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Abstract: Background/purpose: The RAS superfamily oncogenes play significant roles in various types of malignant
tumors. However, little is known about the role of RAS-like oncoprotein B (RALB) in head and neck squamous cell
carcinoma (HNSCC). This study evaluated whether RALB can be a prognostic and therapeutic target for HNSCC.
Materials and methods: A total of 504 HNSCC samples from The Cancer Genome Atlas database were segregated
into two groups: RALB-high and RALB-low. The clinical significance of RALB expression in HNSCC patients was inves-
tigated. Cell proliferation, migration, and invasion assays were performed in HN-1 and HN-5 cells by silencing RALB
using siRNA. Gene enrichment and immune infiltration analyses were also performed. Results: RALB expression
was elevated in HNSCC tissues compared with normal tissues and was an independent risk factor associated with
poor prognosis. A nomogram including the RALB expression level was established to predict the prognosis of HNSCC
patients and showed highest sensitivity and benefit in predicting the three-year survival. The inhibition of RALB ex-
pression effectively impeded the proliferation, invasion, and migration of HNSCC cells. Importantly, RALB levels were
significantly correlated with T cell-mediated immune responses, especially in human papillomavirus-positive HNSCC
samples. Conclusion: This study identified RALB as a potential prognostic and therapeutic target for HNSCC, and
provided insight into the relationship between RALB and revealed an innovative strategy for HNSCC immunotherapy.
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Introduction

Head and neck squamous cell carcinoma
(HNSCC) is one of the most common types of
cancer, and is a leading cause of cancer death
worldwide [1]. Despite advances in surgery,
radiotherapy, and chemotherapy, the 5-year
survival rate of HNSCC patients has been at
approximately 50% over the past decades [2].
The prognosis of HNSCC patients, especially
those at the advanced-stage, remains poor
due to recurrence and metastasis. The current
approach of prognosis prediction focuses on
patients’ clinical manifestations, such as the
location of the tumor, pathological classifica-
tion, metastasis status, and sensitivity to che-
motherapy [3]. However, HNSCC patients with
different molecular types may have similar clini-

cal manifestations before and during treat-
ment, they therefore often have different out-
comes of prognosis [4, 5]. Further exploration
of the etiological mechanisms of HNSCC and
identification of novel treatment targets are
urgently needed, so as to develop more effec-
tive treatment strategies for HNSCC and to
improve patient outcomes. Understanding new
molecular events involved in the development
and progression of HNSCC may help to develop
new drug targets and biomarkers, not only for
early diagnosis but also for personalized treat-
ment plans based on genetic and epigenetic
alterations [6-9].

RAS-like oncoprotein B (RALB) is a small GTPase
that is a critical to the downstream effectors
of the RAS superfamily [10]. Mutations in the
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three RAS oncogenes (HRAS, NRAS, and KRAS)
occur in approximately 32% of all human can-
cers [11]. Unlike many of the other RAS super-
family members, the structure of RAL is ame-
nable to drug targeting. Research on RAL
GTPases in cancer continues to clarify (do not
understand why use “clarify”) their important
roles in many cancer subtypes and reinforce
their attractiveness as therapeutic targets
[12]. Most evidence have indicated that RALB
is required for the survival of malignant but not
normal cells, making it an attractive therapeu-
tic target [13]. Additionally, RALB is important
for the progression and metastasis of bladder
and lung cancers [12]. Research on RALB in
cancer continues to clarify its essential roles
in many cancer subtypes and reinforce its
attractiveness as a therapeutic target (repeat,
should be deleted). Moreover, multiple studi-
es have shown that RAL GTPases can be used
as effective markers for predicting the progno-
sis of patients with tumors such as osteosar-
coma, non-small cell lung cancer, and colon
cancer [14-16].

However, whether RALB signaling downstream
of RAS and has a role in HNSCC is largely
unknown [12]. Understanding how the dysregu-
lation of RALB in HNSCC maintains invasion
and metastasis is a critical step toward devel-
opment of effective RAS targeted treatment
strategies. Therefore, this study was conduct-
ed to elucidate the dysregulation of RALB in
HNSCC and to evaluate its potential as a prog-
nostic biomarker for patient survival and as a
therapeutic target. This study provides novel
insights into the prospects of targeting RALB in
immunotherapy for HNSCC.

