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Abstract
AIM: To investigate the expression of Ras homolog (Rho)C, vascular endothelial growth factor (VEGF) and CD105 in esophageal squamous cell carcinoma. 

METHODS: Semi-quantitative reverse transcriptase polymerase chain reaction, in situ hybridization and immunohistochemical streptavidin–biotin– peroxidase methods were used to detect expression of RhoC mRNA, RhoC protein and VEGF in 62 cases with esophageal squamous cell carcinoma, 31 cases with adjacent atypical hyperplastic tissues, and 62 cases with normal esophageal mucosa. CD105 antibody labeling was used to measure microvascular density (MVD).
RESULTS: Expression of RhoC mRNA showed a positive correlation with the proteins in esophageal squamous cell carcinoma, as well as RhoC and VEGF proteins. RhoC mRNA expression was mainly located within the cytoplasm of the tumor cells, showing as blue to purple particles. The differences in RhoC mRNA expression in esophageal squamous cell carcinoma, adjacent atypical hyperplasia and normal esophageal mucosa were significant. The relative expression of RhoC mRNA in cancer tissues with lymph node metastasis was significantly higher than in the tissues without lymph node metastasis. VEGF protein expression was consistent with MVD (t = 25.52, P < 0.05). Positive expression of VEGF protein in esophageal squamous cell carcinoma of different histological grading did not differ significantly. Positive expression of VEGF protein in carcinoma tissues of the deep infiltrating groups was significantly higher than that in the superficial infiltrating group. The positive expression of VEGF protein in cancer tissues with lymph node metastasis was significantly higher than in the tissues without lymph node metastasis.
CONCLUSION: RhoC protein may upregulate expression of VEGF, thereby promoting tumor angiogenesis. RhoC mRNA and protein expression was correlated with metastasis.

© 2014 Baishideng Publishing Group Inc. All rights reserved.  
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Core tip: Recent studies have found that Ras homolog (Rho)C plays an important role in promoting angiogenesis in breast cancer. RhoC overexpression in breast cancer epithelial cells can improve expression of vascular endothelial growth factor (VEGF) and other angiogenic factors. Detection of the expression of RhoC, VEGF and microvascular density in esophageal squamous cell carcinoma and the relationship with metastasis and invasion have not been reported.
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INTRODUCTION
Ras homolog (Rho) family members (RhoA, RhoB and RhoC) are a class of small GTP binding proteins, which play an important role in aspects such as cell signaling pathways, cell transformation, and tumor cell infiltration and metastasis[1,2]. The relationship between RhoC and malignancy has become one of the research hotspots in oncology. Recent studies have found that RhoC plays an important role in promoting angiogenesis in breast cancer[3,4]. RhoC overexpression in breast cancer epithelial cells can improve the expression of vascular endothelial growth factor (VEGF) and other angiogenic factors. Detection of the expression of RhoC, VEGF and microvascular density (MVD) in esophageal squamous cell carcinoma and the relationship with metastasis and invasion have not been reported.

In the present study, we detected expression of RhoC mRNA and protein and VEGF protein in esophageal squamous cell carcinoma, adjacent atypical hyperplasia, and normal esophageal mucosa. CD105 antibody labeling was also used to detect MVD in esophageal squamous cell carcinoma to explore the relationship among the expression of RhoC and VEGF, and MVD, to clarify the clinicopathological significance of the three in the occurrence and development of esophageal squamous cell carcinoma.

