C1'C 0/981/95¢

L£€/9T UOIIBAJID® JUSWS|dWOD JO UORRINGRY  6¥70£00:0D  dd

sulewop Ajiwepadns ul|
-NGo|BouNWIWI WOl 3{INg $101dadal suNWW! JO Uoeu
/€€/TH  -IqQUI03l D1PUIOS UO paseq asuodsal sunwiwil aAdepy  09%2000:0D  dd

LEE/TY Anunwiwi pajeipsw 14504dwiAl 6742000:09D  dd

1£€/6¢C asuodsal uNnWwiwl [elowny Jo Co_ym_jmwm 0C67000:0H  d9

L£€/9C uoniubodas ‘siso1kd0beyd  0169000:0D  dg

LEE/LY asuodsal aunwiwl [eIOWNH  6569000:0D  d9

jJuno) daisusab

anjeab

1snfpe-d

oneybg oneysusan

uondudsag al

(panunuod) zs|qey



Page 13 of 32

(2021) 21:80

S-CAHOI/COHODI/YL-EAHDI/LDTDI
/OADI/FI-EAHDI/0E-EAHDI/STIOI/69-LAHOI/0L-CAHOI
/EOHDI/IT-CAHOI/E L-EAHDI/EL-EAHODI/EC-EAHODI
/OC-EAHOI/65-VAHOI/99-EAHDI/CL-EAHDI/€S-EAHDI

T4 /E7-EAHODI/ZOHDI/WHOI/ZE-FAHDI/ LTIDI/ L E-FAHDI /1—30C¢C L1—3rEC 0/981/5¢EL LEE/9T uoneulbeaul suRIqUSIN  ¥ZE0L00:0D  dd

09-vA191/9%-LA1D1/¢CAD/PAAY LAVYL
/OMDI/LT-AOMNIOI/E LAVEL/TL-QLAMDI/LL-LANOI
/EL-ALMDI/EP-LNIOI/6 L-ENDI/ LAQY L/ €P-ALANOI
/G- LAIOI/9L-ENIDI/69-V AN/ L-CA1DI/9E-LATDI/ LT
~ENIOV/LE-LANODI/LG-ONIDI/B-CNTDI/T-GAMDI/0E-CANOI

0¢ /rr=LA1DI/S L-QEAMDI/L9-8AT1DI/CVIE LI/SP-SATOI £1—380°C L1—=31CC 0/981/¢61 LE€/0€ uonsnpoid ulngojbounuiwl //€2000:09  dg

S=CAHOI/COHODI/ Y L-EAHDI/LDTOI
/OADI/F9-EAHDI/0E-EAHDI/STIDI/69- LAHODI/0L-CAHOI
/EOHDI/IC-CAHOI/E L-EAHDI/EL-EAHOI/EC-EAHOI
/0T-EAHOI/6S-FAHDI/99-EAHDI/CL-EAHODI/EG-EAHDI

9 JE7-EAHOI/ZOHDI/WHOI/FE-FAHOI/ LT1D1/LE-FAHOI 8l—36LT 8L—301'S 0/98l/L¢C1 LEE/IT uoneuibeAul SUBIGUISW BWSEld  ¥Z06600:0D  dd

G-CAHOI/COHOI
SV L=ENHOV/LINDI/OAD/L-ALANDI/LL=LANDI/F9
~EAHDI/0E-EAHDI/EX-LA1DI/STIDI/6 L-EATDI/69-LAHOI
/0L=CAHOI/EDOHDI/IC-CAHDI/ S~ LANDI/ONAI/E L-EAHOI
/Y L=CN1DI/€L-EAHDI/EC-EAHDI/0C-EAHDI/65-¥AHOI
/L-ENIDI/99-EAHDI/CL-EAHDI/€S-EAHDI/LG-ONT1OI
/1YOdV/er-EAHDI/8-CATDI/FOHODI/DdYIS/C-SAMOI

24 JOE-CMOV/WHOI/ 7= LAIDI/FE-FAHDI/ LTIDI/ LE-FAHOI 8l—3eq’L 8l—39'L 0/981/69¢ LEE/ LY siso1fo0beyd  6069000:09  dd

S=CAHOI/IOHDI/YL-EAHDI/LDTOI
/OADI/F9-EAHDI/0E-EAHDI/STIODI/69-LAHOI/0L-CAHOI
/EOHDI/IC-CAHOI/E L-EAHDI/EL-EAHODI/EC-EAHOI
/OC-EAHOI/6G-FAHODI/99-EAHOI/CL-EAHDI/€S-EAHDI

o /E7-EAHDI/FOHDI/WHOI/ZE-YAHOI/ LT1DI/LE-VAHOI 6l—3LvL 61—388/ 0/981/8L1 LEE/9C Juswynbus ‘siso1hd06eyd | 169000:0D  d9

S-CAHDI/TOHDI v L-EAHDI/Z2AD/ LD
/OMOI/F9-EAHDI/OE-EAHDI/STIDN/69- LAHODI/0Z-CAHDI
/EDHDI/IT-CAHDI/E L-EAHOI/EL-EAHDI/ET-EAHDI
/0Z-EAHDI/65-7AHDI/99-EAHDI/TL-EAHDI/ES-EAHOI

[T /EP-EAHOIFOHDI/WHODIVE-VAHDI/LTIDI/LE-PAHDI 61—3b/S  61—3L1'9 0/981/6T71 1€€/1T Aemuied Buijeubis 103dadal |20 g £580500:0D  dd

S=CAHOI/COHOI/LIDI/DADI/CL-ALANDI
/LL=LAMDI/0E-EAHDI/€7-LA1DI/6 L-EATDI/69- LAHODI
/OL=CAHOI/EDOHODI/S-LANDI/E L-EAHODI/Z L-CA1DI
JEC-EAHOI/6G-VAHDI/LZ-EATDI/ES-EAHDI/LS-ONT1DI

9C  /8-CNIDI/FOHOI/T-SAADI/0E-CAADI/F 7~ LATOI/ZE-FAHOI 61—35€G 61—30L'S 0/98L/911 LEE/9C Spedsed uoljeAnde uiRyoid jo uoneinbay  /570007:09 49

jJuno) aisusb anjeab 1snfpe'd  oneybg oneysusn uondudsaqg ail

Zhao et al. Cancer Cell Int

(panunuod) zajqel



Page 14 of 32

(2021) 21:80

Zhao et al. Cancer Cell Int

8¢

Ye

8¢

9

14

o

9C

o

S=CAHOI/ZOHOI/ LD/ AN/ L-ALANDI/ L L-LANO
/OE-EAHOI/E7-LA1DI/6 L-ENTDI/69-LAHOI/0L-CAHOI
/EOHODI/S-LAMOI/138DD/€ L-EAHDI/F L-CA1DI/€C-EAHDI
/65 VAHOI/LZ-EN1DI/LNOJS/€S-EAHDI/LS-ON1DI
/8-CNIDI/FOHODI/T-SAMDI/0E-CAMODI/ 7~ LTOI/Z E-7AHDI

