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Abstract 

Background  Head and Neck Squamous Cell Carcinoma (HNSCC) presents significant challenges in terms of treat-
ment and prognosis, highlighting the urgent need for new therapeutic targets and the development of effective 
targeted therapies to enhance patient outcomes and survival.

Methods  The expression level of RBMS1 in HNSCC was identified by GEO and TCGA databases through system-
atic bioinformatics analysis, and further verified in human specimens by quantitative Real-time PCR, Western blot, 
and immunohistochemistry. The results of CCK-8, colony formation assay, wound healing, Transwell, and tumor forma-
tion assays in nude mice showed that RBMS1 promoted the proliferation, migration, and invasion of HNSCC cells. The 
downstream target genes of RBMS1 were identified in the RBMS1 knockdown and the control groups of TU177 cells 
using RNA sequencing. HSPA8 was identified as a downstream target gene of RBMS1 in functional in vitro and tumor 
formation experiments in nude mice.

Results  Elevated expression levels of RBMS1 in HNSCC were identified using relevant databases and validated 
in human specimens. In both in vitro and in vivo studies, overexpression of RBMS1 promoted the proliferation, 
migration, and invasion of HNSCC cells, whereas knockdown of RBMS1 significantly inhibited these processes. RNA 
sequencing analysis revealed HSPA8 as a downstream target of RBMS1, and rescue experiments confirmed that HSPA8 
serves as a crucial intermediary in the regulatory pathway of tumor progression influenced by RBMS1.

Conclusions  This study suggests that RBMS1 regulates HSPA8 to promote the proliferation, migration, and invasion 
of HNSCC cells, making it a potential therapeutic target for HNSCC.
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Introduction
Head and neck squamous cell carcinoma (HNSCC) 
ranks as the sixth most common cancer globally [1]. This 
malignancy originates from the squamous cells lining 
the mucosal surfaces of the head and neck and typically 
develops in sites such as the oral cavity, pharynx (includ-
ing the nasopharynx, oropharynx, and hypopharynx), 
larynx, sinuses, nasal passages, and salivary glands. The 
concealed nature of these anatomical locations often 
leads to delayed diagnosis, with most cases identified 
only after the disease has progressed to advanced stages 
[2]. This delay presents a significant challenges for effec-
tive treatment. Current treatment options for HNSCC 
include surgery, radiation therapy, chemotherapy, tar-
geted therapy, and immunotherapy [3]. Among the tar-
geted and immunotherapeutic approaches, agents such 
as cetuximab-tyrosine kinase inhibitors targeting the 
epidermal growth factor receptor (EGFR) [4, 5], -and 
immune checkpoint inhibitors, such as anti-programmed 
cell death-1 (PD-1) antibodies (e.g., nivolumab [6] and 
pembrolizumab [4, 7]), have been approved for HNSCC 
treatment. Immune checkpoint inhibitors have improved 
the survival and therapeutic outcomes of some patients 
with HNSCC, thereby offering clinical benefits. However, 
despite these advancements, the prognosis of HNSCC 
patients remains suboptimal, underscoring the urgent 
need for new molecular targets and optimized clinical 
management strategies.

The RNA-binding protein RBMS1, initially discovered 
as MSSP-1 (Myc single-stranded DNA-binding protein 
1), was first characterized for its ability to bind single-
stranded DNA sequences within the c-Myc gene pro-
moter region, thereby playing a role in the transcriptional 
repression of c-Myc target genes [8]. Studies have demon-
strated that RBMS1 promotes tumor growth in glioblas-
toma by inhibiting ferroptosis—knockdown of RBMS1 
suppresses cell proliferation, migration, and induces 
apoptosis, whereas the ferroptosis inhibitor Ferrosta-
tin-1 partially reverses these effects [9]. Notably, RBMS1 
exhibits tissue-specific duality: it suppresses metastasis 
in colon cancer by maintaining RNA stability [10], yet 
promotes ferroptosis evasion in lung cancer via eIF3d-
mediated SLC7A11 translation [11], highlighting its con-
text-dependent regulatory complexity. Beyond cancer, 
RBMS1 orchestrates critical biological processes through 
post-transcriptional regulation.  During cellular senes-
cence, RBMS1 stabilizes ANKRD1 mRNA, driving its 
elevated expression and contributing to the early stages 
of senescence [12]. During neurodevelopment, RBMS1 
ensures the stability of Efr3a mRNA, a key regulator of 
neuronal progenitor migration and differentiation. Its 
depletion leads to delayed radial migration and impaired 
neuronal maturation [13]. Additionally, RBMS1 is highly 

expressed during the early phase of adipocyte differen-
tiation, where it modulates metabolic gene networks, 
including carbohydrate and lipid metabolism. Its knock-
down disrupts adipogenesis, thereby linking it to obesity 
and metabolic disorders [14]. Collectively, these findings 
highlighted RBMS1 as a versatile regulator of RNA sta-
bility in diverse biological contexts. The aforementioned 
studies have revealed that RBMS1 exhibits dual role in 
cancer, acting as both an oncogene and a tumor suppres-
sor, which further piques our research interest. Through 
the analysis of public datasets, we initially identified that 
RBMS1 was significantly overexpressed in HNSCC, indi-
cating its potential involvement in HNSCC progression.

However, the functional role of RBMS1 in HNSCC 
progression and its underlying molecular mechanisms 
remain largely unexplored. In the present study, we dem-
onstrated that RBMS1 was significantly overexpressed in 
HNSCC and promoted the proliferation, migration, and 
invasion of HNSCC cells. Mechanistically, RBMS1 exerts 
oncogenic effects by upregulating HSPA8, a key regula-
tor of protein homeostasis and cancer cell survival. These 
findings suggest that RBMS1 may serve as a promis-
ing therapeutic target for HNSCC and provide new 
insights into the molecular mechanisms driving HNSCC 
progression.

Materials and methods
Data and tumor specimen collection
Three HNSCC datasets-GSE127165, GSE37991, and 
GSE13601-were obtained from the GEO database 
(https://​www.​ncbi.​nlm.​nih.​gov/​geo/), whereas addi-
tional HNSCC datasets were sourced from TCGA 
database(http://​www.​cbiop​ortal.​org/). This dataset is 
expressed in transcripts per million (TPM) and normal-
ized by log2(TPM + 1). The expression data of RBMS1 
was extracted, and the gene expression data was divided 
into tumor tissue group and normal tissue group. This 
study included data from 20 cases of HNSCC and cancer-
adjacent tissues from the Department of Otolaryngology-
Head and Neck Surgery, The First Affiliated Hospital of 
Anhui Medical University, between 2020 and 2023. None 
of the patients received radiotherapy, chemotherapy, 
immunotherapy, or other anti-tumor treatments before 
surgery. This study followed the principles of the Declara-
tion of Helsinki and was approved by the Research Ethics 
Committee of the First Affiliated Hospital of Anhui Med-
ical University. Written informed consent was obtained 
from all patients prior to their participation.

Cell culture
FaDu and CAL27 cell lines were purchased from  Ubi-
gene (Guangzhou, China) and TU177 and NOK cell lines 
were obtained from Otwo Biotech (Guangzhou, China). 

https://www.ncbi.nlm.nih.gov/geo/
http://www.cbioportal.org/
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The above cell lines were cultured in RPMI-1640 (Gibco) 
or DMEM (Gibco) medium containing 10% fetal bovine 
serum (Lonsera) and incubated in a cell culture incuba-
tor at 37  °C with 5% CO2. Cell cultures were frequently 
monitored for mycoplasma contamination, and only 
mycoplasma-negative cells were used in the experiments.

Western blot
Proteins were extracted from cells or tissues using RIPA 
lysis buffer, and their concentrations were determined 
using the BCA assay. Equal amounts of protein sam-
ples were mixed with 5 × loading buffer at a 4:1 ratio 
and denatured by boiling for 5  min. The samples were 
separated by SDS-PAGE on NuPAGE 4–12% Bis–Tris 
gels and transferred onto PVDF membranes. To block 
non-specific binding, the membranes were incubated 
with 5% non-fat milk in 1 × TBST for 1 h at room tem-
perature. Subsequently, membranes were incubated with 
primary antibodies overnight at 4  °C, followed by incu-
bation with HRP-conjugated secondary antibodies for 
1 h at room temperature. Protein bands were visualized 
using enhanced chemiluminescence on a Tanon Imaging 
System. The following antibodies were used: Anti-beta 
actin (ab8226, Abcam, 1:10,000), Anti-GAPDH (ab8245, 
Abcam, 1:2,500), Anti-RBMS1 (11,061–2-AP, Protein-
tech, 1:2,000), Anti-HSPA8 (10654–1-AP, Proteintech, 
1:1,000), Goat Anti-Rabbit IgG H&L (HRP) (ab6721, 
Abcam, 1:10,000), and Rabbit Anti-Mouse IgG H&L 
(HRP) (ab6728, Abcam, 1:10,000).

Lentivirus infection
Lentiviral vectors for gene knockdown and overexpres-
sion were constructed using Hanhen Bio software. Cells 
were cultured to 70‒80% confluence before proceeding 
with the following steps: The lentiviral infection system 
was prepared and transfected according to the manufac-
turer’s instructions. Cells transfected with an empty vec-
tor served as a control. Detailed information on the target 
sequences is provided in Supplementary Table S1. Lenti-
viral infection efficiency was confirmed using quantita-
tive Real-time PCR (qRT-PCR) and western blotting to 
ensure that the target genes were successfully expressed 
or knocked down.

