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Abstract
Background The SCY1-like (SCYL) family has been reported to be closely related to cancer metastasis, but it has not been 
reported in gastric cancer (GC), and its specific mechanism is not clear.
Methods We utilized databases like Deepmap, TCGA, and GEO to identify SCYL1's role in GC. Clinical samples were 
analyzed for SCYL1 expression and its correlation with patient prognosis. In vitro and in vivo experiments were conducted 
to assess SCYL1's function in GC cell migration, invasion, and autophagy.
Results SCYL1 showed an increased expression in GC tissues, which correlated with a negative prognosis. In vitro experi-
ments demonstrated that SCYL1 promotes GC cell migration and invasion and inhibits autophagy. GSEA indicated an inverse 
relationship between SCYL1 and autophagy, while a direct relationship was observed with the mTORC1 signaling pathway. 
Knockdown of SCYL1 enhanced autophagy, while activation of mTORC1 reversed this effect.
Conclusions SCYL1 is a significant contributor to GC progression, promoting metastasis by activating the mTORC1 sign-
aling pathway and inhibiting autophagy. These findings suggest SCYL1 as a potential therapeutic target for GC treatment.
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Introduction

Gastric cancer (GC) ranks among the most common and 
deadliest types of cancer worldwide. Global cancer statistics 
indicate that the incidence and mortality rates of GC are 
significantly high, contributing to the global cancer burden 

(Sung et al. 2020). Even with the progress in early detec-
tion and therapeutic approaches in recent years, the five-year 
survival rate for GC patients is still under 30%, with some 
regions reporting even lower percentages. Postoperative 
recurrence is a major cause of poor prognosis in GC patients, 
with approximately 60% experiencing varying degrees of 
recurrence after surgery (Thrift and El-Serag 2020). This 
high recurrence rate underscores the urgent need for a 
deeper understanding of the biology of GC metastasis and 
the development of new therapeutic strategies to improve 
long-term patient survival.

The SCY1-like (SCYL) family comprises a group of pro-
teins associated with intracellular transport, cell cycle regu-
lation, and signal transduction (Yan et al. 2010). This family 
includes at least three known members: SCYL1, SCYL2, 
and SCYL3, all of which possess kinase domains and HEAT 
repeat sequences (Pelletier 2016). While the specific roles 
of their kinase activities in biological functions are not fully 
understood, they play significant roles in various intracellu-
lar processes. The association of the SCYL family with can-
cer metastasis has been confirmed in multiple studies. For 
instance, SCYL3 promotes the metastasis of hepatocellular 
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carcinoma by physically binding and regulating the stability 
and transactivating activity of ROCK2, leading to increased 
formation of actin stress fibers and focal adhesions (Lei 
et al. 2023). In addition, the STP axis, including SCYL1, 
promotes the metastasis of triple-negative breast cancer by 
degrading the REST tumor suppressor (Karlin et al. 2014). 
These findings reveal the potential functions of SCYL family 
members in cell dynamics and cancer metastasis, providing 
a foundation for further research.

Autophagy is a cellular degradation process that plays 
a complex role in cancer metastasis (Hou et  al. 2020). 
Although autophagy typically helps cancer cells adapt to 
harsh environments, studies have shown that it might also 
suppress metastasis in certain cases (Tang et al. 2021). For 
instance, research indicates that inhibiting autophagy in 
breast cancer models slows tumor growth but unexpect-
edly promotes lung metastasis, suggesting a critical role 
for autophagy in limiting tumor invasiveness and spread 
(Marsh and Debnath 2020). The mTORC1 pathway is cen-
tral to autophagy regulation, and its dysregulation in cancer 
may lead to persistent autophagy suppression, aiding can-
cer cell survival and metastasis (Debnath et al. 2023; Chen 
et al. 2021). Hence, investigating the interaction between 
mTORC1 and autophagy in cancer metastasis can enhance 

our understanding of how these processes drive tumor pro-
gression and help identify new therapeutic targets to curb 
cancer dissemination.

