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Abstract
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK19][bookmark: OLE_LINK25][bookmark: OLE_LINK26]AIM: To evaluate human epidermal growth factor receptor 2 (HER2) and death decoy receptor (DcR3) as colorectal cancer prognostic indicators.

METHODS: Colorectal carcinoma specimens from 300 patients were analyzed by immunohistochemistry to detect the staining patterns of HER2 and DcR3. Classification of HER2 staining was carried out using the United States Food and Drug Administration’s semi-quantitative scoring system, with scores of 0 or 1+ indicating a tumor-negative (normal expression) status and scores of 2+ and 3+ indicating a tumor-positive (overexpression) status. Classification of DcR3 was carried out by quantitating the percentage of positive cells within the stained section, with < 10% indicating a tumor-negative status and ≥ 10% indicating a tumor-positive status. Correlation of the HER2 and DcR3 staining status with clinicopathological parameters [age, sex, tumor size, differentiation, and the tumor, node, metastasis (pTNM) classification] and survival was statistically assessed.

[bookmark: OLE_LINK20][bookmark: OLE_LINK22]RESULTS: Tumor-positive status for HER2 and DcR3 was found for 18.33% and 58.33% of the 300 colorectal carcinoma specimens, respectively. HER2 tumor-positive status showed significant correlation with tumor size (P = 0.003) but no other clinicopathological parameter. DcR3 tumor-positive status showed significant correlation with tumor differentiation (P < 0.001), pTNM stage (P < 0.001), and lymph node metastasis (P < 0.001). However, correlation coefficient analysis did not indicate that a statistically significant correlation exists between tumor-positive status for the HER2 and DcR3 overexpressions (P = 0.236). Patients with specimens classified as DcR3-overexpressing had a significantly worse overall survival (OS) rate than those without DcR3 overexpression (median OS: 42.11 vs 61.21 mo; HR = 50.27, 95%CI: 44.90–55.64, P < 0.001). HER2 overexpression had no significant impact on overall survival (median OS: 35.10 vs 45.25 mo; HR = 44.40, 95%CI: 39.32–49.48, P = 0.344). However, patients with specimens classified as both HER2- and DcR3-overexpressing had a significantly poorer overall survival than those with only HER2 overexpression (median OS: 31.80 vs 52.20 mo; HR = 35.10, 95%CI: 22.04–48.16, P = 0.006).

CONCLUSION: HER2 overexpression is not an independent prognostic marker of colorectal cancer, but DcR3 overexpression is highly correlated with lymph node metastasis and poor overall survival.

© 2014 Baishideng Publishing Group Co., Limited. All rights reserved.
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Core tip: Overexpression of the human epidermal growth factor receptor 2 (HER2) and death decoy receptor (DcR3) has been observed in clinical specimens of colorectal cancer, but their roles in prognosis remain unknown. In this systematic investigation of the immunohistochemistry staining patterns of HER2 and DcR3 in 300 clinical specimens, only DcR3 overexpression was identified as a potential prognostic marker of colorectal cancer. Specifically, DcR3 tumor-positive staining showed strong statistical correlation with lymph node metastasis and poor overall survival. Moreover, HER2-positive patients with DcR3 overexpression had poorer overall survival than their DcR3-negative counterparts. 
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INTRODUCTION
Colorectal cancer remains one of the most common malignancies diagnosed worldwide. Extensive research effort has been put forth to elucidate the molecular mechanisms underlying progression to metastatic colorectal carcinoma, yet there remains a notable absence of accurate and convenient prognostic biomarkers[1]. Disease management of both non-metastatic and metastatic cases consists of surgical resection and chemotherapeutic drug delivery (systemic, as well as cancer cell-targeted). However, cases of resistance to the cytotoxic agents are not infrequent, and this condition represents a particular clinical challenge as no other treatment options are available. 
The multistep carcinogenic process of colorectal cancer is known to involve perturbed activation and signaling of inflammation and oxidative stress pathways. Two key factors of these pathways are the pro-inflammatory human epidermal growth factor receptor 2 (HER2) and the anti-inflammatory death decoy receptor 3 (DcR3), both of which have been observed as overexpressed in clinical samples of colorectal cancer[2,3]. Moreover, response to adjuvant chemotherapy with 5-fluorouracil is associated with the DcR3 chromosomal locus[4]. 
HER2 is a transmembrane tyrosine kinase receptor that regulates cell growth and differentiation. As such, abnormal HER2 expression and/or activity can promote growth and progression of malignant cells[5,6], and its carcinogenic role has been defined in several human cancers[5-11]. In breast cancer, chemotherapy treatment based on herceptin, an anti-HER2 monoclonal antibody, has been shown to significantly improve the overall survival (OS) rate[12,13].
DcR3 is a tumor necrosis factor (TNF) receptor that counteracts activating signals of the inflammation pathway by competitively binding to the TNF ligands [Fas ligand (FasL), LIGHT, and TL1A][14-17]. The DcR3-mediated inhibition of TNF signaling has been shown to protect tumor cells from apoptosis and to promote invasiveness and metastasis. Abnormal DcR3 expression has been reported in clinical specimens of lung, gastrointestinal, renal and ovarian cancers, as well as colon cancer[18-22]. 
Thus, the protein expression levels of HER2 and DcR3 may represent prognostic markers of colorectal cancer and may reflect malignant potential of resected tumor specimens. This study was designed to investigate the correlations between immunohistochemical staining patterns of HER2 and DcR3, individually and in combination, and clinicopathological parameters of colorectal cancer in order to evaluate their potential prognostic value.

[bookmark: OLE_LINK9][bookmark: OLE_LINK10]MATERIALS AND METHODS
Patient information
This retrospective study involved 300 treatment-naïve patients who had undergone elective surgical resection for colorectal cancer in the Department of General Surgery at Su Bei People’s Hospital of Yangzhou University (China) between January 2003 and December 2010. The study population was composed of 177 males and 123 females, ranging in age from 21- to 85-year-old (mean age: 56.3 years). For each patient, data on the clinicopathological parameters were collected from the medical records database and included patient age and sex, and tumor size, differentiation, and pathological classification according to the tumor, node, metastasis (pTNM) scoring system. 
All patients had provided informed consent for storage and future use of their resected tumor specimens for research purposes, and this study was authorized by the Ethics Committee of Su Bei People’s Hospital of Jiangsu Province.

Immunohistochemical staining of HER2 and DcR3 
Formalin-fixed paraffin-embedded sections of surgical specimens on glass slides were deparaffinized in xylene and rehydrated through an ethanol gradient. Endogenous peroxidase was blocked by a 10 min incubation with 0.3% H2O2 in methanol, after which antigen retrieval was performed by 15 min of heating in 10 mmol/L sodium citrate (pH 6.0). After the sample was cooled for 20 min to room temperature and washed with phosphate-buffered saline (PBS), non-specific binding sites were blocked by a 10 min pre-incubation with 10% fetal calf serum in PBS with 0.01% sodium azide. The primary antibody against HER2 (1:100 dilution; HercepTestTM kit from Dako, Glostrup, Denmark) or DcR3 (1:200; Dako) was added and the slide incubated for 1 h in a humidified chamber. Following a triplicate wash with PBS, the appropriate secondary antibody (undiluted; Envision-HRP Complex from Dako) was added and the slide incubated for an additional 60 min in the humidified chamber. Immunoreactivity was visualized by incubation with the chromagen 3-3-diaminobenzidine. All sections were counterstained with hematoxylin. For each specimen, a negative control was generated by replacing the primary antibody with PBS alone.
 
Scoring of HER2 and DcR3 immuno-staining
Each processed slide was assessed by two pathologists working independently. Instances of interobserver variability were resolved by consensus discussion during simultaneous dual re-evaluation. 
Scoring of the HER2 staining was carried out according to the semi-quantitative strategy recommended by the United States Food and Drug Administration[23], as follows: no staining or membrane staining in < 10% of the tumor cells = 0; incomplete membrane staining in > 10% of tumor cells = 1+; weak-to-moderate complete membrane staining in > 10% of tumor cells = 2+; moderate-to-strong complete membrane staining in > 10% of tumor cells = 3+. Specimens with scores of 0 or 1+ were classified as tumor-negative for HER2 (normal expression), and specimens with scores of 2+ or 3+ were classified as tumor-positive for HER2 (overexpression).
Classification of DcR3 was carried out by quantitating the percentage of positive cells within the stained section, with < 10% indicating a tumor-negative status and ≥ 10% indicating a tumor-positive status. 

Follow-up 
Patients were followed-up to December 2010 or until death. The median follow-up interval was 50.3 mo (2-93 mo). Follow-up examinations included imaging analysis to detect any signs of recurrence.

Statistical analysis
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]All statistical analyses were carried out with the SPSS statistical software for Windows, version 17 (SPSS Inc., Chicago, IL, United States). The significance of associations between HER2 and DcR3 immuno-staining and the various clinicopathological parameters was analyzed by χ2 testing. Overall survival (OS) curves were generated using the Kaplan-Meier method, and the significance of differences between the curves was analyzed by log-rank testing. The threshold for statistical significance was set at a P-value of < 0.05. 

RESULTS
Immunohistochemical staining patterns of HER2 and DcR3 in human colorectal cancer specimens
Of the total 300 colorectal cancer specimens examined, 55 (18.33%) showed HER2 overexpression, with the immuno-staining scores being mostly moderate (2+, n = 45) (Figure 1A) and only 10 having strong scores (3+) (Figure 1B). In contrast, a remarkably larger percentage of the specimens showed DcR3 overexpression (58.33%) (Figure 1C).

Correlation of HER2 or DcR3 overexpression with clinicopathological features of colorectal cancer
The correlation of HER2 and DcR3 immuno-staining patterns with clinicopathological features is presented in Table 1. HER2 overexpression was found to be significantly correlated only with tumor size. In contrast, DcR3 overexpression was found to be significantly correlated with tumor differentiation, lymph node metastases, and pTNM stage (P < 0.05).

Association between HER2 and DcR3 overexpression in colorectal cancer specimens
A little more than half (65.45%) of the specimens showing HER2 overexpression also showed DcR3 overexpression, which was not significantly different from the percentage of specimens showing normal HER2 expression and DcR3 overexpression (56.73%) (P = 0.236).

Correlation of HER2 or DcR3 overexpression with survival
HER2 immuno-staining status had no impact on OS; the median OS of patients with HER2-positive tumor specimens was 35.10 months, compared to 45.25 mo for the patients with HER2-negative tumor specimens (HR = 44.40, 95%CI: 39.32–49.48, P = 0.344) (Figure 2A). In contrast, DcR3-positive status was associated with a poorer OS (median OS of 42.11 mo vs DcR3-negative status: 61.21 mo; HR = 50.27, 95%CI: 44.90–55.64, P < 0.001) (Figure 2B). Moreover, patients whose tumor specimens showed double-positivity [HER-2(+)/DcR3(+)] had worse OS than their counterparts without DcR3 overexpression [HER-2(+)/DcR3(–)] (median OS: 31.80 vs 52.20 mo, respectively; HR = 35.10, 95%CI: 22.04–48.16, P = 0.006) (Figure 2C).
 
DISCUSSION 
In this investigation of 300 human colorectal cancer specimens, immunohistochemical detection of DcR3, and not HER2, overexpression showed promise as a clinical marker of disease prognosis. Similar to the findings from a previous study of growth factor expression in Chinese patient specimens (i.e. the pro-angiogenic vascular endothelial growth factor (VEGF) in relation to the HER2 growth factor receptor)[24], immunohistochemical detection of HER2 overexpression showed correlation with only tumor size and had no significant relation with survival. However, in the previous study, HER2 overexpression showed statistical correlation to distant metastasis; this inconsistency could be explained by a limited sample size variant. 
In the present study, the immunohistochemically-detected DcR3 overexpression reflected features of colorectal carcinogenesis progression. Specifically, the specimens showing DcR3-positive immuno-staining were less differentiated and more invasive. Moreover, the patients with DcR3-positive tumors were more likely to have lymph node metastases at the time of resection and poorer OS. Thus, DcR3 may represent a useful prognostic marker of colorectal cancer malignancy and risk of death. 
Coincident overexpression of DcR3 significantly worsened the chances of OS in patients with HER2 overexpression. Malignant transformation of a tumor cell requires molecular signals that promote growth and inhibit apoptosis, as well as those that allow a cell to migrate and invade surrounding tissues. While HER2 overexpression may contribute to the unrestricted growth of a cancer cell, DcR3 may play the key role in promoting metastasis, which is related to higher risk of cancer-related death and complicates the clinical management.
In summary, colorectal cancer specimens from Chinese patients show both isolated and coincident overexpression of HER2 and DcR3. Isolated DcR3 overexpression may be a clinical prognostic marker of malignancy and survival, and coincident DcR3/HER2 overexpression may indicate more robust malignancy risk. Future studies need to elucidate the molecular mechanism of DcR3-mediated carcinogenesis to further define its relation to patient prognosis (in various ethnicities and disease conditions) and its potential as a target of molecular-based therapies.

[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK2][bookmark: OLE_LINK6][bookmark: OLE_LINK21][bookmark: OLE_LINK28]COMMENTS
Background
Overexpression of the pro-inflammatory human epidermal growth factor receptor 2 (HER2) and anti-inflammatory death decoy receptor 3 (DcR3) has been observed in various human cancers, including colorectal carcinoma. Yet, their roles in malignant transformation of colorectal cancer cells and potential as clinical markers of disease prognosis remain unknown.

Research frontiers
Immunohistochemical detection of DcR3 overexpression in human colorectal cancer specimens resected from Chinese patients is correlated with malignancy and overall survival. DcR3 may represent a useful prognostic biomarker of colorectal cancer in this patient population. Moreover, while overexpression of HER2 may promote the unrestricted growth of colorectal tumor cells, the overexpression of DcR3 may promote the cells’ invasiveness and migration to increase the risk of metastasis and cancer-related death.

Innovations and breakthroughs
To date, no study in the publicly available literature has reported data on the coincident overexpression of HER2 and DcR3 in human colorectal cancer specimens. Clinical detection of the immunohistochemical staining patterns of these two cancer-related proteins may represent a convenient and accurate approach for determining the prognosis of Chinese patients with colorectal cancer.

Applications
Immunohistochemical detection of DcR3 overexpression, in isolation or coincident with HER2 overexpression, may be a useful clinical approach for predicting risk of malignancy in and survival of colorectal cancer patients.

Peer review
This study investigated the potential association of two cancer-related proteins, DcR3 and HER2, with colorectal cancer, and evaluated whether isolated or coincident overexpression may be indicative of increased risk of malignancy and/or overall survival. According to statistical correlation analysis of the HER2 and DcR3 immunohistochemical staining patterns and clinicopathological parameters, DcR3 overexpression, in isolation or coincident with HER2 overexpression, was highly associated with increased malignancy and poorer survival. Specifically DcR3 overexpression was shown to be significantly correlated with less differentiated tumors, worse pTNM stage, and presence of lymph node metastasis. Thus, the study provides novel evidence supporting the potential utility of DcR3 as a prognostic marker for clinical evaluation of colorectal cancer patients, and provides a foundation for future studies to explore the role of this receptor in carcinogenesis and its potential as a novel target of anticancer drugs.
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Figure 1 Immunohistochemical detection of human epidermal growth factor receptor 2 and death decoy receptor expression in colorectal cancer. Serial-section specimens from one representative case are shown (× 200). A: Human epidermal growth factor receptor 2 (HER2)-postive tumor section, scored as 2+ (red arrow); B: HER2-postive tumor section, scored as 3+ (red arrow); C: Death decoy receptor-positive tumor section showing staining in > 10% of the tumor cells (red arrow).














A
[image: Fig 2]
B
[image: Fig 3]

C
[image: Fig 4]
[bookmark: OLE_LINK27][bookmark: OLE_LINK29][bookmark: _GoBack]Figure 2 Kaplan-Meier overall survival curves. A: Kaplan-Meier overall survival curves for the 300 colorectal cancer patients, according to immunohistochemical detection of human epidermal growth factor receptor 2 normal (green) and overexpression (blue). The difference between the curves did not reach statistical significance (P = 0.344); B: Kaplan-Meier overall survival curves for the 300 colorectal cancer patients, according to immunohistochemical detection of death decoy receptor normal (green) and overexpression (blue). The difference between the curves was significant (P < 0.001); C: Kaplan-Meier overall survival curves for the 300 colorectal cancer patients, according to immunohistochemical detection of human epidermal growth factor receptor 2 overexpression in isolation (blue) or coincident with (green) death decoy receptor overexpression. The difference between the curves was significant (P = 0.006).;



Table 1 Correlation of the colorectal cancer clinicopathological variables with immunohistochemical staining patterns of human epidermal growth factor receptor 2 and death decoy receptor expression
	Variable
	n
	HER2
	Pa
	DcR3
	Pa

	
	
	Positive
	Negative
	
	Positive
	Negative
	

	Age
	
	
	
	
	
	
	
	

	
	< 60
	182
	34
	148
	0.847
	109
	73
	0.497

	
	≥ 60
	118
	21
	97
	
	66
	52
	

	Sex
	
	
	
	
	
	
	
	

	
	Male
	171
	30
	141
	0.684
	102
	69
	0.595

	
	Female
	129
	25
	104
	
	73
	56
	

	Tumor size in cm
	
	
	
	
	
	
	

	
	< 5
	194
	26
	168
	0.003 
	106
	88
	0.279

	
	≥ 5
	106
	29
	77
	
	51
	55
	

	Differentiation grade

	
	Well
	73
	11
	62
	0.385
	29
	44
	
< 0.001

	
	Moderate
	174
	31
	143
	
	101
	73
	

	
	Poor
	53
	13
	40
	
	45
	8
	

	Lymph node status

	
	Negative
	161
	32
	129
	0.457
	74
	87
	< 0.001

	
	Positive
	139
	23
	116
	
	101
	38
	

	Distant metastasis

	
	M0
	273
	49
	224
	0.774
	157
	116
	0.357

	
	M1
	27
	6
	21
	
	18
	9
	

	Perineural invasion

	
	Negative
	285
	51
	231
	0.900b
	163
	119
	0.459

	
	Positive
	18
	4
	14
	
	12
	6
	

	pTNM stage

	
	I
	50
	4
	46
	0.069b
	16
	34
	< 0.001

	
	Ⅱ
	110
	18
	92
	
	52
	58
	

	
	Ⅲ
	90
	23
	67
	
	66
	24
	

	
	Ⅳ
	50
	10
	40
	
	41
	9
	


aPearson’s χ2 test; bAdjusted χ2 test. HER2: Human epidermal growth factor receptor 2; DcR3: Death decoy receptor; pTNM: The tumor, node, metastasis classification.
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