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Abstract
Background: It is reported that TUBA1C contributed to the development and progression of several
tumors. However, the role of TUBA1C in most cancers remains unclear. The study aimed to assess the
prognostic values, potential biological functions, and immunity of TUBA1C in pan-cancer.

Methods: TUBA1C expression was assessed using pan-cancer data of 33 cancer types from the Cancer
Genome Atlas (TCGA) and the Genotype-Tissue Expression (GTEx) database. The clinical features and
prognostic roles of TUBA1C were assessed using TCGA cohort. cBioPortal database was used to
examine TUBA1C mutations in pan-cancer. The relationship between TUBA1C expression and patients’
prognosis was performed by univariate Cox hazard regression. Gene set enrichment analysis (GSEA) of
TUBA1C was conducted using the R software. we applied ESTIMATE and CIBERSORT algorithm to
assess the stromal score, immune score, and the in�ltrating levels of immune cells from published study
and ImmuCellAI database.

Results: Our results showed that TUBA1C was highly expressed in most tumors. High TUBA1C expression
was associated with poor overall survival (OS) and disease-speci�c survival (DSS) in various tumors.
GSEA analysis showed that TUBA1C expression was closely related to immune regulation-related
signaling pathways. Besides, tumor-associated macrophages (TAMs) were the dominating immune cell
positively correlated with TUBA1C expression in most tumors. In addition, TUBA1C expression was
positively associated with tumor mutation burden (TMB), microsatellite instability (MSI), and mainly
immunosuppressive genes such as PD-L1, PD-1, CD244, TIGIT, TGFB1, and TGFBR1 in several tumors.

Conclusion: Our results indicated that TUBA1C was associated with poor prognosis in tumors. TUBA1C
might be a valuable prognostic biomarker and a potential target for immunotherapy.

Introduction
Cancer still ranks as a leading cause of death and a major economic and public health burden
worldwide [1]. In China, the burden of cancer incidence and mortality is rapidly increasing, despite great
advances in cancer prevention and treatment have been made [2]. In recent years, molecular targeted
therapy including cancer immunotherapy has rapidly developed in cancer treatment for a variety of
cancers, such as lung cancer and breast cancer [3, 4]. The tumor microenvironment (TME) is reported to
play an important role in outcomes and immunotherapy responses for cancers. The tumor-in�ltrating
immune cells (TIICs) included in the TME profoundly in�uence the development and progression of
tumors and the outcomes of anti-cancer immunotherapy [5, 6]. Therefore, it is important to discover new
immunotherapeutic targets for cancers and elucidate the corresponding roles involved in prognosis,
pathways, TME, and tumor immunity. 

Microtubules, an important component of the eukaryotic cytoskeleton, are assembled from conservatively
globular α/β tubulin heterodimers [7]. Microtubules play a critical role in depolymerization and dynamic
aggregation through cell division and intracellular transport [8, 9]. Besides, it is reported that microtubules
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could impact cell proliferation, differentiation, and apoptosis via the regulation of mitotic apparatus [10].
Evidence have shown an emerging link between alterations of tubulin isotypes correlated with modifying
enzymes in certain cancers, such as hepatocellular carcinoma (HCC), breast cancer, and prostate
cancer [11, 12]. On this occasion, TUBA1C, a subtype of α-tubulin, has been indicated poor prognosis in
gliomas, lung adenocarcinoma, and HCC [13-15]. However, no previous study has explored the roles of
TUBA1C in most tumor types.

Currently, there has been no pan-cancer research on the associations between TUBA1C and various
cancers. Therefore, multiple databases including the TCGA, GTEx, and cBioPortal were used to analyze
TUBA1C expression level and its in�uences on prognosis for a variety of tumors. Besides, we also
explored the related signaling pathways, TME, and levels of immune cell in�ltration for TUBA1C across
33 types of cancer. Moreover, we assessed the potential correlations between TUBA1C expression and
TMB, MSI, and immunosuppressive genes in TCGA pan-cancer samples. Our results showed that TUBA1C
could be used to predict the prognosis in various cancers, and TUBA1C might play a vital role in TME
tumor immunity via affecting tumor-in�ltrating immune cells, especially macrophages. Furthermore,
TUBA1C expression was positively associated with TMB, MSI, and immunosuppressive genes such as
PD-L1 (CD274), PD-1 (PDCD1), CD244, TIGIT, TGFB1 in pan-cancer samples. The present study indicated
the roles of TUBA1C in tumor prognosis and tumor immunotherapy.

