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Abstract
AIM: To detect the expression of tumor necrosis factor- (TNF-) in colorectal cancer (CRC) cells among Saudi patients, and correlate its expression with clinical stages of cancer.

METHODS: Archival tissue specimens were collected from 30 patients with CRC who had undergone surgical intervention at King Khalid University Hospital. Patient demographic information, including age and gender, tumor sites, and histological type of CRC, was recorded. To measure TNF- mRNA expression in CRC, total RNA was extracted from tumor formalin-fixed, paraffin-embedded, and adjacent normal tissues. Reverse transcription and reverse transcription polymerase chain reaction were performed. Colorectal tissue microarrays were constructed to investigate the protein expression of TNF- by immunohistochemistry.

RESULTS: The relative expression of TNF- mRNA in colorectal cancer was significantly higher than that seen in adjacent normal colorectal tissue. High TNF- gene expression was associated with Stage Ⅲ and Ⅳ neoplasms when compared with earlier tumor stages (P = 0.004). Eighty-three percent of patients (25/30) showed strong TNF- positive staining, while only 10% (n = 3/30) of patients showed weak staining, and 7% (n = 2/30) were negative. We showed the presence of elevated TNF- gene expression in cancer cells, which strongly correlated with advanced stages of tumor.

CONCLUSION: High levels of TNF- expression could be an independent diagnostic indicator of colorectal cancer, and targeting TNF- might be a promising prognostic tool by assessment of the clinical stages of CRC.

Key words: Tumor necrosis factor-; Colorectal cancer; Real time polymerase chain reaction; Immunohistochemistry; mRNA

Al Obeed OA, Alkhayal KA, Al Sheikh A, Zubaidi AM, Vaali-Mohammed MA, Boushey R, Mckerrow JH, Abdulla MH. Increased expression of tumor necrosis factor- is associated with advanced colorectal cancer stages. World J Gastroenterol 2014; 20(48): 18390-18396  Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i48/18390.htm  DOI: http://dx.doi.org/10.3748/wjg.v20.i48.18390

Core tip: The relative expression of tumor necrosis factor- (TNF-) mRNA in colorectal cancer tumor tissue was significantly higher than adjacent normal tissue. In addition, higher TNF- gene expression was associated significantly with advanced tumor as compared to early tumor stages. Colorectal tumor tissue contained many TNF- positive cells, whereas normal colorectal tissue contained very few positive cells. We showed elevated TNF- gene expression by cancer cells, which correlated strongly with advanced tumor stages. High levels of TNF- expression could be an independent prognostic indicator, and targeting TNF- may be a promising tool, which can be used to follow-up patients with colorectal carcinoma.

INTRODUCTION
Colorectal cancer (CRC) is the second most common malignancy in Saudi Arabia[1]. Worldwide, CRC is the third most common cancer in males and the second in females[2]. In addition, it is the third most common cause of cancer-related death. Between forty and fifty percent of patients die within five years of diagnosis despite the major advances in the diagnosis and management of CRC[3] in recent years. Surgery is the mainstay of treatment for all CRC cases, and aims at complete (R0) resection of the infiltrating neoplasm, and the removal of its lymphatic drainage. Nodal positive patients (UICC Stage Ⅲ) are a well-recognized, high-risk population, and adjuvant treatment is usually administered in these patients. 

The progressive growth of malignant neoplasm is accompanied by a decline in immune response through mechanisms that are poorly understood[4]. While many studies have improved our understanding of tumor initiation and progression, many questions regarding the phenomenon of an increasingly ineffective tumor immune response during tumor growth are in need of elucidation[5,6]. In fact, during cancer progression colorectal tumor cells acquire various characteristics that allow them to evade immunological surveillance[7-9]. Particularly, and with regard to therapeutic modulation of the immune system, it is important to understand tumor-specific immunological responses and mechanisms leading to induction or suppression of the immune system. In this respect, it has been hypothesized that tumor progression in immunocompetent individuals may reflect a failure of the immune system to recognize tumor antigen, or may result from subversion of anti-tumor responses[10,11]. Induction of inflammation by tumor-released cytokines has been proposed to play an important role in colorectal carcinogenesis[4,12]. Furthermore, tumor cells themselves can secrete pro-inflammatory cytokines, which contribute directly to malignant progression[13]. The complex interactions between the neoplastic and inflammatory cells, which are mediated by inflammatory cytokines, are essential features of the tumor microenvironment[14]. 