In this research, SCYL1 was pinpointed as a key factor 
in GC progression, confirmed by clinical data. Experiments 
showed SCYL1 boosts GC cell migration and invasion, 
relating to mTORC1 signaling and autophagy, offering 
insights for GC treatment.

Materials and methods

Clinical samples

A total of 110 paired specimens, comprising GC tissues and 
matched non-cancerous adjacent tissues, were collected by 
the Department of General Surgery at the Affiliated Hospi-
tal of Nantong University, China, from 2010 to 2011. The 
clinical data of GC patients are detailed in Table 1. Fol-
low-up was conducted until August 2015, with a median 
duration of 38.4 months (range: 1.5 to 66.4 months). Histo-
logical diagnosis of GC was independently verified by two 
pathologists. All patients were treatment-naive with respect 

Table 1  Relationships 
between SCYL1 expression 
and clinicopathological 
characteristics of GC patients 
(*P < 0.05)

Clinicopathological parameter SCYL1 level Total P value

High (n = 69) Low(n = 41)

Gender
 Male 44 (66.7%) 22 (33.3%) 66 0.295
 Female 25 (56.8%) 19 (43.2%) 44

Age (years)
  ≤ 60 38 (72.7%) 15 (27.3%) 53 0.061
  > 60 31 (54.4%) 26 (45.6%) 57
Tumor differentiation
 Well 33 (55.9%) 27 (44.1%) 60 0.066
 Moderate/Poor 36 (70.6%) 14 (29.4%) 50

Tumor diameter (cm)
  ≥ 5 32 (69.6%) 14 (30.4%) 46 0.209
  < 5 37 (57.8%) 27 (42.2%) 64
Tumor location
 Up 31 (72.1%) 12 (27.9%) 43 0.104
 Middle/Down 38 (56.7%) 29 (43.3%) 67

TNM stage
 I/II 35 (54.7%) 29 (45.3%) 64 0.040*
 III 34 (73.9%) 12 (26.1%) 46

Depth of invasion
 T1 + T2 40 (66.7%) 20 (33.3%) 60 0.349
 T3 + T4 29 (58.0%) 21 (42.0%) 50

Lymph node metastasis
 Positive 41 (71.9%) 16 (28.1%) 57 0.038*

 Negative 28 (52.8%) 25 (47.2%) 53
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to radiotherapy, chemotherapy, or immunotherapy prior to 
their surgical resection.

Cell culture and in vitro functional experiments

Human gastric mucosal epithelial cells (GES-1) and a panel 
of GC cell lines (MKN-45, BGC-823, SGC-7901, AGS, 
HGC-27) were obtained from GeneChem (Shanghai, China). 
Cell cultivation was performed in RPMI-1640 medium 
enriched with 10% fetal bovine serum and antibiotics 
(100 U/mL of penicillin and streptomycin), procured from 
Clark (Shanghai, China) and Life Technologies (Shanghai, 
China), respectively. Wound healing assay and transwell 
assay were performed as previously described (Zang et al. 
2022).

siRNA‑mediated gene silencing

Specific siRNAs targeting SCYL1: si-SCYL1#1 (F:5′-GGC 
UAC ACC AGA UCG UGA ATT-3′, R: 5′-UUC ACG AUC 
UGG UGU AGC CTT-3′), si-SCYL1#2 (F:5′-CCG UGU CCA 
UCU UCG UCU ATT-3′, R: 5′-UAG ACG AAG AUG GAC 
ACG GTT-3′), si-SCYL1#3 (F:5′-GAG UAU CAG CAG AAG 
AUC ATT-3′, R: 5′-UGA UCU UCU GCU GAU ACU CTT-3′) 
and a non-targeting control were synthesized by Tsingke 
Biotech (Beijing, China). GC cells were transfected using 
jetPRIME (Suzhou, China), following the manufacturer's 
protocol (Liu et al. 2021).

