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Background: Ulcerative colitis (UC) is a chronic inflammatory disease of 

unknown causes. It has involved the inflammatory process of the mucosa and 

sometimes the submucosa of the large intestinal tract. There are a several 

theories involve role of the immune mechanisms and cell signals that lead to 

activation of many intracellular adapter proteins and other markers, which in 

turn trigger an inflammatory process and death of many colonocytes.  

Objective: investigation of the expression of TNF-α, TRAF1and TRAF2  in 

Iraqi UC patients and also indirectly, explain the direction of intestinal cell 

signaling toward cell survival or cell death.  

Material and Method: A case-control study was conducted at the City of 

Al-Najaf Al-Ashraf using 56 and 30 individuals of both genders for Patients 

and Control groups with an overall age range of 18-75 years old. All sera 

(with negative Epstein - Barr virus (EBV) agglutination test) of all subjects 

were monitored for Tumor Necrosis Factor-alpha (TNF), TNF Receptor 

Associated Factor-1 (TRAF-1), and TNF Receptor Associated Factor-2 

(TRAF-2) expression by Immunostaining Method. The Data was analyzed by 

using spss (chi-squire test) program (version 22). 

Results: TNF-α, TRAF-1 and TRAF-2 expression were significantly 

differences in inflamed tissues of UC patients (all at score 4 were 78.6%, 

44.6%, 62.5% respectively) than those in control (at Score 3 was 73.3%, at 

score 2 was 60%, and at score 1 was 56.7% respectively) (P value <0.05).  

Conclusion: TNF-α, TRAF-1,and  TRAF-2 shown to have an adequate 

colonoscopic biopsies biomarker for UC and it possibly use as a sensitive 

assays for monitoring severity of mucosa inflammation.  

Recommendation: More work is needed to determine the precise molecular 

mechanism of TNF-α, TRAF-1and TRAF-2 signaling as well as identify the 

role of TNF-Rs in such mechanisms. 
 

Copy Right, IJAR, 2015,. All rights reserved 

 

 

INTRODUCTION  

 
   Ulcerative colitis (UC) is one of the clinical presentations of inflammatory bowel disease (IBD) that affects large 

intestine lining, causing congestion, edema and ulceration of the mucosa. IBD is a multi-factorial disease with 

different causes including genetic, innate immune status of the individual and environmental factors [1]. The 
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etiology of UC is not fully understood, immune factors are reported to be associated with this disease. Higher 

expression of pro-inflammatory cytokines and intracellular adapter proteins trigger intestinal alterations, setting up a 

vicious cycle of chronic inflammation [2].  

Tumor necrosis factor - alpha (TNF-α) is one of the important pro-inflammatory cytokines. It had receptors, 

TNF receptor 1 (TNF-R1) and TNF-R2, intermediate the biological functions of TNF-α, while TNF Receptor-

associated factors (TRAFs), an intracellular adapter proteins, are involved in TNF-R signaling pathways that are 

associated with induction of other cytokines, cell survival, proliferation, and differentiation or cell death [3]. Tumor 

necrosis factor-receptor 1 (TNF-R1) excitation is supposed due to in the formation of two signaling complexes. 

When TNF binds TNF-R1, TNF-R-associated death domain protein (TRADD), receptor-interacting protein 1 

(RIP1), TRAF-1/2, and probably other, as -yet-unidentified molecules, are employed to form complex I which it is 

suggested to activate downstream cell survival signaling. The second complex (complex II) forms when TRADD 

and RIP1 associate with FADD and caspase-8 to drive downstream cell death signaling [4].  

Death induced by TNF-α is most tightly organized by nuclear factor kappa light chain-enhancer of activated 

B cells (NF-κB). Adjustment of the response in support of NF-κB keeps cells from apoptosis by TNF-mediated, 

washout to do so lead to increased cell death. Interestingly, TNF-α, itself is an activator of NF-κB, point out the 

presence of a complex controlling loop. After binding to TNF-α, TNF-R1 connects the adaptor protein TRADD 

which enlists caspase-8 via FADD causing the apoptosis. Otherwise, TRADD connected to the kinase RIP, TRAF1 

and TRAF2 leading to  the inhibitor degradation of NF-κB [5]. TRAFs are a family of proteins firstly implicated in 

the organization of inflammation, antiviral responses and apoptosis. Currently, seven TRAF proteins (TRAF1–7) 

have been characterized in mammals. These proteins have no intrinsic enzymatic activity but interact with a series of 

other proteins [6].  

TRAF-1 and TRAF-2 can comprise a heterodimeric complex that implicated in the TNF-α mediated 

energizing of NF-κB and mitogen-activated protein kinase 8 (MAPK8)/c-Jun N-terminal kinase (JNK) signaling 

pathways. The complex interacts with inhibitors of apoptosis (IAP) and thus mediates anti-apoptotic signals from 

TNF-R1 [3]. In exhausted cells, TRAF-2 interacting with eukaryotic translation initiation factor 4GI, a scaffold 

protein, stops TNF-α signaling [7]. NF-κB signaling pathway, which is activated by TRAF-2, protects cells from 

endoplasmic reticulum (ER) stress-induced apoptosis [8]. In fact, ER stress plays a crucial role in the development 

of inflammation [9].  

TRAF-1 has been established to be extremely expressed in the epithelial cells of the colon from both the 

control group and UC patients, although it mediates especially the anti-apoptosis effects [10]. Significant 

upregulation of TRAF-2 was found in mucosal CD4+ T cells from patients with IBD [11]. TRAF-2 can monitoring, 

the homeostasis of the colon to prevent the spontaneous development of murine IBD [12]. 

As TNF-α, TRAF-1, TRAF-2 are very related to inflammation and cell apoptosis, they possibly function as 

significant roles in the development of UC. In present research, we seeking about the expression of TNF-α, TRAF1, 

and TRAF2 in Iraqi UC patients and also indirectly, explain the direction of intestinal cell signaling toward cell 

survival or cell death. 

  

PATIENTS AND METHOD 
During the period from June/2014 to February/2015, eighty-six individuals from gastroenterology Centre in 

AL-Sader Medical city of Al-Najaf-Iraq had been recruited for this case-control research. Individuals were divided 

into two categories: 

1. Patients Group: consist of 35 males and 21 females had been clinically diagnosed as UC with an age 

range of 19-70 years (mean of 41±15.475 years).  

2. Control group: Thirty individuals of both genders; 17 males and 13 females, were included in this group 

who underwent examination by endoscopy due to gastrointestinal symptoms but were investigated to have no 

inflammation in the bowel.  Their age ranges from 18 to 75 with a mean age of 42.67±15.816. Biopsies were 

collected from both groups and the diagnostic confirmed was depending on clinical, endoscopy, histopathological 

examinations.  

Exclusion criteria were: (a) formerly diagnosed IBD., (b) Pregnancy., (c) Age < 18 years., (d) Antibiotic use 

when patients were admitted to the hospital and previous history of medical treatment., (e) Previous history of 

colectomy., and (vi) Other synchronous infection, chronic diseases or cancer. 

Laboratory Analyses: 1-Antecubital venous blood (3 ml): was drawn from each subject of the two groups 

and was put in tubes. Centrifuge apparatus at 3000 rpm separated sera for 10 minutes and the separated sera was 

used immediately for Epstein-Barr Virus (EBV)-agglutination Test to exclude cases with EBV infection. 2-

Biopsies:. Two different mucosal areas were chosen in each patient with UC, including one inflamed colonic 

segment and one apparently normal mucosal segment, which were distant from the lesion. No congestion, edema or 
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ulcers were involved. Biopsy mucosal areas were chosen by under endoscopy from the control group. Biopsied 

specimens were regarded as adequate if they met all of the three following criteria [13]: (a) Diameter _ 3 mm, (b) 

Penetration into the muscularis mucosa, and (c) < 20% crush artifact. 