Tumor necrosis factor- (TNF-) is a proin​flammatory cytokine predominantly produced by macrophages as well as tumor cells[15,16], and is a cytokine ligand of the TNF family that interacts with different receptors of the TNF receptor superfamily. The activity of this system may be one of the drivers of progression in CRC[17]. Its wide range of biological activities includes inflammation, apoptosis, cell proliferation and differentiation. In addition, it is a key molecule regulating inflammatory processes in tumor promotion. It has multiple effects on cell function by binding to specific high-affinity, cell-surface receptors. Apart from its apoptosis-inducing mechanisms, TNF- may promote tumor growth at lower levels during cancer progression[15,16]. A mounting body of evidence has suggested that TNF- mediates many critical processes of tumor progression, including oncogene activation, DNA damage, and tumor metastases[18,19]. High TNF- expression is strongly associated with tumor recurrences in CRC patients and positive lymph node metastases[4].

TNF- expression in cancer patients is detected by measuring the levels of the cytokine, indicating its potential role during tumor progression. Conversely, TNF- has also been considered to be an anticancer agent[10,20]. There are some reports that TNF- expression is increased in the serum of CRC patients[21], and may be useful as a marker for the early diagnosis of CRC[22]. For these reasons, we have focused on TNF- expression in Saudi CRC patients. However, the clinical impact of TNF- expression by cancer cells in patients with CRC remains unclear. Thus, we looked for the expression of this inflammatory cytokine in tumor tissues by reverse transcriptase-polymerase chain reaction (RT-PCR) analysis and immunohistochemistry. We also correlated protein expression with tumor stages in order to determine the role of TNF- expression by the invading neoplastic cells in tumor progression.

MATERIALS AND METHODS
Clinical samples

Archival CRC paraffin blocks of patients with histologically proven CRC (n = 30), undergoing surgical resection between 2010 and 2011, were obtained from the archives of the Department of Pathology of King Saud University at King Khalid University Hospital. Patient demographic characteristics, including age and gender, tumor sites, and histological type of CRC, were recorded. The histological stage of the tumor was determined in accordance with the Union International Contre le Cancer (UICC)-TNM Staging System[23,24]. Tumor localization, UICC stages, and tumor differentiation (grading), in accordance with WHO classification[25] were documented in a database prospectus. Furthermore, and in order to minimize possible influences of radiotherapy and chemotherapy on TNF- status and prognosis, all patients having undergone neo-adjuvant or adjuvant therapy in addition to surgical treatment were excluded from this cohort. 

RT-PCR

Preparation of total RNA: Total cellular RNA was extracted using the Ambion® RecoverAll™ Total Nucleic Acid Isolation Kit (Invitrogen, United States), for the extraction of total RNAs from formalin-fixed, paraffin-embedded (FFPE) tissues. Briefly, four FFPE sections (10 m each) were obtained from all patient blocks, and adjacent normal tissue using a Leica semi-automatic microtome. Pure, concentrated RNA was eluted in elution buffer provided as a kit ingredient, and stored at -80 ℃ for further analysis. The purity of the total RNA was assessed by measuring the A260/280 ratio (1.8-2.0), using an ultraviolet spectrophotometer. To remove the contamination of genomic DNA, RNA samples were treated with RNAse-free DNA enzyme (Ambion, United States).

cDNA synthesis: Reverse transcription reaction was performed using a commercially available set of High Capacity cDNA Archive Kits (Applied Biosystems, United States). cDNA was prepared from 2 g of total RNA, with random hexamer primers. According to the manufacturer’s instructions the mix was run on a PCR thermocycler gene as follow: 10 min at 25 ℃, 2 h at 37 ℃, 5 min at 85 ℃, and kept at 4 ℃ thereafter on a PCR thermocycler Gene (Applied Biosystems, United States). cDNA was diluted to a final concentration of 5 ng/L which constituted a matrix for further experiments. 

