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The NF-xB transcription factor and cancer: high expression of NF-xB- and IxB-
related proteins in tumor cell lines

Abstract—NF-xB is a pleiotropic transcription factor which controls the expression of many genes and
viruses. To date, there is good evidence, but no difinitive proof, for its role in tumor formation and
development of metastasis. To investigate the possibility that members of the NF-xB family could
participate in the molecular control of the transformed and invasive phenotype, we examined the
expression of these proteins in a variety of human tumor cell lines. The expression of p50, p65, p52
and IxB was quantified at the protein level using western immunoblot and mobility shift assay and at
the RNA level by northern blot. We observed high expression of the NF-xB inhibitor IxB in the ovarian
carcinoma cell line OVCAR-3 together with constitutive nuclear NF-«B activity. We also studied the
colon carcinoma cell line HT-29 and its metastatic counterpart HTM-29 and we observed specific
expression of the p52 NF-kxB-related protein in the metastatic cells. Our data confirm that NF-xB could
be involved in the genesis of a variety of cancers including solid tumors and provide us with interesting
models to explore the exact role of these transcription factors in cancer.

NF-xB is a pleiotropic transcription factor complex which
controls the expression of numerous genes and viruses
through binding to specific DNA sequences (named kB
sites) inside the gene’s promoters or enhancers (for recent
reviews see Refs. 1, 2). Among the long list of genes whose
expression is controlled by NF-xB are those coding for the
immunoglobulin x light chain, the major histocompatibility
complex, cytokines and cytokine receptors (IL-2,* IL-2
receptor, IL-6, IL-8, TNF-a, TNF-8, GM-CSF, G-CSF,
etc.), acute phase reaction proteins, adhesion molecules
(VCAM-1 ICAM-1, ELAM-1), oncogenes, etc. Several
viruses contain a (or several) kB site in their promoter {2].
The most studied is HIV-1 [3,4] but CMV, SV40,
adenoviruses and others also have their expression
stimulated by NF-xB.

A family of proteins forms the NF-xB complexes [5, 6].
All the members of this family share a similar but non-
identical domain related to the v-Rel viral oncoprotein and
its cellular homolog c-Rel; this domain is thus referred to
as the Rel homology domain (RelHD) and is necessary for
DNA-binding and dimerization. These Rel-related proteins
can be classified into two classes according to their structure
and function.

The first class contains the p50 and p52 (or p5S0B) proteins
and their precursors [7-13]. These two proteins do not
harbor any transactivation domains and, since they can
bind DNA as homodimers, function as inhibitors of the
NF-xB-mediated transactivation [14]. They are derived
from distinct cytoplasmic precursors which need to be
processed in order to release the nuclear DNA-binding
proteins [13,15,16]. These precursors contain in their
carboxy-terminal portion a domain composed of seven
partially conserved repeats. Similar repeated sequences,
usually called Ankyrin Repeats, were described in a number
of proteins from various origins, including human ankyrin
and several yeast cell cycle proteins, and they are thought
to mediate specific protein-protein interactions [5, 6, 17].
The Ankyrin Repeats domain of the p50 and p52 precursors
inhibit nuclear translocation and DNA-binding by the full-
length protein.

The second class of Rel-related proteins is formed from
three proteins (p65, c-Rel and RelB) which contain

* Abbreviations: IL, interleukin; TNF, tumor necrosis
factor; DMEM, Dulbecco’s modified Eagle’s medium;
GM-CSF, granulocyte macrophage colony-stimulating
factor; CAM, cell adhesion molecule; VCAM, vascular
cell adhesion molecule; PVDF, polyvinylidenefluoride.
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unrelated transactivation domains [18-25]. p65 (recently
renamed relA) and c-Rel can bind DNA and transactivate
as homodimers. However, the most potent NF-xB
complexes are composed of heterodimers containing one
protein of each group.

The function of these homo or heterodimeric NF-xB
complexes is controlled by a second family of proteins: the
IxB family [5, 6]. The different members of this family
(IxB a, f and y, and Bcl-3) are Ankyrin Repeats-containing
proteins which interact specifically with NF-«B-proteins of
class I or II [14,26-30]. The three IxB (I«B «, B and y)
proteins inhibit NF-xB DNA-binding and transactivation.
We have demonstrated that the oncoprotein Bcl-3 can,
through specific interaction with p50 or p52 homodimers,
induce a transactivation of kB-dependent genes [14, 31].