Materials and methods
Public data resources and data processing

Raw public data were obtained from The Cancer
Genome Atlas (TCGA, https://portal.gdc.can-
cer.gov/) and the TIMER dataset (https.//cis-
trome.shinyapp-s.io/timer/). HNSCC patient
information was collected exclusively from the
TCGA and normal tissue information was ob-
tained from the GteX database. Immunization-
related information was retrieved solely from
TIMER. A total of 504 HNSCC patients from
the TCGA database were segregated into two
groups according to their RALB mRNA expres-
sion levels, namely, the RALB-high and RALB-
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low groups, utilizing the median value as a
threshold. The differentially expressed genes
(DEGs) between the two groups were analyzed
using the DESeq2 package. DEGs with a log2-
fold change greater than or equal to 1 and an
adjusted p-value less than 0.05 were consid-
ered to be significantly differentially expressed.
Enrichment analysis of DEGs was performed
with Kyoto Encyclopedia of Genes (KEGG) using
the clusterProfiler R package, and the org.Hs.
eg.db R package was used to assess the func-
tional enrichment.

Patient tissue samples and immunohistochem-
istry (IHC)

The Ninety (90) patients from the Department
of Stomatology, Affiliated Hospital of Nanjing
Medical University were included in the clinical
study. The Ethics Committee of the Affiliated
Hospital of Nanjing Medical University approv-
ed the experimental protocol. All study partici-
pants signed informed consent forms. The
clinical patients’ inclusion criteria and baseline
data are described in detail in the supplemen-
tary materials (Table S4).

The inclusion criteria for HNSCC patients in this
study were as follows: (1) The primary HNSCC’s
main treatment modality was surgical resec-
tion, and no neoadjuvant therapy (radiation
therapy or chemotherapy, etc.) was adminis-
tered before surgery. (2) Human papillomavirus
(HPV) status was confirmed to be negative. (3)
Paraffin-embedded tissues had sufficient inva-
sive margins and tumor center regions for sub-
sequent analysis. The IHC analysis in tissue
microarray in this study were performed follow-
ing a standard protocol.

Cell line and culture

The HNSCC cell lines HN-1 and HN-5 were
acquired from the Cell Bank of Type Culture
Collection of the Chinese Academy of Scienc-
es, Shanghai, China, and cultured in DMEM
medium supplemented with 10% fetal bovine
serum (FBS; Thermo Fisher Scientific Inc.,
Waltham, MA, USA). The cells were maintained
at 37°C in an environment containing 5% CO,,.

Cell transfection

Plasmids encoding the human RALB open read-
ing frame (ORF) were obtained from GenScript
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(GenScript Inc., Shanghai, China) and used for
transfection of HNSCC cells with Lipofectamine
3000° reagent (Thermo Fisher Scientific Inc.).
An empty vector was used as a control. Cells
were harvested either after 24 hours of trans-
fection or when the cells reached maximum
confluence. Table S1 contains the sequences
of the siRNAs and control plasmids.

Cell proliferation assay

The proliferation of HNSCC cells was assessed
using a Cell Proliferation Assay kit that incorpo-
rated 5-ethynyl-2’-deoxyuridine (EdU), following
the manufacturer’s instructions (Takara Bio.
Inc., Beijing, China). The data obtained were
analyzed using the Image Pro Plus software
version 7.0 (Media Cybernetics Inc.).

Cell migration assay

The migratory ability of HNSCC cells was as-
sessed by performing a wound healing assay,
where the treated cells (at 100% confluence)
were cultured in 6-well cell culture plates and
subjected to scraping with the tip of a 200
ul pipette. Wound closure was monitored by
imaging with a photomicroscope (Olympus
Corporation; model: BX51; Olympus Co., Tokyo,
Japan) at 0 and 24 hours, following incubation
in serum-free medium.

