
iScience

Article

ll
OPEN ACCESS
Targeted down-regulation of SRSF1 exerts anti-
cancer activity in OSCC through impairing
lysosomal function and autophagy
Yi Qu, Ying He,

Yijuan Wang,

Zhengxue Han,

Lizheng Qin

zhengxue_han@163.com (Z.H.)

qinlizheng@ccmu.edu.cn (L.Q.)

Highlights
High expression of SRSF1 is

associated with poor

prognosis of OSCC

patients

The growth of OSCC was

significantly inhibited upon

down-regulation of SRSF1

Targeted knockdown of

SRSF1 impeded the

process of lysosomal

biosynthesis in OSCC

The impediment of

lysosomal biogenesis

obstructs the autophagic

flux in OSCC

Qu et al., iScience 26, 108330
December 15, 2023ª 2023 The
Authors.

https://doi.org/10.1016/

j.isci.2023.108330

mailto:zhengxue_han@163.com
mailto:qinlizheng@ccmu.edu.cn
https://doi.org/10.1016/j.isci.2023.108330
https://doi.org/10.1016/j.isci.2023.108330
http://crossmark.crossref.org/dialog/?doi=10.1016/j.isci.2023.108330&domain=pdf


iScience

Article

Targeted down-regulation of SRSF1 exerts
anti-cancer activity in OSCC through impairing
lysosomal function and autophagy

Yi Qu,1 Ying He,1 Yijuan Wang,2 Zhengxue Han,1,3,* and Lizheng Qin1,*

SUMMARY

Oral squamous cell carcinoma (OSCC) is a common cancer of the head and neck. Despite ongoing efforts,
there remains a dearth of targeted drugs capable of effectively inhibiting OSCC growth. As the earliest
discovered proto-oncogene in the SRSF family, targeted inhibition of serine/arginine-rich splicing factor
1 (SRSF1) plays an important role in tumor suppression. However, the expression, function, and mecha-
nism of SRSF1 inOSCC have not been comprehensively reported. This study retrospectively analyzed clin-
ical samples from OSCC patients and discovered a significant correlation between the SRSF1 expression
level and poor prognosis. In vitro experimentation demonstrated that SRSF1 knockdown inhibited OSCC
growth, survival, lysosomal biogenesis and autophagy. To confirm the significance of lysosomal function
and autophagy in the regulation of OSCC growth by SRSF1, cell rescue models were constructed. The
aforementioned findings were subsequently validated in xenograft models. Ultimately, targeted knock-
down of SRSF1 was found to significantly suppress OSCC growth by impeding lysosomal biogenesis
and autophagy.

INTRODUCTION

Oral squamous cell carcinoma (OSCC) is among themost prevalent cancers, accounting for 1%–2%of all cancers.1 Additionally,OSCCexhibits

notable traits of elevated aggressiveness, frequent metastatic occurrences, and recurrent manifestations.2 Therefore, the 5-year survival rate

for patientswithOSCC is nearly 50%.3 The limited treatment options forOSCCcanbe attributedpartly to the inadequate comprehension of its

fundamental biology. The alternative splicing of pre-mRNA is one of the critical posttranslational processes determining the complexity of

mammals’ proteomes.4 Dysregulation of splicing factors can lead to the failure to identify spice sites, ultimately resulting in the production

of aberrant mature mRNA variants that encode harmful isoforms. This phenomenon is involved in the pathophysiology of cancer.4,5

Consequently, the "cancer" splicing factor is now considered amolecular biomarker as well as a therapeutic target to combat cancer.6 The

serine/arginine-rich splicing factors (SRSFs) constitute a significant protein family of splicing factors recently identified. They play a crucial role

in the entire neoplastic genesis and progression process. It has been clarified that serine/arginine-rich splicing factor 1 (SRSF1), one of these

SRSFs, has a direct function in tumorigenesis.7 Increasing evidence demonstrates that SRSF1 exhibits elevated expression levels in various

types of cancer and functions as an oncogene.8–10 However, the contribution of SRSF1 to the onset and progression of OSCC has not yet

been clearly elucidated. The lysosome is one of the most essential membrane-bound organelles in the catabolic process. The lysosomal

microenvironment is composed of a variety of hydrolases that aid in the degradation of complex macromolecules such as large protein com-

plexes, nucleotides, lipids, as well as glycoproteins. These processes are integral to endocytic receptor recycling and energy metabolism.11

Maintenance of a homeostatic intracellular environment requires normal lysosomal biogenesis levels, while increased lysosomal biogenesis

has been associated with rapid tumor growth and poor prognosis.12 In addition, by regulating autophagy, lysosome-mediated signaling

pathways, and transcription programs monitor cellular metabolism and switch between anabolism and catabolism, thereby affecting the

rapid growth of tumor cells.13,14

Our research revealed that SRSF1 expression showed a significant increase in OSCC and that up-regulation of SRSF1 expression in tumor

tissues predicted unfavorable patient outcomes. Furthermore, significant inhibition of rapid growth in OSCC was observed upon targeted

knockdown of SRSF1, whereas overexpression of SRSF1 had the opposite effect. Through high-throughput RNA sequencing (RNA-seq)

and subsequent in vitro and in vivo experimentation, it has been determined that suppression of lysosomal biogenesis and autophagy in