09-v/\19I

/9%-LN1DI/CCAD/PAAY LAVYL/ONDI/ LZ-QIMNOI/6 LAVYL

JCL=-ALAADIZLL=LAXDI/SHTA/E L-ALAADI/E7-L 1O

/6L-EN1DI/LAQYL/€7-ALAMOI/ G- LAMDI/9L-EATDI/ENTA

/69-VN1DI/ ¥ L-CNIDI/LAT/9E-LATDI/ LZ-EN1DI/ LT

=LADI/LS-ON1DI/ LYOdV/8-CN1OI/T-SAMDI/0E-CANDI
/7= LN1DI/S L-AEANDI/L9-8ATIDI/CYIE LTI/SP-GATOI

S=CAHOI/COHOI/ LMD/ AN/ L-ALANDI/LL-LANDI
/0E-EAHOI/€P-LA1DI/6 L-EATDI/69- LAHDI/0L-CAHDI
JEOHODI/S-LANDI/L38DD/€ L-EAHDI/F L-CA1DI/EC-EAHOI
/65-FAHOI/LZ-EN1DI/LNOJS/ES-EAHDI/LS-9N1DI
/8-CN1DI/FOHOI/T-SAIDI/0E-CAMODI/ - LNIOI/FE-FAHOI

S=CAHOI/ZOHODI/LITDI/OMDI/CL-ALANDI
/LL=LAMDI/0E-EAHDI/EF-LATOI/6 L-EATDI/69- LAHDI
/0L=CAHOI/EOHDI/S-LAMDI/E L-EAHDI/Z L-CATDI
JECEAHODI/6GVAHOI/ LZ-EATDI/€S-EAHDI/LS-ONTOI
/8-CN1OI/FOHDI/T-SANDI/0E-CAMDI/ P - LTI/ E-FAHDI

S=CAHOI/COHODI/ Y L-EAHDI/LDTOI
/OADI/F9-EAHDI/0E-EAHDI/STIDI/69- LAHODI/0L-CAHOI
/EOHDI/IC-CAHOI/E L-EAHDI/EL-EAHOI/EC-EAHOI
/OT-EAHOI/6S-FAHDI/99-EAHDI/CL-EAHODI/€G-EAHDI
JEF-EAHDI/ZOHDI/WHOI/FE-FAHOI/ LTIDI/LE-FAHOI

S=CAHOI/COHOI/LIDI/DMOI/CL-ALANDI
JLL=LAMDI/0E-EAHODI/€F-LATDI/6 L-EATDI/69- LAHODI
/OL=CAHOI/EDOHODI/S-LANDI/E L-EAHDI/7 L-CA1DI
JECENHOI/6GTVAHOI/LZ-EAIDI/ES-EAHDI/LS-ONT1OI
/8-CN1DI/FZOHODI/T-SANDI/0E-CAMOI/A77- LNIDI/F -1 AHOI

S=CAHOI/COHOI/LITDI/OMDI/ZL-ALAADI
JLL=LAMDI/0E-EAHDI/€7-LA1ODI/6 L-EATDI/69- LAHDI
/OL=CAHOI/EOHODI/S-LANDI/E L-EAHODI/7 L-CA1DI
JEC-EAHOI/6GTAHOI/LZ-EANIDI/ES-EAHDI/LS-ONT1OI
/8-CN1DI/FOHODI/T-SANDI/0E-CAMOI/ 7= LNIDI/ P E-FAHOI

S=CAHOI/COHOI/LIDI/DMDI/CL-ALANDI
/LL=LADI/0E-EAHDI/€7-LA1DI/6 L-EATDI/69-LAHDI
/OL=CAHOI/EDOHODI/S-LANDI/E L-EAHODI/Z L-CA1DI
JEC-ENHOI/6S-FAHODI/LT-EAIDI/ES-EAHDI/LG-ONTOI
/8-CN1OI/FOHOI/T-SANDI/0E-CANOI/ 7= LNIDI/ P €-FAHOI

9l—39l¢

91—398¢

91—3¢5'¢

9l—3rll

£1—3069

£1—3069

L1—3LEY

Ll—3LEY

9l—3/€¢€

9l—3r0'€

91—369°¢

9l—3¢CL

L1—=3VEL

L1—=3VEL

£1—385Y

£1—385Y

0/981/¢81L

0£981/98¢

0/981/081

0/981/S¥L

0£981l/trL

0/98l/cyL

0£981/6€1

0£981/6€1L

£E€/8C

LEE/VE

£E€/8C

LE€/9C

LEE/IT

LEE/9C

LEE/9T

LEE/9C

uoneiniew ueioid Jo uonenbay £ 1€€061:09

35U0dsal SUNWIWI JO JOIRIPAU JB|Nd3[OW JO UOINPOId  0%#2000:0D

puissadoud uisyoid Jo uonenbay  €190/00:09

Kemyied buljeubis A103e[nuns paleipawl 101dadal 24 | £42000:09D

UOIIBAIIDE |13D g JO uopenbal aAIsod | /80500:09

Kemuyied buieubis 101dadas ewweb-24  #608€00:0D

siso1ko0beyd
ul panjoAul Aemyied buiieubis 101dadal ewiwehb-24  9608£00:09D

s1s014006eyd Ul paAjoAul Akemyied buleubis
101d9231 93e4NS [190 Bunenbal-asuodsas sunwiwl|  €£42000:0D

dd

dd

dd

dd

dd

dd

dd

dd

unodH

daisusab

anjeab

1snfpe-d

oneybg oneysusan

uondudsag al

(panunuod) zs|qey



Page 15 of 32

(2021) 21:80

Zhao et al. Cancer Cell Int

S-CAHOI/TOHODI/TNXdD/LI1D1/OADI
JCL-ALAADI/LL=LANDI/SDIS/6XSDd/0E-EAHDI/ IXTH/ €V
=/N19OI/6 L-EAN1DI/69- LAHDI/0L-CAHDI/EDHOI/S-LANOI
/138D2/EN/ € L-EAHDI/Z L-CATDI/N LMSDA/EC-EAHOI
/65-YAHOI/ LZ-ENIDI/ON T/ LNOJS/€S-EAHDI/LS-9N1OI

SE  /8-CNIDI/FOHDI/C-SMDI/0E-CANOI/ 7= LNTDI/ ¥ E-FAHDI

S=CAHOI/ZOHODI/ LMDV LU/OMOI/L-ALANDI
/LL=LADI/OE-EAHDI/E7-LATDI/6 L-ENTDI/69- LAHDI
/OL=CAHOI/EOHOI/S-LANDI/EL-EAHOI/ &7 L-CATD]
/EC-ENHOI/6S-YAHDI/ LT-ENTDI/€G-EAHDI/LS-ONTDI

LT /8-CNIDI/FOHOI/C-SAADI/0E-CANDI/Fr- LA1DI/ZE-FAHOI

S=CAHOI/TOHOI/ Y L-EAHDI/LITDI/OADI/F9
~EAHDI/0E-EAHDI/STIDI/69-LAHODI/0L-CAHOI/EDHOI
/9C-CAHOI/EL-EAHDI/€L-EAHDI/€C-EAHDI/0C-EAHDI