Cell invasion assay

The invasive capacity of HNSCC cells was
assessed using 12-well Millicell cell culture
inserts. After transfection, HNSCC cells sus-
pended in a DMEM medium supplemented
with 1% FBS were added to the top chamber.
DMEM supplemented with 10% FBS was add-
ed to each well. Following a 20-hour incubation
period under a humidified atmosphere con-
taining 5% CO,, HNSCC cells could migrate
and infiltrate through gelatin-coated polycar-
bonate membranes toward the bottom cham-
ber where more nutritious DMEM supplement-
ed with higher levels of FBS was present.
Subsequently, the cells on the outer surface
of each insert were rinsed and then fixed at
room temperature using a paraformaldehyde
solution (Sangon Biotech Co., Shanghai, China)
protected from light. The cells were then
stained with purple crystals (Sangon Biotech
Co.) and observed using a photomicroscope
(BX51; Olympus Co.). Five fields of view were
randomly selected for analysis.
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Reverse transcription-quantitative PCR (RT-
gPCR)

Total RNA was extracted from cells and tissue
samples for further study using TRIzol® reagent
(Thermo Fisher Scientific Inc.). The RNA con-
centration was measured using a microplate
reader. To quantify RALB mRNA expression lev-
els, we reverse transcribed 1 pg of total RNA
into cDNA using avian myeloblastic virus
reverse transcriptase and Oligo(dT) primers
(Takara Bio. Inc.). The reaction mixture was
incubated: at 16°C for 5 min, 42°C for 60 min,
and 70°C for 10 min. Then, the RT-gPCR mix-
ture, which consisted of specific primers for
RALB and GAPDH and SYBR Green dye (Ther-
mo Fisher Scientific Inc.), was incubated under
the following conditions: 95°C for 5 min, fol-
lowed by 40 cycles of 95°C for 30 s, 60°C for
30 s, and 72°C for 1 min. All primer sequences
are presented in Table S2. The expression lev-
els were quantified using the 222¢@ method and
normalized to the expression of GAPDH.

Immune infiltration analysis

TIMER was used to systematically evaluate the
infiltration of various immune cells and their
clinical impacts [17]. In this study, we analyz-
ed the correlation between tumor purity and
tumor-infiltrating immune cells with the TIMER
Gene and Correlation modules. The “ssGSEA”
“ESTIMATES” R package was used to analyze
the profiles of tumor-infiltrating immune cells
in HNSCC patients and the differentially infil-
trated immune cells between the two patient
groups. The “ESTIMATES” R package was used
to evaluate the correlation between stromal
and immune infiltration levels and RALB levels
in HNSCC patients.

Statistical analysis

Data from cell proliferation, migration, and
invasion assays, together with the animal
experiments, are representative of at least
three independent experiments. All sample
data were analyzed using SPSS software (ver-
sion 11.0, SPSS, IBM SPSS, Madrid, Espana).
RT-gPCR and dual luciferase reporter assays
were performed in triplicate. The data are pre-
sented as the mean + SEM. Pearson coefficient
is used for correlation analysis. Two-group com-
parisons were calculated by Student’s t-test.
P<0.05 was considered to indicate a significant
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difference. All the statistical analyses and
|visualizations of clinically relevant data and
sequencing results were conducted in R (ver-
sion 3.6.3).

Results

RALB protein and mRNA expression are in-
creased in HNSCC

The expression levels of RAS-related genes in
HNSCC were determined. The combined analy-
sis of the TCGA database and GteX databases
revealed that the mRNA expression levels of
RAS subtypes (HRAS, NRAS, and KRAS) in
HNSCC tissues were significantly greater than
those in normal tissues (Figure 1A). Important-
ly, there was a significant positive correlation
between RALB expression level and NRAS/
KRAS in HNSCC tissues. However, such corre-
lation was not found with HRAS (Figure 1B).
We examined the expression level of RALB, as
a vital molecule downstream of the RAS, in
HNSCC and its correlation with survival-related
indicators (overall survival (0S), disease-specif-
ic survival (DSS), and recurrence-free interval
(RF1)) in HNSCC patients to determine whether
RALB participates in the malignant behavior of
HNSCC (Table S3). As shown in Figure 1C and
1D, both the paired and unpaired expression
differences indicated that the mRNA level of
RALB in HNSCC tissues was greater than that
in normal tissues. Furthermore, patients with
HNSCC with high levels of RALB expression had
a significantly worse prognosis than those with
low levels of RALB expression (Figure 1E).

