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Abstract 

Lung cancer is the leading cause of cancer mortality worldwide and tumor metastasis is the major 
cause of cancer-related death. Our previous study suggested that Homeobox A5 (HOXA5) could 
inhibit lung cancer cell invasion via regulating cytoskeletal remodeling and involved in tumor 
metastasis. Recently, consensus HOX binding sites was found in the p53 gene promoter region. 
However, whether the HOXA5 could cooperate with p53 and contribute the inhibition of lung 
cancer cell invasion is still unclear. The aim of the current study is to elucidate the correlation of 
HOXA5 and p53 in tumor invasion and its prognostic influence in lung cancer patient specimens. 
Totally 71 cases of primary non-small cell lung cancer (NSCLC) were collected. The median 
follow-up period is 6.8 years. Immunohistochemical stain for p53 and HOXA5 were performed. 
Kaplan-Meier plot was done for overall survival analysis. In addition, lung cancer cell lines 
transfected with wild-type or mutated p53 constructs were overexpressed with HOXA5 for 
invasion assay. In human specimens, HOXA5 expressed mainly in the cytoplasm (54.1%) rather 
than nuclei (14.6%) of the NSCLC tumor part. The HOXA5 expression is higher in 
adenocarcinoma than in squamous cell carcinoma (P < 0.001). In addition, poor prognosis is seen 
in group with both non-immunoreactive for p53 and HOXA5. HOXA5 and p53 could cooperate 
to inhibit tumor cell invasion significantly partly by decreasing MMP2 activity in a 
concentration-dependent manner. Our studies provide new insights into how HOXA5 and p53 
cooperate to contribute to the suppression of lung cancer cell invasion and play good prognostic 
roles in NSCLC. 
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Introduction 
Although lung cancer is not the most common 

cancer, it is the leading cause of cancer mortality 
worldwide. Lung cancer accounting for more than 1.6 

million people received a new diagnosis, comprising 
13% of all new cancer diagnoses, and 1.4 million died 
of lung cancer, which was 18% of all cancer deaths 
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[1-4]. Pathologic assessment of lung cancers is a 
crucial component for the diagnosis, management, 
and prognosis of lung cancer [5,6]. In addition, 
prognostic factors are usually important for 
physicians and patients to realize the outcome of the 
treatment plan. Selective diagnostic techniques, 
including immunohistochemical panels, and decision 
analysis will not only increase diagnostic accuracy but 
also provide more information of prognosis [1,7].  

Homeobox transcription factors modulate 
signaling pathways controlling organ morphogenesis 
and maintain cell fate and differentiation in adults 
[8,9]. Recently, the involvement of Hox genes in 
organogenesis, especially in lung, has been discussed 
extensively [10,11]. The underlying mechanisms of 
HOXA5 in lung development may modulate by Notch 
signaling [12]. HOXA5 involves not only in normal 
lung development, but also in tumorigenesis. Several 
studies reported that the methylation status of 
HOXA5 gene may contribute to the tumor prognosis 
[13-15]. HOXA5 methylation is also presence in the 
lung cancer [16,17]. There is about 81.3% of non-small 
cell lung cancer (NSCLC) presence of HOXA5 
promoter methylation. In addition, RT-PCR and 
immunohistochemical analysis showed that HOXA5 
methylation correlates with gene expression [17]. Our 
previous study showed that the expression of HOXA5 
is higher in less invasive cells than in highly invasive 
cells. In addition, overexpression of HOXA5 gene 
could inhibit the invasive ability of lung cancer cells 
[18]. Therefore, we suggested HOXA5 would be an 
invasive suppressor in NSCLC. 

