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Abstract

Background: TUBA1C is a microtubule component that is involved in a variety of cancers. Our main objective was to
investigate TUBA1C expression, its prognostic value, its potential biological functions, and its impact on the immune
system of patients with lung adenocarcinoma (LUAD).

Methods: The Cancer Genome Atlas (TCGA), Gene Expression Profiling Interactive Analysis (GEPIA) and Immunohis-
tochemistry Analysis were used to analyze TUBA1C expression, its clinicopathology, overall survival (OS), and disease-
free survival (DFS) in LUAD patients. We also determined the correlation between TUBA1C and tumor-infiltrating
immune cells (TIICs) by using CIBERSORT and GEPIA databases. To determine the expression of TUBA1C in LUAD, we
analyzed a collection of immune infiltration levels and cumulative survival of LUAD tissues in TIMER database. By using
UALCAN, STRING, and GeneMANIA databases, we investigated the protein-coding genes related to TUBA1C and its
co-expression genes in LUAD tissues. Gene set enrichment analysis (GSEA) was performed by using the TCGA dataset.

Results: The mRNA and the protein expression of TUBA1C were found to be up-regulated in LUAD tissues. The uni-
variate analysis indicated that an increased expression of TUBATC was significantly correlated to the following param-
eters: age, stage, and lymph node metastasis. An over-expression of TUBA1C was associated with a poor prognosis of
LUAD. In TIMER and CIBERSORT databases, we found that TUBA1C is correlated with 13 types of TIICs: activated B cell,
activated CD4T cell, central memory CD4 T cell, effector memory CD8T cell, eosinophils, immature B cell, gamma-
deltaT cell, immature dendritic cell, mast cell, memory B cell, natural killer T cell, requlatory T cell, and type 2T helper
cell. By performing GSEA, we found that TUBA1C is closely correlated to cell cycle, p53 signaling pathway, glycolysis,
and gluconeogenesis.

Conclusions: Our findings indicate that TUBA1C is associated with TIICs in tumor microenvironment. Therefore, it
serves as a novel prognostic biomarker and a target for future treatment methods of LUAD.
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Background

The morbidity and mortality of lung cancer has been
the highest among all types of cancers, so it is the most
common form of malignancy worldwide [1]. Lung ade-
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conventional methods of treating patients with NSCLC;
however, the prognosis of these patients has been unsat-
isfactory till date [3]. Since the past decade, immune
checkpoint inhibitors (ICIS) have been used to treat
patients with NSCLC, and they have modified the treat-
ment pattern of this refractory disease [4]. Tumor-infil-
trating immune cells (TIICs) have impacted the immune
system and tackled abnormal biological behaviors in a
complex way, so they play a key role in eliciting the body’s
response to immunotherapy [5].

Microtubule is an important component of the eukary-
otic cytoskeleton. Moreover, it is one of the most func-
tional proteins, which play an important role in dynamic
polymerization and depolymerization through cell rep-
lication and division [6]. Microtubules are uniformly
assembled from highly conserved o/f-tubulin heter-
odimers [7]. Recently, several studies have reported that
a-tubulin is involved in the occurrence of a variety of
tumors, such as lung cancer, breast cancer and prostatic
cancer [8-10]. In addition, a-tubulin is also associated
with the development of astrocytoma and chemothera-
peutic resistance of liver cancer [11]. Moreover, TUBA1C
is a subtype of a-tubulin, and its overexpression is associ-
ated with the poor prognosis of hepatocellular carcinoma
(HCC) and pancreatic ductal adenocarcinoma [12, 13].
However, no previous study has elucidated how the over-
expression of TUBA1C affects LUAD patients.

In this study, IHC and Gene Expression Profiling Inter-
active Analysis (GEPIA) were performed to elucidate the
correlation between TUBA1C and LUAD. Furthermore,
we used the computational algorithms CIBERSORT and
TIMER to explore the relationship between TUBA1C
and TIICs in LUAD patients. In addition, STRING soft-
ware, GeneMANIA Analysis, and Gene Set Enrichment
Analysis (GSEA) were used to further study the function
and mechanism of TUBA1C in LUAD patients. The find-
ings proved that TUBA1C played an important role in
the development of LUAD. Furthermore, we elucidated
the potential relationship between TUBA1C and tumor-
immune interaction.

Materials and methods

Data acquisition

The TCGA database (https://portal.gdc.cancer.gov/)
was used to obtain the data of TUBAIC expression in
LUAD tissues and normal tissues. A total of 535 tumor
tissues (Additional file 1) and 59 normal tissues were
included in the data analysis. Meanwhile, 390 LUAD
tissues and 60 normal tissues were treated from the
Affiliated Hospital of Nantong University in China. All
patients were treated by surgical resection between
2012 and 2013. All clinical data on the patients were
carefully recorded after the diagnosis of LUAD by two
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pathologists. The follow up was 60 months. All experi-
ments involving patient specimens were approved by the
Ethics Committee of the Affiliated Hospital of Nantong
University, China.

GEPIA analysis

Gene Expression Profiling Interactive Analysis (http://
gepia.cancer-pku.cn/index.html) is an online database
developed by scientists of Peking University, China [14].
To determine the expression of TUBA1C in LUAD tis-
sues, we performed GEPIA and constructed boxplot,
pathological stage plot, and survival curves, such as over-
all survival (OS) curve and disease-free survival (DFS)
curve. Meanwhile, the relationship between TUBA1C
and immune infiltrating cells was analyzed by GEPIA.
The Spearman method was used to determine the corre-
lation coefficient of the relationship.

