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Pan-cancer analysis reveals
correlation between RAB3B
expression and tumor
heterogeneity, immmune
microenvironment, and prognosis
in multiple cancers
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Zi-Yue Liu?, Yan Gao® & Zhi-Jun Peil34>¢

RAB3B is essential for the transportation and secretion within cells. Its increased expression is linked
to the development and progression of various malignancies. However, understanding of RAB3B’s
involvement in carcinogenesis is mostly limited to specific cancer subtypes. Hence, exploring

RAB3B's regulatory roles and molecular mechanisms through comprehensive cancer datasets might
offer innovative approaches for managing clinical cancer. To examine the potential involvement of
RAB3B in the development of cancer, we analyzed data from various sources including The Cancer
Genome Atlas (TCGA), Genotype-Tissue Expression Project (GTEx), cBioPortal, HPA, UALCAN, and
tissue microarray (TAM). Using bioinformatics techniques, we examined the correlation between
RAB3B expression and prognosis, tumor heterogeneity, methylation modifications, and immune
microenvironment across different cancer types. Our findings indicate that elevated RAB3B expression
can independently predict prognosis in many tumors and has moderate accuracy for diagnosing most
cancers. In most cancer types, we identified RAB3B mutations that showed a significant correlation
with tumor mutational burden (TMB), mutant-allele tumor heterogeneity (MATH), and microsatellite
instability (MSI). Abnormal DNA methylation patterns were also observed in most cancers compared
to normal tissues. Additionally, we found significant correlations between RAB3B expression, immune
cell infiltration, and immune scores across various cancers. Through pan-cancer analysis, we observed
significant differences in RAB3B expression levels between tumors and normal tissues, making

it a potential primary factor for cancer diagnosis and prognosis. The IHC results revealed that the
expression of RAB3B in six types of tumors was consistent with the results of the pan-cancer analysis
of the database. Furthermore, RAB3B showed potential associations with tumor heterogeneity and
immunity. Thus, RAB3B can be utilized as an auxiliary diagnostic marker for early tumor detection and
a prognostic biomarker for various tumor types.

Keywords RAB3B, Pan-cancer, Diagnosis, Prognosis, Inmune infiltration

With the extension of human lifespan and changes in lifestyle, cancer has become one of the major health chal-
lenges worldwide'. The occurrence of cancer is closely related to various complex factors, including genetic
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mutations, environmental exposure, and lifestyle habits. In recent years, remarkable progress has been made in
cancer research'~. However, there are still many uncertainties regarding the mechanisms of cancer development
and treatment methods.

Pan-cancer analysis is a comprehensive method that integrates various cancer data. By analyzing the genomes
of different types of cancer patients, it aims to explore the common characteristics and differences of cancer®*~".
Among them, genetic mutations are one of the important driving factors for the occurrence and development of
cancer®. As far as cancer diagnosis and treatment go, genomic heterogeneity plays a crucial role in determining
the accuracy of cancer diagnosis'®'!. DNA methylation of promoters, as an important epigenetic modification,
has been shown to be closely associated with the occurrence and development of various cancers. Abnormal
methylation patterns often accompany tumor development, leading to gene hypermethylation or hypometh-
ylation, which can affect gene expression and function'?!*. Combating cancer is significantly influenced by
the immune system. In recent years, the detection of immune cell infiltration has become an important indi-
cator for assessing the prognosis and treatment efficacy of cancer patients'*"'8. Certain types of tumors are
linked to the development of immune checkpoints, which are molecular mechanisms responsible for regulating
immune responses and can become dysregulated '**°. ImmuneScore, as a critical indicator for measuring tumor
immune response, has played a key role in predicting patient prognosis and developing personalized treat-
ment strategies®?2. Therefore, by systematically studying the potential connections between RAB3B expression,
immune cell infiltration, immune checkpoints, and immune scoring in pan-cancer, new strategies and targeted
therapies can be provided for cancer treatment.

There are several subfamilies of the Ras superfamily of small molecule GTP binding proteins, but the RAB
protein family represents the largest. Changes in Rab proteins and their effectors are associated with various
human diseases, including neurodegeneration, infection, endocrine disorders, and cancer?***. Ras-Related Pro-
tein Rab-3B (RAB3B) belongs to the Ras-related protein family and is mainly involved in intracellular transport
and secretion processes. There has been an increase in research on RAB3B’s relevance to cancer over the past few
years. It has been suggested that high levels of RAB3B are associated with cancer development and occurrence,
including gliomas , prostate cancer, breast cancer, pancreatic cancer, and cancer stem cells*® . Additionally,
studies have found that RAB3B can act as a hub gene in the diagnosis and prognosis prediction of lung adeno-
carcinoma, glioma, prostate cancer, gastric cancer, and colorectal cancer®*-**. Research on RAB3B in cancer,
however, is mostly confined to specific types. Developing new cancer therapies can therefore be improved by
studying RAB3B’s molecular mechanisms and regulatory functions in pan-cancer datasets.