 Biopsy specimen was fixed in 10% neutral buffer formalin for at least 72 hrs. The fixed specimens were then 

submitted to grade of concentration alcohol 70%, 80%, 90% and 100%, followed by immersed in twice in xylene 

and embedded in paraffin. Sections of 4µm-thickness were obtained and, used in immunohistochemistry analysis for 

detection of TNF-α, TRAF-1and TRAF-2. Thymus, tonsil, liver and spleen sections recognized as a positive for 

TNF-α, TRAF-1 and TRAF-2 respectively using as positive control for every one run of immunostaining. Thymus, 

tonsil, liver and spleen sections were untreated with primary antibody of TNF-α, TRAF-1and TRAF-2 respectively 

were considered as negative controls for each set of each run. IHC was performed as described elsewhere using 

ImmunoCruz™ mouse LSAB Staining System (Code: sc-2050). The primary antibodies used were Anti- TNF-α 

monoclonal antibody (Monoclonal mouse Anti-human TNF-α Protein, 1ml Santa Cruz Biotechnology, Inc, USA 

(Code: sc-52746)), Anti- TRAF-1 monoclonal antibody (Monoclonal mouse Anti-human TRAF-1 Protein, 1ml 

Santa Cruz Biotechnology, Inc, USA (Code: sc-6253)) and  Anti- TRAF-2 monoclonal antibody (Monoclonal 

mouse Anti-human TRAF-2 Protein, 1ml Santa Cruz Biotechnology, Inc, USA (Code: sc-136999)) All above 

primary antibodies were used a dilution of 1:50.  

     Counting or scoring of Immunoreactive staining was achieved by calculated the percentage of immunoreactive 

cells per total number of inflammatory cells and epithelial cells. The proportion of positively stained cells was 

evaluated as 1, 2, 3 or 4 score by estimation on screening wide areas within each tissue section: 1, <10% stained 

cells; 2, <30% stained cells; 3, <70% stained cells and 4, ≥70% stained cells, compared with the total cells [14,15]. 

Statistical Analyses: were performed using SPSS (version 22 Software, IBM, USA).    Comparing the 

differences in the expression studied parameters between UC patients and control using chi-squire test. Missing 

values were not included in the statistical analysis. P<0.05 was considered to be statistically significant. 

 

RESULTS: 
First table and figures (1 and 2) show expression of TNF-α, in the normal colonic mucosa, the majority of 

TNF-α expression was 22 cases had score 3 (73.3%) in the interstitial space among colonocytes all along the crypt 

axis (Figure 2c). 

In non-inflammatory mucosa, immunohistochemistry of patients revealed the majority of cases (22 out of 56) 

(39.3%) show a moderate TNF-α expression in inflammatory cells and epithelial cells in colon (score 3), (Figure 

2b). While in the inflammatory mucosa, expression of TNF-α was much increased compared to its expression in 

normal epithelium and no found quite absent. The 44 (78.6%) from 56 biopsy of colon samples, appeared strong 

expression levels on the epithelial cells surface (score 4) and only 12 cases (21.4%) with (score 3) (Figure 2a). These 

results were highly significant (P value=0.000). 

 

 Table (1): IHC Score of TNF-α express in studied groups. 

Studied groups 
TNF-α IHC scores 

Total 
C.C. 

P-value 1 2 3 4 

Patients 

(Inflammatory area) 

Count 0 0 12 44 56  

 

χ2 =56.169 

C.C=0.532 

P value = 0.000 

(HS) 

% 0.0% 0.0% 21.4% 78.6% 100.0% 

Patients (Non-

Inflammatory area) 

Count 0 18 22 16 56 

% 0.0% 32.1% 39.3% 28.6% 100.0% 

Control 
Count 0 2 22 6 30 

% 0.0% 6.7% 73.3% 20.0% 100.0% 

Total 
Count 0 20 56 66 142 

% of Total 0 14.1% 39.4% 46.5% 100.0% 

Chi-squire Test (In comparison between the three groups). 

χ2: chi-squire,   C.C: Correlation Coefficient,   HS: High Sig. at P value <  0.05. 
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       Figure (1):  Distribution IHC score of TNF-α, in studied groups. 
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   Figure (2): TNF-α Immunostain positivity in both epithelial cells and inflammatory    cells in patients with 

ulcerative colitis. 

 

 

Table (2) and figures (3 and 4) related to the normal colonic mucosa  showed express of TRAF-1, the 

majority from  TRAF-1 expression was 18 cases had (score 2) (60%)  of colonocytes cytoplasm  along the crypt axis 

and12 cases (40%) with (score 1) as  (Figure 4c). 

In non-inflammatory mucosa, immunohistochemistry revealed the majority of cases (43 out of 56) (76.8%) 

display a weak expression of cytoplasmic TRAF-1 in colonic epithelial cells (score 1), with moderate levels of 

expression (score 2) clarified by (23.2%) at the surface epithelium and the upper parts of the crypts of patients 

(Figure 4b). 

In inflammatory mucosa, much increasing express for TRAF-1 compared to the normal epithelium and we 

not found completely lost. From our 56 colon biopsy samples, 31 (55.4%) appeared preserved of TRAF-1 

expression in all epithelial cells and inflammatory cells (score 3) but 25 patients (44.6%) showed (score 4) (Figure 

4a). These results were highly significant (p value=0.000) 
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Table (2):  IHC Score of TRAF-1 express in studied groups. 

Studied groups 
TRAF-1 IHC scores 

Total 
C.C. 

P-value 1 2 3 4 

Patients 

(Inflammatory area) 

Count 0 0 31 25 56  

 

χ2 =160.934 

C.C=0.729 

P value = 0.000 

(HS) 

% 0.0% 0.0% 55.4% 44.6% 100.0% 

Patients (Non-

Inflammatory area) 

Count 43 13 0 0 56 

% 76.8% 23.2% 0.0% 0.0% 100.0% 

Control 
Count 12 18 0 0 30 

% 40.0% 60.0% 0.0% 0.0% 100.0% 

Total 

Count 55 31 31 25 142 

% of 

Total 

38.7% 21.8% 21.8% 17.7% 100.0% 

Chi-squire Test (In comparison between the three groups). 

χ2: chi-squire,   C.C: Correlation Coefficient,   HS: High Sig. at P value < 0.05. 

 

 

 

 
 

           Figure (3): Distribution of IHC score of TRAF-1, in studied  groups. 
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  Figure (4): TRAF-1 Immunostain positivity in both epithelial cells and inflammatory cells in patients with 

ulcerative colitis. 
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Table (3), figure (5), and figure (6) show expression of TRAF-2 as in the same pattern of TRAF-1 

expression, In the normal colonic mucosa, (score 1) in 17 cases appeared weakly expressed  for TRAF-2 in 

colonocytes cytoplasm  along the crypt axis and (score 2) in 13 cases (56.7% and 43.3% respectively) (Figure 6c). 

Immunohistochemistry of non-inflammatory mucosa, appeared the common of cases (40 out of 56) (71.4%) 

show a weak cytoplasmic TRAF-2 appearance in colon epithelial cells and inflammatory cells (score 1), 

accompanied by average levels expression in the upper parts of the crypts and at the surface epithelium (score 2) 

within 16 cases (28.6%) (Figure 6b).  

In inflamed tissues of mucosa, expression of TRAF-2 was prevailing increased comparing to the normal 

epithelium and present study did not appeared completely lost. From our 56 colon biopsy samples, 35 (62.5%) 

revealed the keeping for TRAF-2 expression in epithelial cells and inflammatory cells (score 4) while 21(37.5%) 

patients had (score 3) (Figure 6a). These results were highly significant (P value=0.000). 

 

 

Table (3): IHC Score  for TRAF-2 in  studied groups. 

Studied groups 
TRAF-2 IHC scores 

Total 
C.C. 

