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Abstract: In the current study, we proposed to explore the potential role and related signaling pathways of Homobox
A10 (HOXA10) in non-small cell lung cancer (NSCLC). HOXA10 levels in lung adenocarcinoma (LUAD) and lung squa-
mous cell carcinoma (LUSC) were detected by gRT-PCR and the expression of HOXA10 was significantly up-regulated
in the NSCLC tissue of all 55 pairs (P = 0.037). Overexpression of HOXA10 was closely correlated with the clinical
stage of LUSC (P = 0.011). HOXA10 expression in RNA sequencing data based on 1, 077 cases exhibited concor-
dant significant up-regulation in NSCLC, LUAD and LUSC (P < 0.001). In NSCLC, HOXA10 expression was closely
correlated to patient T stage (P = 0.006). In LUAD, HOXA10 expression was compactly correlated to patient N stage
(P = 0.02). Some of the microarrays from Gene Expression Omnibus (GEO) and ArrayExpress showed consistent
over-expression of HOXA10 levels in NSCLCs. More importantly, the combined SMD value was 0.052 (95% CI: 0.29-
0.75, P < 0.001) generated by meta-analysis from 47 datasets based on 4, 616 cases of NSCLC. The area under
the curve (AUC) of SROC supported the over-expression of HOXA10 in NSCLC as being 0.88 (95% Cl: 0.81-0.93), with
sensitivity and specificity of 0.88 (95% CI: 0.81-0.93) and 0.56 (95% ClI: 0.44-0.66), respectively. In addition, 111
co-expressed genes were collected from cBioPortal and enriched in “cell cycle”, “cell adhesion molecules”, “p53
signaling”, and “adherens junction”. Interestingly, an up-regulation trend of HOXA10 protein expression was also ob-
served in NSCLC through tissue chips and immunohistochemistry. In conclusion, the overexpression of HOXA10 may
play a pivotal role in the tumorigenesis of NSCLC, and this effect is observed more obviously in LUSC than in LUAD.
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Introduction

Non-small cell lung cancer (NSCLC) is the most
frequently occurring type of malignancy in the
lung, representing 80%-85% of lung malignan-
cies [1-5]. Furthermore, the 5-year survival rate
of NSCLC is quite low [6-8]. Lung adenocarci-
noma (LUAD), lung squamous cell carcinoma
(LUSC), and large cell-carcinoma (LC) are the
three most common subtypes of NSCLC, with
LUAD accounting for about 50%, LUSC for 40%,
and LC for 10% of cases among the whole
NSCLC population [9-12]. Various biomolecule
expression changes have been documented in
NSCLC cells [13-15]. For instance, the expres-
sion levels of some genes between NSCLC can-

cer and peri-carcinomatous lung tissues were
significantly distinct. Examining the clinical
implications of these aberrantly expressed
genes may provide new directions for further
understanding of NSCLC progression [16-19].
In addition, these differences in gene expres-
sion represent potential biomarkers that may
function in NSCLC via distinct cellular signaling
pathways [20-24]. Consequently, it is important
to inquire into the molecular mechanisms of
potentially relevant NSCLC tumorigenesis and
progression.

Homeobox A10 (HOXA10), also known as
PL; HOX1; HOX1H; HOX1.8, locates in 7p15.2
with three exons. Its clinical role and potential
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molecular mechanisms have been studied in
relation to several diseases, including can-
cers. Methylation markers in HOXA10 promoter
regions have been identified in breast cancer
[24]. The HOXA10 promoter CpGs may also pre-
dict the survival of breast cancer patients [24].
Overexpression of HOXA10 has been reported
in pediatric medulloblastoma cell lines DAQY
and ONS-76. In vitro analysis indicates that
HOXA10 may influence migration events of
medulloblastoma cells but is not crucial for the
tumorigenic process of medulloblastoma cells
[25]. Silencing the expression of HOXA10 can
reverse the multidrug resistance of human
chronic mylogenous leukemia K562/ADM cells
by affecting p-gp and mrp-1 [26]. Available data
suggest that the function of HOXA10 may be
tumor specific. The methylation and expression
levels of HOXA10 in NSCLC has been investi-
gated in a relatively small number of studies.
The methylation of HOXA10 in LUSC has also
been studied, and methylation of HOXA10 may
represent a prognostic parameter for LUSC
patients [27]. In addition, methylation of HOX-
A10 was observed markedly more frequently in
invasive peripheral pulmonary adenocarcino-
ma (ADC) than in atypical adenomatous hyper-
plasia (AAH) or adenocarcinoma in situ (AlS)
[28]. Only two studies have examined expres-
sion levels of HOXA10 in NSCLC. Ludovini et al
found that HOXA10 expression was increased
in NSCLC based on analysis of 18 patients
[29]. Calvo et al reported a similar finding,
observing frequent overexpression of HOXA10
in lung cancer cells [30]. However, these reports
were based on small sample sizes, and the
related molecular mechanism, including the
relevant pathways of HOXA10, have not been
clarified.