For this research, we employed data from databases like TCGA and GTEx to perform a comprehensive
examination of RAB3B across various types of cancer. Our analysis focused on exploring the expression levels
and prognostic significance of RAB3B in pan-cancer. In addition, we examined the possible correlation between
genetic variations in the RAB3B gene and the formation of tumors. This involved studying the mutation status
of the RAB3B gene across various types of cancer, as well as investigating the association between its expression
and factors such as tumor mutation burden (TMB), mutant-allele tumor heterogeneity (MATH), microsatellite
instability (MSI), and DNA methylation. In order to gain a better understanding of the significance of RAB3B in
tumor immune therapy, we conducted an analysis to examine its expression in relation to immune cell infiltration,
immune checkpoint-related genes, and immune scoring, thereby further investigating the correlation between
RAB3B and tumor immunity. Through our analysis of various types of cancer, we have gained a thorough com-
prehension of how RAB3B contributes to their development, broadening the possibilities for utilizing RAB3B
in the treatment of cancer. The research process is shown in Fig. 1.
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Figure 1. Experimental design. The figure was created by Figdraw (www.figdraw.com).

Scientific Reports|  (2024) 14:9881 |

https://doi.org/10.1038/s41598-024-60581-x

nature portfolio



http://www.figdraw.com

www.nature.com/scientificreports/

Method

Analysis of RAB3B expression differences and ROC curve analysis in pan-cancer

We downloaded and organized RNA-seq data (in TPM format) for 33 types of cancer projects from the TCGA
database (https://portal.gdc.cancer.gov)*® and processed TCGA and GTEx RNA-seq data (in TPM format)*” using
the Toil pipeline® from the UCSC XENA database (https://xenabrowser.net/datapages). From this database,
we extracted TCGA data for pan-cancer analysis and corresponding normal tissue data from GTEx to analyze
RAB3B expression in various tumors. The statistical R package (version 3.6.4), "pROC", was utilized to execute
the Receiver Operating Characteristic (ROC) assessments on the gathered pan-cancer dataset from TCGA. The
predictive accuracy of RAB3B gene expression in the pan-cancer setting was represented by the Area Under
Curve (AUC) values deduced from ROC assessments, with a significant threshold set at an AUC value surpass-
ing 0.7 to ascertain reliability.

The analysis of the clinical proteomic tumor analysis consortium (CPTAC)

The CPTAC database (https://proteomics.cancer.gov/programs/cptac) comprises both genomic and proteomic
data, allowing for examination and analysis of gene expression and expression patterns across different tumor
types. Analysis of this data has the potential to reveal candidate biomarkers or therapeutic targets for various
cancer types. Additionally, we examined the mRNA and protein levels of RAB3B by utilizing the Cancer Prote-
ogenomic Data Analysis Site (cProSite) database (https://cprosite.ccr.cancer.gov)®.

Protein expression scores from the human protein atlas

The HPA, also known as the Human Protein Atlas, is an extensive database that provides details about the locali-
zation of proteins in human tissues and cells (https://www.proteinatlas.org/)*. To further explore the differential
expression of RAB3B in terms of protein, we employed the HPA database to showcase the level of staining for
RAB3B in both tumor and normal tissues across 10 different organs, namely breast, colon, endometrium, liver,
lung, ovary, pancreas, testis, thyroid, and bladder.

Pan-cancer tissue microarray (TAM) and immunohistochemistry

Human pan-cancer TMAs (ZL-MTU122) were purchased from Shanghai Zhuoli Biotechnology Co., Ltd (Zhuoli
Biotechnology Co., Shanghai, China). The TMA chip contained tumors from 20 cancers and matched adjacent
normal/normal tissues*'. Immunohistochemical (IHC) staining was performed according to the previously
described method*. Then, differences in expression of RAB3B (1/50, 15774-1-AP, proteintech) in pan-cancer
were assessed using digital image analyses (DIA) techniques from the fully automated VIS DIA VisioMorph
system (Visiopharm®, Hoersholm, Denmark)*.

Exploring the relationship between RAB3B gene expression and clinical features

In this study, we used R software to investigate the potential relationship between the expression of the RAB3B
gene and various tumor stages in different cancers. Differences between two pairs were significantly analyzed
using an unpaired student’s t-test, and differences were tested across multiple groups of samples using analysis
of variance.

Pan-cancer prognostic assessment of RAB3B

To acquire reliable predictive gene expression data, the pan-cancer expression data and clinical information
were filtered by removing incomplete survival information and status samples. Cox regression analysis was then
conducted using a single variable and the “forestplot” R package was used to display P values, HR, and 95% CI
via a graphical forest plot. The predictive significance of RAB3B in various types of cancer was assessed in four
clinical measures: overall survival (OS), progression-free survival (PFS), disease-specific survival (DSS), and
disease-free survival (DFS). A statistical significance of p <0.05 was considered significant for the evaluation.