Materials And Methods
Data collection

TCGA and GTEx expression and clinical data were downloaded from the UCSC Xena database
(https://xenabrowser.net/datapages/). DNA copy number and methylation data were downloaded from
the cBioPortal database (https://www.cbioportal.org/). The number of samples used in this study was
shown in Table 1. 

Survival and mutation analysis

The results of TUBA1C expression between tumor and normal tissues were shown in the form of log2 fold
change (log2FC). Survival analyses including OS, DSS, and disease-free interval (DFI) was also carried
out by using R software (‘survminer’ and ‘survival’ package). Patients were divided into high expression
group and low expression group based on the optimal TUBA1C expression level. Then the Kaplan-Meir
method was used to draw survival curves and the hazard ratio (HR) was calculated by univariate Cox
proportional hazard regression analysis. A p < 0.05 was considered to be statistically signi�cant. Analysis
of DNA copy number alteration (CNA) and methylation for TUBA1C in pan-cancer samples was
performed based on cBioPortal database. 

Functional and pathway enrichment analysis

https://xenabrowser.net/datapages/
https://www.cbioportal.org/
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The Pearson correlation coe�cient was used to calculate the correlations between TUBA1C and co-
expression genes in TCGA database. We selected the top 300 genes, most positively correlated with
TUBA1C, as a gene set for Gene Ontology (GO) terms and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathways enrichment analysis to predict the functional pathway of TUBA1C. GSEA was
performed by using the R software with ‘clusterPro�ler’ package. A p < 0.05 was considered to be
signi�cant enrichment.

TME and immune cell in�ltration analysis

We applied the ESTIMATE algorithm to calculate the stromal and immune scores by using the R software
with ‘estimate’ package [16]. The tumor purity of patients was indicated by the ESTIMATE algorithm and
consensus measurement of purity estimations (CPE) algorithms [17]. Pearson correlation analysis was
used to evaluate the correlations among immune score, stromal score, and tumor purity. Immune cell
in�ltration analysis was estimated using the CIBERSORT algorithm downloaded from the published study
conducted by Thorsson et al. [18] and ImmuCellAI database
(http://bioinfo.life.hust.edu.cn/web/ImmuCellAI/), respectively. The level of immune cell in�ltration was
compared between the high TUBA1C group and the low TUBA1C group, which was based on the median
expression of TUBA1C in each tumor type. Moreover, the correlations between 26 TIICs and the
expression of TUBA1C in each tumor were also evaluated. 

Tumor mutation burden analysis

Tumor mutation burden (TMB) is de�ned as the number of base mutations per million bases, calculated
by using TCGA mutation data. TMB is a marker of the e�cacy of immune checkpoint inhibitors. The
higher TMB is, the more neoantigens that can be recognized by T cells will be produced, and the better the
immunotherapy effect will be. TCGA mutation data of 33 tumors from the GDC TCGA was downloaded
from the UCSC XENA database (http://xena.ucsc.edu/).

Statistical analysis

All the statistical analyses were performed by R software (version 4.0.5). Data were shown as the mean ±
standard deviation (SD). Mann–Whitney U test was used to compare different variables between two
groups. Kruskal-Wallis H tests were used for comparisons of more than two groups. A two-sided p < 0.05
was considered to be statistically signi�cant. ∗p < 0.05; ∗∗p < 0.01; ∗∗∗p < 0.001; and ∗∗∗∗p < 0.0001.

Results
TUBA1C expression in different tumors

TUBA1C gene expression was evaluated in pan-cancer data from tumor tissue samples from TCGA and
normal tissue samples from TCGA and the GTEx database. Results showed that TUBA1C expression was
higher in the following 28 types of tumors: ACC, BLCA, BRCA, CESC, CHOL, COAD, DLBC, ESCA, GBM,

http://bioinfo.life.hust.edu.cn/web/ImmuCellAI/
http://xena.ucsc.edu/
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HNSC, KICH, KIRC, KIRP, LGG, LIHC, LUAD, LUSC, OV, PAAD, PRAD, READ, SKCM, STAD, TGCT, THCA,
THYM, UCEC, and UCS (Figure 1A). Besides, TUBA1C mean expression was highest in HNSC and lowest
in LGG among 33 tumor tissues from TCGA database (Figure 1B). TUBA1C mean expression was highest
in bone marrow (BM) and lowest in the brain among 31 normal tissues from GTEx database (Figure 1C).
TUBA1C was overexpressed in tumor tissues of BLCA, BRCA, CHOL, COAD, ESCA, HNSC, KIRC, KIRP, LIHC,
LUAD, LUSC, READ, STAD, and UCEC (Figure 2A–N) in paired tumors and normal tissues from TCGA
database. Moreover, TUBA1C expression was also statistically signi�cant in the different clinical stages
of various tumors (Supplement Figure 1A-K).