Hence, in the current study, we proposed to
investigate the latent value and related signal-
ing pathways of HOXA10 in NSCLC. We ana-
lyzed both HOXA10 mRNA and protein levels
via multiple detection methods, including in-
house quantitative real-time RT-PCR (qRT-PCR),
public microarray, RNA sequencing, and tissue
chips, as well as through meta-analyses. We
further examined the connection between
HOXA10 expression and clinicopathological
parameters. The inferred relative pathways of
HOXA10 were also investigated using various
bioinformatic analysis tools.
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Materials and methods

Expression level of HOXA10 mRNA by qRT-PCR

A total of 55 patient data with NSCLC were col-
lected (41 males and 14 females; composite
life was 66.30 years; range, 33 to 90 years),
with both cancerous and adjacent lung tissue
obtained through surgery and provided by
the Department of Pathology, First Affiliated
Hospital of the Guangxi Medical University
(Nanning, Guangxi, China), from January 2012
to February 2014. The NSCLC tissue included
samples from 23 cases of LUSC and 32 cases
of LUAD, as confirmed by pathology. All qRT-
PCR procedures were conducted according to
the relevant guidelines as previously reported
[31]. Total RNA was isolated from the tissue
using the Trizol reagent (QIAGEN, Shanghai,
China) according to the kit instructions, and a
PCR amplification kit (ABI, Life, Technologies,
USA) was used. Synthesis of cDNA was imple-
ment using the Superscript first strand cDNA
synthesis kit (Vazyme Biotech Co., Ltd.) precise-
ly according to the manufacturer’s protocol.
RT-gPCR was performed using ABI 7500 Prep-
Station (Applied Biosystems; Thermo Fisher
Scientifi, Inc.), and the SYBR®-Green PCR
Master Mix (GeneCore Biotechnologies, Inc.,
Shanghai, China). PCR was performed first with
a 10-min hot start, followed with 95°C for 10
sec, 60°C for 5 sec, and 72°C for 5 sec for 40
cycles. The specific primers used were the
following: HOXA10 forward: 5’-CCTTCCGAGAG-
CAGCAAAG-3’, adverse: 5’-CCTTCTCCAGCTCCA-
GTGTC-3’ and GAPDH (internal control) forward,
5-TGCACCACCAACTGCTTA-3’ and reverse, 5'-
GGATGCAGGGATGATGTTC-3'. The results were
normalized to the GAPDH expression and calcu-
lated based on the 2% method. All gRT-PCR
reactions and test were repeated at least three
times, as previously reported [31-35].

Expression levels of HOXA10 mRNA by RNA-
sequencing

We used HOXA10 mRNA expression data for
NSCLC and non-cancerous lung tissues taken
from the cancer genome atlas (TCGA) and
Genotype-Tissue Expression (GTEx) databases.
The original data, including HOXA10 expression
values and clinical parameters were download-
ed for 483 cases of LUAD, 486 cases of LUSC,
and 347 and 338 non-cancer cases as con-
trols, respectively. 589 males and 387 females
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Figure 1. Flow chart of the datasets screened in this investigation.

were included in the current study. Patient ages
ranged from 33 to 90, with a median age of
66.3. We used tumor-node-metastasis (TNM)
for the classification of malignant tumors and
Log2 transfromed for log-scale for the RNA-Seq
data, which provided the same results as the
analyses we conducted using the online tool
GEPIA provided [36]. We also performed sur-
vival analysis based on HOXA10 expression lev-
els using overall survival (OS) and disease-free
survival (DFS).

Expression level of HOXA10 mRNA by microar-
ray data

In order to notarize the connection between
HOXA10 expression levels and NSCLC develop-
ment and progression, systematic searches

a7

were conducted using the Gene Expression
Omnibus (GEO), ArrayExpress, Sequence Read
Archive (SRA) and Oncomine databases. Search
terms used were (lung OR respiration OR pul-
monary circulation) AND (cancer OR carcinoma
OR tumor OR neoplas* OR malignan*), and the
last retrieval was made on Oct 10%, 2018. The
filtering process used is shown in Figure 1.
Essential information including data source,
platform, first author, publication year, sample
size, and HOXA10 expression level in both can-
cer and normal control groups was collected for
each result selected.

