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Abstract

Background/Aims: Recent studies have reported the importance of tubulin alpha 4b (TUBA4B),
along non-coding RNA, in the development of several cancers; however, studies on its clinical
significance are rare. In the present meta-analysis, we investigated whether TUBA4B can be
used as a prognostic biomarker in human cancers. Methods: A comprehensive search was
performed in PubMed, Embase, Web of Science, and the Gene Expression Omnibus databases.
Hazard ratios from individual studies were calculated and pooled using a random-effects or
fix-effects model. The pooled hazard ratio (HR) with 95% confidence interval (CI) was used to
evaluate the value of TUBA4B. The expression of TUBA4B was evaluated in lung cancer tissue
arrays by fluorescence in situ hybridization assay. Additionally, a sensitivity analysis and Begg's
test were conducted. Results: We found that TUBA4B was significantly correlated with overall
survival (OS) (HR = 1.33, 95% CI: 1.16-1.52, P=0.000), disease-free survival (DFS; HR = 1.25,
95% CI: 1.06-1.48, P=0.007), and recurrence-free survival (RFS; HR = 1.42, 95% CI: 1.26-1.60,
P=0.000). In addition, TUBA4B was a risk factor for lung cancer (HR = 1.24, 95% CI: 1.03-1.49,
P=0.021), colon cancer (HR = 1.67, 95% CI: 1.02-2.74, P=0.042), breast cancer (HR = 1.52, 95%
Cl: 1.10-2.12, P=0.012), and ovarian cancer (HR = 1.67, 95% CI: 1.18-2.36, P=0.004). Moreover,
LncRNA-TUBA4B was significantly lower expression in tumor tissues than normal lung tissues
(P<0.001). The expression of INcRNA-TUBA4B was decreased with the progression of lung
cancer stage. A subgroup meta-analysis based on data resource, sample size, region, patient
numbers, and tumor type was further performed. Our studies revealed that tumor tissues
with low levels of TUBA4B was significantly associated with short OS, DFS, and RFS in cancer
patients. Conclusion: The present findings suggest that TUBA4B can be a novel biomarker for
the prognosis of various cancers.
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Introduction

According to the GLOBOCAN estimates, approximately 14.1 million new cancer cases
and 8.2 million deaths occurred worldwide in 2012 [1]. Cancer has become an increasingly
serious problem worldwide. Early diagnosis and treatment are critical to improve the
prognosis and survival of cancer patients. Furthermore, tumor molecular markers are of a
great practical value in tumor screening, diagnosis, and prognosis; in evaluation of treatment
efficacy; and for the follow-up of high-risk populations [2]. The molecular mechanisms
underlying cancer development remain unclear; as such, the overall rate of cancer-related
deaths are expected to increase. Therefore, identifying novel biomarker for diagnosis or
prognosis is necessary to develop better therapeutic strategies to control cancer.

Recently, long non-coding RNAs (IncRNAs) have been identified to play important role
as critical regulators of prognosis, pathogenesis, and biological processes in various cancers
[3-5]. Furthermore, IncRNAs have important potential applications in the diagnosis and
treatment of malignant tumors [6-8]. Recent studies have shown that various IncRNAs can
act as tumor markers [9-11].

Tubulin alpha 4b (TUBA4B) is a human protein significantly related with tumor
progression. The low expression of TUBA4B can promote cell proliferation, advanced TNM
stage, and lymph node metastasis in non-small-cell lung cancer [12]. Furthermore, TUBA4B
is closely related with cell proliferation, migration, pathological grade, International
Federation of Gynecology and Obstetrics stage, and lymph node metastases in ovarian
cancer, and an increased expression of IncRNA-TUBA4B can attenuate the activation of ERK
and AKT signaling pathways [13]. Thus, low levels of TUBA4B expression may be related to
tumor prognosis.

However, most studies on TUBA4B are limited by their small sample size and discrete
outcomes, and only few studies have investigated its prognostic significance in clinical
tumor specimens. The Gene Expression Omnibus (GEO) database stores a massive amount
of information on gene expression profiles in many tumor types. TUBA4B gene expression
has been measured in this data set. Therefore, we systematically analyzed all previously
published literature and the GEO database and performed a quantitative meta-analysis to
evaluate the value of TUBA4B as a prognostic marker in human cancers.

Materials and Methods

Study strategy

Systematic literature searches were conducted in PubMed, Embase, and Web of Science. The literature
search was conducted up to October 2017 and was limited to the English language. To increase the
sensitivity of the search, both MeSH terms and free words were used. The search terms included “TUBA4B,”
“Tubulin, Alpha 4b,” “long non-coding RNA” or “IncRNA,” “cancer” or “carcinoma,” “tumor” or “neoplasm,”
and “prognosis” or “survival.” We also obtained microarray data, including overall survival (0S), disease-free
survival (DFS), or recurrence-free survival (RFS), from the GPL570 platform (Affymetrix Human Genome
U133 Plus 2.0 Array, HG-U133_Plus_2) from the GEO database. GEO database come from a variety of sources.
To reduce data source variability, we selected only one platform (GPL570 platform) to minimize the impact

on the heterogeneity in latter analysis.