OSCC cells can be achieved by knockdown of SRSF1. In turn, this has been shown to effectively impede tumor growth. This provides a

new mechanism and evidence for targeting SRSF1 in treating OSCC.
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RESULTS

SRSF1 is increased in OSCC patients and cell lines, and its higher expression estimates the poorer outcome

In order to establish SRSF1’s function in OSCC, SRSF1 expression was assessed in 52 paired OSCC and adjacent normal tissues (ANTs) sam-

ples through RT-qPCR assay and western blot analysis. Compared to ANTs, the SRSF1 mRNA expression patterns significantly elevated

OSCC tissues (p = 0.0034) (Figure 1A). Furthermore, the expression of the SRSF1 protein was consistent with the corresponding mRNA ob-

servations (Figures 1B and 1C). According to IHC staining, SRSF1 is primarily localized in the nucleus and strongly expressed in almost all

OSCC tissues, while SRSF1 expression is weak or even negative in most ANTs (Figures 1D and 1E). Subsequently, the correlation between

the SRSF1 expression pattern in cancer tissues and the clinical pathological criteria of patients with OSCC was analyzed. Table 1 lists the cor-

relation of SRSF1 expression with a wide variety of clinicopathological characteristics. The results showed that the high-SRSF1 groups were

obviously related to the clinical stages T3/T4 (p = 0.0054), advanced pathological grade (p = 0.0385), and high Ki-67 positive rates (p < 0.001).

In the Kaplan-Meier analysis, high expression of SRSF1 was associated with a significant reduction in overall survival (OS) (p = 0.0273)

compared to low expressions (Figure 1F). For the low SRSF1 groups, the OS measure was 69.2%, while for the high SRSF1 groups, the OS

measure was 46.2%.

Then, we tested SRSF1 expression in two oral epithelial cell lines (hTIGKs and HOK) and four human OSCC cell lines (SCC-4, SCC-9, SCC-

25, and CAL-27). Compared to human immortal gingival epithelial cells hTIGKs and human oral mucosa keratinocytes HOK, OSCC cells have

significantly higher SRSF1 levels (Figure 1G). Furthermore, the expression patterns of SRSF1 were higher in the SCC-4 and CAL-27 cell lines

than in the SCC-9 and SCC-25 cell lines.

Figure 1. SRSF1 expression in OSCC tissues and cell lines

(A) RT-qPCR analysis of SRSF1 expression in 52 pairs of OSCC and ANTs.

(B and C) Representation of SRSF1 protein expression data in eight paired OSCC tissues and ANTs were identified utilizing western blot analysis.

(D) IHC staining of SRSF1 in control tissues (ANTs) andOSCC. The establishment of negative control was achieved through the utilization of PBS as a surrogate for

the primary antibody. Scale bar: 50 mm.

(E) IHC staining score of SRSF1 in 52 cases of OSCC tissues.

(F) Kaplan-Meier survival analysis was performed to assess the correlation of SRSF1 expression in cancer tissues with OS of patients diagnosed with OSCC.

(G) SRSF1 mRNA expression in hTIGKS, HOK, and OSCC cell lines includes SCC-4, SCC-9, and SCC-25 in addition to CAL-27. Error bars express mean G SD.

**p < 0.01, ***p < 0.001, ****p < 0.0001.

Table 1. Relationship between SRSF1 protein expression and clinicopathological characteristics of the 52 OSCC patients

Variables All cases

SRSF1

p valuebLow High

Agea 0.7814

<63 25 13 12

R63 27 13 14

Gender 0.3965

Male 31 14 17

Female 21 12 9

Clinical T stage 0.0054**

T1/T2 28 19 9

T3/T4 24 7 17

Pathological grade 0.0385*

I 11 9 2

II/III 41 17 24

Lymph node metastasis >0.9999

Absent 30 15 15

Present 22 11 11

Ki-67c <0.001***

%60% 27 21 6

>60% 25 5 20

*p < 0.05, **p < 0.01, ***p < 0.001.
a63 years is the median age of the subjects.
bChi-square test or Fisher’s exact test.
cPercentage of ki-67 positive cells, 60% is the median value of the subjects.

ll
OPEN ACCESS

iScience 26, 108330, December 15, 2023 3

iScience
Article



ll
OPEN ACCESS

4 iScience 26, 108330, December 15, 2023

iScience
Article



Targeted knockdown of SRSF1 blocked the growth and survival of OSCC

Motivated by the aforementioned discoveries, we investigated the role of SRSF1 in OSCC. CAL-27 and SCC-4 were used for stable knock-

down of SRSF1, and SCC-25 and SCC-9 were used for overexpression of SRSF1. SRSF1 expression levels were confirmed using western

blot (Figures 2A, 2B, S1A, and S1B). The SRSF1 knockdown effectiveness in si-SRSF1 CAL-27 and SCC-4 cells was 69.3% and 42.2%, respec-

tively, and the SRSF1 overexpression efficiency in LV-SRSF1 SCC-25 and SCC-9 cells was 1.74-fold and 2.41-fold, respectively. To reflect the

growth ofOSCC cellsmore comprehensively, the study employedCCK-8 and EdU staining techniques to identify the collective and individual

cellular growth of distinct groups. Based on the results, we found that the down-regulation of the target gene in CAL-27 and SCC-4 signif-

icantly inhibited cell growth and proliferation (Figures 2C, 2E, and S1C). However, up-regulation of SRSF1 in SCC-25 and SCC-9 enhanced cell

growth and proliferation (Figures 2D, 2E, and S1D). The findings of the colony formation assay demonstrated that reducing SRSF1 expression

impeded the viability of OSCC, whereas the augmentation of SRSF1 expression elicited a contrary outcome (Figures 2F, S1E and S1F).