Pan-cancer analysis of RAB3B gene changes

cBioPortal is a website (http//www.cBioPortal.org/) that offers researchers multidimensional visualization data
by housing all the tumor gene information found in the TCGA database****. We analyzed data from 30 cancer
types in cBioPortal, totaling 10, 953 samples. In OncoPrint and Cancer Type Summary, the analysis was con-
ducted on the mutations of the RAB3B gene in all tumors, examining their types and frequencies. Heat maps in
OncoPrint exhibit the alterations in target genes, including mutations, copy numbers, and expression, across all
samples. Furthermore, the histogram in the ‘Cancer Type Summary’ showcases the frequency of mutations in
target genes across various types of cancer.

Genomic heterogeneity and gene expression analysis

TMB (Tumor Mutational Burden) refers to the number of mutations in the genome of tumor cells, usually
measured in terms of mutations per megabase (mut / Mb). MATH (Mutant-Allele Tumor Heterogeneity) refers
to the degree of heterogeneity of mutant alleles within tumor cells. Microsatellite instability (MSI) refers to the
instability of microsatellites in tumor cells, which refers to the insertion or deletion of microsatellite sequences
during DNA replication. The above three are indicators related to the heterogeneity of the tumor genome. Tumor
genomic heterogeneity refers to the presence of different genomic variations in tumor cells. Mutation of tumor
genes is an important driving factor for the occurrence and development of tumors. TMB, MATH, and MSI are
closely related to tumor gene mutations, and tumors with high TMB, high MATH, and high MSI typically have
more gene mutations. These mutations may affect the proliferation, survival, and metastatic ability of tumor cells,
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thereby promoting the occurrence and development of tumors. We used the tmb function and inferHeterogeneity
function of the R software package maftools (version 2. 8. 05) to calculate the TMB and MATH of each tumor.
At the same time, the MSI score of each tumor was obtained based on previous research*. Finally, we analyzed
the correlation between TMB, MATH, and MSI with RAB3B gene expression.

Promoter methylation level of RAB3B in pan-cancer.

Based on the UALCAN database (http://ualcan.path.uab.edu/index.html)*’, we compared the DNA methylation
levels of RAB3B between different types of cancer and their corresponding adjacent tissues. The goal is to gain
a broader understanding of the relationship between DNA methylation levels of RAB3B in different tumor and
normal samples. Students t-tests were used to evaluate statistical significance, p-values of 0.05 being considered
statistically significant.

Correlation analysis of RAB3B expression and immunological features.

We obtained a standardized pan-cancer dataset from the UCSC XENA database and extracted the gene expres-
sion profiles of each tumor. Using the TIMER* algorithm implemented in the R package IOBR*’, we evaluated
the infiltration scores of B cells, T cells CD4, T cells CD8, Neutrophils, Macrophages, and Dendritic Cells in
each tumor for every patient. Afterwards, we obtained the expression data for RAB3B and 60 genes that serve as
markers for immune checkpoints® in every sample. We then computed the Pearson correlation between RAB3B
and these 60 marker genes. In the end, we employed the ESTIMATE package®' to calculate immune scores for
every patient in every tumor using gene expression data. Then, we performed a correlation analysis to examine
the relationship between these scores and the expression of the RAB3B gene.

Statistics analysis

R software was used for all statistical analyses in this study. Wilcoxon rank sum tests were used to compare
RAB3B expression over tumors and normal tissues. The hazard ratio (HR) and p-value were computed by con-
ducting survival analysis using univariable Cox regression analysis. Pearson correlation analysis was employed.
Some of the data was visualized using the Sangerbox (http://sangerbox.com/) and Xiantao (https://www.xiant
aozi.com/) online tools. Statistical differences were considered significant if the p-value was below 0.05.