Study selection

We manually searched and retrieved references for potentially missing literatures. First, the cited
articles were excluded from duplicates, and then titles and abstracts were carefully scanned to eliminate
irrelevant studies. The inclusion criteria are as follows: (a) TUBA4B expression in human tissues was
measured and analyzed; (b) the relationship between TUBA4B expression and OS, DFS, or RFS was
identified; (c) the survival curve or sufficient relevant data were provided to obtain hazard ratios (HR) for
survival rates and their 95% confidence intervals (95% CI).
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Table 1. Characteristics of articles included in the meta-analysis. *1 denoted as extracting HRs from Kaplan-
Meier curve; 2 denoted as obtaining HRs directly from publications. OS: overall survival; UA: univariate
analysis; MA: multivariate analysis

Study e Regom Tumor S.amp]e Clinical stage Test methods of . Elevated TUBA4B Outcome SuerV?ll Method* NOS
type size of tumor TUBA4B expression measures analysis score

Chen et . Lung Stage I, 1l and N} Significantly lower 7/9

al 2016 China cancer 114 1A qRT-PCR (P<0.001) os No 1

Zhuet 5017 China  OVATiAD 116 Stage I-IV qRT-PCR Significantly - lower (¢ UAandMA 2 8/9

al cancer (P<0.05)

The exclusion criteria are as follows: (a) studies were excluded if they were letters, case reports,
reviews, or conference reports; (b) the required data could not be extracted or calculated from the original
article; (c) the article could not be found in full or had been published repeatedly. When the same data
subsets were published in more than one article, only the latest publication was included.

Data extraction

Eligible data were independently evaluated and double checked from available studies based on
the inclusion and exclusion criteria by each of the six investigators. The following items were extracted:
first author, publication year, country, tumor type, sample size, clinical stage of tumor, test methods for
TUBA4B expression, outcome measures, HR value, 95% CI of HR, survival analysis, HR extraction method,
and quality score. HR, as a dominant indicator of interest, was extracted from multivariable and univariate
analyses. If the articles only provided survival curves without directly detailing the HR and standard error
(SE), appropriate data were extracted from the survival curves using Engauge Digitizer 4.1 as described
previously [14].

For the GEO database that included TUBA4B expression and related survival data, patient data, such as
0S, DFS, RFS, survival outcome, follow-up, cutoff value, HR value, and 95% CI of HR, were extracted.

Quality assessment of the primary studies

The 2 eligible studies in our meta-analysis were each assessed for quality according to the Newcastle-
Ottawa Scale [15, 16]. The score of all included studies was 7 and 8, with a mean of 7.5. A study with a higher
score denoted a better methodological quality. The final scores are shown in Table 1.

Fluorescence in situ hybridization

Fluorescence in situ hybridization (FISH) kit was purchased from Shanghai Gefan Biotech Co., Ltd.
(Shanghai, China) and lung cancer tissue arrays (HLugA180Su05, containing 94 patients-86 normal tissues
and 94 cancer tissues) were purchased from Shanghai Outdo Biotech Co., Ltd. (Shanghai, China). Tissue
sections were deparaffinized and rehydrated. FISH assay was performed according to manufacturer
instructions. The probe used for IncRNA-TUBA4B was Homo 5’-FAM-ugcacuggucagccagcuuccgaauccggu-3'.

Statistical analysis

We calculated the HR values and their corresponding 95% ClI, OS, DFS, RFS, and Kaplan-Meier curves
using GraphPad Prism 5.0. The cut-off value of differently expressed IncRNA-TUBA4B was set to be a 21.5-
fold difference, and the false discovery ratio was <0.05. We then analyzed the obtained data for OS, DFS,
RFS, and other factors using STATA version 12.0 software (Stata Corporation, Collage Station, Texas, USA).
For OS, DFS, and RFS, we merged the HR values and performed heterogeneity tests. I?> 50% was defined as
significant heterogeneity [17]. If significant heterogeneity existed between studies, we used a random effects
model and performed subgroup analyses or used the fixed effects model to analyze combined HR values and
95% CI. All graphical representations were generated as forest plots. HR is the ratio of the prognosis in the
case of high TUBA4B expression to the prognosis in the case of low TUBA4B expression. HR>1 indicates
that the patients with high TUBA4B expression have a good prognosis, and HR<1 indicates that the patients
with low TUBA4B expression have a poor prognosis. For the studies from which we could obtain OS and
DFS data, we constructed a funnel plot to describe publication bias using SelnHR as the abscissa and InHR as
the ordinate. We subsequently tested the funnel plot and evaluated publication bias via a linear regression
model using STATA 12.0 (Begg's test and Egger’s test). Sensitivity analyses were conducted for the HR
and OS values of TUBA4B extracted from the individual studies using STATA version 12.0. The results of
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FISH assay were performed with the statistical program GraphPad Prism 7.0 (GraphPad, San Diego, CA,
USA). Statistical analyses were performed using two-tailed Student’s t-test to derive the significance of the
differences between two groups. P<0.05 was considered statistically significant.