Expression of the p53 gene protects cells against 
malignant transformation [19-21]. Recently, consensus 
HOX binding sites in the p53 promoter was found and 
transient transfection of HOXA5 could activate the 
p53 promoter [22]. Loss of p53 expression in human 
breast cancer may be primarily due to the lack of 
HOXA5 expression [22]. Although our recent study 
suggested that HOXA5 might suppress lung cancer 
metastasis via cytoskeleton remodeling regulation 
[18], no further investigation was done to see the 
correlation between p53 and HOXA5 in NSCLC. The 
prognostic influence of p53 in NSCLC was reported 
and it is logical to hypothesize HOXA5, a tumor 
suppressor gene, may also associate with prognosis in 
NSCLC [18,21,23]. Thus, the aim of the current study 
is to investigate the expression of HOXA5 and p53 
proteins in resected NSCLC samples by using 
immunohistochemical analyses and correlated these 
expression patterns with the lung cancer patients’ 
clinicopathological characteristics. Furthermore, the 
combined effects of p53 and HOXA5 gene expression 
on cancer cell invasion will also be determined in 
NSCLC cell lines.  

Materials and Methods 
Cell culture 

All cell lines, including H1299 (ATCC 
CRL-5803), NCI-H322M, and NCI-H522 (ATCC 
CRL-5810), were maintained at 37°C in a humidified 
atmosphere containing 5% CO2. Cells were cultured 
in DMEM or RPMI 1640 medium (Life Technologies, 
Rockville, MD, USA) supplemented with 10% 
heat-inactivated fetal bovine serum (FBS; Life 
Technologies) and 1% penicillin-streptomycin (Life 
Technologies). 

Plasmids and transfection 
The HOXA5 expression plasmid 

pcDNA3.1-HOXA5 was constructed by cloning the 
full-length human HOXA5 cDNA from the previous 
study [18]. The expression vectors for human p53 
wild-type and mutants were gifts from Dr. T.-M. 
Hong. All transfection experiments were carried out 
with Lipofectamine 2000 reagents (Invitrogen) 
according to the manufacturer’s instructions.  

In vitro invasion assay 
The invasiveness of tested cells transfected with 

HOXA5, various p53 mutant constructs or vector 
alone was examined in a transwell assay using 
chambers (8-μm pore size; Corning Costar, 
Cambridge, MA, USA) and transwell filters coated 
with Matrigel (BD Biosciences, Franklin Lakes, NJ, 
USA), as described previously [18]. The number of 
cells attached to the lower surface of the 
polycarbonate filter was determined under a light 
microscope at 400× magnification. 

Gelatin zymography assay 
Cells were plated at a density of 5×105 cells/well 

in 6-well plates for 6 hours and then cultured in 
serum-free medium for another 16 hours. For MMP-2 
activity detection, conditioned medium were 
prepared without boiling or reduction and subjected 
to SDS polyacrylamide gels containing 0.1% gelatin. 
After electrophoresis, the gels were washed with 2.5% 
Triton X-100 for 30 min and incubated in a developing 
buffer (50 mM Tris-HCl, pH 8.0, 0.2 M NaCl, 5 mM 
CaCl2, 0.02% Brij35) at 37℃ for 24 hours. Finally, the 
gel was stained with Commassie brilliant blue R-250.  

Patients 
 We retrospectively randomly selected cases 

received thoracic surgery in two hospitals 
(SKWHSMH and CTH) between 2000 and 2003. All of 
these cases had no family history of lung cancer or 
malignancy in first-degree relatives as judged by 
interviews at the time of admission for surgery. All 
the patients with malignant disease had received 
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routine pulmonary pneumonectomy, lobectomy or 
wedge resection. We further exclude subjects have 
been received chemotherapy or radiation therapy 
before resection. Finally, 71 cases of primary NSCLC 
were collected. All clinical charts and histopathology 
reports of patients were reviewed regarding age, 
gender, tumor size, location, histological subtype, 
differentiation grade, lymph nodes metastasis or 
distant metastasis and TMN staging. All cases were 
followed from 3 to 10 years. The median follow up 
period of study subjects is 6.8 years. The overall 
survival was also recorded. All enrolled cases were 
de-linked anonymously for protection and this study 
protocol was approved by the institutional review 
board of Shin Kong Wu Ho-Su Memorial Hospital 
and Cardinal Tien Hospital. Finally, by using the 
Kaplan Meier-plotter online database (GSE50081 
cohort), another 181 patients with NSCLC was also 
applied in the prognosis analysis. 

