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in endometrial cancer based on bioinformatics
and experiments
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Abstract

Endometrial cancer (EC) is one of the most common gynecologic malignancies. Identification of potential EC bio-
markers is essential to improve the prognosis and development of therapies against EC. Synaptotagmin-like protein
1 (SYTLT), as a small GTPase Rab27 effector, mainly plays a role in vesicle trafficking and cytotoxic granule exocytosis
in lymphocytes. However the role of SYTL1 in EC remains uncertain. We performed a comprehensive assessment of
the relationship between SYTL1 and patient diagnosis and prognosis by analysis of EC patients'data from TCGA. We
employed the LinkedOmics and Search Tool for the Retrieval of Interacting Genes/Proteins (STRING) database to ana-
lyze the biological function of SYTLT in EC. In addition, the correlation between SYTL1 expression and its DNA meth-
ylation was performed by using cBioportal, UALCAN, TCGA Wanderer and MethSurv databases. We further assessed
the link between SYTL1 and tumor-infiltrating immune cells by using gene set variation analysis (GSVA).

Results We found that SYTL1 was highly expressed in EC patients and cell lines. And increased expression of SYTL1
was associated with age, clinical stage, histological type, histological grade and good overall survival (OS).SYTL1 DNA
methylation is negatively associated with SYTL1 expression and UCEC patients’OS. SYTL1 expression is closely cor-
related with immune infiltration. Furthermore, we carried out in vitro experiments to verify the results of bioinformatic
analysis.

Conclusion Our results demonstrated that the elevation of SYTL1 expression is associated with good OS and SYTL1
might be a potential diagnostic and prognostic marker in EC.

Keywords Endometrial cancer, Synaptotagmin-like protein 1, Prognosis, DNA methylation, Immune infiltration

Background
Endometrial cancer (EC) is the fourth most common
malignancy in women, which accounts for more than

*Correspondence: 76,000 deaths among women each year worldwide
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a good prognosis with 5-year OS rates of nearly 90% [2].

©The Author(s) 2023. Open Access 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://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.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://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/s13048-023-01097-2&domain=pdf

Meijuan et al. Journal of Ovarian Research (2023) 16:16

Unfortunately, roughly 30% of individuals diagnosed with
advanced stage (stage III or IV) have a poor prognosis,
with a worse 5-year survival rate of 60% and 20%, respec-
tively [3].Thus, great efforts are needed to identify new
clinically feasible molecular biomarkers for EC diagnosis
and then to improve the outcome of EC.

Synaptotagmin-like protein 1 (SYTL1, also named
JEC1, SLP1), is a member of the synaptotagmin-like
protein family of secretory factors characterized with a
Rab-binding domain at N-terminal and two tandem-C2
domains at C-terminal [4]. SYTL1 differentially regulates
the secretion of prostate-specific antigen and prostatic-
specific acid phosphatase [5]. SYTL1 is involved in con-
trolling Rab8 membrane dynamics by binding specifically
to Rab8 [6]. In granulocytes, SYTL binding to Rab27A
constitutes key components of the secretory machinery
of azurophilic granules [7] and is involved in amylase
secretion [8]. In platelets, SYTL1 interacts with GTPase-
activating protein Rapl1GAP2 to regulate dense granule
secretion [9]. During exocytosis, SYLT1 interacting with
the RhoA-GTPase-activating protein Gem-interaction
protein regulates vesicular trafficking through corti-
cal actin [10]. Previous study was mainly focused on the
function of SYTL1 about the regulation of secretion and
exocytosis. However the role of SYTL1 in tumor progres-
sion remains unclear. In prostate cancer cell lines, SYTL1
is transcriptionally activated by nuclear factor-«B and up-
regulated by tumor necrosis factor «[11]. It is reported
that SYTL1 binds to the plasma membrane via interact-
ing with phosphatidylinositol 3,4,5-trisphosphate (PIP3)
with ATPase capacity [12].The phosphoinositide 3-kinase
and its product PIP3 play a central role incellular physi-
ology and mediate critical cellular processes, such as cell
proliferation, survival and cytoskeletal reorganization
during tumor development[13].We guess that SYTL1
might be involved in cancer progression. Thus, the objec-
tive of the current study is to evaluate the diagnostic
and prognostic value of SYTL1 expression in human EC
through bioinformatics analysis and experiments.

We evaluated the diagnostic and prognostic value of
SYTL1 expression in UCEC by analyzing the patients’
data from TCGA. We employed the LinkedOmics and
STRING database to analyze the biological function
of SYTL1. In addition, the correlation between SYTL1
expression and the methylation levels was performed by
using cBioportal, UALCAN, TCGA Wanderer and Meth-
Surv databases. We further assessed the link between
SYTL1 and tumor-infiltrating immune cells by single
sample GSEA method from R package GSVA. Further-
more, we carried out in vitro experiments to verify the
results of bioinformatics analyisis. Our results demon-
strated that SYTL1 might be a potential diagnostic and
prognostic marker in EC.
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Results

SYTL1 is highlyexpressed in CESC, OV and UCEC

To explore the possible role of SYTL1, we analyzed its
expression in 33 types of different cancers. In Fig. 1 A,
SYTLI was significantly upregulated in malignant tumors
of female reproductive system, including CESC, OV and
UCEC. The similar results were observed in GEPIA2
online database (Fig. 1B).These data suggest that SYTL1
is upregulated in CESC, OV and UCEC.