Results

Study eligibility

A total of 8 articles were identified from a search of the databases. After excluding 5
duplicate publications, 3 were included for further screening. After carefully reviewing the
title and abstract, as well as the full text, 2 studies were finally selected based on the inclusion
and exclusion criteria described in the methodology section. In addition, as shown in Fig. 1,
33 studies based on Affymetrix Human Genome U133 Plus 2.0 Array were downloaded from
the GEO database.

Study characteristics
As shown in Table 1, the publication year
of the articles ranged from 2016 to 2017. A

tOtal Of 2 3 0 cases fI‘OIn 2 lnCluded ellglble Records identified through Studied based on A ffymetrix
d : : h 1 l P l d databases Pubmed, Embase Human Genome U133 plus 2.0
studies wit relevant clinica ata were and Web of science (n=8) through GEO databases (n=33)

included in our meta-analysis. The studies
included 2 types of cancers, namely lung and

Excluded duplicate articles

ovarian cancers. TUBA4B expression in these i (0=5)
studies was all measured via quantitative
real-time polymerase chain reaction. ATl SEYICRAA B o

abstract (n=3)

Our meta-analysis included 3109 cases
with OS (23 studies), 1568 cases with DFS N [T —
(10 studies), and 887 cases with RFS (9 @)
studies). The regions represented in the
studies were USA (13), the West (14), and o e
Asia (6). Nine types of cancer were included .
in the meta-analysis, namely lung (n = 8),

Articles without available

colon (n = 7), breast (n = 7), ovarian (n = 3), outcomes (i-1)

diffuse large B-cell lymphoma (DLBCL, n = 3), /

chronic lymphocytic leukemia (CLL, n = 1), Studicsincluded in meta

glioblastoma (GBM, n = 1), meningioma (n = 23 sole bbotad OF et

1), and melanoma (n = 1). The characteristics e g

of these studies are summarized in Tables 2

and 3. Fig. 1. Flow chart for the selection of eligible

studies for meta-analysis.

Table 2. OS characteristics of studies based on Affymetrix Human Genome U133 Plus 2.0

Type of cancer  GEO number Region No. of patients  Qutcome measure _ Follow up (mouth)  Cutoff value HR 95% CI Clinicopathological features
Lung Cancer GSE3141 USA 111 0s 87 527.700 1.025 0.843-1.516 None
DLBCL GSE10846 USA 414 0s 261 7.887 0.782 0.573-1.067 Stage
DLBCL GSE11318 USA 200 0s 261 8.493 2.198 1.503-3.215 Stage
Colon Cancer GSE17536 USA 177 0s 142 8.458 2414 1.253-4.652 Stage
Colon Cancer GSE17538 USA 232 0s 142 8.392 1.171 0.838-2.151 Grade, Stage
CLL GSE22762 Germany 107 0s 72 7.040 1.087 0.858-1.336 None
Lung Cancer GSE30219 France 293 0s 256 6.621 0.858 0.592-1.242 TN,M
Lung Cancer GSE31210 Japan 226 0S 128 140.874 1.585 1.121-2.593 Stage
Lung Cancer GSE37745 Sweden 196 0S 187 6.683 1.179 0.845-1.667 Stage
Lung Cancer GSE50081 Canada 181 0s 144 6.033 1.061 0.707 - 1.702 T,N,M
Breast cancer GSE58812 France 107 0s 169 100.637 1.638 1.143-2.361 None
GBM GSE7696 Switzerland 80 0s 72 7.396 0.966 0.591-1.580 None
Meningioma GSE16581 USA 67 0s 111 66.555 0.819 0.482-1.246 Grade
Melanoma GSE19234 USA 44 0s 186 124.355 1.771 0.735-4.263 None
Ovarian cancer GSE19829 USA 28 0s 115 7.399 1.328 0.892-2.155 None
Breast cancer GSE20711 Canada 88 0s 14 4.961 2.081 1.372-4.017 None
DLBCL GSE23501 USA 69 0s 72 7.622 1.659 0.955-2.261 None
Lung Cancer GSE29013 USA 55 0s 82 6.404 1.448 1.143-1.963 Stage
Colon Cancer GSE29623 USA 65 0s 120 8.586 2.031 1.103-6.845 Grade, Stage
Ovarian Cancer ~ GSE30161 USA 58 0s 127 3.615 2.520 1.370-5.003 Grade, Stage

Breast cancer GSE48390 Taiwan 81 0s 69 7.000 1.127 0.836-1.880 None
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Table 3. DFS and RFS characteristics of studies based on Affymetrix Human Genome U133 Plus 2.0

Type of cancer  GEO number Region No. of patients  Outcome measure _ Follow up (mouth)  Cutoffvalue ~ HR 95% CI Clinicopathological features
Colon Cancer GSE14333 Australia 226 DFS 142 6.858 1330 0.986-1.794 None
Colon Cancer GSE17536 USA 145 DFS 142 8.472 2414 1.253-4.652 Stage
Colon Cancer GSE17538 USA 200 DFS 142 8.392 1.171 0.838-2.151 Grade, Stage
Breast cancer GSE21653 France 252 DFS 189 5.560 1.127 0.951-1.598 TN
Lung Cancer GSE30219 France 278 DFS 256 6.621 0.858 0.592-1.242 T,N,M
Colon Cancer GSE38832 USA 92 DFS 111 7.405 2416 0.983-10.02 Stage
Lung Cancer GSE50081 Canada 177 DFS 144 6.033 1.061 0.707 -1.702 TN, M
Breast cancer GSE6532 Canada 87 DFS 202 4.649 1.178 0.987 - 2.364 Grade
Colon Cancer GSE29623 USA 53 DFS 120 8.833 2.031 1.103-6.845 Grade, Stage
Breast cancer GSE61304 Singapore 58 DFS 85 4.712 1.552 1.138-2.482 None
Lung Cancer GSEB8894 Korea 138 RFS 138 4.191 1489 1.192-1.967 None
Lung Cancer GSE31210 Japan 226 RFS 128 140.874 1585 1.121-2.593 Stage
Colon Cancer GSE33114 Netherlands 89 RFS 118 31.900 1463 1.106-2.293 None
Lung Cancer GSE37745 Sweden 96 RFS 178 6.686 1.179 0.845-1.667 Stage
Breast cancer GSE6532 Canada 87 RFS 202 4.649 1.178 0.987 - 2.364 Grade
Breast cancer GSE9195 Canada 77 RFS 135 0.000 1485 1.078-1.973 None
Breast cancer GSE20711 Canada 88 RFS 14 4.961 2.081 1.372-4.017 None
Colon Cancer GSE31595 Denmark 37 RFS 109 7.749 1.278 0.872-1.606 Stage
Liver cancer GSE40873 Japan 49 RFS 73 6.268 1.720 1.218-4.484 None

Association between

Study %

TUBA4B and cancer D HR (95% CI) Weight
Survjval GSE3141 Lung Cancer —-lr—v:—— 1.02(0.84,1.52) 579
_ GSE10848 DLBCL —_— 078 (057,107) 560
In tOtal’ twenty three GSE11318 DLBGL | —— 220(1.50,321) 487
studies were included GSE17536 Colon Cancer -&—o— 2.41(1.25,465) 273
. GSE17538 Colon Cancer — 1.17 (0.84,2.15) 4.01
for the anaIYSlS Of the GSE22762 CLL e 1.09 (0.86, 1.34)  6.59
P GSE30219 Lung Cancer — 0.86 (059, 1.24) 496
assocliation of TUBA4B GSE31210 Lung Cancer —_ 159 (1.12,259) 448
expression with patient GSE37745 Lung Cancer — 1.18(0.85,1.67) 529
. GSE50081 Lung Cancer —— 106(0.71,170) 430
survival. Random-effects GSES8812 Breast cancer —_— 164 (1.14,236) 504
. GSE7696 GBM _— 087 (059,158) 384
model was applled to GSE16581 Meningioma — 082(0.48,1.25) 398
B GSE19234 Melanoma —_— 177(0.74,426) 178
eStlmate the pOOled HR and GSE19829 Ovarian cancer —_—— 1.33(0.89,2.15) 4.28
the 95 % CI. TUBA4B was GSE20711 Breast cancer — 2.08(1.37,4.02) 3.49
L GSE23501 DLBCL —— 166(0.95,226) 437
found to be Slgnlflcantly GSE29013 Lung Cancer —— 145 (1.14,1.96) 6.05
GSE29623 Colon Cancer : 203(1.10,6.84) 169

associated with OS in

GSE30161 Ovarian Cancer

252(1.37,5.00) 278

cancer patients (pooled HR GSE48390 Breast cancer e 113(084,188) 462
Chen et al 2016 Lung cancer - 165(1.20,212) 586

= 1.33, 95% CI: 116—152‘ Zhu et al 2017 Ovarian cancer — 167(1.19,3.38) 359
Overall (l-squared = 59.1%, p = 0.000) <> 133(1.16,152)  100.00

P=0.000; Fig. 2), and a
significant  heterogeneity
existed between studies
(I? = 59.1%, P=0.000). No Fig. 2. Forest plot of the association between TUBA4B expression and
significant publication bias  0Sin cancer patients.

(Begg's test: Pr> |z| =0.162,

Egg’s test: P > |t| = 0.080 >

0.05) was noted in the meta-analysis (Fig. 3A). Results of the analysis using both fixed and
random effect models did not differ.

Because of heterogeneity, subgroups were analyzed for data source, region, and sample
size. As shown in Fig. 4, subgroup meta-analysis of data source (GEO database vs. published
articles) proved that TUBA4B was significantly associated with the OS of cancer patients
in both GEO database (pooled HR = 1.30, 95% CI: 1.13-1.50, P=0.000) and published
articles (pooled HR = 1.66, 95% CI: 1.29-2.13, P=0.000). We found a significant association
between TUBA4B and the OS of cancer patients in USA (pooled HR = 1.40,95% CI: 1.11-1.76,
P=0.004) and Asian countries (pooled HR = 1.51, 95% CI: 1.25-1.83, P=0.000). However, the
association was not significant in Western regions (pooled HR = 1.18, 95% CI: 0.97-1.44,
P=0.092; I> = 48.3%, P=0.072; Fig. 5). Subgroup meta-analysis of the sample size indicated
a significant correlation between TUBA4B and the OS of cancer patients in both sample
size of >100 (pooled HR = 1.29, 95% CI: 1.08-1.54, P=0.005; I* = 67.8%, P=0.000) and <100
(pooled HR = 1.40, 95% CI: 1.15-1.71, P=0.001; I?> = 40.1%, P=0.090; Fig. 6). There was less
significant heterogeneity across studies in the USA subgroup (I? = 68.2%, P=0.000) as well as
studies from the GEO database (I? = 59.4%, P=0.000). No heterogeneity existed in the Asian
subgroup (I? = 0.0%, P=0.459) and in the data collected from published articles (I> = 0.0%,
P=0.967).

|
NOTE: Weights are from random effects analysis !

T
146 ;: 6.84
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Fig. 3. Funnel plot analysis of potential publication bias for TUBA4B expression with OS, DFS, and RFS in
cancer patients. A. No significant publication bias existed for OS (Begg’s test: Pr > |z| = 0.162, Egg’s test: P >
|t| = 0.080 > 0.05). B. No significant publication bias existed for DFS (Begg’s test: Pr > |z| = 0.128, Egg’s test:
P > |t] = 0.087 > 0.05). C. No significant publication biases existed for RFS (Begg’s test: Pr > |z| = 0.404, Egg’s
test: P > |t| = 0.355 > 0.05).

Fig. 4. Forest plot of the subgroup
meta-analysis of the association
between TUBA4B expression and | ceopatabase i

Study %
ID HR (95% CI) Weight

. . GSE3141 Lung Cancer ——— 1.02 (0.84, 1.52) 5.79
OS in cancer patients based on GSE10846 DLBCL —_—t 0.78 (0.57, 1.07) 5.60
. . GSE11318 DLBCL P —— 2.20 (150, 3.21) 4.87
pUthhEd articles and the GEO GSE17536 Colon Cancer —_— 241(1.25,4.65) 2.73
database GSE17538 Colon Cancer —— 117 (0.84, 2.15) 4.01
. GSE22762 CLL —— 1.09 (0.86, 1.34) 6.59
GSE30219 Lung Cancer —_— 0.86 (059, 1.24) 4.96
GSE31210 Lung Cancer —_— 159 (1.12, 2.59) 4.48
GSE37745 Lung Cancer — 1.18 (0.85, 1.67) 5.29
GSE50081 Lung Cancer —_— 1.06 (0.71, 1.70) 4.30
GSE58812 Breast cancer _— 164 (1.14,2.36) 5.04
GSE7696 GBM —_— 0.97 (059, 1.58) 3.84
GSE16581 Meningioma —_— 0.82 (0.48, 1.25) 3.98
GSE19234 Melanoma R I a— 177 (0.74, 4.26) 1.79
GSE19829 Ovarian cancer —_— 1.33(0.89, 2.15) 4.28
GSE20711 Breast cancer —_— 2,08 (1.37,4.02) 3.49
GSE23501 DLBCL ——— 166 (0.95, 2.26) 4.37
GSE29013 Lung Cancer — 145 (1.14, 1.96) 6.05
GSE29623 Colon Cancer L 2,03 (1.10, 6.84) 1.69
GSE30161 Ovarian Cancer : 252 (1.37,5.00) 2.78
GSE48390 Breast cancer —_— 1.13 (0.84, 1.88) 4.62
Subtotal (I-squared = 59.4%, p = 0.000) <> 130 (1.13, 1.50) 90.55
i
Published articles H
Chen et al 2016 Lung cancer — 165 (1.20,2.12) 586
Zhu et al 2017 Ovarian cancer —— 1.67 (1.19, 3.38) 3.59
Subtotal (I-squared = 0.0%, p = 0.967) = 166 (1.29, 2.13) 9.45
i
Overall (I-squared = 59.1%, p = 0.000) 133 (1.16, 1.52) 100.00

NOTE: Weights are from random effects analysis i
T

146 1 6.84
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Fig. 5. Forest plot of the subgroup

. - Study %
meta-analysis of the association | © HR(@5%Cl)  Weight
between TUBA4B expression and | usa !

. . GSE3141 Lung Cancer ——— 1.02(0.84,1.52) 5.79
OS in cancer patlents based on GSE10846 DLBCL —t 0.78 (0.57, 1.07) 5.60
. GSE11318 DLBCL | — 2.20(1.50,3.21) 4.87
regions. GSE17536 Colon Cancer — 241(1.25,465) 273
GSE17538 Colon Cancer —————— 1.17(0.84,2.15) 4.01
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To maximize clinical relevance, subgroups were analyzed based on tumor types. We
found that TUBA4B was a risk factor for the poor prognosis of lung cancer (pooled HR = 1.24,
95% CI: 1.03-1.49, P=0.021), colon cancer (pooled HR = 1.67, 95% CI: 1.02-2.74, P=0.042),
breast cancer (pooled HR=1.52,95% CI: 1.10-2.12, P=0.012), and ovarian cancer (pooled HR
=1.67,95% CI: 1.18-2.36, P=0.004). However, no significant association was noted between
TUBA4B and OS for DLBCL, CLL, and neurotumors. These results were strengthened by the
low heterogeneity between the studies (Fig. 7). Subgroup analysis of pooled HR of OS in
different types of cancer with decreased TUBA4B expression, 95% CI, heterogeneity, and
overall effect are detailed in Table 4. Since lung cancer had six GEO datasets and one article
(Fig. 7) and had the largest number of patients in the classification of tumor types (Table 4),
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Study %
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T
Lung Cancer | '
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; 1
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Fig. 7. Forest plot of the subgroup meta-analysis of the association between TUBA4B expression and OS in

cancer patients based on tumor types.

Table 4. Results of the subgroup analysis of pooled hazard ratios of OS in different types of cancer with

decreased TUBA4B expression

Subgroup analysis  No. of studies  No. of patients Pooled HR (95% CI) Heterogeneity  Overall effect
Fix Random I2 P Z P

0s 23 3109 1.28[1.18,1.39] 1.33[1.16,1.52] 59.1% 0.000 4.19 0.000
Data source

Published articles 2 230 1.66[1.29,2.13] 1.66[1.29,2.13] 0.0% 0967 3.94 0.000
GEO 21 2879 1.24[1.14,1.35] 1.30[1.13,1.50] 59.4% 0.000 3.64 0.000
Region

USA 12 1520 1.30[1.15,1.46] 1.40[1.11,1.76] 68.2% 0.000 2.88 0.004
Western 7 1052 1.16[1.02,1.33] 1.18[0.97,1.44] 483% 0.072 1.68 0.092
Asian 4 537 1.51[1.25,1.83] 1.51[1.25,1.83] 0.0% 0.459 4.23 0.000
Tumor type

Lung cancer 7 1176 1.26[1.11,1.42] 1.24[1.03,1.49] 51.5% 0.054 230 0.021
Other cancer 4 790 1.19[1.02,1.38] 1.30[0.86,1.98] 85.0% 0.000 1.24 0.216
Colon cancer 3 474 1.57[1.10,2.23] 1.67[1.02,2.74] 419% 0.179 2.04 0.042
Breast cancer 3 276 1.50[1.18,1.92] 1.52[1.10,2.12] 43.9% 0.168 2.51 0.012
Neurotumor 3 191 0.97[0.71,1.33] 0.98[0.69,1.39] 12.7% 0.318 0.10 0.918
Ovarian cancer 3 202 1.64[1.22,2.21] 1.67[1.18,2.36] 22.4% 0.276 292 0.004
Sample size

>100 13 2474 1.24[1.12,1.36] 1.29[1.08,1.54] 67.8% 0.000 2.81 0.005
<100 10 635 1.38[1.19,1.60] 1.40[1.15,1.71] 40.1% 0.090 3.29 0.001
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Fig. 8. Fluorescence in
situ hybridization (FISH)

A _ Normal
FAM-IncT DAPI

of lung cancer tissues. A
C. Representative images

and FISH scores analysis of
IncRNA-TUBA4B staining

in normal and tumor lung
tissues (scale bar, 100pum).
B, D. Representative
images and FISH scores
analysis of  IncRNA-
TUBA4B staining at stages
[-IV (scale bar, 100um);
two-tailed Student’s t-test,
*P<0.05, *P<0.01 and
*#*p <0.001.
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I
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'
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I
'
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1
I
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I
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Fig. 9. Forest plot of the association between TUBA4B expression and DFS in cancer patients.
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we evaluated the expression of TUBA4B in lung cancer tissues for experimental verification
by FISH assay. It was found that the IncRNA-TUBA4B was significantly lower expression in
tumor tissues than normal lung tissues (Fig. 84, C). In addition, we found that the expression
of IncRNA-TUBA4B was decreased with the progression of lung cancer stage (Fig. 8B, D).
These results indicate that the patients with low TUBA4B expression have a poor prognosis.