Result

The expression and ROC analysis of RAB3B in pan-cancer

Through the analysis of the gene expression profiles of 33 tumors in the TCGA database, it was discovered that
the expression levels of RAB3B exhibited notable disparities among different tumor samples and normal samples.
With the exception of cancers lacking normal tissue data or having very limited normal samples, the expression
of RAB3B in 16 cancers was found to be markedly distinct from that in normal tissues. The expression of RAB3B
is increased in tumor samples of Bladder Urothelial Carcinoma (BLCA), Cervical squamous cell carcinoma and
endocervical adenocarcinoma (CESC), Cholangiocarcinoma (CHOL), Esophageal carcinoma (ESCA), Head
and Neck squamous cell carcinoma (HNSC), Liver hepatocellular carcinoma (LIHC), Lung adenocarcinoma
(LUAD), Lung squamous cell carcinoma (LUSC), Prostate adenocarcinoma (PRAD), Stomach adenocarcinoma
(STAD), Thyroid carcinoma (THCA), and Uterine Corpus Endometrial Carcinoma (UCEC) as shown in Fig. 2A.
On the other hand, normal tissue samples of Colon adenocarcinoma (COAD), Glioblastoma multiforme (GBM),
Kidney renal clear cell carcinoma (KIRC), and Rectum adenocarcinoma (READ) exhibited an increase in RAB3B
expression. Furthermore, by conducting a collaborative examination of the GTEx database’s data on samples
from healthy individuals, we have identified a notable disparity in the expression of RAB3B between cancerous
and healthy tissues across 29 different cancer types. Figure 2B demonstrates the upregulation of RAB3B in tumor
samples of Adrenocortical carcinoma (ACC), BLCA, Breast invasive carcinoma (BRCA), CESC, CHOL, Lym-
phoid Neoplasm Diffuse Large B-cell Lymphoma (DLBC), ESCA, HNSC, Kidney Chromophobe (KICH), Kidney
renal papillary cell carcinoma (KIRP), LIHC, LUAD, LUSC, Pancreatic adenocarcinoma (PAAD), PRAD, STAD,
Testicular Germ Cell Tumors (TGCT), THCA, Thymoma (THYM), UCEC, and Uterine Carcinosarcoma (UCS).
Conversely, it was found to be upregulated in normal tissue samples of COAD, GBM, KIRC, Acute Myeloid
Leukemia (LAML), Brain Lower Grade Glioma (LGG), Ovarian serous cystadenocarcinoma (OV), READ, and
Skin Cutaneous Melanoma (SKCM), which aligns with the findings from the TCGA database. These findings
suggest that abnormal expression of RAB3B may be an important cause of tumor progression in many cancers.
Afterwards, we generated ROC curves for each type of cancer at the pan-cancer level. The findings indicated
that RAB3B exhibits a specific level of accuracy in diagnosing tumor samples in 11 datasets (Fig. 2C, AUC>0.7)
and normal samples in five datasets (Fig. 2D, AUC>0.7). These datasets include BLCA (AUC=0.711), CESC
(AUC=0.831), CHOL (AUC=0.927), COAD (AUC=0.794), HNSC (AUC=0.820), GBM (AUC=0.995), LIHC
(AUC=0.878), LUAD (AUC=0.829), LUSC (AUC=10.949), OSCC (AUC=0.802), KIRC (AUC=0.925), PCPG
(AUC=0.790), PRAD (AUC =0.713), READ (AUC =0.928), THYM (AUC = 0.779), and UCEC (AUC =0.739).

CPTAC analysis of RAB3B

We investigated the expression differences of RAB3B gene and protein in selected cancers by analyzing the
CPTAC database. Utilizing the cProSite visualization tool, we observed a significant downregulation of RAB3B
gene expression in brain tumor samples compared to normal tissues. Conversely, RAB3B gene expression was
significantly upregulated in tumor samples of HNSC, LIHC, LUAD, LUSC, PDAC, and Uterine Cancer compared
to normal samples. Protein expression analysis revealed a significant decrease in RAB3B protein expression
levels in brain tumor, COAD and PDAC compared to normal samples. In contrast, the levels of RAB3B protein
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Figure 2. The expression and ROC analysis of RAB3B in pan-cancer. (A) Expression levels of RAB3B in
pan-cancer were obtained from the TCGA database. (B) TCGA and GTEx databases were used to compare
the expression differences of RAB3B between tumor and normal tissues in pan-cancer. (C,D) ROC curves for
RAB3B in pan-cancer were generated. (*P <0.05, **P <0.01, **P <0.001. ns, not significant).

expression were notably elevated in tumor samples of BRCA, LIHC, LUAD, and LUSC when compared to the
normal controls (Fig. 3).

Protein expression scores from the human protein atlas
Furthermore, in order to accurately assess the protein expression of RAB3B, we utilized the Human Protein
Atlas database to obtain immunohistochemical images. As depicted in Fig. 4, it is evident that RAB3B protein

Scientific Reports|  (2024) 14:9881 | https://doi.org/10.1038/s41598-024-60581-x nature portfolio



www.nature.com/scientificreports/

e [N}
wv

-

0.5 g°

ive Protein Abundance (TMT log2 ratio)

rotein Abundance (TMT log2 ratio) m Relat

I Relative P

-

|
e
IS

|
P
o

~

2

-1

I

[

o 0i8i—g®

g o
.

o6

£ Y

e 7

g 04 e

c -l

202 &3

FR)

<0 3bg

c e

3 <

£-0.2 o

% 0.2 oo

[ *
&

2 »2

2

B

[

[

CPTAC RAB3B mRNA Level Tumor vs Control

[

o P = 0.0051

& 3500

£ 3000

g = =

W 2500 o o

o a [o

c 2000 ] ]