Immunohistochemistry analysis

An immunohistochemistry (IHC) assay was conducted
as previously described [15]. Briefly, the LUAD sam-
ples were deparaffinized and rehydrated. The primary
antibody was that against TUBAIC (1:100 dilution;
ab222849; abcam). The positive expression of TUBA1C
was localized in cytoplasm. The scoring criteria for IHC
staining were based on the intensity of the stain and
the percentage of immunoreactive cells, as previously
described [15].

TIMER analysis

In this experiment, we used TIMER (https://cistrome.
shinyapps.io/timer/) algorithm to comprehensively elu-
cidate the correlation between different types of tumors
and TIICs [16]. Moreover, we performed a series of anal-
yses to determine the expression of TUBA1C in different
types of cancer and to comprehend its correlation with
the abundance of TIICs. These TIICs were further classi-
fied as follows: B cells, CD4+ T cells, CD8+ T cells, mac-
rophages, neutrophils, and dendritic cells. By using the
TIMER algorithm, we performed a correlation analysis
between TUBAI1C, its related genes, and the markers of
immune cells [17]. The expression of TUBA1C gene was
plotted on the x-axis, and the expression of its related
marker genes was plotted on the y-axis.

CIBERSORT analysis

The computational method of CIBERSORT [18] (http://
cibersort.stanford.edu/) is a deconvolution algorithm
based on gene expression, and it is used to evaluate the
changes of a group of genes relative to all other genes in
a sample. Based on the expression of TUBA1C, we clas-
sified 497 samples into high and low expression groups.
Using CIBERSORT algorithm, we measured the immune
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responses of 28 TIICs and evaluated the relationship
between these TIICs and the expression of TUBAI1C in
LUAD tissues. Our main goal was to determine the cor-
relation between these TIICs.

UALCAN analysis

The University of Alabama Cancer Database (UALCAN)
(http://ualcan.path.uab.edu/index.html) is a visual portal
of the Cancer Genome Atlas (TCGA) database [19]. This
database was used to analyze the positively and negatively
expressed protein-coding genes related to TUBAIC in
LUAD tissues.

STRING and GeneMANIA analysis

To obtain the information on protein—protein inter-
action, most scientists prefer using the following two
datasets: STRING and GeneMANIA [20, 21]. The pro-
tein—protein interaction network of TUBA1C was pre-
dicted with the help of STRING and GeneMANIA
datasets.

Gene set enrichment analysis (GSEA)

Gene set enrichment analysis (GSEA) was performed on
the normalized RNA-Seq data, which was obtained from
TCGA database [22]. The gene ontology (GO) terms
and the Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathways were used to investigate the possible
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biological functions of TUBA1C. A false discovery rate
(FDR) <0.050 and a nominal P <0.050 were considered to
be statistically significant.

Statistical analysis

All statistical analyses were performed by using R lan-
guage (version 3.5.3). Kaplan—Meier univariate analysis
was used to determine the effect of TUBA1C expression
on survival. Multivariate Cox analysis was performed to
determine the expression of TUBA1C and the effect of
other pathological and clinical factors (age, gender, stage,
tumor status, and lymph node) on overall survival (OS).
The results were considered to be statistically significant
when P <0.05.

Results

The mRNA expression of TUBA1C in different tumors

In order to determine the difference between the expres-
sion of TUBA1C in tumor tissues and normal tissues, we
used TIMER algorithm to analyze the mRNA expres-
sion of TUBAIC in different types of tumors that were
obtained from TCGA database (Fig. 1a). Compared to
normal tissues, the mRNA expression of TUBA1C was
found to be higher in the following types of tumors:
bladder urothelial carcinoma (BLCA), breast inva-
sive carcinoma (BRCA), cholangiocarcinoma (CHOL),
colon adenocarcinoma (COAD), esophageal carcinoma
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Fig.1 TUBA1C expression levels according to TCGA database. a TUBATC expression levels in different tumor types from TCGA database were
determined by TIMER (*P <0.05, **P <0.01, ***P < 0.001). b The expression of TUBA1C between normal and lung adenocarcinoma tissues. ¢ Survival
curve of differential TUBA1C expression in LUAD. d Multivariate Cox analysis of TUBATC expression and other clinicopathological variables
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(ESCA), head and neck squamous cell carcinoma
(HWSC), kidney renal clear cell carcinoma (KIRC), liver
hepatocellular carcinoma (LIHC), LUAD, lung squa-
mous cell carcinoma (LUSC), prostate adenocarcinoma
(PRAD), rectum adenocarcinoma (READ), stomach ade-
nocarcinoma (STAD), thyroid carcinoma (THCA), and
uterine corpus endometrial carcinoma (UCEC).