Histology, immunohistochemistry and scoring 
 The constructed tissue array paraffin embedded 

blocks were in 5 μm-thick sections to perform H&E 
stain. In every case, carcinoma type, cell 
differentiation grade, growth pattern, tumor cell 
nuclear morphology, metaplasia, calcification, 
necrosis, mitosis count and other specific 
differentiation were re-checked by pathologist (YLC). 
IHC stains were performed, using the Ventana 
BenchMark XT automated stainer (Ventana, Tucson, 
AZ). Briefly, 4 μm-thick sections were consecutively 
from formalin-fixed, paraffin-embedded tissue. 
Sections were mounted on silanized slides and 
allowed to dry overnight at 37°C. After 
deparaffinization and rehydratation, slides were 
incubated with 3% hydrogen peroxide solution for 5 
min. After a washing procedure with the supplied 
buffer, tissue sections were repaired for 40 min with 
ethylenediamine tetraacetic acid. The slides were 
again incubated with the primary antibody for 60 
minutes at 37°C and then overnight at 4°C. The 
primary antibodies, p53 (1:50, Novus) and HOXA5 
(1:50, Abcam) were performed. After three rinses in 
buffer, the slides were incubated with the secondary 
antibodies (unbiotinylated antibody, EnVisionTM 
System, HRP, anti-mouse/rabbit, DakoCytomation). 
Tissue staining were visualized with a DAB substrate 
chromogen solution (DakoCytomation). Slides were 
counterstained with hematoxylin, dehydrated, and 
mounted. Each run included, for each patient, 
phosphate buffered solution (PBS) used as the 
primary antibody for the negative controls, while 
samples known to express these markers strongly 
served as the positive controls. Experienced 

pathologist reviewed the immunohistochemical slides 
and immuno-staining intensity results were recorded 
as 0 for no staining, 1 for faint, 2 for moderate, and 3 
for intense staining. Staining percentage of each core 
from 0% to 100% was also recorded. Then, H-score 
from 0 to 300 was used by multiply staining intensity 
and percentage of each core. Finally, immunostaining 
result was classified as negative while H-score lesser 
than 150 (included) and classified as positive while 
H-score more than 150.  

Statistical analyses  
Statistical analyses were all performed using 

SPSS-18.0 software (SPSS Inc., Chicago, IL). All data 
were tested for normal distribution with 
Kolmogorov–Smirnov test and for homogeneity of 
variances with Levene’s test. To test for differences 
between positive and negative of 
immunohistochemical expression, chi-square analysis 
was performed for categorical variables. To observe 
the difference between invasion assay results, t-test 
was used. Finally, Kaplan-Meier plot was done and 
the overall survival was calculated by the log-rank 
test. In addition, the online tool Kaplan Meier-plotter 
[24] was also used to generate a validation set of 
Kaplan-Meier curves based on the expression of p53 
and HOXA5. Overall survival of lung cancer patients 
was stratified using the “Auto select best cutoff” 
feature. All statistical tests were two-sided and 
considered statistically significant when p < 0.05. 

Results 
Clinicopathological features of p53 and 
HOXA5 expression in non-small cell lung 
cancer 

The relationship between clinicopathologic 
features and HOXA5 or p53 expression in NSCLC was 
summarized in Table 1. Among all characteristics, age 
and carcinoma cell type showed significant 
differences in HOXA5 expression. Young age (< 65 
years old) and adenocarcinoma were the two clinical 
features with higher HOXA5 expression rate (P = 
0.009 and P = 0.036, respectively). However, p53 
expression was more frequent in squamous cell 
carcinoma than adenocarcinoma (P < 0.001). No 
significant associations were observed between 
HOXA5 or p53 expression and gender or tumor 
differentiation status. In addition, there was no 
significant difference in the expression ratio of early 
stage (stage I and II) and late stage (stage III and IV). 
This may indicated that HOXA5 involves in the early 
stage of the lung tumorigenesis. 
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Table 1. Chi square test of different clinicopathological 
parameters and biomarkers of p53 and HOXA5 