MATERIALS AND METHODS
General data

We collected surgical specimens from 62 cases of esophageal squamous cell carcinoma at the Tumor Hospital of Henan Anyang City during February and March 2006. There were 36 male and 26 female cases, aged 38–75 years (mean: 60.6 ± 9.5 years). None of the patients had a preoperative history of chemotherapy, radiotherapy or immunotherapy. To the naked eye, esophageal squamous cell carcinoma was divided into four types[5]: 28 ulcer type, 29 medullary type, four mushroom umbrella type, and one narrow type. Fifteen cases were Grade I, 25 Grade II, and 22 Grade III; 20 were accompanied by lymph node metastasis, and 42 were not. Seven cases (superficial group) had tumor infiltration of the mucosa, submucosa or superficial muscles, and 55 cases (deep group) had tumor infiltration of the deep muscular or outer layer. All cases were confirmed to be esophageal squamous cell carcinoma by conventional pathology. Each specimen was taken from outside the necrosis area, 3 cm or less in mucosa tissue adjacent to carcinoma and remote normal mucosa.
Each section was fixed with 40 g/L paraformaldehyde, conventionally dehydrated, paraffin-embedded, serially sectioned with a thickness of 4–6 μm for hematoxylin and eosin staining, in situ hybridization and immunohistochemical staining.

Semi-quantitative reverse transcriptase polymerase chain reaction  

The total RNA of the tissue was extracted using the RNAiso Plus kit (TaKaRa, Dalian, China) and reverse transcriptase polymerase chain reaction (RT-PCR) was performed using PrimeScriptTM One Step RT-PCR Kit Ver.2 (TaKaRa, Dalian, China). The results were analyzed with the GeneGenius Gel Imaging System (Syngene, Cambridge, United Kingdom). The ratio of the gray value of the RhoC amplified bands to the gray value of the β-actin bands was taken as the relative expression level of target gene mRNA.

In situ hybridization 

In situ hybridization was carried out as described previously[6]. The probe sequence of RhoC was 5'-CGT TGG GGC AGA AGT GCT TCA-3', which was synthesized by Beijing Bioko Biotechnology Co. Ltd.

Immunohistochemistry 

All slices were detected by immunohistochemical streptavidin–biotin– peroxidase (SP) assay. The procedure was performed strictly in accordance with the SP kit instructions (Beijing Zhongshan Golden Bridge Biotechnology Development Company, China). Breast biopsy specimens with known positive expression of RhoC were taken as positive controls. Antibody I was replaced by normal goat serum as a negative control and PBS as a blank control. The results were observed in a double-blind manner as described previously[7]. Yellow or brown particles in the cytoplasm or cell membrane were considered to be positive. Unstained cells were negative. Stained cells, regardless of the area and intensity, were all taken as positive.

Statistical analysis 

SPSS version 13.0 was used, as well as the χ2 test or rank sum test. Test level α = 0.05 was considered to be statistically significant.

RESULTS
Levels of RhoC mRNA 

RhoC mRNA levels in normal esophageal mucosa, adjacent atypical hyperplasia and carcinoma increased significantly (χ2 = 99.629, P < 0.05) (Table 1). The lower the degree of differentiation, the higher the expression of RhoC mRNA, and the difference was significant (χ2 = 22.535, P < 0.05) by rank sum test. The difference in relative RhoC mRNA expression levels in the carcinoma tissues of the shallow and deep infiltration groups was significant (P < 0.05). The relative expression of RhoC mRNA in cancer tissues with lymph node metastasis was significantly higher than in the group without lymph node metastasis (P < 0.05). Sex, age and other factors of patients with esophageal squamous cell carcinoma were independent of the relative content of RhoC mRNA (P > 0.05) (Table 2).

RhoC mRNA expression 

RhoC mRNA expression was mainly located within the cytoplasm of the tumor cells, showing as blue to purple particles. The differences in RhoC mRNA expression in esophageal squamous cell carcinoma, adjacent atypical hyperplasia and normal esophageal mucosa were significant (P < 0.05) (Table 1, Figure 1A). The lower the degree of differentiation, the higher the RhoC mRNA expression rate, and the difference was significant (P < 0.05). The relative expression of RhoC mRNA in cancer tissues with lymph node metastasis was significantly higher than in the tissues without lymph node metastasis (P < 0.05). Sex, age and other factors of patients with esophageal squamous cell carcinoma were unrelated to positive expression of RhoC mRNA (P > 0.05) (Table 2).