The levels of TUBA1C predicts the prognosis of LUAD

The TCGA database was used to identify the differences
in the mRNA levels of TUB1AC in normal tissues and
LUAD tissues. The data obtained from 535 tumor tis-
sues and 59 normal tissues was analyzed in this study.
As shown in Fig. 1b, a boxplot was plotted using the data
of expression of TUBA1C in normal and tumor tissues.
The results indicate that the expression of TUBA1C in
tumor tissues was significantly higher than in normal
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tissues (P=8.913e-21). As shown in Fig. 1c, the Kaplan—
Meier (KM) survival curve showed a high expression of
TUBAI1C in LUAD tissues, which indicated poor progno-
sis of LUAD. As shown in Fig. 1d, multivariable analysis
was performed by adjusting for the following factors: age,
stage, lymph node metastasis, and TUBA1C expression.
Furthermore, boxplot, pathological stage plot, and sur-
vival curves were constructed by plotting the expression
levels of TUBA1C with the help of GEPIA. As shown in
Fig. 2, a high expression of TUBA1C was significantly
associated with the following parameters: different dis-
ease states (Tumor or Normal) (P<0.05), pathological
stage (P=1.82e-04), overall survival (P=3.8e—05), and
disease-free survival (P=0.047). Immunohistochemical
analysis of TUBA1C expression in 390 cases of lung ade-
nocarcinoma and 60 cases of normal tissues is shown in
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Fig.3 TUBA1C expression levels in LUAD performed by immunohistochemistry. a—f TUBA1C protein was detected in normal lung tissues and
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cell cytoplasm. g TUBA1C overexpression was negatively associated with the overall survival rate of patients by Kaplan-Meier analysis (P =0.035). h
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Fig. 3a—f. From our data, there is no correlation between
the level of TUBA1C expression and clinicopathologi-
cal parameters of lung adenocarcinoma (Table 1). The
KM curve analysis of TUBA1C shows the same results as
TCGA data (Fig. 3g). Multivariable analysis demonstrated
that only the TUBA1C expression was an independent
prognostic factor in lung adenocarcinoma (Fig. 3h).

The relationship between the expression of TUBA1C

and TIICs

Several evidences prove that the characteristics of
TIICs were significantly correlated to the occurrence
and development of tumor tissues [23—25]. Therefore,
we explored whether the expression of TUBAIC was
associated with TIICs in LUAD tissues. Based on the
expression of TUBA1C, we segregated 497 samples
into high and low expression groups. A total of 248
high expression samples and 249 low expression sam-
ples met the screening criteria. The two groups exhib-
ited differences in the 28 proportions of immune cells,
which were observed by downloading the gene expres-
sion source from an established and trusted comput-
ing resource (CIBERSORT, Newman et al., Stanford
University, USA). Figure 4a displays the results of the

28 immune cell subsets. The expression of TUB1AC
was significantly correlated to the following types of
immune cells: activated B cell, activated CD4 T cell,
central memory CD4 T cell, effector memory CD8 T
cell, eosinophils, gamma-delta T cell, immature B cell,
immature dendritic cell, mast cell, memory B cell, natu-
ral killer T cell, regulatory T cell, and type 2 T-helper
cell. In particular, activated CD4 T cell, effector mem-
ory CD8 T cell, gamma-delta T cell, memory B cell,
natural killer T cell, and regulatory T cell were present
in higher proportions in the high expression group than
in others. Moreover, activated B cell, central memory
CD4 T cell, eosinophils, immature B cell, mast cell, and
type 2 T -helper cell were also present in higher pro-
portion in the high expression group (Fig. 4a). Mean-
while, we used TIMER and GEPIA databases to further
investigate the relationship between TUBA1C and the
diverse set of immune infiltrating cells. After adjust-
ing the correlation coefficients according to purity, we
found that the expression of TUBA1C was significantly
correlated to T cells, B cells, natural killer cells, and
neutrophils in LUAD tissues (Table 2). Furthermore,
we used the GEPIA database to analyze the correlation
between TUBA1C expression and the above-mentioned
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Table 1 The correlation of the level of TUBA1C expression
with the clinical features of lung adenocarcinoma

Characteristics TUBA1C (%) p-value
Low High

n 149 241

Age (years) 0.287
<60 53(356) 99 (41.1)
>60 96 (64.4) 142 (58.9)

Sex 0452
Female 60 (40.3) 87 (36.1)
Male 89 (59.7) 154 (63.9)

Smoke 0.511
No 123 (82.6) 192 (79.7)
Yes 26 (17.4) 49 (20.3)

Size 0.093
<3cm 92 (61.7) 127 (52.9)
>3cm 57(383) 113 (47.1)

Histologic subtype 0454
Lepidic 2(13) 10 (4.1)
Acinar 59 (39.6) 100 (41.5)
Papillary 13(8.7) 22(9.1)
Micropapillary 3(2.0) 8(3.3)
Solid 72 (48.3) 101 (41.9)

Lymph node metastasis 0.754
No 83 (55.7) 130 (53.9)
Yes 66 (44.3) 111 (46.1)

TNM 1
(B 107 (71.8) 174 (72.2)
=+ 1v 42 (28.2) 67 (27.8)

VPI 0.758
No 131(87.9) 209 (86.7)
Yes 18 (12.1) 32(13.3)

markers: T cell, B cell, natural killer cell, and neutro-
phils. The correlation results between TUBA1C and
its related markers, namely, T cell, B cell, natural killer
cell, and neutrophils were similar to those reported in
TIMER database (Table 3).

In the TIMER database, TUBA1C expression was associated
with immune infiltration level in LUAD and cumulative
survival in LUAD

In this study, TIICs played a decisive role in the prog-
nosis and survival of LUAD patients [26]. Therefore, we
used TIMER database to further explore the relation-
ship between the prognosis and survival of infiltrating
immune cells and TUBA1C expression in LUAD tissues.
As shown in Fig. 4a, b negative correlation exists between
TUBAILC expression levels and the infiltrating level of
B cells (r=—0.331, P=8.22e—14) and CD4+T cells
(r=—-0.2, P=9.64e—06). In LUAD tissues, TUBA1C
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expression was associated with poor prognosis and high
immune infiltration. As shown in Fig. 4c, the infiltrating
level of B cell and TUBA1C expression were the factors
related to the cumulative survival rate of LUAD.

The protein-coding genes of TUBA1C and its co-expression
genes in LUAD

To investigate the potential molecular mechanisms
through which TUBAI1C elicits tumorigenesis in LUAD,
we identified the protein-coding genes of TUBAILC
and its co-expression genes in LUAD. As shown in
Fig. 5, UALCAN database was used to identify genes
that showed a positive and negative correlation with
TUBAIC in LUAD tissues. The two-sided Pearson’s cor-
relation coefficient analysis and z-test were performed
by using R language, which is based on the gene expres-
sion data extracted from TCGA. The top 10 protein-cod-
ing genes that positively correlated with TUBA1C were
as follows: TUBA1B, PLK1, BIRC5 CCNA2, CCNBI,
EPR1, MAD2L1, RAN, SKA3, and PACGAPL. On the
other hand, the top ten protein-coding genes that nega-
tively correlated with TUBA1C were as follows: CIRBP,
VAMP2, CBX7, NICN1, C5orf53, FRY, CRY2, GNG7,
CD302, and FXYDI1. Furthermore, STRING and Gene-
MANIA tools were used to analyze the interaction
between TUBA1C and protein-coding genes mentioned
earlier. Figure 6 illustrates the results of the analysis.

Gene sets enriched in TUBA1C expression

In this experiment, GO and KEGG pathway analysis were
performed to determine the potential biological func-
tions of TUBA1C. We observed a significant difference in
the enrichment of GO and KEGG pathways, which were
used to analyze samples that showed a high expression
of TUBA1C (FDR<0.050, P<0.050). Table 4 presents
10 KEGG and GO pathways that were associated with
a high expression of TUBA1C. As shown in Fig. 7a, the
10 KEGG pathways that were positively correlated to the
high expression of TUBAIC were as follows: cell cycle,
p53 signaling pathway, basal transcription factors, ubiq-
uitin mediated proteolysis, glycolysis gluconeogenesis,
citrate cycle TCA cycle, oxidative phosphorylation, pan-
creatic cancer, renal cell carcinoma, bladder cancer. As
shown in Fig. 7b, GO analysis also revealed the follow-
ing ten positively correlated categories: cell cycle G2/M
phase transition, cellular response to oxygen levels,
chromosome segregation, interleukin 1 mediated sign-
aling pathway, multi-organism localization, condensed
chromosome, ubiquitin like protein conjugating enzyme
activity, microtubule cytoskeleton organization involved
in mitosis, sister chromatid segregation, and mitotic spin-
dle organization. These results indicate that the pathways
of cell cycle, glycolysis, and gluconeogenesis are involved
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in the carcinogenesis of LUAD, which is strongly related
to TUBA1C expression.

Discussion
In molecular biology, TUBA1C is a kind of a-tubulin
subtype that is related to microtubules. It is a multi-
functional cytoskeleton protein, and it participates in
the process of cell mitosis and cell division [27, 28]. Pre-
vious studies have reported that when the expression
of TUBAIC is up-regulated, it significantly affects the
growth and progression of tumor cells. This indicates
that TUBAIC plays a pivotal role in the proliferation
and cell cycle of various tumors [29, 30]. Recent studies
have investigated the structure and function of microtu-
bules (MT). These studies have reported its potential role
in innate and adaptive immune systems [31]. Moreover,
TIICs are found to be involved in the growth, invasion,
and metastasis of lung cancer [32]. However, no previ-
ous study has reported about the relationship between
TUBAI1C expression and TIICs in LUAD tissues.

In this study, we investigated TUBA1C expression
levels in various types of tumors, which were identified
from the TCGA database by using TIMER algorithm.

Compared to normal tissues, TUBA1C expression was
found to be higher in the following types of tumors:
BLCA, BRCA, CHOL, COAD, ESCA, HWSC, KIRC,
KIRP, LIHC, LUAD, LUSC, PRAD, READ, STAD, THCA,
and UCEC (Fig. 1la). The data of LUAD patients was
acquired from TCGA database and used to estimate the
prognosticative value of TUBAIC. Our main goal was
to figure out whether TUBA1C can be used as a prog-
nosticative biomarker. Furthermore, we found that the
expression of TUBA1C was extremely higher in LUAD
than in normal tissues. (Fig. 1b). As shown in Figs. 1c and
3g, the KM survival curve exhibited a high expression of
TUBAI1C in LUAD tissues, which indicated a poor prog-
nosis of LUAD. Age, tumor grade, lymph node metastasis,
and TUBA1C expression were considered as independ-
ent prognostic factors in multivariable analysis, which
is illustrated as a forest boxplot in Fig. 1d. By using the
GEPIA database, we found that TUBA1C expression was
significantly related to the following parameters: differ-
ent disease states (tumor or normal) (P <0.05), pathologi-
cal stage (P=1.82e—04), overall survival (P =3.8e—0.5),
and disease-free survival (P =0.047) (Fig. 2). By perform-
ing immunohistochemical analysis, we found that the
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Table 3 A Correlation analysis between TUBA1C and relate
genes and markers of immune cells in GEPIA