8 " Y] ]

0 1500 o v

= 1000 S S

< o o

= & &

8 0 mllm o millm O
Brain Breast

RAB3B Brain Cancer Protein Abundance
(Unpaired P-Value: < 0.0001)

Tumor Normal

RAB3B Head and Neck Cancer Protein Abundance

(Unpaired P-Value: 0.0806)

Adjacent Normal

RAB3B Lung Squamous Cell Carcinoma Protein Abundance

(Unpaired P-Value: < 0.0001)

Tumor Adjacent Normal

. Tumor

Colon Head and Neck Kidney

e

Relative Protein Abundance (TMT log2 ratio) ™=  Relative Protein Abundance (TMT log2 ratio) "T1 Relative Prot

. Control

P=0.0014 P=0.7473 P <0.0001 P =0.0001

Liver Lung AD

RAB3B Breast Cancer Protein Abundance
(Unpaired P-Value: 0.0003)

-
o o

o o
w

| T

S

¢

Ve,
S

g

ein Abundance (TMT log2 ratio

¥

*

%
&

I
-

Tumor Adjacent Normal

RAB3B Liver Cancer Protein Abundance
(Unpaired P-Value: < 0.0001)

’I.l

N
X
.

o
2 xes

B

Tumor

Adjacent Normal

RAB3B Ovarian Cancer Protein Abundance
(Unpaired P-Value: 0.128)

-

(]

e % S g
r

05 ¢
.( '...

0 ":i L.
L :

=

|
o
n

Tumor Adjacent Normal

g P =0.0001
Q.
Q
iy

P < 0.0001 ™
<
& P <0.0001
Q
L=

—— el ©
Lung SC Ovarian PDAC Uterlne

D RAB3B Colon Cancer Protein Abundance

—_ (Unpaired P-Value: 0.0034)

2L

= o —

o

Relative Protein Abundance (TMT log2 r:

-0.8

RAB3B Lung Ad

Tumor Adjacent Normal

@

Protein A
(Unpaired P-Value: < 0.0001)

N
5
.

[N]

1.5

Tumor Adjacent Normal

RAB3B Pancreatic Ductal Protein
(Unpaired P Value: < 0 0001)

|
o
w
.
A
3
R

1
-
‘w.

Relative Protein Abundance (TMT log2 ratio) Q Relative Protein Abundance (TMT log2 ratio)
'
«n

Tumor Adjacent Normal

Figure 3. CPTAC analysis of RAB3B. (A) The CPTAC database analyzed differences in RNA expression of
RAB3B in some cancers. (B-J) The CPTAC database analyzed the protein expression differences of RAB3B in

some cancers.

expression is significantly elevated in 10 types of cancer when compared to normal tissues. The provided data
offers valuable understanding of the involvement of RAB3B in the development of cancer and holds significant
implications for the creation of innovative treatment approaches. The precision and reliability of these findings
offer an important contribution to the current body of research on RAB3B and its potential as a viable therapeutic
target for cancer treatment.
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Figure 4. Protein expression scores from the Human Protein Atlas. The protein expression of RAB3B was
visually analyzed through immunohistochemical images from both normal and tumor groups.

Confirmation of RAB3B expression in TMA

To further validate the expression of RAB3B in different cancers, we selected TMA and used THC staining to
assess the expression of RAB3B (Fig. 5A). The IHC staining of tumor tissues indicated that RAB3B protein is
mainly expressed in the cell membrane. Moreover, as there are only two samples of small cell lung cancer, and
one malignant melanoma tissue was lost during processing, the above tumor samples were not sufficient for three
cases, thus, the subsequent analysis did not include these two tumors. In the analysis of the other 18 tumors,
we found that compared with the control group, the expression of RAB3B in LUAD, CESC, LIHC, and ESCA
increased, while in KIRC and GBM, the expression of RAB3B decreased (Fig. 5B). These results are consistent
with the expression of RAB3B in the pan-cancer analysis using TCGA and GTEx databases. Figure 5C is the
representative image of the expression of RAB3B in malignant tumor tissues and control group tissues.

Exploring the relationship between RAB3B and clinical features

According to the perspective of pan-cancer, a thorough evaluation was conducted on the expression levels of
RAB3B at different clinical and pathological stages. The findings indicated notable variations in the levels of
RAB3B expression among three tumor types, namely DLBC, PAAD, and READ (Fig. 6A). The comprehensive
statistical charts are displayed in Fig. 6B-D. It is important to note that while statistical significance was not
observed in other tumors like LUAD, BRCA, THYM, LIHC, READ, UCS, ACC, and KICH, there was a tendency
suggesting a substantial rise in RAB3B expression levels in advanced tumors, which somewhat emphasizes its
prognostic significance. The discovery is beneficial for a comprehensive examination of the functioning of RAB3B
and serves as a significant point of reference in comprehending the progression of different types of tumors.