 P53 HOXA5 
 (+) (-) P value (+) (-) P value 
Age (year)  
＜65 9 (29%) 22 (71%) 0.845 17 (55%) 14 (45%) 0.009 
≧65 12 (30%) 28 (70%) 9 (23%) 31 (77%) 
Gender  
Male 17 (35%) 31 (65%) 0.218 15 (31%) 33 (69%) 0.239 
Female 4 (17%) 19 (83%) 11 (48%) 12 (52%) 
Type  
SCC 11 (61%) 7 (39%) < 0.001 3 (17%) 15 (83%) 0.036 
AdCa 10 (19%) 43 (81%) 23 (43%) 30 (57%) 
Differentiation  
Well 1 (13%) 7 (87%) 0.406 2 (25%) 6 (75%) 0.141 
Moderate 12 (29%) 29 (71%) 19 (46%) 23 (54%) 
Poor 8 (36%) 14 (64%) 5 (23%) 17 (77%) 
Stage  
I, II 17 (31%) 38 (69%) 0.909 21 (38%) 34 (62%) 0.927 
III, IV 4 (25%) 12 (75%) 5 (31%) 11 (69%) 
SCC = Squamous cell carcinoma; AdCa = Adenocarcinoma. 
Data are shown as number (percentage). 

 

Expression patterns of HOXA5/p53 and 
prognosis significance 

HOXA5 is a transcription factor. Therefore, the 
localization will determine the effect of HOXA5 in the 
lung cancer tumorigenesis. As shown in Figure 1, the 
HOXA5 protein expression was detected mostly in the 
nuclei of the non-tumor part using 
immunohistochemical stain (P < 0.05). On the 
contrary, the expression pattern of HOXA5 protein in 
the tumor part was mainly cytoplasmic staining 
pattern (54.1%) or even lost its expression (31.3%). The 
expression details were shown in the Table S1. Unlike 
HOXA5, the expression of p53 was only in the nuclei 
in all detected NSCLC specimens (Figure 1A). We 
then investigated the prognostic significances of p53 
and HOXA5 expression status in NSCLCs by log-rank 
test of Kaplan-Meier plot. As we know the expression 
of p53 protects cells against malignant transformation, 
we further subgrouped all the study subjects into 
three groups [p53 (+) with regardless of HOXA5 
expression, p53 (-) and HOXA5 (+), and p53 (-) and 
HOXA5 (-)] according to their different staining 
patterns. Representative images of HOXA5/ 
p53-positive and -negative NSCLC specimens were 
shown in Figure 2A. As shown in Figure 2B, the 
patients within the p53 (-) and HOXA5 (-) group had a 
significantly poorer overall survival than the other 
two groups (P = 0.033). We further validated the 
prognostic value of p53 and HOXA5 mRNA 
expression in lung cancer patients by using the 
Kaplan Meier-plotter online database (GSE50081 
cohort; n=181). Group with high mRNA expression 
levels of both p53 and HOXA5 is associated with 
better overall survival in lung cancer patients, 
HR=0.46 (0.29-0.75), P=0.0015 (Figure 2C). Our 

patient’s specimen results were consistent with the 
online database. 

 
 

 
Figure 1. The immunoreactive location of p53 and HOXA5 in non-small cell 
lung cancer. The immunoreactive location of p53 and HOXA5 are different in non-small 
cell lung cancer. (A) The expression location of p53 is mainly in the nuclei while HOXA5 
expressed mainly in the cytoplasm of the tumor part. All pictures were taken in 400X. The 
HOXA5 H-score of nuclear staining is significantly lower in tumor part (B) while no 
significant difference for cytoplasmic staining pattern in both tumor and non-tumor part (C). 
*, P < 0.05. 

 

Effects of HOXA5 and various p53 constructs 
on H1299 cell invasion 

 In our previous study, we found that HOXA5 
expression could significantly inhibit human lung 
adenocarcinoma CL1-5 cell migration and invasion 
capabilities [18]. However, whether the cooperation 
between HOXA5 and p53 could enhance this 
inhibition effect is still unknown. To determine the 
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effects of combined HOXA5 and p53 overexpression 
on lung cancer cell invasion, H1299 cells, a p53-null 
cell line was chosen. First, various human p53 cDNA 
wild-typed or mutated expression vectors or control 
vectors were transiently transfected into H1299 cells 
and performed in vitro invasion assays. As shown in 
Figure 3A, wild-typed p53 expression could 
significantly inhibit H1299 cell invasive capabilities 
compared with pCEP4 vector control while p53 
R248W mutant increases H1299 cell invasion. Then, 
HOXA5 expression or control vector was either 
transiently transfected or cotransfected with various 
p53 expression constructs into H1299 cells and 
conducted invasion assays. Consistence with previous 
results, there was a significant decrease in the invasive 
potential of the HOXA5-transfected H1299 cells when 
compared with vector control transfectants. In 
addition, cotransfection of HOXA5 and wild-typed 
p53, p53 V173L or p53 L22Q/W23S mutated 
expression constructs could further lower the invasive 
capabilities of H1299 cells (Figure 3B). To further 
address the effect of HOXA5 expression on 
p53-mutated lung cancer cell invasive capability, 
NCI-H322M (p53 R248L) and NCI-H522 (p53 P191 
frameshift) cells were transiently transfected with 
HOXA5 expression or control vectors to perform the 
invasion assays (Figure S1). Overexpression of 
HOXA5 could significantly inhibit both lung cancer 
cells invasive capabilities regardless of p53 genetic 
background (P < 0.05).  

The cooperative effects of HOXA5 and p53 on 
MMP2 activity 

 Matrix metalloproteinases (MMPs) have been 
found to play an important role in lymphatic and 
vascular invasion of lung cancer [25]. In addition, p53 
is known to modulate MMP2 expression [26]. We 
cotransfected HOXA5 and p53 expression vectors in 
different concentrations and determined the invasive 
potential of H1299 transfectants. The results showed 
that overexpression of both HOXA5 and p53 could 
inhibit the H1299 cell invasive capabilities in a 
concentration-dependent manner (Figure 4A). 
Moreover, to determine whether MMPs are activated 
by HOXA5 and p53, we used gelatin zymography to 
assess the enzyme activity of MMPs in HOXA5/p53 
cotransfected cells. The results revealed that 
overexpression of HOXA5 and p53 significantly 
decreased the activity of MMP2 also in a 
concentration-dependent manner, while that of 
MMP9 was unaltered (Figure 4B).  

Discussion 
The results of this study showed that the 

expression of HOXA5 in NSCLC was associated with 

different lung cancer subtype, higher expression ratio 
in adenocarcinoma than squamous cell carcinoma in 
human specimens. Moreover, HOXA5 expressed 
mainly in the cytoplasm or loss its expression rather 
than that in the nuclei of the NSCLC tumor part. This 
indicates that HOXA5 may loss its function as being a 
transcription factor of a tumor suppressor gene. 
Furthermore, our data showed that overexpression of 
HOXA5 could reduce invasion abilities in different 
lung cancer cell lines via a p53-independent pathway. 
HOXA5-overexpressing H1299 cells transfected with 
wild type p53 further decreased invasive ability and 
had a concentration-dependent effect. The suppressed 
invasive ability of HOXA5-overexpressing cells 
would be partly due to the inhibition of MMP-2 
activity. When applied p53 and HOXA5 as prognostic 
factor for NSCLC patients, poorest prognosis is seen 
in group with both non-immunoreactive for p53 and 
HOXA5. To further confirm our findings, the Kaplan 
Meier-plotter online database (GSE50081 cohort; 
n=181) was applied. Group with high mRNA 
expression levels of both p53 and HOXA5 is 
associated with better overall survival in lung cancer 
patients which was consistent with our results. In 
summary, HOXA5 inhibits tumor cell invasion partly 
by decreasing MMP-2 activity and could serve as a 
good prognostic factor in NSCLC especially when p53 
loss of function. 