TUBA1C gene mutations in tumors

Figure 3 showed TUBA1C gene mutations in TCGA pan-cancer samples from cBioPortal database.
Results indicated higher gene alteration frequency in DLBC and UCEC (Figure 3A). Ampli�cations mainly
occurred in DLBC and ACC, and mutations mainly occurred in UCEC and SKCM (Figure 3A). In addition,
we also analyzed the status of copy number alteration (CNA) and methylation of TUBA1C in TCGA pan-
cancer and performed a correlation analysis. The results suggested that CNA was positively correlated
with TUBA1C expression in various tumor types (Figure 3B), while methylation was negatively correlated
with TUBA1C expression in several tumor types (Figure 3C). 

Prognostic value of TUBA1C in tumors

Based on the data from the TCGA database, univariate Cox regression analysis and Kaplan-Meier survival
analysis were used to assess the correlations between TUBA1C expression and OS, DSS, and DFI in
tumors. Cox regression analysis revealed that TUBA1C was a prognostic risk factor for OS and DSS in
LGG, LUAD, LIHC, PAAD, SKCM, BRCA, GBM, KICH, MESO, and KIRP (Supplement Figure 2A-B), while
TUBA1C was favorable for OS in patients with READ and COAD, and DSS in patients with PRAD
(Supplement Figure 2A-B). Besides, TUBA1C expression a risk factor for LGG, LUAD, and PAAD
(Supplement Figure 2C). Kaplan-Meier survival analysis indicated that higher expression of TUBA1C
was related to worse OS and DSS in LGG, LUAD, LIHC, PAAD, SKCM, BRCA, GBM, KICH, MESO, and
KIRP (Figure 4 and Figure 5). In contrast, higher expression of TUBA1C was signi�cantly associated with
longer OS in COAD and READ (Figure 4C and 4L). For DFI, higher expression of TUBA1C contributed to
short DFI in LGG, LUAD, and PAAD (Figure 5K-M). 

TUBA1C-related signaling pathways based on GSEA

GSEA based on the Reactome database was applied to predict pathways in which TUBA1C may be
involved in pan-cancer. The results indicated that TUBA1C was involved in immune regulation-related
pathways in pan-cancer, such as neutrophil degranulation, transcriptional regulation by TP53, cytokine
signaling in the immune system, and the adaptive immune system, and the innate immune system. The
pathways associated with TUBA1C were shown in BRCA, GBM, LGG, LIHC, LUAD, and PAAD (Figure 6A-
F). 
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Correlations between TUBA1C expression and TME

We used the ESTIMATE algorithm to analyze the correlation between TUBA1C expression and the scores
of both stromal cells and immune cells in 33 types of cancer. Our results indicated that TUBA1C
expression was signi�cantly positively correlated with the stromal score, immune score, and estimate
score in LGG, GBM, DLBC, PAAD, PCPG and so on (Figure 7A). However, TUBA1C expression was
signi�cantly negatively correlated with the stromal score, immune score, and estimate score in other
tumors, such as ESCA, STAD, UCEC, LUSC. (Figure 7A). The three tumors with the highest positive and
negative correlation coe�cients and signi�cant p values were shown in Figure 7B.

Correlations between TUBA1C and in�ltrating immune cells

We next explored the correlations between TUBA1C expression and levels of in�ltrating immune cells in
tumors. Based on the previously published database [18], we found that in�ltrating levels of M1
macrophages and macrophages were positively associated with TUBA1C expression in most tumors,
especially in BLCA, BRCA, CESC, DLBC, LGG, LUAD, STAD, and THCA (Figure 8A). Nevertheless, TUBA1C
expression levels were negatively associated with in�ltrating levels of lymphocytes and memory B cells in
most tumors, mainly in BLCA, BRCA, HNSC, KIRC, LGG, LUAD, LUSC, SARC, SKCM, STAD, and THCA
(Figure 8A). 