Pan-cancer prognostic assessment of RAB3B

The survival analysis of RAB3B suggests its significant prognostic value in the field of oncology. Through employ-
ing the sophisticated technique of Cox regression analysis, it has been established that elevated levels of RAB3B
serve as detrimental risk factors influencing overall survival in numerous tumor classifications such as CESC,
HNSC, KIRC, LUAD, MESO, SARC, STAD, and UVM, thus elucidating its significance as a potent biomarker
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Figure 5. Confirmation of RAB3B expression in TMA. (A-B) Tissue microarrays of RAB3B protein expressed
in 20 cancers. (C) Representative images of RAB3B protein expression in LUAD, CESC, KIRC, LIHC, ESCA and
GBM.

within cancer scientific inquiry (Fig. 7A). Examination across distinct malignancy classes reveals a robust con-
nection between heightened RAB3B expression and PFS, notably within subtypes like ACC, CESC, HNSC,
KIRC, LUAD, MESO, PRAD, SARC, STAD, and UVM (Fig. 7B). Furthermore, additional scrutiny disclosed that
elevated RAB3B mRNA is correlates with reduced DSS in malignancies such as CESC, HNSC, KIRC, MESO,
SARGC, STAD, and UVM (Fig. 7C). Refinement through univariate version of Cox regression analysis indicated
a notable link between elevated RAB3B expression and unfavorable prognostics in STAD (Fig. 7D). In closing,
these findings support the notion that RAB3B may hold considerable prognostic worth in cancer and provide
beneficial guidance for actual medical treatments.

Pan-cancer analysis of RAB3B gene changes

A total of 10,953 patients from the TCGA database were analyzed using the cBioPortal platform to determine
whether the RAB3B gene was mutated in tumor tissues. The largest percentage of all mutation types was attrib-
uted to the amplification of RAB3B, with Deep Deletion following closely behind. Among them, the mutation
rates of Ovarian Epithelial Tumor, Miscellaneous Neuroepithelial Tumor, and Sarcoma are the highest, with
3.94%, 3.23%, and 3.14%, respectively. Interestingly, in Miscellaneous Neuroepithelial Tumor, the mutation type
of RAB3B is Deep Deletion (Fig. 8A,B).

Genomic heterogeneity and gene expression analysis

Observing GBM, CESC, LUAD, COAD, HNSC, ACC, we find RAB3B’s expression positively tied to TMB but
inversely related to STAD and LUSC (Fig. 9A). Notably, in several types like GBM, LUAD, ESCA, STAD, HNSC,
KIRC, LUSC, and PAAD, RAB3B displays a positive correlation with MATH. Interestingly though, this relation-
ship trends negative with regard to MATH in COAD, KIRP, and READ (Fig. 9B). Additionally, RAB3B’s presence
in CESC, COAD, KIRC, and READ correlates positively to MSI, yet negatively in STAD and PRAD (Fig. 9C).

Promoter methylation level of RAB3B in pan-cancer

UALCAN database analysis showed lower RAB3B DNA methylation levels in BLCA, HNSC, LIHC, LUSC, READ,
and UCEC cancerous tissues when compared to healthy ones. By contrast, higher RAB3B methylation occurred
in BRCA, CESC, KIRC, KIRP, LUAD, PRAD, and THCA tumor samples. Notably, CHOL, COAD, ESCA, GBM,
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Figure 6. Exploring the relationship between RAB3B and clinical features. (A) RAB3B expression levels at
distinct stages of pan-cancer. (B-D) It has been shown that RAB3B is expressed at different stages of cancer in
DLBC, PAAD, and READ.

PAAD, PCPG, SARC, STAD, and THYM tumor/normal tissue pairs showed no significant methylation differ-
ence (Fig. 10).

Correlation analysis of RAB3B expression with immune characteristics

Our study examined the relationship between RAB3B expression and immune cell infiltration in 32 types of
tumors. Infiltration scores were calculated for six immune cell categories and correlated with RAB3B expres-
sion. In 29 out of 32 cancer types, we observed a significant correlation between RAB3B expression and immune
infiltration (Fig. 11A). These cancer types include BRCA, CESC, CHOL, COAD, ESCA, GBM, HNSC, KICH,
KIRG, KIRP, LGG, LIHC, LUAD, LUSC, MESO, OV, PAAD, PCPG, PRAD, READ, SARC, STAD, TGCT, THCA,
THYM, UCEC, and UCS. It is interesting to note that RAB3B expression showed a positive correlation with
immune cell infiltration across all six categories of COAD and THCA.