Statistical analysis

All original RNA-Seq data were log 2 trans-
formed. The relationships of HOXA10 expres-
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Table 1. Relationship between HOXA10 level and clinicopathological parameters in NSCLC based on

gRT-PCR data

o _ HOXA10 expression@4c®
Clinicopathological features N
Mean £ SD T P value
NSCLC Tissues Non-cancerous 55 0.192 +0.188 2.139 0.037
Cancerous 55 0.594 + 1.380
Size <3 16 0.706 £ 1.432 0.383 0.703
>3cm 39 0.548 + 1.375
TNM -1 29 0.758 + 1.865 0.98 0.335
-1v 26 0.411 £ 0.389
Gender Male 41 0.286 + 0.178 0.966 0.339
Female 14 0.699 + 1.586
Age <60 35 0.565 + 1.380 -0.205 0.838
>60 20 0.645 + 1.414
Smoking No 30 0.270 + 0.205 -1.79 0.086
Yes 25 0.983 + 1.986
Vascular invasion No 50 0.458 £+ 0.941 -0.95 0.395
Yes 5 1.955 + 3.510
LNM No 29 0.817 £ 0.873 1.345 0.189
Yes 26 0.345 £ 0.247
Grading | 5 0.246 + 0.151 F=0.500 0.61
Il 37 0.728 £ 1.601
1] 10 0.234 £ 0.150
LUSC Tissues Non-cancerous 23 0.161 + 0.144 2.052 0.05
Cancerous 23 0.348 £ 0.413
TNM -1 10 0.120 + 0.078 -2.962 0.011
-1v 13 0.522 £ 0.481
LUAD Tissues Non-cancerous 32 0.215 £ 0.214 -1.768 0.087
Cancer 32 0.771 + 1.766

sion with clinicopathological parameters in
NSCLC were evaluated based on clinical infor-
mation from TCGA and gRT-PCR. The clinico-
pathological features data of HOXA10 levels
in NSCLC, obtained from qRT-PCR and TCGA,
were formulated as mean + standard deviation
(SD). Comparison of HOXA10 expression be-
tween two continuous variables was performed
usingindependent samples t-tests. Comparison
of two paired variables was calculated using
Student’s t-test for paired samples. Comparison
of more than two different groups was con-
ducted using one-way ANOVA. The clinicopatho-
logical features included tissue type, race, age,
gender, survival status, Neoplasm Cancer
Status, T stage, N stage, M stage and recur-
rence. The expression pattern and diagnostic
capability of HOXA10 for each included dataset
was visualized in the form of scatter plots and
receiver operating characteristic (ROC) using
GraphPad Prism 5 (La Jolla, CA, USA) and SPSS
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20.0 (IBM, New York, USA). All statistical analy-
ses were conducted with SPSS 22.0 statistics
software (SPSS, Chicago, USA).

Expression level of HOXA10 mRNA by compre-
hensive meta-analyses

Subgroup analysis of combined standardised
mean differences (SMD) and was performed,
and the summary receiver operating character-
istic curve (SROC) curve and forest plots of
sensitivity and specificity were generated by
STATA 12.0 (Stata Corporation, TX, USA). The
chi-squared-based Cochrane Q-test and I-
square (I?) test were applied to test underlying
heterogeneity among the included datasets.
When test values indicated no heterogeneity, P
> 0.05 and/or I < 50%, a fixed-effects model
was applied; otherwise, a random-effects
model was used. Deek’s funnel plot were used
to show potential publication bias [31, 35, 37,
38].
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Co-expressed genes and the signaling pathway
related to HOXA10 in NSCLC

The CBioPortal integrates data from 126
tumor genome studies, including large tumor
research projects such as TCGA and Inter-
national Cancer Genome Consortium (ICGC)
[39-42]. Co-expressed genes, with correlation
coefficients greater than |0.2| in individual
cases of LUAD and LUSC were extracted using
GEPIA. Junctions of co-expressed genes were
computed through the COUNTIF function in
Microsoft Excel 2007.

Enrichment analyses of co-expressed genes
were conducted utilizing the online tool Web-
based Gene Set Analysis Toolkit (WebGestalt).
Gene ontology (GO) function analysis and Kyoto
Encyclopedia of Genes and Genomes (KEGG)
analysis were both incorporated in the mecha-
nism explanation. GO function analysis man-
aged three independent category standards:
molecular function (MF), cellular component
(CC), and biological process (BP). We defined
significative bio-information pathways as P <
0.05. Visualization was performed with the R
package “GO plot” [43-45].

We used The Search Tool for the Retrieval of
Interacting Genes (STRING), a bioinformatics
platform and internet resource for identifying
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Expression of HOXA10 from TCGA
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Figure 2. Differential expression levels of HOXA10 in NSCLC, with clinical features.

and forecasting protein-protein interaction
(PPI) networks, as a research instrument for
the retrieval of data on the reciprocity of genes/
proteins. The current version, STRING 10.5,
was used to frame the PPl of proteins which
were encoded by the co-expressed genes we
extracted. The complete PPl networks and
related data were obtained from the STRING
online database. The mutual effects and net-
works among the co-expressed genes were
viewed directly via Cytoscape v3.6.1 [46, 47].

Expression level of HOXA10 protein by immu-
nohistochemical staining

The Human Protein Atlas (THPA) includes infor-
mation for all 24,000 types of tissues and cells
relating to human protein distribution [48-50].
Through mining this database, the protein
expression of HOXA10 in LUAD and LUSC tis-
sues and in non-cancerous tissues were fur-
ther verified; the antibody was used antibody
CAB019384.