Several reports suggest that proteins from the NF-xB or
IxB families are involved in the development of cancer.
v-Rel containing viruses are highly oncogenic and cause
agressive tumors in young birds [32, 33] ‘while mutated
c-Rel is transforming in vitro [34]. The genes for c-Rel,
p65, pS0, p52 and Bcl-.3 are located at sites of recurrent
translocations and genomic rearrangements in cancer
[11,29, 35-37] and we have shown that p52 (pS0B) and
Bcl-3 can form a potent activating complex [31]. A naturally
occurring mutant of p65 was shown to be transforming
when over-expressed in rat embryo fibroblasts [38]. Finally,
the Tax protein from the leukemogenic virus HTLV-1 is a
potent activator of NF-xB [39,40]; it was recently
demonstrated that Tax-induced tumors in mice could be
suppressed by antisense NF-kB constructs [41].

NF-xB controls the expression of several proteins
important for cellular adhesion (ICAM-1, ELAM-1,
VCAM-1) and of extracellular matrix proteases (type IV
collagenase 92) [42-46]. A recent report confirmed the
importance of NF-kB for cellular adhesion [47]. Also,
down-regulation of the expression of MHC Class
I molecules in tumors is associated with reduced
immunogenicity and metastatic phenotype. The promotor
of MHC Class I genes contains an NF-xB site and it was
demonstrated that p5S0 homodimers repress H-2K°
expression in metastatic tumor cells [48]. Taken together,
all these data suggest that a dysregulation of NF-kB activity
in tumor cells could lead to a modification of the cellular
adhesion properties and to the development of metastases.

Nevertheless, the exact role of NF-kB in cancer
development and metastasis remains obscure. We screened
several solid tumors cell lines for expression of NF-xB and
IxB-related genes and proteins.
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Materials and Methods

Cell lines and culture. The human ovarian carcinoma cell
lines OVCAR-3 and CaOV3 and the colon carcinoma celt
line WIDR were obtained from the American Type Culture
Collection (Rockville, MD, U.S.A.) (ATCC); the Jurkat
T cell line was a gift from U. Siebenlist. HT-29 and its
metastatic subclone HTM-29 were derived from a human
colon carcinoma and were obtained from Dr E. Kohn
(NIH, Bethesda, MD, U.S.A.). Cells were grown in RPMI
1640 (Jurkat) or in DMEM (all other cells) supplemented
with 10% fetal calf serum.

mRNA extraction and northern blots. Total cellular RNA
wasisolated from the cells using the guanidine isothiocyanate
extraction procedure and cesium chloride gradient cen-
trifugation as described [49]. For each sample, RNA con-
centration was determined by spectrophotometric analysis
at 260nm. RNA (S ug) from each sample was electro-
phoresed on a 1.2% agarose-formaldehyde gel and trans-
ferred to nitrocellulose membrane. The probes were P32
labeled by nick translation and hybridized to the blots at 40°.

Immunoblots. Protein extracts were prepared from
cultured cells and run on a2 10% SDS-PAGE gel. After
transfer to an Immobilon PVDF membrane (Millipore)
and blocking in 5% dry milk, the membrane was incubated
for 2 hr with the first antibody, washed and incubated with
the second peroxidase-conjugated antibody. The reactions
were revealed with the enhanced chemoluminescence
detection method (ECL kit, Amersham).

Electrophoretic mobility shift assays. OVCAR-3 cells
were lysed in a Dounce homogenizer and the resuiting
nuclei were salt-extracted [14]. kB DNA probes, mobility
shift assays and supershifting experiments were as described
previously [8, 14, 31].

Antibodies. Antibodies used were a polyclonal IxB
antibody {50], antibodies directed against p50 or p65 amino-
terminal peptides [14] and a p52 monoclonal antibody [31].

Results and Discussion

Northern blots demonstrated that several ovarian
carcinoma cell lines express high levels of IxB-o messenger
RNA (Fig. 1A, right panel) while p65 message is quite
uniformly present in all cell lines (Fig. 1A, left panel). The
IxB message is particularly abundant in OVCAR-3 cells
and this cell line was thus investigated further. OVCAR-
3 cells contain substantial amounts of IxB-o protein as
demonstrated by immunoblot analysis (Fig. 1B). However,
electrophoretic mobility shift assays performed with nuclear
extracts from the same cells also showed substantial
amounts of NF-«xB proteins in the nucleus (Fig. 1C). Two
clearly separated bands were observed (Fig. 1C, lane 1)
and supershifting experiments with specific antibodies
revealed that the lower faint band contained mainly p50
homodimers while the upper band was constituted from
p50/p65 heterodimers (lanes 2-3). The specificity of the
observed bandshifts was confirmed by competition
experiments (data not shown).

IxB-« is an inhibitor of NF-xB DNA-binding and it has
been shown to sequester NF-xB complexes in the cytoplasm
[26, 51-54]. Several cell types contain high levels of IxB-a
protein in their cytoplasm where it forms a complex with
NF-xB. Following cellular stimulation by agents such as
phorbol esters, TNF-aor IL-1, IxkB-ais phosphorylated and
degraded within a few minutes [50, 55, 56]. Simultaneously,
the NF-xB complexes migrate to the nucleus. The activation
of NF-xB will in turn increase transcription of the IxB-a
gene. Newly synthesized IxB-a protein could possibly enter
the nucleus and inhibit NF-xB-mediated DNA-binding and
transactivation [54]. It is therefore somewhat surprising to
find in a cell type a high expression of IxB and a constitutive
substantial intranuclear NF-xB binding activity. One might
envisage continuous stimulation of the signal transduction
pathway leading to phosphorylation and inactivation of
IxB-a. However such a reaction, in the cases described so

far, is accompanied by rapid degradation of IxB-a. To
explain the fact that OVCAR-3 cells retain a substantial
amount of IxB-« protein, we would have to hypothesize
that the intracellular NF-xB activity generates very high
transcription of the IxB gene (as assessed by the northern
blot) with neosynthesis of the protein at a rate that would
insure the presence of the protein despite the continuous
stimulation of the signal transduction pathway.

Another possibility would be that OVCAR-3 cells
express a non functional IxB-a protein. Hypo or
hyperphosphorylation could lead to IxB loss of function
[56-58], but IxB-a from OVCAR-3 cells comigrates with
the protein from unstimulated Jurkat cells which does not
favor, but does not formally rule out, important post-
translational differences. Another IxB-o domain; not
involved in phosphorylation could also be defective,
impairing the function of the protein.

Finally, IxB-a could have a novel unexpected function
in OVCAR-3 cells. The Bcl-3 protein, a member of the
1B family, has been shown to behave quite differently in
various cell lines. When transfected in Cos7 cells, Bel-3
remains confined to the cytoplasm and prevents pS0 nuclear
translocation while in NTera-2, 1.929 and NIH3T3 cells,
Bcl-3 is predominantly in the nucleus and can associate on
DNA with p50 or p52 homodimers to mediate xB-
dependent tramsactivation [30, 31, 59]. We demonstrated
that Bcl-3 indeed contains two cooperating transactivation
domains active in eukaryotic cells [31]. Others reported
that the Ankyrin Repeat domains of the p50 precursor and
pp40 (the chicken equivalent of IxB) contain potential
transactivation domains [60]. Moreover IxB-a and pp40
can translocate to the nucleus {54, 60]. Can we thus envisage
nuclear activating function for IkB-a as for Bcl-3 in some
cell types? We do not have any evidence to substantiate
this hypothesis and are currently investigating the IxB-o
cellular localization and function in OVCAR-3 cells.

We also studied expression of NF-xB and IxB-related
proteins in cell lines with various invasive and metastatic
potentials. We investigated the non-invasive colon
carcinoma cell line HT-29 and its metastatic counterpart
HTM-29. We detected a specific high expression of p52
messenger RNA and protein in the invasive cells (Fig. 2).
The mRNA for other Rel-related (p65, p50) proteins is
not differentially expressed in the two cell lines (Fig. 1A
and data not shown). Also, HTM-29 cells express slightly
more IkB-o mRNA than do HT-29 cells.

The importance of NF-xB for cetlular adhesion is now
well established. Several adhesion molecules have their
expression controlled by NF-xB and antisense oligo-
nucleotides of p65 sequences dramatically alter cellular
adhesion [42-45, 47]. On the other hand, p50 homodimers
were shown to inhibit the expression of MHC Class I
proteins in metastatic tumors and thus to favor tumor
invasiveness [48]. Finally, expression of extracellular
proteases associated with tumor invasive phenotype is also
controlled by NF-«B [46]. These observations suggest that
NF-xB could play an important role in the development
of metastasis and cancer invasiveness. Excessive NF-xB
activity could upregulate the expression of extracellular
proteases leading to a degradation of the extracellular
matrix and the basal membrane and thus to cancer invasion.
Alternatively, over-expression of inhibiting p50 (or p52)
homodimers could block the transcription of genes coding
for adhesion molecules or MHC Class I proteins, generating
again increased invasiveness.

The function of p52 is largely unknown. Its gene was
cloned at a site of recurrent chromosomal translocations
in human lymphomas suggesting a possible involvement in
tumor formation [11). p52 tissue expression is more
restricted than that of p50 and so far we don’t know of any
gene promoters or kB sites that are specifically bound and
regulated by p52-containing complexes. Itis clear, however,
that p52 can form transactivating hetereodimers with p63,
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Fig. 1. (A) High expression of IxB-a message in OVCAR-3 cells. mRNAs from various cell lines were
prepared and analysed on northern blots with p65 or IkB-a probes. The cell lines were: (1) HT-29; (2)
HTM-29; (3) WIDR; (4) OVCAR-3; (5) CaOV3. (B) Expression of IkB-a protein in OVCAR-3 cells.
Cellular extracts were prepared and analysed on an Immunoblot and revealed with anti-IxkB-a antibody.
Jurkat cell extracts were used as a reference and show, as described previously [50, 55], a high expression
of IxkB-« in resting cells (lane 1) and, after treatment with TNF-a a disappearance of the protein (lanes
2-3) followed by a neosynthesis (lane 4). OVCAR-3 IxB-a comigrates with the protein expressed in
Jurkat cells (compare lanes 1, 4 and 5). (C) OVCAR-3 cells nuclei contain significant amounts of
NF-xB. Nuclear extracts from OVCAR-3 cells were run on an electrophoretic mobility shift assay with
a labeled probe corresponding to a synthetic palindromic kB site. Two bands are seen on the gel
(lane 1) and are indicated by arrowheads. Antibodies directed against p50 supershifted both bands
(lane 2) while p65 antibodies supershifted only the upper band (lane 3). Asterisks show the supershifted
complexes.
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RelB or c-Rel [8,12,13]. On the other hand, we
demonstrated that p5S2 homodimers, when expressed in
excess, can inhibit NF-kB-mediated transactivation (V.
Bours, G. Franzoso and U. Siebenlist, unpublished
observations). p52 can also form a potent activating
complex with Bcl-3 [31]. Therefore, p52 could play a
role in the development of metastasis either through
upregulation of xB-dependent genes (in cooperation with
a partner) or through inhibition of transcription. Further
studies are needed to determine the function of p52 in
HTM-29 cells and the relationship between p52 expression

and invasiveness. Interestingly, we detected high p52
expression in other tumor cell lines, either lymphoid cell
lines (U266, HUT78) or solid tumor cell lines.

Our results, although only preliminary, support the
concept of an important role for NF-xB in the development
of cancer and metastasis. They also suggest that NF-xB
could be involved in the development of many different
types of cancers, including solid tumors.
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Fig. 2. High expression of p52 in HIM-29 cells. p52

expression in OVCAR-3, HT-29 and HTM-29 cells was

analysed on an Immunoblot performed with a monoclonal

anti p52 antibody. The higher molecular weight band

(100 kDa) corresponds to the p52 precursor and the lower
band to p52 itself.
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