Description Gene LUAD Description Gene markers LUAD
markers
None Purity Tumor Normal
Cor P Cor P R P R P
CD8+T cell CD8A 0031 4.87e—01 0.037 4.18e—01 Tcell (general)  CD2 —0.15 00009 —0.13 0.31
CD8sB 0.064 1.46e—01 0.064 1.53e—-01 CD3E —019 27e-05 —0057 067
T cell (gen- CD2 —0.122 543e—03 —0.131 347e—-03 B cell cD19 —027 94e—10 0034 08
eral) CD79A —028 43e—10 0056 067
b3k —016  26le=04 —0178 696e=05  Natural killer cell KIR2DLI —0008 086 012 038
B cell D19 —0218 577e—=07 —0247 2.88e—08 KIR2DL3 009 0048 — 0031 082
CD79A — 0202 4.24e—06 —0221 7.46e—07 KIR2DL4 026 74e—09 013 032
Natthral killer ~ KIR2DL1 — 0016 721e—01 —0.024 5.88e—01 KIR3DL 1 0014 076 005 0.71
ce
KIR3DL2 0.015 0.74 0.12 037
KIR2DL3 0.13  3.16e—03 0.144  1.37e—03
KIR3DL3 0.076 0.093 0.076 057
KIR2DL4 0301 2.85e—12 0312 1.3%—12
CDs6 —012 001 — 031 0.016
KIR3DL1 006  1.75e—01 0.065 1.51e—-01
Neutrophils CD66b —022 66e—07 006 0.65
KIR3DL2 0.048 2.82e—01 0.067 1.38e—01
CD11b —0.039 04 —0.0025 0.99
KIR3DL3 0.102 2e—-02 0112 1.29e—-02
CCR7 —025 32—08 018 0.18
CD56 —0.199 547e—06 —0205 4.40e—06
Neutrophils CD66b — 0297 567e—12 —0298 1.53e—11
CD11b —0.075 878e—02 —006 187e—01
CCR7 — 0265 121e—09 —0291 462e—17  findings suggest that TUBAI1C is a prognostic biomarker
Thi T-bet —0071 106e—01 —0079 7.84e—02  Of LUAD.
STAT4 0225 4856—02 0173 144e—0] In this study, we found that various immune infiltra-
NF 0243 308e—02 0177 135e—01 tion levels of LUAD could induce different expression
Th2 GATA3 0.125 2.74e—01 0.168 1.56e—01 levels Of TUBAI1C. By l.lSiIlg CIBERSORT algorithm,
STAT6 0224 472e—02 022 616e—02 we found that TUBAIC expression is strongly associ-
STATSA 0259 217e—02 0204 830e—02 ated with infiltration levels of following immune cells:
RE 0046 684e—01 0134 258e—0] activated B cell, activated CD4 T cell, central memory
Th BCLG 0194 86le—02 0246 361e—02 CD4 T cell, effector memory CD8 T cell, eosinophils,
Thi7 STAT3 0293 893e—03 0289 132e—0p gamma-delta T cell, immature B cell, immature den-
L17A 0199 789e—02 0185 118e—o;  dritic cell, mast cell, memory B cell, natural killer T
T cell exhaus-  LAG3 0067 5556—01 0016 89ie—or  cell, regulatory T cell and type 2 T-helper cell (Fig. 4a).
tion Furthermore, TIMER and GEPIA databases showed
CTLA4 0094 411e—01 0028 816e—01 how gene markers of different immune cells were
TIM-3 0185 102e—01 0132 266e—01 related to TUBA1C expression. This may indicate that
Mast cells TPSB2 0051 658e—01 0045 7.08e—01 the tumor immune microenvironment (Tables 2, 3) of
TPSABT 0031 784e—01 0005 968e—01 LUAD was regulated by TUBACI. It is a well-known
CPA3 0142 213e—01 014 238e—01 fact that T cells and B cells comprise about two-thirds
MS4A2 0192 904e—02 0.176 135e—01  of lung TIICs, while the remaining lung TIICs are com-
HDC 0062 587e—01 —0029 809%e—01 posed of tumor-associated macrophages (TAMs) and a

expression level of TUBA1C was higher in tumor tissues
than in normal tissues (Fig. 3a—f). From our data, there is
no correlation between the level of TUBA1C expression
and clinicopathological parameters of lung adenocarci-
noma (Table 1). Multivariable analysis demonstrated that
only the TUBA1C expression was an independent prog-
nostic factor in lung adenocarcinoma (Fig. 3h). All these

small number of infiltrating dendritic cells and natural
killer cells (NK) [33]. Previous studies have thoroughly
investigated the role of tumor- associated T cells in
the development of lung cancer. These studies have
reported that CD4+ Thl cells and activated CD8+ T
cells often elicited type I immune responses, which
indicate a favorable prognosis of LUAD [34, 35]; how-
ever, Th2, Th17, and Foxp3+ regulatory T (Treg) cells
were found to be associated with tumor progression
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and unfavorable prognosis [36]. In lung cancer patients,
the tumor-infiltrating B cells have their own anti-
tumor immunity. Moreover, the tumor-infiltrating B
lymphocytes have been observed at all stages of lung
cancer development. However, their morphology dif-
fered according to the stages of lung cancer and their

histological subtypes. This indicates that B cells domi-
nate during the progression of lung cancer [37-39].
Many studies have proved that the expression level of
many genes is related to poor prognosis and TIICs.
By analyzing the TIMER database, we found that the
expression of TUBA1C is negatively correlated to B
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Table 4 Gene sets enriched in phenotype