Extraction of RNA and quantitative real‑time PCR 
(qRT‑PCR)

Total RNA was isolated from cells using standard protocols, 
and qRT-PCR was performed to quantify SCYL1: (F: 
5′-TGA CAG ATG GGA CGA CGA AGA-3′, R: 5′-ATT TGG 
AGG ATT TGT GGT CGG-3′) expression with specific 
primers, with GAPDH: (F: 5′-GGA AGC TTG TCA TCA 
ATG GAA ATC -3′, R: 5′-TGA TGA CCC TTT TGG CTC CC-3′) 
serving as an internal control.

Western blot

Proteins were extracted from cell lines and subjected to 
Western blot analysis using antibodies specific to GAPDH 
(60,004-1-Ig), ULK1 (29,005-1-AP), p-ULK1 (80,218-
1-RR), mTOR 66888-1-Ig) and p-mTOR (67,778-1-
Ig) were purchased from Proteintech (Wuhan, China); 
SCYL1(A6735) from Abconal (Wuhan, China).

Autophagic flux determination

Autophagic flux was evaluated in SGC7901 cells transduced 
with GFP-mRFP-LC3 lentivirus (GeneChem, Shanghai, 

China). The specific operation is the same as before (Zang 
et al. 2022). Cells were treated with autophagy inhibitor 
3-MA, fixed, and imaged to quantify autophagosome and 
autolysosome formation using fluorescence microscopy and 
the autophagosomes (yellow spots) and autolysomes (red 
spots) were counted using Image J software.

In vivo peritoneal metastasis assay in nude mice

Male athymic nude mice, four weeks old, were procured 
from the Animal Center of the Medical College of 
Nantong University and kept under controlled temperature 
and humidity conditions. All animal experiments were 
approved by the Animal Ethics Committee of Nantong 
University and conducted in accordance with the ARRIVE 
guidelines, the U.K. Animals (Scientific Procedures) Act, 
1986, EU Directive 2010/63/EU for animal experiments, 
and the National Institutes of Health guide for the care and 
use of laboratory animals. Nude mice were utilized for the 
establishment of a peritoneal dissemination model, with 
injections of either siRNA-treated or control SGC7901 GC 
cells. Following a six-week period, mice were sacrificed, 
and metastatic nodules were quantified and subjected to 
immunohistochemistry (IHC) evaluation.

Tissue microarray (TMA) construction and IHC 
analysis

Tissue microarrays were assembled using a precision 
arraying instrument (Dako, Carpinteria, CA). The specific 
experimental procedure is as described earlier (Zang et al. 
2021). All primary antibodies for IHC were shown below: 
SCYL1 (1:100), p-mTOR (1:200), LC3B (1:200). The IHC 
results were evaluated by two independent pathologists. 
Based on the expression level of SCYL1 in GC tissues 
compared to adjacent non-cancerous tissues, the samples 
were categorized into two distinct groups: those with high 
expression and those with low expression. The related 
scoring criteria refer to previous reports (Chen et al. 2022).

Microarray data acquisition and bioinformatics

The dependency of GC on SCYL family genes was inter-
rogated using the DepMap portal (https:// depmap. org/ por-
tal/), with expression analysis conducted on datasets from 
TCGA and GEO (GSE79973, GSE66229, GSE30727, 
GSE27342, GSE19826, GSE179252 and GSE13911). 
Survival analysis was performed using the Kaplan–Meier 
Plotter (www. kmplot. com), and GSEA (Gene Set Enrich-
ment Analysis) generated angenerate an ordered list of 
all related genes based on their correlation with SCYL1 
expression (Subramanian et  al. 2005; Hu et  al. 2024). 
The “c2.cp.all.v2022.1.Hs.symbols.gmt” and “h.all.

https://depmap.org/portal/
https://depmap.org/portal/
http://www.kmplot.com
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v7.5.1.symbols.gmt” were selected as reference gene sets. 
The data for single-cell sequencing is from the GEO data-
base GSE163558, and cell annotation was performed using 
the "Seurat" R package (Jiang et al. 2022; Hao et al. 2021).