RALB expression is upregulated in HNSCC
clinical samples

To further validate the expression level of RALB
in HNSCC patients, we employed immunohisto-
chemistry to measure the expression level of
RALB in clinical samples from 90 HNSCC
patients, with 20 normal mucosal tissue sam-
ples serving as the control group. The results
demonstrated a significantly greater level of
RALB protein in HNSCC tissues than in normal
mucosal tissues (Figure 2A and 2B). According
to the Kaplan-Meier survival analysis and log-
rank tests, HNSCC patients with high RALB
expression exhibited lower OS rates (P=0.017,
Figure 2C). RT-qPCR results also revealed sig-
nificantly greater levels of the RALB mRNA in
the tumor tissues of fresh HNSCC patients than
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in the adjacent normal tissues (Figure 2D).
Furthermore, we investigated the relationship
between the RALB expression level in HNSCC
tissues and the corresponding patient clinico-
pathological characteristics (Table S4). By
classifying the expression of RALB in the 90
HNSCC tissues according the median IHC
score, we found a significant positive correla-
tion between RALB expression and lymph
node metastasis (Figure 2E). Taken together,
the results of these clinical studies demon-
strated elevated expression levels of RALB in
HNSCC tissues compared to those in adjacent
normal tissues. Furthermore, HNSCC patients
with high RALB expression are more prone to
metastasis and exhibit lower OS rates.

RALB upregulation is a valuable prognostic
marker for HNSCC patients

Given the strong correlation between RALB
and the prognosis of HNSCC patients, incorpo-
rating RALB as a marker into the HNSCC prog-
nosis prediction system was expected to yield
considerable benefits for patients. Multivariate
Cox proportional hazards regression analysis
revealed that the RALB expression level and N
stage were significant factors affecting the
prognosis of HNSCC patients (P<0.05) (Table
SH). To integrate the significant impact of the
RALB expression level on HNSCC patients’
prognosis into the prognostic evaluation sys-
tem, a nomogram for HNSCC prognostic risk
was constructed according to the multivariate
Cox regression results. The nomogram includes
a scoring scale to assess the risk factors for
HNSCC patients, which can be used to calcu-
late survival risks at 1, 3, and 5 years (Figure
3A). The correlations between RALB and other
risk factors are illustrated in Figure 3B. Addi-
tionally, receiver operating characteristic (ROC)
curves were generated to evaluate the sensi-
tivity of the RALB level as a predictive marker
for HNSCC prognosis. We utilized the Calibra-
tion curve to assess the advantages of incor-
porating RALB levels into the prognostic predic-
tion system for HNSCC patients in contrast to
conventional clinical programs at various time
intervals. As anticipated, the RALB level dem-
onstrated significant sensitivity and relatively
high efficacy as a prognostic indicator for
HNSCC (Figure 3C and 3E). Additionally, we
employed a time-dependent Area Under Curve
(AUC) to gauge the sensitivity of our prognostic
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Figure 1. RALB is highly expressed and related to worse prognosis in HNSCC. A. mRNA level of KRAS, NRAS, and
HRAS in HNSCC samples from the TCGA database and normal tissue samples from the GTeX database. B. Correla-
tion between RALB mRNA level and KRAS, NRAS, and HRAS mRNA level in HNSCC samples from the TCGA database.
C. mRNA level of RALB in HNSCC samples from the TCGA database and normal tissue samples from the GTeX da-
tabase. D. mRNA level of RALB of paired HNSCC samples and normal tissue samples from the TCGA database. E.
Overall survival (0S), disease-specific survival (DSS), and progress-free survival (PFS) of HNSCC patients satisfied
by RALB level using Kaplan-Meier analyses. **, P<0.01; ***, P<0.001.
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Figure 2. High expression of RALB in clinical samples of HNSCC positively correlates with lymph node metastasis
and poor prognosis. A. Expression of RALB in normal mucosa (top), HNSCC (middle), and HNSCC lymph node me-
tastasis specimens (bottom) shown by H&E staining and immunohistochemical staining, scale bar =100 um. B.
Immunohistochemical scoring reveals significantly higher expression of RALB in HNSCC tissues (n=88) compared
to normal mucosa tissues (n=20). C. Overall survival of HNSCC patients stratified by RALB level using Kaplan-Meier
analysis. *, P<0.05. D. Relative levels of RALB mRNA in fresh paired tumor tissues of HNSCC patients and normal
tissues assessed by RT-gPCR. E. Immunohistochemical scoring analysis of RALB expression levels in HNSCC pa-
tients with lymph node metastasis (N+, n=47) and without lymph node metastasis (NO, n=41). **, P<0.01.
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Figure 3. The value of RALB as a prognostic marker in HNSCC. (A) The nomogram based on COX multivariate hazard
regression was used to predict the 1-, 3-, and 5-year survival of HNSCC patients. (B) Risk factor visualization based
on nomogram-calculated risk scores and RALB expression levels. (C) Time-dependent ROC curves were used to
assess the sensitivity of the nomogram at 1, 3, and 5 years. (D) Time-dependent AUC curve, according to the area
under the time-dependent ROC curve, was used to evaluate the sensitivity of the nomogram at different time points.
(E) Calibration curves for predicting patient survival at each time point. (F-H) DCA curves for evaluating the benefits
of introducing RALB into the HNSCC prognosis prediction system at 1 (F), 3 (G), and 5 (H) years.
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prediction system yearly for 1-5 years, which
further confirmed its reliability (Figure 3D).
Furthermore, we utilized the a DCA curve to
compare he prognostic value of the RALB ex-
pression level in HNSCC patients with that of
the pathological grade alone. The findings in-
dicated that adding the RALB to HNSCC prog-
nostic evaluation begins to yield significant
observations after three years (Figure 3F-H).

