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We have observed elevated NF-�B DNA-binding activity in nuclear extracts from human papillomavirus type
6- and 11-infected laryngeal papilloma tissues. The predominant DNA-binding species is the p50/p50 homo-
dimer. The elevated NF-�B activity could be correlated with a reduced level of cytoplasmic I�B� and could be
associated with the overexpression of p21CIP1/WAF1 in papilloma cells. Increased NF-�B activity and cytoplas-
mic accumulation of p21CIP1/WAF1 might counteract death-promoting effects elicited by overexpressed PTEN
and reduced activation of Akt and STAT3 previously noted in these tissues.

Laryngeal papillomas are caused by infection of the laryn-
geal epithelium with the low-risk human papillomavirus type 6
or 11 (HPV 6/11). The disease is characterized by thickening of
the suprabasal layer of the epithelium (1). Epidermal growth
factor receptor (EGFR) is overexpressed and becomes consti-
tutively active in papilloma cells (14). As a result, activities of
phosphatidylinositol 3-kinase and MAP kinase are high. How-
ever, Akt/PKB, a downstream target of phosphatidylinositol
3-kinase, is not activated (33). This is due, at least in part, to
overexpression of the tumor suppressor PTEN (7, 16), a phos-
phatidylinositol 3,4,5-triphosphate (PIP3) phosphatase (18), in
papilloma cells (33).

The prosurvival role of Akt is well established in many sys-
tems (8). Consequently, inhibition of Akt activation promotes
apoptosis, as indicated by PTEN�s ability to promote cell death
(17, 31). Activation of STAT3, another well-known prosur-
vival regulator (11, 12, 27), is also reduced in papilloma cells
(Sun and Steinberg, submitted for publication). Reduction in
STAT3 activation in papilloma cells involves PTEN�s protein
phosphatase activity. It is not clear how papilloma cells manage
to survive in the face of a drastically elevated PTEN.

Elevated p50/p50 NF-�B DNA-binding activity in nuclear
extracts of laryngeal papilloma cells. Overexpression of PTEN
results in reduction of both activated Akt and STAT3 in pap-
illoma cells. We are puzzled by the fact that papilloma cells
remain alive while two of the best characterized prosurvival
molecules are downregulated. As a first step to gain insights
into apoptosis/survival decision-making in laryngeal papilloma
cells, we chose to examine activation of the transcription factor
NF-�B.

NF-�B/Rel family transcription factors elicit a wide range of
cellular effects, including immune and inflammatory responses,
proliferation, and cell survival (19). NF-�B promotes survival
by stimulating expression of TRAF2/6, caspase inhibitors IAP1
and IAP2 (30), IEX-1L (32), and X-IAP (25). The fact that
NF-�B activates expression of nitrogen oxide synthase 2 (13,

28) and Cox-2 (2, 20) further attests to its potent antiapoptotic
activity.

Cytoplasmic and nuclear extracts were prepared from sur-
gical discards of normal and laryngeal papilloma tissues de-
rived from patients undergoing laryngeal surgery. The use of
human tissues was approved by the Institutional Review Board
at Long Island Jewish Medical Center. Tissues were immediate-
ly frozen in liquid nitrogen. Normal laryngeal epithelial tissues
from eight individuals were combined to prepare cytoplasmic
and nuclear extracts. Frozen tissues were ground and reduced
to a powder by using the Mikro-Dismembrator II (B. Braun).
Powdered tissue was resuspended in ice-cold hypotonic buffer
[100 mM HEPES (pH 7.6), 10 mM KCl, 3 mM NaCl, 3 mM
MgCl2, 1 mM EDTA, 1 mM EGTA, 2 mM dithiothreitol (DTT),
and 10% (vol/vol) glycerol] in the presence of the protease
inhibitor cocktail Complete (Roche Molecular Biochemicals,
Indianapolis, Ind.) and phosphatase inhibitors (20 mM �-glyc-
erophosphate, 1 mM sodium orthovanadate, and 30 mM so-
dium fluoride). After a 15-min incubation on ice, lysates were
spun at 3,000 rpm for 10 min at 4°C in a microcentrifuge.

The supernatant was transferred to a new tube and desig-
nated the cytoplasmic extract. The pellet was washed once with
hypotonic buffer and extracted on ice with four times the pellet
size of nuclear extract buffer (20 mM HEPES, pH 7.6, 25%
glycerol, 0.5 M NaCl, 1 mM MgCl2, 1% [vol/vol] Nonidet P40,
1 mM EDTA, 2 mM DTT) in the presence of protease and
phosphatase inhibitors. After 30 min, the extraction mixture
was spun at 12,000 rpm at 4°C in a microcentrifuge for 10 min.
The resulting supernatant was designated the nuclear extract.
The protein concentration of the extracts was determined by
using the Micro BCA reagents (Pierce, Rockford, Ill.).