To further evaluate the TIICs in the TME in pan-cancer, the correlations between TUBA1C expression and
the in�ltrating levels of 24 immune cell subtypes were also analyzed by using the ImmuCellAI database.
As shown in Supplement Figure 3, the correlations between in�ltration score and TUBA1C expression
were signi�cant in BRCA, HNSC, LGG, TGCT, THYM, and UCEC. The results further demonstrated that
TUBA1C expression was positively associated with the �ltrating levels of macrophages and negatively
with the �ltrating levels of B cells in BLCA, BRCA, CESC, LGG, LUAD, LUSC, and STAD (Supplement Figure
3 and Figure 8B). Besides, we revealed that TUBA1C expression was positively associated with �ltrating
levels of regulatory T cells (natural regulatory T cells (naturally occurring Tregs, nTregs) and induced-to-
adjust T cells (inducible Tregs, iTregs)) and dendritic cells (DCs) in most tumors, while it was negatively
related to CD8+ T cells, gamma delta T cells (Tgd), and CD4+ T cells in most tumors (Figure 8B).

Correlations between TUBA1C expression and immunosuppressive genes, TMB, and MSI

We further analyzed the relationship of TUBA1C expression with immunosuppressive genes, TMB, and
MSI using TCGA pan-cancer data. TUBA1C expression was positively associated with main
immunosuppressive genes, such as PD-L1 (CD274), PD-1 (PDCD1), CD244, TIGIT, TGFB1, and TGFBR1 in
most tumors (Figure 9A). Besides, TUBA1C expression was positively associated with TMB in LUAD,
KICH, SKCM, SARC, STAD, and BRCA (Figure 9B). TUBA1C expression was positively associated with MSI
in SARC and STAD, while was negative with HNSC and PRAD (Figure 9C). The results indicated that
TUBA1C might play a key role in mediating immune evasion in the development of several tumors. 

Discussion
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TUBA1C, a subtype of a-tubulin, is a multifunctional cytoskeleton protein, which is correlated with cellular
elements of the microtubule and is involved in the progress of cellular mitosis and division, including cell
shape, cell motility, and intracellular tra�cking [19, 20]. Wang and colleagues indicated that TUBA1C
could promote cell migration and proliferation in hepatocellular carcinoma involving in cell cycle
signaling pathway and predicted a poor prognosis [15]. Besides, several studies also indicated that high
TUBA1C expression might lead to poor prognosis in osteosarcomas, breast cancer, and lung
adenocarcinoma [14, 21, 22]. Recently, Gui et al. showed that knocking down TUBA1C suppressed glioma
cell proliferation via cell cycle arrest and high TUBA1C expression was correlated with poor outcomes in
glioma patients [13]. The above results indicated TUBA1C might be an oncogene and a prognostic
biomarker for several tumors. However, no previous studies reported the roles of TUBA1C gene in
systematic pan-cancer analysis. Therefore, in the current study, we investigated the potential prognostic
and immune-related roles of TUBA1C gene in systematic pan-cancer analysis.

In the present study, the data obtained from TCGA and GTEx databases revealed that the TUBA1C
expression was upregulated in 28 types of tumor tissues compared to normal tissues. Besides, the
mutations of TUBA1C gene were detected in 21 tumors, such as DLBC, UCEC, SKCM, ADC, ESCA, and so
on and the most common type of mutation was ampli�cation. Next, we explored the prognostic values of
TUBA1C in pan-cancer analysis. Following the results afore-mentioned studies, higher TUBA1C
expression was not only related to worse OS and DSS in LGG, LUAD, LIHC, and BRCA, but predicted an
unfavorable OS and DSS in PAAD, SKCM, GBM, KICH, MESO, and KIRP. In contrast, high TUBA1C
expression was correlated with a good prognosis in READ, COAD, and PRAD. Our results suggested that
TUBA1C might be used as a routinely prognostic biomarker for several tumors in clinical practice in the
future. 