RhoC protein expression 

RhoC protein showed as pale to dark yellow particles, mainly located in the cytoplasm. The differences in the expression of RhoC protein in the three groups were significant (P < 0.05) (Table 1, Figure 1B). The lower the degree of differentiation, the higher the expression of RhoC protein, and the difference was significant (P < 0.05). The positive expression of RhoC protein in cancer tissues with lymph node metastasis was significantly higher than in the tissues without lymph node metastasis (P < 0.05). Sex, age and other factors of patients with esophageal squamous cell carcinoma were unrelated to positive expression of RhoC protein (P > 0.05) (Table 2).

Expression of VEGF protein

The differences in VEGF protein expression in the three groups were significant (P < 0.05) (Table 1, Figure 1C). Positive expression of VEGF protein in esophageal squamous cell carcinoma of different histological grading did not differ significantly (P > 0.05). Positive expression of VEGF protein in carcinoma tissues of the deep infiltrating groups was significantly higher than that in the superficial infiltrating group (P < 0.05). The positive expression of VEGF protein in cancer tissues with lymph node metastasis was significantly higher than in the tissues without lymph node metastasis (P < 0.05). Sex, age and other factors of patients with esophageal squamous cell carcinoma were independent of positive expression of VEGF protein (P > 0.05) (Table 2).

MVDCD105 test results 

Detection of MVD by CD105 showed that positive protein expression signals of CD105 were mainly located in the vascular endothelial cell cytoplasm within the tumor stroma, or in cancer nests, with pale to dark yellow particles. CD105-antibody-labeled MVD gradually increased in Grade I, II and III esophageal squamous cell carcinoma, but the differences among the groups were not significant (F = 0.298, P > 0.05). MVD in the cancer tissues of the deep group was higher than that of the superficial group (34.47 ± 11.69). MVD (39.00 ± 8.84 vs 41.0 ± 3.26) in esophageal squamous cell carcinoma with lymph node metastasis was significantly higher than in the group without lymph node metastasis (39.00 ± 8.84 vs 36.33 ± 3.76), and the differences among groups were significant (Table 2, Figure 1D).

Correlation of analysis of RhoC, VEGF and CD105 expression 

Among 52 cases with positive RhoC protein expression, 46 had positive mRNA expression, but in 10 cases with negative RhoC protein expression, six had negative mRNA expression. RhoC protein expression showed a positive correlation with RhoC mRNA expression in esophageal squamous cell carcinoma (P < 0.01) (Table 3). In the cases with positive RhoC protein expression, positive expression of VEGF protein was 50.0% (13/26), while in cases with negative RhoC expression, the rate was 82.6% (19/23), showing a positive correlation between the two (r = 0.448, P < 0.05) (Table 3).   In the cases with positive RhoC protein expression, MVD was 41.99 ± 9.83, while in cases with negative RhoC protein expression, MVD was 31.07 ± 6.38, and the difference was significant (t = 25.52, P < 0.01) (Table 3). MVD of 42 cases with positive VEGF protein expression was 38.88 ± 0.041, of which, 20 cases had negative VEGF protein expression with MVD of 36.45 ± 0.036. The difference was significant (t = 25.52, P < 0.05), indicating that VEGF protein expression was consistent with MVD (Table 3).