Real time PCR: PCR samples were prepared using an iScript One-step RT-PCR Kit with SYBER Green (Bio-Rad, United States), and run on a Light Cycler (Roche) PCR machine. The 2-ΔΔCT method applied for relative quantification of PCR products. The following primers (BioNEER, United States) were used to detect the expression of TNF- by RT-PCR: Forward 5’-CCTGCCCCAATCCCTTTATT -3’, Reverse 5’-CCCTAAGCCCCCAATTCTCT-3’), and GAPDH Forward 5’-TGCACCACCAACTGCTTAGC -3’, Reverse 5’-GGCATGGACTGTGGTCATGA. The result of TNF- mRNA expression was measured relatively to GAPDH gene expression. 

Construction of tissue microarrays

Colorectal tissue microarrays (TMA) were constructed, as previously described[26]. H and E stained sections of FFPE tumor samples were used to define representative areas of viable tumor tissue. From these areas, 1 mm diameter needle core biopsies were taken from corresponding areas on FFPE tumor blocks using a manual tissue arrayer (Arraymold Kit D IHCWORLD, United States). The cores were placed in recipient paraffin array blocks at defined coordinates. To ensure that representative parts of the tumors were examined, three cores of each tumor were taken. To account for tumor heterogeneity, cores were taken from central tumor arrays, as well as from the invasive border. The cores in the paraffin block were incubated for 30 min at 37 ℃ to improve adhesion between cores and paraffin of the recipient block. Paraffin TMA blocks were micro-dissected using a Leica semi-automatic microtome, and mounted on glass slides.

Immunohistochemistry

Immunohistochemistry staining was done on 5 m sections of TMA blocks. The detection of TNF- expression was performed using streptavidin-biotinylated horseradish peroxidase (S-ABC) kit (NovoLink Max Polymer Detection System, Novocastra, United Kingdom). Endogenous peroxidase activity was quenched with 3% hydrogen peroxide in distilled H2O for 5 min, and then the slides were washed in Tris buffered saline (TBS) for 10 min. Nonspecific binding of antibodies was blocked by incubation with protein block (Novocastra, United Kingdom) for 5 min. Subsequently, the slides were incubated with human anti-TNF- monoclonal mouse antibody (Abazyme, LLC, United States) primary antibody (1:100) for 1 hour at room temperature. Slides were washed in TBS 3x for 3 min, and then incubated with biotinylated anti-mouse IgG (Novocastra, United Kingdom) for 30 min. Peroxidase was detected using Diaminobenzedine (DAB) substrate (Novocastra, United Kingdom). Finally, slides were counterstained with Mayer’s hematoxylin (Novocastra, United Kingdom). As a negative control, the same procedure was conducted with the omission of the primary antibody. The expression of TNF- in tumor and normal samples was analyzed using the eSlide capture device (ScanScope CS, Aperio Technologies Inc., Vista, CA United States). 

Image analysis 

High-resolution, whole-slide digital scans of all TMA glass slides were created with a ScanScope slide scanner (Aperio Technologies, Inc.). The digital slide images were viewed by Aperio’s viewing software (ImageScope), and analyzed using Aperio’s image analysis algorithms. In each core, five square fields of a fixed area of 0.2645 m2 were randomly selected (Figure 1A). The color deconvolution (color separation) algorithm (Aperio Technologies, Inc.) was then run on the selected area, and it generated an intensity ranges color markup image, segmenting and color-coding different parts of the image according to the intensity of positive staining. The intensity ranges showed four colors: Red indicated strong staining, Orange indicated moderate staining, Yellow indicated weak staining, and Blue indicated negative staining (Figure 1B). The area for each of these four intensity categories (expressed as a percent relative to the total analysis area), together with the average positive intensity and the average optical density, was also given as numerical output. The algorithm output also included a score (0-300) of TNF- expression based on the percent of total area and the average optical density. The analysis output results were then exported to Excel sheets and subjected to statistical analysis, focusing mainly on the percentage of the total positive cells as the parameters to be statistically analyzed and compared.