P-value       1  2 3 4 

Patients 

(Inflammatory area) 

Count 0 0 21 35 56  

 

χ2 =145.145 

C.C=0.711 

P value = 

0.000 

% 0.0% 0.0% 37.5% 62.5% 100.0% 

Patients (Non-

Inflammatory area) 

Count 40 16 0 0 56 

% 71.4% 28.6% 0.0% 0.0% 100.0% 

Control 
Count 17 13 0 0 30 

% 56.7% 43.3% 0.0% 0.0% 100.0% 

Total 

Count 57 29 21 35 142 

% of 

Total 
40.1% 20.4% 14.8% 24.6% 100.0% 

Chi-squire Test (In comparison between the three groups). 

 χ2: chi-squire,   C.C: Correlation Coefficient,   HS: High Sig. at P< 0.05. 

 

 
        Figure (5): Distribution IHC score of TRAF-2 in studied groups. 
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Figure (6): TRAF-2 Immunostain positivity in both epithelial cells and inflammatory cells in patients with 

ulcerative colitis. 
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DISCUSSION: 

1) Expression of TNF-α: 

A present immunohistochemical analysis showed score for TNF-α higher than the score of another study 

conducted by Dionne S. et al. in which the middling to strongly inflamed tissues (scores 2 and 3) appeared more 

TNF-α than inflamed tissues with (score 1)  [16]. Low TNF-α release in non-inflamed specimens perhaps reflection 

for the small number of CD14+ cells existing in nearly normal mucosa. Moreover, implicated IBD mucosa is the 

location of dense accumulation of recently immigrated CD14+ macrophages, secret large amounts of pro-

inflammatory cytokines [17, 18]. High levels of mucosal TNF-α secreted in UC might be results to infiltration of 

macrophages, which showed the migration of large numbers into the inflamed mucosa and sub mucosa of the 

intestinal lumen during active UC [19]. 

A recent study used a pokeweed mitogen (PWM) and Lipopolysaccharide (LPS) to stimulate TNF-α release 

from lamina propria mononuclear cells (LPMC) isolated biopsy from UC patients and controls, the results showed 

greater releasing from inflamed tissues.  Also Rugtveit et al. [19], who found that PWM-stimulated LPMC from 

implicated IBD tissue released greater TNF-α than cells which isolation from controls. The significant role of newly 

enlist macrophages is corroborative by the observation that PWM and LPS induced TNF-α released threefold higher 

from severe inflamed UC tissues. Previous studied appeared the secretion patterns of pro-inflammatory cytokines 

(TNF-α, IL-6 and IL-1β) from LPMC which isolated from colonic biopsies from UC patients, they showed that the 

spontaneous secretion of TNF-α by isolated LPMC was very low from normal and non-involved UC mucosa [20]. 

Conversely, the spontaneous secretion of TNF-α by LPMC which obtaining from involved UC mucosa was high in 

comparison with the control group. We suggested that determination of pro-inflammatory cytokines secretion might 

a sensitively test for oversight the severity of mucosal inflammation of disease.  

Monocyte and macrophage activation by normal bacteria and their products could be altering physiological 

epithelial ion transport and transepithelial electrical resistance [21]. These changes may elucidatethe chronic 

diarrhoea in such patients. Dionne et al. demonstrated that the immune response elicited by staphylococcal 

enterotoxins B  perhaps allow stimulation of abnormal immunological responses and potently increased TNF-α 

release from histologically normal colonic mucosa suggests that it could be an important mediator in the initiation of 

the inflammatory cascade [22] Superantigens induced greater TNF-α release in inflamed tissues. This might due to 

increased total T -cell numbers, increased subpopulations of T cells related to gut homing or modifications 

dependent onto the mucosal environment, express of MHC on antigen presenting cells or co-stimulatory molecules, 

such as ICAM, LFA-3 [23].  It spotted that the TNF-α released from un stimulated biopsies was higher in colonic 

inflammation patients [24].  

Nevertheless, no a clear object to presume that only macrophages secrete TNF-α in inflamed bowel then it is 

now well proven that T cells can also secrete this cytokine [25]. Also, many mediators might produce in bowel with 

inflammation; it has lately exhibited that IL-1 secreted by macrophages of lamina propria is raised in UC patients 

[26]. Other explication is that TNF-α may released by cellular sources others than T cells and macrophages, 

including fibroblasts, eosinophils, mast cells, epithelial and paneth cells [27]. Mast cells showed releasing of TNF-α 

after contact with bacteria causing neutrophil influx into the lung and peritoneum [28], whereas invasion epithelial 

cells with bacteria induced the release of TNF-α and chemokine [29]. Regarding, T cells were not essential to induce 

this inflammatory response [22].  

A  greater TNF-α release in inflammatory area than in non-inflammatory area of UC (Figure 4.3a and 4.3b) 

was agreement with recent data that confirmed  the releasing of  TNF-α greatly influenced by severity of 

inflammation. Furthermore, when the biopsies were classified according to their inflammation severity score, there 

was a significantly difference between inflammatory area of UC and normal control. Therefore, colonic TNF-α can 

be used as a marker to distinguish UC tissue. 

It is also improbable that production of TNF-α is particular for UC disease and that as more enteropathies are 

studied, TNF-α production could be found to be common features. The studies of the cytokine levels in IBD at the 

actual sites of inflammation in the intestine led to a paradigm in which UC is a Th2-associated disease, whereas in 

CD the Th1/Th17 cytokines play a major role driving the inflammatory response [27].  

TNF-α, a type 1 cytokine, played a major role in UC pathogenesis in present study. It was over-expressed in 

patients with an active disease. Such evidence tightly mirrors the high ability of infliximab in prompting and 

keeping absolution in moderate-to-severe UC patients [30].  

By a number of different mechanisms, TNF-α may regulate, amplify, and perpetuate inflammation of 

mucosa. TNF-α caused increasing the adhesion molecules endothelial-leukocyte adhesion molecule- (ELAM-1), 

intercellular adhesion molecule-I (ICAM-1), and vascular cell adhesion molecule-I (VCAM-1) expression on 

endothelial cells, which participate to the increased adhesion of leukocytes to the mucosal vascular system [21]. 

TNF-α also enhances the IFN-γ induced expression of MHC class II on intestinal crypt epithelium [31]. TNF-α 
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produced by sub epithelial cells may reduce epithelial integrity [32] particularly in the presence of IFN-γ [33]. IFN-γ 

may also cooperation with TNF-α in several pro-inflammatory ways, increased the expression of adhesion 

molecules and MHC class I and II, [34] and up regulating macrophage production of free radical [35].  There is 

clearly of possibility within the intestine for direct activation of sub epithelial macrophages by LPS from the luminal 

flora, particularly after any breach of epithelial integrity. In UC epithelial permeability is increased, and it is 

noteworthy that faecal diversion perhaps protective [36]. 

The perivascular production of TNF-α, also concurrent with known patterns of complement deposition, is 

likely to be particularly damaging. It binds to high affinity endothelial cell surface receptors, and acts to increase 

inflammatory cell recruitment by upregulating expression of both adhesion molecules and the chemotactic cytokine 

IL-8. TNF-α can be inducer to activation and degranulation of granulocytes and macrophages, with the resultant in 

secretion of oxygen radicals, nitric oxide, prostaglandins, leukotrienes and proteases [37]. TNF-α could exacerbate 

inflammation by increasing permeability the endothelial cell and epithelial cell, and also can stimulate and activate 

cytotoxic T cells. TNF-α had capability of stimulating different cell types to increase the secretion of potent 

chemotactic cytokines such as IL-8 [38]. 

Furthermore, epithelial cells are constantly shed from the tips of villi at an estimated rate of 1400 

cells/villus/24 h [39]. The epithelium forms a barrier between the body and the GI lumen, so shedding poses a threat 

to the integrity of the barrier. In sanitary persons, the barrier is maintained by a rearrangement of tight connection 

proteins around the shedding cell, which plugs the gap created by the extrusion process [40, 41].  