Immunohistochemistry (IHC)
Tumor tissues from each group were fixed in 4% para-
formaldehyde for 12 h and embedded in paraffin blocks. 
The blocks were cut into 4 μm thick sections and stained 
with Anti-Ki67 antibody (ab15580, Abcam,1/200), Anti-
RBMS1 antibody (MA5-27,025, ThermoFisher, 1:150 
dilution), and Anti-HSPA8 (1:200 dilution).

qRT‑PCR and RNA sequencing
RNA samples were extracted using the TRIzol method, 
reverse transcribed according to the instructions of the 
Revert Aid First Strand cDNA Synthesis Kit, and sub-
jected to qPCR using the corresponding reagents to 
obtain accurate results. RNA samples were sequenced 
using Illumina NovaSeq 6000 (LC Sciences, Hangzhou, 
China). Differential gene expression analysis was per-
formed using DESeq2, ensuring robust and accurate 
identification of differentially expressed genes between 
the experimental groups. The following primer sequences 
were used: human RBMS1 forward, 5′-AAG​GTC​ACT​
AAG​CAG​CAC​AAT-3′, and reverse, 5′-CAC​GAC​TTG​
TAC​CAC​TGG​AAT​CAC​-3′; human HSPA8 forward, 
5′-TGC​TGT​GGA​CAA​GAG​TAC​GG-3′, and reverse 
5′-AGC​TTC​CTG​GAC​CAT​ACG​TT-3′; EIF2AK2 for-
ward, 5′- TCT​TTT​GCT​ACT​ACG​TGT​GAGT-3′, and 
reverse, 5′- CTG​AGA​CCA​TTC​ATA​AGC​AACG-3′. 
EIF2AK3 forward, 5′- GCG​TCG​GAG​ACA​GTG​TTT​
GG-3′, and reverse, 5′- CGC​AGT​TCC​ACG​TCG​TCA​
TC-3′. HSPA5 forward, 5′- CAG​TTG​TTA​CTG​TAC​
CAG​CCTA-3′, and reverse, 5′- CAT​TTA​GGC​CAG​CAA​
TAG​TTCC-3′. XBP1 forward, 5′- CTT​GTA​GTT​GAG​
AAC​CAG​GAGT-3′, and reverse, 5′- CCC​AAC​AGG​
ATA​TCA​GAC​TCTG-3′. ATF3 forward, 5′- AAC​CTG​
ACG​CCC​TTT​GTC​AAG-3′, and reverse, 5′- TAC​CTC​
GGC​TTT​TGT​GAT​GGA-3′. GAPDH forward, 5′-GGA​
GCG​AGA​TCC​CTC​CAA​AAT-3′, and reverse, 5′-GGC​
TGT​TGT​CAT​ACT​TCT​CATGG-3′.

Cell proliferation assay
Logarithmically growing healthy cells were selected, 
washed thrice with PBS, and digested with trypsin before 
being resuspended in medium. Each experimental group 
was set up in triplicate in 96-well plates, with 100 μL of 
cell suspension containing 1,000 cells per well. The plates 
were incubated at 37  °C with 5% CO2. On day 0, after 
allowing cells to adhere for at least 6  h, 100 μL of 10% 
CCK-8 solution was added to each well. After 2 h of incu-
bation, the absorbance was measured at 450 nm using a 
microplate reader. The experiment was repeated at the 
same time points over four days, and the results are sum-
marized accordingly.

Wound healing assay
Logarithmically growing, healthy cells were selected. The 
cells were then evenly distributed in 6-well plates and 
incubated overnight at 37 °C with 5% CO2 until reaching 
90% confluence. Using the tip of a 200 µL pipette, a nar-
row scratch was made vertically across the cell layer. The 
scratched area was photographed under a microscope 
to document the initial wound. The plates were then 
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incubated at 37  °C, 5% CO2 for 24  h. After incubation, 
cell migration into the scratched area was observed and 
recorded under a microscope. Images of the scratched 
area were analyzed using ImageJ software to measure the 
healing area by comparing the scratched area before and 
after incubation.

Cell migration and invasion experiments
For migration experiments, the upper compartments of 
Transwell chambers were left uncoated, while for inva-
sion experiments, the upper chambers were coated with 
250  μg/mL Matrigel and incubated for 30‒60  min to 
allow solidification. Cells were cultured in the appropri-
ate medium until they reached the logarithmic growth 
phase, digested with trypsin, neutralized, and resus-
pended in the medium. After washing, cell concen-
tration was adjusted to 2 × 104 cells per 200µL. In the 
upper chamber, 200µL of medium containing 1% FBS 
was added, while the lower chamber received 500µL of 
medium containing 10% FBS to promote cell migration. 
The transwell chambers were then placed in a 37 °C incu-
bator with 5% CO2 for 24‒48 h, with minimal agitation.

At the end of the incubation period, the upper sur-
face of the transwell filter was gently wiped with a ster-
ile cotton swab to remove non-migrating or non-invasive 
cells. The filters were fixed in 4% paraformaldehyde for 
10‒15 min, washed with phosphate buffered saline (PBS), 
and stained for 15‒20  min with crystal violet. After an 
additional wash with PBS, only the cells on the lower 
surface were stained. The cells on the lower surface of 
the filter were observed and counted under an inverted 
microscope at a magnification of 200x. Ten random fields 
of view were photographed, and the average cell count 
was recorded to quantify both the migration and invasion 
capacities.