Previous study identified consensus HOX 
binding sites in the p53 promoter and HOXA5 could 
activate p53 transcriptional expression [22]. 
Expression of HOXA5 in cancer cells expressing 
wild-type p53, but not in isogenic variants lacking the 
p53 gene, led to apoptotic cell death [22]. Moreover, 
loss of HOXA5 expression could result in Twist 
activation and cause aberrant cell cycle regulation 
which finally promoted the breast tumorigenesis [27]. 
Using a p53-promoter-reporter system, HOXA5 could 
partially restore the inhibitory effects of Twist on p53 
target genes. In summary, these data showed that loss 
of HOXA5 expression in human breast cancer may 
lead to the loss of p53 expression. However, it seems 
to have another mechanism in NSCLC according to 
our results. Squamous cell carcinoma showed higher 
p53 expression ratio but the HOXA5 expression is 
higher in adenocarcinoma. Furthermore, regardless of 
HOXA5 expression, expression of p53 in NSCLC have 
better prognosis. In the animal model, the presence of 
one Hoxa5 mutant allele had no impact on mammary 
tumor formation. In contrast, the complete loss of 
Hoxa5 function influenced the tumorigenic outcome 
of p53 (+/-) mammary glands. However, the 
collaborative nature of this interaction did not depend 
on the transcriptional regulation of p53 by Hoxa5 [28].  
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Figure 2. The p53 and HOXA5 expression levels and clinical outcome correlations. (A) The expression intensity examples of p53 and HOXA5 in non-small cell lung cancer. The 
intensity is from non-expression (0) to highest expression intensity (3+). The expression location of p53 is mainly in the nuclei while HOXA5 expressed mainly in the cytoplasm. All pictures 
were taken in 400X. (B) Kaplan-Meier plot of overall survival by different expression status of p53 and HOXA5. p53 (+) = group with cases were immunoreactive for p53 and regardless of 
HOXA5 immunoexpression. p53 (-) and HOXA5 (+) = group with cases were non-immunoreactive for p53 and cytoplasmic immunoreactive for HOXA5. p53 (-) and HOXA5 (-) = group with 
all cases were both non-immunoreactive for p53 and HOXA5. (C) The prognostic value of p53 and HOXA5 expressions in lung cancer patients (GSE50081 cohort; n=181). The desired 
Affymetrix ID is valid: 201746_at (p53) and 213844_at (HOXA5). Data was analyzed by using Kaplan-Meier plotter. 
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Figure 3. HOXA5 overexpression and different p53 mutants co-transfection could change cell invasive abilities in H1299 cells. The influence of different p53 mutants on 
invasion activity in H1299 cells. (A) Upper panel, representative images of invasion assay. Lower panel, densitometry evaluation for invasive cells. Means of treatments are significantly different 
from vector control group (each experiment was performed in triplicate), mean ± SD; *, P < 0.05. (B) When we transfected HOXA5 in H1299 cells, the invaded cells were decreased about 
one-thirds as compared with pcDNA3.1 vector (#, P < 0.05). Then we transfected different p53 mutants into stably HOXA5- expressing H1299 cells to determine the cell invasive abilities. 
Each experiment was performed in triplicate, mean ± SD; *, P < 0.05, compared to pCEP4 vector control. 
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Figure 4. Co-expression of HOXA5 and wild type p53 could cooperatively inhibit invasion ability and decrease MMP-2 activity in H1299 cells. (A) Upper panel, 
representative images of invasion assay. Lower panel, densitometry evaluation for invasive cells. Means of treatments are significantly different from vector control group. Each experiment was 
performed in triplicate, mean ± SD; *, P < 0.05. (B) Zymography assay. Means of treatments are significantly different from vector group. Each experiment was performed in duplicate. 