Gene set name NES NOM p-val FDR g-val

High expression
KEGG_CELL_CYCLE 2480884 0 0
KEGG_P53_SIGNALING_PATHWAY 2169725 0 4.86e—04
KEGG_BASAL_TRANSCRIPTION_FACTORS 2.162689 0 8.37e—04
KEGG_UBIQUITIN_MEDIATED_PROTEOLYSIS 2126961 0 9.34e—04
KEGG_GLYCOLYSIS_GLUCONEOGENESIS 2.00116 0 6.15e—03
KEGG_CITRATE_CYCLE_TCA_CYCLE 1.926811 0.004228 1.19e—-02
KEGG_OXIDATIVE_PHOSPHORYLATION 1.815468 0.014706 2.55e—02
KEGG_PANCREATIC_CANCER 1.753528 0.012346 3.90e—-02
KEGG_RENAL_CELL_CARCINOMA 1.732231 0.014553 4.46e—02
KEGG_BLADDER_CANCER 1.718563 0.011858 4.81e-02
GO_CELL_CYCLE_G2_M_PHASE_TRANSITION 2451194 0 4.13e—04
GO_CELLULAR_RESPONSE_TO_OXYGEN_LEVELS 2442309 0 2.06e—04
GO_CHROMOSOME_SEGREGATION 24354 0 1.65e—04
GO_INTERLEUKIN_1_MEDIATED_SIGNALING_PATHWAY 2433667 0 1.50e—04
GO_MULTI_ORGANISM_LOCALIZATION 2421357 0 2.64e—04
GO_CONDENSED_CHROMOSOME 2415586 0 231e=04
GO_UBIQUITIN_LIKE_PROTEIN_CONJUGATING_ENZYME_ACTIVITY 2389575 0 2.11e—04
GO_MICROTUBULE_CYTOSKELETON_ORGANIZATION_INVOLVED_IN_MITOSIS 2.380871 0 2.11e—=04
GO_SISTER_CHROMATID_SEGREGATION 2351018 0 2.04e—04
GO_MITOTIC_SPINDLE_ORGANIZATION 2.344327 0 1.88e—04

cells and CD4+T cells. These results indicate a poor
prognosis of LUAD (Fig. 4b, c).

Although TUBAIC is a tubulin, we still do not know
the mechanism through it regulates LUAD. First, we
analyzed the protein-coding genes related to TUBA1C
and its co-expression genes in LADC tissues. The top
10 protein-coding genes that positively correlated
with TUBA1C are as follows: TUBA1B, PLK1, BIRCS5,
CCNA2, CCNBI, EPR1, MAD2L1, RAN, SKA3, and
PACGAPI1. On the other hand, the top 10 negatively
correlated genes are as follows: CIRBP, VAMP2,
CBX7, NICN1, C5o0rf53, FRY, CRY2, GNG7, CD302,
and FXYD1 (Fig. 5). Furthermore, STRING and Gene
MANIA databases illustrated the protein interaction
between TUBA1C and other partners (Fig. 6). The
proteins related to TUBA1C perform following bio-
logical functions: they regulate the cell cycle, mitosis,
DNA damage response, cell proliferation, and aging.
Thereafter, GO and KEGG pathway analysis revealed
that an up-regulated expression of TUBAI1C is pri-
marily related to cell cycle, p53 signaling pathway, gly-
colysis, and gluconeogenesis (Fig. 7, Table 4). Previous
studies have also reported that TUBAI1C is associated

with cell proliferation, and it also regulates cell cycle
in many types of cancers. Furthermore, the expression
of TUBA1C was reported to be correlated with p53
expression in pancreatic ductal adenocarcinoma [12].
Previous studies have reported that tubulin regulates
cell metabolism and glucose stress response, reduc-
ing the dependence of cells on glycolysis. These events
ultimately promote cell survival in cancer patients
[40]. These results are helpful to understand the bio-
logical role played by TUBA1C in the development of
LUAD. In future clinical practice, the expression of
TUBAI1C in lung adenocarcinoma tissue may be used
to predict the prognosis and the efficacy of immuno-
therapy of patients.

Conclusion

In conclusion, this is the first report to prove that
TUBAI1C is a new marker of LUAD. This work further
proved that TUBALC played a pivotal role in the cell
cycle and immune microenvironment of LUAD. By fur-
ther understanding its range of functions, we can make
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TUBAILC an effective biomarker in the diagnosis and
treatment of LUAD.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512935-021-01849-4.

[ Additional file 1. Supplementary data to this article.

Abbreviations

LUAD: Lung adenocarcinoma; TCGA: The Cancer Genome Atlas; GEPIA: Gene
Expression Profiling Interactive Analysis; OS: Overall survival; DFS: Disease-free
survival; TIICs: Tumor-infiltrating immune cells; GSEA: Gene set enrichment
analysis; NSCLC: Non-small cell lung cancer; HCC: Hepatocellular carcinoma;
IHC: Immunohistochemistry; GO: Gene ontology; KEGG: Kyoto Encyclopedia
of Genes and Genomes; BLCA: Bladder urothelial carcinoma; BRCA: Breast
invasive carcinoma; CHOL: Cholangiocarcinoma; COAD: Colon adenocarci-
noma; ESCA: Esophageal carcinoma; HWSC: Head and neck squamous cell
carcinoma; KIRC: Kidney renal clear cell carcinoma; LIHC: Liver hepatocellular

carcinoma; LUSC: Lung squamous cell carcinoma; PRAD: Prostate adenocar-
cinoma; READ: Rectum adenocarcinoma; STAD: Stomach adenocarcinoma;

THCA: Thyroid carcinoma; UCEC: Uterine corpus endometrial carcinoma; KM:
Kaplan—-Meier; TAMs: Tumor-associated macrophages; NK: Natural killer cells.

Acknowledgements
Not applicable.

Authors’ contributions

TB, MZ designed the study and drafted the manuscript, contributed equally
to the whole study. DJ performed the data collecting and analysis. JL, HS,

XL and LL participated in the data interpretation and study design. As the
corresponding author, YL and JZ were responsible for critical revision of the
manuscript and has full access to all data and the final decision to submit the
article for publication. All authors read and approved the final manuscript.

Funding

This study was funded by grants from Nantong Municipal Science and tech-
nology project (No. MSZ19164, JCZ0001), Jiangsu Post-doctoral Foundation
Research Project, China (No. 2019Z142), Key Talents of Medical Science in
Jiangsu Province, China (No. QNRC2016682) and Nantong university clinical
medicine special clinical basic research youth project (No. 2019JQ001).


https://doi.org/10.1186/s12935-021-01849-4
https://doi.org/10.1186/s12935-021-01849-4

Bian et al. Cancer Cell Int

(2021) 21:144

Availability of data and materials

The datasets used and/or analyzed during the current study are available from

the corresponding author upon reasonable request.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

! Department of Pathology, Affiliated Hospital of Nantong University, Nantong,

Jiangsu, China. 2 School of Medicine, Nantong University, Nantong, Jiangsu,
China. > Department of Emergency Medicine, Affiliated Hospital of Nantong
University, Nantong, Jiangsu, China.  Department of Chemotherapy, Affiliated
Hospital of Nantong University, Nantong, Jiangsu, China.

Received: 17 October 2020 Accepted: 20 February 2021
Published online: 02 March 2021

References

1.

Cao M, Chen W. Epidemiology of lung cancer in China. Thorac Cancer.
2019;10:3-7.

Barta JA, Powell CA, Wisnivesky JP. Global epidemiology of lung Cancer.
Ann Glob Health. 2019;85:12.

Hirsch FR, Scagliotti GV, Mulshine JL, Kwon R, Curran WJ Jr, Wu YL, et al.
Lung cancer: current therapies and new targeted treatments. Lancet.
2017;389:299-311.

Doroshow DB, Sanmamed MF, Hastings K, Politi K, Rimm DL, Chen L, et
al. Immunotherapy in Non-Small Cell Lung Cancer: Facts and Hopes. Clin
Cancer Res. 2019;25:4592-602.

Xiong Y, Wang K, Zhou H, Peng L, You W, Fu Z. Profiles of immune infiltra-
tion in colorectal cancer and their clinical significant: a gene expression-
based study. Cancer Med. 2018;7:4496-508.

Kim ND, Park ES, Kim YH, Moon SK, Lee SS, Ahn SK, et al. Structure-based
virtual screening of novel tubulin inhibitors and their characterization as
anti-mitotic agents. Bioorg Med Chem. 2010;18:7092-100.

Bodakuntla S, Jijumon AS, Villablanca C, Gonzalez-Billault C, Janke C.
Microtubule-associated proteins: structuring the cytoskeleton. Trends
Cell Biol. 2019;29:804-19.

Boggs AE, Vitolo MI, Whipple RA, Charpentier MS, Goloubeva OG, loffe
OB, et al. a-Tubulin acetylation elevated in metastatic and basal-like
breast cancer cells promotes microtentacle formation, adhesion, and
invasive migration. Cancer Res. 2015,75:203-15.

LiW, Zhang J, Zou L, Cui J, Su F, Jin J, et al. Palmitoylome profiling
indicates that androgens regulate the palmitoylation of a-tubulin in
prostate cancer-derived LNCaP cells and supernatants. Oncol Rep.
2019;42:2788-96.

Zhang YZ, Chen X, Fan XX, He JX, Huang J, Xiao DK, et al. Compound
library screening identified cardiac glycoside digitoxin as an effective
growth inhibitor of gefitinib-resistant non-small cell lung cancer via
downregulation of a-tubulin and inhibition of microtubule formation.
Molecules. 2016;21:374.

. Tsai HP, Tsai CY, Lieu AS, Chai CY, Kwan AL, Howng SL, et al. Association

of Aurora A and gamma-tubulin expression in astrocytomas and patient
survival. Neurol Res. 2014,36:746-51.

Albahde M, Zhang P, Zhang Q, Li G, Wang W. Upregulated expression of
TUBA1C predicts poor prognosis and promotes oncogenesis in pancre-
atic ductal adenocarcinoma via regulating the cell cycle. Front Oncol.
2020;10:49.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Page 12 of 13

Wang J, Chen W, Wei W, Lou J. Oncogene TUBA1C promotes migration
and proliferation in hepatocellular carcinoma and predicts a poor prog-
nosis. Oncotarget. 2017;8:96215-24.

Tang Z, Li C, Kang B, Gao G, Li C, Zhang Z. GEPIA: a web server for cancer
and normal gene expression profiling and interactive analyses. Nucleic
Acids Res. 2017;45:W98-98W102.

Bian T, Zheng L, Jiang D, Liu J, Zhang J, Feng J, et al. Overexpression of
fibronectin type Ill domain containing 3B is correlated with epithelial-
mesenchymal transition and predicts poor prognosis in lung adenocarci-
noma. Exp Ther Med. 2019;17:3317-26.

LiT, Fan J,Wang B, Traugh N, Chen Q, Liu JS, et al. TIMER: a web server for
comprehensive analysis of tumor-infiltrating immune cells. Cancer Res.
2017;77:110.

Danaher P, Warren S, Dennis L, D’Amico L, White A, Disis ML, et al. Gene
expression markers of tumor infiltrating leukocytes. J Immunother Can-
cer.2017;5:18.

Gentles AJ, Newman AM, Liu CL, Bratman SV, Feng W, Kim D, et al. The
prognostic landscape of genes and infiltrating immune cells across
human cancers. Nat Med. 2015;21:938-45.

Chandrashekar DS, Bashel B, Balasubramanya S, Creighton CJ, Ponce-Rod-
riguez |, Chakravarthi B, et al. UALCAN: a portal for facilitating tumor sub-
group gene expression and survival analyses. Neoplasia. 2017;19:649-58.
Szklarczyk D, Gable AL, Lyon D, Junge A, Wyder S, Huerta-Cepas J, et al.
STRING v11: protein-protein association networks with increased cover-
age, supporting functional discovery in genome-wide experimental
datasets. Nucleic Acids Res. 2019;47:D607-607D613.

Warde-Farley D, Donaldson SL, Comes O, Zuberi K, Badrawi R, Chao P,

et al. The GeneMANIA prediction server: biological network integration
for gene prioritization and predicting gene function. Nucleic Acids Res.
2010;38:W214-20.

Subramanian A, Tamayo P, Mootha VK, Mukherjee S, Ebert BL, Gillette MA,
et al. Gene set enrichment analysis: a knowledge-based approach for
interpreting genome-wide expression profiles. Proc Natl Acad Sci USA.
2005;102:15545-50.

LiYW, Qiu SJ, Fan J, Zhou J, Gao Q, Xiao YS, et al. Intratumoral neutrophils:
a poor prognostic factor for hepatocellular carcinoma following resec-
tion. J Hepatol. 2011;54:497-505.

Nishikawa H. Regulatory T cells in cancer immunotherapy. Rinsho Ket-
sueki. 2014,55:2183-9.

Steidl C, Lee T, Shah SP, Farinha P, Han G, Nayar T, et al. Tumor-associated
macrophages and survival in classic Hodgkin's lymphoma. N Engl J Med.
2010;362:875-85.

Chen X, Tian F, Lun P, Feng Y. Profiles of immune infiltration and its rel-
evance to survival outcome in meningiomas. Biosci Rep. 2020;40:15.
Gilbertson-White S, Perkhounkova Y, Saeidzadeh S, Hein M, Dahl R,
Simons-Burnett A. Understanding symptom burden in patients with
advanced cancer living in rural areas. Oncol Nurs Forum. 2019;46:428-41.
Jordan MA, Wilson L. Microtubules as a target for anticancer drugs. Nat
Rev Cancer. 2004;4:253-65.

Bates D, Eastman A. Microtubule destabilising agents: far more than just
antimitotic anticancer drugs. Br J Clin Pharmacol. 2017,83:255-68.

Nami B, Wang Z. Genetics and Expression Profile of the Tubulin Gene
Superfamily in Breast Cancer Subtypes and Its Relation to Taxane Resist-
ance. Cancers (Basel). 2018;10:78.

llan Y. Microtubules: From understanding their dynamics to using them
as potential therapeutic targets. J Cell Physiol. 2019;234:7923-37.
Remark R, Becker C, Gomez JE, Damotte D, Dieu-Nosjean MC, Sautes-
Fridman C, et al. The non-small cell lung cancer immune contexture A
major determinant of tumor characteristics and patient outcome. Am J
Respir Crit Care Med. 2015;191:377-90.

Kataki A, Scheid P, Piet M, Marie B, Martinet N, Martinet Y, et al. Tumor
infiltrating lymphocytes and macrophages have a potential dual role in
lung cancer by supporting both host-defense and tumor progression. J
Lab Clin Med. 2002;140:320-8.

Bremnes RM, Busund LT, Kilvaer TL, Andersen S, Richardsen E, Paulsen

EE, et al. The Role of Tumor-Infiltrating Lymphocytes in Development,



Bian et al. Cancer Cell Int

35.

36.

37.

38.

(2021) 21:144

Progression, and Prognosis of Non-Small Cell Lung Cancer. J Thorac
Oncol. 2016;11:789-800.

Schalper KA, Brown J, Carvajal-Hausdorf D, McLaughlin J, Velcheti V,
Syrigos KN, et al. Objective measurement and clinical significance of TlLs
in non-small cell lung cancer. J Natl Cancer Inst. 2015;107:55.

Marshall EA, Ng KW, Kung SH, Conway EM, Martinez VD, Halvorsen EC,
etal. Emerging roles of T helper 17 and regulatory T cells in lung cancer
progression and metastasis. Mol Cancer. 2016;15:67.

Banat GA, Tretyn A, Pullamsetti SS, Wilhelm J, Weigert A, Olesch C, et al.
Immune and Inflammatory Cell Composition of Human Lung Cancer
Stroma. PLoS ONE. 2015;10:e0139073.

Dieu-Nosjean MC, Goc J, Giraldo NA, Sautés-Fridman C, Fridman WH.
Tertiary lymphoid structures in cancer and beyond. Trends Immunol.
2014;35:571-80.

Page 13 of 13

39. Kurebayashi Y, Emoto K, Hayashi'Y, Kamiyama |, Ohtsuka T, Asamura H, et
al. Comprehensive immune profiling of lung adenocarcinomas reveals
four immunosubtypes with plasma cell subtype a negative indicator.
Cancer Immunol Res. 2016;4:234-47.

40. Cicchillitti L, Penci R, Di Michele M, Filippetti F, Rotilio D, Donati MB, et
al. Proteomic characterization of cytoskeletal and mitochondrial class Il
beta-tubulin. Mol Cancer Ther. 2008;7:2070-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Prognostic biomarker TUBA1C is correlated to immune cell infiltration in the tumor microenvironment of lung adenocarcinoma
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Materials and methods
	Data acquisition
	GEPIA analysis
	Immunohistochemistry analysis
	TIMER analysis
	CIBERSORT analysis
	UALCAN analysis
	STRING and GeneMANIA analysis
	Gene set enrichment analysis (GSEA)
	Statistical analysis

	Results
	The mRNA expression of TUBA1C in different tumors
	The levels of TUBA1C predicts the prognosis of LUAD
	The relationship between the expression of TUBA1C and TIICs
	In the TIMER database, TUBA1C expression was associated with immune infiltration level in LUAD and cumulative survival in LUAD
	The protein-coding genes of TUBA1C and its co-expression genes in LUAD
	Gene sets enriched in TUBA1C expression

	Discussion
	Conclusion
	Acknowledgements
	References