Animal experiments
Four-week-old male BALB/c nude mice and NOD/SCID 
mice, aged 4 weeks, were purchased from GemPharmat-
ech Co., Ltd. (Nanjing, China). Silenced or overexpress-
ing cells were injected subcutaneously into each mouse. 
The health status of the mice was closely monitored 
throughout the study, including regular assessments of 
body weight, general condition, and signs of distress. 
Tumor growth was measured periodically, and tumor vol-
umes were calculated using the formula: V = 0.5 × W2 × L 
(where V represents volume, L represents length, and W 
represents width). Growth curves were plotted to track 
the tumor progression. At the end of the experiment, 
the mice were euthanized and tissues, including tumors, 
were collected for further analysis. The collected tis-
sues were either fixed in formalin for histopathological 
examination or stored at -80  °C for molecular analysis. 

All animal procedures adhered to the ethical guidelines 
of the Institutional Animal Care and Use Committee 
(our). This study was approved by the Ethics Committee 
of Quick-PJ 2022–03-19. We ensured strict compliance 
with these guidelines to minimize animal suffering and 
ensure humane treatment throughout the study.

Statistical analysis
Data analysis was performed using GraphPad Prism (ver-
sion 8.0 GraphPad Software San Diego(CA, USA). Dif-
ferences between groups were evaluated using paired or 
unpaired t-tests or one-way ANOVA variance depending 
on the experimental design. The relationships between 
variables were examined using Pearson’s correlation 
coefficient. Survival analysis was conducted using the 
Kaplan–Meier method. All experiments were repeated a 
minimum of three times, and a P-value of less than 0.05 
was considered statistically significant.

Results
RBMS1 expression in four HNSCC datasets and validation 
in HNSCC tissue
To identify differentially expressed genes in head and 
neck squamous cell carcinoma (HNSCC), we analyzed 
three datasets- GSE127165, GSE37991, and GSE1301- 
from the GEO and TCGA databases to assess RBMS1 
expression. The results demonstrated that RBMS1 
expression was significantly higher in tumor tissues than 
in normal tissues, with all differences reaching statistical 
significance (Fig. 1A). In our study, we collected 20 fresh 
surgical specimens from patients with HNSCC, includ-
ing 12 patients with laryngeal cancer, five patients with 
hypopharyngeal cancer, and three patients with tongue 
cancer. Western blot analysis confirmed that RBMS1 pro-
tein levels were significantly elevated in the tumor tissues 
(Fig. 1B). Similarly, qRT-PCR analysis of these specimens 
revealed that RBMS1 mRNA levels were higher in tumor 
tissues than in matched controls (n = 20, ****, p < 0.0001; 
Fig. 1C). Additionally, IHC was performed to investigate 
the expression and localization of RBMS1 in the HNSCC 
samples. The results indicated that RBMS1 was predomi-
nantly localized to the cytoplasm of tumor cells, further 
confirming its significantly elevated expression in cancer 
tissues (Fig. 1D).

RBMS1 promotes the HNSCC malignant phenotype
To further investigate the role of RBMS1 in the malignant 
behavior of HNSCC, including its proliferation, metasta-
sis, and invasion, we conducted a series of experiments. 
We assessed RBMS1 mRNA and protein expression 
in three HNSCC cell lines (FaDu, CAL27, and TU177) 
using qRT-PCR and western blotting, with the NOK cell 
line serving as a control. The results demonstrated that 
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Fig. 1  RBMS1 expression in four HNSCC datasets and validation in HNSCC tissue. A Expression of RBMS1 in TCGA-HNSCC, GSE127165, GSE37991, 
and GSE13601 databases. B Western blot detection of RBMS1 protein expression in tissues (representative image); C qRT-PCR analysis of RBMS1 
mRNA expression in 20 paired HNSCC samples (n = 20, ****, p < 0.0001); D IHC staining to detect the expression and localization of RBMS1 in HNSCC 
specimens. Scale = 40 μm
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RBMS1 expression levels were the highest in FaDu cells, 
followed by CAL27 and TU177 cells (Fig.  2A-B). Based 
on these findings, we selected TU177 and FaDu cells to 
construct stable knockdown and overexpression mod-
els, respectively. RBMS1 knockdown and overexpression 
were confirmed by western through WB and qRT-PCR, 
respectively (Fig. 2C-D).