Besides, the enrichment analyses showed that TUBA1C was involved in the tumor development process
through multiple immune-related pathways, including such as neutrophil degranulation, cytokine
signaling in the immune system, the adaptive immune system, and the innate immune system.
Consequently, the above results strongly indicated that TUBA1C might play a vital role in the development
and progression of tumors via mediating immune-related pathways. Then immune cell in�ltration
analysis showed that TUBA1C expression was positively correlated with in�ltrating levels of
macrophages in BLCA, BRCA, CESC, DLBC, LGG, LUAD, STAD, and THCA. It is well known that
macrophages derived from bone marrow, circulate into the blood and differentiate in various tissues [23].
Macrophages are the major immune cells mainly participating in the tumor microenvironment, that is
TAMs. TAMs, consisting of M1 type macrophages (M1) and M2 type macrophages (M2), play vital roles
in promoting tumor growth, invasion, metastasis, as well as drug resistance [24, 25]. Numerous evidence
revealed that TAMs contributed to tumor cell proliferation and survival via secreting a variety of cytokines,
including transforming growth factor-β1 (TGF-β1), epithelial growth factor (EGF), platelet-derived growth
factor (PDGF), and hepatocyte growth factor (HGF) [26, 27]. Besides, TAMs could also promote tumor
angiogenesis and metastasis by directly producing several soluble factors, such as vascular endothelial
growth factor (VEGF), interleukin-1 (IL-1), tumor necrosis factor-α (TNF-α), matrix metalloproteinases
(MMPs), and serine proteases [28, 29]. The relationship between TUBA1C expression and macrophages
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in�ltration was also validated using ImmuCellAI databases. Moreover, TUBA1C expression was positively
associated with �ltrating levels of Treg cells but was negatively related to CD8+ T cells and CD4+ T cells
in most tumors. Under the TME, Tregs were induced and differentiated to play an immunosuppressive
function, inhibit antitumor immunity, and facilitate the occurrence and development of tumors [30].
Besides, Tregs can also suppress antitumor immunity antigen presentation by DCs, CD4+ T helper (Th)
cell function, and generate tumor-speci�c CD8+ cytotoxic T lymphocytes (CTLs) via secreting TGF-β, IL-
10, and IL-35 to promote immune escape [31, 32]. CD4+ T1 cells and activated CD8 + T cells can induce
type I immune responses, which was associated with a good prognosis in tumors [33]. Therefore, our
results indicated that TUBA1C might be involved in tumor development and progress through mediating
TIICs-related immune regulation either directly or indirectly. 

Recently, immune checkpoint blockade (ICB) therapy has improved the OS rates in patients with a variety
of malignant tumors [34]. Treatment with anti-PD-1 and/or anti-CTLA-4 has reinvigorated T cells and the
adaptive immune system in tumor treatment [35]. TMB is an independent biomarker to predict the ICB
e�cacy and evaluate the bene�ts of immunotherapy in tumor patients [34, 36]. TMB is usually de�ned as
the total number of base substitutions and somatic mutations in the exon coding region of targeted
genes. Therefore, the tumors with the higher TMB mean greater mutation load, which might increase the
likelihood of recognition by neoantigen-reactive T cells. In our study, TUBA1C expression was positively
associated with higher TMB in LUAD, KICH, SKCM, SARC, STAD, and BRCA. Therefore, TUBA1C might be
used as a potential target for immunotherapy in those tumors.

In conclusion, we found that TUBA1C was found to be highly expressed in most tumors, and its high
expression is associated with poor survival in several tumors. Besides, TUBA1C expression was
signi�cantly related to in�ltrating levels of immune cells, especially macrophages. TUBA1C expression
was positively correlated with TMB, MSI, and dominating immunosuppressive genes in certain tumors.
Our results provided novel insights into the potential role of TUBA1C involving in tumor development and
progress. Finally, our �ndings showed that TUBA1C might be a valuable prognostic biomarker and a
potential target for immunotherapy.
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Table 1 Number of 33 tumors from TCGA database for pan-cancer analysis
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TCGA
ID