SRSF1 has a role in the regulation of lysosomal-related pathways in OSCC

RNA-seq was applied to the si-NC and si-SRSF1 sub-cell lines of SCC-4 and CAL-27 to elucidate the potential mechanism of SRSF1’s involve-

ment in controlling the proliferation of OSCC. A total of 3,748 and 8,906 differentially expressed genes (DEGs) regulated with SRSF1 were

identified in SCC-4 and CAL-27 cells, compared to the si-NC groups, 1,819 and 4,238 genes had decreased expression in SCC-4 and

CAL-27, while 1,929 and 4,668 genes had elevated expression, respectively (Figures 3A and 3B).

According to the analysis of these DEGs in the Kyoto Encyclopedia of Genes and Genomes (KEGG), lysosomal-associated pathways were

significantly inhibited in both cell lines after SRSF1 knockdown (Figures 3C and 3D). These differential genes related to lysosomal metabolism

were mainly ATP subunit genes, fusion genes, lysosomal membrane protein genes, and protease genes, suggesting that SRSF1 may be

involved in the regulation of lysosome biogenesis and lysosomal enzyme activity in OSCC (Figures 3E and 3F).

Targeted knockdown of SRSF1 inhibits lysosomal biogenesis and enzyme activity

Subsequently, we performed qRT-PCR on genes related to the lysosomal pathway in Figures 3E and 3F, and the results were aligned with the

RNA-Seq analysis. In SCC-4 and CAL-27 cells, the mRNA expression patterns of GAA, ABCA2, LAMP3, MAN2B1, TCIRG1, SCARB2, GGA1,

NAGLU, CTSZ, andM6PR showed a significant reduction compared to the control group (Figures 4A and 4B). To explore the impact of SRSF1

on the lysosomal role, the activity of the CTSD and NAGLU lysosomal enzymes was determined in si-NC and si-SRSF1 sub-cell lines. Signif-

icantly reduced activity of both enzymes was observed in si-SRSF1 groups (Figures 4C and 4D), confirming a general decline in the lysosomal

role. OSCC cells were analyzed using LysoTracker red (DND-99) to determine the quantity andmorphology of viable lysosomes. Compared to

control cells, the count of lysosomes in the cytoplasm and fluorescence intensity decreased in si-SRSF1 transfected cells (Figures 4E and 4F).

Moreover, no statistically significant variation in lysosomal morphology was observed among any group. Lysosomal-associated membrane

protein 1 (LAMP1), a membrane protein regarded as a lysosomal marker,15 is used to evaluate the count of intracellular lysosomes. According

to western blot results, LAMP1, NAGLU, and CTSD protein expression patterns were significantly reduced after SRSF1 was knocked down in

both SCC-4 and CAL-27 cell lines (Figures 4G, S2A and S2B).

TFEB is a crucial transcription factor that promotes lysosomal biogenesis. To confirm the crucial role of lysosomal biogenesis in SRSF1

regulating OSCC growth, we constructed a cell rescue model by transfection of si-SRSF1 sub-cell lines with TFEB plasmid. Western blot

was utilized to determine the effectiveness of transfection (Figures 4H, S2C, and S2D). Figures 4I, 4J, S2E, and S2F show that up-regulation

of TFEB significantly reversed the inhibitory impact of SRSF1 knockdown on cell growth, proliferation, and cloning.

The decrease in SRSF1 inhibits autophagic flux at its late stage

The biogenesis and functional impairment of lysosomes usually affect the normal autophagy process of tumor cells.16 By analyzing the RNA-

seq data, we found that many genes involved in the autophagy pathway, including ABL2, MAP1LC3B, NEDD4, CHMP2B, and LGALS8 were

significantly activated after SRSF1 knockdown in OSCC (Figure 5A). Subsequently, the results of RNA-seq were further verified by RT-qPCR

(Figures 5B and 5C).We tested changes in LC3B conversion by western blotting to explore the impact of SRSF1 on autophagy, and the LC3B-II

protein accumulated markedly in si-SRSF1 groups. Furthermore, p62 was increased, consistent with the RNA-Seq analysis (Figures 5D, S3A,

and S3B). Then, autophagic flux was assessed by transfection of cells with Ad-mCherry-GFP-LC3. This approach enables the emission of both

mCherry andGFP signals upon targeting autophagosomeswhile only emitting themCherry signal in autolysosomes due to quenching of GFP

in the acidic lysosomal environment.17 The findings shown in Figures 5E–5H indicate that the number of autophagosomes in both SCC-4 and

CAL-27 cells increased significantly (yellow dots), and the number of autolysosomes decreased (red dots) after SRSF1 knockdown.

Figure 2. Down-regulation of SRSF1 suppressed the growth, proliferation, and colony-forming capacity of OSCC cells

(A and B) Western blot analysis of SRSF1 knockdown and up-regulation of CAL-27 and SCC-25 transfected with the lentivirus compared to the control lentivirus.