Study %

D HR (95% CI) Weight

1

GSE14333 Colon cancer e 133(0.99.1.79) 16.50
i

GSE17536 Colon cancer —_— 2.41 (1,25, 4.65) 5,36
!
|

GSE17538 Colon cancer — 1.17 (0.84, 2.15) 912
i
|

GSE21653 Breast cancer _— 1.13 (0.95, 1.60) 19.09
[
!

GSE30219 Lung cancer —_— .86 (0,59, 1.24) 1278
!
I

GSE38832 Colon cancer : L 242 (0,98, 10.02) 180
l
!

GSES0081 Lung cancer e D 1.06 (0.71,1.70) 1012
I
[

GSEG532 Breast cancer —— 1.18 {0.99, 2.36) 10.20
[
!

GSE29623 Colon cancer : + 203 (1.10, 6.84) 298
!

GSE61304 Breast cancer —;—0'— 1.55(1.14, 2.48) 11.85
'

Overall (I-squared = 20.3%, p = 0.175) @ 1.25(1.06, 1.48) 100.00
¥
!
i

NOTE: Weights are from random effects analysis !
L

I 1

0996 1 10

Fig. 10. Forest plot of the subgroup meta-analysis of the association between TUBA4B expression and DFS
in cancer patients based on cancer types.

Table 5. Results of subgroup analysis of pooled hazard ratios of DFS and RFS in different types of cancer
with decreased TUBA4B expression

Subgroup analysis No. of studies  No. of patients Pooled HR (95% CI) Heterogeneity  Overall effect
Fix Random I2 P Z P

DFS 10 1568 1.23[1.08,1.40] 1.25[1.06,1.48] 293% 0.175 2.68 0.007
Tumor type

Colon cancer 5 716 1.45[1.16,1.82] 1.49[1.15,1.95] 148% 0.320 298 0.003
Breast cancer 3 397 1.23[1.01,1.49] 1.23[1.01,1.49] 0.0% 0.398 2.10 0.036
Lung cancer 2 455 0.94[0.71,1.24] 0.94[0.71,1.24] 0.0% 0469 045 0.653
RFS 9 887 1.42[1.26,1.60] 1.42[1.26,1.60] 0.0% 0.747 5.81 0.000
Tumor type

Lung cancer 3 460 1.41[1.17,1.69] 1.41[1.18,1.69] 0.0% 0.461 3.70 0.000
Other cancer 3 175 1.39[1.11,1.73] 1.39[1.11,1.73] 0.0% 0.678 2.92 0.003
Breast cancer 3 252 1.48[1.18,1.86] 1.49[1.14,1.94] 23.0% 0.273 293 0.003
Region

Asian 3 413 1.53[1.25,1.88] 1.53[1.25,1.88] 0.0% 0.907 4.10 0.000
Western 6 474 1.37[1.18,1.59] 1.37[1.18,1.59] 0.0% 0.530 4.21 0.000
Sample size

>100 2 364 1.51[1.22,1.88] 1.51[1.22,1.88] 0.0% 0.802 3.78 0.000
<100 7 523 1.38[1.20,1.60] 1.38[1.20,1.60] 0.0% 0.599 4.46 0.000
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Fig. 11. Forest plot of the association between TUBA4B expression and RFS in cancer patients.

Meta-analysis of the

association between

TUBA4B expression

and DFS

A total of 10
studies were included
in the analysis of the
association between
TUBA4B expression and
DFS in cancer patients.
In the meta-analysis,
fixed and random effect
models were used to
estimate the pooled
HR and respective 95%
Cl. The results showed
that TUBA4B was
significantly associated
with DFS (pooled HR =
1.25, 95% CI: 1.06-1.48,
P=0.007; Fig. 9). Neither
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Fig. 12. Sensitivity analysis of the effect of the individual study on the

pooled HR of OS.

significant heterogeneity (1% = 29.3%, P=0.175) nor significant publication bias (Begg’s test:
Pr > |z| = 0.128, Egg’s test: P > |t| = 0.087 > 0.05) existed across the studies (Fig. 3B). A
subgroup analysis found that TUBA4B was significantly associated with DFS in colon cancer
(pooled HR = 1.49,95% CI: 1.15-1.95; I? = 14.8%, P=0.320) and breast cancer (pooled HR =

1.23,95% CI: 1.01-1.49; I* = 0.0%, P=0.398) (Fig. 10, Table 5).

540


http://dx.doi.org/10.1159%2F000492991

Cellular Phy5|o|ogy Cell Physiol Biochem 2018;4
. ] DO \0ii0a3295]
and B|ochem|stry Published online: 29 August, 2018

Meta-analysis of the

association between

TUBA4B expression

and RFS

A total of 9 studies
were included in the
meta-analysis of TUBA4B
expression and RFS. The
HR of the association
between decreased
TUBA4B expression
and RFS in these cancer
patients was 1.42 (95%
Cl: 1.26-1.60, P=0.000;
Fig. 11). There was no
significant heterogeneity
(I = 0.0%, P=0.1747)
and publication bias
(Begg’s test: Pr > |z| =
0.404, Egg’s test: P > |t
= 0.355 > 0.05) across
the studies (Fig. 30Q).
We used both fixed and
random effect models
to calculate the effect
of TUBA4B on patient
survival and found that
the results were not
markedly different.

Sensitivity analysis

Sensitivity analysis
was  performed by
removing each study
alternately from the
pooled analysis. This
analysis aimed to
evaluate the effect of the
removed study on the
pooled HRs. Removing
any included study had
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Fig. 13. Sensitivity analysis of the effect of the individual study on the
pooled HR of DFS.
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Fig. 14. Sensitivity analysis of the effect of the individual study on the
pooled HR of RFS.

no significant impact on the meta-analysis outcomes, suggesting the robustness of the
results. The sensitivity analysis revealed that the pooled HR of OS (Fig. 12), DFS (Fig. 13),
and RFS (Fig. 14) were reliable.

Discussion

This meta-analysis used the online databases PubMed, Embase, and Web of Science
and the GEO database to evaluate the association between TUBA4B expression and survival
according to clinical indicators. A total of 23 studies comprising 3109 samples of OS were
included in this meta-analysis, in which 21 studies were identified via the GEO database,
representing 2879 samples. At present, only few clinical studies have focused on TUBA4B
because of the small number of patients with such condition. Therefore, a classical meta-
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analysis may overestimate the effect of TUBA4B in tumors. The establishment of tumor
databases, such as GEO and The Cancer Genome Atlas, allows for a more extensive and
accurate study of tumor molecular markers [18, 19]. The inclusion of GEO data allows for a
more extensive data source and more realistic results.

At present, only 2 articles demonstrated that low IncRNA-TUBA4B may be a predictor
of poor prognosis in non-small-cell lung cancer and ovarian cancer [12, 13]. However, the
sample size of these studies is small. This meta-analysis evaluated the value of TUBA4B as a
marker of tumor prognosis. Through systematic analysis, we found that TUBA4B expression
was low in many types of tumors. We evaluated the expression of TUBA4B in lung cancer
tissue arrays for experimental verification by FISH assay and the results were consistent
with the analysis. LncRNA-TUBA4B was lower expression in tumor tissues than normal lung
tissues (P<0.001). By combining the HRs from Cox analysis, we found that TUBA4B was an
independent risk factor for OS in cancer patients (pooled HR = 1.33, 95% CI: 1.16-1.52,
P=0.000). In addition, TUBA4B can be considered an independent prognostic risk factor
for DFS (HR = 1.25, 95% CI: 1.06-1.48, P=0.007) and RFS (HR = 1.42, 95% CI: 1.26-1.60,
P=0.000) in cancer patients.

To explore the heterogeneity, subgroups were analyzed, and the results revealed that
TUBA4B expression can be used as a prognostic factor for OS, DFS, and RFS. We found
that TUBA4B significantly affected RFS (HR = 1.42, 95% CI: 1.26-1.60, P=0.000), and the
heterogeneity (I* = 0.0%, P= 0.1747) was small, thereby strengthening our results. Moreover,
both Begg’s and Egg’s tests identified no significant publication bias about the independent
prognostic role of TUBA4B in OS, DFS, and RFS. A sensitivity analysis using both fixed and
random effect models showed no significant differences. In summary, our analysis is reliable,
and the low expression of TUBA4B is associated with poor prognosis.

In contrast, our meta-analysis has several limitations. First, differences in article
quality across studies can cause bias in the meta-analysis. Second, TUBA4B expression in
2 published articles are not directly obtained from the primary studies and were estimated
using a software, and this could lead to an error in the HR value and may also increase the
original value of heterogeneity. Third, the length of survival and treatment of patients was
significantly correlated, and these differences might markedly affect HR and thus result
in heterogeneity. In addition, most included papers reported positive results, which may
generate publication bias. Therefore, the significance of TUBA4B in predicting the prognosis
of cancer patients may be slightly overestimated. Thus, the study results must be confirmed
in a larger sample in a polycentric and randomized controlled prospective study.

Conclusion

The low expression of TUBA4B was significantly associated with poor OS, DFS, and RFS
in cancer patients. The results of our meta-analysis suggest that TUBA4B can be a novel
biomarker for the prognosis of various cancers. Further research is needed to explore the
role of TUBA4B in human cancer.
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