In spite of the epithelial barriers are largely well-kept during TNF-induced cell shedding, it does start to be 

unsuccessful at some locations [42]. Only single epithelial cells of healthy persons are shed from a specific site. 

Nevertheless, TNF-α exposure increased the rate of shedding, and multiple cells are derived from a single site. In 

this case, tight junction proteins might not redistribute widely enough to seal the large gap or microerosion left by 

the loss of multiple cells. This loss of barrier role could be involved in the pathogenesis of IBD. Confocal laser 

endomicroscopy has identified epithelial cell shedding and sites of local barrier dysfunction [43].  

Earlier studies declared that inflammatory cytokines show significant roles in the IBD pathogenesis [21, 44, 

and 45]. In particular, intestinal mucosal biopsy specimens from patients with UC appear increased TNF-α mRNA 

and protein expression beyond the amounts observed in healthy control subjects [46]. Different observations 

suggested that accurate measurement of TNF-α in serum could give pathogenetically and clinically important 

information in IBD [47]. 

Murch et al. noticed TNF-α protein in mucosal tissues of UC and CD patients by IHC and ELISA, clarify 

that TNF-α positive cell were more numerous in submucosa and lamina propria of UC patient's specimens[48]. 

Dionne et al. [46] studied the expression TNF-α mRNA in biopsy of mucosal specimens  of IBD  patients and 

establish that TNF-α mRNA expression was greater in CD patients than in UC patients.  

In view of the high expression of TNF-α producing cells in active UC, and the well characterized effects of 

this cytokine, it is probable that TNF-α makes an independent giving to inflammatory tissue damage [47]. 

 

2) Expression of TRAF-1: 

 

TNF-Receptors Associated Factors (TRAFs) are the molecules that onto correlation of the TNF-R by a TNF 

ligand reach first in interaction with the triggered TNF-R, at first acting as docking molecules for kinases and 

additional effector proteins that are recruited to the activated receptor. TRAFs later control the subcellular 

relocalization of the receptor-ligand complex and they modulate the extent of the response by governing the 

degradation of key proteins in the pathway [49]. 

According to our knowledge, there are two studies demonstrated the expression of TRAF-1. One study has 

been published and analyzed TRAF-1 expression pattern in UC and it depend on mRNA expression rather than IHC 

and showed that TRAF-1 mRNA was highly expressed in UC patients, but the same phenomenon was also observed 

in normal control, and biopsy did not showed differences between inflamed and non-inflamed tissues [10]. Another 

paper by Yu Qi et al., which investigated the patterns of TRAF-1 and TRAF-2 expression (mRNA and IHC) in UC 

patients and showed that TRAF-1 was expressed mainly in inflammatory cells and epithelial cell membrane, while a 

small amount distributed in the cytoplasm in UC patients and controls. TRAF-1 expression the mucosa of colonic  

patients with UC was significantly higher compared with controls [3]. Similarly, in the present study, 

overexpression TRAF-1 showed to be existent in colonic mucosa of UC patients. In inflamed UC tissues, the 

expression of TRAF-1 was appeared higher than that in non-inflamed tissue; indicate that TRAF-1 was up regulated 

in the process of inflammation. Inflammation of UC does not always affect the whole colon. Although the non-

inflamed segments showed normal under endoscopy, changes of proteins expression are not fully understood.  
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Many investigators have contributed to knowledge filed of the plethora of TRAF-1-interacting partners. A 

variety of binding proteins of TRAF-1 inclusive receptors, kinases, adaptors and regulator proteins have been fixed 

by yeast-two hybrid screening, in vitro bound and over-expression experiments. As review showing TRAF-1 

directly interacts with the cytoplasmic domains of distinct members of the TNF-R superfamily such as CD30, 4-

1BB, OX40, ATAR/HVEM, TRANCE-R/RANK, AITR, EDAR, TAJ/TROY [50, 51]. TRAF-1 can also be 

recruited to the TNF-R1 and TNF-R2 through its interaction with TRADD [52] and TRAF-2 [53] respectively. 

Furthermore, family members of TNF-R- in general operate more than one TRAF family members for 

signaling, often activating similar pathways and even the identical downstream effectors. For this reason , the levels 

of expression of the different TRAF-family members and downstream effectors to be expected it play an essential 

role in the consequence to the response [50].  

TRAF-1 can be induced by several featured types' stimuli such as IL-1, TNF-α, CD40 ligand [54] or EBV 

infection [55]. It demonstrated by in vitro and in vivo activation of T cells and B cells using a variety of sensitively 

which results in a strong up-regulation of TRAF-1 [56]. So, the high expression level of TRAF-1 in UC may be due 

to high expression level of TNF- α. 

Schwenzer and coworkers [55] accomplished in vitro DNA binding assays, organizer-driven reporter assays, 

and RNase protection assays with the human TRAF-1gene. They showed that TRAF-1gene promoter containing 

various functional κB sites is highly inducible by NF-κB. These results describe why different stimuli which activate 

NF-κB also can stimulate TRAF-1 expression. A previous study [57] suggested that TRAF-2 can prompt TRAF-1 

expression by the NF-κB signal transduction pathways.  in spite of TRAF-1 itself cannot activate NF-κB, it is 

believed that TRAF-1 is contribute  in the NF-κB regulation, may be by formation of heterodimer with TRAF-2 as 

well as TRAF-1 itself is a target gene of the NF-κB signaling pathway, it might  do as a feedback regulator of NF-

κB activation [58].  

The important function of TRAF-1 is supposed to be suppression of TNF-α or T cell receptor which mediated 

apoptosis. After binding of TNF-α to TNF-R1, TRADD recruits ancillary proteins such as TRAF-1, TRAF-2, cIAP1 

and cIAP2 [59] which can suppress TNF-α dependent activation of caspase-8 resulting prohibition of apoptosis [60]. 

The accurate manner by which TRAF-1 overexpression inhibits the stimulation of apoptosis is not clear. As  TRAF-

1 does not include any identified catalytic domain and TCR-induced apoptosis of CD8+ T cells is intermediated by 

signaling complex of TNF-R2, it is most likely that overexpression of TRAF-1 inhibition  the apoptosis that 

mediated with TNF-R2- by changing the components of signaling complex of TNF-R2. It is also potential that 

TRAF-1 may mediate an as-yet-to-be determined anti-apoptotic signal during antigen-prompted cell death of mature 

T cells [59, 61].  Only a recently study was shown that TRAF-1 shifts the quality of integrated TNF-R1-TNF-R2 

signaling from induction of apoptosis to pro-inflammatory NF-κB signaling [62]. 

Interestingly, TRAF-1 has ability altered into a pro-apoptotic version after cleavage by an upstream initiator 

caspase-8 during TNF-α-induced apoptosis. Caspase-8 cleaves TRAF-1 into two fragments. High expression of the 

C-terminal TRAF-1 fragments but not N-terminal fragments reinforce the TNF-R1- and Fas-mediated apoptosis. 

Henkler and coworkers elucidated that TRAF-1 and its cleavage product selectively interfere with the TRAF-2 

recruitment to some TNF-R family members. They also demonstrated that the C-terminal portion of TRAF-1 but not 

full-length version blocks activation of IKK through a physical interaction with IKK. [59]. 

Harmonious with the anti-apoptotic function of TRAF-1, epithelial cells without TRAF-1 were high sensitive 

to apoptosis induced by TNF-α [63], and TRAF-1-deficient dendritic cells exhibited severely weakened survival in 

reply to TNF-α and CD40Ligand [64]. Additionally, obligatory expression of TRAF-1 in T cells close reactive T 

cells apoptosis consequently preventing antigen-induced tolerance [61].  