Statistical analysis

Quantitative data were presented as mean ± SD. Statisti-
cal analysis was performed using SPSS version 22, with 
survival outcomes analyzed via Kaplan–Meier and Cox 
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regression methods (Liu et al. 2023). The significance of 
differences between experimental conditions was deter-
mined using the t-test, with a p-value threshold of < 0.05 
for significance.

Results

SCYL1 is predicted to be upregulated in GC tissues 
and associated with poor prognosis based on online 
databases

In order to screen out SCYLs that are linked with GC, we 
first utilized the Deepmap database to screen for genes 
that significantly affect the progression of 20 types of 
gastric adenocarcinoma cells. We discovered that among 
SCYLs, the knockdown of SCYL1 showed the most 
prominent inhibitory effects on the functions of gastric 
adenocarcinoma cells. (Fig. 1a). Further, through analyz-
ing 8 sets of paired GC tissue microarrays from TCGA 
and GEO databases (GSE79973, GSE6629, GSE30727, 
GSE27342, GSE19826, GSE179252, and GSE13911), 
we found that SCYL1 was highly expressed in all of 
them (Fig. 1b and Fig. 1c). Similarly, in the unpaired 
samples of TCGA-STAD, SCYL1 was also found to be 
highly expressed in GC tissues (Fig.  1d). According 
to the Kaplan–Meier Plotter online database, elevated 
SCYL1 expression was indicative of a negative prognosis 
(Fig. 1e). In the TCGA database, although there was no 
difference, high expression of SCYL1 predicted a poor 
prognosis in OS (Overall Survival), DFI (Disease-Free 
Interval), PFI (Platinum-Free Interval) and DSS (Disease-
Specific Survival), with statistical differences observed in 
DSS (P = 0.048) (Fig. 1f). Based on the predictions from 
the aforementioned online databases, we chose SCYL1 
for further study.

SCYL1 is significantly upregulated in clinical GC 
samples and is associated with poor prognosis

Building upon our previous findings, we further investigated 
the expression of SCYL1 in clinical samples. Initially, we 
examined the expression of SCYL1 in 20 pairs of GC tis-
sues using qRT-PCR, which revealed an upregulation of 
SCYL1 in GC tissues (Fig. 2a). Subsequently, we analyzed 
the expression of SCYL1 in GC tissue microarrays via IHC 
and compared it with normal tissue samples (n = 110). A 
higher expression of SCYL1 was observed in 62.7% (69/110) 
of GC tissues compared to normal gastric tissues (P < 0.01; 
Fig. 2b). We then analyzed the correlation between various 
clinicopathological factors and the level of SCYL1 expres-
sion in 110 GC patients (Table 1). A positive correlation was 
found between SCYL1 expression and lymph node metastasis 
(P = 0.038) and TNM stage (P = 0.040). Moreover, multiple 
logistic regression analysis revealed a significant correla-
tion between SCYL1 expression and lymph node metastasis 
(P < 0.001, odds ratio = 5.081, 95% confidence interval [CI]: 
2.064–12.508). Furthermore, high SCYL1 expression in GC 
patients was significantly associated with reduced overall 
OS and DFS (Fig. 2c and d). Additionally, Cox multivariate 
analysis indicated that high expression of SCYL1 is an inde-
pendent predictor of OS and DFS (Table 2). Collectively, our 
findings demonstrate a clear association between increased 
SCYL1 expression and GC progression and survival.

