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High HOXD4 protein expression in gastric adenocarcinoma 
tissues indicates unfavorable clinical outcomes
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INTRODUCTION

Gastric adenocarcinoma comprises 90% of  cancers that 
occur in stomach and it is recognized as the second most 

common cancer all over the world.[1,2] Approximately 
95% of  gastric adenocarcinomas are malignant types 
and contribute to the majority of  cancer‑related 
deaths.[3] Current gastric adenocarcinoma therapies 
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include surgical resection, adjuvant chemotherapy, 
and radiotherapy. Despite the advances in therapies 
that have been achieved over the past three decades, 
patients with unresectable gastric cancer have a very 
poor prognosis, and the 5‑year overall survival ranges 
from 8% to 20%.[4] Therefore, there is an urgent need 
to explore the progression and metastatic mechanism of  
gastric adenocarcinoma and identify novel prognostic 
biomarkers for more effective postoperative follow‑up, 
as well as developing new therapeutic targets.

The homeobox  (HOX) proteins play crucial roles in 
the early development of  embryos and organs.[5] They 
are involved in the development of  vertebrae, external 
genitalia, gastrointestinal tract and central nervous system.[6] 
Moreover, HOX proteins can regulate the proliferation 
and differentiation capacities of  hematopoietic cells. 
Aberrant high expression of  HOX gene was reported to be 
associated with the pathogenesis of  leukemia.[7] The HOX 
proteins can be divided into four similar clusters, namely 
HOXA, HOXB, HOXC, and HOXD. The role of  HOXD 
proteins on upregulating proliferation and differentiation 
of  neuroblastoma cells has been previously reported.[8] 
Accumulating evidence shows that high HOXD expression 
is related to the progression of  diverse types of  human 
tumors, such as prostate cancer, osteosarcoma, gastric 
cancer and bladder cancer.[9,10] As a member of  the HOXD 
cluster genes, homeobox D4  (HOXD4) is located on 
human chromosome 2q31.1 and is differentially expressed 
with high tissue specificity. Endogenous HOXD4 protein 
expression has been detected in brain, heart, lung, small 
intestine and spinal cord.[11] Therefore, it has been well 
acknowledged that HOXD4 plays an important role in 
the early mammalian development. Interestingly, recent 
evidence revealed that HOXD4 was widely expressed in 
glioma tissues and showed potential effects on promoting 
glioma progression.[8] In addition, the expression pattern of  
HOXD4 was consistent with the oncogenic characteristics 
in a mice model for breast cancer.[12] However, the 
role of  HOXD4 in the progression of  human gastric 
adenocarcinoma has not been identified up to now.

In the current study, we first examined the protein and 
RNA levels of  HOXD4 in gastric adenocarcinoma 
tissues and adjacent non‑tumorous gastric tissues. 
Since we identified a positive correlation between high 
HOXD4 level and lymph node metastasis of  gastric 
adenocarcinoma patients, we next conducted statistical 
analyses and cellular experiments to further explore the 
potential underlying mechanisms and clinical significance 
of  HOXD4 in gastric adenocarcinoma.

PATIENTS AND METHODS

Patients and samples
This study was approved by the Ethic Committee 
of  Yidu Central Hospital of  Weifang and written 
informed consent was obtained from all participants. 
Seventeen pairs of  resected gastric adenocarcinoma 
samples and adjacent non‑tumorous gastric tissues were 
obtained from the Department of  Surgery, which were 
fresh‑frozen with liquid nitrogen for further RNA analysis. 
Besides, we randomly selected 127 patients with gastric 
adenocarcinoma from Yidu Central Hospital of  Weifang. 
All these patients underwent surgical resection during May 
2007–February 2016. For all enrolled patients, we collected 
their formalin‑fixed paraffin‑embedded  (FFPE) gastric 
adenocarcinoma tissues and matched adjacent stomach 
tissues. Only patients who survived more than 12 months 
after surgery were enrolled and the median survival time 
was 53 months. All enrolled patients were followed up until 
death or the end of  our study (March 2017), ranging from 
15 to 84 months. At the end of  the follow‑up period, a total 
of  51 patients had succumbed to gastric adenocarcinoma. 
All the specimens used in the present study were confirmed 
by histological examination. We classified patients into 
T1–T4 based on the AJCC TNM tumor staging system.[13]

Immunohistochemistry staining
Immunohistochemistry (IHC) staining for HOXD4 was 
carried out by using the standard protocol as described by 
others.[14] Briefly, 6 μm serial sections were dried at 70°C and 
then deparaffinized with xylene and rehydrated in alcohol. 
The microwave antigen retrieval was carried out in pH 6.0 
citrate buffer. Subsequently, specimens were incubated with 
the rabbit antihuman HOXD4 antibody (1:1000 dilution; 
Cat. No. PA5‑64441; Invitrogen, Carlsbad, USA) 
overnight. On the next day, the slide sections were washed, 
and their immunoreactivities were visualized by using 
poly‑horseradish peroxidase‑conjugated immunoglobulin 
G  (HRP IgG) and 3,3′‑diaminobenzidine substrates. 
Primary antibody was replaced with phosphate‑buffered 
saline as the negative control.

Immunohistochemistry scoring
The stained slides were examined and scored by two 
independent investigators at a 400×  magnification, 
and six fields of  each section were randomly selected. 
Staining intensity was divided into four grades as follows: 
1  (negative), 2  (weak), 3  (moderate), and 4  (strong). 
The average staining percentage was scored as follows: 
1 (<25%), 2 (25–50%), 3 (51–75%), and 4 (>75%). The 
IHC score was finally determined by multiplying the 
intensity score by the staining percentage score.[15] To better 
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evaluate the clinical significance of  HOXD4 in gastric 
adenocarcinoma, patients were divided into high‑HOXD4 
expression group (IHC score ≥7, n = 68) and low‑HOXD4 
expression group (IHC score  <7, n  =  59) according 
to the cutoff  value determined by receiver operating 
characteristic (ROC) curve.

Quantitative real‑time polymerase chain reaction
Total RNA was extracted from fresh‑frozen specimens 
by using the Trizol reagent  (Invitrogen, Carlsbad, USA) 
following a standard protocol. Then, the RNA was reversely 
transcribed into cDNA by using the Primer‑Script RT 
Enzyme Mix  (Invitrogen, Carlsbad, USA). Quantitative 
RT‑PCR was finally carried out using the SYBR Premix 
Ex Tag  (Takara, Japan) according to the manufacturer's  
instructions. GAPDH was used as the normalization 
control, and the primers were presented as followings:
•	 HOXD4‑Forward: 5′‑TTCTGGCCCTCAGTGAA 

TGG‑3′
•	 HOXD4‑Reverse: 5′‑CTCGACACCCGCTAACAA 

ATG‑3′
•	 c‑Myc‑Forward: 5′‑AAACACAAACTTGAACAGC 

TAC‑3′
•	 c‑Myc‑Reverse: 5′‑ATTTGAGGCAGTTTACATTA 

TGG‑3′
•	 Cyclin D1‑Forward: 5′‑ATGTTCGTGGCCTCTAAGA 

TGA‑3′
•	 Cyclin D1‑Reverse: 5′‑CAGGTTCCACTTGAGCTTG 

TTC‑3′
•	 GAPDH‑Forward: 5′‑TGCACCACCAACTGCTT 

AGC‑3′
•	 GAPDH‑Reverse: 5′‑GGCATGGACTGTGGTCAT 

GAG‑3′.

Cell culture and transfection
We obtained three cell lines from ATCC. GES‑1 was 
the normal gastric epithelial cell line, while both AGS 
and MKN1 cell lines were generated from human 
gastric adenocarcinoma. All cells were cultured in RPMI 
1640 medium supplemented with 10% fetal bovine serum 
and 1% penicillin‑streptomycin. Cells were maintained 
at 37°C in a humidified atmosphere with 5% CO2. 
The HOXD4 overexpressing plasmid and silencing 
siRNA  (5′‑GCCAGCAUUUACAGCCGAUTT‑3′) 
were purchased from Sangon Biotech  (Shanghai, 
China). Cell  transfection was performed using 
Lipofectamine3000  (Invitrogen, USA) according to the 
manufacturer’s instructions. After 24–48  h, transfected 
cells were partially harvested to test the transfection 
efficiency, and the other cells were passaged and subjected 
to phenotype and mechanism assays.

Western blot
Harvested cells were lysed by NP40 lysis buffer 
(Beyotime Biotechnology, China) at 4°C for 2  h, 
and the proteins were obtained by centrifugation at 
12,000  rpm for 10  min to collect the supernatant. 
After protein quantification, 20 μg proteins from each 
group were resolved by 12% sodium dodecyl sulfate 
polyacrylamide gels electrophoresis (SDS‑PAGE). Proteins 
were then transferred onto polyvinyldifluoride membranes 
(Millipore, USA) and blocked with 5% BSA for 1 h at room 
temperature. The primary antibodies used for overnight 
incubation included anti‑HOXD4 (PA5‑64441, Invitrogen), 
anti‑c‑Myc (MA1‑980, Invitrogen), anti‑cyclin D1 (no. 2922, 
Cell Signaling Technology), and anti‑GAPDH (sc‑47724, 
Santa Cruz Biotechnology) antibodies. After further 
incubation with corresponding secondary antibodies, the 
detection of  immunoreactivity was performed by using 
enhanced chemiluminescence and X‑ray film.[16]

Proliferation, migration, and invasion assays
MTT (3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium 
bromide) assay was performed to examine cell proliferation.[17] 
Briefly, 3 × 103 cells were seeded into 96‑well plates and 
cultured for different days. At the end of  different time 
points, 100 μl MTT solution was added to each well and 
incubated at 37°C for 4 h. Then, the medium was replaced 
with 200 μl DMSO and shaken at room temperature 
to resolve the crystals. The absorbance was measured 
at 590  nm wavelength by the automated plate reader. 
The migration was assessed by the wound‑healing assay. 
Transfected cells were cultured to 80–90% confluency in the 
6‑well plates and then scratched with sterilized 200 μl pipette 
tips. The width of  wound was measured at designated time 
points and normalized to the control group. Transwell assay 
was performed to measure cell invasion. Briefly, transfected 
tumor cells were added to the upper chamber and allowed 
for invasion in 37°C. After 48 h, invaded cells in the lower 
surface of  membrane were counted.[18] For each well, cell 
counting was performed in 10 randomly selected fields. All 
the experiments were repeated three times.

Statistical analysis
Statistical analyses were conducted by using the SPSS 
version 20.0 (IBM, New York, NY, USA). The association 
between the HOXD4 expression and clinicopathologic 
features was analyzed by Chi‑square test. The overall 
survival curves of  gastric adenocarcinoma patients were 
plotted using the Kaplan–Meier method. Statistical 
validation of  independent prognostic factors was tested 
with multivariate analysis. Student’s t‑test was applied 
to analyze the results of  cell experiments. P < 0.05 was 
considered statistically significant.
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RESULTS

Patients characteristics
The baseline characteristics of  enrolled patients are shown 
in Table  1. The median age at the time of  diagnosis 
was 54  years  (range 38 to 71  years old). There were 
52 females (40.9%) and 75 males (59.1%). Among them, 
45 patients (35.4%) had a tumor size larger than 5 cm in 

diameter, and the other 82 patients (64.6%) had smaller 
tumor size.[13] In our cohort, 44  patients  (34.6%) were 
classified as T1–T2, and the other 83 patients (65.4%) as 
T3–T4 stages. There were 76 patients (59.8%) diagnosed 
with positive lymph nodes by the time of  primary surgical 
resection, and the other 51 patients (40.2%) with negative 
lymph nodes.

Homeobox D4 is highly expressed in gastric 
adenocarcinoma tissues
To invest igate the role of  HOXD4 in gastr ic 
adenocarcinoma, we first examined its expression 
patterns in tumor tissues and matched adjacent tissues 
by IHC staining and identified the nucleus localization 
of  HOXD4 protein  [Figure  1a and b]. The median 
IHC score for adjacent non‑tumorous gastric tissues 
was 4, ranging from 1–12. In contrast, the median 
IHC score for tumor tissues was 8, ranging from 
1–16. Therefore, IHC data revealed that HOXD4 
was lowly expressed in non‑tumorous gastric tissues, 
but significantly elevated in gastric adenocarcinoma 
tissues  (P  <  0.001). In particular, patients with 
positive lymph node metastases also showed higher 
HOXD4 expression levels than those with negative 

Table 1: Correlations between homeobox D4 expression with 
patients’ features

Clinicopathologic 
features

Cases 
(n=127)

HOXD4 level P
Low (n=59) High (n=68)

Age (years)
≤50 48 24 24 0.533
>50 79 35 44

Gender
Female 52 21 31 0.253
Male 75 38 37

Tumor size (cm)
≤5.0 45 28 17 0.008*
>5.0 82 31 51

Invasion depth
T1/T2 44 27 17 0.014*
T3/T4 83 32 51

Lymph node
Negative 51 36 15 <0.001*
Positive 76 23 53

*Means P<0.05 by log-rank test. HOXD4: Homeobox D4

Figure 1: Analyses of homeobox D4 expression in patients with gastric adenocarcinoma. Immunohistochemistry staining of homeobox D4 in 
non‑tumorous gastric tissues (a) and gastric adenocarcinoma tissues (b). (c) Correlation between homeobox D4 immunohistochemistry results 
and tumor metastasis, showing that patients with negative lymph node had a lower homeobox D4 protein expression level compared to those 
with positive lymph nodes. (d) RNA levels of homeobox D4 were examined in tumor tissues and adjacent non‑tumorous tissues. *P < 0.05 by 
Student’s t‑test
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lymph nodes  (P  <  0.001)  [Figure  1c]. Furthermore, 
we measured the RNA levels of  HOXD4 in another 
17 pairs of  flash frozen gastric adenocarcinoma tissues 
and adjacent tissues by RT‑qPCR assays. The HOXD4 
RNA level was also higher in tumor tissues than that 
in non‑tumorous tissues [Figure 1d] (P = 0.018). Taken 
together, these results suggested that the HOXD4 was 
highly expressed in tumor tissues and may be involved 
in gastric adenocarcinoma development.

Higher homeobox D4 protein level indicates more 
aggressive phenotypes of gastric adenocarcinoma
To better investigate the predictive role of  HOXD4 
in clinical application, we next plotted the ROC 
curve according to the IHC scores of  127 tumor 
tissues and adjacent non‑tumorous tissues [Figure  2]. 
Briefly, IHC score 7.0 was indicated as a proper 
cutoff  va lue  wi th  the  h ighest  Youden index 
(calculated as “sensitivity + specificity − 1”). Accordingly, 
59 patients were grouped into low HOXD4 expression 
group (IHC score <7), and the other 68 patients were 
classified into high HOXD4 expression (IHC score ≥7) 
group.

Subsequently, we tested the correlation of  HOXD4 
expression with the clinicopathological features in 
gastric adenocarcinoma patients [Table 1]. We found 
that the higher level of  HOXD4 expression significantly 
cor related with larger tumor s ize  (P   =  0.008) 
and advanced invas ion depth  (P   =  0 .014) .  In 
contrast, no significant correlation was identified 
between HOXD4 expression and patients’ age or 
gender (P > 0.05).

Figure  2: Receiver operating characteristic curve. The receiver 
operating characterist ic curve for our cohort with gastric 
adenocarcinoma was plotted using immunohistochemistry scores 
of homeobox D4 protein. When the tissue homeobox D4 protein 
immunohistochemistry score was 7.0 or greater, the sensitivity was 
87.4%, and the specificity was 53.6%. By evaluating the Youden 
index, we chose 7.0 as the cutoff score for the immunohistochemistry 
results, and thereby dividing our cohort into low‑homeobox D4 
group  (immunohistochemistry score  <7) and high‑homeobox D4 
group (immunohistochemistry score ≥7)

High expression level of homeobox D4 indicates poor 
prognosis of gastric adenocarcinoma patients
The role of  tissue HOXD4 expression in the overall 
survival of  gastric adenocarcinoma patients was 
tested by Kaplan–Meier analysis and compared 
by the log‑rank test .  Gastr ic  adenocarcinoma 
patients who expressed high protein levels of  
HOXD4 had a poorer mean overall survival time 
(51.6  ±  2.5  months) compared to those with low 
expression levels of  HOXD4  (66.4  ±  1.9  months; 
P  =  0.001)  [Table  2]. Similarly, the median survival 
t ime  in  HOXD4 h igh  express ion  g roup was 
59.0 ± 4.9 months, which was significantly shorter than 
those with low HOXD4 expression (76.0 ± 6.5 months). 
Well‑known conventional prognostic factors were 
also found to be associated with the patients’ overall 
survival. For example, advanced tumor invasion 
depth (P = 0.013) and positive lymph node metastasis 
(P <  0.001)  [Figure  3 and Table  2] can both indicate 
poorer clinical outcomes.

In addition, we conducted multivariate analysis using a Cox 
hazard regression model to test their independent effects 
on patients’ overall survival [Table 3]. HOXD4 expression 
was an independent prognostic factor (HR = 2.253, 95% 
CI = 1.028–4.979, P = 0.044). In addition, positive lymph 

Table 2: Kaplan‑Meier overall survival analysis
Clinicopathologic 
features

OS months 
(mean±SD)

5‑year 
OS (%)

P

Age (years)
≤50 61.0±3.0 61.9 0.577
>50 59.2±2.4 54.3

Gender
Female 54.6±2.9 53.5 0.118
Male 62.7±2.2 60.1

Tumor size (cm)
≤5.0 63.6±2.8 61.0 0.156
>5.0 56.8±2.2 52.9

Invasion depth
T1/T2 66.3±2.5 73.2 0.013*
T3/T4 55.0±2.2 47.8

Lymph node
Negative 68.2±2.0 78.7 <0.001*
Positive 52.0±2.3 40.5

HOXD4 level
Low 66.4±1.9 65.2 0.001*
High 51.6±2.5 44.2

*Means P<0.05 by log-rank test. HOXD4: Homeobox D4; SD: 
Standard deviation; OS: Overall survival

Table 3: Multivariate analysis
Clinicopathologic features HR 95% CI P

Invasion depth (T3/T4 vs. T1/T2) 1.170 0.525‑2.611 0.701
Lymph node (positive vs. negative) 2.464 1.049‑5.786 0.038*
HOXD4 (high vs. low) 2.253 1.028‑4.979 0.044*

*P<0.05 by Cox regression test. HOXD4: Homeobox D4; 
HR: Hazard ratio; CI: Confidence interval
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node metastasis  (P  <  0.05) was another independent 
factor of  decreased overall survival  (HR  =  2.464, 95% 
CI = 1.049–5.786, P = 0.038).

High expression of homeobox D4 promotes 
proliferation, migration, and invasion capacity of gastric 
adenocarcinoma cells
We performed cel lular experiments to test the 
function of  HOXD4 in gastric adenocarcinoma. 
T h e  e x p r e s s i o n  p a t t e r n s  o f  H O X D 4  i n 
non‑tumorous gastric cells  (GES‑1) and gastric 
a d e n o c a r c i n o m a  c e l l s  ( AG S,  M K N 1 )  w e r e 
examined by Western blot [Figure 4a].  We found 
that HOXD4 expression was higher in AGS cells 
and MKN1 cells than that in GES‑1 cells.  Then, 

we knocked‑down or overexpressed the HOXD4 
in AGS and MKN1 cells [Figure 4b]. Western blot 
showed that HOXD4 overexpression significantly 
upregu la ted  the  prote in  l eve l s  of  c ‑Myc and 
cycl in D1 oncoproteins.  In contrast ,  s i lencing 
H OX D 4  a t t e nu a t e d  t h e  p r o t e i n  e x p r e s s i o n 
of  c‑Myc and cycl in D1. Since HOXD4 plays 
crit ical roles in regulating protein transcription, 
w e  n e x t  t e s t e d  w h e t h e r  t h e  p r o t e i n  l e v e l 
alteration of  c‑Myc and cycl in D1 was caused 
by the transcription inhibition. RT‑qPCR results 
revealed that the RNA levels of  c‑Myc and cyclin 
D1 were both positively regulated by the HOXD4 
expression [Figure 4c].

Figure 3: Analyses of the overall survival of gastric adenocarcinoma patients. The overall survival curves were plotted by Kaplan–Meier method 
and tested with log‑rank test, based on patients’ age (a), gender (b), tumor size (c), tumor invasion depth (d), lymph node metastasis (e), and 
homeobox D4 protein expression level (f), respectively. *P < 0.05 by log‑rank test
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Fur the r more ,  we  t e s t ed  the  t r ans fec ted  ce l l 
characteristics to investigate the role of  HOXD4 
in tumor progression, and the results revealed 
that HOXD4 overexpression could enhance the 
proliferation, migration, and invasion capacities of  

AGS cells and MKN1 cells [Figure 4d-f]. Consistently, 
silencing HOXD4 inhibited the cell proliferation 
and invasion capacities. These data suggested that 
HOXD4 may play significant roles in the progression 
of  human gastric adenocarcinoma.

Figure 4: The function of homeobox D4 in gastric adenocarcinoma cells. (a) Protein expression level of homeobox D4 in normal gastric 
cells and gastric adenocarcinoma cells.  (b) Western blot results verified the transfection efficiency of homeobox D4‑siRNA  (si) and 
homeobox D4‑overexpression (o/e). Overexpressing homeobox D4 enhanced protein expression of c‑Myc and cyclin D1, while silencing 
homeobox D4 exerted opposite effects.  (c) Quantitative real‑time polymerase chain reaction showed that homeobox D4 regulated the 
expression of c‑Myc and cyclin D1 from the transcription level. Overexpression of homeobox D4 promoted cell proliferation (d), migration (e), 
and invasion (f). *means P<0.05 by One-way ANOVA test
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DISCUSSION

The HOX  (homeobox) gene, which is about 180‑bps 
sequence, encodes a protein domain containing 60 amino 
acids called homeodomain.[19] The homeodomain combines 
with various specific DNA and thus regulates the different 
expression of  downstream genes. Recently, increasing 
evidence shows that HOX gene may play a crucial role 
in regulating the progression of  various tumor types.[20] It 
was reported that the expression of  HOX gene clusters 
was upregulated in leukemia. Further studies demonstrated 
that HOX gene was critically related to the formation of  
myeloid phenotype.[21] Similarly, overexpression of  HOX 
gene clusters caused a dramatic progression of  breast 
cancer in a mice model, suggesting the functional role of  
HOX gene on promoting breast cancer development.[22] In 
addition, it has been found that expression of  HOXD1 and 
HOXD12 was elevated in human glioma tissues, whereas 
HOXD3 expression was downregulated, indicating the 
distinct functions of  HOXD proteins. HOXD9 could also 
upregulate the migration and proliferation capacities of  
glioma cells and simultaneously inhibit tumor cell apoptosis. 
Moreover, HOXD9 was identified to be enriched in glioma 
cancer stem‑like cells, further emphasizing its potential as a 
novel therapy target.[23] However, the underlying functions 
of  HOXD4 in gastric adenocarcinoma have not been 
elucidated up to now.

In our present study, we found that HOXD4 expression 
was upregulated in gastric adenocarcinoma tissues 
compared to that in adjacent non‑tumorous gastric tissues 
by IHC staining and quantitative RT‑PCR analyses. The 
expression patterns of  HOXD4 in patients with or without 
lymph node metastasis were also compared, and the results 
indicated the role of  HOXD4 in promoting the metastatic 
process of  gastric adenocarcinoma. Furthermore, we 
analyzed the correlations between HOXD4 expression 
and clinicopathologic features of  enrolled patients. The 
higher level of  HOXD4 expression was significantly 
correlated with large tumor size, advanced tumor invasion 
depth, and positive lymph node metastasis. In addition, 
multivariate analysis identified higher HOXD4 expression 
as an independent unfavorable prognosis factor for gastric 
adenocarcinoma patients. Furthermore, we conducted 
cellular experiments and found that HOXD4 expression 
significantly promoted the proliferation, migration, and 
invasion capacities of  gastric adenocarcinoma cell. Taken 
together, our data suggest that the upregulated HOXD4 
expression is related to poor clinical outcomes of  gastric 
adenocarcinoma patients, possibly by promoting the 
proliferation and metastasis of  tumor cells.

Consistent with our findings, it has been previously 
reported that HOXD4 expression was significantly elevated 
in glioblastoma multiforme patients and closely correlated 
with the poor clinicopathological outcomes of  those 
patients. [24] It was also found that HOXD4 could 
upregulate the proliferation and differentiation capacities 
of  neuroblastoma cells.[25] Moreover, the HOXD4 was 
identified as a potential oncoprotein when investigating 
its in  vivo role by using tumor‑bearing mice models.[26] 
Therefore, the aberrant high expression of  HOXD4 protein 
is significantly related to the pathogenesis of  malignancy, 
and further studies focusing on exploring its underlying 
mechanisms will be invaluable for potential clinical 
applications.

CONCLUSIONS

Our study demonstrated that the expression level of  HOXD4 
was significantly elevated in gastric adenocarcinoma tissues 
and closely related to the aggressive phenotypes of  gastric 
adenocarcinoma. Furthermore, HOXD4 was identified 
as a potential independent prognostic factor by univariate 
and multivariate analyses. Our data thus provided initial 
evidence for it serving as a novel prognostic biomarker in 
gastric adenocarcinoma and would be helpful for clinical 
prediction and personal treatment improvement.
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