To elucidate the effect of RBMS1 knockdown on 
TU177 cell characteristics, a CCK-8 assay was per-
formed, and the results showed that RBMS1 knockdown 
significantly reduced TU177 cell proliferation compared 
to control cells(Fig.  2E). Colony formation assays con-
firmed this, showing fewer colonies following RBMS1 
knockdown, highlighting its role in cell proliferation 
(Fig.  2G). Wound healing and transwell migration/inva-
sion assays further demonstrated that RBMS1 knock-
down significantly impaired TU177 cell migration and 
invasion (Fig.  2I and K). Overexpression of RBMS1 in 
FaDu cells significantly enhanced cell proliferation and 
colony formation, as demonstrated by the CCK-8 and 
colony formation assays (Fig.  2F and H). Furthermore, 
RBMS1-overexpressing FaDu cells exhibited increased 
migration in scratch assays and significantly promoted 
cell migration and invasion in Transwell assays (Fig.  2J 
and L). These findings indicated that RBMS1 overexpres-
sion markedly boosted the proliferative, migratory, and 
invasive capabilities of FaDu cells.

RBMS1 promotes HNSCC tumor growth in vivo
Previous studies have shown that RBMS1 promoted 
HNSCC cell proliferation in  vitro. To further investi-
gate its role in  vivo, we assessed the effect of RBMS1 
knockdown and overexpression on tumor growth in a 
mouse xenograft model. TU177 control cells and RBMS1 
knockdown cells were injected subcutaneously into the 
flanks of nude mice. The reduced expression of RBMS1 
significantly diminished the tumorigenic potential of 
TU177 cells compared to that of control cells (Fig.  3A-
C). Subsequently, we injected FaDu control cells and 
cells overexpressing RBMS1 into immunodeficient mice. 
The results demonstrated that tumors in the LvRBMS1 
group were larger and heavier than those in the control 
group (Fig.  3E-G). IHC analysis further revealed that 

Ki-67 staining, a crucial marker of cell proliferation, was 
markedly reduced in tumors with RBMS1 knockdown, 
whereas the staining intensity was significantly increased 
in tumors with RBMS1 overexpression (Fig. 3D and H). 
Collectively, these findings highlight the critical role of 
RBMS1 in enhancing HNSCC cell proliferation in vivo.

HSPA8 serves as a downstream target of RBMS1
To further explore the downstream regulatory network 
of RBMS1, we performed a comparative analysis of gene 
expression profiles between RBMS1 knockdown cells 
(shRBMS1) and control (shSc) TU177 cells using RNA 
sequencing. This analysis identified a total of 1,314 signif-
icantly differentially expressed genes (DEGs) in RBMS1 
knockdown cells relative to the controls, comprising 524 
upregulated and 790 downregulated genes (|Log2FC|> 1, 
p < 0.05) (Fig. 4A and Fig. S1A). GO analysis revealed that 
the knockdown of RBMS1 significantly affected various 
crucial biological processes, notably the cellular response 
to external stimuli, response to unfolded proteins, and 
small GTPase-mediated signal transduction(Fig.  4B). 
Furthermore, the enrichment of cellular components 
and molecular functions underscored the extensive 
impact of RBMS1 on microtubule and GTPase regula-
tory activities (Fig.  4C-D). KEGG analysis revealed sev-
eral significant biological pathways impacted by RBMS1 
knockdown, including the PI3K − Akt signaling pathway, 
Rap1, p53, and MAPK signaling pathways (Fig. S1B). Col-
lectively, the results from both GO and KEGG analyses 
highlighted the regulatory function of RBMS1 in cellular 
processes and stress responses, indicating its potential 
impact on tumor cell proliferation and survival via vari-
ous tumor-associated signaling pathways.

To further elucidate the candidate genes linked to the 
downstream effects of RBMS1, we categorized biologi-
cal processes using GO analysis. A comparative analysis 
was conducted between genes in the subclass ‘cellular 
response to external stimulus’ and those in the ‘response 
to unfolded protein’ subclass. Six shared genes were iden-
tified: HSPA8, EIF2AK2, EIF2AK, HSPA5, XBP1, and 
ATF3. HSPA8 showed the most pronounced differential 
expression. We further validated these results using qRT-
PCR (Fig. 4E and Fig. S1C-G). In TU177 cells, silencing of 

(See figure on next page.)
Fig. 2  Effects of RBMS1 Knockdown and Overexpression on HNSCC Cell Phenotypes. A-B qRT-PCR and Western blot analysis of RBMS1 expression 
in NOK and three HNSCC cell lines. C-D Western blot and qRT-PCR validation of RBMS1 knockdown and overexpression efficiency in TU177 
and FaDu cells (****p < 0.0001). E–H CCK-8 and colony formation assays demonstrate that RBMS1 knockdown in TU177 cells reduces proliferation 
and colony formation, while RBMS1 overexpression in FaDu cells enhances these phenotypes compared to controls (shsc or Lv). I-J Wound healing 
assays show that RBMS1 knockdown in TU177 cells slows migration, whereas RBMS1 overexpression in FaDu cells accelerates wound closure. 
K-L Transwell assays reveal that RBMS1 knockdown in TU177 cells reduces migration and invasion, while RBMS1 overexpression in FaDu cells 
significantly enhances these capabilities
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Fig. 2  (See legend on previous page.)
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Fig. 3  RBMS1 promotes HNSCC tumor growth in vivo. Cells were subcutaneously injected into nude mice, and tumor growth was monitored. 
Tumor images (A, E), volume at specified time points (B, F), weight (C, G), and representative IHC staining of RBMS1 and Ki-67 are shown (D, H). Error 
bars represent the mean ± standard deviation (n = 3 per group). Scale bar = 50 μm
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Fig. 4  RBMS1 regulates HSPA8 expression. A Display 1314 differential genes using volcano map. B-D GO analysis of differentially expressed genes. 
E shRBMS1 and shSc TU177 cells. F RBMS1-overexpressing FaDu and the control cells. E–F HSPA8 levels were examined by Western blot (left 
panels) and qRT-PCR (right panels). G shRBMS1 TU177 cells were infected with lentiviruses carrying an empty vector (vector) or expression vectors 
for HSPA8. H RBMS1-overexpressing FaDu cells were infected with lentivirus harboring HSPA8 shRNA or a scrambled shRNA (shSc). RBMS1, HSPA8 
protein and mRNA levels were examined by Western blot and qRT-PCR
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RBMS1 (using shRBMS1-1 and shRBMS1-2) significantly 
reduced HSPA8 levels (Fig.  4E). Conversely, RBMS1 
overexpression in FaDu cells markedly increased HSPA8 
expression (Fig.  4F). Rescue experiments demonstrated 
that HSPA8 overexpression partially restored HSPA8 lev-
els in RBMS1-knockdown TU177 cells (Fig. 4G), whereas 
HSPA8 knockdown in RBMS1-overexpressing FaDu 
cells decreased HSPA8 expression (Fig. 4H). Collectively, 
these findings confirm that HSPA8 is a downstream tar-
get of RBMS1 and plays a critical role in mediating its 
oncogenic effects.

RBMS1 promotes proliferation, and metastasis of HNSCC 
cells through upregulation of HSPA8.
The role of HSPA8 in mediating the proliferative func-
tion of RBMS1 was evaluated in a series of experiments. 
In the TU177 cell line, experimental findings demon-
strate that HSPA8 plays a pivotal role in RBMS1-medi-
ated regulation of cell proliferation. As shown in Fig. 5A, 
the results of the CCK-8 assay indicated that HSPA8 
overexpression partially rescued the reduced prolifera-
tive capacity caused by the RBMS1 knockdown. Colony 
formation assays further corroborated these findings, 
with HSPA8 overexpression restoring colony numbers in 
RBMS1-knockdown cells (Fig. 5B-C). In the wound heal-
ing assay (Fig.  5G-H), HSPA8 overexpression effectively 
counteracted the suppression of cell migration induced 
by RBMS1 knockdown. Furthermore, Transwell assays 
demonstrated that RBMS1 knockdown significantly 
inhibited the migratory and invasive abilities of TU177 
cells, while these effects were partially restored upon 
HSPA8 overexpression (Fig.  5K-L). HSPA8 knockdown 
antagonizes the effects of RBMS1 overexpression in FaDu 
cells As illustrated in Fig. 5D, CCK-8 assay showed that 
HSPA8 knockdown markedly reduced the proliferation-
promoting effects of RBMS1 overexpression. Colony 
formation assays confirmed these results, showing a 
reduction in colony number upon HSPA8 knockdown in 
RBMS1-overexpressing cells (Fig. 5E-F). Similarly, wound 
healing assays demonstrated that HSPA8 knockdown 
mitigated RBMS1-induced migration enhancement in 
FaDu cells (Fig.  5I-J). In addition, transwell assays con-
firmed that HSPA8 knockdown significantly suppressed 
the RBMS1 overexpression-mediated increase in migra-
tion and invasion abilities (Fig.  5M-N). These results 

clearly demonstrate that HSPA8 plays a crucial role in the 
regulation of the proliferation, migration, and invasion of 
HNSCC cells through RBMS1.

RBMS1 promotes through upregulation of HSPA8 tumor 
growth
In a CDX model constructed using TU177 cells, HSPA8 
overexpression partially counteracted the inhibitory 
effect of RBMS1 knockdown on tumor growth. Spe-
cifically, tumor volume and weight were significantly 
increased in the HSPA8 overexpression group (Fig.  6A-
C). IHC analysis further demonstrated that HSPA8 over-
expression partially restored the proliferative capacity of 
tumor cells, a result further supported by a significant 
increase in the number of Ki-67-positive cells (Fig. 6D). 
The tumor volume and weight in the group injected with 
LvRBMS1 cells with HSPA8 knockdown were signifi-
cantly lower than those in the control group injected with 
LvRBMS1 cells alone (Fig. 6E-G). Specifically, compared 
to the LvRBMS1 group, the tumor volume was mark-
edly reduced, and the tumor weight was significantly 
decreased in the LvRBMS1 cells with HSPA8 knock-
down. Similar results were observed with Ki-67 staining 
(Fig. 6H).

Discussion
The incidence and mortality rates of HNSCC have been 
rising annually [1, 15]. Existing targeted therapies show 
limited efficacy, particularly in advanced and recurrent 
cases, highlighting the urgent need for new therapeutic 
targets to improve patient prognosis and treatment out-
comes. Our pan-cancer multi-omics analysis of RBMS1 
revealed its differential expression across various cancer 
types, suggesting its potential diagnostic and prognostic 
significance in most malignancies.

Numerous studies have been conducted on RBMS1 
in the past. For example, in non-small cell lung cancer, 
RBMS1 drives metastasis via YTHDF1-mediated trans-
lation of S100P, a process that can be targeted by the 
small-molecule inhibitor NTP [16]. In colorectal cancer, 
RBMS1 confers oxaliplatin resistance by inducing prion 
protein-mediated ferroptosis evasion, and its inhibition 
restores chemosensitivity [17]. Similarly, the circIDE/
miR-19b-3p/RBMS1 axis regulates ferroptosis in hepato-
cellular carcinoma, and low RBMS1 expression serves as 

Fig. 5  HSPA8 is a functionally important downstream target of RBMS1 in HNSCC cells. A-C, G-H, K-L. shRBMS1-1 TU177 cells were infected 
with lentiviruses carrying an empty vector or expression vectors for HSPA8. D-F, I-J, M–N RBMS1-overexpressing FaDu cells were infected 
with lentivirus harboring HSPA8 shRNAs or a scrambled shRNA. The cell proliferation and migratory abilities of the indicated cells were evaluated 
by CCK-8 (A and D), colony formation assays (B-C and E–F), and wound healing assays (G-H and I-J). K-L and M–N Cell migration and invasion 
abilities of the indicated cells were measured by transwell assays

(See figure on next page.)
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Fig. 5  (See legend on previous page.)
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Fig. 6  RBMS1 promotes tumor growth through HSPA8 upregulation. Tumor growth of mice subcutaneously inoculated with the indicated cells. 
N = 3 for each group. A and E Tumor pictures. B and F Tumor growth curves. C and G Tumor weight. D and H Representative IHC staining for HSPA8 
and Ki-67 of the indicated tumor tissues
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a predictor of poor prognosis [18]. Additionally, RBMS1 
promotes metastasis in gastric cancer by activating the 
IL-6/JAK2/STAT3 pathway, and its overexpression is 
strongly correlated with unfavorable clinical outcomes 
[19]. RBMS1, which acts as a tumor suppressor, is tar-
geted by the oncogenic miR-106b in prostate cancer, and 
its loss accelerates tumor proliferation and migration 
[20]. In triple-negative breast cancer, RBMS1 stabilizes 
B4GALT1 mRNA to regulate PD-L1 glycosylation, and 
its depletion enhances the efficacy of the CTLA4 check-
point blockade [21].

In this study, we analyzed datasets from GSE127165, 
GSE37991, and GSE1301 in conjunction with data from 
TCGA and discovered that RBMS1 expression was mark-
edly increased in HNSCC tumor tissues compared to 
normal tissues. We obtained samples from 20 patients 
with HNSCC and used western blotting, qRT-PCR, and 
IHC to verify the elevated expression of RBMS1 in tumor 
specimens. To gain further insight into RBMS1’s role in 
HNSCC biology, we manipulated RBMS1 expression 
in TU177 cells through knockdown, and in FaDu cells 
via overexpression, mirroring the diverse RBMS1 levels 
observed across different cell lines.

Our in  vitro and in  vivo experiments confirmed that 
RBMS1 exerts a significant tumor-promoting effect on 
HNSCC. Specifically, the overexpression of RBMS1 
markedly enhances the proliferation, migration, and inva-
sion of HNSCC cells, whereas the knockdown of RBMS1 
suppresses these aggressive phenotypes. In  vivo studies 
corroborated these findings, revealing that RBMS1 over-
expression accelerated tumor growth, whereas RBMS1 
knockdown significantly reduced tumor volume and 
weight.

To explore the underlying mechanisms the of RBMS1 
action, RNA sequencing was conducted on TU177 
cells with RBMS1 knockdown (shRBMS1) and a con-
trol (shSc). Based on GO analysis, we identified HSPA8 
as a potential downstream target of RBMS1. HSPA8, a 
member of the heat shock protein family, plays crucial 
roles in protein homeostasis, folding, degradation, and 
autophagy [22]. Existing literature suggests that HSPA8 
contributes to tumorigenesis in various cancers [23]. For 
instance, BAG-1, which interacts with HSPA8, enhances 
cell migration in gastric cancer [24]. HSPA8 is also vital 
in chaperone-mediated autophagy, facilitating the trans-
port of proteins to lysosomes and influencing cancer cell 
proliferation while reducing drug sensitivity [25, 26]. In 
glioblastomas, nestin regulates stemness, growth, and 
invasion by modulating HSPA8 expression, suggest-
ing that targeting these pathways may offer therapeu-
tic benefits [27]. HSPA8 is upregulated in BRAF V600E 
colorectal cancer, where it promotes tumor progression 
by degrading CAV1 to release β-catenin and activate 