Interfering with TRAF-1 role might subsequently improve TNF-R1 and TNF-R2 replies and hence be 

exhibition to chronic inflammation and autoimmunity. In this consideration, expand of TNF produced by reactive 

leukocytes is a common feature of several autoimmune diseases, comprising rheumatoid arthritis (RA), CD, UC and 

other chronic inflammatory diseases. Production too much of TNF-α can lead synovial inflammation and 

degradation of articular cartilage and bone, which are public features of RA. In UC, great levels of TNF-α reason 

colon inflammation [65]. So, though if TNF-α level stay normal, targeting TRAF-1 might raise the responsiveness 

of T lymphocytes and triggering autoimmunity [50].  

Although expression of TRAF-1 is expressively higher in non-inflamed tissue of patients than in control and 

it possibly be activated early in UC patients, further studies are required to testing whether TRAF-1 may be trigger 

before the onset of the disease. 

3) Expression of TRAF-2: 

According to our knowledge, only one research on a murine model has been analyzed TRAF-2 expression 

patterns in UC and proposed that TRAF-2 may possibly control the colon homeostasis to prevent UC [13]. As well 

as, another recent paper by Yu Qi et al., which analyzed TRAF-1 plus TRAF-2 expression patterns in patients with 
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UC and showed that TRAF-2 was expressed mostly in inflammatory cells and the epithelial cell membrane, while a 

small amount was prevalence in the cytoplasm in UC patients and controls. TRAF-2 expression in the colonic 

mucosa of patients with UC was not considerably higher than, those in control [3].  

In the present study, TRAF-2 was revealed to be existent in colonic mucosa of UC patients and control, and 

high expression of this protein may be common in UC. In inflamed UC tissues, the expression of TRAF-2 was 

remarkably upper than in non-inflamed tissue, proposing that TRAF-2 was upregulated in the process of 

inflammation. 

Together TRAF-1 and TRAF-2 are implicated in TNF-R signal transduction pathways [66]. TRAF-1 

frequently works jointly with TRAF-2 to compose a heterodimeric complex. In the complex, TRAF-2 interacts 

straight with TNF-R2, which is an activator of JNK like TNF-R1. The complex is not only related with the TNF-α 

intervened activation of JNK and NF-κB but also cooperates with IAP, which prompts the anti-apoptosis process. 

Earlier studies have suggested that TRAF-2 could be employed to TNF-R1 indirectly through a specific interface 

with TRADD, which ensures the employment of IAP and inhibits the activation of caspases [67].  

     A natural question gets up as to when or which situation does TNF-R1 stimulation and lead to apoptosis or cell 

survival? One likely answer might be through the mitochondrial liberation of Smac protein through JNK activation 

[68]. Smac may react with cIAPs and take away them from TRAF-1 and TRAF-2. Two probable answers may 

untruth on the NF-κB-inducible protein c-FLIP. In the lack of NF-κB activation and c-FLIP, TNF-R1 can encourage 

cell death through a cytoplasmic complex containing TRADD, RIP1, FADD, and caspase-8 activation [69]. Another 

possible answer, the greater affinity between TRADD and TRAF-2 propose that TRADD may be a sturdy inducer of 

TRAF-2 signaling. [70].  

 Furthermore, researches showed that much expression of the survival receptor TNF-R2 sensitizes cells to 

TNF-α prompted apoptosis [71,72]. Moreover, TRAF-2 seems to be positive signals inducers for cell growth and 

proliferation which mediated by kinase cascades and the genes induction of NF-κB. Once these molecules are rich, 

TNF-R activation acts to promote a stress response. [73]. Therefore, availability and function of TRAF-2 proteins 

may control a cell survival barrier involving either a stress response or programmed cell death. However, TRAF-2 

has controlling role on apoptosis may be cell dependent and/or TNF-R dependent. Yet, there is no proof backing an 

anti-apoptotic activity for TRAF-2 in colonic epithelial cells of UC patients. 

  A recent research [74] proposed that TRAF-1 and TRAF-2 superior form the TRAF-1 :( TRAF-2)2heterotrimer, 

which could interacts with cIAPs further toughly comparing with TRAF-2 alone. Additional study [75] appeared 

that TRAF-2 work together with TRAF-3 might regulator the development and survival signal transferred to B cells, 

and played a double role in regulating B cell homeostasis. Another recent study has shown a tumor suppressor 

character for TRAF-2 in B cells. The B cells lacking functional TRAF-2 in transgenic mice revealed the 

development of Small B cell lymphoma / Chronic Lymphocytic leukemia with high rate [76].  

Similarly, T- cells that play critical roles in the expansion of UC, current researches have revealed that 

TRAF-1 and TRAF-2 are demanded in the T cell response to 4-1BB signaling, and 4-1BB recruits TRAF-1 and 

TRAF-2 to mediate survival signaling in T cells.  Yet the TRAF-2 is necessary in the glucocorticoid inducible TNF-

R-linked protein-signaling pathways [77]. 

Animals which lack TRAF-2 appeared normally birth, but reduced the body weight was expressively 

comparing to control littermates and the knockout animals became rusted and died early within 3 weeks. With the 

exemption of thymus and spleen, all organs seem normal but with reduced sizes. Remarkably, overexpression of the 

TRAF-2 transgene managed to splenomegaly and lymphadenopathy. So, in spite of TRAF-2 has a clear anti-

apoptotic functions, it can moreover link TNF-R family members to pro-apoptotic pathways [78]. 

Based on these hypotheses, TNF-α ability to prompt apoptosis within FADD and caspase-8 promote survival 

through TRAF-2 recruitment and NF-κB induction [79, 80].  

Consequently, it is reasonable to think that suppression of NF-κB activation in UC could be intermediated, as 

a minimum partly, by TNF-R/TRAF-2 driven mechanisms. In addition, high expression of TRAF-2 in inflamed 

tissue of patients might be considered one of the mechanisms share to the expansion of UC, additional studies are 

needed to explore whether TRAF-2 can be triggered before the disease onset.  

 

CONCLUSION  
     In this study, we obtained increased expression of TNF-alpha, TRAF-1 with TRAF-2 in active UC patients. The 

TNF-α, TRAF-1,and TRAF-2 are an adequate colonoscopic biopsies biomarker for UC patients. In addition, it might 

be sensitively assays for observing mucosal inflammation severity. 

      The TRAF-1 and TRAF-2 proteins were implicated in the intracellular signaling pathways leading from TNF-

Rs. These indicating steps are strongly interrelated in a network of additional signaling molecules and regulating 

effectors the overall outcome of the cellular TNF-α response. In overall, TRAF proteins, especially the TRAF 2 
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molecule, are the focus of regulatory network. An particular comprehension of the understood regulatory operation 

will finally allow us to predict a exact cellular response in progress by TNF-α and may then develop the usage of the 

pathophysiological aspects of TNF-α. 

 

RECOMMENDATION 
Extra work is required to decide the accurate molecular mechanism of TRAF-1 and TRAF-2 signaling. For 

example, is TRAF-2 in monomeric or in a constitutive trimeric state before recruitment to receptors? Is the 

activation of downstream effectors dependent on oligomerization or on conformational alterations induced by 

receptor interface? What is the exact molecular basis for this activation? Finally, the maximum challenge will be in 

translating the structural and functional studies into potential therapy. 

 

REFERENCES 

1. Yun J, Xu CT, Pan BR, (2009). Epidemiology and gene markers of ulcerative colitis in the Chinese. World J 

Gastroenterol.; 15:788-803. 

2. Alberto JL, Emma G, Jose AG, David B, Asterio B, Jose LM, (2009). High levels of proinflammatory 

cytokines, but not markers of tissue injury, in unaffected intestinal areas from patients with IBD. Mediators 

Inflamm.; 5804-50. 