Value of high SYTL1expression in diagnosis and predicting
prognosis in UCEC

As shown in Fig. 1 C and 1D, the expression of SYTL1
remarkably negatively correlated with clinical stage
in UCEC (r = -0.17, p=0.000137), histologic grade
in CESC (r = -0.171, p=0.00459) and UCEC (r =
-0.321, p=2.99e-14).ROC curve was performed to
further explore the diagnostic value of SYTL1 in
CESC (AUC=0.748), OV (AUC=0.974) and UCEC
(AUC=0.801) in Fig. 1E. According to the KM survival
curves in Fig. 2 A, higher SYTL1 expression showed a
better OS in UCEC (p=6.8¢-07), however no signifi-
cant correlation between SYTL1 expression and OS was
observed in CESC (p=0.083) and OV (p=0.26). Based
on the above results, we further investigated the role of
SYTL1 in UCEC. In ENCORI database[14],the mRNA
level of SYTL1 in UCEC tissues was higher than that in
the normal samples (p=8.9e-23, Fig. 2B). Meanwhile,
the transcription level of SYTL1 in 23 EC tissues was ele-
vated than that in the matched adjacent normal tissues-
based on TCGA database (p<0.01, Fig. 2 C). By analyzing
GEO data GSE17025, we also found that SYTL1 was
highly expressed in EC (Fig. 2D, p=0.022). We further
identified the differentially expression of SYTL1 protein
using the CPTAC dataset in UALCAN portal. In Fig. 2E,
SYTL1 protein level in the primary UCEC tissues was
significantly higher than that in normal tissues (p=9.7e-
18).We further extracted the IHC images from HPA data-
base [15], and found that the signals of SYTL1 in UCEC
tissues were higher than those in endometrial stroma and
glandular cells (Fig. 2 F).

SYTL1 expression iscorrelated with clinicopathological
features of UCEC

To investigate the relationship between SYTL1 expres-
sion and clinicopathological characteristic in UCEC, we
obtained a total of 552 EC samples and 35 adjacent EC tis-
sues with both clinical and gene expression from TCGA
database (Table 1). In our study cohort, Stage I disease
was found in 342 patients (62.1%), Stage 1I in 51 (9.2%),
Stage III in 130 (23.5%) and Stage IV in 29 (5.2%). Most
tumor (n=410, 74.3%) were of endometrioid adenocarci-
noma, 4.3% (n=24) were mixed serous and endometrioid



Meijuan et al. Journal of Ovarian Research

(2023) 16:16

>

1-Specificity (FPR)

1-Specificity (FPR)

104
we NS wwe| we [ e NS amw wer ax mme wer NS we owxe NS NS e o o o NS e ok wn ae wee e (9] e
. . 3
o 8 : H .
£ . o . o o
[ F H B . N
- .
5 E 64 . . B3 Nomal
50 . . N . 1 . B3 Tumor
e N [l L ) .
i . . v . .
i .
oy 4 . . . .
&3 . t ' s i
) - | \ ' : :
§ 21 . * [ * © M 1
: . e . [
UL BN J P
0 . oo .
L e A B S B S S S B B S D B B S B B S S S B B S B B B
O P L LELFTNLRLRWNVOLLOL 0000 Q0L NOA QO L
OO LG OFI IR EFENOSLFE & O & L FE @S
FVog@ed o @ S EEEFIIIIE RIS £ TS
A A
%
o -
- |>*—\
— © -
v
=
a
L=
g
v -« -
5
2
8
=
@
~ -
o -
T T T
CESC ov UCEC
(num(T)=306; num(N)=13) (num(T)=426; num(N)=88) (num(T)=174; num(N)=91)
CESC :: SYTL1_exp OV SYTL1_exp UCEC :: SYTL1 exp
9-
757 =6- =
= = =
o o o 6-
o O O
S & <
gso: B % B $
5 s 53-
© 257 o o
g g2 2
o fin] wo.
0.0-
0-
1 2 3 4 1 2 3 a4 1 2 3 4
Stage Stage Stage
Spearman: rho=0.104, p=0.181 Spearman: rho=-0.031, p=0.587 Spearman: rho=-0.17, p=0.000137
CESC :: SYTL1 exp V i1 SYTL1_ exp UCEC :: SYTL1_exp
9
s I | |
= = =
o a a 69 L 1 [ 1 [ ]
o Q e s} | |
S I >4
gso - 9 2
s 5 §3
@
§2s: g g
a az a
= = =
I} {12 g
0.0+
0
i 2 3 4 1 2 3 4 1 2 3
grade grade grade
Spearman: rho=-0.171, p=0.00459 Spearman: rho=0.082, p=0.159 Spearman: rho=-0.321, p=2.99e-14
E CESC ov UCEC
10 10 1.0
4 J/-f /
/'/ i J /
’\0.8 / A08 AO.B Z
3 / 3 @
o / o / [ /
= 06 E 06 / = 06+ /
= =z Z = /
B 0.4 B 04 B 0.4 -
2 2 2
3 3 3
@ 7] » y
0.2 SYTLT 02 ST 0.2 A svTLt
—_J AUC: 0.748 AuC: 0.974 AUC: 0.801
Cl: 0.536-0.959 Cl: 0.950-0.998 Cl: 0.709-0.893
0.0+ y T T T 0.0 y T T T 0.0
00 02 04 06 08 10 00 02 04 06 08 10

0.0 012 0?4 015 0.5 1.0
1-Specificity (FPR)

Page 3 of 17

Fig. 1 A.SYTL1 expression status in 33 different cancer tissues compared to the normal tissues from TCGA database. B. SYTL1 expression levels
in CESC, OV and UCEC compared with normal tissues in GEPIA database. C and D. The association between SYTL1 and clinical stageand histologic
grade in CESC, OV and UCEC analyzed in TISIDB. E. The ROC of diagnosis to distinguish tumor from normal tissues. ***p <0.001, **p <0.01, *p <0.05



Meijuan et al. Journal of Ovarian Research (2023) 16:16

adenocarcinoma and 21.4% (7 =118) were serous endome-
trioid adenocarcinoma. Histological grade G1 was found
in 98 patients (18.2%), G2 in 120 (22.1%) and G3 in 323
(59.7%).

To explore the prognostic value of SYTL1 expression in
EC, we used R package to perform KM survival subgroup
analysis by different clinical features (Fig. 3). The results
demonstrated that high SYTL1 expression was obvi-
ously associated with good prognosis in EC patients Stage
I&Stage II (p=0.002), Histologic grade G3 (p=0.003),
Tumor invasion<50% (p=0.023) and Tumor inva-
sion>=>50% (p=0.002), and the expression of SYTL1 was
not significantly related with prognosis in EC patients Stage
[II&Stage IV (p=0.411), histologic grade G1 (p=0.956),
and histologic grade G2 (p=0.397). In Table 2, the uni-
variate analysis using logistic regression revealed that
SYTL1-high was significantly correlated with good OS
(HR=0.337, p<0.001). Upon further multivariate analysis,
SYTL1 expression remained independently correlated with
OS and clinical stage in TCGA datasets. These data show
that SYTL1 may be an independent prognosis indictor for
inducing cancer risk and extending patients’ OS.