Statistical analysis

Statistical analysis was performed using GraphPad Prism software (version 5.0). The means between the two groups were compared using Mann-Whitney test and paired t test to compare TNF- mRNA levels in early and late tumor stage. P-value of ≤ 0.05 was considered significant.
Ethics statement
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RESULTS

Clinical pathological parameters of study patients

The distribution of clinical pathological parameters among the patient cohort was covered by the TMA used in this study. As shown in Table 1, the majority of tumor samples approximately (16/30) were advanced at Stage Ⅲ, whereas individual tumors were all at high grades (Grades Ⅱ and Ⅲ). Approximately (20/30) of the patients had already developed lymph node metastases.
TNF- mRNA expression in CRC patients using real-time RT-PCR

The relative levels of TNF- mRNA in early CRC and tumor adjacent normal colorectal tissue were 0.02509 ± 0.02 and 0.00725 ± 0.01, respectively. The late stage of CRC compared to adjacent normal tissue was 0.07648 ± 0.1 and 0.009010 ± 0.01, respectively. Statistical analysis indicated that the expression level of TNF- mRNA was significantly higher in CRC compared to tumor adjacent normal CRC tissue (P < 0.05). 

The relative expression of TNF- mRNA in early- vs late-stage CRC was 0.02509 ± 0.02 and 0.07648 ± 0.1, respectively. The expression of TNF-mRNA was significantly higher in late CRC stage compared to early stage (P = 0.004) (Figure 2). Increased gene expression was seen in the advanced stages, with lymph node metastases compared with patients with no lymph node metastasis. The difference was not statistically significant (data not shown).

TNF- protein expression

TNF- positive cell displayed brown staining in the cytoplasm. Tumor tissues contained many TNF- positive cells (Figure 3D and E), whereas normal colorectal tissues contained very few positive cells (Figure 3B and C). We conducted a semi-quantitative analysis based on the categorization of patient samples depending on the absence of staining, or the presence of a weak or strong staining intensity for TNF- (Figure 1). 83% of the CRC samples showed strong positive staining, 10% showed weak staining, while 7% of samples showed negative staining for TNF- (Figure 3A). 

DISCUSSION

During cancer therapy, metastases induced by chronic inflammation is a major challenge. However, the underlying mechanisms are not completely elucidated. TNF- has a wide range of biological activities, including apoptosis, inflammation, cell proliferation and differentiation[19]. Although TNF- has been considered as an anti-cancer agent, it is currently recognized that chronically elevated TNF- expression in CRC tissues may promote tumor growth, invasion and metastasis[20]. TNF- expression is also correlated with tumor progression of colorectal adenocarcinoma. Increased TNF- expression is correlated with tumor recurrence in CRC patients with metastases[4]. Also, TNF- expression has been reported to increase in serum of CRC patients[21]. Recently, it has been reported that TNF- induced epithelial mesenchymal transition (EMT), plays an indispensable role in CRC invasion and metastases, and thereby promotes CRC invasion and metastases[22]. 
We investigated the expression of TNF- mRNA and protein levels in CRC patients. We showed that increased TNF- gene transcription and protein expression levels in late stages of tumor progression are associated with advanced tumor stages. This is in accord with findings in other cancer entities that show high expression levels of TNF-[27-29]. 
Immunohistochemistry results indicate that TNF- is significantly expressed in later stages (Stage Ⅲ, Ⅳ) of CRC compared to early stages (Stage Ⅰ, Ⅱ). TNF- was expressed by CRC cells, but few positive cells were detected in stromal cells.

There is a link between inflammation and cancer[30-32], and TNF- might play a significant role in this process[19]. It acts not only as a pro-inflammatory cytokine, but can also cause tumor development. Consequently, the use of TNF- inhibitors as cancer therapeutics has been proposed[14]. 