/65-VAHOI/99-EAHOI/ LDV.LYD/CL-EAHDI/€G-EAHOI
LZ /E7-EAHOI/ZOHODI/WHOI/VE-FAHDI/ LTIDI/ LE-PAHDI

S=CAHOI/COHOI/PL-EAHDI/CCAD/LI19I
/OADI/F9-EAHDI/0E-EAHDI/STIDI/69- LAHODI/0L-CAHOI
/EOHDI/IC-CAHOI/E L-EAHDI/EL-EAHOI/EC-EAHOI
/OC-EAHOI/6S-FAHDI/99-EAHDI/CL-EAHODI/EG-EAHDI

LL JEF-EAHDI/ZOHDI/WHOI/FE-YAHOI/ LT1DI/LE-FAHOI

S=CAHOI/COHODI/TNXdD/LI1D1/OADI
/CL=-ALAADI/LL-LANDI/SDDS/64SDd/0E-EAHDI/ LI/ €
=LN1OI/6L-EN1DI/69- LAHDI/0L-CAHODI/EDHDI/S- LANDI
/138D2/EXTA/E L-EAHDI/Z L-CATDI/NIMSDd/EC-EAHDI
/65-FAHOI/LZ-EA1DI/IM T/ INOJS/ES-EAHODI/LS-ON1DI

SE  /8-CNIDI/FOHDI/C-SMDI/0E-CANOI/ P~ LATDI/FE-7AHDI

S-CAHOI/COHOI
/Y L=ENHON/CZAD/ LD/ INDI/6 LAVHL/TL-ALANDI/LL
=LAADI/F9-EAHDI/OE-EAHDI/EF-LA1DI/6-LAGYL/LTONIN
/STI91/6 L-EATDI/69- LAHOI/OL-CAHDI/EOHDI/9C-CAHOI
/S LAOI/EL-EAHDI/ L-CAIDI/€L-EAHDI/€C-EAHOI
/OC-EAHOI/6S-VAHOI/ LZ-EATDI/99-EAHDI/CL-EAHOI/ES
~EAHDI/LS-ON1DI/€V-EAHOI/8-CATDI/FOHDI/C-SANDI

[474 JOE-CAMDV/WHOI/ 7= LAIDI/ P E-FAHDI/ LTIDI/ LE-FAHOI

S=CAHOI/COHOI/LIDI/DMDI/CL-ALANDI
/LL=LADI/0E-EAHDI/€7-LA1DI/6 L-EATDI/69-LAHDI
/OL=CAHOI/EDOHODI/S-LANDI/E L-EAHODI/Z L-CA1DI
JEC-ENHOI/6S-FAHODI/LT-EAIDI/ES-EAHDI/LG-ONTOI

9C  /8-CNIDI/FOHOI/T-SAADI/0E-CAADI/ T 7~ LATOI/ZE-VAHOI

€l—356'2

€1—385°¢

€l—3/0¢C

S1—306°¢

Sl=3ryrc

Sl—3¢Cl

Sl—3L0'L

€l—39%'8 0/981//6¢ LEE/SE uoleiniew U104 +091500:09 49

€1—318'¢ 0/981/0CC L€€/1T asuodsal AJojewiweyul aINdY  9757000:0D  dg

€1l—30CC 0/98L/S1C VAS YA uoniubodal |9 ££08000:0D  d9

Sl—3Sl'y 0/981/¥81 LEE/LT UONPAIDE |90 g JO UoneNbay  $980500:09  d9

G1l—309°C 0/981/8C€ LEE/SE puissadoid ulR10ld  58%9100:0D  d9

Kemyied buljeubis

SL—3671 0/981/E/Y VAS Yidz 101d3231 90B4INS ||90 buleAde-asuodsal sUNWW|  6747000:09  d9

SI=3rl'L 0/981/65L 1£€/9T asuodsal Alolewweul a1nde Jo Uonenbay  €/97000:09  dg

jJuno) daisusab

anjeab

1snfpe'd  oneybg oneysusn uondudsaqg al

(panunuod) zs|qey



Page 16 of 32

(2021) 21:80

Zhao et al. Cancer Cell Int

€

6¢

9¢

14

(a8}

S-CAHOI/COHOI

[P L=ENHOI/LINDI/CHDI/INDN/F9-EAHODI/0E-EAHOI

/STI91/69-LAHOI/0L-CAHODI/EDHODI/9Z-CAHOI/ONSI

/EL-EAHDI/EL-ENHOI/EC-EAHDI/0C-EAHDI/6S-FAHODI

/99-EAHOI/64SINL/STDD/CL-EAHDI/EG-EAHODI/EY
~EAHDI/ZOHOI/OdYIS/WHOI/FE-FAHDI/ LTIDI/LE-FAHOI

G-CAHOI

JTOHODI/YL-ENHDI/CZAD/ LD/ INON/6 LAV L/ Y9

~EAHDI/0E-EAHDI/6-LAGdL/ST1D1/69- LAHODI/0L-CAHOI

/EOHDI/IT-CAHOI/E L-EAHDI/EL-EAHDI/EC-EAHODI

/OC-EAHOI/65-VAHOI/99-EAHDI/CL-EAHDI/€S-EAHDI
/E7-EAHOI/ZOHDI/WHOI/AE-YAHDI/ LTTDI/ LE-PAHDI

S=CAHOI/ZOHODI/YL-EAHDI/CZdD/LI1OI
/T4O1/DAOI/FI-EAHODI/0E-EAHDI/STIDI/69-LAHDI/0L
~CAHOI/EOHDI/9C-CAHDI/ONAI/E L-EAHDI/EL-EAHODI/EC
~EAHDI/0C-EAHDI/65-YAHODI/99-EAHDI/64SINL/S1DD
JCLEAHOV/LIDIL/ €S- EAHDI/EF-EAHOI/ LNXOH/#OHOI
/E€OV1/9d4IS/LLXOS/WHOI/FE-YAHODI/ LTIDI/ LE-PAHODI

S=CAHOI/TOHOI/LITDI/OMDI/ZL-ALANDI
/LL=LAMDI/0E-EAHDI/€7-LATOI/6 L-EATDI/69- LAHDI
/OL=CAHOI/EOHOI/S-LANDI/EL-EAHODI/ 7 L-CATDI
JEC-EAHOI/6G-VAHOI/LZ-EAIDI/ES-EAHDI/ LSOOI
/8-CN1DI/FOHOI/T-SANDI/0E-CANOI /7~ LNIDI/ Y E-FAHOI

G-CAHOI/ZOHOI

TV L=ENHOV/LINDI/TADI/IADI/F9-EAHDI/0E-EAHOI

/STI91/69-LAHOI/0L-CAHOI/EDOHODI/9Z-CAHODI/ONSI

/EL-EAHODI/EL-ENHDI/EC-EAHOI/0C-EAHDI/6S-FAHDI

/99-EAHOI/64SANL/S1DD/CL-EAHDI/ES-EAHDI/ €Y
~EAHDI/FOHODI/DdYIS/WHOI/ZE-FAHODI/ LTIDI/ L E-FAHDI

S-CAHOI/COHOI
JELTIDXD/YL-ENHDI/ LTI/ DADI/F9-EAHDI/SHTA
/OE-EAHOI/STIDI/AINYD/69-LAHDI/0L-CAHODI/€DHDI
/9C-CAHOI/EXT/EL-EAHODI/EL-EAHODI/ LA/ €C-EAHDI
/0C-EAHOI/65-TAHODI/99-EAHOI/CL-EAHDI/€S-EAHDI
/E7-EAHOI/ZOHDI/WHOI/FE-FAHODI/ LTIDI/LE-FAHOI