Cancer Normal Tumor

ACC Adrenocortical carcinoma 0 77

BLCA Bladder urothelial carcinoma 19 407

BRCA Breast invasive carcinoma 113 1098

CESC Cervical squamous cell carcinoma and endocervical
adenocarcinoma

3 306

CHOL Cholangiocarcinoma 9 36

COAD Colon adenocarcinoma 41 288

DLBC Lymphoid neoplasm di�use large B-cell lymphoma 0 47

ESCA Esophageal carcinoma 13 82

GBM Glioblastoma multiforme 0 165

HNSC Head and neck squamous cell carcinoma 44 520

KICH Kidney chromophobe 25 66

KIRC Kidney clear cell carcinoma 72 531

KIRP Kidney papillary cell carcinoma 32 289

LAML Acute myeloid leukemia 0 173

LGG Brain lower grade glioma 0 522

LIHC Liver hepatocellular carcinoma 50 371

LUAD Lung adenocarcinoma 59 515

LUSC Lung squamous cell carcinoma 50 498

MESO Mesothelioma 0 87

OV Ovarian serous cystadenocarcinoma 0 427

PAAD Pancreatic adenocarcinoma 4 179

PCPG Pheochromocytoma and paraganglioma 3 182

PRAD Prostate adenocarcinoma 52 496

READ Rectum adenocarcinoma 10 92

SARC Sarcoma 2 262

SKCM Skin cutaneous melanoma 1 469

STAD Stomach adenocarcinoma 36 414
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TGCT Testicular germ cell tumors 0 137

THCA Thyroid carcinoma 59 512

THYM Thymoma 2 119

UCEC Uterine corpus endometrial carcinoma 13 181

USC Uterine carcinosarcoma 0 57

UVM Uveal melanoma 0 79

Total   712 9684

 

Figures

Figure 1
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TUBA1C expression in pan-cancer. (A) Pan-cancer TUBA1C expression between tumor tissues from TCGA
database and normal tissues from TCGA and GTEx database. (B) Mean TUBA1C expression levels in
tumor tissues from TCGA database. (C) Mean TUBA1C expression levels in normal tissues from the GTEx
database. **p < 0.01, ***p < 0.001, ****p < 0.0001.

Figure 2

Pan-cancer TUBA1C expression in paired tumor and normal tissues. (A–N) TUBA1C expression in paired
tumor and normal tissues in pan-cancer data from TCGA database. *p <0.05, **p < 0.01, ***p < 0.001,
****p < 0.0001. 

Figure 3
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TUBA1C gene alterations in pan-cancer. (A) Mutated types of TUBA1C in pan-cancer samples from TCGA
database. (B) The correlations between TUBA1C gene expression and CNA in pan-cancer samples from
TCGA database. (C) The correlations between TUBA1C gene expression and methylation levels of
TUBA1C promoter in pan-cancer samples from TCGA database. The pearson’s correlation coe�cient test
was used for testing.

Figure 4

Associations between TUBA1C expression and OS. (A-M) Kaplan-Meier analysis of the association
between TUBA1C expression and OS. The division of high TUBA1C expression and low TUBA1C
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expression group was according to the optimal TUBA1C expression level.

Figure 5

Associations between TUBA1C expression and DSS and DFI. (A–J) Kaplan–Meier analysis of the
association between TUBA1C expression and DSS as well as (K-M) DFI. The division of high TUBA1C
expression and low TUBA1C expression group was according to optimal TUBA1C expression level. 

Figure 6
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GSEA analysis of TUBA1C in pan-cancer. (A–F) The top 20 Reactome results of TUBA1C GSEA in six
tumor types (adjusted p-value < 0.05). Red indicates the pathways involved in cell cycle, TP53, or immune
regulation.

Figure 7

Correlation of scores with TUBA1C expression in cancers. (A) ESTIMATE analysis for the correlations
between TUBA1C and stromal score, ESTIMATE score, and immune score in 33 TCGA tumor types. (B)
The top three tumors with the highest positive or negative correlation coe�cients and signi�cant p values
for stromal score, ESTIMATE score, and immune score, respectively. The pearson’s correlation coe�cient
test was used for testing. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.

Figure 8

Immune cell in�ltration analysis. (A) The correlation between TUBA1C expression and in�ltrating levels of
26 immune cells in TCGA pan-cancer samples using the previously published database. (B) The
correlation between TUBA1C expression and in�ltrating levels of eight immune cells (macrophage, DC,
nTreg, iTreg, CD8+ T cells, Tgd, B cells, and CD4+ T cells) in TCGA pan-cancer samples using data from
the ImmuCellAI database. The pearson’s correlation coe�cient test was used for testing. *p < 0.05, **p <
0.01, ***p < 0.001, ****p < 0.0001.

Figure 9

Correlations between TUBA1C expression and immunosuppressive genes, TMB, MSI in various tumors in
33 TCGA tumor types. (A) Correlation between TUBA1C expression and immunosuppressive genes. (B)
Correlation between TMB and TUBA1C expression. (C) Correlation between MSI and TUBA1C expression.
The pearson’s correlation coe�cient test was used for testing. *p < 0.05, **p < 0.01, ***p < 0.001, ****p <
0.0001.
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