Functional analysis of SYTL1-related genes

To further explore the biological function of SYTLI in
EC, the LinkFinder module in the LinkedOmics web por-
tal was employed to obtain the differentially expressed
genes related to SYTL1 in TCGA-UCEC. As shown in
Fig. 4 A, it showed that 1,586 genes (marked in dark red
dots) positively associated with SYTLI1, and 3,136 genes
(dark green dots) negatively correlated (false discovery
rate [FDR] <0.001) based on the Spearman test. The top 50
positively and top 50 negatively correlated genes were dis-
played by heat maps in Fig. 4B C.

GO term annotation (Fig. 4D F) showed that the differ-
entially expressed genes related with SYTL1 were localized
in mitochondrial inner membrane, ribosome, mitochon-
drial matrix and vesicle lumen, where they primarily
participated in generation of precursor metabolites and
energy, small molecule catabolic process, humoral immune
response, protein targeting, chromosome segregation, and
mRNA processing, etc. They acted as structural constituent
of ribosome, electron transfer activity, and histone binding.
The functions of these DEGs are mainly enriched in Ribo-
some, RNA transport, mRNA surveillance pathway, drug
metabolism, cell cycle and Thermogenesis through the
KEGG pathway analysis (Fig. 4G).

(See figure on next page.)
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We further conducted a network analysis of SYTL1 by
using STRING. In Fig. 4H, the top ten functional part-
ner genes were selected with a high degree of connec-
tivity, including RAB27A, TBC1D10A, NCF2, RAB27B,
SYT13, MYRIP, SYT16, SYT14, GMIP and STX1B
(Table 3). In combination with enrichment analysis via
GO/KEGG, we found that RAB27A, RAB27B, MYRIP,
SYT13 and STX1B are enriched in the transport vesicle
shown in Fig. 41.

Protein post-translational modification and genetic
alternation analysis

We employed ProsphoNET database (https://www.
phosphosite.org/homeAction) to analyze the putative
phosphorylation sites. In Fig S1A, four SYTL1 phos-
phorylation sites (H120, S216, Y304 and S392) were
experimentally supported by at least 5 references. In
UALCAN portal, the differences in SYTL1 phospho-
rylation levels between primary tumor and normal tis-
sues were analyzed. By using CPTAC dataset, the S216
locus exhibits no significant difference between tumor
and normal tissues (Fig S1B, p=0.36), however the
§$392 locus exhibits a higher phosphorylation level in
primary tumor tissues compared with normal tissues
(Fig S1C, p=4.43E-07). These data indicate that more
experiments need to be carried out for the exploration
of the potential role of S392 phosphorylation in EC
tumorigenesis.

The identification of genetic aberrations involved in
the pathogenesis of EC is leading to the development
of new therapeutic options for immunotherapy and tar-
geted therapy. We investigated the genetic alternation
status of SYTL1 in different tumor samples according
to the cBioPortal database. Respective results revealed
that SYTL1 was altered in 140 of the 10,953 patients
included on the TCGA (1%). The highest altera-
tion ratio was related to mutations (Fig S2A). Fig S2B
showed the sites of the SYTL1 genetic alteration in
UCEC. Additionally, we explored the potential associa-
tion between genetic alternation of SYTL1 and clinical
survival prognosis of cases. In Fig S2C-S2F, no signifi-
cant difference about prognosis in overall (p =0.540),
disease-free (p=0.477), progression-free (p=0.561)
and disease-specific (p =0.873) survival was observed
between cases with altered SYTL1 and without SYTL1
alternation.

Fig.2 A. KM curves for OS of CESC, OV and UCEC patients according to SYTL1 expression levels. B. The mRNA expression of SYTL1 in UCEC tissues
compared with normal tissues analyzed by using ENCORI database. C. SYTL1 expression in EC tissues compared with the corresponding adjacent
normal tissues from TCGA data. D. the mRNA levels of SYTL1 in GSE17025. E. The protein expression of SYTL1 in EC and normal tissues analyzed

by UALCAN database. F. Immunohistochemistry staining for SYTL1 in human endometrium and EC tissues were downloaded from HPA database.

=) £ 0,001, **p <001, %p<0.05
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Table 1 SYTL1 expression associated with clinicopathologic characteristics (logistic regression)
Characteristics Total(N) 0Odds Ratio(OR) P value
Age (>60 vs. <=60) 549 0.603 (0.425-0.853) 0.004**
Weight (>80 vs. <=80) 528 1.272(0.903-1.794) 0.169
Clinical stage (Stage lI&Stage ll1&Stage IV vs. Stage 1) 552 0.610 (0.430-0.861) 0.005**
Histological type (Mixed&Serous vs. Endometrioid) 552 0.208 (0.133-0.319) <0.001***
Histologic grade (G2&G3 vs. G1) 541 0.352(0.217-0.560) <0.007***
Tumor invasion(%) (> =50 vs. <50) 474 0.866 (0.603-1.244) 0436