In vitro experiments show that SCYL1 promotes 
the migration and invasion of GC cells

Drawing from prior studies that highlight a strong associa-
tion between SCYLs and cancer metastasis (Lei et al. 2023; 
Sun et al. 2022), and our clinical sample univariate and mul-
tivariate analyses showing that SCYL1 is closely related to 
lymphatic metastasis. Based on single-cell sequencing data, 
SCYL1 is significantly higher in metastatic tissues of GC 
compared to the primary site (Fig. 3a–c). Thus, we con-
ducted related in vitro experiments to verify the impact of 
SCYL1 on GC metastasis. We found increased expression 
of SCYL1 in GC cell lines compared to the GES-1 cell line 
by qRT-PCR and WB (Fig. 3d–e). To examine if SCYL1 
had an impact on the biological characteristics of GC cells, 
we transfected three si-SCYL1 fragments (si-SCYL1#1, 
si-SCYL1#2, and si-SCYL1#3) into SGC7901 cells. The 
effectiveness of this process was then assessed using qRT-
PCR and WB, among them, si-SCYL1#1 has the highest 
knockdown efficiency (Fig. 3f–g). Following this, we con-
ducted wound healing and transwell assays to determine if 
SCYL1 significantly influences GC migration and invasion. 
It was observed that a decrease in SCYL1 expression led to 
a reduction in the migratory capability of GC cells when 
compared to the NC groups (Fig. 3h–k).

Fig. 1  SCYL1 is predicted to be upregulated in GC tissues and asso-
ciated with poor prognosis based on online databases. (a) Genome-
wide CRISPR-Cas9 essentiality screening of SCYL family members 
in 20 gastric adenocarcinoma cell lines, yielding CERES scores. 
Original data were downloaded from DepMap. According to CERES 
scores, lower scores indicate higher cancer dependency on specific 
genes. (b, c) Expression of SCYL family members in paired GC tis-
sues, data sourced from TCGA and GEO databases. Red indicates 
higher expression in GC, green indicates lower expression, and grey 
represents no significant difference. (d) Expression levels of SCYL1 
in GC and normal tissues in all TCGA-STAD samples. (e) Relation-
ship between SCYL1 expression levels and overall survival rates of 
GC patients in the Kaplan–Meier Plotter database. (f) In the TCGA 
database, the correlation of SCYL1 with OS (Overall Survival), DFI 
(Disease-Free Interval), PFI (Platinum-Free Interval) and DSS (Dis-
ease-Specific Survival)

◂
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SCYL1 inhibits autophagy in GC cells, promoting 
their migration and invasion

To further explore the mechanism by which SCYL1 affects 
the metastasis of GC, we divided TCGA-STAD samples 
into two groups based on the expression level of SCYL1 
(Fig. 4a) and ranked the mRNA of the coding proteins from 
high to low according to  log2FC for GSEA analysis (KEGG 
gene set). We found that SCYL1 was significantly nega-
tively correlated with autophagy (Fig. 4b). Previous litera-
ture reported that inhibiting the autophagic degradation of 
GC cells could promote the migration, and invasion of GC 
cells (Aslan et al. 2019). Hence, we examined the effect of 
SCYL1 on autophagy by introducing the GFP-mRFP-LC3 
lentivirus into GC cells SGC7901. Post-transfection of GFP-
mRFP-LC3 lentivirus, there was an increase in the count 
of red puncta (autolysosomes) in si-SCYL1#1 GC cells, 
suggesting an enhancement in autophagic flux. An increase 
in yellow dots (autophagosomes) was observed when the 
autophagic flux was obstructed by 3-Methyladenine (an 

inhibitor of autophagosome/lysosomal fusion) (Fig. 4c and 
d). WB results corroborated that post si-SCYL1, there was a 
significant elevation in LC3 protein levels (Fig. 4e), imply-
ing that si-SCYL1 facilitated autophagy in GC cells. At the 
same time, wound healing and transwell assays proved that 
after autophagy was inhibited by 3-MA, the migration and 
invasion abilities of GC cells could be significantly restored 
(Fig. 4f–i).