 
Our results showed different invasion abilities in 

different p53 mutant genotypes of H1299 cells. For 
example, to study the possible role for the p53 
N-terminus, a doubly mutated form of human p53, 
L22Q/W23S, was examined. Previous studies showed 
that these transactivation domain residues may 
interact with a number of proteins including Mdm2, 
adenovirus E1B [29], TAFs [30] and p300 [31]. In 
addition, p53-V173L, p53-R175H and p53-H179Q are 
commonly found in human cancers [32]. Moreover, 
several p53 hotspot mutations (R175H, R248W and 
R273H) were found not only lost p53-dependent 

tumor suppressor activities, but also acquired new 
oncogenic activities to promote progression of cancers 
[33]. When HOXA5 was transfected into the H1299 
cell, the invasion ability was decreased in about one 
third of the total number of invasive cells. Even under 
the induction of p53 mutant proteins in H1299 cells, 
HOXA5 overexpression could significantly lower 
cancer cell invasive capabilities. These results 
suggested that after overexpression of HOXA5 might 
activate or suppress the expression levels of some 
downstream target genes and these effects could 
overcome the influences of various p53 mutants in the 



 Journal of Cancer 2017, Vol. 8 

 
http://www.jcancer.org 

1079 

lung cancer cells. Moreover, other p53 mutant cell 
lines (H522 and H322M) transfected with HOXA5 still 
keep its ability to decrease invasion capabilities. These 
results are consistent with our previous study using 
different cell lines of A549, PE089 and CL1-5 cells in 
invasion assays [18].  

To further explore the invasion-related targets 
regulated by HOXA5 and p53, MMP-2 and MMP-9 
were detected. MMP-2 expression level was decreased 
in a concentration-dependent manner when 
transfected with HOXA5 and wild type p53 
expression vectors. Although previous study showed 
that p53 could modulate the expression of MMP2 [26], 
whether HOXA5 could regulate MMP2 expression is 
unclear so far. We predicted the potential 
transcription factor binding sites in MMP2 promoter 
and found several HOXA5 binding sites were located 
in it. Our preliminary data suggested that HOXA5 
could decrease MMP-2 mRNA expression levels in a 
concentration-dependent manner (data not shown). 
Overexpression of HOXA5 and p53 significantly 
decreased the activity of MMP2 in a 
concentration-dependent manner, while that of 
MMP9 was unaltered. Although further study needs 
to clarify the roles of HOXA5 and MMP2 promoter 
regulation, it provides some clues that HOXA5 could 
cooperate with p53 in cancer cell invasion inhibition 
through modulating MMP2 expression and activity. 
To our knowledge, this is the first study demonstrate 
the association between HOXA5 and tumor invasion 
with and without p53 mutation in NSCLC. 

HOXA5 is normally expressed in the nuclei as a 
transcription factor. In the studies done by Boucherat 
et al. and Garin et al., the immunostaining pattern of 
HOXA5 was located in the pulmonary epithelium 
nuclei during the pulmonary development [12,34]. 
However, another study found different expression 
pattern in the pulmonary malignancy. By 
immunohistochemical analysis, HOXA5 was localized 
in the cytoplasm of tumor cells in both 
adenocarcinoma and squamous cell carcinoma tissues 
with different expression levels [16]. These results 
suggest that the disordered patterns of HOX gene 
expressions were involved not only in the 
development of NSCLC but also in the histologically 
aberrant diversity of NSCLC types [16]. Similar result 
was also found in the breast cancer. Loss expression of 
HOXA5 nuclear staining in invasive carcinoma was 
seen when compared with normal breast tissue. Our 
data showed similar results that HOXA5 located 
mostly in the nuclei of the non-tumor part but mainly 
in cytoplasm of the tumor part. HOX proteins have 
been known to have other functions than serving as a 
transcription factor [16]. For example, the 
homeodomain of HOX proteins might bind to other 

proteins and modulate their activities [35]. Therefore, 
we could not rule out the possibility that HOXA5 
might interact with other proteins in the cytoplasm, 
interfere with the translocation of HOXA5 into 
nucleus and loss its transcriptional role in the lung 
tumor tissue. However, this issue should be 
addressed in the further studies. 