Potential biological functions of RALB in HN-
ScC

RALB has been implicated in the malignant
behavior of various tumors, indicating its poten-
tial role in regulating the biological behavior of
HNSCC cells. To investigate this possibility, we
categorized HNSCC samples from The TCGA
into two groups according to the RALB mRNA
level: RALB high vs. low expression. DEG analy-
sis revealed that 91 genes were upregulated in
the RALB high expression group, as demon-
strated by a volcano plot (Figure 4A). KEGG/GO
analysis of DEGs indicated that metabolism-
related gene pathways, including the “xenobi-
otic metabolic process”, “fatty acid metabolic
process”, “xenobiotic glucuronidation”, “NAD+
activity”, “NADP+ activity”, and “drug metabo-
lism”, were more active in the RALB high ex-
pression group. Some carcinogenesis path-
ways such as the “chemical carcinogenesis -
receptor activation” and “chemical carcinogen-
esis - DNA adducts” were also observed (Fig-
ure 4B). Moreover, the behavioral pathways
related to tissue differentiation exhibited rela-
tively negative characteristics, encompassing
processes such as “keratinocyte differentia-
tion”, “intermediate filament organization”,
“structural constituents of skin epidermis”,
and “primary immunodeficiency” (Figure 4C).
This finding suggests that tumor tissues ex-
hibiting elevated levels of RAS exhibit a
decreased degree of cellular differentiation,
rendering them more malignant.

RALB enhances the proliferation, migration,
and invasion capabilities of HNSCC cells

To further investigate the role of RALB in
HNSCC, we designed three specific small inter-
fering RNAs (siRNAs) targeting RALB to down-
regulate its expression (Figure S1). Sub-
sequently, we transfected these siRNAs into
HN-1 and HN-5 cells and assessed their effica-
cy atthe RALB mRNA level. The RT-gPCR results

3957

revealed that all three siRNAs successfully
reduced RALB mRNA levels; however, given its
superior knockdown efficiency, we selected
siRNA-2 for further functional assays (average
knockdown of 35%) (Figure S1). We used func-
tional experiments to detect the effect of
changes in the expression level of RALB on the
cellular functions of HNSCC related to the
malignant phenotype. Notably, the EdU assays
demonstrated a significant reduction in prolif-
eration capacity among HNSCC cells transfect-
ed with siRNA-2 (Figure 5A-C). Wound healing
assays revealed that within the same 24 h, the
scratch healing distance of HNSCC cells in the
si-RALB group was significantly shorter than
that in the control group (Figure 5D-F). Trans-
well assays revealed a marked decrease in
invasive ability among HNSCC cells upon down-
regulating RALB expression (Figure 5G-I). Our
functional assays demonstrated that RALB
enhances the proliferation, migration, and inva-
sion capabilities of HNSCC cells in vitro, where-
as its depletion effectively impedes disease
progression.

RALB levels correlate with immune infiltration
in HNSCC

Since immunotherapy plays a crucial role in
treating cancer in contemporary medicine, we
analyzed the correlation between the RALB
expression and immune infiltration levels, as
well as the immune score. The GSEA-based
single sample gene set enrichment analysis
(ssGSEA) algorithm was used to assess the
degree of infiltration of diverse immune cells
and their correlation with RALB expression in
HNSCC samples from the TCGA. Results re-
vealed that T helper (Th) 2 cells, neutrophils,
eosinophils, macrophages, central memory T
cells (Tcm), and gamma delta T cells (Tgd)
cells positively correlate with RALB expression
level. Conversely, dendritic cells (DCs), cytotox-
ic cells, CD8+ T cells, natural killer cells (NK
cells), CD56dim cells, T cells, B cells, regulatory
T cells (Tregs) (Figure 6A). Effector memory T
cells (Tems) were negatively correlated with the
RALB expression level (Figure 6A). The ESTI-
MATES algorithm was used, and the results
indicated that the stromal score did not corre-
late with RALB, while the immune score was
negatively associated with the RALB expres-
sion level (Figure 6B). Additionally, we used the
TIMER tool to evaluate immune cell infiltration
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Figure 6. Correlation between RALB and degree of immune cell infiltration in HNSCC. A. The lollipop plot is based on
the correlation between RALB and immune cell abundance in HNSCC, which was obtained from ssGSEA analysis. B.
Lollipop plot based on the correlation between RALB and immune-related scores obtained from ESTIMATES analy-
sis. C-E. Correlation between RALB and immune cell infiltration in HNSCC samples from TCGA obtained from TIMER.
C. Whole HNSCC samples. D. HPV-positive HNSCC samples. E. HPV-negative HNSCC samples. ns, no significance;

*, P<0.05; **, P<0.01; ***, P<0.001.

in HNSCC tissues relative to that of RALB, in
HPV-positive and HPV-negative samples. Con-
sistent with the ssGSEA results, B cells, CD8 T
cells, CD4 T cells, macrophages, neutrophils,
and DCs were correlated with the RALB expres-
sion levels (Figure 6C). However, these correla-
tions differed between HPV-positive and HPV-
negative HNSCC tissues. Specifically, in HPV-
positive HNSCC tissues. Only B cells and CD8+
T cells exhibited a significant correlation with
the RALB expression level (Figure 6D), whereas
in HPV-negative HNSCC tissues, CD4+ T cells,
CD8+ T cells, and DCs were significantly corre-
lated with the RALB level (Figure 6E), indicating
a noteworthy synergy among these cell types.

Discussion

RAL-GTPases can play redundant, compensa-
tory, or divergent roles in a cancer-dependent
or even cell line-dependent manner. RALB ex-
hibits diverse functions as reported in cancer
studies, but little is known about the role of
RALB in head and neck cancer [18]. Only one
previous study on laryngeal carcinoma cells
attempted to target RALB as a therapeutic in-
tervention by inducing its degradation through
dihydroartemisinin in an in vitro, which resulted
in the induction of autophagy [11]. However,
the expression pattern of RALB in the tissues
of HNSCC patients and its malignant pheno-
type in HNSCC cells are largely unknown.
Therefore, in this study, we investigated wheth-
er the dysregulation of RALB in HNSCC is asso-
ciated with patient survival and whether the
inhibition of RALB is associated with the malig-
nant phenotype of HNSCC cells in vitro.

Our study revealed a high expression level of
RALB in HNSCC tissues and a significant posi-
tive correlation between the RALB expression
and NRAS/KRAS expression. RALB has been
reported to be significantly upregulated in blad-
der, colorectal, and pancreatic cancers patients
relative to that in normal controls [12, 13, 19].
Knockdown of RALB by shRNA in colorectal
cancer cells significantly increases anchorage-
independent growth regardless of KRAS muta-
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tion status [20]. Whether RALB signaling down-
stream of the RAS plays a role in HNSCC needs
to be further studied. It was observed that high
RALB expression is associated with poor prog-
nosis in HNSCC patients, in agreement with the
results in colorectal cancer patients [8]. Fur-
thermore, we found that high RALB expression
is an independent prognostic risk factor for
HNSCC patients, indicating that its upregula-
tion is a valuable risk factor for HNSCC pro-
gression.