*p<0.05, **p<0.01, ***p < 0.001

A Clinical stage: Stage I1&Stage ||
1.0

B Clinical stage: Stage Il1&Stage IV

D

Histologic grade: G1

Histologic grade: G2

1.0 SYTLY 0 o iy b SYTLL, 1.04 SYTLY
g —— Low —— Low ~— Low —— Low
% —— High —— High — High = High
0.8 084 0.8 0.8
z 2% z z -
z w—n—‘ Z -] a
[ [ @ [
8 06 8 064 l 8 06 2 064
=] =] Y =] =)
<] < <] []
a a L — a a
£ 044 T 0.4 < 0.4 S 0.4+
£ z 2 c
@ @ @ @
029 Gl Survival 029 5 era Survivan 02 Geral Survival 021 el Sunivar
HR = 0.40(0210.77) HR = 0 66 {0.59-1.18) HR = 0.98 (0.08-15.70) HR = 0.95(0.33.2.70)
0.04 F=0.006 004 P=0175 0.04 F=0880 0.0 4 P=007
T T T T T T T r T T T T T T T T T T T
0 50 100 150 0 50 100 150 200 0 25 50 75 100 125 0 50 100 150
Time (months) Time (months) Time (months) Time (months)
Histologic grade: G3 F Tumor invasion(%): <50 Tumor invasion(%): >=50
1.0 4 SYTL1 1.04 SYTLY 1.0 4 X SYTLY
== Low M» —— Low e+ o tew
~~ High % —~— High i k! —+— High
5 08 2 081 i 208 ”‘ﬂ
= = L+ = -
3 3 | g =
g 061 8 064 e —t g 06+
= ] =4 !
a HH) a =
3 ® Z 044
= 044 S 0.4+ z 04
5 s 3
7] 24
J %] 0.2 .
027 Gusralt sunival 02 o e OnratSunkal
HR =0.41(0.25-0.68) HR = 0.50 (0. ]]
M =0.38 (0.17-0.90} 0.04 P=o0t8
0.04 F=com o0 P00z !
y . r y X T T T T T
T T T T T 0 30 60 90 120
o %0 . 100 . 200 0 50 100 150 200 Time (months)
ime (months) Time (months)

Fig. 3 KM curve for SYTLT in all tumor patients. A-G, subgroup analysis for Stage 1&Stage Il, Stage Ill&Stage IV, G1, G2, G3, tumor invasion < 50% and

tumor invasion >=>50%

Table 2 Univariate and multivariate Cox regression analysis of clinical characteristics associated with overall survival

Characteristics Total(N) Univariate analysis Multivariate analysis

Hazard ratio (95% ClI) P value Hazard ratio (95% Cl) P value
Age (>60 vs.< =60) 549 1.847 (1.160-2.940) 0.010* 1.567 (0.959-2.562) 0.073
Weight (>80 vs.< =80) 527 1.060 (0.699-1.607) 0.784
Clinical stage (Stage lI1&Stage 551 3.270(2.145-4.984) <0.001%** 2.775 (1.782-4.320) <0.0071***
llI&Stage IV vs. Stage 1)
Histological type 551 2,628 (1.746-3.957) <0.007%** 1.312 (0.825-2.087) 0.251
(Mixed&Serous vs. Endome-
trioid)
SYTLT (High vs. Low) 551 0.337(0.215-0.527) <0.0071*** 0.446 (0.278-0.715) <0.007***

" p<0.05, *p<0.01, **p<0.001
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SYTL1 DNA methylation is associated with UCEC patients

survival
Table 3 The detailed information of SYTL1-related . )
¢ detalied nformation © reated genes According to the cBioPortal database, we found
Gene Symbol Annotation Score  that SYTL1 expression was negatively correlated

with SYTL1 methylation level (Fig. 5 A, r = -0.460,

RAB27A Ras-related protein Rab-27 A 0.998 .

TBC1D10A TBC1 domain family member 10 A osa3 ~ P=3.06e-10).By using UALCAN portal, we found
NCE2 Neutrophil cytosol factor 2 0782 thaF promoter .me‘thylatlon l.evel of SYTL1 in normal
RAB27B Ras-related protein Rab-278 0764 pat¥ents was significantly higher than that in tumor
SYT13 Synaptotagmin-13 074 patients (Fig. 5B, p=1e-12). TCGA WandeFer web
MYRIP Myosin viia and rab interacting protein 0.735 tool was employed to analyze the methylation pat-
SYT16 Synabtotadmin-16 0731 tern of SYTL1 in promoter region of normal vs. UCEC

ynaptotag . A,

SYT14 Synaptotagmin-14 073 specimens. As shown in Fig. 5 C, there were 19 .probes
oM GEM-interacting protein 0659 in the region (chrl:27,667,000-27,681,000), includ-

STXIB Syntaxin-18 0654 ing 9 probes located in CpG island (marked in green).
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Fig. 5 A.The correlation between SYTL1 methylation and its expression level analyzed by cBioportal database. B. The promoter methylation level
of SYTL1 in EC tissues and normal tissues by UALCAN analysis. C. Mean methylation of SYTL1 in EC in TCGA Wanderer. D. Visualization between the

methylation level of SYTL1 and its expression

Eighteen of 19 probes in 450 methylation array exhib-
ited significant difference between normal and UCEC
specimens.

We further investigated the DNA methylation lev-
els of SYTL1 with the prognostic values of each single
CpG by using the MethSurv tool. In Fig. 5D, cg01963906
and cg04123310 had the highest DNA methylation. The

methyaltion level of nine CpG sites significantly corre-
lated with prognosis, including ¢g00539261, cg00851518,
cg03750567, ¢g04608356, cg06745704, cg07744618,
cg07961632, cgl2742432 and cgl2748890 (p<0.05,
Table 4). These data show that DNA methylation is nega-
tively related with SYTL1 expression and UCEC patients’
Os.
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Table 4 Effect of hypermethylation level on prognosis in UCEC

CpG HR 95%ClI P value
Body_S_Shore_cg00539261 0.509 0.308-0.841 0.008**
Body_S_Shore_cg00759254 1425 0.868-2339 0.161
Body_lIsland_cg00851518 0.549 0.338-0.893 0.016*
Body_Island_cg01963906 0.658 0401-1.081  0.099
1stExon;5'UTR_Open_Sea_cg02576092 1.68  0.92-3.066 0.091
Body_lIsland_cg03750567 0.471 0.291-0.763 0.002**
Body_Island_cg04123310 0.63 0351-1.132  0.122
TSS200_Open_Sea_cg04608356 1.962 1.055-3.647 0.033*
5'UTR_Open_Sea_cg04886221 1509 0.934-2438 0.122
TSS200_Open_Sea_cg06745704 2.339 1.164-4.702 0.017*
Body_lIsland_cg07744618 0.624 0.39-0.998  0.049*
TSS200_Open_Sea_cg07961632 2.151 1.32-3.507 0.002**
Body_lsland_cg08157684 0.803 0484-1334 0397
Body_Island_cg11929842 0605 0325-1.124 0.112
Body_lIsland_cg12742432 0.541 0.335-0.875 0.012*
Body_lIsland_cg12748890 0.465 0.291-0.743 0.001**
TSS200_Open_Sea_cg19588399 1554  0.969-2492  0.067
Body_N_Shore_cg21139713 1.256  0.756-2.087  0.380
TSS1500_Open_Sea_cg25471443 1.698 0.931-3.097 0.084

" p<0.05, *p <0.01, ***p <0.001

SYTL1 expression is associated with immune infiltration
We further analyzed the correlation between SYTLlex-
pression and immune cell infiltration by ssGSEA with
Spearman r. In Fig. 6 A, the number of NK CD56bright
cells, Th17, Neutrophils, Cytotoxic cells, NK CD56dim
cells, pDC, iDC, T cells and Treg cells were positively
correlated with SYTL1 expression. The strongest posi-
tive correlation was observed between the number of NK
CD56bright cells, Th17 and SYTL1 expression. However,
SYTL1 expression was negatively correlated with the
number of Macrophages, T helper, Tcm, Tgd, Th2 and
activated dendritic cells (aDCs)( p<0.05). The strongest
negative correlation was observed between the number
of Macrophages and SYTL1 expression.

EC was classified into five kinds of immune subtype,
including wound healing (C1), IFN-gamma dominant
(C2), inflammatory (C3), lymphocyte depleted (C4),
immunologically quiet (C5), and TGF-p dominant (C6).
TCGA research network identified four prognostic
molecular subgroups of EC: copy number high (CN_
HIGH), copy number low (CN_LOW), microsatellitein-
stability (MSI) and DNA polymerase-epsilon (POLE).
TISIDB was applied to explore the correlation between
SYTL1 level and immune and molecular subtype. In
Fig. 6E, SYTL1 expression was significantly related with
C1, C2, C3, C4, C5, and C6 subtypes (p=5.51e-08). In
addition, we also found that SYTL1 expression was mark-
edly correlated with CN_HIGH, CN_LOW, MSI and
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POLE subgroups (p =1.86e-23)in Fig. 6 F. These results
indicated the relationship between SYTL1 expression
and immune subtypes and molecular subgroups.

SYTL1 is involved incell proliferation and invasion in EC

To confirm the function of SYTL1 in EC, we detected
the protein levels of SYTL1 in EC patients. Compared
with the adjacent non-cancer tissues, the protein lev-
els of SYTL1 in EC tissues were significantly increased
(Fig. 7 A). Similarly, SYTL1 protein levels in EC cell lines
(Ishikawa, HEC-1-B and AN3CA) were significantly
upregulated compared with the hEEC cells in Fig. 7B.
These data revealed that SYTL1 was upregulated in
UCEC tissues and cell lines.

We synthesized three siRNAs targeting SYTL1 for
SYTL1 silencing. In Fig. 7 C, compared with NC siRNA,
siRNA#2 and siRNA#3 had better inhibitory efficacy
among the three siRNAs in Ishikawa cells. As shown in
Fig. 7D, green fluorescent signals were found in LV-GFP
(Vector group) and LV-SYTL1-GFP-infected (SYTL1OV
group) AN3CA cells, suggesting that AN3CA cells were
successfully infected with virus particles. The protein
expression levels of SYTL1 group were significantly
upregulated in SYTL1OV group displayed in Fig. 7E. The
CCK-8 assay revealed that the silencing of SYTL1 signifi-
cantly increased the survival of Ishikawa cells compared
to the respective NC group, however the overexpression
of SYTL1 significantly blocked the AN3CA cells survival
(Fig. 7 F and 7@). Similarly, the knockdown of SYTL1 in
Ishikawa cells induced the colony formation, and SYTL1
overexpression blocked the AN3CA cells colony for-
mation (Fig. 7 H and 7I). In Fig. 7 ] and 7 K, the tran-
swell assay results showed that the blockage of SYTL1
enhanced the Ishikawa cell invasion and SYTL1 overex-
pression in AN3CA cells suppressed the cell invasion.
These data indicated that SYTL1 is involved in cell prolif-
eration and cell invasion in EC.

Differentially expressed genes and functional enrichment
analysis

To explore the mechanism by which SYTL1 was
involved in EC progression, we performed next high-
throughput RNA-sequencing in SYTL1 overexpressing
AN3CA cells to identify differentially expressed genes
and biological functions associated with SYTL1. A
total of 123 differentially expressed genes, 72 upregu-
lated and 51 downregulated, were identified in SYTL1
overexpressed cells compared with Vector control
cells shown in volcano plot (Fig. 8 A, detailed in Sup-
plement data). The top 50 significantly up-regulated
and down-regulated differentially expressed genes
were shown in heatmap (Fig. 8B). KEGG functional
enrichment analysis revealed that the main biological
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proliferation of Ishikawa cells or AN3CA cells. J-K. Transwell assay analysis of cell invasion of Ishikawa cells or AN3CA cells. ***p <0.001, **p < 0.01

pathways implicated in upregulated differentially
expressed genes were leukocyte migration, regulation
of leukocyte migration, positive regulation of pepti-
dyl-tyrosine phosphorylation, regulation of leukocyte
chemotaxis and microglial cell activation.

Discussion

EC is the most common gynecological cancer. Five-year
survival rates of EC patients are strictly related to stage
at diagnosis. Metabolomics, as an emerging “omics’, has
been a promising test for a non-invasive diagnosis of EC.
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Fig. 8 A.The volcano plot of differentially expressed genes across LV-GFP infected versus LV-SYTL1-GFP infected AN3CA cells. Red or Green circles
referred to statistically significant differentially expressed genes with Log2FC no more than 1.0 and p <=0.05 between two groups. B. The heatmap
of top 50 upregulated genes and 50 downregulated genes. C. GO and KEGG enrichment analysis of the upregulated differentially expressed genes
in LV-SYTL1-GFP-infected- versus LV-GFP transfected AN3CA cells. Vector, LV-GFP infected AN3CA cells. SYTL1OV, LV-SYTL1-GFP infected AN3CA cells

Some reports showed that serum metabolites were able
to predict the presence of EC progression and recur-
rence and pathological characteristics [16]. Additionally,
the increasing mortality is closely related with a poorly
reproducible histological risk stratification. The TCGA
molecular groups and the classic clinicopathological fac-
tors (such as myometrial invasion, histotype or lymph
vascular space invasion) have been incorporated into
a novel risk stratification model of EC by the European
Society of Gynaecological Oncology (ESGO), the Euro-
pean Society for Radiotherapy and Oncology (ESTRO)
and the European Society of Pathology (ESP) [17, 18].
New reports revealed the distribution and prognostic
value of the TCGA groups, and proposed the improve-
ment in the molecular-based risk stratification [19]. Pre-
operative molecular classification is very useful to guide
clinical management by providing earlier and more relia-
ble prognostic information. However, the management of
MMR-deficient and no specific molecular profile carcino-
mas is still difficult. Therefore, the development of novel
molecular biomarkers for EC diagnosis and prognosis
assessment represents one of the greatest challenges.

The proteins containing the C2 domain play impor-
tant roles mainly in membrane fusion, exocytosis, cellu-
lar trafficking, cell signaling and cancers [20]. SYTL1is
a member of tandem C2 domains containing proteins
and it is previously revealed to induce the secretion
of prostate-specific antigen by prostate cells [5] and
secretion of azurophilic granules by granulocytes [7].
Furthermore, SYTL1 regulates exocytosis of secre-
tory lososomes by CTL [4] and blocks amylase secre-
tion by pancreatic acinar cells [8]. Through a literature
search, we found that SYTL1 expression and its poten-
tial diagnostic and prognostic impact on UCEC has not
been explored. In our work, we comprehensively ana-
lyzed the diagnostic and prognostic value of SYTL1
in UCEC based on TCGA data and the molecular fea-
tures of protein phosphorylation, genetic alteration and
DNA methylation. In our study, we found that SYTL1 is
highly expressed in EC tissues than in adjacent normal
tissues and SYTL1 expression is negatively associated
with the SYTL1 DNA methylation. In addition, we also
found that increased SYTL1 expression is correlated
with various clinicopathologic characteristics and the
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number of immune cell infiltration. Taken together, this
study indicated the potential role of SYTL1 during EC
pathogenesis and revealed the value as a potential diag-
nostic and prognostic biomarker in EC.

To data, no research has reported a role of SYTL1 in
EC. In the present study, we evaluated the SYTL1 expres-
sion profile on the basis of various databases including
TCGA and HPA. According to the analysis, the expres-
sion of SYTL1 on mRNA and protein levels in UCEC
tissues was higher than that in normal tissues, and the
results were confirmed by in vitro experiments. Further-
more, ROC results indicated the potential diagnostic
value of SYTL1 in EC (AUC=0.801). Logistic regression
analysis revealed that the expression level of SYTL1 was
closely associated with the clinical parameters including
age, clinical stage, histological type, and histologic grade.
Univariate and multivariate analysis further showed that
SYTL1 expression was an independent factor for UCEC
patient’s prognosis. KM plotter analysis revealed that
patients with elevated SYTL1 had longer OS, as well as
clinical stage (Stage I &Stage II), histological grade (G3),
and tumor invasion. Therefore, our study provided new
evidence that SYTL1might be a diagnostic and prognos-
tic biomarker for good survival in UCEC. These findings
reveal the role of SYTL1 from a new perspective and
enrich the research of SYTLI.

SYTL1is a member of the synaptotagmin-like pro-
tein family of secretory factors and it is mainly regulates
secretion and exocytosis. Previous study indicated that
SYTLL1 is transcriptionally activated by nuclear factor-xB
and up-regulated by tumor necrosis factor ain prostate
cancer cell lines [11]. In addition, SYTL1 could bind to
the plasma membrane via interacting withPIP3 [12].
Importantly, PIP3 play a central role in critical cellular
processes, such as cell proliferation and survival dur-
ing tumor development [13]. These evidences revealed
that SYTL1 might be involved in cancer progression.
Our functional enrichment analysis found that SYTL1
was closely correlated with ribosome, Hippo signaling
pathway, Cell cycle and RNA transport. Additionally,
our in vitro experiments indicated that ectopic expres-
sion of SYTL1 affected cell proliferation and invasion in
Ishikawa and AN3CA cells, which verified the results of
bioinformatics analysis. In this study, KEGG functional
analysis by the next high-throughput RNA-sequencing
indicated that the upregulated differentially expressed
genes were mainly involved in leukocyte migration, regu-
lation of leukocyte migration, and regulation of leukocyte
chemotaxis. Leukocytes migration are critical for an anti-
tumor immune response [21]. These results showed that
an increase on SYTL1 expression might activate leuko-
cyte migration and chemotaxis to suppress the progres-
sion of EC.

Page 13 of 17

Previous study reported that AKT phosphorylated
SYTL1 at serine 241, and the phosphorylation of SYTL1
may regulate vesicular trafficking by limiting the availabil-
ity of SYTL1 to the membrane-bound Rab27A [22]. How-
ever, little research reported the relationship between
SYTL1 phosphorylation and tumorgenesis. In our
research, we found at least 4 predicted phosphorylation
sites in EC and a high expression level of SYTL1 phos-
phorylation level at the S392 locus in the primary tumors
compared with normal tissues. These data revealed that
the phosphorylation of SYLT1 at S392 might be involved
in EC development. Several findings related to the regula-
tion of exocytosis by protein phosphorylation have been
accomplished in synaptic membrane-trafficking studies.
Additional experiments are required to further evaluate
the potential role of SYTL1 phosphorylation at the $S392
site and to explore the related mechanism.

DNA methylation of promoter regions is an impor-
tant mechanism during carcinogenesis [23]. Aberrant
DNA methylation has been reported to be an early step
during EC development [24]. Via UALCAN portal and
TCGA Wanderer database, we found that the difference
in promoter methylation level was statistically significant
between tumor and normal tissues. We also found that
the methyaltion level of nine CpG sites significantly cor-
related with survival probability. Therefore, it is possible
that decreased methylation of SYTL1 DNA could be used
as a factor in assessing prognostic confidence.

Tumor microenvironment, consists of immune cells,
mesenchymal cells, endothelial cells and inflammatory
mediators, has a significant impact on tumor devel-
opment, chemoresistance and clinical outcomes [25].
Previous study showed that tumor microenvironment
in EC has a significant prognostic value and plays a
role in resistance to treatment [26, 27]. NK cells, DCs,
macrophages and neutrophils-and adaptive B cells and
T cells, including cytotoxic T lymphocyte (CD8+T
or CTL) cells, helper (CD4+T) cells and NT K cells-
immune cells are involved in EC development [28, 29].
In our study, we found that SYTL1 expression had a
significantly correlation with the number of various
immune cells, including NK CD56bright cells,Th17,
Neutrophils, Cytotoxic cells, NK CD56dim cells,pDC,
iDC, T cells, Treg cells, Macrophages, T helper, Tcm,
Tgd, Th2 and aDCs. The strongest correlation was
observed between the number of NK CD56bright cells
(positive correlation),Macrophages (negative corre-
lation) and SYTL1 expression. It is also reported that
RhoA-GAP GMIP associates with the secretory fac-
tor JEC1 and regulates actin remodeling and exocyto-
sis in innate immune cells [9]. NK cells are important
factors during the pathogenesis of inflammatory and
autoimmune disease [30]. NK CD56bright cells mainly
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mediate antitumor response as a potential cancer
immunotherapy [31]. Macrophages are critical drivers
for cancer initiation and progression, and the infiltra-
tion of macrophages in tumors closely correlates with
poor prognosis [32]. Our study indicated that SYTL1
may have a potential influence on EC immunity by reg-
ulating immune cell infiltration, ultimately affecting the
patient prognosis.

Taken together, our study indicated the statistical cor-
relation between SYTL1 expression and clinical prog-
nosis, DNA methylation and immune cell infiltration in
EC. Although these data provided evidence that SYTL1
could be used as a promising diagnostic and prognos-
ticbiomarker in EC, it has some limitations. Firstly, more
experiments need to be carried out to explore the spe-
cific function of SYTL1 in tumor microenvironment.
Secondly, although we found that ectopic expression
of SYTL1 modulates cell proliferation and invasion, the
detailed mechanism remains unknown. Thus, further
studies are needed to be performed to investigate the
pathways of action of SYTL1 in EC.

Materials and methods

Data sources

The pan-cancer RNA-seq data were downloaded from
the publicly available TCGA official website (https://
genomecancer.ucsc.edu/).Level 3 HTSeq-fragments per
kilobase per million (FPKM) of Uterine Corpus Endo-
metrial Carcinoma (UCEC) samples including 552 tumor
tissues and 35 adjacent normal tissues were obtained
from TCGA website for further analysis. The normalized
microarray GSE17025 obtained from the GEO database
contained 12 normal endometrium samples and 91 EC
samples [33].

Gene expression analysis

The expression of SYTL1 between tumor tissues (Cervi-
cal squamous cell carcinoma and endocervical adeno-
carcinoma (CESC),Ovarian cancer (OV), UCEC) and
normal tissues were analyzed in GEPIA database (Gene
Expression Profiling Interactive analysis, http://gepia.
cancer-pku.cn/).ENCORI (The Encyclopedia of RNA
Interactomes, http://starbase.sysu.edu.cn/) [14] and
the UALCAN portal (http://ualcan.path.uab.edu/) [34]
databases provide the differential expression analysis
of SYTL1 in UCEC. The Human Protein Atlas (https://
www.proteinatlas.org/) provides a broad amount of pro-
teomic and transcriptome information of district human
samples. Protein immunohistochemistry of SYTL1 in
normal human tissues and UCEC tissues were down-
loaded from HPA.
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Survival and clinicopathological correlation analysis
UCEC patients were divided into 2 groups (high- and
low-risk groups) according to the median expression
of SYTL1 in further study. The relationship between
SYTL1 expression and clinicopathological character-
istics was delineated using the R-package “ggplot2”
According to the high and low-risk value, a survival
curve was delineated by using the R-package “sur-
vminer” and “survival” The clinicopathological correla-
tion analysis was mainly performed using the R-pakcage
“limma” and “ggpubr” The association between SYTL1
expression and survival was verified by Kaplan-Meier
plotter tool (http://kmplot.com/analysis/) [35].

LinkedOmics database analysis

The LinkedOmics database (http://www.linkedomics.
org/login.php) contains multi-omics data from all 32
TCGA Cancer types and 10 CPTAC cancer cohorts
[36].We screened the differentially expressed genes
linked to SYTL1lin the TCGA UCEC cohort by using
the “LinkFinder” module. Gene Oncology (GO) and
Kyoto Encyclopedia of Gene and Genomes (KEGG)
pathways were analyzed by using “Function” module.

SYTL1 DNA methylation analysis

TCGA analysis in UALCAN portal was used to ana-
lyze the SYTL1 promoter methylation levels in UCEC.
TCGA Wanderer, which offers level 3 TCGA data for
methylation arrays (450k Infinium chip), was employed
to analyze gene expression and DNA methylation pro-
files from TCGA. MethSurv (https://biit.cs.ut.ee/meths
urv/) web tool was used to examine the correlation
between individual probes with methylation changes
and survival probability [37].

Immune infiltration analysis using ssGSEA and TISIDB

The spearman correlation between SYTL1 and 24 types
of immune cells were evaluated by suing the GSVA
package in R. Furthermore, TISIDB, an online web por-
tal for tumor and immune system interaction was used
to analyze the distribution of SYTL1 expression across
immune and molecular subtypes in “Subtype” module
[38].

Samples collection

A total of 4 pairs of EC and adjacent tissues were col-
lected from patients who underwent surgical resection
at Qilu Hospital of Shandong University (Qingdao)
from May 2018 to October 2019. EC tissues were col-
lected according to the inclusion criteria: ®D com-
plete pathological and clinical data, @no hormone
therapy, intrauterine device usage, chemotherapy or
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radiotherapy for at least 6 months prior to surgery.
EC tissues were excluded according to the criteria: (D
patients with malignant tumors of other systems, @
patients with metastatic cancers from other reproduc-
tive systems, @ patients with a history of other hospital
treatment. All specimens were evaluated by at least two
pathologists according to the World Health Organiza-
tion guidelines. This work was approved by the Ethics
Committees of Qilu Hospital of Shandong University
(Qingdao) ([Approval no. (KYLL(2016-KS-173). Per-
mission from all patients was obtained prior to the
surgery.

Cell culture and transfection

Human endometrial epithelial cells (hEEC, #354984), EC
cell lines Ishikawa (#338359) and AN3CA (#339020) were
obtained from BeNa Culture Collection (Xinyan, Henan,
China). EC cell lines HEC-1-B (ZQ0364) was purchased
from Shanghai Zhong Qiao Xin Zhou Biotechnology
Co.Ltd. (Shanghai, China). Cells were cultured at 37°C
with 5% CO2. Ishikawa cells were incubated with Dul-
becco’s modified eagle medium (DMEM) supplement
with 10% fetal bovine serum (FBS). AN3CA and HEC-
1-B cells were cultured with Eagle’s Minimal Essential
Medium (EMEM, Gibco, Carlsbad, CA, United States)
containing 10% FBS. For SYTL1 knockdown, Ishikawa
cells were transfected with three small interfering RNAs
targeting SYTL1 (siRNA#1, siRNA#2 and siRNA#3) and
negative control (NC) siRNA. The siRNA sequences were
listed as follows: NC siRNA sense: 5’-uucuccgaacgugu-
cacgutt-3; antisense: 5’-acgugacacguucggagaatt-3. SYTL1
siRNA#1 sense: 5’-gcugcugugaaagagaaggaatt-3, anti-
sense: 5-uuccuucucuuucacagcagctt-3’; SYTL1 siRNA#2
sense: 5’-cccuguguucaaucacaccautt-3, antisense: 5-aug-
gugugauugaacacagggtt-3;  SYTL1 siRNA#3  sense:
5’-ccucccggauaagcagagcaatt-3; antisense: 5’-uugcucugcu-
uauccgggaggtt-3. For overexpression of SYTL1, AN3CA
cells were infected with LV-GFP (Vector) or LV-SYTL1-
GFP (SYTL1OV) (GENECHEM, Shanghai, China)
according to the manufacturer’s protocol.

Western blot

Proteins were extracted from tissues by using RIPA buffer
(Sigma-Aldrich; Merck KGaA). Proteins were separated
by 10% sodium dodecyl sulfate-polyacrylamide electro-
phoresis and transferred onto polyvinylidene difluoride
membrane (Roche, Basel, Switzerland). The membranes
were incubated with mouse monoclonal antibodies
against SYTL1 (1:1000 dilution; #sc-365,933, Santa Cruz
Biotechnology, Inc.) and against GAPDH (1:1000 dilu-
tion, #ab59164, Abcam) overnight at 4 °C. After being
washed with TBST, the membranes were incubated with
rabbit anti-mouse IgG H&L (HRP) (1:5000 dillution;
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#ab6728, Abcam) at 37 °C for 1 h. The membranes were
visualized using an enhanced chemiluminescence system
(ImageQuant LAS4000) by the normalization to GAPDH.
The band density was determined by relative densitom-
etry using Image] Software version 1.50 (National Insti-
tutes of Health).

Cell counting kit-8 (CCK-8) assay

Ishikawa or AN3CA cells were seeded into 96-well plate
at the density of 3,000 cells/well. After 1, 2, 3 and 4 days,
10 uL of CCK-8 reagent was added into each well and
incubated at 37 °C for 1 h. The optical density value was
measured at the wave length of 450 nm by using a micro-
plate reader.

Colony formation

Ishikawa and AN3CA cells were seeded into a 6-well
plate. After 14 d, cells were fixed with methanol for
15 min and stained with 0.1% crystal violet for 30 min.

Cell invasion assay

Invasion assay was conducted by using the 24-well tran-
swell chambers with 8 um proe size (COSTAR, USA). The
inserted top side of the chambers containing 150 uL of
the serum-free medium was inoculated with 3 x 10* cells,
whereas 600 pL of the medium with 10% FBS was added
to the lower chamber. After 24 h, the cells invaded to the
bottom of the membrane were fixed with 4% paraform-
aldehyde for 30 min and stained with 0.1% crystal vio-
let for 30 min. The stained cells were photographed and
counted under a microscope using a 100x magnification.

High-throughput RNA-sequencing

AN3CA cells were infected with LV-GFP or LV-SYTL1-
GFP lentiviral particles. After 48 h, total RNA was iso-
lated by using TRIzol. Quality control of the total RNA
samples were quantified using a NanoDrop ND-1000
instrument and qualified using agarose gel electro-
phoresis. One to two pg total RNA was used for the
preparation of the sequencing library according to the
following steps: D mRNA was purified by oligo-dT mag-
netic beads; @ RNA-seq library was prepared after First
Strand ¢cDNA synthesis, Second Strand ¢cDNA synthe-
sis, End Repair, Ligate adapters and PCR amplification.
@ The completed libraries were qualified by Agilent
2100 Bioanalyzer. @ FastQ data were obtained by high-
throughput sequencing for both ends (2x 150 bp) on
[llumina HiSeq instrument.

Statistical analysis

Univariate and multivariate logistic regression
analysis were performed to calculate the associate
between SYTL1 expression and clinicopathological
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characteristics using Cox proportional hazard mod-
els. The correlation between DNA methylation probes
and SYTL1 expression was tested using the Spearman
(r) correlation method. All statistical analysis was per-
formed with R statistical software (version 3.6.3) and
SPSS software (version 24.0). A P value less than 0.05 is
considered statistically significant.
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