DISCUSSION
RhoC is a member of the Rho family[8]; a GTP-binding protein with GTP activity, which binds and hydrolyses GMP to make the cycle between active GTP-bound and inactivated GDP-bound a signal converter or a molecular switch among the cell signal transduction pathways to produce a variety of biological effects that act on the cytoskeleton or target proteins[9,10]. The most important function of RhoC is regulating cell motility and migration by regulating the actin cytoskeleton, and inducing aggregation of actin, integrins and associated proteins such as fibronectin[11,12]. The actin cytoskeleton plays an important role in cell shape changes, cell movement and phagocytosis, but also in various activities such as cell proliferation, growth and apoptosis[13,14]. It has been shown that RhoC overexpression is related to the development of a variety of malignancies. Clark et al[15] have found that RhoC gene and its expression products may play the role of a molecular switch in tumor metastasis, in their study of the invasive and transfer phenotype of melanoma. Ikoma et al[16] have found that RhoC overexpression leads to significantly increased mRNA expression of matrix metalloprotein (MMP)-2, MMP-9, and tissue inhibitor of matrix metalloprotein. RhoC increases the expression and activity of MMPs, which lead to enhanced tumor aggressiveness. RhoC gene overexpression also leads to increased expression of angiogenic factors (particularly VEGF) and then activation of mitogen-activated protein kinase, phospholipase C and phosphatidylinositol 3-kinase to promote tumor invasion and metastasis. Van Golen et al[13,14] have suggested that RhoC overexpression could increase the expression of VEGF and other angiogenic factors in breast epithelial cells. The extracellular C3 transferase enzyme of Clostridium was imported to inhibit RhoC function, which can significantly reduce the yield of angiogenic factors. Current studies about RhoC gene expression in esophageal squamous cell carcinoma are limited to a few observational reports. Joint detection of RhoC, VEGF and CD105 in esophageal squamous cell carcinoma has not been reported.

The relative content of RhoC protein and mRNA suggest that RhoC overexpression may be involved in malignant transformation of esophageal epithelial cells, which may play an important role in the incidence and development of esophageal cancer. Protein and mRNA expression and the relative content of RhoC were significantly increased with the invasion depth of carcinoma, and were significantly higher in the tissues of patients with lymph node metastasis than those without metastasis. These results indicate that abnormal RhoC expression may be closely associated with invasion and lymph node metastasis in esophageal squamous cell carcinoma, which is consistent with the findings of Faried et al[17]. RhoC mRNA and protein expression and their relative content were significantly reduced with decreased degree of differentiation of esophageal cancer tissues. This suggests that RhoC gene plays an important role in the induction of tumor cell differentiation, and its overexpression may be associated with histological grading and degree of malignancy in esophageal squamous cell carcinoma. Zhang et al[7] have reported that the degree of RhoC protein expression is unrelated to the degree of differentiation of esophageal cancer, and the cause of the discrepancy may be related to the different sources and numbers of specimens and antibodies.

As one of the most critical angiogenic growth factors, VEGF provides favorable conditions for the growth and metastasis of the majority of malignant tumors[18]. On the one hand, VEGF causes capillary lumen formation by acting directly on the proliferation and migration of the receptor-mediated capillary endothelial cells. On the other hand, vascular permeability is increased, which changes the tumor interstitium and plays an important role in cancer invasion and metastasis, through its autocrine or paracrine activity[19-23]. The results of the present study showed that VEGF protein expression in the lymph node metastasis group was significantly higher than in the groups without metastasis. Positive VEGF expression in the deep infiltration group was significantly higher than in the shallow infiltration group, indicating that high expression of VEGF protein can induce invasion and metastasis of esophageal squamous cell cancer. In esophageal squamous cell carcinoma with varying degrees of differentiation, the positive rate of VEGF protein expression did not differ significantly, suggesting that VEGF protein expression had nothing to do with histological grade.

Research has shown that vascular endothelial markers such as CD34 and CD31 are expressed in tumor blood vessels, while CD105 antibody is preferentially bound to the activated endothelial cells in tumor tissue. DC34 and CD31 are not expressed or only weakly expressed in the vascular endothelial cells of normal tissues, so CD105 is a more specific marker for assessing the proliferation of vascular endothelial cells[24]. MVD in esophageal squamous cell the carcinoma tissues increased significantly with the depth of invasion. MVD in the group with lymph node metastasis was significantly higher than in the group without metastasis. CD105 expression in esophageal squamous cell carcinoma with different stages had no significant differences, which was similar to previous results[25,26]. Newborn capillaries can promote metastasis of tumor cells through several ways: (1) amount of neovascularization; (2) high permeability of the new blood capillaries; and (3) degradative enzymes changing the tumor extracellular matrix[27]. Therefore, the number of blood vessels in the tumor stroma is an important factor affecting cancer prognosis and metastasis. The extent of angiogenesis in tumor tissues can be determined by assessing MVD[28]. Determination of MVD in esophageal squamous cell carcinoma could become one of the indicators to determine invasive and metastatic potential.