(C and D) Down-regulation of SRSF1 inhibited CAL-27 growth, while up-regulation of SRSF1 promoted SCC-25 growth.

(E) EdU staining was performed on OSCC cells. The figures presented represent customary illustrations of cell nuclei undergoing proliferation, stained with EdU

(red) and Hoechst (blue). Additionally, combined images are included. Scale bar: 100 mm.

(F) The colony formation assay showed that reducing SRSF1 hindered OSCC survival while increasing SRSF1 had the opposite effect. The data were validated

through duplicate trials. Error bars express mean G SD. **p < 0.01, ***p < 0.001, ****p < 0.0001.
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Next, we used autophagy inhibitor Baf A1 (bafilomycin A1), which inhibits the fusion between autophagosomes and lysosomes, to evaluate

the effect of SRSF1 knockdown on autophagic flux. The results demonstrated that down-regulation of SRSF1 further promoted the conversion

of LC3B I to II with treatment of 50 nM Baf A1 (Figure S3D). Finally, we used immunofluorescence to detect changes in the co-localization of

LC3 and LAMP1 after SRSF1 knockdown. As shown in Figure S3C, LC3 fluorescence intensity was increased, LAMP1 fluorescence intensity was

decreased, but the co-localization of LC3 and LAMP1 did not change significantly. The aforementioned results indicated that although the

down-regulation of SRSF1 can promote the formation of autophagosome, the lysosome damage caused by SRSF1 knockdown ultimately in-

hibits the formation of autolysosome and impedes the autophagic flux.

Down-regulation of SRSF1 suppressed xenograft tumorigenesis in OSCC

In order to conduct in vivo experiments, sub-cellular lines that were stable for OSCC were introduced into nude mice via injection. The xe-

nografts belonging to the si-SRSF1 groups demonstrated decreased levels of SRSF1, while the LV-SRSF1 groups exhibited elevated SRSF1

patterns than the control groups (Figure 6G, S4C, and S4D). The findings of the study suggest that the injection of SRSF1-knockdown CAL-27

cells in mice resulted in a decrease in tumor volume, mass, and cell growth (as measured via Ki-67 index) in comparison to the si-NC group

(Figures 6A, 6C, 6E, 6G, and S4A). On the contrary, in the up-regulation group of SRSF1, tumor volume, mass, and cell proliferation were pro-

moted (Figures 6B, 6D, 6F, 6G, and S4B). The results of the IHC stain indicated that the down-expression of SRSF1 inhibited LAMP1 expression

and promoted the expression of p62, while the up-regulation of SRSF1 had the opposite effect (Figures 6G, S4C, and S4D). In addition, we

also used western blotting to detect the expression of p62 and LC3B II in tumor tissues of nudemice after the down-regulation of SRSF1, and

the results were consistent with in vitro experiments (Figure S4E). The current in vitro and in vivo findings declared that the targeted reduction

of SRSF1 can effectively suppress lysosomal biogenesis and function, inhibit cancer cell autophagy, and hinder the rapid growth of OSCC.

DISCUSSION

SRSF1 is a prototypical member of the SR protein family, documented in various malignancies and associated with unfavorable clinical out-

comes. In breast cancer, SRSF1 was overexpressed in tumor tissues and positively related to clinical severity as well as poor prognosis.7

Furthermore, up-regulation of SRSF1 exhibited a strong association with advanced age, advanced grade, increased Ki-67 index, and reduced

OS in patients with glioma.8 However, inOSCC, only a few studies indicated the up-regulation of SRSF1 in cancer tissues, but the link between

SRSF1 expression and clinicopathological variables is still obscure.18 Herein, we further confirm that SRSF1 expression was elevated in most

OSCC tissues.

Furthermore, elevated expression of SRSF1 in OSCC is associated with greater malignancy of tumor phenotypes and an unfavorable prog-

nosis. The results of this study indicate that SRSF1 may have promise as a predictive biomarker for people with OSCC. Recently, SRSF1 has

been reported to be involved in a variety of biological processes in cancer cells, such as the control of alternative splicing, the control of trans-

lation, the transport of RNA, and the decay of RNA through nonsense-mediated mechanisms.19,20 The targeted knockdown of SRSF1 as a

therapeutic target could significantly inhibit tumor growth.7,8 Jinji Ma et al. explored the role of SRSF1 in OSCC for the first time in vitro

cell experiments and proposed that SRSF1 may play a role in enhancing the growth, invasiveness, and epithelial-mesenchymal transition

of cell lines associated with OSCC.21 Similarly, our in vivo and in vitro results confirmed that down-regulation of SRSF1 blocked OSCC cell

growth, survival, and xenograft formation, while up-regulation of SRSF1 had the opposite effects.

To further investigate the potential mechanism underlying the regulation of OSCC growth by SRSF1, two OSCC cell lines exhibiting

elevated SRSF1 expression were chosen. Subsequently, RNA-seq analysis was conducted to examine alterations in gene expression following

SRSF1 knockdown in both cell lines. Interestingly, after the enrichment of common differential genes in SCC-4 and CAL-27 into the KEGG

signaling pathways, the alteration of the lysosome-related pathways attracted our attention. Lysosomes are integral to several cellular activ-

ities, includingmacromolecular recycling, vesicle trafficking, metabolic reprogramming, and pro-growth signaling.22 The accelerated growth

of many cancer cells necessitates increased rates of vesicle trafficking, which is facilitated by exacerbated lysosome activity. This enables

cellularmaterial breakdown, clearance, and recycling to fulfill cell growth demands.23 Therefore, targeting lysosomal biogenesis has gradually

become a promising anti-cancer strategy for a variety of malignant tumors. This study demonstrated that down-regulation of SRSF1 signif-

icantly inhibited lysosome biogenesis and function in OSCC. The importance of lysosomal biogenesis in targeting SRSF1 for tumor growth

inhibition was confirmed by transfection with the TFEB plasmid.