We also investigated the relationship between RAB3B expression and 60 immune checkpoint pathway genes
in pan-cancer. As shown in Fig. 11B, RAB3B exhibited significant associations with immune inhibitory/stimula-
tory genes listed in pan-cancer. Specifically, in MESO, THCA, UVM, READ, COAD, PRAD, SKCM, and LIHC,
RAB3B correlated positively with most of the immune checkpoint genes. In contrast, RAB3B correlated nega-
tively with most immune checkpoint genes in ACC, KIRP, KIRC, LAML, UCEC, ESCA, LUAD, PCPG, BLCA,
SARC, LGG, GBM, CESC, and LUSC. Further investigation revealed a significant correlation between CD276
and RAB3B in 22 tumor types, highlighting the need for further mechanistic studies.

In addition, we investigated how RAB3B correlates with pan-cancer immune scores in the tumor microenvi-
ronment (TME). In COAD, THCA, and READ, there was a notable and favorable association observed between
the expression of RAB3B and ImmuneScore, as indicated by our findings in Fig. 12A. It was found, however,
that RAB3B expression correlated negatively with ImmuneScore in ACC, BLCA, BRCA, CESC, ESCA, GBM,
HNSC, KIRC, KIRP, LGG, LUAD, LUSC, OV, PAAD, PCPG, PRAD, SARC, SKCM, STAD, TGCT, and UCEC
(Fig. 12A). As shown in Fig. 12B, RAB3B expression and ImmuneScore did not correlate significantly in CHOL,
DLBC, KICH, LAML, LIHC, MESO, THYM, UCS, and UVM. These findings highlight the importance of further
investigating the role of RAB3B in the TME.
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Figure 7. Pan-cancer prognostic assessment of RAB3B. (A) Correlation between RAB3B expression and OS;
(B) PES; (C) DSS; (D) DES. OS, overall survival; PES, progression-free survival; DSS, disease-specific survival;
DES, disease-free survival.

Discussion

Cancer is a complex disease and remains an important global health challenge'*>%. Significant progress has been
made in cancer research, but there are still many unknown areas that require further investigation>**. Currently,
the primary focuses of cancer investigation encompass causation, mitigation, identification, and therapy. The pan-
cancer analysis is a valuable approach that aims to uncover resemblances and variations among various types of
cancers, offering profound perspectives for the development of strategies for cancer prevention and personalized
treatment®>>>-%°, Recent research has placed more emphasis on comprehensive analysis of the entire genome in
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order to uncover gene mutations, alterations in methylation, and variations in the immune microenvironment
linked to the onset and progression of cancer. This holds immense importance in terms of early detection and
identification of responsive biomarkers.

The RAB protein family is a group of proteins that participate in cell membrane transport and play important
roles in the intracellular transport process***!. RAB3B, a member of the Rab protein family, has been found to be
associated with various cancers®~*>%2, Luo et al.”® discovered that the level of RAB3B expression was associated
with the advancement of gliomas. Additionally, the inhibition of RAB3B greatly impeded cell proliferation in
gliomas by halting the cell cycle and triggering apoptosis. Ye et al.”” found that the inhibition of breast cancer cell
proliferation and invasion was observed when RAB3B was knocked down. Moreover, research has additionally
discovered that RAB3B is excessively expressed in gliomas, prostate carcinoma, lung adenocarcinoma, and gastric
carcinoma. Additionally, individuals with elevated levels of expression have a more unfavorable prognosis®*-4.
However, these studies on RAB3B in cancer are limited to some extent. Hence, additional investigation on the
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Figure 10. Promoter methylation level of RAB3B in pan-cancer.

manifestation of RAB3B in comprehensive cancer datasets and its possible links to tumor diversity, alterations
in methylation, and the immune microenvironment may offer novel avenues for clinical cancer therapy.

By analyzing TCGA and GTEx databases, comprehensive analyses of RAB3B expression in pan-cancer data-
sets were performed. The findings indicated that the levels of RAB3B were notably elevated in ACC, BLCA,
BRCA, CESC, CHOL, DLBC, ESCA, HNSC, KICH, KIRP, LIHC, LUAD, LUSC, PAAD, PRAD, STAD, TGCT,
THCA, THYM, UCEC, and UCS than in controls, while its expression was significantly lower in COAD, GBM,
KIRC, LAML, LGG, OV, READ, and SKCM. Further examination of the CPTAC and HPA databases confirmed
the variations in protein expression of RAB3B across multiple cancer types. At the same time, we confirmed the
expression of RAB3B in TMAs. The IHC results showed that the expression of RAB3B was consistent with the
results of online database analysis in six types of tumors, including LUAD, CESC, KIRC, LIHC, ESCA and GBM.
These results suggest that RAB3B displays different expression patterns in various cancers, indicating its impor-
tance in cancer development. The ROC curve is a valuable tool in assessing the precision and discriminatory
power of cancer diagnostic tests, offering crucial insights for the timely detection and treatment of cancer®®*.
As reported in this study, we found that the overexpression of RAB3B in 11 types of cancer was associated with
a certain degree of diagnostic accuracy, especially in GBM, where the AUC value was close to 1, indicating its
potential diagnostic value. Furthermore, using Cox regression analysis (including OS, PFS, DSS, and DES), we
investigated the association between expression levels of RAB3B and prognosis. In ACC, CESC, HNSC, KIRC,
LUAD, MESO, SARC, STAD, and UVM, it was discovered that a strong correlation existed between elevated
RAB3B levels and unfavorable prognosis. Conversely, patients with high RAB3B expression in PRAD exhibited
a more favorable prognosis. The findings suggest that RAB3B may be associated with the progression of specific
subtypes of cancer.

