
40 Experimental Oncology 26, 40-47, 2004 (March)

NF-κB is an inducible transcription factor that medi-

ates signal transduction between the cytoplasm and nu-

cleus in many cell types [1] and controls the expression

of numerous genes involved in cell growth, differentiation,

regulation of apoptosis, cytokine production, and neo-

plastic transformation [2]. It is a member of the Rel fam-

ily, which includes NF-κB1 (p50), NF-κB2 (p52), RelA

(p65), RelB, c-Rel and Drosophila morphogen dorsal

gene product [3]. They have a high level of sequence

homology within their NH2-terminal 300 amino acids, the

Rel homology domain [4]. The p50 and p52 can interact

with the RelA proteins to form all possible homo- and

heterodimer combinations. The most common dimer is

the RelA (p65)/NF-κB1 (p50) heterodimer, i.e., NF-κB.

In most unstimulated cells, Rel/NF-κB proteins are se-

questered in the cytoplasm and are complexed with spe-

cific inhibitor proteins called IκB that render the Rel/NF-

κB proteins inactive [4]. Stimulation by a variety of patho-

genic inducers such as viruses, mitogens, bacteria,

agents providing oxygen radicals, and inflammatory cy-

tokines, leads to phosphorylation and degradation of IκB

and allows translocation of Rel/NF-κB to the nucleus,

resulting in expression of target genes [5].

Several investigators have reported constitutive

activation of NF-κB in various types of human tumor
cell lines, including those of lymphoid origin such as

Hodgkin/Reed Sternberg cells [6], T-cell lymphoma Hut
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78 cells [7], and multiple myeloma cells [8]. In addition,

nonlymphoid cell lines including ovarian cancer cells
[9], lung carcinoma cells [10], breast cancer cells [11],

thyroid carcinoma cells [12], melanomas [13], and blad-
der cancer cells [14] exhibit enhanced NF-κB activity.

Recent studies have also indicated that NF-κB is con-
stitutively activated in tumors such as pancreatic cancer

and breast cancer [15, 16]. However, little information is

available concerning NF-κB activation in colorectal carci-
noma, which is one of the most aggressive forms of can-

cer. The major objective of this study was to determine
whether NF-κB is constitutively activated in colorectal car-

cinoma tissues, to examine whether the expression of

COX-2 is regulated by NF-κB activation, and to evaluate
the correlation between NF-κB activity, expression of

COX-2, and proliferation in colorectal carcinoma.

MATERIALS AND METHODS

Tissue specimens. The samples of 10 normal colo-
rectal mucosas and 30 colorectal adenomas (average

age of the patients: 56.8 years), 30 colorectal carcino-
mas (average age of the patients: 58 years) from pa-

tients who gave informed consent before surgical treat-

ment were entered into the present study. Specimens
were obtained from the Department of Pathology, Ren-

min Hospital of Wuhan University (Wuhan, China). The
patients had received neither chemotherapy nor radia-

tion therapy before tumor resection. To justify compari-
sons, we excluded lesions from patients with familial

colon carcinoma syndrome and suspected de novo can-

cers. Tissues were fixed with 10% formalin and embed-
ded in paraffin for simple H&E staining and immunohis-

tochemistry. For EMSA assays and RT-PCR analysis,
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tissue specimens were snap-frozen immediately in li-

quid N2 and stored at –80 oC. The study had been ap-
proved by the Institutional Board of the Ethics Commit-

tee of the Wuhan University under full consideration of
the declaration on human rights from Helsinki.

Immunohistochemistry. Formalin-fixed, paraffin-

embedded tissue blocks were cut 5 µm thick and mount-

ed on glass slides. After mounting, they were kept in an

oven at 4 oC overnight. Immunostaining was performed

as described previously but with a slight modification [17].

Sections were deparaffinized in xylene and rehydrated.

Endogenous peroxidase activity was blocked with 1%

hydrogen peroxide for 20 min. To improve the quality of

staining, microwave oven-based antigen retrieval was

performed. Slides were probed with either anti-RelA

(1 : 50, mouse monoclonal, Santa Cruz Biotechnology),

anti-COX-2 (1 : 100, mouse monoclonal, Santa Cruz

Biotechnology) or anti-Ki-67 (1 : 100, mouse mono-

clonal, Santa Cruz Biotechnology). Sections were

washed three times with PBS for 10 min each and incu-

bated with biotin-labeled anti-mouse IgG for 1 h at room

temperature. After three washes with PBS for 10 min

each, sections were stained with a streptavidin-perox-

idase detection system. Incubation with PBS instead of

the primary antibody served as a negative control. In

specimens containing positive cells, the positive cells

were counted in 10 randomly selected fields under 200-

fold or 400-fold magnification for each sample, and the

average was expressed as the density of positive cells.

EMSA. Nuclear extracts were harvested according

to protocols described previously [18]. In brief, fresh

samples were minced and homogenized in 400 µl of

hypotonic lysis buffer A (10 mM HEPES pH 7.9, 10 mM

KCl, 0.1 mM EDTA, 0.1 mM EGTA,1 mM DTT, and

1 mM PMSF). Homogenized tissues were incubated
on ice for 5 min, NP-40 was added to a final concen-

tration of 0.5%, and samples were vigorously mixed

and centrifuged. The cytoplasmic proteins were re-
moved and the pellet nuclei were resuspended in 50 µl

of buffer C (20 mM HEPES pH 7.9, 0.4 M NaCl, 1 mM
EDTA, 1 mM EGTA, 1 mM DTT, and 1 mM PMSF).

After 30 min agitation at 4 °C, the samples were cen-

trifuged and supernatants, containing nuclear proteins,
were transferred to a fresh vial. The protein concen-

tration of nuclear extracts was determined by Bio-Rad
protein assay. The nuclear extracts were stored at

–80 °C until use. Nuclear protein extracts of carcino-
mas, adenomas, and normal tissues were analyzed by

EMSA for NF-κB nuclear translocation as described

previously [19–21]. EMSA binding reaction mixture con-
tained 8 µg of protein of nuclear extracts, 2 µg of poly

(deoxyinosinic-deoxycytidylic acid) (Sigma Co.), and
[32P]-labeled double-stranded oligonucleotide contai-

ning the binding motif of NF-κB probe (4000 cpm) in

binding buffer (10 mM HEPES pH 7.9, 50 mM NaCl,
1 mM EDTA, 1 mM DTT, 10% glycerol, and 0.2 mg/ml

albumin). The sequence of the double-stranded oli-
gomer used for EMSA was 5′ -AGTTGAGGG-

GACTTTCCCAGGC-3′. The mixture was incubated for
30 min at room temperature before separation on a 5%

acrylamide gel, followed by autoradiography. For su-

pershift experiments, 2 µg of mouse monoclonal anti-
bodies against the p65 subunit (Santa Cruz Biotech-

nology) of NF-κB were incubated with the nuclear ex-
tracts 10 min before the addition of the [32P]-labeled

probe and then analyzed as described.
RT-PCR. The expression of COX-2 mRNA was as-

sessed using RT-PCR standardized by coamplifying

COX-2 with the housekeeping gene β-actin, which served
as an internal control. Total RNA was isolated from the
normal epithelial, adenomatous and adenocarcinomas tis-
sue by the single-step method [22]. Total RNA was re-
verse transcribed into cDNA and used for PCR with hu-

man specific primers for COX-2, β-actin. Sequences of
COX-2 primers were 5'-TTCAAATGAGATTGTGG-
GAAAATTGCT-3' (forward primer) and 5'-AGAT-

CATCTCTGCCTGAGTATCTT-3' (reverse primer), giv-
ing a 305 bp PCR product for β-actin, the forward primer
was 5'-AGCGGGAAATCGTGCGTGAC-3' and the reverse
primer was 5'-ACTCCTGCTTGCTGATCCACATC-3',

giving a 471 bp PCR product [23, 24]. Briefly, the PCR
was amplified by 32 repeat denaturation cycles at 95 °C
for 30 s, annealing at 60 °C for 30 s, and extension at
72 °C for 30 s. During the first cycle, the 95 °C step was
extended to 2 min, and on the final cycle the 72 °C step
was extended to 5 min. PCR products were separated on

1.5% agarose gels containing 0.5 mg/ml of ethidium bro-
mide and visualized by UV transillumination.

Statistical analysis. All statistical analyses were
performed with SPSS10.0 statistical package for Mi-
crosoft Windows. Student’s t-test and one-way analy-
sis of variance (ANOVA) were used to compare con-

tinuous variables among groups. Correlation coefficients
between continuous variables were calculated by the
method of Pearson’s correlation coefficient. The χ2 test

was used to compare binomial proportions. A p va-

lue < 0.05 was considered significant.

RESULTS

RelA/NF-κκκκκB expression in normal and tumor
colorectal tissues. To investigate whether RelA/
NF-κB-DNA binding activities were altered in human

colorectal carcinoma tissues, we first carried out immu-
nohistochemical analyses. The monoclonal antibodies
used in this study detect only activated RelA proteins
[17] by recognizing an epitope overlapping the nuclear

localization signal and IκB binding site of RelA. There-
fore, these monoclonal antibodies can selectively and
specifically bind to the activated form of RelA [17] and
are useful in differentiating between activated and inac-
tivated forms of RelA. RelA staining was detected in
normal colorectal mucosa, colorectal adenoma and col-

orectal adenocarcinoma specimens. In colorectal ade-
noma and adenocarcinoma, positive staining of RelA was
mainly observed in the cytoplasm, nuclear staining for
RelA was also detected (Fig. 1). Tissues of colorectal
adenocarcinoma showed more cells with nuclear stain-
ing for RelA than those in colorectal adenoma tissues.

No nuclear staining for RelA was found in normal col-
orectal mucosa. As shown in Table, the density of RelA-
positive cells was significantly increased (p < 0.01) in
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the transition from normal mucosa to adenoma and ad-
enocarcinoma.

EMSA. To confirm the finding that RelA/NF-κB-

DNA binding activities are activated in human colorec-
tal carcinoma tissues, we carried out EMSA analysis.

Fig. 2 shows increased NF-κB DNA binding activity in

adenocarcinoma tissue compared with that in adeno-
mas and normal tissue. HPIAS-1000 SOFTWARE

ANALYSIS took the image of electrophoresis. The ab-
sorbance of EMSA brands: the RelA/NF-κB complex-

es were not presented in normal colorectal epithelium,

0.6587 ± 0.0021 in adenocarcinoma, 0.2153 ± 0.0013
in adenoma. The RelA expression was significantly in-

creased (p < 0.05) in the transition from normal colo-
rectal epithelium to colorectal tumor tissue. To confirm

the specificity of NF-κB DNA binding, we performed
supershift analysis with antibodies specific for RelA

(p65) and a competitive study with a 50-fold excess of

unlabeled oligonucleotide. An antibody specific for RelA
which recognizes RelA/NF-κB heterodimer, unlabeled

oligonucleotide diminished the intensity of RelA/NF-κB
complexes, indicating that complex was the NF-κB

binding-specific band. Our results show that RelA is
frequently activated in human colorectal tumor tissues

but not in normal colon tissue.

The protein levels of COX-2 in normal and tu-
mor colorectal tissues. In the present study, the pro-

Fig. 1. Immunohistochemical staining of RelA in tissue sections
obtained from colorectal adenoma (a) and adenocarcinoma (b, c).
RelA protein was mainly expressed in the cytoplasm of tumor
cells, nuclear accumulation of RelA was also detected. × 200

a

b

c

Fig. 2. Electrophoretic mobility shift assay demonstrating in-
creased nuclear translocation and DNA binding of NF-κB.
a: lane 1, positive control (using Hela nuclear extract); lane 2,
normal; lane 3–6, adenocarcinoma; lane 7–10, adenoma.
b: lane 1, positive control (using Hela nuclear extract); lane 2–3,
specific competitor (using excess of unlabeled oligonucleotide);
lane 4–5, adenoma; lane 6–7, adenocarcinoma; lane 4 and 6,
supershift (addition of p65 antibodies to the nuclear extracts)

a

b
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tein expression of COX-2 was also investigated using

immunohistochemistry. Immunostaining specific for
COX-2 was cytoplasmic and shown as brown color

(Fig. 3). The expression of COX-2 was significantly
increased (p < 0.01) from normal mucosa to tumor tis-

sue (Table). Expression of COX-2 was significantly
associated (r = 0.66, 0.69; p < 0.05) with RelA expres-

sion in adenoma and adenocarcinoma.

Immunostaining specific for Ki-67 was nuclear stain-

ing (Fig. 5). In this study, Ki-67 was positive in all nor-
mal and tumor tissue. The expression of Ki-67 was

significantly increased (p < 0.01) in the transition from
normal colorectal mucosa to tumor tissue (see Table).

Expression of Ki-67 was significantly associated (r =
0.69, 0.75; p < 0.05) with RelA expression in adenoma

and adenocarcinoma.

Fig. 4. The expression of COX-2 mRNA assessed using RT-PCR
standardized by coamplifying with the housekeeping gene
β-actin. lane 1, marker; lane 2, normal; lane 3–5, adenoma;
lane 6–8, adenocarcinoma

Fig. 3. Immunohistochemical staining of COX-2 in tissue sec-
tions obtained from colorectal adenoma (a) and adenocarcino-
ma (b). COX-2 expression was restricted to the cytoplasm of
cancer cells. × 200

a

b

Fig. 5. Immunohistochemical staining of Ki-67 in tissue sections
obtained from colorectal adenoma (a) and adenocarcinoma (b). Ki-67
expression was restricted to the nucleus of cancer cells. × 200

a

b

Table. Changes in the expression of RelA, COX-2, Ki-67 in the transition 
from normal mucosa to tumor tissue 

Group n RelA COX-2 Ki-67 
Normal 10 9.31 ± 0.56 5.06 ± 0.22 11.34 ± 0.52 
Adenoma 30 54.01 ± 4.53 35.64 ± 2.31 49.22 ± 3.04 
Adenocarcinoma 30 70.92 ± 7.23 68.23 ± 5.23 66.38 ± 4.17 
In specimens, containing positive cells, the positive cells were counted in ten 
randomly selected fields under 200-fold or 400-fold magnification for each 
sample, and the average was expressed as the density of positive cells.  

The mRNA expression of COX-2 in normal and
tumor colorectal tissues. RT-PCR analysis for mRNA

expression of COX-2 standardized by co-amplifying this

gene with the housekeeping gene β-actin. HPIAS-1000
SOFTWARE ANALYSIS took the image of electrophore-

sis with β-action as internal standard. The relative ab-
sorbance of COX-2 mRNA expression was 0.43 ± 0.06%

in normal, 21.55 ± 1.73% in adenoma, 37.65 ± 1.78% in

adenocarcinoma (Fig. 4). Our results showed that colon
tumor tissue constitutively expressed COX-2. The

mRNA expression of COX-2 was significantly increased
(p < 0.05) in the transition from normal colorectal epi-

thelium to colon tumor tissue.
Cell proliferation. Ki-67 is a cell proliferation marker

that is positive in all phases of the cell cycle except G0.

DISCUSSION

We have demonstrated that RelA-DNA binding ac-
tivity is constitutively activated in the majority of hu-

man colorectal carcinoma tissues. Whereas the role
for RelA/NF-κB in tumorigenesis has not firmly es-

tablished, recent work has suggested that this tran-
scription factor may play a role in this process. RelA/

NF-κB activation has been shown to be necessary

for tumor formation in Hodgkin lymphoma cells [25,
26]. More recently, the inhibition of RelA/NF-κB ac-

tivity through the use of specific NF-κB inhibitors
(gliotoxin and MG132) was shown to result in spon-
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taneous caspase-independent apoptosis in Hodgkin

and Reed-Sternberg cells [27]. Also, an increase in
RelA/NF-κB levels was identified in breast cancer cell

lines, primary human breast cancer, hepatocellular car-
cinoma, pancreatic adenocarcinoma, and gastric car-

cinoma when compared with nontransformed controls
or normal tissues [28–31]. In addition, NF-κB transcrip-

tional activity is required for oncogenic Ras-induced

cellular transformation [32], which likely occurs through
the inhibition of transformation-associated apoptosis

[33]. Although there is no direct evidence, these stud-
ies suggest that NF-κB activation may be associated

with tumor cell hyperproliferation and carcinogenesis.

NF-κB participates in cell proliferation, transformation,
and tumor development [3, 34]. However, the role of

NF-κB in colorectal tumorigenesis is unknown and is
currently under investigation.

Cyclooxygenase, the enzyme that catalyzes the oxi-
dation of arachidonic acid, is expressed in two isoforms,

cyclooxygenase-1 (COX-1) and cyclooxygenase-2

(COX-2). COX-1 is constitutively expressed in most
tissues and is thought to be important in maintaining

cellular homeostasis in gastrointestinal epithelial cells
in response to inflammatory cytokines, lipopolysaccha-

ride, mitogens, and oxygen radicals [36]. The role of

COX-2 in colon tissue is uncertain. However, pros-
taglandins produced via COX-2, including prostaglan-

din E2 (PGE2) [37, 38], prostaglandin A1, A2, and D2
[39], prostaglandin J2 and 15-deoxy-delta 12,14-

prostaglandin J2 [40], are believed to be the major con-

tributors to cell proliferation and the inflammatory pro-

cess [41, 42]. They can be mutagenic [43] and tumori-

genic [44]. Therefore, chronic expression of COX-2 may

play an important role in colon carcinogenesis in addi-

tion to propagation of colon inflammation. Zimmermann

et al [45] reported that PGE2 synthesis was 600 times

higher in human esophageal carcinoma cell lines. They

showed high COX-2 expression that was directly re-

lated to cell proliferation. PGE2 has been regarded as

a primary COX-2 product in smooth muscle cells [46],

colon carcinoma cells [47], lung cancer cells [37],

esophageal cancer cells [45], and prostatic carcinoma

cells [38]. COX-2 is constitutively expressed in certain

groups of cancers [48, 49] and is related to the cell

proliferation in those cancers [50, 51]. COX-2 inhibi-

tion by specific COX-2 inhibitors suppresses cell pro-

liferation and induces apoptosis in pancreatic cancer

cells [52] and in a colorectal cancer cell line [53-54].

However, there have been no direct studies of the re-

lation among transcription factors regulating COX-2

expression and cell proliferation or apoptosis in cancer

cells. The promoter region of the human COX-2 gene

contains two NF-κB consensus sites, and the expres-

sion of COX-2 is largely regulated by NF-κB in seve-

ral cells [55, 56]. Because some evidence supports a

role of NF-κB in the COX-2 expression that regulates

cell proliferation [47, 57], we hypothesize that consti-

tutive expression of NF-κB may promote COX-2 ex-

pression and thus, cell proliferation, in human colon

cancer cells.

We primarily used immunohistochemistry to detect

NF-κB activation in human colorectal carcinoma tis-
sues. This expression was significantly increased in the

transition from normal colorectal mucosa to adenoma,
adenocarcinoma. In our immunohistochemical analy-

sis for detecting RelA/ NF-κB-DNA binding activities,
we used the monoclonal antibodies, and their selec-

tivity and specificity were characterized previously. It

was useful in differentiating between activated and in-
activated forms of RelA and facilitated the detection of

the activated RelA proteins. In the current investiga-
tion, only 10–20% of RelA/NF-κB protein was detect-

able in the nucleus, which is consistent with previous

reports [58], and 80–90% of RelA still remain in the
cytoplasm when RelA proteins are activated. It is un-

clear why the majority of RelA/NF-κB proteins that are
free from IκB remain in the cytoplasm. Possible expla-

nations for this are as follows [58]: 1) IκB is mutated
and therefore cannot bind to RelA and masks the nu-

clear translocation signal in RelA; 2) mutations in RelA

prohibit IκB binding to RelA, 3) the RelA upstream sig-
nal transduction cascades are constitutively activated.

In our study, the expression levels of RelA, COX-2

and Ki-67 were increased in the transition from normal

mucosa to adenoma and adenocarcinoma. Our results

also show that the increased RelA/NF-κB expression

occurred concomitantly with an increased expression

of COX-2 and Ki-67. Of the possible target genes of

NF-κB, we focused on COX-2 expression because

the human and murine COX-2 gene promoters con-

tain a regulatory DNA sequence to which NF-κB binds

[44], and COX-2 expression is regulated by NF-κB in

several cell lines [44, 55]. In some cancer cells, COX-2

is involved in the regulation of cell proliferation [49, 59].

But the exact role NF-κB plays in their regulation re-

mains controversial. Regulation of COX-2 gene ex-

pression is a complex process that varies in different

cell types and among species. COX-2 gene expres-

sion is induced by a wide variety of stimuli such as

proinflammatory cytokines, growth factors, differentia-

tion factors, endotoxin, tumor promoters, reactive oxy-

gen intermediates, and cell-cell interactions [60]. As

such, the COX-2 gene is a subject to regulation by

numerous signaling pathways, and the relative contri-

bution of each depends upon the stimulus, the cellular

environment, and the particular cell type. Critical path-

ways to induce COX-2 expression include NF-κB; mi-

togen-activated protein kinases (MAPKs; extracellular

signal-regulated protein kinase-1 or -2 (ERK-1/2),

p38); c-Jun NH2-terminal kinase (JNK; stress-acti-

vated protein kinase (SAPK)); and protein kinase C

(PKC) [61]. Each parallel pathway acts in relative auto-
nomy, the sum of their actions culminating in a dra-

matic increase in COX-2 transcription and message

stability. In the present study, the statistical correlation
between the increased expression of RelA, elevated

COX-2 and Ki-67 expression implies that in colorectal
tissue, activation of RelA might exhibit promote prolife-

ration effects at least in part through upregulation of
COX-2 expression.
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In conclusion, our results have demonstrated that

the RelA/NF-κB pathway is activated constitutively in
colorectal carcinomas tissue. We suggest that NF-κB

may promote proliferation via enhancing the expres-
sion of COX-2 and activation of RelA/NF-κB might play

an important role in colorectal tumorigenesis. Future
studies are required to further elucidate the mecha-

nisms of NF-κB activation and to determine whether

NF-κB might serve as a therapeutic target in the anti-
neoplastic treatment of colorectal cancer.
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ÐÎËÜ NF-κκκκκB Â ÐÅÃÓËßÖÈÈ ÝÊÑÏÐÅÑÑÈÈ
ÖÈÊËÎÎÊÑÈÃÅÍÀÇÛ-2 È ÏÐÎËÈÔÅÐÀÖÈÈ ÊËÅÒÎÊ

ÊÎËÎÐÅÊÒÀËÜÍÎÉ ÊÀÐÖÈÍÎÌÛ ×ÅËÎÂÅÊÀ

Öåëü: àêòèâèðîâàííûé òðàíñêðèïöèîííûé ôàêòîð NF-κκκκκB ïðèíèìàåò ó÷àñòèå â ïðîöåññàõ ïðîëèôåðàöèè
è àïîïòîçà, ïðîäóêöèè öèòîêèíîâ è îíêîãåíåçå. Öåëü ðàáîòû ñîñòîÿëà â ñëåäóþùåì: óñòàíîâèòü, àêòèâèðîâàí
ëè NF-κκκκκB êîíñòèòóòèâíî â òêàíè êîëîðåêòàëüíûõ îïóõîëåé ÷åëîâåêà, è åñëè äà, ïðîàíàëèçèðîâàòü àññîöèàöèþ
ýêñïðåññèè RelA è öèêëîîêñèãåíàçû-2 (COX-2) â äàííûõ íîâîîáðàçîâàíèÿõ ñ ïðîëèôåðàöèåé îïóõîëåâûõ
êëåòîê. Ìåòîäû: ýêñïðåññèÿ áåëêîâ RelA, COX-2, Ki-67 áûëà èññëåäîâàíà ñ ïîìîùüþ ìåòîäîâ èììóíîãèñòîõèìèè
íà ïàðàôèíîâûõ ñðåçàõ íîðìàëüíîãî ýïèòåëèÿ, àäåíîìàòîçíûõ è àäåíîêàðöèíîìàòîçíûõ òêàíåé. Äëÿ èçó÷åíèÿ
ÿäåðíîé òðàíñëîêàöèè RelA â òêàíÿõ êîëîðåêòàëüíûõ îïóõîëåé ïðèìåíÿëè ìåòîä EMSA. Ýêñïðåññèþ ìÐÍÊ
COX-2 îöåíèâàëè ñ èñïîëüçîâàíèåì ìåòîäà RT-PCR. Ðåçóëüòàòû: àêòèâàöèÿ NF-κκκκκB áûëà çíà÷èòåëüíî âûøå
â òêàíÿõ êîëîðåêòàëüíîé àäåíîêàðöèíîìû, ÷åì òàêîâàÿ â íîðìàëüíîì ýïèòåëèè è àäåíîìàòîçíîé òêàíè.
Íàáëþäàëîñü çíà÷èòåëüíîå ïîâûøåíèå óðîâíÿ ïðîëèôåðàöèè êëåòîê è ýêñïðåññèè COX-2 íà óðîâíå áåëêà è
ìÐÍÊ ïðè ïåðåõîäå îò íîðìàëüíîãî ôåíîòèïà ê îïóõîëåâîìó. Âûâîäû: íàøè ðåçóëüòàòû ñâèäåòåëüñòâóþò î
òîì, ÷òî NF-κκκκκB ìîæåò óñèëèâàòü ïðîëèôåðàöèþ ïóòåì óâåëè÷åíèÿ ýêñïðåññèè COX-2, à àêòèâàöèÿ ýêñïðåññèè
RelA/NF-κκκκκB èãðàåò âàæíóþ ðîëü â ïàòîãåíåçå êîëîðåêòàëüíîãî ðàêà.
Êëþ÷åâûå ñëîâà: ÿäåðíûé ôàêòîð-κκκκκB, öèêëîîêñèãåíàçà-2, ïðîëèôåðàöèÿ, êîëîðåêòàëüíûé ðàê.
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