RhoA and RhoC can promote tumor angiogenesis by the Rho-associated kinase (ROCK) signaling pathway, as well as assisting distant metastasis of tumor cells through the vascular endothelium[29,30]. The results of our study showed that the positive expression of RhoC protein was positively correlated with VEGF protein expression and MVD. The differences in MVD and positive expression of VEGF in patients with positive RhoC protein expression were significant compared with patients with negative RhoC protein expression. These findings indicate that RhoC overexpression promotes tumor angiogenesis by increasing expression of VEGF protein. We also found that MVD increased with high levels of VEGF protein expression. VEGF and CD105 staining in tumor tissues is similar, which confirms that VEGF specifically promotes tumor angiogenesis, which is consistent with previous findings in gastric cancer[31].

In summary, our results indicate that the RhoC gene plays an important role in esophageal carcinogenesis and development. RhoC overexpression may be able to increase the expression of VEGF, thereby promoting tumor angiogenesis. VEGF protein overexpression and MVDCD105 were closely related to the invasion and metastasis of esophageal squamous cell carcinoma, which may be considered as an indicator for determining the lymph node metastatic potential of esophageal squamous cell carcinoma.
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Background 
The physiological and pathological roles of Ras homolog (Rho)C, vascular endothelial growth factor (VEGF) and microvascular density (MVD) have attracted considerable attention in recent years. However, expression of RhoC, VEGF and MVD in esophageal squamous cell carcinoma and the relationship with metastasis and invasion have not been reported.
Research frontiers 
This study was performed to explore the expression of RhoC, VEGF and MVD in esophageal squamous cell carcinoma and the relationship with metastasis and invasion. The study implied that the expression of RhoC, VEGF and MVD play an important role in esophageal squamous cell carcinoma. 
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Figure 1 RhoC protein, vascular endothelial growth factor protein and CD105 immunohistochemistry. In esophageal squamous cell carcinoma (a), adjacent atypical hyperplasia (b) and normal esophageal mucosa (c). A: In situ hybridization BCIP/NBT nuclear fast red (200 ×) for Ras homolog C (RhoC) mRNA; B: Immunohistochemistry (IHC) (streptavidin–biotin-peroxidase, SP) (200 ×) for RhoC protein; C: IHC (SP) (200 ×) for VEGF protein; D: IHC (SP) (200 ×) for CD105 protein. 

Table 1 RhoC mRNA relative content, expression of RhoC mRNA and protein and vascular endothelial growth factor protein in normal esophageal mucosa, adjacent atypical hyperplasia and cancer tissues
	Site
	Cases (n)
	RhoC mRNA relative content
	χ2
	P
	RhoC mRNA expression
	χ2
	P
	RhoC protein expression
	χ2
	P
	VEGF protein expression
	χ2
	P

	
	
	
	
	
	–
	+
	Positive rate 
	
	
	–
	+
	Positive rate 
	
	
	–
	+
	Positive rate 
	
	

	Normal esophageal mucosa tissues
	62
	0.653 ± 0.069
	
	
	49
	13
	21%
	
	
	50
	12
	19.4%
	
	
	44
	18
	29%
	
	

	Adjacent atypical hyperplasia tissues 
	31
	0.731 ± 0.065
	99.629
	0.000
	21
	10
	32.3%
	47.735
	0.000
	20
	11
	35.5%
	54.25
	0.000
	14
	17
	54.8%
	18.994
	0.000

	Cancer tissues
	62
	0.902 ± 0.119
	
	
	12
	50
	80.6%
	
	
	10
	52
	83.9%
	
	
	20
	42
	67.7%
	
	