Autophagy is an essential mechanism for the breakdown of lysosomal cells that plays a significant role in both developmental processes

and cancer development,24 acting as a suppressor or promoter of tumor growth, depending on the specific circumstances and phases of

cancer development. Some researchers have linked autophagy to the inhibition of OSCC progression; however, other studies have shown

that autophagy is positively associated with the development and progression of OSCC.25 Tang et al. reported that OSCC had a high degree

of autophagy activity, and dual expression of tumor autophagy protein 5 (ATG5) and Beclin-1 (BECN1) expression served as a poor prognostic

indicator for OSCC.26 Zhang et al. confirmed that nuclear protein 1 (NUPR1) maintained autophagic flux and lysosomal functions by directly

Figure 3. RNA-seq analysis in SRSF1 knockdown SCC4 and CAL-27 cell lines

(A) Schematic representation of the quantity of differentially expressed genes (DEGs).

(B) The DEGs transcription heatmap in SCC-4 and CAL-27 after SRSF1 knockdown.

(C and D) KEGG pathway analysis showed that the same DEGs were enriched in lysosomal-related pathways after SRSF1 knockdown in both cell lines.

(E and F) Ten representative differential genes related to the lysosome were significantly regulated after SRSF1 knockdown in RNA-seq data.
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increasing transcription factor E3 (TFE3) activity, which promotedOSCC cell proliferation andmetastasis in vitro and in vivo, based on tandem

mass tag-based quantitative proteomic analysis.27 Overexpression of miR-10b was followed by enhanced OSCC invasion and migration and

activated autophagic protein, such as LC3II/ATG5. Through in vivo and in vitro experiments, we confirmed that inOSCC, the down-regulation

of SRSF1 played a role in promoting autophagosome formation, whichwas consistent with previous findings in lung cancer.28 However, SRSF1

knockdown also impaired lysosomal biogenesis and function, hindering autolysosome formation and ultimately suppressing autophagic flux.

In summary, the data presented in this study offer important information on the function and fundamental mechanisms of aberrant regu-

lation of SRSF1 inOSCC. This research indicated that down-regulation of SRSF1 suppresses tumor growth and survival by inhibiting lysosomal

function and autophagy. Furthermore, our research found a significant positive link between SRSF1 expression and clinical T stage, patho-

logical grade, Ki-67 index, and poor survival in patients with OSCC. Based on the collective findings of these investigations, we suggest

that SRSF1 has the capacity to serve as both a predictive indicator and a significant anti-cancer therapeutic target, with the possibility of prac-

tical application in the context of OSCC.

Limitations of the study

However, it is still unclear which target gene pre-mRNA splicing is directly regulated by SRSF1 to inhibit the biogenesis and function of lyso-

somes in OSCC and the correlation between lysosomal and autophagy dysfunction caused by SRSF1 knockdown. The issues mentioned pre-

viously will constitute the primary focus of our subsequent investigation.
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Figure 4. Down-regulation of SRSF1 inhibited lysosomal biogenesis and function in OSCC

(A and B) The expression of ten genes related to lysosomal was detected by qRT-PCR in the si-NC and si-SRSF1 groups.

(C and D) The CTSD and NAGLU lysosomal enzyme activity was reduced after SRSF1 knockdown in both SCC-4 and CAL-27.

(E and F) OSCC cell lines were treated with a 50 nM LysoTracker red concentration for 30 min. Scale bar: 5 mm.

(G) Western blot technique was employed to identify the protein expression pattern of LAMP1, CTSD as well as NAGLU in both SCC-4 and CAL-27 after SRSF1

knockdown.

(H) Transfection of si-SRSF1 sub-cell lines with TFEB plasmid.

(I and J) CCK-8 assay showed that TFEB up-regulation showed a significant impact on alleviating the inhibitory impact of SRSF1 knockdown on the growth of

OSCC cells. Error bars express mean G SD. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.
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Figure 5. Reduced SRSF1 is associated with decreased autophagy

(A) Heat maps of 15 representative autophagy-related differential genes after SRSF1 knockdown in SCC-4 and CAL-27 were derived from RNA-seq data.

(B and C) qRT-PCR was used to detect the mRNA expression levels of ABL2, MAP1LC3B, NEDD4, CHMP2B, and LGALS8 in different OSCC groups.

(D) The protein expression patterns of SRSF1, P62, and LC3B in various groups were identified utilizing western blot.