We examined the effect of siRNA-mediated
silencing of RALB on the malignant phenotype
of HNSCC cells and found that the inhibition
of RALB could effectively impede the prolifera-
tion, invasion, and migration capabilities of
HNSCC cells by downregulating the malignant
phenotype, by approximately 50%. RALB has
been found to be required for the migrating
bladder cancer cells in studies employing
RALB-specific siRNAs [21]. The phosphoryla-
tion of RALB is required for the tumor growth,
metastasis, and migration of bladder cancer
cells. Cell migration in lung cancer appears to
be a RALB driven phenotype, and knockdown
of RALB reduces the spontaneous lung metas-
tasis of 4T1 cells [22]. RALB lysine fatty acid
acetylation has been found to be required for
proper cell migration of lung cancer cells [23].
More functional and in vivo experiments are
warranted to confirm the potential of RALB as a
novel therapeutic target and treatment strate-
gy for HNSCC.

Interestingly, our study revealed a correlation
between RALB expression and the degree of
immune infiltration in HNSCC, particularly to
CD8+ T cells, CD4+ T cells, and NK cells in HPV-
positive HNSCC tissue samples. The funda-
mental principle of immunotherapy involves
activating the immune system, which is sup-
pressed by various factors in cancer patients
to eliminate malignant cells. There have also
been studies linking RAL GTPases with tumor
immunotherapy that systematically identified
the expression levels of RALA across cancers
and its association with immune cells. The
aforementioned studies revealed a significant
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correlation between the expression level of
RALA and the infiltration level of B cells and
macrophages, as well as with the expression
levels of multiple immune checkpoints [24].
However, research on the relationship between
RALB and tumor immunotherapy is still limit-
ed. Specifically, RALB is required to suppress
apoptotic checkpoint activation [25, 26]. The
RALB pathway inhibits apoptosis in tumor cells
and stimulates an innate immune response in
nontumorigenic cells [25]. Ubiquitylation within
the effector-binding domain provides a switch
for the dual functions of RALB in autophagy
and innate immune responses [27]. By estab-
lishing a link between RALB and T cell-mediat-
ed immune responses, it may help to identify a
subset of HNSCC patients who are more
responsive to immunotherapy or to develop
novel adjuvant therapeutic targets and strate-
gies for HNSCC.

In summary, this study revealed that RALB
expression is elevated in HNSCC and is signifi-
cantly associated with its poor prognosis. The
effective targeting of RALB impedes the malig-
nant phenotype of HNSCC cells. Furthermore,
we provided insight into the relationship
between RALB and T cell-mediated immune
responses. Further RALB-associated studies
may provide new insights into an innovative
strategy for HNSCC immunotherapy.
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Table S1. siRNA and control plasmids sequences in this study

Primer Sequence Sequences (5'-3")
siRNA-1 Sense Sequence GACCUAAUGAGAGAAAUCAGAACAA
siRNA-1 Antisense Sequence UUGUUCUGAUUUCUCUCAUUAGGUC

siRNA-1-control
siRNA-1-control
siRNA-2
siRNA-2
siRNA-2-control
siRNA-2-control
SiRNA-3
SiRNA-3
siRNA-3-control
SiRNA-3-control

Sense Sequence
Antisense Sequence
Sense Sequence
Antisense Sequence
Sense Sequence
Antisense Sequence
Sense Sequence
Antisense Sequence
Sense Sequence
Antisense Sequence

GACUAAGAGAGAUAAGACAACUCAA
UUGAGUUGUCUUAUCUCUCUUAGUC
GAAAUCAGAACAAAGAAGAUGUCAG
CUGACAUCUUCUUUGUUCUGAUUUC
GAAAGACAACAAAGAGUAGUUACAG
CUGUAACUACUCUUUGUUGUCUUUC
GAGAGAAAUCAGAACAAAGAAGAUG
CAUCUUCUUUGUUCUGAUUUCUCUC
GAGAAUAACAGCAAAGAAAGGAAUG
CAUUCCUUUCUUUGCUGUUAUUCUC

Table S2. Primer sequences for gRT-PCR in this study

Primer Sequences (5-3")
hsa-RALB-F ATGGCTGCAAATAAGCCCAAG
hsa-RALB-R TGTCTGCTTTGGTAGGCTCATA
hsa-GAPDH-F CGAGCCACATCGCTCAGACA
hsa-GAPDH-R GTGGTGAAGACGCCAGTGGA
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Table S3. Clinicopathologic features of HNSCC patients downloaded from TCGA based on RALB ex-

pression
Characteristics Low expression of RALB High expression of RALB P value
n 252 252
T stage, n (%) 0.051
T1 24 (5.4%) 21 (4.7%)
T2 75 (16.7%) 60 (13.4%)
T3 36 (8%) 60 (13.4%)
T4 83 (18.5%) 89 (19.9%)
N stage, n (%) 0.831
NO 83 (20.2%) 88 (21.4%)
N1 34 (8.3%) 32 (7.8%)
N2&N3 82 (20%) 92 (22.4%)
M stage, n (%) 0.460
MO 102 (54%) 86 (45.5%)
M1 0 (0%) 1 (0.5%)
Pathologic stage, n (%) 0.812
Stage | 14 (3.2%) 11 (2.5%)
Stage Il 36 (8.3%) 34 (7.8%)
Stage llI 37 (8.5%) 42 (9.6%)
Stage IV 125 (28.7%) 137 (31.4%)
Age, n (%) 0.562
<60 120 (23.9%) 127 (25.2%)
>60 131 (26%) 125 (24.9%)
Gender, n (%) 0.687
Female 69 (13.7%) 65 (12.9%)
Male 183 (36.3%) 187 (37.1%)
Histologic grade, n (%) 0.215
G1 34 (7%) 28 (5.8%)
G2 140 (28.9%) 161 (33.3%)
G3 68 (14%) 51 (10.5%)
G4 1 (0.2%) 1 (0.2%)
0OS event, n (%) <0.001
Alive 162 (32.1%) 124 (24.6%)
Dead 90 (17.9%) 128 (25.4%)
DSS event, n (%) <0.001
No 191 (39.9%) 158 (33%)
Yes 49 (10.2%) 81 (16.9%)
PFS event, n (%) <0.001
No 174 (34.5%) 136 (27%)
Yes 78 (15.5%) 116 (23%)

0S, overall survival; DSS, disease specific survival; PFS, progression free survival.
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Table S4. Clinicopathologic features of 90 HNSCC patients clinical samples based on RALB expression

Characteristics Amount High expression of RALB  Low expression of RALB P value

Age 0.6053
<60 61 33 28
>60 29 14 15

Gender 0.3762
Male 59 21 38
Female 31 14 17

Smoke 0.1384
Yes 72 30 42
No 18 11 7

Alcohol 0.1488
Yes 36 16 20
No 54 27 27

Histological differentiation 0.000
Highly 62 18 44
Moderately to poorly 28 22 6

TNM stage 0.002
I/ 47 20 27
/v 43 32 11

Lymph node metastasis 0.000
NO 43 15 28
N+ 47 41 6

Table S5. Univariate and multivariate COX hazard ratio regression

Univariate analysis

Multivariate analysis

Characteristics  Total (N) = - ratio (95% C) __ Pvalue Hazard ratio (95% Cl) P value
T stage 447

T1 45 Reference Reference

T2 134 1.341 (0.694-2.590) 0.382 1.096 (0.317-3.793) 0.885

T3 96 2.592 (1.349-4.984) 0.004 1.657 (0.493-5.567) 0.414

T4 172 2.347 (1.250-4.407) 0.008 1.838 (0.530-6.379) 0.338
N stage 410

NO 170 Reference Reference

N1 66 0.957 (0.563-1.624) 0.870 0.933 (0.500-1.742) 0.829

N2&N3 174 2.269 (1.617-3.183) <0.001 2.148 (1.335-3.453) 0.002
Pathologic stage 435

Stage | 25 Reference Reference

Stage Il 69 1.919 (0.667-5.521) 0.227 1.078 (0.180-6.462) 0.934

Stage llI 79 2.193 (0.768-6.259) 0.142 1.683 (0.313-9.051) 0.544

Stage IV 262 3.465 (1.281-9.375) 0.014 1.349 (0.236-7.707) 0.737
Age 503

<60 247 Reference Reference

>60 256 1.262 (0.964-1.653) 0.090 1.320 (0.954-1.827) 0.094
Gender 503

Female 134 Reference Reference

Male 369 0.760 (0.571-1.012) 0.061 0.704 (0.496-0.998) 0.048
RALB 503

Low 251 Reference Reference

High 252 1.436 (1.095-1.882) 0.009 1.506 (1.088-2.086) 0.014
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Figure S1. Knockdown ability of three siRNAs (#1, #2 and #3) for RALB mRNA in HN-1 cells was detected by RT-
qPCR.