SCYL1 inhibits autophagy in GC through activating 
the mTORC1 signaling pathway

In order to uncover the mechanism by which SCYL1 affects 
autophagy in GC cells, we conducted GSEA enrichment 
analysis based on the TCGA dataset. The results indicated 
that the expression of SCYL1 was positively correlated with 
the mTORC1 signaling pathway in GC tissues (Fig. 5a). Pre-
vious studies have demonstrated that the mTORC1 signaling 
pathway is involved in regulating cell growth, epithelial-
mesenchymal transition (EMT), migration, and invasion in 

Fig. 2  SCYL1 is significantly upregulated in clinical GC samples and 
is associated with poor prognosis. (a) qRT-PCR analysis of SCYL1 
expression levels in 20 pairs of fresh GC tissue samples. (b) Typi-
cal tissue microarray image analysis of SCYL1 expression in 110 

patients. Scale bar, 50  μm. (c) Quantification of SCYL1 expression 
by immunohistochemistry analysis. (d) OS (P = 0.041) and DFS 
(P = 0.017) of GC patients related to SCYL1 expression by Kaplan–
Meier survival curve analysis
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various cancers, as well as being capable of suppressing the 
autophagy levels in cancer cells (Maynard et al. 2020; Li 
et al. 2021). To verify the results of the GSEA, we employed 
Western blot to assess the expression of mTORC1-related 
effectors (mTOR and ULK1). As shown in Fig. 5b, the phos-
phorylation levels of mTOR and ULK1 in SGC7901 cells 
with SCYL1 knocked down were decreased compared to 
the NC group, indicating the suppression of the mTORC1 
signaling pathway. In vitro experiments, we demonstrated 
that knocking down SCYL1 could significantly promote 
autophagy in GC cell, whereas the use of the mTORC1 acti-
vator MHY1485 noticeably suppressed the autophagy levels 
in GC cells (Figs. 5c–e).

SCYL1 promotes migration of GC cells in vivo

Then, we suppressed the expression of SCYL1 in the 
SGC7901 cell line and examined the influence of SCYL1 

expression on GC metastasis using a peritoneal dissemina-
tion model in nude mice (Fig. 6a). The average number of 
macroscopic nodules in the si-SCYL1#1 group was signifi-
cantly reduced compared to the CON group (Fig. 6b). And, 
the IHC results of peritoneal metastatic nodules showed 
that the expression of SCLY1 was positively correlated with 
p-mTOR, while negatively correlated with the autophagy 
marker LC3B (Fig. 6c). In summary, our findings reveal that 
SCYL1 promotes the metastasis of GC cells by activating 
the mTORC1 signaling pathway and inhibiting autophagy 
in GC (Fig. 6d).

Discussion

This study primarily focuses on the expression of the SCYL1 
gene in GC tissues and its relationship with prognosis, aim-
ing to delve into the role of SCYL1 in the progression of 

Table 2  Univariate and multivariable analyses of OS and DFS in GC patients (*P < 0.05)

Variable OS DFS

Univariate 
analysis

Multivariable analysis Univariate analysis Multivariable analysis

P >|z| P >|z| HR (95% CI) P >|z| P >|z| HR (95% CI)

Gender 0.245 0.900
 Male (n = 66) vs
 Female (n = 44)

Age (years) 0.654 0.840
  ≤ 60 (n = 53) vs
  > 60 (n = 57)
Tumor differentiation 0.685 0.703
 Well (n = 60) vs
 Moderate/Poor(n = 50)

Tumor diameter (cm) 0.875 0.975
  ≥ 5 (n = 46) vs
  < 5 (n = 64)
Tumor location 0.286 0.299
 Up (n = 43) vs
 Middle/Down (n = 67)

TNM stage 0.258 0.125
 I/II (n = 64) vs
 III/IV (n = 46)

Depth of invasion 0.041* 0.093 1.634(0.921–2.901) 0.059
 T1 + T2 (n = 60) vs
 T3 (n = 50)

Lymph node metastasis 0.002*  < 0.001* 2.948(1.606–5.413) 0.005*  < 0.001* 2.761(1.602 ~ 4.760)
 Negative (n = 57) vs
 Positive (n = 53)

SCYL1 expression 0.046* 0.002* 2.781(1.463 ~ 5.286) 0.021* 0.001* 2.661(1.466 ~ 4.828)
 Low (n = 41) vs
 High (n = 69)
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GC and its underlying molecular mechanisms. Through pre-
dictive analysis using online databases and validation with 
clinical samples, we have discovered that SCYL1 expression 
is significantly upregulated in GC tissues and closely associ-
ated with lymph node metastasis, tumor invasion depth, and 
poor prognosis. Additionally, in vivo and in vitro experi-
ments further confirm that SCYL1 facilitates the metastasis 
of GC. Mechanistically, SCYL1 promotes GC metastasis by 
activating the mTORC1 signaling pathway and inhibiting 
cellular autophagy. These findings provide a fresh viewpoint 
on the molecular pathology of GC and may offer novel tar-
gets for the diagnosis and treatment of the disease.

SCYL1, as an intracellular protein kinase and 
regulator, has garnered increasing attention for its role 
in neurodegenerative diseases and cancer progression 
in recent years (Hu et al. 2012). For instance, diseases of 
motor neurons caused by the deficiency of SCYL1 (Kuliyev 
et al. 2018). Despite this, research has found that SCYL1, 
which is overexpressed in breast cancer, has been linked to 
unfavorable clinical outcomes in patients. Notably, the use of 
shRNA to suppress SCYL1 has been shown to significantly 
inhibit the proliferation and migration of breast cancer 
cells (Sun et al. 2022). However, there is a severe lack of 
research in the area of GC. Our study bridges this gap by 
systematically revealing the expression pattern of SCYL1 
in GC tissues and its correlation with prognosis, providing 
a new direction for research into the molecular mechanisms 
of GC.

mTORC1 is commonly associated with cancer (Ke 
et al. 2017). Numerous oncogenes are situated upstream of 

mTORC1, leading to the hyperactivation of the mTORC1 
pathway in various cancers (Yang et al. 2017). Conversely, 
genes that inhibit mTORC1 signaling have been reported as 
tumor suppressors (Saxton and Sabatini 2017). Consistent 
with this notion, we have identified SCYL1 as a potential 
oncogenic factor that promotes GC cell metastasis through 
the positive regulation of mTORC1 signaling. This discov-
ery may serve as a potential therapeutic strategy to inhibit 
GC metastasis.

Acknowledging the potential impact of these findings, 
we must also consider the study's limitations and avenues 
for future research. While these findings contribute to 
our understanding of GC progression, the scope of our 
analysis is constrained by factors such as a relatively 
small sample size and the use of existing bioinformatics 
databases and retrospective data analysis. These factors 
may limit the generalizability and interpretive power of our 
results. Secondly, SCYL family proteins are categorized as 
pseudokinases (Pelletier 2016), meaning they have kinase-
like domains but are predicted to lack kinase activity due 
to changes in key catalytic residues. However, our study 
indicates that the downregulation of SCYL1 in GC inhibits 
the phosphorylation levels of mTORC1, suggesting that 
there may be other regulatory mechanisms involved, which 
warrants further investigation. Future research is required 
to validate our findings in larger, independent cohorts and 
to explore the mechanisms and clinical utility of SCYL1 in 
GC development through prospective studies.

Conclusion

Our research underscores the significant role of SCYL1 in 
the progression of GC and reveals its potential as a target 
for therapeutic intervention. SCYL1 is highly expressed in 
GC tissues and is significantly associated with poor survival 
outcomes in patients. Experiments both in vivo and in vitro 
have demonstrated its capability to enhance the migration 
and invasion of GC cells. Mechanistically, SCYL1 drives 
GC metastasis by inhibiting autophagy via activation of 

Fig. 3  In vitro experiments show that SCYL1 promotes the migra-
tion and invasion of GC cells. (a) The single-cell annotation plot for 
the GSE163558 chip. (b) Epithelial cells in the GSE163558 chip. 
(c) Expression of SCYLs in normal gastric tissue, primary GC tis-
sue, and metastatic GC tissue. (d, e) qRT-PCR and WB analysis of 
SCYL1 mRNA expression levels in various GC cell lines and nor-
mal gastric mucosal epithelial cells. (f, g) qRT-PCR and WB analysis 
of siRNA knockdown efficiency of SCYL1 in GC cells. (h, i) Tran-
swell and wound healing assays to assess the impact of si-SCYL1 
on the migratory ability of GC cells SGC7901. (j, k) Quantification 
of transwell (j) and wound healing assays (k). Scale bar, 50 μm. (ns, 
P > 0.05; **P < 0.01; ***P < 0.001)

◂
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the mTORC1 signaling pathway. Therefore, future research 
might explore inhibitors or antagonists of SCYL1 as new 
directions for GC treatment. Moreover, our study suggests 
that the expression level of SCYL1 could serve as a valuable 
biomarker for the prognosis of GC in clinical settings.

Fig. 4  SCYL1 inhibits autophagy in GC cells, promoting their migra-
tion and invasion. (a) Volcano plot based on high and low expression 
genes of SCYL1 in TCGA. (b) GSEA enrichment analysis sorted by 
log2FC values from high to low, based on the TCGA database. Gene 
set: “c2.cp.all.v2022.1.Hs.symbols.gmt”. (c) Detection of autophagic 
flux using GFPmRFP-LC3 lentivirus in CON or si-SCYL1 SGC7901 
groups. Scale bar, 20  μm. (d) Quantification of LC3 dots (red and 
yellow representing autophagosomes or autolysosomes, respectively) 
in CON or si-SCYL1 SGC7901 groups. (e) Western blot analy-
sis of autophagy-related markers: LC3 and P62 protein levels, with 
GAPDH as an internal reference. (f–i) Transwell and wound healing 
assays to assess the effect of autophagy inhibitor 3-MA on restoring 
the migratory ability of GC cells treated with si-SCYL1. Scale bar, 
50 μm. (ns, P > 0.05; *P < 0.05; **P < 0.01; ***P < 0.001)

◂



 Journal of Cancer Research and Clinical Oncology (2024) 150:456456 Page 12 of 15

Fig. 5  SCYL1 inhibits autophagy in GC cells by activating the 
mTORC1 signaling pathway. (a) Gene Set Enrichment Analy-
sis (GSEA) based on the TCGA database, sorted by log2FC val-
ues from high to low. The gene set used is “h.all.v7.5.1.symbols.
gmt”. (b) WB analysis to detect the levels of proteins related to the 
mTORC1 pathway. (c) WB analysis of the impact of si-SCYL#1 and 
the mTOR Agonist MHY1485 on autophagy levels in SGC-7901. 

(d) Detection of autophagic flux using the GFPmRFP-LC3 lentivirus 
in CON, si-SCYL1, and si-SCYL1 + MHY14845 SGC7901 groups. 
Scale bar, 20 μm. E. Quantification of LC3 in CON, si-SCYL1, and 
siSCYL1 + MHY14845 SGC7901 groups (red and yellow repre-
sent autophagosomes or autolysosomes, respectively). (ns, P > 0.05; 
***P < 0.001)
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Fig. 6  SCYL1 promotes the migration of GC in vivo. (a, b) Repre-
sentative images and numbers of intraperitoneal metastatic nodules 
in nude mice injected with recombinant GC cells and control cells. 
(c) HE and IHC staining intensity for SCYL1, LC3B, and p-mTOR 

in different groups. Scale bar, 10 μm. (d) Summary of the findings: 
SCYL1 promotes GC migration by activating the mTORC1 signaling 
pathway and inhibiting autophagy in GC cells
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