the Wnt/β-catenin pathway, and the HSPA8 inhibitor 
VER155008 exhibits synergistic effects with BRAF inhibi-
tors, suggesting that HSPA8 could serve as a therapeutic 
target for refractory BRAF V600E CRC [28]. HSPA8 acts 
as a negative feedback regulator in diabetic kidney dis-
ease by regulating INSIG1/2 phosphorylation, disrupting 
the interaction between INSIG and SCAP and promoting 
PKR degradation to inhibit lipogenesis in renal tubular 
epithelial cells. Under high-glucose stimulation, SREBP1 
upregulates HSPA8 expression, whereas persistently high 
glucose suppresses HSPA8 expression via NF-κB, pro-
moting the progression of diabetic kidney disease [29]. 
Previous studies have shown that HSPA8 knockdown 
reduces spinal cord ischemia–reperfusion injury and pro-
motes motor function recovery by inhibiting astrocyte 
activation and related inflammatory responses, thus pro-
viding a potential therapeutic strategy [30]. Other studies 
have shown that the downregulation of HSPA8 promotes 
the degradation of the E3 ubiquitin ligase SKP2, which 
attenuates the ubiquitination of NLRP3, activates the 
NLRP3 inflammasome, and mediates pyroptosis in alveo-
lar epithelial cells, thus providing a new therapeutic tar-
get for the treatment of sepsis-induced acute lung injury 
[31]. As suggested by the study, HSPA8, in conjunction 
with ALDH2, regulates fibroblast senescence follow-
ing oxygen–glucose deprivation (OGD), offering a novel 
direction and foundation for effectively intervening in 
fibroblast senescence after myocardial infarction [32].

Given the above research on HSPA8, it is reasonable 
to choose HSPA8 as a potential downstream target of 
RBMS1.Our Western blot experiments demonstrated 
that RBMS1 knockdown reduced HSPA8 expression, 
whereas RBMS1 overexpression increased it, confirming 
HSPA8’s status as a downstream target. Rescue experi-
ments showed that HSPA8 overexpression partially 
restored HSPA8 levels in RBMS1-knockdown TU177 
cells, whereas HSPA8 knockdown diminished the HSPA8 
expression induced by RBMS1 overexpression in FaDu 
cells. Further in  vitro assays, including CCK-8, colony 
formation, scratch, and Transwell assays, corroborated 
that HSPA8 mediates the effects of RBMS1 on HNSCC 
cell proliferation, migration, and invasion. In vivo experi-
ments demonstrated that HSPA8 overexpression par-
tially mitigated tumor growth inhibition resulting from 
RBMS1 knockdown, whereas HSPA8 knockdown sup-
pressed the tumor-promoting effects of RBMS1 over-
expression. These findings are consistent with those of 
previous studies, highlighting the role of HSPA8 in tumor 
progression and reinforcing the notion that RBMS1 
regulates HNSCC proliferation, migration, and invasion 
through HSPA8.

Although our study revealed the tumor-promot-
ing role of RBMS1 in HNSCC and the molecular 



Page 14 of 15Yin et al. BMC Cancer          (2025) 25:549 

mechanisms mediated by HSPA8, many unanswered 
questions and potential research directions remain 
to be explored. First, how RBMS1 precisely regulates 
HSPA8 expression and its downstream signaling path-
ways require further investigation. Co-immunoprecip-
itation experiments demonstrated a direct interaction 
between RBMS1 and HSPA8 at the protein level. This 
finding suggests that RBMS1 not only regulates HSPA8 
expression at the transcriptional level, but may also 
modulate HSPA8 function at the post-translational 
level through protein–protein interactions. These mul-
tilayered regulatory mechanisms may enable RBMS1 
to finely tune HSPA8 activity, thereby influencing the 
malignant phenotype of HNSCC. Second, the thera-
peutic potential of RBMS1 warrants further investiga-
tion. Based on our findings, high RBMS1 expression 
in HNSCC was closely associated with tumor prolif-
eration, migration, and invasion. Therefore, the devel-
oping of RBMS1-targeted inhibitors or gene therapies 
may provide new treatment options for patients with 
HNSCC. Future studies should explore the application 
of small-molecule inhibitors, RNA interference tech-
niques, or CRISPR/Cas9 gene editing to target RBMS1 
and evaluate their efficacy and safety in preclinical 
models. Clinical translational research is a key direction 
for future studies. Although our study provided foun-
dational experimental evidence for the role of RBMS1 
in HNSCC, its feasibility and effectiveness in clinical 
applications require validation in large-scale clinical 
studies. Future research should investigate the potential 
of RBMS1 as a biomarker for HNSCC and evaluate its 
applicability in personalized treatment strategies.

Conclusion
In conclusion, RBMS1 plays a crucial role in promoting 
the proliferation, metastasis, and invasion of HNSCC 
cells. These findings highlight the promising applica-
tion of RBMS1 as a therapeutic target for HNSCC.
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