Both immunohistochemistry and RT-PCR results were associated with tumor progression. These results could contribute to a further understanding of CRC pathogenesis in Saudi patients. Even if TNF- is ultimately found not to contribute to the pathogenesis of CRC, it could still serve as an important indicator of disease progression. 
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COMMENTS
Background

Tumor necrosis factor- (TNF-) is a pro-inflammatory cytokine predominantly produced by macrophages as well as tumor cells. Elevated TNF- expression in colorectal cancer (CRC) tissues may promote tumor growth, invasion and metastasis. CRC is a common type of tumor in Saudi Arabia, and has had a gradual increase in incidence.

Research frontiers

In this study, archival tissue specimens were collected from 30 patients with CRC who had undergone surgical intervention. TNF- mRNA and protein levels were detected by reverse transcriptase-polymerase chain reaction (RT-PCR) and immunohistochemistry, respectively.

Innovations and breakthroughs

The relative expression level of TNF- mRNA in advanced CRC was significantly higher than in early stages. By immunohistochemistry, tissue tumor revealed a strongly positive TNF- presence, with remarkable brown staining in the cytoplasm in 83% of patients, whereas normal colorectal tissue revealed very little evidence of TNF-, as evidenced by no staining.

Applications

The authors found that high levels of TNF- expression could be used as an independent diagnostic indicator of CRC, and targeting TNF- could be a promising prognostic tool through its use in assessing the clinical stages of CRC. 

Terminology

CRC, RT-PCR, immunohistochemistry, tissue microarray.

Peer review

The authors demonstrate the expression of TNF- in CRC, and its correlation with advanced stages (Ⅲ, Ⅳ) compared to early stages (Ⅰ, Ⅱ). The data is illustrative and promotes the need for further study.
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FIGURE LEGENDS
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Figure 1  Image analysis of immunohistochemistry. Representative images showing how image analysis was performed on cores immunostained for tumor necrosis factor-. A: A square field is selected; B: A color markup overlay produced by the color deconvolution algorithm reflecting the intensity ranges of the Diaminobenzedine (brown) stain; blue, negative; yellow, weak positive; orange, medium positive; red, strong positive. Scale bar = 100 mm.
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Figure 2  Tumor necrosis factor- gene expression in colorectal cancer by real time polymerase chain reaction. Tumor necrosis factor- (TNF-) gene expression shows a statistically significant difference expression between advanced and early stages of colorectal cancer (P = 0.004).
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Figure 3  Semi-quantitative evaluation of tumor necrosis factor- protein expression. A: Percentage of samples showing no staining, weak or strong immunohistochemistry staining; B, D and E: Representative microscopic images of tumor necrosis factor- (TNF-) immunohistochemical expression of by tumor cells (cytoplasmic staining pattern, is pointed by arrow; B: No staining in normal colon mucosa; C: Weak; D-E: Strong cytoplasmic staining. TNF- expression is increased in basal tumor cells. In advanced stage tumor TNF- expression was strong D-E (magnification, × 400). 
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Table 1  Different Clinicopathological characteristics of the study population  n (%)


�
No. of cases (n = 30)�
�
Mean age (61 yr)�
�
�
   < 61�
18 (60)�
�
   ≥ 61�
12 (40)�
�
�
�
�
Gender�
�
�
   Male�
17 (57)�
�
   Female�
13 (43)�
�
Primary tumor�
�
�
   Colon�
24 (80)�
�
   Rectum�
  6 (20)�
�
Tumor staging [Union internationale contre le cancer (UICC) 2010]�
�
   pT2�
     10 (33.33)�
�
   pT3�
     19 (63.33)�
�
   pT4�
       1 (0.033)�
�
Lymph node status (UICC 2010)�
�
   pN0�
     10 (33.33)�
�
   pN1�
12 (40)�
�
   pN1�
       8 (26.67)�
�
Clinical staging (UICC 2010)�
�
   Stage Ⅰ�
       8 (26.67)�
�
   Stage Ⅱ�
     2 (6.66)�
�
   Stage Ⅲ�
     16 (53.33)�
�
   Stage Ⅳ�
       4 (13.33)�
�
Histological grading (UICC 2010)�
�
   G2�
     29 (96.67)�
�
   G3�
     1 (3.33)�
�









