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Original Article 
Expression of NIBP and its clinical significance  
in human early colorectal cancer
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Abstract: Aim: To investigate the expression of NIBP and its clinical significance in early colorectal cancer. Patients 
and Methods: With immunohistochemistry, the expression of NIBP was detected in 23 patients of early colorectal 
cancer tissues, 102 patients of invasive colorectal cancer tissues, 32 patients of adenoma and 20 patients of nor-
mal tissues. The relationship between NIBP expression and clinicopathological characteristic of colorectal cancer 
were also analyzed. Result: We found that the positive rates of NIBP was higher in early colorectal cancer tissues 
(82.6%, 19/23) than those in adenomas and normal tissues (x2=29.07, P<0.05), but not significant than those 
in invasive colorectal cancer (x2=1.79, P>0.05). Positivity for T1N0M0, T2N0M0, II, III and IV was 82.6% (19/23), 
80.0% (4/5), 78.0% (32/41), 63.6% (21/33), 56.5% (13/23), respectively. With the increase in TNM stage, the 
positive rate of NIBP decreased, the positive rate of T1N0M0 is highest than other TNM stages, but no statistically 
significant (P>0.05). Conclusion: These results suggested that NIBP is highly expressed in human early colorectal 
cancer tissues. NIBP might involve in the tumorigenesis and probably serve as a new marker for human early 
colorectal cancer.
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Introduction

Colorectal cancer (CRC) is the third most com-
mon cancer worldwide in males and the second 
in females [1]. Early colorectal cancer is defined 
by the Japanese rule as being limited to the 
mucosa or invading only to the submucosa, 
regardless of the presence or absence of lymph 
node metastases [2]. Patients with early CRC 
were often asymptomatic, therefore the detec-
tion rate was low even in nowadays. However, 
Five-year survival could be up to 90% if the CRC 
is diagnosed and treated early and suitably [3]. 
Then early detection becomes the most prom-
ising approach to improving long-term survival 
of patients with CRC [3-7]. In addition, it takes a 
certain time for a single cell to transform into 
cancer, proliferate through frequent mitoses, 
and gradually form a mass [2], which offers a 
period of time to detect the tumor in an early 
stage and to interfere with the natural course of 

the disease [8]. However, markers of colorectal 
cancer are always detected in advanced CRC 
but rarely occur in early stages, then to find 
marker for early CRC is urgent [9-11]. 

NIBP, also known as TRAPPC9 (trafficking pro-
tein particle complex 9) [12], is a novel cellular 
protein originally identified in a yeast two-hy- 
brid assay of a human brain cDNA library, as a 
binding partner of NIK. Although most studies 
about NIBP always showed its association of 
intellectual disability [12-17]. Recent years, 
some studies showed that NIBP is associated 
with a variety of diseases and malignancies, 
but the studies were limited. Shu Liu and Hong 
Wang reported that NIBP highly expressed in 
human gastrointestinal cancer cells, also was 
significantly increased in invasive colon carci-
noma compared with non-cancer colon tissues 
[18]. There was less report about the expres-
sion of NIBP in patients with early colorectal 
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Table 1. Characteristics of the 177 patients
Characteristics Value
Age, (years)
Median (mean ±SD) 56.2 (58.0±15.4)
Gender
    Male 98 (55.4%)
    Female 79 (44.6%)
Localisation
    Ascending colon 34 (19.2%)
    Transverse colon 9 (5.1%)
    Descending colon 14 (7.9%)
    Sigmoid colon 45 (25.4%)
    Rectum 75 (42.4%)
Size
    Nomal colorectal (0.2±0.0) cm
    Colorectal adenoma (2.1±2.1) cm
    Early CRCs (2.6±1.0) cm
    Invasive CRCs (5.0±2.0) cm
TMN
    I
        T1N0M0 23 (18.4%)
        T2N0M0 5 (4.0%)
    II 41 (32.8%)
    III 33 (26.4%)
    IV 23 (18.4%)
Specimen come from
    ESD or EMR 44 (24.9%)
    Surgical treatment 110 (62.1%)
    Endoscopic biopsy 23 (13.0%)
Pathology
    Well differentiation 21 (11.9%)
    Moderate differentiation 91 (51.4%)
    Poor differentiation 13 (7.3%)
    Serrated adenomas 5 (2.8%)
    Tubular adenomas 5 (2.8%)
    Tubulavillous adenomas 7 (4.0%)
    Tubulavillous with high-grade intraepithelial neoplasia 15 (8.5%) 
    Normal tissue 20 (11.3%)

cancer, So in this study, we investigated the 
potential association with NIBP and early 
colorectal cancer and figured out whether NIBP 
might be a probable new marker for early 
colorectal cancer.

Materials and methods

Patients and tissues

177 patients underwent ESD, EMR, surgical 
treatment or endoscopic biopsy in our depart-

ment from June 2011 to De- 
cember 2014 were included 
in this study. All the patients 
were divide into four groups 
by pathology, 23 early colo- 
rectal cancer, 102 invasive 
colorectal cancer, 32 colo- 
rectal adenoma and 20 nor-
mal patient. In our study, 
there were no lymph node 
metastases in early CRC gro- 
up. Patient characteristics 
are shown in Table 1. Writ- 
ten informed consent was 
obtained from each patient 
on the day of procedure. In- 
stitutional review board app- 
roval was obtained by The 
Third Affiliated Hospital of 
Southern medical University 
(Guangzhou, China).

Immunohistochemistry

All samples from the 177 
patients were reviewed hi- 
stologically by H&E stain- 
ing, and representative are- 
as were paraffin-embedded, 
which tissues were subject-
ed to routine sectioning of  
4 mm thickness. Two step 
immunohistochemical stain-
ing was used for NIBP detec-
tion. Then put in an incuba-
tor chamber at 60°C for 20 
minutes, Dimethyl benzene 
dewaxed, Rehydrated throu- 
gh graded alcohol to PBS, 
After washed with PBS, the 
sections were subjected to 
antigen retrieval in boiling 
sodium citrite buffer (0.01 
M, pH 6.0) for 10 min (micro-

wave 450 W). After cooled at room tempera-
ture for 30 min, and washed with PBS and dis-
tilledwater sequentially, then inmmersed in 3% 
hydrogen peroxide at room temperature for 10 
min to block endogeneous peroxidase activity. 
The anti-NIBP rabbit antibody (Abcam, UK) 
diluted 1:80 in primary antibody diluents (Be- 
yotime, Jiangsu, China) was then added, Then 
the slides were incubated 1 hour in a humidi-
fied chamber in 37°C. After washed with PBS, 
each of the sections was incubated at 37°C for 
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Figure 1. Representative immunohistochemical (IHC) staining for NIBP expression (×100). A: Normal colorectal mu-
cosa: no staining; B: Colorectal adenoma tissues: Weak staining or part membranous staining; C: Invasive colorectal 
cancer: dark yellow staining; D: Early colorectal cancer: brown staining.

Limited, Shanghai, China. After washed with 
PBS again, the sections were subjected to 
sequential DAB substrate chromogen system 
(Dako, Danish) for immune complex visualiza-
tion and then counterstained with haemotoxy-
lin for 30 seconds. Formalin-fixed and paraffin-
embedded sections of human colon carcinoma 
with strong staining served as positive control 
whereas PBS instead of antibody as negative 
control. The NIBP staining was blindly reviewed 
by two histopathologists. Microscopically, the 
slides with no staining in negative control and 
specific dark yellow staining of cytoplasm and 
neuclear in positive control were eligible for fur-

Table 2. Expression of NIBP in each group

GROUPS N
NIBP

Expression 
level

Positive 
number

Positive 
rate

Normal 20 0.20±0.29 2 10.0%
Adenoma 32 0.41±0.53 7 21.9%*
Early CRC 23 1.45±0.90 19 82.6%**
Invasive CRC 102 1.25±0.98 70 68.6%***
*Fisher’s Exact Test, P=0.454; **x2=29.07, P=0.000; *** 
x2=1.79, P=0.181.

1 hour with 50 ml of GTVision I detection sys-
tem/mouse or rabbit from Gene Tech Company 
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Figure 2. NIBP expression leaver in each team. A Mean NIBP scores in 
normal mucosa (n=20), adenoma (n=32), early colorectal cancers (CRC) 
(n=23) and Invasive colorectal cancers (n=102).

Table 3. NIBP expression in CRC with TNM 
(P>0.05)

TNM N
NIBP

Positive number Positive rate
I
    T1N0M0 23 19 82.6%
    T2N0M0 5 4 80.0%
II 41 32 78.0%
III 33 21 63.6%
IV 23 13 56.5%

ther analysis. The immunostaining was evalu-
ated according to the following standards, 
staining intensity was classified as 0 (lack of 
staining), 1 (weak yellow), 2 (dark yellow) or 3 
(brown staining). For each section, the semi-
quantitative score was calculated by multiply-
ing the staining intensity score and the percent-
age of staining, the threshold for positivity was 
0.7.

Statistical analysis

Statistical analyses were conducted by IBM 
SPSS Statistical 19 (SPSS, USA). Data are pre-

sented as mean ± standard 
deviation (SD). The Relation- 
ships between NIBP expres-
sion and antibody response 
with clinicopathological para- 
meters were tested by x2 test 
or Fisher’s exact test. Conti- 
nuous variables were analyzed 
with t test and P<0.05 was 
considered significant.

Results

Expression of NIBP

NIBP expression was exam-
ined in 23 early CRC, 102 inva-
sive CRC, 32 colorectal adeno-
mas and 20 normal colorec- 
tal tissues by IHC. It was most-
ly localized to the cytoplasm of 
colorectal carcinoma cells. No 
or a weak staining of NIBP was 
observed in normal tissue 
(Figure 1A), NIBP expression 
was relatively weak in adeno-
ma (Figure 1B) but strong in 
the invasive CRC tumor cells 
with dark yellow or brown stai- 

ning (Figure 1C), NIBP expression was much 
stronger in the early CRC tumor cells with dark 
yellow or brown staining (Figure 1D). The posi-
tive rate and expression level are shown in 
Table 2 and Figure 2. The positive rates of NI- 
BP was higher in early colorectal cancer tis- 
sues (82.6%, 19/23) than those in invasive 
colorectal cancer tissues (68.6%, 70/102), 
adenoma tissues (21.9%, 7/32) and normal tis-
sues (10.0%, 2/20). The positive rate of NIBP in 
early colorectal cancer tissues was significantly 
higher than those in adenoma tissues and nor-
mal tissues (x2=29.07, P=0.000, P<0.05), but 
not significant compared with those in inva- 
sive colorectal cancer (x2=1.79, P=0.181, P> 
0.05). There is not statistics significantly be- 
tween adenoma tissues and normal tissues 
either (P=0.454, P>0.05). Positivity for T1N0- 
M0, T2N0M0, II, III and IV was 82.6% (19/23), 
80.0% (4/5), 78.0% (32/41), 63.6% (21/33), 
56.5% (13/23), respectively. With the increase 
in TNM stage, the positive rate of NIBP de- 
creased, the positive rate of T1N0M0 is high- 
est than other TNM stages, but no statistically 
significant (P>0.05) (Table 3).
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Table 4. Relationship between NIBP expression and clinicopathological factors of colorectal cancer

Item N
Positive Negative

P
N Rate N Rate

Gender Male 64 47 73.4% 17 26.6% 0.571
Female 61 42 68.9% 19 31.1%

Age ≥60 63 49 77.8% 14 22.2% 0.102
<60 62 40 64.5% 22 35.5%

Size ≥3 cm 102 73 71.6% 29 28.4% 0.848 
<3 cm 23 16 69.6% 7 30.4%

Location Rectum 54 35 64.8% 19 35.2% 0.169
Colon 71 54 76.1% 17 23.9%

Depth of invasion Mucosa and submucosa 23 19 82.6% 4 17.4% 0.181
Over submucosa 102 70 68.6% 32 31.4%

Differentiation Well 21 16 76.2% 5 23.8% 0.580
Moderately and poorly 104 73 70.2% 31 29.8%

Lymph node metastasis Yes 50 31 62.0% 19 38.0% 0.064
No 75 58 77.3% 17 22.7%

Relationship between NIBP expression and 
clinicopathological characteristic of colorectal 
cancer

The study failed to find the correlation be- 
tween NIBP expression in tumor and charac- 
teristic such as gender and age of the patients, 
size, location, depth of invasion, differentiation 
and lymph node metastasis of tumors (Table 
4).

Discussion 

Colorectal cancer (CRC) is one of the most fre-
quent cancers and a major cause of cancer 
mortality. Early detection and treatment of  
CRC could always improve long-term survival 
for those patients. NIBP was first founded in 
2005 by Hu, and expressed at high levels in 
muscles and kidney and lower levels in brain, 
heart and immune organs [12]. As if Mir et al. 
reported Human NIBP is a 1246-amino acid 
peptide (139.4 kDa), which is found on chromo-
some 8q24.3, contains 23 exons [19]. It local-
izes to the cytoplasm and the Golgi appara- 
tus, as well as to the endoplasmic reticulum 
(ER) [20]. Previous studies about NIBP were 
always showed its association with intellectual 
disability, while closely correlate with mental 
retardation by genetic mutations [12-16, 21]. 
However, Barrowman et al. reported that NIBP 
is a key member of trafficking particle protein 
complex II which is essential in trans-Golgi net-
working (TGN) [22]. Additionally, Hu et al. re- 
ported NIBP functions as an NF-κB activator, 

specifically by promoting increased phosphory-
lation of IKK proteins. Both NF-κB and TGN are 
critical in inflammation-linked tumorigenesis 
and cancer metastasis [23-25], then the rela-
tionship between NIBP and cancer arouses 
interests for researchers, and recent study 
showed that NIBP is associated with malignan-
cies [26], Zhang et al. reported NIBP is ex- 
pressed in most tumor tissues, particularly in 
breast and colon cancer, even so, the studies 
were limited. The expression of NIBP in patients 
with early colorectal cancer is unclear.

In our study, the results showed the preva- 
lence of NIBP overexpression in human early 
CRC tissues by immunohistochemistry (IHC).  
As for IHC staining, NIBP was mostly localized 
to the cytoplasm of colorectal carcinoma cells, 
and it expression was much stronger in the 
early CRC tumor cells with deeper staining. We 
found the positive ratio of 82.6% in the early 
CRC group was significantly higher than that of 
the adenoma group and the normal control 
group (P<0.05), but no significantly than those 
in invasive colorectal cancer group. The mean 
expression lever of NIBP is (1.45±0.90) in early 
CRC, which is the highest above all the groups. 
In addition, with the increase in TNM stage, the 
positive rate of NIBP decreased, the positive 
rate of T1N0M0 is highest than other TNM stag-
es, although no statistically significant (P>0.05), 
which is in accord with Wang’s research [18], 
however, these dates showed a tendency that 
the higher NIBP positive rate indicated the ear-
lier CRC stages. 



NIBP in early colorectal cancer

8638 Int J Clin Exp Pathol 2017;10(8):8633-8639

NIBP is a novel NIK and IKKβ-binding protein 
that enhances NF-κB activation, Both IKKβ and 
NF-κB are play an important role in regulating 
tumorigeness [23, 27-29]. NIBP promotes tu- 
morigenesis via NFκΒ signaling in colon cancer 
cells, knockdown of NIBP inhibited the prolifer-
ation, migration and colony formation of colon 
cancer cell lines in vitro as well as the tumor 
formation in vivo [15]. According to the theory 
that most CRC have evolved through the ade- 
noma-cancer sequence [30], our study was on 
the patient who with early colorectal cancer, 
and the result showed that NIBP was rarely 
expressed in adenomas but highly in early CRC. 
In combination with Wang’s report, NIBP mRNA 
was highly expressed in early colorectal cancer 
[18], it could indicated that NIBP might be 
involved in early tumorigenesis.

Our results indicate that NIBP has potential 
value as a new marker for the detection of early 
CRC, however more studies are needed for 
NIBP to be a accurate marker. Since the early 
CRC was unevenly distributed in the tissues, 
frozen tumor biopsies were difficult to collect-
ed, and we had to take all of those tissues for 
pathological examination, then further studies 
of NIBP mRNA and protein in fresh human early 
CRC tissues are needed. Due to the limited 
quantity of the included studies, the results 
suggest that further and larger-scale random-
ized double-blind contrast trials are needed. 
NIBP was high expressed and might serve as a 
new marker for the early CRC, however, it was 
unclear whether NIBP could be a serologic bio-
markers, which might provided a relatively non-
invasive and economically advantageous meth-
od for the detection of early CRC. 

In conclusion, NIBP is highly expressed in 
human early colorectal cancer tissues, with the 
development in TNM stage, the positive rate of 
NIBP decreased, and we could speculate NIBP 
may serve probably as a new marker for the 
early colorectal cancer.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Hui Yue, Depart- 
ment of Gastroenterology, The Third Affiliated 
Hospital of Southern Medical University, No. 183 
Zhongshan Road West, Guangzhou 510000, Guang- 
dong Province, China. Tel: +86-20-62784363; Fax: 

+86-20-62784363; E-mail: yh12070430@vip.sina.
com

References

[1] Siegel R, Ma J, Zou Z and Jemal A. Cancer sta-
tistics, 2014. CA Cancer J Clin 2014; 64: 9-29.

[2] Kashida H and Kudo SE. Early colorectal can-
cer: concept, diagnosis, and management. Int 
J Clin Oncol 2006; 11: 1-8.

[3] Levin B, Lieberman DA, McFarland B, Andrews 
KS, Brooks D, Bond J, Dash C, Giardiello FM, 
Glick S, Johnson D, Johnson CD, Levin TR, Pick-
hardt PJ, Rex DK, Smith RA, Thorson A, Winaw-
er SJ; American Cancer Society Colorectal Can-
cer Advisory G; Force USM-ST; American 
Cancer Society Colorectal Cancer Advisory 
Group. Screening and surveillance for the early 
detection of colorectal cancer and adenoma-
tous polyps, 2008: a joint guideline from the 
American cancer society, the US multi-society 
task force on colorectal cancer, and the Ameri-
can college of radiology. Gastroenterology 
2008; 134: 1570-1595.

[4] Ross JS. Biomarker update for breast, colorec-
tal and non-small cell lung cancer. Drug News 
Perspect 2010; 23: 82-88.

[5] Duffy MJ, van Dalen A, Haglund C, Hansson L, 
Holinski-Feder E, Klapdor R, Lamerz R, Pelto-
maki P, Sturgeon C and Topolcan O. Tumour 
markers in colorectal cancer: European Group 
on Tumour Markers (EGTM) guidelines for clini-
cal use. Eur J Cancer 2007; 43: 1348-1360.

[6] Duffy MJ, Lamerz R, Haglund C, Nicolini A, 
Kalousova M, Holubec L and Sturgeon C. Tu-
mor markers in colorectal cancer, gastric can-
cer and gastrointestinal stromal cancers: Euro-
pean group on tumor markers 2014 guidelines 
update. Int J Cancer 2014; 134: 2513-2522.

[7] Alvarez-Chaver P, Otero-Estevez O, Paez de la 
Cadena M, Rodriguez-Berrocal FJ and Marti-
nez-Zorzano VS. Proteomics for discovery of 
candidate colorectal cancer biomarkers. World 
J Gastroenterol 2014; 20: 3804-3824.

[8] Soreide K, Nedrebo BS, Knapp JC, Glomsaker 
TB, Soreide JA and Korner H. Evolving molecu-
lar classification by genomic and proteomic 
biomarkers in colorectal cancer: potential im-
plications for the surgical oncologist. Surg On-
col 2009; 18: 31-50.

[9] Swiderska M, Choromanska B, Dabrowska E, 
Konarzewska-Duchnowska E, Choromanska K, 
Szczurko G, Mysliwiec P, Dadan J, Ladny JR 
and Zwierz K. The diagnostics of colorectal 
cancer. Contemp Oncol (Pozn) 2014; 18: 1-6.

[10] Locker GY, Hamilton S, Harris J, Jessup JM, Ke-
meny N, Macdonald JS, Somerfield MR, Hayes 
DF, Bast RC Jr; ASCO. ASCO 2006 update of 
recommendations for the use of tumor mark-

mailto:yh12070430@vip.sina.com
mailto:yh12070430@vip.sina.com


NIBP in early colorectal cancer

8639 Int J Clin Exp Pathol 2017;10(8):8633-8639

ers in gastrointestinal cancer. J Clin Oncol 
2006; 24: 5313-5327.

[11] Zhong W, Yu Z, Zhan J, Yu T, Lin Y, Xia ZS, Yuan 
YH and Chen QK. Association of serum levels 
of CEA, CA199, CA125, CYFRA21-1 and CA72-
4 and disease characteristics in colorectal 
cancer. Pathol Oncol Res 2015; 21: 83-95.

[12] Kakar N, Goebel I, Daud S, Nurnberg G, Agha 
N, Ahmad A, Nurnberg P, Kubisch C, Ahmad J 
and Borck G. A homozygous splice site muta-
tion in TRAPPC9 causes intellectual disability 
and microcephaly. Eur J Med Genet 2012; 55: 
727-731.

[13] Zong M, Wu XG, Chan CW, Choi MY, Chan HC, 
Tanner JA and Yu S. The adaptor function of 
TRAPPC2 in mammalian TRAPPs explains 
TRAPPC2-associated SEDT and TRAPPC9-as-
sociated congenital intellectual disability. PLoS 
One 2011; 6: e23350.

[14] Khattak NA and Mir A. Computational analysis 
of TRAPPC9: candidate gene for autosomal re-
cessive non-syndromic mental retardation. 
CNS Neurol Disord Drug Targets 2014; 13: 
699-711.