VEGF: Vascular endothelial growth factor; RhoC: Ras homolog C.
Table 2 RhoC mRNA relative content, expression of RhoC mRNA and protein and vascular endothelial growth factor protein in esophageal squamous cell carcinoma and the relationship with clinicopathological parameters
	Clinicopathological parameters
	Cases
(n)
	RhoC mRNA relative content
	F(t, χ2)
	P
	RhoC mRNA expression
	χ2
	P
	RhoC protein expression
	χ2
	P
	VEGF protein expression
	χ2
	P

	
	
	
	
	
	-
	+
	Positive rate 
	
	
	-
	+
	Positive rate 
	
	
	-
	+
	Positive rate 
	
	

	Gender

	Male
	36
	0.922 ± 0.123
	0.586
	0.118
	7
	29
	80.6
	0
	0.983
	6
	30
	83.3
	0.018
	0.892
	11
	25
	69.4
	0.004
	0.95

	Female
	26
	0.874 ± 0.109
	
	
	5
	21
	80.8
	
	
	4
	22
	84.6
	
	
	9
	17
	65.4
	
	

	Age (yr)

	≥ 60
	33
	0.911 ± 0.108
	0.619
	0.538
	6
	27
	81.8
	0.062
	0.803
	7
	26
	78.8
	1.348
	0.246
	12
	21
	63.6
	0.217
	0.642

	< 60
	29
	0.892 ± 0.132
	
	
	6
	23
	79.3
	
	
	3
	26
	89.7
	
	
	8
	21
	72.4
	
	

	Histologic grading

	I
	15
	0.795 ± 0.056
	
	
	7
	8
	53.3
	
	
	7
	8
	53.3
	
	
	8
	7
	46.7
	
	

	II
	25
	0.898 ± 0.086
	22.535
	0
	3
	22
	88
	9.52
	0.009
	2
	23
	92
	13.744
	0.001
	7
	18
	72
	4.014
	0.134

	III
	22
	0.979 ± 0.128
	
	
	2
	20
	90.9
	
	
	1
	21
	95.5
	
	
	5
	17
	77.3
	
	

	Invasion depth

	Shallow froup
	7
	0.751 ± 0.036
	
	
	4
	3
	42.9
	
	
	4
	3
	42.9
	
	
	6
	1
	14.3
	
	

	Deep group
	55
	0.924 ± 0.111
	8.716
	0
	8
	47
	85.5
	7.219
	0.007
	6
	49
	89.1
	9.812
	0.002
	14
	41
	74.5
	10.319
	0.001

	Lymphatic metastasis

	Without
	42
	0.840 ± 0.074
	9.042
	0
	11
	31
	73.8
	3.898
	0.048
	10
	32
	76.2
	5.678
	0.017
	18
	24
	57.1
	6.693
	0.01

	With
	20
	1.032 ± 0.086
	
	
	1
	19
	95
	
	
	0
	20
	100
	
	
	2
	18
	90
	
	


VEGF: Vascular endothelial growth factor; RhoC: Ras homolog C.
Table 3 Relationship among RhoC protein, RhoC mRNA, vascular endothelial growth factor protein and CD105 staining of measure microvascular density
	RhoC

protein expression
	n
	RhoC mRNA expression
	r
	P
	VEGF

expression
	r
	P
	MVDD105
(mean ± SD)
	r
	P
	VEGF protein expression
	n
	MVDCD105
(mean ± SD)
	t
	P

	
	
	+
	–
	
	
	+
	–
	
	
	
	
	
	
	
	
	
	

	+
	52
	46
	6
	0.451
	0.000
	40
	12
	0.448
	0.000
	41.99 ± 9.83
	0.451
	0.000
	+
	42
	38.88 ± 0.041
	5.147
	0.027

	–
	10
	4
	6
	
	
	2
	8
	
	
	31.07 ± 6.38
	
	
	–
	20
	36.45 ± 0.036
	
	


VEGF: Vascular endothelial growth factor; RhoC: Ras homolog C; MVDCD105: CD105 staining of measure microvascular density.
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