(E‒H) SCC-4 and CAL-27 cells with stable down-regulation of SRSF1 were transfected with GFP-mCherry-LC3 to explore GFP expression and mCherry using a

laser confocal microscope. Three experimental trials were conducted, and the average value, along with the SD of the count of autophagosomes (represented by

yellow dots) and autolysosomes (represented by red-only dots) per cell, were graphed. Scale bar: 50 mm. Error bars express mean G SD. *p < 0.05, **p < 0.01,

***p < 0.001, ****p < 0.0001.
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Figure 6. The suppression of tumor development was observed in xenograft models after the down-regulation of SRSF1

(A‒D) The size of the tumors xenografted in different groups of BALB/c nudemice was compared to reflect the effect of SRSF1 onOSCC tumorigenesis. (A and B)

Demonstrate the tumor xenografts subsequent to ectopic-subcutaneous implantation in nudemice, with a duration of onemonth. (C and D) The tumor mass was

observed and recorded.

(E and F) After tumor formation, tumor volume was measured and recorded every three days until mice were killed after one month.

(G) IHC staining of SRSF1, Ki-67, LAMP1, and p62 in the xenograft tumor samples. Scale bar: 20 mm. Error bars express mean G SD. *p < 0.05, **p < 0.01.
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KEY RESOURCES TABLE

REAGENT or RESOURCE SOURCE IDENTIFIER

Antibodies

Mouse anti-human SRSF1 Santa curz Cat#sc-33652

Mouse anti-human GAPDH Abclonal RRID:AB_2769570

Rabbit anti-human NAGLU Abcam Cat#ab214671

Rabbit anti-human LAMP1 Abcam RRID:AB_775978

Mouse anti-human CTSD Santa curz Cat#sc-377299

Rabbit anti-human TFEB Bioss RRID:AB_10855158

Rabbit anti-human p62 Abcam RRID:AB_2810880

Rabbit anti-human LC3B Abclonal RRID:AB_2862723

Rabbit anti-human Ki-67 Abcam RRID:AB_443209

Goat Anti-Mouse IgG H&L (Alexa Fluor� 488) Abcam RRID:AB_2576208

ABflo� 594-conjugated Goat Anti-Rabbit IgG (H+L) Abclonal RRID:AB_2768326

Anti-rabbit IgG Cell Signaling Technology Cat#7074

Anti-mouse IgG Cell Signaling Technology Cat#7076

Bacterial and virus strains

LV-GV248-SRSF1-Human Genechem N/A

LV-CV146-SRSF1-Human Genechem N/A

Chemicals, peptides, and recombinant proteins

Bafilomycin A1 MedChemExpress Cat#HY-100558

Critical commercial assays

TRIzol Reagent CWbiotech Cat#CW0580

PrimeScript� RT reagent Kit with gDNA Eraser TaKaRa Cat#RR047Q

QuantiTect SYBR Green PCR Kit QIAGEN Cat#204145

Tissue Protein Extraction Kit CWbiotech Cat#CW0891

Lipofectamine� 3000 Invitrogen Cat#L3000001

Cell Counting Kit-8 Beyotime Cat#C0037

BeyoClick� EdU Cell Proliferation Kit with Alexa Fluor 555 Beyotime Cat#C0075S

Cathepsin D Activity Assay Kit Biovision Cat#K143-100

b-N-Acetylglucosaminidase Assay Kit Sigma-Aldrich Cat#CS0780

Lyso-Tracker Red Beyotime Cat#C1046

adenovirus expressing mCherry-GFP-LC3B fusion protein Beyotime Cat#C3011

Deposited data

RNAseq Data This paper GSE244710

Experimental models: Cell lines

SCC-4 ATCC CRL-1624

SCC-9 ATCC CRL-1629

SCC-25 ATCC CRL-1628

CAL-27 ATCC CRL-2095

hTIGKs ATCC CRL-3397

(Continued on next page)
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RESOURCE AVAILABILITY

Lead contact

Additional information and requests for resources and reagents should be directed to, and will be fulfilled by, the lead contact, Dr. Zhengxue

Han (Zhengxue_Han@163.com).

Materials availability

This study did not generate new unique reagents.

Data and code availability

� RNA sequencing data is publicly available through Gene Expression Omnibus (GSE244710).
� This paper does not report original code.

� Any additional information required to reanalyze the data reported in this paper is available from the lead contact upon request.

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Tissue samples and clinicopathological data

From January 2015 to January 2017, 52 patients included in this cohort study had primary OSCC confirmed by histopathology and

were admitted to Beijing Stomatology Hospital, Capital Medical University. Neither radiotherapy nor chemotherapy had been adminis-

tered previously to any patient. Every three months, data on subjects’ initial state and subsequent clinical progress were gathered and

periodically modified. Based on AJCC and WHO guidelines, tumor staging and grading were performed. Postoperative follow-up was

initiated after the date of surgery and persisted until the patient’s death or the completion of the monitoring. Following surgical resection,

samples of OSCC and adjacent normal tissues (ANTs) were promptly partitioned into two segments. The initial segment was promptly

cryopreserved and maintained at -80 �C for subsequent evaluation by Western blotting and quantitative reverse transcription-PCR

(qRT-PCR) methods.

In contrast, the second part was fixed with 4% paraformaldehyde for immunohistochemistry (IHC) staining. As mentioned above, the

collection of samples and data was conducted in accordance with the Helsinki Declaration. Consent was obtained from all patients and

the Research Ethics Committee of the Beijing Stomatology Hospital to conduct the investigation.

Animal experiments

The Institutional Research Ethics Committee of the Stomatology Hospital of Capital Medical University approved the animal experiments.