3. Yu Qi, Jun Sh, Yan GU, Jin Lu, Xi Tao, Mei Lan Hu, (2013). Gene expression of tumor necrosis factor 

receptor associated-factor (TRAF)-1 and TRAF-2 in inflammatory bowel disease. J of Digestive Dis.; 14:244–

250. 

4. Inna L, Alexander G, Peter H, (2005). Death receptor Signaling. J Cell Sci.; 118:265-267. 

5. Irmler M, Steiner V, Ruegg C, Wajant H, Tschopp J, (2000). Caspase-induced inactivation of the anti-

apoptotic TRAF1 during Fas ligand-mediated apoptosis. FEBS Lett.; 468(2-3):129-33. 

6. Xu LG, Li LY, Shu HB, (2004). TRAF7 potentiates MEKK3-induced AP1 and CHOP activation and induces 

apoptosis. J Biol Chem.; 279:17278–82. 

7. Kim WJ, Back SH, Kim V, Ryu I, Jang SK, (2005). Sequestration of TRAF2 into stress granules interrupts 

tumor necrosis factor signaling under stress conditions. Mol Cell Biol.; 25:2450–62. 

8. Mauro C, Crescenzi E, De Mattia R, Pacifico F, Mellone S, Salzano S, de Luca C, D'Adamio L, Palumbo 

G, Formisano S, Vito P, Leonardi A., (2006). Central role of the scaffold protein tumor necrosis factor 

receptor-associated factor 2 in regulating endoplasmic reticulum stress-induced apoptosis. J Biol Chem.; 

281:2631–8. 

9. Hotamisligil GS, (2010). Endoplasmic reticulum stress and the inflammatory basis of metabolic disease. Cell; 

140:900–17. 

10. Seidelin JB, Nielsen OH, (2006). Expression profiling of apoptosis-related genes in enterocytes isolated from 

patients with ulcerative colitis. APMIS; 114:508–17. 

11. Atreya R, Zimmer M, Bartsch B, Waldner MJ, Atreya I, Neumann H, Hildner K, Hoffman A, Kiesslich R, 

Rink AD, Rau TT, Rose-John S, Kessler H, Schmidt J, Neurath MF. (2011). Antibodies against tumor 

necrosis factor induce T-cell apoptosis in patients with inflammatory bowel diseases via TNF receptor 2 and 

intestinal CD14+ macrophages. Gastroenterol.; 141:2026–38.  

12. Piao JH, Hasegawa M, Heissig B, Hattori K, Takeda K, Iwakura Y, Okumura K, Inohara N, Nakano H., 
(2011). Tumor necrosis factor receptor-associated factor (TRAF) 2 controls homeostasis of the colon to 

prevent spontaneous development of murine inflammatory bowel disease. J Biol Chem.; 286: 17879–88. 

13. Elmunzer BJ, Higgins PD, Kwon YM, Golembeski C, Greenson JK, Korsnes SJ, et al, (2008). Jumbo 

forceps are superior to standard large-capacity forceps in obtaining diagnostically adequate inflammatory 

bowel disease surveillance biopsy specimens. Gastrointest Endosc.; 68:273–8. 

14. Walker RA, (2006). Quantification of immunohistochemistry – issues concerning methods, utility and 

semiquantitative assessment I. Histopathology; 49:406–10. 

15. Reiner A, Neumeister B, Spona J, Reiner G, Schemper M, Jakesz R, (1990). Immuno-cytochemical 

localization of estrogen and progesterone receptor and prognosis in human primary breast cancer. Cancer Res.; 

50:7057–61. 

16. Dionne S, Laberge S, Deslandres C, Seidman EG, (2003). Modulation of cytokine release from colonic 

explants by bacterial antigens in inflammatory bowel disease, Clin Exp Immunol.; 133:108–114. 

17. Mahida YR, (2000). The key role of macrophages on the immunopathogenesis of inflammatory bowel disease. 

Inflamm Bowel Dis.; 6:21–33. 

http://www.ncbi.nlm.nih.gov/pubmed/10692572
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mauro%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16299380
http://www.ncbi.nlm.nih.gov/pubmed/?term=Crescenzi%20E%5BAuthor%5D&cauthor=true&cauthor_uid=16299380
http://www.ncbi.nlm.nih.gov/pubmed/?term=De%20Mattia%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16299380
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pacifico%20F%5BAuthor%5D&cauthor=true&cauthor_uid=16299380
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mellone%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16299380
http://www.ncbi.nlm.nih.gov/pubmed/?term=Salzano%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16299380
http://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Luca%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16299380
http://www.ncbi.nlm.nih.gov/pubmed/?term=D%27Adamio%20L%5BAuthor%5D&cauthor=true&cauthor_uid=16299380
http://www.ncbi.nlm.nih.gov/pubmed/?term=Palumbo%20G%5BAuthor%5D&cauthor=true&cauthor_uid=16299380
http://www.ncbi.nlm.nih.gov/pubmed/?term=Palumbo%20G%5BAuthor%5D&cauthor=true&cauthor_uid=16299380
http://www.ncbi.nlm.nih.gov/pubmed/?term=Palumbo%20G%5BAuthor%5D&cauthor=true&cauthor_uid=16299380
http://www.ncbi.nlm.nih.gov/pubmed/?term=Formisano%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16299380
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vito%20P%5BAuthor%5D&cauthor=true&cauthor_uid=16299380
http://www.ncbi.nlm.nih.gov/pubmed/?term=Leonardi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16299380
http://www.ncbi.nlm.nih.gov/pubmed/?term=Atreya%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21875498
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zimmer%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21875498
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bartsch%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21875498
http://www.ncbi.nlm.nih.gov/pubmed/?term=Waldner%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=21875498
http://www.ncbi.nlm.nih.gov/pubmed/?term=Atreya%20I%5BAuthor%5D&cauthor=true&cauthor_uid=21875498
http://www.ncbi.nlm.nih.gov/pubmed/?term=Neumann%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21875498
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hildner%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21875498
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hoffman%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21875498
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kiesslich%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21875498
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rink%20AD%5BAuthor%5D&cauthor=true&cauthor_uid=21875498
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rau%20TT%5BAuthor%5D&cauthor=true&cauthor_uid=21875498
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rose-John%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21875498
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kessler%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21875498
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schmidt%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21875498
http://www.ncbi.nlm.nih.gov/pubmed/?term=Neurath%20MF%5BAuthor%5D&cauthor=true&cauthor_uid=21875498
http://www.ncbi.nlm.nih.gov/pubmed/?term=Piao%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=21393251
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hasegawa%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21393251
http://www.ncbi.nlm.nih.gov/pubmed/?term=Heissig%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21393251
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hattori%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21393251
http://www.ncbi.nlm.nih.gov/pubmed/?term=Takeda%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21393251
http://www.ncbi.nlm.nih.gov/pubmed/?term=Iwakura%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=21393251
http://www.ncbi.nlm.nih.gov/pubmed/?term=Okumura%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21393251
http://www.ncbi.nlm.nih.gov/pubmed/?term=Inohara%20N%5BAuthor%5D&cauthor=true&cauthor_uid=21393251
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nakano%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21393251


ISSN 2320-5407                           International Journal of Advanced Research (2015), Volume 3, Issue 12, 604 – 620 

618 

 

18. Rugtveit J, Nilsen EM, Bakka A, Carlsen H, Brandtzaeg P, Scott H, (1997). Cytokine profiles differ in newly 

recruited and resident subsets of mucosal macrophages from inflammatory bowel disease. Gastroenterol.; 

112:1493–505. 

19. Schoelmerich J, Schmidt E, Schumichen C, Billmann P, Schmidt H, Gerok W, (1988). Scintigraphic 

assessment of bowel involvement and disease activity in Crohn's disease using technetium 99m hexamethyl 

propylene amine oxine as leukocyte label. Gastroenterol.; 95:1287-93. 

20. Reinecker HC, Steffen M, Witthoeft T, Pflueger I, Schreiber S, MacDermott RP, et al, (1993). Enhanced 

secretion of tumour necrosis factor-a, IL-6, and IL-1b by isolated lamina propria mononuclear cells from 

patients with ulcerative colitis and Crohn’s disease. Clin Exp Immunol.; 94:174–81. 

21. Tessier PA, Naccache PH, Diener KR, Gladue RP, Neote KS, Clark-Lewis I, et al, (1998). Induction of 

acute inflammation in vivo by Staphylococcal superantigens. II. Critical role for chemokines, ICAM-1, and 

TNF-a. J Immunol.; 161:1204–11. 

22. Zareie M, Singh PK, Irvine EJ, Sherman PM, McKay DM, Perdue MH, (2001). Monocyte/macrophage 

activation by normal bacteria and bacterial products. Implications for altered epithelial function in Crohn’s 

disease. Am J Pathol.; 158:1101–9. 

23. Parra E, Wingren AG, Healula G, Kalland T, Dohlsten M, (1997). The role of B7-1 and LFA-3 in 

costimulation of CD8+ T-cells. J Immunol.; 158:637–42. 

24. Dionne S, Ruemmele F, Laberge S, Seidman EG, (2000). The effect of inflammation severity and of treatment 

on the production and release of TNFa by colonic explants in inflammatory bowel disease. Alim Pharmacol 

Ther.; 14:1435–42. 

25. Pawlec G, Schaudt K, Rehbein A, Busch FW, (1989). Differential secretion of tumor necrosis factor-a and 

granulocyte/ macrophage colony/stimulating factors but not interferon-y from CD4+ compared to CD8+ 

human T cell clones. Eur J Immunol.; 19:197. 

26. Mahida YR, Wu K, Jewell DP, (1989). Enhanced production of interleukin 1-fl by mononuclear cells isolated 

from mucosa with active ulcerative colitis of Crohn's disease. Gut; 30:835. 

27. Corrazza N, Eichenberger S, Eugster HP, Mueller C, (1999). Non-lymphocyte-derived tumor necrosis factor 

is required for induction of colitis in recombination activating gene (RAG) 2-/- mice upon transfer of 

CD4+CD45RBhi T cells. J Exp Med.; 190:1479–91. 

28. Malaviya R, Ikeda T, Ross E, Abraham SN, (1996). Mast cell modulation of neutrophil influx and bacterial 

clearance at sites of infection through TNF-alpha. Nature; 381:77–9. 

29. Jung HC, Eckmann L, Yang SK, Panja A, Fierer J, Morzycka-Wroblewska E, et al, (1995). A distinct array 

of proinflammatory cytokines is expressed in human colon epithelial cells in response to bacterial invasion. J 

Clin Invest.; 95:55–65. 

30. Rutgeerts P, Sandborn WJ, Feagan BG, Reinisch W, Olson A, Johanns J, et al, (2005). Infliximab for 

induction and maintenance therapy for ulcerative colitis. N Engl J Med.; 353:2462–76. 

31. Gurbindo C, Mansour AM, Marchand R, (1992). Tumor necrosis factor-alpha enhances the expression of 

class II MHC molecules induced by interferon gamma in rat intestinal crypt cells. Gastroenterol.; 102:A633. 

32. Mullin JM, Snock KV, (1990). Effect of tumor necrosis factor on epithelial tight junctions and transepithelial 

permeability. Cancer Res.; 50: 2172-6. 

33. Deem RL, Shanahan F, Targan SR, (1991). Triggered human mucosal T cells release tumour necrosis factor-

alpha and interferon-gamma which kill human colonic epithelial cells. Clin Exp Immunol.; 83:79-84. 

34. Doukas J, Pober JS, (1990). IFN-gamma enhances endothelial activation induced by tumor necrosis factor but 

not IL-1. J Immunol.; 145:1727-33. 

35. Ding A, Nathan CF, Stuehr DJ, (1988). Release of reactive nitrogen intermediates and reactive oxygen 

intermediates from mouse peritoneal macrophages: comparison of activating cytokines and evidence for 

independent production. Immunol.; 141:2407-12. 

36. Rutgeerts P, Goboes K, Peeters M, Hiele M, Penninckx F, Aerts R, et al, (1991). Effect of faecal stream 

diversion on recurrence of Crohn's disease in the neoterminal ileum. Lancet; 338:771-4. 

37. Stenson WF, (1992). Role of lipoxygenase production in inflammatory bowel disease. In: Inflammatory bowel 

disease, Rachmilewitz D., ed. Le Hague: Martinus Nijhoff: 116-21. 

38. Matsushima K, Morishita Y, Yoshimura T, Lavu S, Kobayashi Y, Lew W, et al, (1988). Molecular cloning 

of a human monocyte-derived neutrophil chemotactic factor (MDNCF) and the induction of MDNCF mRNA 

by interleukin-l and tumor necrosis factor. J Exp Med.; 167:1883-93. 

39. Laster SM, Wood JG, Gooding LR, (1988). Tumor necrosis factor can induce both apoptic and necrotic forms 

of cell lysis. J Immunol.; 141(8):2629–2634. 



ISSN 2320-5407                           International Journal of Advanced Research (2015), Volume 3, Issue 12, 604 – 620 

619 

 

40. Vercammen D, Beyaert R, Denecker G, Goossens V, Van Loo G, Declercq W, et al, (1998). Inhibition of 

caspases increases the sensitivity of L929 cells to necrosis mediated by tumor necrosis factor. J Exp Med; 

187(9):1477–1485. 

41. Wu W, Liu P, and Li J, (2012). Necroptosis: an emerging formof programmed cell death. Critical Reviews in 

Oncology/Hematology; 82(3):249–258. 

42. Kiesslich R, Goetz M, Angus EM, Hu Q, Guan Y, Potten C, et al, (2007). Identification of epithelial gaps in 

human small and large intestine by confocal endomicroscopy. Gastroenterol.; 133:1769–1778. 

43. Kiesslich R, Duckworth CA, Moussata D, Gloeckner A, Lim LG, Goetz M, et al, (2012). Local barrier 

dysfunction identified by confocal laser endomicroscopy predicts relapse in inflammatory bowel disease. Gut.; 

61:1146–1153. 

44. Mazlam MZ, Hodgson HJF, (1992). Peripheral blood monocyte cytokine production and acute phase response 

in inflammatory bowel disease. Gut; 33:773–8. 

45. Dionne S, Hiscott J, D’agata I, Duhaime A, Seidman E, (1997). Quantitative PCR analysis of TNF-a and IL-

1b mRNA levels in pediatric IBD mucosal biopsies. Dig Dis Sci.; 42:1557–66. 

46. Bresse EJ, Michie CA, Nicholls SW, Murch SH, Williams CB, Domizio P, et al (1994). Tumor necrosis 

factor a-producing cells in the intestinal mucosa of children with inflammatory bowel disease. Gastroenterol.; 

106:1455–66. 

47. Lanfranchi GA, Tragnone A, (1992). Serum and faecal tumour necrosis factor-a as marker of intestinal 

inflammation. Lancet; 339:1053. 

48. Murch SH, Braegger CP, Walker-Smith JA, MacDonald TT, (1993). Location of tumour necrosis factor 

alpha by immunohisto-chemistry in chronic inflammatory bowel disease. Gut; 34:1705–9. 

49. Juan MZ, Sophie L, John CR, (2014). Targeting TNF-Receptor Associated Factors (TRAFS) For Therapeutic 

Intervention., Burnham Institute for Medical Research, N.Torrey Pines, La Jolla, CA 92037 

50. Wajant H, Henkler F, Scheurich P, (2001). The TNF-receptor-associated factor family scaffold molecules for 

cytokine receptors, kinases and their regulators. Cell Signal; 13:389-400. 

51. Zapata JM, Reed JC, (2002). TRAF1: Lord without a RING. Sci STKE; 21:PE27. 

52. Hsu H, Xiong J, Goeddel DV, (1995). The TNF receptor 1-associated protein TRADD signals cell death and 

NF-kB activation. Cell; 81:495-504. 

53. Rothe, M, Wong SC, Henzel WJ, Goeddel DV, (1994). A novel family of putative signal transducers 

associated with the cytoplasmic domain of the 75 kDa tumor necrosis factor receptor. Cell; 78:681–692. 

54. Ralph Schwenzer, Katrin Siemienski, Susanne Liptay, Gisela Schubert, Nathalie Peters, Peter Scheurich, 

et al, (1999). The Human Tumor Necrosis Factor (TNF) Receptor-associated Factor 1 Gene (TRAF-1) Is Up-

regulated by Cytokines of the TNF Ligand Family and Modulates TNF-induced Activation of NF-kB and c-Jun 

N-terminal Kinase. J Biol Chem.; 274:19368-19374. 

55. Durkop H, Foss HD, Demel G, Klotzbach H, Hahn C, Stein H, (1999). Tumor necrosis factor receptor-

associated factor 1 is overexpressed in Reed-Sternberg cells of Hodgkin's disease and Epstein-Barr virus-

transformed lymphoid cells. Blood; 93(2):617-23.  

56. Wang X, Wang Q, Hu W, Evers BM, (2004). Regulation of phorbol ester-mediated TRAF1 induction in 

human colon cancer cells through a PKC/RAF/ERK/NF-kB-dependent pathway. Oncogene; 23:1885-1195. 

57. Garrison JB, Samuel T, Reed JC, (2009). TRAF2-binding BIR1 domain of c-IAP2/MALT1 fusion protein is 

essential for activation of NF-kB. Oncogene; 28:1584–93. 

58. Hao Wu, (2007). TNF Receptor Associated Factors (TRAFs), chapter 2, TRAF-1 and Its Biological Functions. 

Book Printed in the U.S.A: 25-29. 

59. Park YC, Ye H, Hsia C, Segal D, Rich RL, Liou HC, et al, (2000). A novel mechanism of TRAF signaling 

revealed by structural and functional analyses of the TRADD-TRAF-2 interaction. Cell.; 101(7):777-87. 

60. Micheau O, Lens S, Gaide O, Alevizopoulos K, Tschopp J, (2001). NF-kappaB signals induce the expression 

of c-FLIP. Mol Cell Biol.; 21(16):5299-305. 

61. Speiser DE, Lee SY, Wong B, Arron J, Santana A, Kong YY, et al, (1997). A regulatory role for TRAF-1 in 

antigen-induced apoptosis of T cells. J Exp Med.; 185(10):1777-83. 

62. Wicovsky A, Henkler F, Salzmann S, Scheurich P, Kneitz C, Wajant H, (2009). Tumor necrosis factor 

receptor-associated factor-1 enhances proinflammatory TNF receptor-2 signaling and modifies TNFR1-TNFR2 

cooperation. Oncogene; 28(15):1769-81. 

63. Na Kyung Lee, Soo Young Lee, (2002). Modulation of Life and Death by the Tumor Necrosis Factor Receptor-

Associated Factors (TRAFs), J. of Biochemistry and Molecular Bio.; 35(1):61-66 

64. Guiet C, Silvestri E, De Smaele E, Franzoso G, Vito P, (2002). c-FLIP efficiently rescues TRAF-2-/- cells 

from TNF-induced apoptosis. Cell Death Differ. 9:138-144. 



ISSN 2320-5407                           International Journal of Advanced Research (2015), Volume 3, Issue 12, 604 – 620 

620 

 

65. Podolsky DK, (2002). Inflammatory bowel disease. N Engl J Med.; 347(6):417-429. 

66. Juan MZ, Sophie L, John CR, (2014). Targeting TNF-Receptor Associated Factors (TRAFS) For Therapeutic 

Intervention., Burnham Institute for Medical Research, N.Torrey Pines, La Jolla, CA 92037. 

67. MacEwan DJ, (2002). TNF ligands and receptors – a matter of life and death. Br J Pharmacol; 135:855–75. 

68. Wang C, Mayo M, Korneluk R, Goeddel DV, Baldwin AS, (1998). NF-kB antiapoptosis: induction of TRAF1 

and TRAF2 and c-IAP1 and c-IAP2 to suppress capase-8 activation.Sci.; 281:1680-1683. 

69. Deng Y, Ren X, Yang L, Lin Y, Wu X, (2003). A JNK-dependent pathway is required for TNFalpha-induced 

apoptosis. Cell; 115(1):61-70. 

70. Micheau O, Tschopp J, (2003). Induction of TNF receptor I-mediated apoptosis via two sequential signaling 

complexes. Cell; 114(2):181-190. 

71. Chan FK, Lenardo MJ, (2000). A crucial role for P80 TNF-R2 in amplifying P60 TNF-R1 apoptosis signals in 

T lymphocytes. Eur J Immunol.; 30(2):652-660. 

72. Yeh WC, Shahinian A, Speiser D, Kraunus J, Billia F, Wakeham A, et al, (1997). Early lethality, functional 

NF-KappaB activation, and increased sensitivity to TNF-induced cell death in TRAF2-deficient mice. 

Immunity; 7(5):715-725. 

73. Haridas V, Darnay BG, Natarajan K, Heller R, Aggarwal BB, (1998). Overexpression of the P80 TNF 

receptor leads to TNF-dependent apoptosis, nuclear factor-Kappa B activation, and c-jun kinase activation. J 

Immunol.; 160(7):3152-3162. 

74. Rothe M, Pan MG, Henzel WJ, Ayres TM, Goeddel DV, (1995). The TNFR2-TRAF signaling complex 

contains two novel proteins related to baculoviral inhibitor of apoptosis proteins. Cell; 83(7):1243-1252. 

75. Zheng C, Kabaleeswaran V, Wang Y, Cheng G, Wu H, (2010). Crystal structures of the TRAF2: cIAP2 and 

the TRAF1: TRAF2: cIAP2 complexes: affinity, specificity, and regulation. Mol Cell; 38: 101–13. 

76. Gardam S, Sierro F, Basten A, Mackay F, Brink R, (2008). TRAF2 and TRAF3 signal adapters act 

cooperatively to control the maturation and survival signals delivered to B cells by the BAFF receptor. 

Immunity; 28: 391–401. 

77. Zapata JM, Krajewska M, Morse HC, Choi Y, Reed JC, (2004). TNF receptor associated factor (TRAF) 

domain and Bcl-2 cooperate to induce small B cell lymphoma/chronic lymphocytic leukemia in transgenic 

mice. Proc Natl Acad Sci U.S.A; 101(47):16600-16605. 

78. Snell LM, Lin GH, McPherson AJ, Moraes TJ, Watts TH, (2011). T-cell intrinsic effects of GITR and 4-1BB 

during viral infection and cancer immunotherapy. Immunol Rev.; 244:197–217. 

79. Carpentier I, Beyaert R, (1999). TRAF-1 is a TNF inducible regulator of NF-kappaB activation. FEBS Lett.; 

460(2):246-50. 

80. Arch RH, Gedrich RW, Thompson CB, (1998). Tumor necrosis factor receptor-associated factors (TRAFs) – a 

family of adapter proteins that regulates life and death. Genes Dev.; 12: 2821–30. 

  

  

 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Carpentier%20I%5BAuthor%5D&cauthor=true&cauthor_uid=10544244
http://www.ncbi.nlm.nih.gov/pubmed?term=Beyaert%20R%5BAuthor%5D&cauthor=true&cauthor_uid=10544244
http://www.ncbi.nlm.nih.gov/pubmed/?term=Carpentier+I+and+Beyaert+R.+%281999%29.+FEBS+Lett.%2C+460%2C+246+%C2%B1+250.

