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Abstract

AIM: To investigate the expression of distal-less homeobox 2 (DLX2) and its correlations with clinicopathological features and prognosis of gastric cancer.

METHODS: Gastric cancer tissues were obtained from gastrectomy specimens of 129 patients from the Department of Surgery and Pathology, the Second Affiliated Hospital of Kunming Medical University. Sixty cases of normal gastric tissues were collected from gastrectomy specimens of adjacent gastric cancer margins greater than 5 cm. Patient diagnosis was established pathologically, and no patient had received chemotherapy or radiotherapy prior to surgery. All tissue specimens were formalin-fixed and paraffin-embedded. The method of immunohistochemistry was carried out to investigate the expression of DLX2 in 129 gastric cancer tissues and 60 adjacent normal tissues. The immunostaining reaction was semiquantitatively evaluated based on the proportion of positive cells and the median staining intensity in normal gastric epithelial cells or tumor cells. All patients had follow-up records for over 5 years. After that, the correlations of DLX2 expression with clinicopathological features and prognosis of patients with gastric cancer were analyzed. All statistical analyses were performed using the SPSS 17.0 software.
RESULTS: The positive expression of DLX2 was detected in 68 (52.7%) cases of 129 gastric cancer tissues and 14 (23.3%) cases of 60 adjacent normal tissues. The difference of DLX2 expression between gastric cancer tissues and adjacent normal tissues was statistically significant (χ2 = 14.391, P < 0.001). The expression of DLX2 correlated with the size of tumor (P = 0.001), depth of invasion (P = 0.008), lymph node metastasis (P = 0.023) and tumor-node-metastasis (TNM) stages (P = 0.020). The Spearman correlation coefficient for the relationship between DLX2 expression and tumor size, depth of invasion, lymph node metastasis and TNM stages was 0.357, 0.225, 0.219 and 0.250, respectively (all P < 0.05). The Kaplan-Meier survival analysis revealed that survival time of patients with higher DLX2 expression was shorter than that with lower DLX2 expression. However, the multivariate analysis showed that invasion depth (P < 0.001), lymph nodes metastasis (P = 0.001) and distant metastasis (P < 0.001) were independent prognostic factors for patients with gastric cancer, but DLX2 expression, tumor location and tumor size were not independent prognostic factors (P > 0.05).

CONCLUSION: These results suggest that DLX2 overexpression may correlate with the advanced stage of gastric cancer, but it is not an independent prognostic factor in gastric cancer.
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INTRODUCTION

Gastric cancer is one of the leading causes of cancer-related death worldwide due to its frequency, poor prognosis and limited treatment options1[]
. Although the incidence rates of gastric cancer have been declining for several decades in most Western countries, it remains a crucial public health problem in developing countries2


[ ADDIN EN.CITE ,3]
. In China, gastric cancer is the second most common malignancy and the third leading cause of death due to cancer in 2007, representing a major disease burden on health services4[]
. Several studies have illuminated that various genetic and epigenetic alterations are involved in the course of carcinogenesis and progression of gastric cancer5-8


[ ADDIN EN.CITE ]
. However, the molecular mechanism involved in the development of gastric cancer remains unclear.
The distal-less homeobox (DLX) gene family, a homologue of Drosophila distal-less, comprises 6 DLX genes in human, which exist as 3 bigene clusters: DLX-1/DLX-2, DLX-3/DLX-4, DLX-5/DLX-69


[ ADDIN EN.CITE ]
. The DLX gene family exerts a crucial role in regulating embryonic development, tissue homeostasis, lymphocyte development, cell-cycle and apoptosis10-14


[ ADDIN EN.CITE ]
. However, the role of DLX gene family in tumor development has only recently been explored. As a member of DLX gene family, the abnormal expression of DLX2 has also been reported in many human hematologic malignancies and solid tumors, including acute lymphoblastic leukemia, acute myeloid leukemia, melanoma, glioma, breast, lung, prostate, ovarian and colon cancer9


[ ADDIN EN.CITE , 14-17]
. A recent study has shown that the expression of DLX2 plays a critical role in shifting transforming growth factor β (TGFβ) from its tumor suppressive to its tumor-promoting functions13


[ ADDIN EN.CITE ]
. Moreover, abnormal TGFβ expression has been known to be involved in tumor progression, metastasis, angiogenesis and poor survival of gastric cancer18


[ ADDIN EN.CITE ,19]
. These studies led us to investigate the possible role of DLX2 in the development of gastric cancer.
In the present study, we assessed the expression of DLX2 in gastric cancer tissues and adjacent normal tissues by immunohistochemistry. After that, the possible correlations of DLX2 expression with clinicopathological features and survival of gastric cancer patients were analyzed.

MATERIALS AND METHODS
Patients and tissue samples

Gastric cancer tissues were obtained from gastrectomy specimens of 129 patients from the Department of Surgery and Pathology, the Second Affiliated Hospital of Kunming Medical University. Sixty cases of normal gastric tissues were collected from gastrectomy specimens of adjacent gastric cancer margins greater than 5 cm and served as control. All operations were performed between January 2001 and June 2007. Patient diagnosis was established pathologically, and no patient had received chemotherapy or radiotherapy prior to surgery. All tissue specimens were formalin-fixed and paraffin-embedded. There were 87 males and 42 females (mean age, 57. 6 years; range, 26-84 years). The age and gender of patients, tumor size, tumor location, histologic differentiation, depth of invasion, status of lymph node metastasis and distant metastasis were obtained from histopathology records. The stage was determined according to the 7 th edition of the AJCC Tumor Staging Manual and Japanese Classification 2011 in gastric cancer20[,21]
. Forty-three cases were categorized as stage Ⅰ, 43 were stage Ⅱ, 34 were stage Ⅲ and 9 were stage Ⅳ. All patients had follow-up records for over 5 years. The follow-up deadline was July 2012. The survival time was determined from the date of surgery to the follow-up deadline or date of death, which was mostly caused by recurrence or metastasis. This study was approved by the hospital’s ethics committee.
Immunohistochemistry

Immunohistochemical analysis was used to investigate DLX2 expression in 129 cases of gastric cancer tissues and 60 cases of adjacent normal tissues. According to protocol22


[ ADDIN EN.CITE ,23]
 for immunohistochemistry on paraffin-embedded tissue sections, paraffin-embedded blocks were sectioned at about 4 μm thickness. Slides were baked at 60 ℃ for 2 h, deparaffinized with xylene and rehydrated with grade alcohols (100% alcohol, 95% alcohol, 80% alcohol, 70% alcohol). After microwave pretreatment in citrate buffer (pH 6.0) for antigen retrieval, sections were treated with 3% hydrogen peroxide in methanol to block endogenous peroxidase activity. Sections were incubated with 1% bovine serum albumin to block nonspecific binding, and then incubated overnight at 4 ℃ with the polyclonal antibody against DLX2 (Epitomics, Inc., California, USA) in a dilution of 1:100. Phosphate buffer solution (PBS) was used as a negative control. After rinsing 3×3 minutes with PBS, tissue sections were treated with peroxidase-linked secondary antibody (Maixin-Bio, Inc., Fuzhou, China) for 30 minutes at room temperature. Staining was carried out with diaminobenzidine chromogen (Maixin-Bio, Inc., Fuzhou, China) and counterstained with hematoxylin. After that, all slides were dehydrated with grade alcohols, and mounted with a coverslip.
Scoring of the immunohistochemical staining

The results of immunostaining were reviewed and scored independently by two observers in a blinded fashion without knowledge of clinical and pathological information. To avoid artificial effect, the cells on the margins of sections and areas with poorly presented morphology were not counted. Five fields (×400 magnification) per tissue section, chosen at random, were counted. The immunostaining reaction was semiquantitatively evaluated based on the proportion of positive cells and the median staining intensity in normal gastric epithelial cells or tumor cells. The proportion of positive cells was scored as follows: 0, ≤ 5%; 1, 6%-25%; 2, 26%-50% and 3, ≥ 51%. The sections were considered to be positively stained when there were more than 5% of observed cells with immunostaining. Staining intensity was graded according to the following criteria: 0, no staining; 1, weak staining, light yellow; 2, moderate staining, yellow brown and 3, strong staining, brown. The immunoreactive score was calculated based on the proportion score multiplying with the staining intensity score. Because all immunoreactive scores were less than 4 in adjacent normal tissues, the results of immunostaining in tumor tissues were divided into two groups, lower expression (immunoreactive score ≤ 3) and higher expression (immunoreactive score ≥ 4).
Statistical analysis

All statistical analyses were performed using the SPSS 17.0 software. Correlation of DLX2 expression with clinicopathologic parameters was calculated by Pearson chi-square test or chi-square test with continuity correction. Spearman’s rank correlation test was used to analyze the strength of relationship between DLX2 expression and clinicopathologic parameters. Univariate survival analysis was assessed by the Kaplan-Meier method and the difference in survival curves was analyzed by the log-rank test. Independent prognostic factors were analyzed by the Cox proportional hazards regression model. All reported P values were two-sided and P < 0.05 was considered statistically significant.
RESULTS

Expression of DLX2 in gastric cancer and adjacent normal tissues

In our current study, immunohistochemical analysis was carried out to investigate the DLX2 expression in 129 gastric cancer tissues and 60 adjacent normal tissues. The positive expression of DLX2 was detected in 68 (52.7%) cases of 129 gastric cancer tissues and 14 (23.3%) cases of 60 adjacent normal tissues. The difference of DLX2 expression between gastric cancer tissues and adjacent normal tissues was statistically significant (χ2 = 14.391, P < 0.001). Moreover, higher expression of DLX2 was detected in 48 (37.2%) cases of 129 human gastric cancer tissues but not in adjacent normal tissues. DLX2 staining was detected mainly in nucleus of normal gastric epithelial cells (Figure 1A) or tumor cells (Figure 1C-F) . Besides, we found DLX2 expression in intestinal metaplasia cells (Figure 1B), fibroblasts (Figure 1D) and inflammatory cells (Figure 1F).
Expression of DLX2 and clinicopathological features
The expression of DLX2 in gastric cancer was significantly correlated with tumor size (P = 0.001), depth of invasion (P = 0.008), lymph node metastasis (P = 0.023) and TNM stages (P = 0.020), but was not correlated with age, gender, histologic differentiation and distant metastasis (P > 0.05, Table 1). The Spearman correlation coefficient for the relationship between DLX2 expression and tumor size, depth of invasion, lymph node metastasis and TNM stages was 0.357, 0.225, 0.219 and 0.250, respectively (all P < 0.05). 

In addition, the statistical analysis of correlation between clinicopathological parameters and the proportion score or staining intensity score of DLX2 expression was calculated separately, to investigate whether the ranks of percentage or staining intensity of DLX2 expression is more prominent for the immunoreactive assessment. As shown in Table 2, the proportion score of DLX2 expression was significantly correlated with tumor size (P = 0.002), depth of invasion (P = 0.016) and lymph node metastasis (P = 0.002). The staining intensity score was significantly correlated with tumor size (P = 0.029) and lymph node metastasis (P = 0.044). These results suggest that the ranks of percentage of DLX2 expression in gastric cancer tissues may be more prominent than staining intensity for the immunoreactive assessment.

Correlation between DLX2 expression and patient prognosis

The Kaplan-Meier survival analysis revealed that survival time of patients with higher DLX2 expression was shorter than that with lower DLX2 expression (Figure 2). The former median survival time was only 39.216 months (95% confidence interval 34.030-44.402), whereas the latter was 45.669 months (95% confidence interval 41.426-49.912). For patients with higher DLX2 expression, the cumulative 3- and 5-year survival rate was 58.3% and 16.7%, respectively, which was significantly lower than in patients with lower DLX2 expression (70.4% and 29.6%, respectively; χ2 = 4.986, P = 0.026).
Additionally, the clinicopathological features for possible prognostic effects in gastric cancer were analyzed by Cox regression analysis. The following six clinicopathological features were selected for evaluation: tumor size, tumor location, depth of invasion, lymph nodes metastasis, distant metastasis and DLX2 expression (all P<0.05 in univariate survival analysis). The multivariate analysis showed that invasion depth (P < 0.001), lymph nodes metastasis (P = 0.001) and distant metastasis (P < 0.001) were independent prognostic factors for patients with gastric cancer, but DLX2 expression, tumor location and tumor size were not independent prognostic factors (P > 0.05, Table 3).

DISCUSSION

In our current study, DLX2 expression levels were investigated in 129 gastric cancer tissues and 60 adjacent normal tissues by immunohistochemistry. We have shown that DLX2 expression was more frequent in gastric cancer tissues than in adjacent normal tissues. The expression of DLX2 in gastric cancer tissues was significantly associated with size of tumor, depth of invasion, lymph node metastasis and TNM stages. Based on these results, we suggest that overexpression of DLX2 may correlate with the advanced stage of gastric cancer.
In several investigations, it has been shown that the abnormal expression of DLX2 in cancer cells was associated with tumor progression. However, the mechanism for DLX2 involved in tumor progression is not clear. Yilmaz et al14


[ ADDIN EN.CITE ]
 showed that expression of DLX2 correlated significantly with advanced tumor progression and the metastatic potential of melanoma, glioma, lung, and prostate cancers. In their research, they found that DLX2 counteracted TGFβ-induced cell-cycle arrest and apoptosis in mammary epithelial cells, and DLX2 expression supported experimental tumor growth and metastasis of B16 melanoma cells. These results established DLX2 as an important role in shifting TGFβ from its tumor suppressive to its tumor-promoting functions. Additionally, Lee et al16


[ ADDIN EN.CITE ]
 found that DLX2 expression was higher in breast and ovarian cancer tissues compared with the adjacent normal tissues. Furthermore, DLX2 expression was related to poor differentiation grade of ovarian cancer. DLX2 short hairpin RNA inhibited metabolic stress-induced increase in propidium iodide-positive cell population and high mobility group box 1 and lactate dehydrogenase release. They concluded that DLX2 might be involved in tumor progression via the regulation of metabolic stress-induced necrosis.
In our research, the higher expression of DLX2 was detected in intestinal metaplasia, which has been known to be a risk factor for development of gastric cancer5


[24,2 ADDIN EN.CITE ]
, indicating that DLX2 overexpression might contribute to an early event of gastric cancer development. Besides, we also found that higher expression of DLX2 was detected in inflammatory cells around tumor cells. Recent researches have expanded the concept that inflammation is a critical component of tumor progression


[26] ADDIN EN.CITE . Moreover, the mediators and cellular effectors of inflammation are important constituents of the local environment of tumors7


[2 ADDIN EN.CITE ]
. These results further support that DLX2 may be involved in the development of gastric cancer.

In 2010, Morini et al9


[ ADDIN EN.CITE ]
 found that expression of DLX2 was detected in 21.6% of the patients with breast cancer, and was significantly correlated with prolonged disease-free survival and reduced incidence of relapse. Instead, DLX5 expression was detected in 2.2% of all cases, displaying reduced disease-free survival and high incidence of relapse. In all cases, they found mutually exclusive expression of DLX2 and DLX5. Their study suggested that DLX genes were involved in human breast cancer progression, and that DLX2 and DLX5 genes might serve as prognostic markers. In our research, the Kaplan-Meier survival analysis revealed that survival time of gastric cancer patients with higher DLX2 expression was shorter than that with lower DLX2 expression. However, the multivariate analysis showed that DLX2 expression was not an independent prognostic factor in gastric cancer. The multivariate analysis might cover DLX2 contribution to survival rate. Therefore, DLX2 expression might not be related with poor prognosis in patients with gastric cancer.

In conclusion, our study demonstrates that overexpression of DLX2 may correlate with the advanced stage of gastric cancer, but it is not an independent prognostic factor in gastric cancer. These findings further support that as a key regulator of embryogenesis, DLX2 may also play a critical role in tumor development. Consequently, further investigation is necessary to clarify the role of DLX2 in the development of gastric cancer.
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Figure 1 Immunohistochemical staining for DLX2 in gastric cancer tissues and adjacent normal gastric tissues. A: lower expression of DLX2 in normal gastric mucosa; B: higher expression of DLX2 in intestinal metaplasia cells; C: lower expression of DLX2 in gastric cancer tissue with well differentiation; D: higher expression of DLX2 in gastric cancer tissue with well differentiation; E: lower expression of DLX2 in gastric cancer tissue with poor differentiation; F: higher expression of DLX2 in gastric cancer tissue with poor differentiation. DLX2 staining was detected mainly in nucleus of normal gastric epithelial cells (Figure 1A, red arrows) or tumor cells (Figure 1C-F, red arrows). Besides, DLX2 expression was detected in intestinal metaplasia cells (Figure 1B, red arrows), fibroblasts (Figure 1D, black arrows) and inflammatory cells (Figure 1F, green arrows). Original magnification, ×200.

[image: image7.emf]
Figure 2 Kaplan-Meier curves with univariate analyses (log-rank) for patients with lower DLX2 expression vs. higher DLX2 expression

Table 1 Relationship of DLX2 expression with clinicopathological features of gastric cancer 
	Clinicopathological features
	Cases
	DLX2
	χ2  test
	P value

	
	
	Lower, n(%)
	Higher, n(%)
	
	

	Age(yr)
	
	
	
	
	

	< 60
	69
	46(66.7%)
	23(33.3%)
	
	

	≥ 60
	60
	35(58.3%)
	25(41.7%)
	0.954
	0.329

	Gender
	
	
	
	
	

	Female
	42
	30(71.4%)
	12(28.6%)
	
	

	Male
	87
	51(58.6%)
	36(41.4%)
	1.989
	0.158

	Tumor size(cm)
	
	
	
	
	

	< 5
	68
	52(76.5%)
	16(23.5%)
	
	

	≥ 5
	61
	29(47.5%)
	32(52.5%)
	11.518
	0.001

	Tumor location

Upper

Middle

Lower

Diffuse

Histologic differentiation
	14

20

84

11
	10(71.4%)

14(70.0%)

52(61.9%)

5(45.5%)
	4(28.6%)

6(30.0%)

32(38.1%)

6(54.5%)
	2.335
	0.506

	Well
	16
	11(68.8%)
	5(31.3%)
	
	

	Moderately
	28
	21(75.0%)
	7(25.0%)
	
	

	Poorly
	74
	42(56.8%)
	32(43.2%)
	
	

	Other
	11
	7(63.6%)
	4(36.4%)
	3.186
	0.364

	Depth of invasion
	
	
	
	
	

	T1
	28
	24(85.7%)
	4(14.3%)
	
	

	T2
	24
	16(66.7%)
	8(33.3%)
	
	

	T3
	58
	28(48.3%)
	30(51.7%)
	
	

	T4
	19
	13(68.4%)
	6(31.6%)
	11.940
	0.008

	Lymph node metastasis
	
	
	
	
	

	N0
	69
	50(72.5%)
	19(27.5%)
	
	

	N1
	17
	12(70.6%)
	5(29.4%)
	
	

	N2
	25
	11(44.0%)
	14(56.0%)
	
	

	N3
	18
	8(44.4%)
	10(55.6%)
	9.577
	0.023

	Distant metastasis
	
	
	
	
	

	M0
	120
	76(63.3%)
	44(36.7%)
	
	

	M1
	9
	5(55.6%)
	4(44.4%)
	0.012
	0.914

	TNM stages
	
	
	
	
	

	Ⅰ
	43
	35(81.4%)
	8(18.6%)
	
	

	Ⅱ
	43
	24(55.8%)
	19(44.2%)
	
	

	Ⅲ
	34
	17(50.0%)
	17(50.0%
	
	

	Ⅳ
	9
	5(55.6%)
	4(44.4%)
	9.849
	0.020


Table 2 Relationship of proportion score or staining intensity of DLX2 expression with clinicopathological features of gastric cancer 
	Clinicopathological features
	cases
	Proportion score
	χ2
	P
	Staining intensity
	χ2
	P

	
	
	0
	1
	2, 3
	
	
	0
	1, 2
	3
	
	

	Age(yr)

	< 60
	69
	39
	7
	23
	
	
	29
	26
	14
	
	

	≥ 60
	60
	22
	12
	26
	5.637
	0.060
	16
	25
	19
	3.924
	0.141

	Gender

	Female
	42
	22
	8
	12
	
	
	18
	15
	9
	
	

	Male
	87
	39
	11
	37
	2.583
	0.275
	27
	36
	24
	1.785
	0.410

	Tumor size（cm）

	< 5
	68
	42
	9
	17
	
	
	30
	26
	12
	
	

	≥ 5
	61
	19
	10
	32
	12.975
	0.002
	15
	25
	21
	7.115
	0.029

	Histologic differentiation

	Well and moderately
	44
	24
	8
	12
	
	
	16
	16
	12
	
	


	Poorly and other
	85
	37
	11
	37
	3.302
	0.192
	29
	35
	21
	0.286
	0.867

	Invasion depth

	T1, T2
	52
	31
	9
	12
	
	
	22
	21
	9
	
	

	T3, T4
	77
	30
	10
	37
	8.291
	0.016
	23
	30
	24
	3.724
	0.155

	Lymph node metastasis

	N0 
	69
	39
	11
	19
	
	
	30
	20
	19
	
	

	N1
	17
	6
	6
	5
	
	
	4
	11
	2
	
	

	N2, N3
	43
	16
	2
	25
	17.511
	0.002
	11
	20
	12
	9.815
	0.044

	TNM stages

	Ⅰ, Ⅱ
	86
	43
	16
	27
	
	
	32
	32
	22
	
	

	Ⅲ, Ⅳ
	43
	18
	3
	22
	5.982
	0.050
	13
	19
	11
	0.753
	0.686


Table 3 Multivariate analysis for disease-related deaths (Cox regression model)
	Variables
	B
	P value
	Exp(B)
	95% CI for Exp(B)

	Tumor location
	0.145
	0.261
	1.156
	0.898-1.488


	Tumor size (< 5cm vs. ≥ 5cm)
	0.176
	0.421
	1.193
	0.777-1.832

	Depth of invasion
	0.726
	<0.001
	2.067
	1.570-2.722

	Lymph node metastasis
	0.303
	0.001
	1.354
	1.126-1.629

	Distant metastasis (No vs. Yes)
	2.415
	<0.001
	11.185
	4.187-29.878

	DLX2 expression (Low vs. High)
	-0.214
	0.308
	0.808
	0.535-1.218
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