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Abstract

AIM: To investigate the effect of Golgi phosphorylation protein 3 (GOLPH3) expression on cell apoptosis, angiogenesis and prognosis in colorectal cancer (CRC). 

METHODS: The expression of GOLPH3 in CRC tissues and normal colorectal mucosae was determined by immunohistochemistry in 62 patients. In addition, immunohistochemistry was also carried out to detect the expression of vascular endothelial growth factor (VEGF), CD34 and microvessel density (MVD). Terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick end labeling assay was used to determine the apoptotic index (AI). The Kaplan-Meier method was used to analyze the relationship between GOLPH3 expression and survival in another 123 CRC cases.

RESULTS: Compared with normal colorectal mucosae, a notably higher level of GOLPH3 protein expression was identified in CRC tissues (53.2% vs 24.2%, P < 0.05). Positive GOLPH3 expression was significantly associated with tumor invasion depth, TNM stage, and lymph node metastasis (P = 0.001; P = 0.020; P = 0.020; P < 0.05, respectively), but not with tumor length, tumor site, and age (P = 0.363; P = 0.819; P = 0.599; P > 0.05, respectively). VEGF expression and MVD in GOLPH3-positive CRC was significantly higher than in GOLPH3-negative CRC (VEGF: 69.7% vs 31.0%; MVD: 21.45 ± 9.39 vs 14.24 ± 8.97; P < 0.05). GOLPH3 expression was negatively correlated with AI in CRC as shown by Spearman correlation analysis (r = -0.320, P < 0.05). The 5-year survival rate in GOLPH3-negative CRC (69.4%) was significantly higher than in GOLPH3-positive CRC (48.6%) (log-rank test, P < 0.05).

CONCLUSION: High expression of GOLPH3 is found in CRC tissues. GOLPH3 expression may be a novel prognostic marker for CRC patients.
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Core tip: Golgi phosphorylation protein 3 (GOLPH3) was identified as a Golgi membrane protein initially and as a new oncogene in recent years. This study reports a notably higher level of GOLPH3 expression in colorectal cancer (CRC) tissues compared with normal colorectal mucosae. Positive GOLPH3 expression was significantly associated with tumor invasion depth, TNM stage, and lymph node metastasis. In addition, GOLPH3 expression was correlated with cell apoptosis and angiogenesis. Our data suggest that GOLPH3 expression may be a novel prognostic marker for patients with CRC.

INTRODUCTION

Colorectal cancer (CRC) is a serious threat to humans, and the incidence and mortality rate of CRC are high in many countries. At present, complete resection is still the main treatment option, however, despite continuing improvements in surgical techniques, radiotherapy and chemotherapy, almost half of patients who receive radical surgery die of tumor metastasis and recurrence. Thus, it is imperative to identify a predictive index of CRC recurrence or metastasis. In addition, an understanding of the molecular regulatory mechanism associated with CRC invasion and metastasis is of great importance to guide clinical diagnosis and treatment[1].

The occurrence and development of CRC requires the participation of multiple genes, but there is still a lack of objective molecular markers to help in the early diagnosis of tumor and prognosis. Thus, it would be of great significance to further explore the pathogenesis of CRC and the resistance mechanism, and identify new targets for tumor targeting therapy.

Golgi phosphorylation protein 3 (GOLPH3), which was identified as a Golgi membrane protein initially, and as a new oncogene in recent years, is found in a number of organisms and plays a decisive part in morphology and Golgi trafficking[2-4]. The mammalian target of rapamycin (mTOR) is a key point in the PI3K/AKT/mTOR signaling pathway, and is associated with tumor growth and proliferation[3,5]. Recent research showed that GOLPH3 can promote the proliferation of cancer cells by activating mTOR and may be a new oncogene[5]. However, research on the GOLPH3 gene and apoptosis in CRC is relatively rare.

In this study, we measured the expression of GOLPH3 in CRC tissues to investigate its relationship with cell apoptosis and angiogenesis, and explored the effects of GOLPH3 on the development and prognosis of CRC.