Using the cBioPortal platform for analyzing gene and expression data from various cancers, we found that
RAB3B had mutations in most cancers, with the highest mutation rate in Ovarian Epithelial Tumor, Miscellane-
ous Neuroepithelial Tumor, and Sarcoma. Furthermore, we have also discovered a notable association between
the expression of RAB3B and several cancer-related indicators, such as TMB, MATH, and MSI. These indices
are closely related to gene mutations, which in turn can affect the proliferation, survival, and metastasis of tumor
cells'*®>=%7_ Therefore, alterations in RAB3B genes and atypical expression might have significant implications
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Figure 11. Correlation of RAB3B with the level of immune infiltrating cells and immune checkpoint. (A)
The level of immune infiltrating cells is correlated with RAB3B. (B) Correlation of RAB3B with the immune
checkpoint.
in the progression of different types of malignancies. Furthermore, we revealed the role of DNA methylation in
tumors. Under normal circumstances, methylation regulates gene expression, but in tumors, abnormal meth-
ylation may lead to the inactivation of tumor suppressor genes and activation of oncogenes, promoting tumor
development'>'*%, Our study found changes in the methylation of RAB3B in 13 types of cancer tissues, indicating
the universality of abnormal methylation in various cancers. Compared with other relevant studies, our study
revealed the multiple roles of RAB3B in cancer, not only at the levels of gene mutation and expression but also
with regards to its influence on methylation. The findings from our research contribute to a better comprehension
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Figure 12. Correlation of RAB3B with the ImmuneScore in pan-cancer. (A) RAB3B has a significant
correlation with ImmuneScore in 24 types of tumors. (B) The correlation between RAB3B and the
ImmuneScore of nine different tumors was found to be non-significant.

of the mechanisms involved in cancer progression and offer a theoretical foundation for the exploration of novel
approaches to treatment.

Tumor development and incidence are closely related to immune cell infiltration'*'>. We discovered a strong
association between the expression of the RAB3B gene and the level of immune cell infiltration in various types
of cancer, specifically in COAD and THCA. In these two types of cancer, RAB3B expression exhibited a positive
correlation with all six categories of immune cell infiltration. To maintain the balance of the immune system,
immune checkpoints serve as mechanisms that control immune responses'**®. This study discovered a notable
association between RAB3B and presently listed genes that either suppress or enhance the immune response in
various types of cancer. CD276 and RAB3B had a significant correlation in 22 tumors. Studies have shown that
CD276, as an immune checkpoint, enables cancer stem cells to evade immune surveillance. Blocking CD276
can effectively enhance T cell-mediated antitumor immunity, eliminate cancer stem cells, and prevent tumor
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growth and metastasis’’. The potential relationship between RAB3B and CD276 can act as a unique potential
target for cancer immunotherapy. Tumor tissues are assessed for immune cell infiltration using the immune
score. The findings from our study indicated a strong positive association between the expression of RAB3B and
ImmuneScore in COAD, THCA, and READ. These results align with the outcomes of TIMER analysis, providing
additional confirmation of its involvement in immune response.

Conclusion

Based on our pan-cancer analysis, we found significant differences in RAB3B expression between most cancer-
ous and normal tissues, and a correlation between RAB3B expression and clinical outcome. We found that high
expression of RAB3B is moderately accurate in diagnosing most cancers, and may serve as an independent
prognostic factor in many cancers. In addition, we have identified mutations in RAB3B in most cancers, and its
expression levels are significantly associated with cancer-related indicators such as TMB, MATH, and MSI. Most
cancers exhibit significant DNA methylation abnormalities compared to normal tissues. There is also a significant
correlation between RAB3B expression and immune scores in various types of cancers, as well as a significant
positive correlation between RAB3B expression and CD276 in 22 types of cancer. Our analysis of a larger sample
size has yielded more comprehensive insights into the role of RAB3B in the mechanisms of cancer development,
surpassing previous studies. The next step will be to collect more samples and perform more detailed analyses
to better understand the mechanisms of RAB3B in cancer.

Data availability
The datasets generated during and/or analysed during the current study are available from the corresponding
author on reasonable request.
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