Nearly 70% of breast cancer decreased HOXA5 
protein levels when compared to normal breast 
tissues. However, the survival rate amongst the 
different low levels of HOXA5 expressing breast 
tumors was not significant [36]. Not only in breast 
cancer, Kim et al. found that there was no influence of 
HOXA5 methylation on survival in all NSCLC or at 
stages II-IV. However, in the patients with stage I 
NSCLC, HOXA5 methylation was associated with a 
borderline significance of poor survival [17]. On the 
contrary, oral squamous cell carcinoma patients 
presenting lower expression of HOXA5 had poorer 
prognosis when compared to those with higher 
expression [37]. Our results supported that HOXA5 
would be a prognostic factor if p53 was considered in 
the study population. Lower expression of HOXA5 
could serve as a poor prognostic factor mainly in p53 
non-immunoreactive NSCLC patients. Recent studies 
reported that three miroRNAs, miR-196a, miR-130, 
and miR-1271, could regulate NSCLC cell 
proliferation, invasion, migration, and angiogenesis 
via the downregulation of HOXA5 [38-40]. Thus, 
these microRNAs might represent potential 
therapeutic targets for NSCLC intervention. 

The strength of the current study is the first 
study evaluates the correlation between HOXA5 and 
MMP in NSCLC. In addition, the role of p53 status 
involved in HOXA5-mediated cancer cell invasive 
inhibition is also considered in the current study. 
Finally, follow-up was also done for further validate 
the clinical significance of the HOXA5 in NSCLC with 
or without p53 expression. Still, there are several 
limitations in the present study. First, no genetic 
mutation tests were done. Therefore, it cannot be seen 
the correlation between HOXA5 and other mutation 
such as EGFR mutation and ALK translocation. 
However, in our previous study we found that 
HOXA5 expression was associated with better clinical 
outcome in NSCLC patients with wild-type EGFR 
[18]. In addition, methylation of the HOXA5 gene was 
seen in some cancers and we did not perform the 
methylation tests in the current study. According to 
the report done by Kim et al., HOXA5 methylation 
might be observed in about 81.3% of the NSCLC and 
correlated with gene expression which is supported 
by RT-PCR and immunohistochemical analysis [17]. 
Therefore, this influence may be low for us to realize 
the inhibition ability of HOXA5 in tumor invasion and 
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correlate the HOXA5 expression levels in prognosis. 
At last, although there are follow-up data in the 
present study, relative small cases number and short 
follow-up periods may limit the interpretation of the 
results. However, we adapted another online data of 
181 NSCLC patients to validate our findings which 
may also minimize the bias. 

In conclusion, our results showed that 
overexpression of HOXA5 could reduce invasion 
abilities in several lung cancer cell lines via a 
p53-independent pathway. Furthermore, 
HOXA5-overexpressing H1299 cells transfected with 
wild type p53 could further decrease invasive ability 
and has a concentration-dependent effect. The 
suppressed invasive ability of HOXA5- 
overexpressing cells would be partly due to the 
inhibition of MMP-2 activity. Therefore, loss 
expression of both p53 and HOXA5 in human NSCLC 
specimen showed poorest prognosis when compared 
with either p53 or HOXA5 expression groups. All 
these efforts will provide the clues to interpret the 
molecular mechanisms of HOXA5 and p53 are 
invasion suppressors and could develop 
targeted-therapeutic strategies in NSCLC. 
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