MATERIALS AND METHODS
Patients and tissue specimens

Group Ⅰ: This group included 62 CRC patients who underwent surgical resection from February 2012 to July 2012 in Fujian Medical University the Second Affiliated Hospital, and had available tumor samples. A total of 62 CRC tissues were acquired from resected normal mucosae and tumors. The samples were then frozen in liquid nitrogen and stored at -80  ℃. The TNM stages were determined using classification guidelines by the American Joint Committee on Cancer in the 7th edition. The clinicopathological characteristics of the patient cohort are summarized in Table 1. Each patient had a complete medical record and did not receive chemoradiotherapy before surgery.

Group Ⅱ: This group included 123 CRC patients who underwent surgical resection from January 2005 to December 2009 in the Second Affiliated Hospital of Fujian Medical University. All patients (72 males and 51 females) had complete medical records and did not receive chemoradiotherapy before surgery. The age range of the CRC patients was 28-87 years (mean 64.04 ± 12.52 years). All patients were followed up by phone or clinic visit for 1 to 93 mo, and the median follow-up period was 62 mo.

Reagents

Rabbit anti-GOLPH3 (ab98023) polyclonal antibody (Abcam); mouse anti-vascular endothelial growth factor (VEGF) monoclonal antibody (VGl) (Abcam); and mouse anti-CD34 monoclonal antibody (QBEnd/10) (Abcam) were used. The secondary antibody was biotin-labeled Goat anti-rabbit IgG (Abcam). The immunohistochemical kit was from Beijing Zhongshan Biotechnology Co., Ltd (Bejing, China). The in situ apoptosis detection kit was from Roche in Shanghai, China.

Immunohistochemistry

Immunohistochemistry was performed according to standard protocols, and was used to detect GOLPH3, VEGF and CD34 protein expression in 62 CRC cases, and GOLPH3 protein expression was detected in another 123 CRC cases. Sections from the paraffin-embedded samples were dried overnight at 37  ℃, and then deparaffinized with xylene and rehydrated. The sections were treated with 3% hydrogen pero​xide for 20 min to inhibit the activity of endogenous peroxidase and then microwaved for antigenic retri​eval using ethylene diamine tetraacetic acid (EDTA) buffer. Nonspecific antibody binding was blocked. Subsequently, the sections were incubated with anti-GOLPH3 antibody (1:100), anti-VEGF antibody and anti-CD34 antibody overnight at 4℃. After rinsing, the sections were incubated with biotin-labeled secondary antibody bound to a streptavidin-horseradish peroxidase complex. The peroxidase reaction was developed in DAB buffer substrate for visualization. The sections were then counterstained, mounted, and observed under microscope. Phosphate buffered saline (PBS) replaced the primary antibody as a negative control. 

TUNEL assay

We chose the “no dead zone” of the 62 CRC tissues, and followed the instructions in the apoptosis detection kit.

Evaluation of GOLPH3 and VEGF staining

Immunohistochemical results were evaluated by two pathologists independently who were blinded to patient data, and any disagreement was resolved by consensus. The protein expression of GOLPH3 and VEGF was evaluated by combining the intensity of staining and the proportion of positively stained tumor cells, and the final score was calculated as follows. The scores for the proportion of positively stained tumor cells were: 0, < 5%; 1, 5%-25%; 2, 25%-50%; 3, 50%-75%; and 4, ≥ 75%; and the scores for staining intensity were: 0, no staining; 1, weak staining (light yellow); 2, moderate staining (yellow brown); and 3, strong staining (brown). The staining index of GOLPH3 and VEGF in CRC tissues was obtained by multiplying the two scores for each sample. The final scores of 0, 1, 2, 3, 4, 6, 9, or 12[6] were obtained. A maximum score of 4 was defined as negative expression.

Calculation of microvessel density

Microvessels were recorded by counting CD34 positively stained endothelial cells. The microvessel density (MVD) was assessed by two pathologists independently, and any disagreements were resolved by consensus. In the few instances of discrepant scoring, two pathologists recounted and an average was obtained. The highest microvascular density areas were selected under low microscope power (100 × magnification) and the vessels in five fields were counted at high microscope power (400 × magnification). MVD measurements were obtained by calculating the average of the counts in five fields. Vessels were excluded if they had thick muscular walls or a large lumen. The calculated results were rounded.

Apoptosis index

The cell nucleus stained yellow-brown was considered positive for the corresponding protein expression. The apoptosis index (AI) was defined as the ratio of positively stained tumor cells to all tumor cells. For each case, 1000 randomly selected tumor cells in 5 areas were counted under 400 × magnification.

Statistical analysis

Statistical analysis was performed using the statistical package for Social Sciences, version 19.0 (SPSS, Inc., Chicago, IL, United States). The relationships between GOLPH3 expression and both clinicopathological features and VEGF were analyzed by the 2 test. Pearson correlation analysis was used to determine the relationship between intratumoral MVD and GOLPH3 protein expression, whereas the factors associated with AI were analyzed using the t test and Spearman correlation analysis. The Kaplan-Meier method was used to estimate the relationship between GOLPH3 expression and prognosis of CRC, and the differences were compared using the log-rank test. P < 0.05 was considered statistically significant.

RESULTS

Clinical data in Group Ⅰ
GOLPH3 expression in CRC tissues and normal colorectal mucosae: Immunohistochemistry results indicated that GOLPH3 expression was mainly located in the cytoplasm of CRC tissues (Figure 1A). The positive expression rate of GOLPH3 was 53.2% (33/62) in CRC tissues, and was markedly higher than that in normal colorectal mucosae [24.2% (15/62); P < 0.01] (Figure 1B).

GOLPH3 expression and its association with clinicopathological characteristics in CRC tissues: Compared with moderately-to-well differentiated, no metastatic lymph nodes, and stage Ⅰ-Ⅱ CRCs, GOLPH3 expression level was significantly higher in poorly differentiated, metastatic lymph nodes, and stage Ⅲ CRCs (P < 0.05), respectively. However, GOLPH3 expression was not significantly correlated with other clinicopathologic parameters, such as age, site, length of the invasive tumor (P > 0.05) (Table 1).

Correlation between GOLPH3 and VEGF expression in CRC tissues: Immunohistochemistry results indicated that VEGF expression was mainly located in the cytoplasm, and showed tan-grains (Figure 2). The rate of VEGF positive expression was 69.7% (23/33) in CRC with GOLPH3 positive expression, and was significantly higher than that in CRC with GOLPH3 negative expression (31.0%, 9/29) (I2 = 9.239, P = 0.002). Thus, immunohistochemistry method showed that GOLPH3 expression was associated with VEGF expression (P = 0.05).

Correlation between GOLPH3 and MVD in CRC tissues: The expression of CD34 was mainly located in vascular endothelial cytoplasm. The MVD in the GOLPH3 negative expression group (29/62) was 14.24 ± 8.97 in CRC tissues, and was significantly lower than that in the GOLPH3 positive expression group (33/62) (MVD = 21.45 ± 9.39) (t = -3.090, P < 0.01). 

Relationship between GOLPH3 expression and apoptosis in CRC tissues. AI was 1.531 ± 0.118 in CRC tissues with GOLPH3 positive expression, and was significantly lower than that in CRC tissues with GOLPH3 negative expression (2.138 ± 0.186) (t = 2.824, P < 0.01). The staining score for GOLPH3 expression was negatively correlated with AI in CRC tissues using Spearman correlation analysis (r = -0.320, P < 0.05).

Clinical data in Group Ⅱ
High GOLPH3 expression was related to poor prognosis in CRC. In this group, the overall 5-year survival rate was 56.9%. The CRC patients were divided into two groups according to GOLPH3 expression levels: 5-year survival rate was 48.6% in the GOLPH3 positive expression group, and was 69.4% in the GOLPH3 negative expression group (Figure 3). The log-rank test showed that the survival time in the GOLPH3 positive expression group was significantly lower than that in the GOLPH3 negative expression group (P = 0.014).

DISCUSSION

Cancer progression is a very complex process, and includes tumor cell transformation, growth, invasion, angiogenesis, dissemination and survival in the circulation, and subsequent adhesion and colonization in the distant organ or tissue. Among these events, aberrant cell apoptosis, proliferation, and angiogenesis play crucial roles in the growth and dissemination of tumors, and cancer progression[7,8].

GOLPH3, also known as GMx33, is located on chromosome 5p13, and its encoded protein is a highly conserved 34 kDa protein initially identified through proteomic characterization of the Golgi apparatus, and plays a role in protein transmission[9]. In recent years, high expression of GOLPH3 has been shown to be associated with poor prognosis in many cancers, such as breast cancer[10], esophageal squamous cell carcinoma[11], oral tongue cancer[12], gastric cancer[6], prostate cancer[13], glioblastoma multiforme[14], gliomas[15], and rhabdomyosarcoma[16]. In the present study, it was similarly demonstrated that the overexpression of GOLPH3 in CRC tissues could reflect the degree of malignancy of CRC, and was correlated with poor prognosis, which may be a factor in the biological behavior and prognosis of CRC.

At present, great progress has been made in the research on the mechanism of GOLPH3. Phospha​tidylinositol-4-phosphate (PI4P) is known to be highly enriched at the trans-Golgi[17] and is required for Golgi-to-plasma membrane trafficking[18-20]. GOLPH3 plays a critical role in Golgi-to-plasma membrane trafficking as a novel effector of PI4P[3]. In addition, GOLPH3 tightly interacts with an unconventional myosin, MYO18A, recruiting it to the Golgi. MYO18A binds to F-actin and the complex applies a tensile force that pulls on the Golgi membrane[3,21,22]. A series of studies indicated that GOLPH3 protein could cause abnormal secretion of glycoprotein by adjusting the function of glycosyltransferases[23,24]. At present, glycosylation has been confirmed to be related to the growth, adhesion, migration, invasion and immune recognition of tumor cells. Abnormal glycosylation can increase the aggressiveness of tumors. Moreover, some authors observed that overexpression of GOLPH3, by driving the Golgi DNA damage response, confers resistance to killing by DNA damaging therapeutic agents, and may explain its role in determining the poor prognosis of a variety of cancers[25].

Angiogenesis is essential for cancer growth and metastasis, and provides tumor cells with enough nutrients and oxygen, which is regulated by various factors. VEGF is an important factor, which induces tumor vessel formation. Research shows that the expression of VEGF is closely related to the deve​lopment and infiltration of CRC[26,27]. Our results showed that the level of GOLPH3 protein expression in VEGF negative-expression cases was significantly lower than that in VEGF positive-expression cases, and the GOLPH3 expression level was positively correlated with MVD. These findings demonstrated that GOLPH3 expression can upregulate VEGF expression, which may promote tumor angiogenesis and growth in CRC. GOLPH3 overexpression can upregulate HIF-1 expression by activating the PI3K/AKT/mTOR signaling pathway and promote VEGF overexpression, which results in the migration of endothelial cells to generate new blood vessels to increase the blood flow to tumor cells. Moreover, activation of the AKT signaling pathway can also activate endothelial nitric oxide synthase by affecting neural phospholipase, which results in persistent nitric oxide production and the promotion of CRC angiogenesis.

Our results showed that GOLPH3 expression was negatively correlated with AI in CRC tissues and may inhibit cell apoptosis. GOLPH3 protein can activate the AKT signaling pathway[9], and the activated AKT signaling pathway can inhibit the activity of caspase-9 by a phosphorylating reaction, resulting in a cascade reaction, including caspase-2, 3, 6, 8, and 10[28]. This series of reactions plays a role in resistance to apoptosis.

In conclusion, high expression of GOLPH3 was found in CRC. GOLPH3 overexpression may participate in the occurrence and development of CRC by inhibiting apoptosis and promoting angiogenesis, and may be used as a prognostic predictor for CRC patients.
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COMMENTS

Background

Golgi phosphorylation protein 3 (GOLPH3) was initially identified as a Golgi membrane protein and as a new oncogene in recent years, and plays a crucial role in Golgi trafficking and morphology. Recent research showed that GOLPH3 can promote the proliferation of cancer cells by activating mTOR. Colorectal cancer (CRC) is one of the most common malignant tumors of the human digestive system, thus, it is important to identify a predictive index of CRC recurrence or metastasis.

Research frontiers

High expression of GOLPH3 has been shown to be associated with poor prognosis in breast cancer, esophageal squamous cell carcinoma, oral tongue cancer, gastric cancer, prostate cancer, gliomas, and rhabdomyosarcoma. Some authors observed that overexpression of GOLPH3, by driving the Golgi DNA damage response, confers resistance to killing by DNA damaging therapeutic agents, and may explain its role in determining the poor prognosis of a variety of cancers.

Innovations and breakthroughs

This study reports, for the first time, the relationship between the expression of GOLPH3 and CRC by detecting cell apoptosis and angiogenesis. A notably higher level of GOLPH3 protein expression was found in CRC tissues compared with normal colorectal mucosae. GOLPH3 expression was correlated with cell apoptosis and angiogenesis. The 5-year survival rate in GOLPH3-negative CRC was significantly higher than that in GOLPH3-positive CRC.

Applications

High expression of GOLPH3 was positively associated with CRC. Therefore, GOLPH3 expression may be a novel prognostic marker for patients with CRC.

Terminology

Vascular endothelial growth factor (VEGF) is secreted by certain tumor cells, inducing the formation of tumor blood vessels and stimulating tumor growth. VEGF is a strong angiogenesis factor. TUNEL is a special technique used to determine cell apoptosis, which is necessary for the growth and dissemination of tumors, and cancer progression.

Peer-review

The authors demonstrate the urgency for discovery of novel molecular markers for CRC; and their work strives to address this need. Notably, the role of GOLPH3 in cancer has only been recognized recently, and there is need to further explore how its expression affects the behavior of different types of cancer, including CRC.
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FIGURE LEGENDS
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Figure 1  Expression of Golgi phosphorylation protein 3 in colorectal cancer tissues (A) and normal colorectal mucosae (B).
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Figure 2  Vascular endothelial growth factor expression in colorectal cancer tissues.
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Figure 3  Survival curves of patients with positive and negative Golgi phosphorylation protein 3 expression in colorectal cancer tissues. 
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Table 1  Relationship between Golgi phosphorylation protein 3 expression in colorectal cancer tissues and clinicopathologic factors


Clinicopathologic parameters�
 Total�
GOLPH3 expression�
2�
P value�
�
�
�
Negative�
Positive�
�
�
�
Age (yr)�
�
�
�
�
�
�
   ≤ 60�
30�
13�
17�
  0.276�
0.599�
�
   > 60�
32�
16�
16�
�
�
�
Tumor site�
�
�
�
�
�
�
   Right �
11�
  6�
  5�
  0.399�
0.819�
�
Hemicolon�
�
�
�
�
�
�
   Left hemicolon�
12�
  5�
  7�
�
�
�
   Rectum�
39�
18�
21�
�
�
�
Tumor length (cm)�
�
�
�
�
�
�
   ≤ 5�
40�
17�
23�
  0.827�
0.363�
�
   > 5�
22�
12�
10�
�
�
�
Differentiation�
�
�
�
�
�
�
   G1-G2�
51�
27�
24�
  4.391�
0.036�
�
   G3�
11�
  2�
  9�
�
�
�
Clinical stage�
�
�
�
�
�
�
   Ⅰ-Ⅱ�
33�
20�
13�
  5.422�
0.020�
�
   Ⅲ�
29�
  9�
20�
�
�
�
Depth of invasion�
�
�
�
�
�
�
   Inside serous membrane�
14�
12�
  2�
11.014�
0.001�
�
   Outside serous membrane�
48�
17�
31�
�
�
�
Lymph node metastasis�
�
�
�
�
�
�
   Yes�
29�
  9�
20�
  5.422�
0.020�
�
   No�
33�
20�
13�
 �
�
�
GOLPH3: Golgi phosphorylation protein 3.
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