Beijing HFK Bioscience (China) provided female BALB/c nude mice (four weeks old) for each group at random. To examine the progression

of tumors, a collection of sub-cell lines that had been infected with lentiviruses and subsequently chosen through puromycin selection were

transplanted subcutaneously intomice. The transplantation was carried out by administering 13106 cells per mouse, either on the left or right

flank. Digital Vernier calipers were used to measure each tumor’s length (L) and width (W) every three days after it formed. Tumor volumes

were calculated by the following, Tumor volume =W23L/2. Mice were anesthetized and killed a month after tumor formation. The initial

neoplastic growths were excised, subsequently preserved, and then incorporated into paraffin for IHC staining.

Continued

REAGENT or RESOURCE SOURCE IDENTIFIER

HOK Shanxi Medical University School and

Hospital of Stomatology

N/A

Experimental models: Organisms/strains

BALB/c nude mice Beijing HFK Bioscience N/A

Oligonucleotides

See Table S1 Life Technologies N/A

Recombinant DNA

Plasmid- GV740-TFEB-Human Genechem N/A

Software and algorithms

SPSS V19.0 software IBM https://www.ibm.com/spss

Prism 9.4.1 software GraphPad https://www.graphpad.com/features

ImageJ NIH https://imagej.nih.gov/ij/
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Cell culture and reagents

The American Type Culture Collection (ATCC) provided hTIGKs, SCC-4, SCC-9, SCC-25, and CAL-27 cells. Shanxi Medical University School

and Hospital of Stomatology supplied HOK cells. CAL-27 cells were grown in DMEM with 10% FBS and 0.5% penicillin/streptomycin. hTIGK

cells were cultured in a dermal cell basal medium enriched with the Keratinocyte Growth Kit. The SCC-4, SCC-9, and SCC-25 cell lines were

also grown in DMEM/F12 medium enriched with 10% FBS, 0.5% penicillin-streptomycin, and 400 ng/mL hydrocortisone. The HOK cells were

cultured utilizing the Keratinocyte SFM media. The cells were stored in a humidified incubator at 37 �C with a CO2 concentration of 5%.

METHOD DETAILS

RNA extraction and qRT-PCR

Total RNAwas extracted using TRIzol reagent (CWbiotech, China). Following an evaluation of the concentration and purity of RNA, cDNAwas

synthesized utilizing the PrimeScript RT Reagent Kit (Takara, Japan). The SYBR Green PCR kit (Qiagen, Germany) was used to perform qRT-

PCR. The 2�DDCt approach was used to compare relative mRNA expressions normalized to GAPDH expression. Table S1 lists the sequence of

primers created and supplied by Life Technologies (Shanghai, China).

Protein extraction and Western blot

A tissue protein extraction kit (CWbiotech) was used to extract total proteins. Lysates and immunoblotting were carried out, as mentioned

earlier.29 In brief, the samples were homogenized and incubated by shaking constantly followed by centrifugation. The western blot mem-

brane (PVDF, Millipore) was incubated overnight at 4�C with a SRSF1 antibody (sc-33652, Santa Cruz Biotechnology, USA, dilution 1:200),

a NAGLU antibody (ab214671, Abcam, dilution 1:1000), a LAMP1 antibody (ab24170, Abcam, dilution 1:1000), a CTSD antibody (sc-

377299, SantaCruz Biotechnology, USA, dilution 1:200), a TFEB antibody (bs-5137R, Bioss, dilution 1:2000), a p62 antibody (ab109012, Abcam,

dilution 1:1000) and a LC3B antibody (A19665, Abclonal, dilution 1:2000) subsequently incubated for 1 h with secondary HRP-conjugated an-

tibodies, and finally incubated in Clarity Western ECL Substrate (BioRad, USA). Densitometric analysis was performed using ImageJ software.

For the housekeeping gene, GAPDH antibody (AC033, Abclonal, dilution 1:100000) was used. Table S2 provides information on primary

antibodies.

Immunohistochemistry

Paraffin-embedded tissue slides were dewaxed in xylene. Antigen retrieval was performed in citrate buffer at high temperature, followed by

natural cooling to room temperature. Tissues were then blocked for 1 h, then incubated with the primary antibody against SRSF1 (sc-33652,

Santa Cruz Biotechnology, USA, dilution 1:200), Ki-67 (ab15580, Abcam, dilution 1:200), LAMP1 (ab24170, Abcam, dilution 1:200), p62

(ab109012, Abcam, dilution 1:200), 4�C, overnight. The slides were then washed with PBST to remove unbound primary antibody, followed

by incubation with goat anti-rabbit/mouse IgG/HRP polymer (Zsbio, Peking, China), for 25 min, at 37�C. Slides were then stained with DAB

followedby counterstainingwith hematoxylin. The tissueswere dehydrated and sealed. The slides were scanned using a Pannoramic Scan 150

scanner. As previously described, IHC staining and staining score were carried out.30 Table S2 provides information on primary antibodies.

Lentiviruses and plasmids

In this study, knockdown lentiviruses were generated to express two types of small hairpin RNA (shRNA): negative control shRNA (si-NC) and

shRNA targeting SRSF1 utilizing the hU6-MCS-CBh-IRES-puromycin vector. The lentiviruses were then packaged in 293T cells. GeneChem

(Shanghai, China) developed and packaged overexpression lentiviruses expressing SRSF1 (LV-SRSF1) and control lentiviruses (LV-Con). Len-

tiviral vectors were employed to transfect various OSCC cell lines, with an MOI of approximately 10, for a duration of 16 h, utilizing polybrene

at a concentration of 6 mg/mL. Consequently, stable cell pool selection was performed 48 h post-infection using puromycin at a concentration

of 2.5 mg/mL. As described previously, stable upregulation and downregulation cell lines were established.31 Transcription factor EB (TFEB)

cDNAwas synthesized and later subcloned into pcDNA3.1 (GeneChem). pcDNA3.1-TFEB transfection with Lipofectamine� 3000 (Invitrogen,

USA) was used to obtain different OSCC cell lines with ectopic TFEB expressions. The empty pcDNA vector was the negative control.

Tables S3 and S4 shows their sequences.

Assessment of cell growth, proliferation, and survival

The assessment of cell growth was conducted using the cell counting kit-8 (CCK8) assay in accordance with the directions provided by the

producer.30 Briefly, 53103 cells/well were seeded in a 96-well flat-bottomed plate, grown at 37 �C for 1, 2, 3, 4 or 5 day. After 10 mL WST-8

dye was add to each well, cells were incubated at 37�C for 2 h and the absorbancewas finally determined at 450 nm using amicroplate reader.

Moreover, 5-ethynyl-20-deoxyuridine (EdU) staining was used to label cell proliferation.31 A total of 43105 cells were seeded in 6-well plates,

which contained coverslips. 24 h later, EdU regent was added into each well and incubated at 37�C for 4-6 h. After washingwith PBS and fixing

with 4% paraformaldehyde, the coverslips were incubated with 0.3% Triton X-100 and stained with Click Addictive Solution. Finally, the cells

were stained DAPI. Anchorage-dependent growth capacities, or cell survival, were assessed using the colony formation assay. Concisely, the

cells were grown under controlled temperature and humidity conditions in an incubator with a 5% concentration of CO2. The temperature was

set to 37�C. Subsequently, cells were subjected to formaldehyde fixation, crystal violet staining, photographic documentation, and quanti-

fication after ten days.
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RNA-seq and data analysis

RNA-sequencing of the stable si-NC and si-SRSF1 groups of SCC-4 andCAL-27 cells was carried out byGeneChem. ThemRNA samples were

collected, processed, and prepared for library creation following the producer’s guidelines. In summary, total mRNA was obtained, and the

Qubit RNA Assay Kit in a Qubit 2.0 fluorometer was utilized to determine the RNA concentration. Subsequently, NEBNext UltraTM RNA Li-

brary Prep Kit for Illumina was employed to produce sequence libraries following the manufacturer’s recommendations. DESeq2 R package

(1.16.1) was used to analyze the expression differences between si-NC and si-SRSF1 cells. The threshold levels were log2 (fold change) >1.5

and q<0.05.

Lysosomal enzyme assay

The lysosomal cathepsin D (CTSD) and alpha-N-acetylglucosaminidase (NAGLU) activities weremeasured using the fluorometric CTSD assay

kit from Biovision Inc. (K143-100) and the Sigma-Aldrich (CS0780) NAGLU assay kit, respectively, in accordance with the manufacturer’s in-

structions. Quantification of enzyme activities in the entire cell was detected by calculating the alteration in absorbance per mg of protein.

Lysosomal staining

The quantification of the lysosomes was performed using Lyso-Tracker. Lyso-Tracker Red DND-99 (C1046) was purchased through Beyotime

Biotechnology (Shanghai, China). Cells were washed and labeled with Lyso-tracker Red. After 30 min, the cells were washed three times with

serum-free medium (without phenol red). A subset of cells was chosen as representatives and imaged using a laser confocal microscope to

observe the fluorescence intensity.

Ad-mCherry-GFP-LC3 infection analysis

Autophagic flux wasmonitored by Ad-mCherry-GFP-LC3. Briefly, we seeded cells (53105 cells/well) in a six-well plate, infected themwith Ad-

mCherry-GFP-LC3 (40 MOI), and cultured them for another 24 h period. After washing with PBS (pH 7.4) until the residues were no longer

detectable, the cells were characterized by laser confocal microscopy.

Immunofluorescence

Cells were plated on glass coverslips in 24-well plates. After treatment, the cells were fixed with 4% paraformaldehyde in PBS for 30 min. After

washing with PBS, the cells were permeabilized with 0.4% Triton X-100 and blocked with 5% goat serum for 30 min. The indicated primary

antibodies were incubated with the cells overnight at 4�C, followed by incubation with secondary antibodies (Abcam 488-conjugated

AffiniPure goat anti-mouse IgG (H + L) or Abclonal 594-conjugated goat anti-rabbit IgG (H + L)) at 37�C for 1 h. Images were taken using laser

confocal microscopy as soon as possible.

QUANTIFICATION AND STATISTICAL ANALYSIS

Statistical analyses were conducted utilizing the SPSS V19.0 program. Our findings were expressed as mean G SD for a minimum of n=3.

T-tests and one-way ANOVAs were used to comparemeans between and among groups. To assess the associations between SRSF1 expres-

sion patterns and clinic-pathologic characteristics, statistical tests such as the c2, Fisher’s exact, and student’s t-tests were employed. Survival

was evaluated employing the Kaplan-Meier approach, and the comparison of curves was performed utilizing the log-rank test. P<0.05 was

considered significant.
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