[15] Zhang Y, Liu S, Wang H, Yang W, Li F, Yang F, Yu 
D, Ramsey FV, Tuszyski GP and Hu W. Elevated 
NIBP/TRAPPC9 mediates tumorigenesis of 
cancer cells through NFkappaB signaling. On-
cotarget 2015; 6: 6160-6178.

[16] Marangi G, Leuzzi V, Manti F, Lattante S, Orte-
schi D, Pecile V, Neri G and Zollino M. TRAP-
PC9-related autosomal recessive intellectual 
disability: report of a new mutation and clinical 
phenotype. Eur J Hum Genet 2013; 21: 229-
232.

[17] Zhang Y, Bitner D, Pontes Filho AA, Li F, Liu S, 
Wang H, Yang F, Adhikari S, Gordon J, Sriniva-
san S and Hu W. Expression and function of 
NIK- and IKK2-binding protein (NIBP) in mouse 
enteric nervous system. Neurogastroenterol 
Motil 2014; 26: 77-97.

[18] H W, S L, X Z, Y Z, F L and W H. Tu1919 clinical 
significance of NIBP expression in human co-
lon cancer tissues. Gastroenterology 2013; 
144: 881.

[19] Mir A, Kaufman L, Noor A, Motazacker MM, 
Jamil T, Azam M, Kahrizi K, Rafiq MA, Weks-
berg R, Nasr T, Naeem F, Tzschach A, Kuss AW, 
Ishak GE, Doherty D, Ropers HH, Barkovich AJ, 
Najmabadi H, Ayub M and Vincent JB. Identifi-
cation of mutations in TRAPPC9, which en-
codes the NIK- and IKK-beta-binding protein, 
in nonsyndromic autosomal-recessive mental 
retardation. Am J Hum Genet 2009; 85: 909-
915.

[20] Zahoor MA, Yamane D, Mohamed YM, Suda Y, 
Kobayashi K, Kato K, Tohya Y and Akashi H. 
Bovine viral diarrhea virus non-structural pro-
tein 5A interacts with NIK- and IKKbeta-bind-
ing protein. J Gen Virol 2010; 91: 1939-1948.

[21] Koifman A, Feigenbaum A, Bi W, Shaffer LG, 
Rosenfeld J, Blaser S and Chitayat D. A homo-
zygous deletion of 8q24.3 including the NIBP 
gene associated with severe developmental 
delay, dysgenesis of the corpus callosum, and 
dysmorphic facial features. Am J Med Genet A 
2010; 152A: 1268-1272.

[22] Barrowman J, Bhandari D, Reinisch K and Fer-
ro-Novick S. TRAPP complexes in membrane 
traffic: convergence through a common Rab. 
Nat Rev Mol Cell Biol 2010; 11: 759-763.

[23] Karin M. Nuclear factor-kappaB in cancer de-
velopment and progression. Nature 2006; 
441: 431-436.

[24] Siebenlist U, Franzoso G and Brown K. Struc-
ture, regulation and function of NF-kappa B. 
Annu Rev Cell Biol 1994; 10: 405-455.

[25] Wlodkowic D, Skommer J, McGuinness D, Hilli-
er C and Darzynkiewicz Z. ER-Golgi network--a 
future target for anti-cancer therapy. Leuk Res 
2009; 33: 1440-1447.

[26] Kim JC, Kim SY, Roh SA, Cho DH, Kim DD, Kim 
JH and Kim YS. Gene expression profiling: ca-
nonical molecular changes and clinicopatho-
logical features in sporadic colorectal cancers. 
World J Gastroenterol 2008; 14: 6662-6672.

[27] Hu MC and Hung MC. Role of IkappaB kinase 
in tumorigenesis. Future Oncol 2005; 1: 67-
78.

[28] Mandal A and Bishayee A. Trianthema portu-
lacastrum Linn. displays anti-inflammatory re-
sponses during chemically induced rat mam-
mary tumorigenesis through simultaneous 
and differential regulation of NF-kappaB and 
Nrf2 signaling pathways. Int J Mol Sci 2015; 
16: 2426-2445.

[29] Pacifico F and Leonardi A. NF-kappaB in solid 
tumors. Biochem Pharmacol 2006; 72: 1142-
1152.

[30] Muto T, Bussey HJ and Morson BC. The evolu-
tion of cancer of the colon and rectum. Cancer 
1975; 36: 2251-2270.