Results
Up-regulation of HOXA10 mRNA by qRT-PCR
We analyzed the differential expression of

HOXA10 in 55 NSCLC and para-carcinomatous
tissue sample pairs using qRT-PCR (Table 1).

Am J Transl Res 2019;11(1):45-66



HOXA10 in NSCLC

Table 2. Relationship between HOXA10 level and clinicopathological parameters in NSCLC based on

TCGA data
L . HOXA10 expression(@c
Clinicopathological features N
Mean + SD T P value
NSCLC Tissues Non-cancerous 101 6.7915 + 2.7498 26.216 0

Cancer
Race White
Asian
Black
Age <60
>60
Gender Male
Female
Neoplasm Cancer Status ~ With tumor
Tumor free
Stage -1
-1v
M MO
M1
T T1-T2
T3-T4
N NO-N1
N2-N3
Recurrence Recurrence-free

Recurrence
LUSC Tissues
Cancer

N NO-N1

N2-N3
LUAD Tissues
Cancer

Non-cancerous

Non-cancerous

976 3.0149 + 1.1390
882 6.7464 + 2.7606
16 6.3519 + 2.5684
78 6.2127 + 3.0508

F=1.392 0.249

389 7.6122 + 2.33684 8.066 0
562 6.2366 + 2.90848
589 7.0204 £ 2.6557 3.515 0

387 6.3728 £ 2.91544
218 7.1328 + 2.79488 1.577 0.115
596 6.7897 + 2.73032

768 6.7589 + 2.8029 0.031 0.975
197 6.7521 + 2.70056

727 6.9297 + 2.7508

27 6.1930 + 2.4010
819 6.6597 + 2.80573 -2.763 0.006
154 7.2945 + 2.57866
839 6.804 £ 2.77829 1.459 0.145
121 6.4095 £ 2.79452

92 6.3499 £ 2.84038 F=4.341 0.152
806 6.7898 + 2.78254

52 2.8343 £ 1.0876 12.744 0
472 5.3463 + 2.75696
386 5.2215 + 2.74191 -2.327 0.02
76 6.0276 £ 2.85595

49 8.1557 + 1.92362 -17.496 0
504 3.2096 + 1.17167

Expression of HOXA10 was significantly up-reg-
ulated in the NSCLC tissue of all 55 pairs (0.192
+ 0.188, P = 0.037). HOXA10 was expressed a
high level at LUSC (0.348 + 0.413, P = 0.050,
Figure 2A). Expression of HOXA10 was increa-
sed in advanced LUSC (stage IlI-IV TNM) (0.522
+ 0.481, P = 0.011) but decreased in early-
stage LUSC (stage I-1l TNM) (0.120 £ 0.078, P =
0.011). HOXA10 is likely to facilitate the devel-
opment of LUSC. Results for LUAD were not
statistically significant, but we observed a ten-
dency for increased expression of HOXA10 in
malignant tissue (Figure 2B).

Validation of HOXA10 in NSCLC using RNA-
sequencing data

RNA-sequencing data from a total of 976
NSCLC samples. Independent sample t tests

50

showed that HOXA10 expression in TCGA data
exhibited significant up-regulation, not only in
LUAD (P < 0.001, Figure 2C) and LUSC (P <
0.001) (Figure 2D) but also in NSCLC (P <
0.001) (Table 2, Figure 2E). In NSCLC, HOXA10
expression was closely correlated to patient T
stage (P = 0.006, Figure 2F), age (P < 0.001,
Figure 2G), gender (P < 0.001, Figure 2H). In
LUAD, HOXA10 expression was closely corre-
lated to patient N stage (P = 0.02, Figure 2I).

Meanwhile, the results of GEPIA also showed
that HOXA10 presented a trend of high expres-
sion in NSCLC compared to the normal control,
in which HOXA10 was overexpressed in LUSC
(P <0.05),asshown in Figure 3A. Subsequently,
the OS (Figure 3B) data from GEPIA conformed
to our curve derived from TCGA data, indicating

Am J Transl Res 2019;11(1):45-66
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Figure 3. Data for HOXA10 expression levels and KM curves of GEPIA. A. Expressional boxplot of HOXA10 in NSCLC
based on GEPIA; B. Kaplan-Meier plots of overall survival (months). C. Expressional regulations of HOXA10 in several
cancers based on TCGA and GTEx RNA-sequencing data.

that HOXA10 is associated with survival in
NSCLC patients. Finally, we summarized the
expression regulations of HOXA10 in pan-can-
cer (Figure 3C).

HOXA10 levels via microarray datasets collect-
ed from GEO and ArrayExpress databases

We obtained 43 microarray datasets, which
provided HOXA10 expression values for tumor
tissue samples (n = 2, 052) and non-tumor tis-
sue samples (n = 1, 169), from the online data-
bases GEO and ArrayExpress. Scatter plots
(Figures 4, 5) and ROC curve plots (Figures 6,
7) were created to visually represent the
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results. Some of the microarrays showed con-
sistent up-regulation of HOXA10 levels in
NSCLCs; however, contradictory expression lev-
els were also observed.

Meta-analysis for further verification of the
clinical value of HOXA10 in NSCLC

Since the results from individual microarrays
were not consistent, we conducted comprehen-
sive systematic meta-analysis of 4,616 cases
included in 47 datasets covering data from in-
house RT-gPCR, RNA sequencing and all the
microarrays. Essential information is shown in
Table 3. Subgroup analysis of cancer types was

Am J Transl Res 2019;11(1):45-66
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Figure 4. Differences in expression
datasets.

conducted for patients with LUSC, LUAD and
NSCLC. The combined SMD value was 0.52
(95% CI: 0.29-0.75, P < 0.001) using the ran-
dom-effects model (Figure 8), indicating that
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NSCLC and non-tumor lung tissues based on 24

HOXA10 was overexpressed in NSCLC. Another
meta-analysis method revealed that the area
under the curve (AUC) of SROC was 0.88 (95%
Cl: 0.81-0.93) for HOXA10 in NSCLC (Figure
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9A), with sensitivity and specificity of 0.88 (95%
Cl: 0.81-0.93) and 0.56 (95% CI: 0.44-0.66),
respectively (Figure 10A, 10B). Deek’s funnel
plot showed publication bias (P = 0.012, Figure
9B). The AUC of SROC result for HOXA10 in
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LUSC and LUAD was 0.86 (95% CI: 0.83-0.89)
and 0.75 (95% Cl: 0.71-0.78) (Figure 11A, 11B),
In addition, The result of publication bias was
conducted (LUSC: P = 0.044, LUAD: P = 0.090
Figure 11C, 11D).
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non-tumor tissues based on 24 datasets.
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Table 3. Characteristics of datasets collected from public databases

. _— Cancer Normal

First author (publication year) Country Dataset Platform

N Mean + SD N Mean + SD
Kastner S (2012) Austria GEO: GSE40275 GPL15974 16 4.811 +0.294 43  5.025+0.52
Dehan E (2005) Israel GEO: GSE1987 GPL91 28 6.449 + 0.885 9 5.657 +0.827
Baty F (2008) Switzerland GEO: GSE11117 GPL6650 41 9.173 +1.148 15 9.036 +1.343
Takeuchi T (2009) Japan GEO: GSE11969 GPL7015 158 -0.176 + 0.167 5 -0.331+0.092
Ramos AS (2010) Spain GEO: GSE18842 GPL570 46 5.307+1.096 45 4.04+0.202
Philipsen S (2010) Netherlands GEO: GSE19188 GPL570 91 0.445+1.078 65 -0.601+0.181
Chang J (2013) Taiwan GEO: GSE21933 GPL6254 21 7.121 +0.708 21 6.652+0.732
Kuner R (2013) Germany GEO: GSE23066 GPL570 5 2.372+0.024 5 2.356+0.003
Li-Jen S (2013) Taiwan GEO: GSE27262 GPL570 25 1.289+1.662 25 -0.094+0.244
Kuner R (2011) Germany GEO: GSE27489 GPL570 20 2.416 + 0.141 10 2.376 £+ 0.019
Kahn N (2011) Germany GEO: GSE27554 GPL570 20 2.416 + 0.141 10 2.376 £+ 0.019
Ma L (2012) China GEO: GSE29249 GPL10558 6 67.322+92.709 6 -1.942 + 7.27
Arnaud Muller (2014) Unknow Arrayexpress: E-MTAB-1690 GPL570 25 4.561 + 0.152 62 4.671+0.167
Joerg Mueller (2005) Unknow Arrayexpress: E-MTAB-5231 GPL570 22 3.796 £ 0.713 18 433+1.134
Marquardt G (2011) USA GEO: GSE31552 GPL6244 63 5942 +0.967 68 5.331+1.057
Mascaux C (2011) USA GEO: GSE33479 GPL6480 27 5.142 + 7.057 95  1.987 +2.47
Meister M (2011) Germany GEO: GSE33532 GPL570 80 4953 +1132 20 4.517 +0.697
ChenY (2012) Taiwan GEO: GSE39345 GPL6104 49 4.332+0.904 20 4.009+0.993
Arima C (2014) Japan GEO: GSE51852 GPL6480 49 -1.191+1.521 4  -0.676+1.34
Djureinovic D (2016) Sweden GEO: GSE81089 GPL16791 199 0.123 +2.387 19 -2.902 + 1.074
Sato T (2013) Japan GEO: GSE43346 GPL570 25 5.618+1.836 43 4.222+2.173
Jiang L (2014) USA GEO: GSE60052 GPL11154 79 3.244 +2.204 1.776 + 2.374
Nazarov PV (2017) Luxembourg GEO: GSE84788 GPL17585 9 4.184 + 0.286 4.185 + 0.269
Wu H (2011) USA GEO: GSE31446 GPL9244 34 0.149+0.791 30 -1.277 +£0.448
Ooi AT (2013) USA GEO: GSE49155 GPL10999 6 0.224 +0.321 7 0.226 + 0.38
TCGA-LUSC (2018) TCGA LUSC NA 500 8.156+1.923 48 3.21+1.172
RT-qPCR (2018) China LUSC NA 23 0.348+£0.413 23 0.161 +0.149
Su L (2007) Taiwan GEO: GSE7670 GPL96 36 6.662+1.208 30 5.253+1.04
Wikman H (2009) Germany GEO: GSE10799 GPL570 16 5.089 + 1.494 3 3.265+0.187
Rotunno M (2011) USA GEO: GSE20189 GPL571 81 5.342 + 0.184 81 5.287+0.171
Ihsan R (2012) India GEO: GSE30118 GPL9365 5 0.071 + 0.396 2  -0.22+2709
Kohno T (2011) Japan GEO: GSE31210 GPL570 226 6.008+1.431 20 5.281+ 0.7
Antoine Danchin (2005) Unknow Arrayexpress: E-MEXP-231 GPL96 50 6.671 £ 0.755 8 6.61 + 0.399
David Quigley (2013) USA GEO: GSE32665 GPL6102 87 7558 +0.473 92 7191+ 0.106
Selamat SA (2011) USA GEO: GSE32863 GPL6884 58 6.806 £ 0.098 58 6.801 +0.097
Kadara H (2013) USA GEO: GSE43458 GPL6244 80 7.461+0.289 30 7.75+0.28
Feng L (2013) China GEO: GSE43767 GPL6480 69 5.381+1.222 44 5424+1.26
Robles Al (2014) USA GEO: GSE63459 GPL6883 33 6.857 +0.101 32 6.887 +0.117
Gazdar A (2015) USA GEO: GSE75037 GPL6884 83 3.486 +£0.368 83 3.475+0.347
Bossé Y (2016) Canada GEO: GSE83213 GPL10558 11 6.206 + 0.174 11 6.206 + 0.174
Duan C (2016) China GEO: GSE85716 GPL19612 6 9.388 + 0.625 6 9.273+0.574
He F (2016) China GEO: GSE85841 GPL20115 8 9.757 £ 0.74 8 9.877 +0.692
Seo J (2012) USA GEO: GSE40419 GPL11154 87 -0.922+2535 77 -3.01+1.07
Maeda Y (2016) USA GEO: GSE86958 GPL16791 6 -0.37 £ 2.946 6 -0.48 +3.064
Beer DG (2015) USA GEO: GSE68571 GPL80 86 16.751+24.272 10 5.84 +24.834
TCGA-LUAD (2018) TCGA LUAD NA 472  5.346+2.757 52 2.834+1.088
RT-qPCR (2018) China LUAD NA 32 0.771+1.766 32 0.215+0.149

Enrichment analysis for ascertaining potential
pathways associated with HOXA10 in NSCLC

In total, 111 overlapping, co-expressed genes
in LUAD and LUSC were identified using the
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CBioPortal database. All co-expressed genes
were submitted for GO analysis of gene func-
tion and KEGG pathway to examine cell signal-
ing pathways. InBP, the co-expressed genes
were enriched in “embryonic skeletal system
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Figure 8. Forest plot evaluating differences in HOXA10 mRNA expression between NSCLC and non-tumor tissues.

development”, “embryonic skeletal system
morphogenesis” and “regionalization”. In CC,
the functions of co-expressed genes were con-
centrated in “extrinsic component of plasma
membrane,” “extrinsic component of mem-
brane.” In MF, the functions of co-expressed

genes were enriched in “sequence-specific
DNA binding”, “transcription factor activity,
sequence-specific DNA binding” and “core pro-
moter proximal region DNA binding” (Figure
12A). Additionally, the KEGG results showed
strong relevance to cancer, including “leuko-
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Figure 9. A. SROC curves for the differentiation of NSCLC patients from non-
tumor tissues based on HOXA10 expression. B. Result of publication bias.

o u

cyte transendothelial migration”, “cell cycle”,
“primary bile acid biosynthesis”, “cell adhesion
molecules”, “p53 signaling”, and “adherens

junction” (Figure 12B).

Mapping of PPl networks allowed the construc-
tion of a landscape showing how the proteins
produced by the co-expressed genes interact-
ed with each other. By mapping the whole
network, we identified 35 primary hub genes
exclusive to the PPl network: HOXA1, HOXA2,
HOXA3, HOXA4, HOXA5, HOXA7, HOXA9, HOX-
B3, CDK1, MLF1IP, ANAPC16, SKP2, CHEK2,
DBF4, ANLN, CENPM, RAC1, DNAJC2, CCT6A,
GNGT1, AP2M1, SYNJ2, ARRB1, ACTN1, CSK,
ORM1, ITGBS8, FIGNL, LPIN2, UBN2A, PIF1,
RFC2, PJA2, SIAH2, IL6R (Figure 12C). Four
genes (OCLN, CLDN4, RAC1, ACTN1) appeared
in multiple KEGG pathways.

58

Curve
=081[0.77 - 084)
95% Confidence Elipse
cnnnninene 959 Prediction Elipse

Increased expression of
HOXA10 protein by immuno-
histochemistry (IHC)

Results from IHC staining re-
vealed an up-regulation trend
of HOXA10 protein expression
in NSCLC, as compared to nor-
mal tissue. In some cases of
LUSC, expression of HOXA10
was moderately increased (Fi-
gure 13D-F); in some cases
of LUAD, expression of HOXA-
10 was also moderately incre-
ased (Figure 13G-l) compared
to normal controls. Due to the
limited sample size for THPA,

° Study s e .
77777 e S no statistics conclusions were
possible.
Discussion

Although expression levels of
HOXAL10 in NSCLC had been
reported based on a small
number of samples, its clinical
significance needed further
verification. The mechanism
of abnormal expression of
HOXAL10 in NSCLC was also
not clear. To answer these
questions, the current study
utilized a variety of detecting
assays to examine HOXA10
expression levels in NSCLC,
including in-house RT-gPCR, RNA sequencing,
gene microarray, tissue chips, and immunohis-
tochemistry. In order to comprehensively and
objectively investigate the potential role of
HOXA10 in the tumorigenesis of NSCLC, we
performed meta-analyses, calculating SMD
and sROC with the expression data of 4, 616
patients from 47 independent studies. Results
from all of the above analytical methods con-
sistently demonstrated increased expression
of HOXA10 in NSCLC and its subtypes LUAD
and LUSC. We further used in silico method
to analyze the pathways of HOXA10-related
genes being enriched and found the pathways
relating to “cell cycle,” “cell adhesion mole-
cules” may be the key pathways through which
HOXA10 executes its functions in NSCLC.

To date, only two research groups have con-
ducted studies addressing the clinical signifi-

Am J Transl Res 2019;11(1):45-66
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Figure 10. Results of the sensitivity and specificity analysis.

HOXA10 mRNA expression levels using degen-

cance of HOXA10 in NSCLC, and both used
small sample sizes. Calvo et al [30] detected

erate gRT-PCR and subsequent real-time quan-
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Figure 11. A. SROC curves for the differentiation of LUSC patients from non-tumor tissues based on HOXA10 expression. B. SROC curves for the differentiation of
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Figure 13. HOXA10 protein expression in LUAD, LUSC
and non-tumor tissues assessed by immunohisto-
chemistry. ABC is normal lung tissue; DEF is LUAD
tissue; GHI is LUSC tissue.

titative assays for 25 lung cancer cell lines and
25 corresponding tumorous and nonmalignant
lung tissue pairs. They found that HOXA10
mMRNA was up-regulated in both lung cancer
cells and tissues, as compared to non-tumor-
ous lung controls. Ludovini et al [29] did not
explore the variation in expression between
NSCLC and non-cancerous lung tissue, but they
observed the consistent presence of HOXA10
during the development of NSCLC. They focused
on the differentially expressed genes in early
relapse (ER) compared to no relapse (NR) in
resected LUAD patients. Two steps experi-
ments were performed: The first step was a
microarray analysis of 18 stage-I LUAD patients
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(13 cases of NR and 5 cases of ER), from which
they identified 50 differentially expressed
genes in ER versus NR. In the second step,
these 50 genes were detected by g-PCR in
an independent cohort of 79 LUAD patients.
HOXA10 was one of the coordinate genes
which was aberrantly expressed as identified
by both microarray and g-PCR. The ER patients
presented with significantly increased expres-
sion of HOXA10, indicating a potential role of
HOXA10 in the development of NSCLC [29].
However, the findings from these two institutes
were based on small sample sizes and need to
be verified using additional detection methods
from multi-centered data with a bigger sample
size.

In the current study, several detection appro-
aches were used to investigate the clinical
role of HOXA10 in NSCLC tissues. We first per-
formed RT-gPCR using 32 cases of LUAD and
23 cases of LUSC clinical tumor-control pair
samples. Consistently, both subtypes of NSCLC
showed overexpression of HOXA10 mRNA in
LUAD and LUSC. Then RNA-sequencing data
from TCGA and GTEx were mined. In 483 cases
of LUAD, HOXA10 mRNA showed an up-regulat-
ed trend, with levels about three times higher
than those of the 347 non-cancerous controls.
Meanwhile, in 486 cases of LUSC, significant
overexpression was observed, with levels about
15 times higher than those of the 338 controls.
We also collected data from GEO and Array-
Express, and 20 studies with 1, 556 cases of
NSCLCs met the inclusion criteria, from which,
most of the microarray data showed elevated
levels of HOXA10. To comprehensively achieve
an overview of HOXA10 mRNA expression in
NSCLC, two types of meta-analyses were car-
ried out, and SMD and sROC were calculated
simultaneously. The combined SMD from all 47
studies including 4, 616 cases was 0.52 (Cl:
0.29-0.75, P < 0.001), a result which was
strongly supported by the combined AUC of
sROC of 0.77 (0.73-0.81). The combined data
indicates that HOXA10 plays a more important
role in LUSC than in LUAD, as the SMD was
1.01 (Cl: 0.12-1.90) in LUSC and 0.33 (CI: 0.05-
0.61) in LUAD. Similar results were observed
for the AUCs from sROC analyses. Finally, we
observed that the HOXA10 protein level appear
to be overexpressed in NSCLC tissues. However,
the sample size from THPA was quite small, and
no statistics calculation was possible. More
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analysis using immunohistochemistry is need-
ed to confirm protein levels of HOXA10 in
NSCLC. Combined findings from in-house qRT-
PCR, RNA-sequencing data, microarray data
and meta-analyses of 4, 616 cases clearly
indicates up-regulated expression levels of
HOXA10, results which are in line with the
report of Calvo et al [30]. Thus, the overexpres-
sion of HOXA10 may play a pivotal role in the
tumorigenesis of NSCLC, and this effect is
observed more clearly in LUSC than in LUAD.

Only one study, performed by Ludovini et al
[29], showed that HOXA10 mRNA increased
more in early relapse lung cancers patients
than in those with no relapse. To explore the
clinical value of HOXA10 in the development of
NSCLC, we attempted to examine the relation-
ship between HOXA10 expression and various
clinicopathological parameters. Since no suffi-
cient data were available for a meta-analysis,
we analyzed a single cohort from RNA sequ-
encing. Interestingly, LUAD patients with higher
level of HOXA10 mRNA tended to have worse
overall survival, and HOXA10 mRNA represent
an independent risk factor for predicting OS in
LUAD patients, with HR being 1.4. When LUAD
and LUSC were combined into a NSCLC cohort,
HOXA10 still showed potential to predict the
0S, with HR of 1.2 (P = 0.065). The prognostic
value of HOXA10 mRNA in NSCLC is consistent
with previous report by Ludovini et al [29],
which demonstrates that overexpression of
HOXA10 mRNA may accelerate the progression
of NSCLC. Nevertheless, the prognostic value
of HOXA10 needs further verification with
multi-centered data.

Next, we intended to interpret what caused the
high expression of HOXA10 in NSCLC and why
the high expression of HOXA10 worsens the
patient’'s outcome. It has been reported that
marked HOXA10 overexpression was related to
elevated fibroblast growth factor 10 (FGF10)
and FGF17. During NSCLC development in ani-
mal model, the WNT pathway affects cell fate,
polarity, and proliferation, and WNT7a has been
documented in the maintenance of HOXA10
expression. A homozygous deletion of beta-
catenin in the mesothelioma was found to be
related to reduced WNT7a and the lowest
overall cell line expression of HOXA1, HOXA7,
HOXA9, and HOXA10. Hence, alterations in
regulatory circuits involving WNT, some HOX
family members, including HOXA10, and FGF
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pathways exist recurrently in NSCLCs [30].
HOXA10 could also function as the target of
some non-coding RNAs in lung cancers. A study
focusing on a computational framework per-
formed a competing endogenous RNA net-
work construction, which inferred that IncRNA
ENSGO0000240990 competed with HOXA10
to absorb hsa-let-7a/b/f/g-5p and influence the
survival of LUAD patients [51]. In the current
study, we inferred the relative signal pathways
through which HOXA10 executes its function in
NSCLC by collecting co-expressed genes with
HOXA10 and performing pathway analysis. The
KEGG results showed that the top-ranking
pathways included several vital pathways in the
development of malignant tumors, such as the
pathways of cell cycle, cell adhesion molecules,
p53 signaling, and adherens junction, etc.
HOXA10 may play a role in the malignant pro-
gression of NSCLC by affecting these pathways.
The results of PPl also found that HOXA10 is
closely linked to some genes. At the same time,
it is not surprising that other members of the
HOX family and HOXA10 formed a structural
loop. Due to the limited reports of mechanism
of HOXA10 in NSCLC, more in vitro and in vivo
experiments, as well as clinical experiments
need to be supplemented.

In summary, this study comprehensively dem-
onstrated the high expression status of HOXA-
10 in NSCLC tissues from a variety of examin-
ing methods, from mRNA to protein levels. The
findings based on 4, 616 cases clearly indicate
that high levels of HOXA10 play an important
role in tumor formation and progression in
NSCLC from individual studies to comprehen-
sive meta-analysis. However, the value of
HOXA10 in judging the prognosis in NSCLC
patients and the molecular mechanism of its
function need further study.
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