G-CAHSI

JLIDVNON/CL-QLANDI/LL-LAADI/0E-EAHODI/EF-LAT1DI

/61-EN1D1/69-LAHDI/0L-CAHDI/S- LANDI/E L-EAHOI

/Y L=CN1DI/€C-EAHDI/6S-VAHDI/ LE-ENTDI/€S-EAHDI/LS
~ON1OI/8-CN1DI/T-SAADI/0E-CAADI/ T~ LATDI/F -V AHOI

0l—368°L

L1—3S¥'S

L1=3/1'6

Ll—3cce

CL=3IvL9

¢1—300'S

=391

0l—310¢

11—308'S

L1—30S5°G

L1—39€¢

¢l—38l”

Cl—3¢es

cl—3evry

0£981/08¢

0/981/91¢€

0/981/58%

0£981/1¥C

0£981/17€€

0£981/0€€

0£981/691

LEE/LE

LEE/6T

LE€/9€

LEE/IT

LEE/LE

LEE/LE

LE€/€C

UO[IPAIIDE 3142033 JO UOIIRIND3I SAISOJ

Kemyred Buljeubis paielpaw-1o1dadal usbnuy

uoneAlde a1L00ydwA| Jo uoinenbay

Kemyied buijeubis 103dadal o4

uoneAIDe 21450ydwA| Jo uonenbal aAIsod

wintisloeq o1 asuodsal ENVEIt]g]

Kemyied Buijeubis J01dadal uojisda-o

969¢000-09

1580500-09

6¥C1500:09

€608¢00-09

1SC1S00:059

v/ cv00-0D

§608€00-0D

dd

dd

dd

dd

dd

dd

dd

unodH

daisusab

anjeab

1snfpe-d

oneybg oneysusan

uondudsag

ai

(panunuod) zs|qey



Page 17 of 32

(2021) 21:80

Zhao et al. Cancer Cell Int

0l

0¢

e

A4

a4

I3

CXOS/8494/CdWNE/FLNM

LAMN/LXYVE/1XAD/6DXOH/8454/¢dNG/ L LOXOH
/OLDXOH/TOX04/29dD/ LXT¥/9DXOH/8IXOH/EXIS

INAD/8454/¢dNG/ L LOXOH/ZINM/EXIS

VOLLINM
/8494/2VD/SHII/TAWE/EXTA/74D4/Y SNIS/ZATH/OLNM

G-CAHOI
JTOHDI/LIT1D1/SNAYT/OMDI/TL-ALANDI/LL-LANDI/0E
~EAHDI/E7-LA1DI/6 L-EATDI/69- LAHODI/OL-CAHOI/EOHDI
/S=LAIOI/EL-EAHDI/ &7 L-CA1DI/€C-EAHDI/65-1AHOI
/L-EN1DI/SdED/ST1DD/€5-EAHDI/LS-ON1DI/LVOdY
/8-CN1DI/FOHOI/T-SAIDI/0E-CAMODI/A - LIDI/FE-FAHOI

S-CAHOI/ELTDXD/ENAI/CELALY/LDNDI/61DXD
/AON/TL-ALAADI/LL-LANDI/0E-EAHDI/€F-LA1DI
/OLYLIIS/OVIN/6 L-ENTDI/69-LAHOI/0L-CAHOI/S- LANDI
JEL-EAHOI/Z L-CA1DI/EC-EAHDI/6S-YAHDI/ LZ-ENTOI
/ST1D2/€5-EAHOI/LG-ON1DI/8-CA1DI/DdYIS/T-SANOI
/OE-CAADI/WHOI/ Y- LATDI/FE-YAHDI/80dY/LT19I

S=CAHOI/LDNDI/dANY/OMOI/ZL-ALAADI/LL

= LAADI/6MSD/0E-EAHDI/E7-LA1DI/6 L-ENTDI/69- LAHOI

/OL=CAHOI/G-LAMODI/E L-EAHOI/Y L-CA1DI/€C-EAHOI

/65-VAHOI/LZ-ENIDI/ES-EAHDI/LS-ON1DI/ LVOdY
/8-CN1DI/T-SMDI/0E-C/DI/ PP~ LA1DI/FE-7AHDI/80dY

S-CAHOI/COHOI/PL-EAHDI/Z2dD/ L7191
/OADI/F9-EAHDI/0E-EAHDI/STIODI/69-LAHOI/0L-CAHOI
/EOHDI/IC-CAHOI/E L-EAHDI/EL-EAHDI/EC-EAHOI
/OC-EAHOI/6G-FAHODI/99-EAHOI/CL-EAHDI/€S-EAHDI
/E7-EAHDI/FOHDI/WHOI/FE-YAHOI/ LT1DI/LE-VAHOI

G-CAHOI/COHOI

TV L=ENHOV/LINDI/TADI/IADI/F9-EAHDI/0€-EAHOI

/STI91/69-LAHOI/0L-CAHOI/EDHODI/9C-CAHOI/ONI

/EL-EAHOI/EL-EAHDI/EC-EAHOI/0C-EAHDI/6S-FAHODI

/99-EAHOI/64SINL/STDD/CL-EAHDI/ES-EAHDI/ €Y
~EAHDI/ZOHODI/DdYIS/WHOI/ZE-FAHDI/LTIDI/ L E-FAHDI

S=CAHOI/TOHOI/CTAD/ LI1D1/ DX
JCL-ALAADI/LL-LAADI/SHTIA/OE-EAHDI/E-LATDI/6L
~EN1DI/69-LAHOI/0L-CAHOI/EDHOI/S-LAMDI/ONAI/E L
~EAHDI L-CATOI/ LA/ EC-EAHODI/6S-FAHDI/ LZ-EATOI
/€S-EAHOI/LS-9N1DI/1VO4dV/8-CA1DI/FOHODI/ €OV
/ddIN/C-SAADI/OE-CANON/ P - LAIDI/YE-PAHDI/CVEE LTI

605758¢000

81¥/08¢000
cLes221000

85961€0000

£0—350°¢

60—301¢C

60—3€9°L

60—3/0°L

0L—309%

0l—38l¢

¢seL0Lr000

S0¢/86¢000
5¢01681000

6¢10€0000

£0—3SC€E

60—3€CC

60—3Ir/'L

60—3IrL’L

0l—3067

0l—3cee

0/981/¢L

0/981/61C
0£981/v7¢

0£981/06

0/981/58%

0/981/66%

0£981/91¢€

0/981/0L¢€

0/981/¥6¢€

0£981/85Y

VASYi4

VASYi4!
LEE/9

LEE/OL

LE€/0€

VASYi49

LEE/LT

LEE/LT

JASYARS

LEE/YE

1uawdoanap siskydodAyouspy

uonedypads utsned Jousisod/iousiuy

uononpul [pIuswdolensg

41001 BUIUIRIUOD-UIIUSP JO SISaUBOIUOPO

9suodsal Alojewweljur Jo uonenbay

uoneIBIW 314003NI]

SIS01AD0pUD patelpaw-10idaday

UOIIRAIDR |20 ¢

uolieAnoe |93 Jo Co_pm_smm\_ 9ANISOd

ss2201d 103939 SuNWW JO UoieNbay

¥861¢00-:09

566000:09
8C11€00:0D

S/yCy00-09

£2/0500:09

0060500-:09

8689000-09

€11¢r00:09D

£980500:09

£69¢000-09

dd

dd
dd

dd

dd

dd

dd

dd

dd

dd

unodH

daisusab

anjeab

1snfpe-d

oneybg oneysusan

uondudsag

ai

(panunuod) zs|qey



Page 18 of 32

(2021) 21:80

Zhao et al. Cancer Cell Int

G-CAHOI/COHOI
/09-VA1DI/9%-L 1DV L-AHOI/ LITDI/IMON/ L -A9ANOI
JTL-QLAMDI/LL-LADI/ZI-EAHDI/0E-EAHDI/€ L-ALANOI
/E7-LN1DI/STION/6 L-ENTDI/69-LAHDI/0L-CAHDI/EDHOI

/9C-CAHOI/E-A LANDI/S-LANDI/9L-EATDI/E L-EAHDI
/69-VN1DI/¥ L-CN1DI/EL-EAHODI/EC-EAHDI/9E-LATDI/0C
~EAHDI/6S-YAHOI/ LT-ENTDI/99-EAHDI/LZ-LANDI/ LTHOI
JCL-ENHOV/EG-EAHDI/LG-ONIDI/EF-EAHDI/8-CATOI
JYOHODI/T-SAADI/0E-CANDI/WHOI/7- LATDI/S L-AEANDI

LS /YE-YAHOI/L9-8A1DI/ L T1DI/SH-SATOI/ LE-PAHDI /(=381 [y—356'L L1/61/6S1 SE/LS xo|dwod ujingojbounwul #186100:09 DD
14 OVYNIdY3S/CdNG/LYOdY/VINM  £/6¥01EF00  C#S985700  0/981/SC LEE/Y $59301d Dlj0gelaW PIod1I0d0ON|D [ 178000:0D  dd
8 PELIN/ LELIN/SHI/SLIN/QELIN/ LLLIN/DT4/HHDL  £L6¥01eb00  ¢7S985¥0°0 0/98L/CLL LEE/8 uonesyluioy  89¢0/00:05  dd
S CXOS/84D4/CdWG/PINM/EXIS  S009SLY00 9SSLZeyy00  0/98L/CY 1€€/S Juawdolanap puelb Aieanid  €861700:09  d9
L ENAI/ANAD/VLINM/COXOA/6L4D4/L LXOS/LXTY  #/51€00¥00 L61565C#00  0/981/S8 LEE/L JUSWAO[DASP |90 WS $988%00:0D  d9
€ V1O9UVdd/ONAI/ZINM  #/S1E00¥00 /61565¢H00  0/98L/LL LEE/E $s9201d D18YIuAsOIg suowIoy Jo uonenbal aANISOd  9889700:0D 9
14 CVIHNA/84D4/CdWE/EXIS  L190LP96€00 S/£96/1Cr00  0/98L/C LEE/Y uopezjjeuolbas ujeigaIo4  1/81200:0D  d9
14 LZLEN/dVAD/HAIN/HHDL 979/¥0%7€00 9€08CC9€00  0/981/¢€C LEE/Y uolneziuebio Juswely deIPaWIBIU|  6015F00:0D  dd
S3|NJ3|0U UOISaYpe-||9 SurIquISW
14 ONAT1D/6LNA1D/ZdNG/6NATD  979/¥0rE€00 9€08CC9€00  0/98L/€C LEE/Y ewise|d eIA uoIsaype [|90-|90 uspuadapul-wnidie)  8e€9L00:0D  dd
9 ANAD/8494/CdNG/ZINM/ILSLNVAY/9INM  €5590€€€00 S0S6£¥5€00  0£981/6S 1€€/9 sisousboydiow png dU31a4N Ul PaAJoAUL Bulyduelg  8591000:0D  dd
VOLINM/ENAI/INAD/84D4
L /CdNG/COXO4/9LINM/TEED/6LAD4/ZINM/LLXOS/LXTY  €G590€€€0°0 S0S6EFSE00 0/981/61C LE€/CL UOIBNUBIHIP [|9D [BWAUDUSSIN  ¢9/8700:0D  dd
4 ANAD/8494/CdNG/LLDXOH  8/96¥0€00 +6/6%7C€00  0£981/CC LEE/Y uononput uebio 65/1000:09  d9
LAMN/CYLYNG/LXYVE/ LXAD/6DXOH
/ANAD/VLINM/84D4/CdNG/ L LOXOH/0LDXOH/ZOX04
6l /284D/T-OMN/ LXTV/9DXOH/9INM/BIXOH/EXIS  1CLe69C0°0  18CC998C0°0 0/981/9%% LEE/61 ssadoud uoneoydads uieaned  68£/000:09  d9
spndad [ejgoloiwinue
L ELTDXD/6TOXD/ AT/ AWYD/EXT/LAT/V DT vCeLeP8LO0  SO8L96L00  0/981/€L /€€/(  Aq pajeipaw Ssuodsal sunwiwl [eIowny [eIGONIWNUY  ##81900:0D  dg
VOLLINM
0L /8494/CVD/SHN/CANG/EXTA/Y4D4/VSNIS/PHTIMH/9INM - §¢8208£000 8£8/0€8000 0/98L/C¢EL L£€/01 SIsausboIUOPO  9/¥TH00:0D  d9
SGN4471/SgHADd
/OdL/ONATD/PWNAL/0LHADE/6 LNQ1D/07 D4y S9|nos|0wW
Gl /OVIN/CANG/CCHAD/ZdD/6NA1D/LVOdV/Lddld  ¥/¥#€8//000 /Z618¢8000 0/981/€LC LE€/S1 uolsatjpe suelquiaw-ewse|d el UOISIYPE [|93—(19D  Z#/8600:0D  dd
CVLdNa
/VOLINM/CXOS/9SINM/Y LINM/AINNGL/84D4/CdING
Gl /OLDXOH/ZOXO4/9LINM/C-CXMIN/ LNXO4/FINM/9INM 88120000 L9SL/¥/000 0£981/0LC LEE/SL JUsUWWOd 918 |90 S915700:0D  db
LAMN/CYLYNG/LXYVE/ LXAD/6DXOH
/ANAD/VLINM/84D4/CdNG/ L LDXOH/0LDXOH
8l /COX04/294D/C-CXIN/ LXTV/9DXOH/8DXOH/EXIS  L8/ZEEEY000 ZLELLOYO00 0/981l/1SG€E L€€/81 uonezijeuolbay z00£000:0D  d9
jJuno) aieuab anjeab 1snfpe'd  oneybg oneysusn uondudsaqg al

(panunuod) zs|qey



Page 19 of 32

(2021) 21:80

Zhao et al. Cancer Cell Int

6)SDd
0l JSHDA/LDI/BATI/HINZD/EXT/ LATI/QHD/O DI/ A TH

S €494/8494/0¢494/7454/6 1494

€LDXD
/YOLINMW/ENAI/THDI/€4D4/Y LN/ANAD/VLINM
/671DXD/8494/2dW8/0C4D4/HYL/ON4I/LdYN1S/FISNI

€C /7494/64SINL/STDD/V 193/ 1VOdV/6 L 494/ LINM

VOLLINM
8 /4SINM/Y ZINM/9 LINM/AOdSY/ Y LINM/ DOAW/9LNM

S=CAHDI/TOHOI/YL-EAHDI/LDNDI
/OADI/F9-EAHDI/0E-EAHDI/STIDI/69- LAHOI/0L-CAHOI
/EOHDI/IT-CAHOI/E L-EAHDI/EL-EAHODI/EC-EAHODI
/OC-EAHOI/65-VAHOI/99-EAHDI/CL-EAHDI/€S-EAHDI

9 /E7-EAHODI/ZOHDI/WHOI/FE-FAHDI/ LTIDI/ L E-FAHDI

S-CAHOI/ZOHOI
/Y L=ENHOI/LITOI/OMDI/6 LAVEL/TL-ALAMOI/LL-LANDI
/Y9-EAHODI/0E-EAHOI/E-LA1DI/6-LAGHL/ST1DI/61
~EN1DI/69-LAHDI/0L-CAHOI/€DHOI/IT-CAHDI/S-LANDI
JEL-EAHODI/Z L-CNIDI/€L-EAHDI/EC-EAHDI/0Z-EAHOI
/65-¥AHOI/LZ-EAN1DI/99-EAHDI/CL-EAHDI/EG-EAHDI
/LS-ONDI/EF-EAHDI/8-CATDI/FOHDI/EDV 1/ C-GAMOI
JOE-CAMOI/WHOI/A77- LAIDI/FE-YAHODI/ LT1DI/ L E-FAHOI

CONVALY L-YAGIL/PAQY LAVEL
/L-CLAVEL/6LAVYL/EYNIHD/6-/AddL/CdWNEG/ LAQYL
Gl /LCAVYL/ C-YAGL/VYB8AD/9-LNGYL/d4LND/SHIYD

NI L-YAGIL/YAQY LAVEL/ L-C LAVHL/6 LAVYL
Ll /6-LNGYL/ LNQYL/ LCAVY L/ C-vAGd L/VY8AD/9-L NG L

COHOI/LNOJ/ddNY
/OMDI/CL-ALANDI/LL-LANDI/EDOHODI/G-LANDI/EL-EAHOI
Gl JECENHOI/LZ-ENTDI/ LYOAY/FOHDI/0€-CANDI/WHOI

S=CAHOI/COHODI/YL-EAHOI
/LIO1/61DXD/IMOI/84D4/479-EAHDI/6)SDd/0€-EAHOI
/ST191/69-LAHOI/0L-CAHDI/EDHOI/9C-CAHOI/LYH4D
/EL-EAHDI/TVYAD/EL-EAHDI/EC-EAHDI/0C-EAHOI
/65-¥AHOI/99-EAHOI/V8AD/CL-EAHDI/ES-EAHDI/LdEH
~1dD/EF-EAHDI/FOHDI/D9D9AT1/€DV1/014DD/2d41N

6¢ Jd4IND/WHOI/ZE-FAHODI/ZVYE LT/ LTI/ LE-FAHOI

S-CAHOI/COHOI/YL-EAHDI/LD1D]
/ON/9-EAHOI/0E-EAHDI/STIDI/69- LAHODI/0L-CAHOI
/EOHDI/IC-CAHOI/E L-EAHDI/EL-EAHODI/EC-EAHOI
JOT-EAHOI/6S-FAHOI/99-EAHDI/TL-EAHDI/€S-EAHDI

o /E7-EAHOI/FOHDI/WHOI/FE-YAHOI/ LTIDI/LE-PAHOI

I

G19€S00€00 60£££9€€00 £69/1/091 00€/01
l616/¥000  Cl69€S000  £69/1/5¢C 00¢€/S

8111560000 #89590100°0 /69/1/78% 00¢€/¢€¢

G0—3s5°¢E S0—386'c  L69/1/6€ 00¢/8

GC—3S8Y SC—3EY'S  L69L1/9L 00€/9¢

Y€—3/6'C PE—IECE L69/1/091 00¢/1ly

Gl9levl00 L¥082€9100 £L1/61/S6C ySe/sl

L/#0801000 S9€98L1000 £LLlL61/LCL ySe/lLl

90—398% 90—3rES LLLOL/LYL 7Se/S1

91—3e9¢ 9l—366'€ Ll/6Ll/C6E ¥Se/6€

G¢—3L0°¢€ ST VA SVA VA VA ¥5€/9¢

Auanoe asepndadopua adA1-aulas  757#000:0D 4N
Bulpuig Joidadal 1012e) YIMOID 158100IG1H  #015000:0D 4N

Aunnoe puebjoydeday  8108v00:0D  4W

Buipuig pajzzil4 601500009 4N

Buipuiq Joidedas ulngojbounww|  /86¥€00:09 4N

Bulpuiq usbnuy  €28€000:09  4W

XEQC\_OU J01dadal oueIqWaW eWwWse|ld 0838600:0D DD

x9|dwod J01dada1 |91 101ZF00:0D DD

3piuedoniu poolg  7952/00:09 DD

aueiquIaw ewse|d Jo apIs [BUIRIXT  /686000:0D DD

Bune|nip xo|dwod ujngojbounwiw| | /57#00:09 DD

juno) daisusb

anjeab 1snfpe'd  oneybg oneysusn

uondudsag al

(panunuod) zs|qey



Page 20 of 32

(2021) 21:80

Zhao et al. Cancer Cell Int

6)SDd

ol JSHIA/ LATH/SHTIA/HNZD/EXTI/ LATN/QAD/O0 /PN €02€9€PP00  €5690/6¥00 /6917981 00¢/01L ANAIIDR 95e|0IPAY BULRS 1/ 1L/100:0D A

¥ CYELDNS/SVELDTS/SLIVODTS/8VYSDTS ¥688L07700 /L6€88€6¥00  £69/1/8C 00€/t Aianoe ssniodwiAs wnipos:pioe dlueblQ  €4£5000:09 4N
6)5Dd

0l JSHAD/ LAIT/SA T/ HWZD/EXTH/ AT/ AAD/I /AN #688L0%700 £L6€88E6¥00 L69/1/C81 00€/01 Aianoe ssepndad adA1-aues  9€78000:0D 4N

¥ LLAS/6)SDd/LVOdY/d0dY  6¢7£996€00 690L¥77700  £69/1/9C 00/t Bulpuiqg Jordsdas appiied uoidodi] S7€0/00:0D 4N
VINDS/EVYNYHD
/ILYNDVYD/9DNDVD/EHI/EVHEYD/CXHTd/S LINDM

Gl /SSDHY1/SINDM/CONY/VSNDS/SLYNDIVI/LHALL/SHIHD  CCS6L16E00 L¥9LEBEYO0 L69/L/E€VE 00€/GL ANARDE [UURYD PRIRD  9£87Z00:0D 4N
VINDS/EYNYHD
/ILYNDVD/9DNDVD/EHI/EVHEYD/CXdCd/S LINDM

Sl /SSDdYT/SINDN/CONY/VSNDS/SLVYNDVD/LHALL/SHIED  €€0LPSEE00 COCL8SZE00 L69/L/¥EE 00¢/S1L A1AROE [SUURYD pa1eb uo| 6£87700:0D 4N
CaLdIV/CYELDTS/V INDS/SYELDTS/SLVID1S/EVTdLY
/ILYNDVYD/9ONDVD/EHAI/8VSDT1S/S LIND)/SS DT

8l /SINDM/VSNDS/SLYNDVD/VOWAD/ LHALL/SHIMD  8¥P6/¥CE00 SP/L6E9€00 £69/1/8Ey 00g/81 AlAInDe Je10dsuel] suRIqUUBUISURIY UOK RIS €/89700:0D 4N

uno) aieuab anjeab isnfpe'd  oneybg oneysusn uondudsag al

(panunuod) g ajqel



Zhao et al. Cancer Cell Int (2021) 21:80

Table 3 The top KEGG exhaustive items of the DEGs in UCEC

Page 21 of 32

ID Description GeneRatio BgRatio p.adjust qvalue Count
hsa05224 Breast cancer 11/115 147/8058 0.000788178 0.000687802 "
hsa05226 Gastric cancer 11/115 149/8058 0.000788178 0.000687802 1
hsa04390 Hippo signaling pathway 11/115 157/8058 0.000865824 0.00075556 11
hsa04310 Wnt signaling pathway 10/115 160/8058 0.003453597 0.003013774 10
hsa05217 Basal cell carcinoma 7/115 63/8058 0.001385335 0.00120891 7

intervention for UCEC [18], owing to the lower survival
rates of advanced UCEC patients. It was found that
TMB can be beneficial to understand gene mutations
in cancer cells, which is closely related to the efficacy of
immunotherapy [19]. During the further analysis of the
correlation between TMB and UCEC, we first explored
the association between the high and low TMB groups
with clinical survival. We found that for both OS and
DFS, high TMB indicated a better prognosis. High TMB
indicates that cancer cells have a high level of muta-
tions, suggesting that cancer cells are more different
from normal cells. They can be easily discovered by the
human immune system, allowing the tumor cells to be
killed.

The more effective the immunotherapy, the longer
the survival [20, 21]. Of course, the detail mechanisms
of that are unclear. A leading research demands that
the process of mutations may create neoantigens which
play an important role in the response of patients to
immune checkpoint inhibitors. On the other hand, the
expense of immunotherapy was still high, and many
studies have paid an increasing amount of attention to
determine whether patients were suitable for immuno-
therapy. TMB assessment can be used to predict the
efficacy of immunotherapy further. Wu et al. [22] found
that progression-free survival (PFS) (combined HR 0.59,
95%CI 0.49, 0.71, P <0.001) and OS (combined HR 0.68,
95%CI 0.53, 0.89, P =0.004) of the high TMB group sig-
nificantly improved through the study of TMB levels
and the effect of immunotherapy on various tumors. In
the predictive analysis, TMB was found to be an inde-
pendent predictor of immune checkpoint inhibitor
treatment.

In contrast, group testing found that patients with
high TMB showed an excellent response to immuno-
therapy [23], indicating that a higher TMB is expected
to improve the efficacy of immune checkpoint inhibi-
tors in cancers. Then, we used the CIBERSORT algo-
rithm to calculate the proportion of immune cell

infiltration in each patient sample. Additionally, the
two TMB groups were strongly associated with specific
immune infiltrating cells, which further proved that
TMB was associated with the immune response. At the
same time, high TMB was related to immunotherapy,
and this phenomenon may involve immune infiltrating
cells.

Using the median value of TMB as the critical value,
we identified 393 DEGs between the low and high
expression groups of TMB. Functional enrichment anal-
yses of those DEGs provided an understanding of their
biological roles. In the GO analysis, immune cells and
receptors were found to be associated with the DEGs.
Sonoda et al. [24] suggested that RCAS1 was a ligand for
immune cell receptors, which was significantly associ-
ated with the stage of UCEC, the degree of myometrial
invasion, positive peritoneal cytology, and overall sur-
vival. In the KEGG analysis, they were associated with
various tumor pathways or genes, such as basal cell,
breast, and gastric carcinoma. This implied that they
had specific tumor pathways in common. For example,
there were some similarities between UCEC and breast
cancer at the molecular level. IDO1 was involved in the
anti-tumor immune process of both tumors and was
related to TMB [18]. After the protein network map of
the DEGs was constructed, we detected the core expres-
sion levels of these genes in the PPI network, which may
play an essential role in UCEC. APOA1 could promote
the increase of macrophage infiltration, decrease TMB
and metastasis, and improve the survival rate, similar to
its effects in colorectal cancer [25, 26]. APOB caused a
high mutation burden of cancer genes and tumorigen-
esis [27].

We utilized differential immune genes to establish
Cox risk models for OS and DFS. Two genes (GFAP
and MX2) were identified in the OS model, while five
genes (GFAP, MX2, FGF20, IGHM, and TRAV21) were
identified in the DFS model. In this study, we further
explored the role of the above-mentioned differential
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immune genes and immune infiltration in the high and
low TMB groups in UCEC. These genes were the core
differential immune genes, and the risk scores obtained
from the Cox multivariable analysis were grouped. For
DFS, the risk score was related to some immune cells.
The higher the risk score for DFS, the lower the level of
CD4+T cell, CD8+T cell, macrophage, and neutrophil
infiltration.

Additionally, through the survival analysis, we found
that high-risk scores indicated better survival. MX2 is a
viral interferon, which is the key to block human immu-
nodeficiency virus type 1 [28]. GFAP can delay the
development of type 1 diabetes by regulating T cell dif-
ferentiation [29]. Inhibition of the FGFR family of genes
can prevent the development of tumors by blocking par-
acrine signaling, which was related to immune escape in
the tumor microenvironment [30].

We found that decreases in the expression of B cell
and CD8+T cell showed an apparent association with
a poorer prognosis. In breast cancer, the presence of
CD8+T cells decreased the risk of breast cancer death
by about 20% [31]. CD8+ T cells induced prolonged
survival for patients with various types of tumors,
including liver cancer [32] and rectal cancer [33]. Previ-
ous research [34] has proven that CD8+ T lymphocytes
are an independent risk factor and that UCEC patients
with high expression levels show better survival rates,

which is consistent with our results. The role of B cells
on tumors is unclear. B cells promote squamous cell
carcinoma (SCC) development by depositing immu-
noglobulin- containing immune complexes [35]. In
our study, high B cell expression was associated with a
good outcome. Although the role of B cells in tumors
is uncertain, the prognostic value of B-cell gene expres-
sion signatures in tumors has been demonstrated [36].
From the above the mechanisms that B cell and CD8+4 T
cell were linked to immunosuppression in tumor
microenvironment are incompletely clear. Advanced
research implied that these immunotherapy are poten-
tially related to the expression of PD1 and CTLA4 from
CD8+T cell.

Finally, the risk stratification in the models mentioned
above and other clinical factors was used to conduct
single-factor and multifactor Cox analyses to construct
the corresponding Nomogram model. The ROC curve
showed that the Nomogram model was more reliable
than the other models. The nomogram could compre-
hensively evaluate the survival rate of patients with
genetic and clinical factors, and they were more intui-
tive and performed well. Furthermore, the risk score in
DFS showed a significantly greater impact on diagnosis
than in OS. At present, an increasing number of genes
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Table 4 Multi-factor analysis of six immune infiltrating
cells in UCEC

Page 27 of 32

Table 5 Clinical information of UCEC patients for OS
obtained from TCGA database

HR 95%Cl_low 95%CI_up p.value
B cell 0.102 0 47.135 0466
CD8+Tcell 0.001 0 0.052 0.001**
CD4+Tcell 0 0 0.068  0.005**
Macrophage 24.031 0.178 3252.991 0.204
Neutrophil 2314933 1.836 2919028.574 0.033*
Dendritic 4928 0.183 132438 0342

*P < 0.05; **P < 0.01

have been used as models to predict the prognosis and
improve the prognosis of UCEC [37].

However, this study also contains certain limitations: (i)
One limitation of this study is that it was a retrospective
study. The relationship between differential TMB-related
immune genes and immune cell infiltration still needs
to be confirmed using primary experimental evidence.
For example, we can analyse the differential immune cell
infiltration expression between TMBM&" and TMBLY
goup of EC cells and further explore the expressed level
of immune checkpoint inhibitors such as PD-1 or CTL-4.
(ii) The lack of many clinical samples to verify the prog-
nostic effect of TMB and its potential relationship with
immune infiltration. Therefore, the relationship between
the occurrence and development of EC needs to be fur-
ther confirmed using many more studies. Due to cost and
technological limitations, the application of polygenic
models is restricted.

Conclusions

High TMB is related to prolonged survival and may
promote immune infiltration. The immune gene mod-
els related to TMB levels were established. Clini-
cal factors related to the models were determined to
evaluate the prognosis of UCEC further and provide a

Variables UCEC
N=521(%)

Age 64(57,71)
Stage

Stage |-l 374(71.8%)

Stage IlI-IV 147(28.2%)
Grade

G1-2 212(40.7%)

G3-4 309(59.3%)
Histologic type

Endometrioid 388(74.5%)

Mixed & serous 133(25.5%)
Risk

Low 261(50.1%)

High 260(49.9%)

Table 6 Clinical baseline of UCEC patients for DFS
obtained from TCGA database
Variables UCEC
N=450(%)
Age 63(56.8,70)
Stage
Stage |-l 328(72.9%)
Stage llI-IV 122(27.1%)
Grade
G1-2 195(43.3%)
G3-4 255(56.7%)
Histologic type
Endometrioid 339(75.3%)
Mixed & serous 111(24.7%)
Risk
Low 224(49.8%)
High 226(50.2%)

B Cell CD8+ T Cell CD4+ T Cell

Macrophage Neutrophil Dendritic Cell

B

Log-rank P = 0.019 Log-rank P = 0.022 Log-rank P = 0.2
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Fig. 12 The Kaplan-Meier plot of the six immune cells: B cell, CD8+ T cell, CD4+ T cell, macrophage, neutrophil, and dendritic cell
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Table 7 Univariate and multivariate Cox analysis of UCEC
patients for OS in the training set
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Table 9 Univariate and multivariate Cox analysis of UCEC
patients for DFS in the modeling group

Variables Univariate analysis Multivariable analysis Variables Univariate analysis Multivariable analysis
HR(95%Cl) P-value HR(95%Cl) P-value HR(95%Cl) P-value HR(95%Cl) P-value
Age 1.020(0.995- 0.177  1.009(0.981- 0.546 Age 1.005(0.980- 0.692 0.992(0.967- 0.572
1.046) 1.037) 1.031) 1.019)
Stage Stage
Stage |-l Reference Reference Stage |-l Reference Reference
Stage llI-IV 4.175(2.506— <0001 3.045(1.769- <0.001 Stage llI-IV 2.430(1.423- 0.001 2.026(1.143— 0016
6.957) 5.241) 4.149) 3.593)
Grade Grade
G1-2 Reference Reference G1-2 Reference Reference
G3-4 3.264(1.697- <0.001 1.518(0.707- 0.284 G3-4 1.989(1.096— 0.024 1.330(0.655- 0.429
6.279) 3.261) 3.609) 2.700)
Histologic type Histologic type
Endometrioid  Reference Reference Endometrioid  Reference Reference
Mixed & 3.939(2.374- <0.001 2.146(1.101- 0.025 Mixed & 2.082(1.213- 0.008 1.281(0.661- 0.463
serous 6.537) 4.181) serous 3.573) 2481)
Risk Risk
Low Reference Reference Low Reference Reference
High 2.435(1.403- 0.002  1.209(0.628- 057 High 3.159(1.715- 0.002 3.000(1.606— 0.001
4.226) 2.325) 5.818) 5.606)

Table 8 Univariate and multivariate Cox analysis of all
UCEC patients for OS

Variables Univariate analysis Multivariable analysis
HR(95%Cl) P-value HR(95%Cl) P-value
Age 1.031(1.009- 0.005  1.023(1.000- 0.047
1.053) 1.046)
Stage
Stage |-l Reference Reference
Stage llI-IV 3.8192471- <0.001  3.091(1.957- <0.001
5.901) 4.882)
Grade
G1-2 Reference Reference
G3-4 3.589(2.018- <0001 2.135(2.122- 0.021
6.382) 4.064)
Histologic type
Endometrioid  Reference Reference
Mixed & 2.856(1.851- <0.001 1.241(0.734- 0421
serous 4.406) 2.097)
Risk
Low Reference Reference
High 2.166(1.368- 0.001  1.271(0.758- 0.363
3431) 2.130)

Table 10 Univariate and

multivariate Cox analysis of all

UCEC patients for DFS
Variables Univariate analysis Multivariable analysis
HR(95%Cl) P-value HR(95%ClI) P-value
Age 1.009(0.989- 0395  0.995(0.974- 0.676
1.030) 1.017)
Stage
Stage |-l Reference Reference
Stage llI-IV 2.125(1.389- 0.001  1.746(1.101- 0.018
3.251) 2.769)
Grade
G1-2 Reference Reference
G3-4 2.103(1.312— 0.002 1.478(0.852— 0.164
3372) 2.564)
Histologic type
Endometrioid  Reference Reference
Mixed & 2.212(1.437- <0.001 1.251(0.734- 0411
serous 3.404) 2.133)
Risk
Low Reference Reference
High 3.015(1.868- 0.001  2.799(1.707- <0.001
4.866) 4.589)
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(See figure on previous page.)

Fig. 14 The model of risk score and clinical factors in DFS. a 3-year and 5-year survival nomogram; b-e 3-year and 5-year verification plots in testing
and verification cohort; f-i 3-year and 5-year AUC areas in testing and verification cohort

base to predict immunotherapeutic outcomes. Mod-
eling of immune infiltrating cells in endometrial can-
cer also showed that B cell and CD8+T cell are the
most important types of immune infiltrating cells. The
function and mechanism of involvement of these hub
immune genes, included in the models, are still unclear.
Many more experiments need to be conducted to con-
firm their function in the immune system (Additional
files 1, 2,3, 4,5, 6,7).
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