NF-�B DNA-binding activity in the nuclear extracts was
measured by electrophoretic mobility shift assay (EMSA)
using 32P-labeled NF-�B oligonucleotide (5�-TTGTTACAAG
GGGACTTTCCGCTGGGGACTTTCCAGGGAGGC-3� [con-
census NF-�B binding sites are underlined and italicized]). As
shown in Fig. 1A, whereas little activity was detected in an
extract from pooled normal tissue, papilloma tissues exhibited
significantly elevated NF-�B DNA-binding activity. These
protein-DNA complexes were specific for NF-�B, since they
could be competed out by a molar excess of the unlabeled
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NF-�B oligonucleotides (Fig. 1B), whereas a mutant oligo-
nucleo-tide (5�-TTGTTACAATCTCACTTTCCGCTTCTC
ACTTTCCAGGGAGGC-3� [mutated NF-�B binding sites
are underlined and italicized]) had no effect.

Supershift analysis revealed that the predominant species in
these complexes was the p50/p50 homodimer. The migration of
the p50/p50 homodimer-DNA complex differed slightly from
one extract to another, and a slower migration correlated with
a higher DNA-binding activity (compare papillomas 1 and 3
with papillomas 2, 4, and 5). The underlying mechanism(s) is
currently unclear. The p50/p65 NF-�B was also activated in
papillomas, although to a much lesser extent. It is important to
note that in control laryngeal epithelial tissue, the p50/p50
homodimer was also the predominant DNA-binding species
(Fig. 1A, lane 1).

The identification of the p50/p50 homodimer as the major
DNA-binding species of NF-�B, even in normal laryngeal epi-
thelial tissues, implies a tissue-specific function for the p50/p50
homodimer. While p50/p50 homodimer is usually considered
an inhibitory NF-�B due to the lack of a transactivation do-
main in p50 (10, 22), it should be emphasized that transcription
activation of an NF-�B reporter construct by overexpressing
p50 in keratinocytes has been reported (24).

Increased NF-�B DNA-binding activity in papilloma ex-
tracts is associated with decreased I�B�. NF-�B can be acti-
vated by multiple signaling pathways, depending on the stim-
ulus and the cell type. The point of convergence of these
pathways is the recently identified I�B kinase (IKK) complex.
Phosphorylation of I�B proteins by IKK leads to ubiquitina-

tion and degradation of I�B, thereby releasing and activating
NF-�B (15).

To investigate the mechanism(s) by which papilloma nuclear
extracts displayed stronger NF-�B binding activity, Western
blot analysis were performed on pooled normal extract and two
separate papilloma cytoplasmic and nuclear extracts. Thirty
micrograms of protein was electrophoresed, transferred to a
nitrocellulose membrane, blocked, and probed with antibodies
against the antigens indicated in Fig. 2. The amount of actin in
extracts was determined and used as a loading control, as
described (5).

Comparable levels of I�B� were detected in the cytoplasmic
extracts of normal and papilloma tissues, but levels were in-
creased in the nuclear extracts of papilloma tissues (Fig. 2).
Significantly reduced levels of I�B� were observed in the cy-
toplasmic extracts of papillomas compared to the normal tissue
(Fig. 2). Whereas I�B� appears to be the primary regulator of
rapid signal-induced activation of NF-�B in most cell types,
I�B� is associated with persistent activation of NF-�B (4, 6). In
accord with the reported observation that I�B� does not shut-
tle between the cytoplasm and the nucleus, no nuclear I�B�
was detected. The absence of nuclear I�B� also suggests a
reasonably clean separation of cytoplasmic and nuclear frac-
tions. The reduction of I�B� could account for the increased
DNA-binding activity in the papilloma nuclear extracts if its
loss resulted in increased translocation of NF-�B to the nu-
cleus.

We therefore examined the level of p50 and p65 in the
nuclear extracts of normal laryngeal epithelium and papillomas
(Fig. 2). The level of p65 was at the lower limit of detection in

FIG. 1. Increased p50 NF-�B DNA-binding activity is observed in papilloma nuclear extracts. NF-�B DNA-binding activity was assessed by
EMSA. (A) Normal extract was derived from a pool of eight normal tissues. Five papilloma nuclear extracts were analyzed. All papillomas were
typed by PCR and by Southern blot analysis. Papilloma 1 is HPV 6 positive. Papillomas 2 to 5 are HPV 11 positive. Papillomas 3 to 5 were analyzed
on a different gel. (B) In competition or supershift experiments, papilloma nuclear extract was incubated with a 30-fold molar excess of wild-type
(WT) or mutant (Mut) oligonucleotides or 1 �g of anti-p50 or anti-p65 antibodies (Ab) before adding 32P-labeled NF-�B oligonucleotide.
Papillomas 3 and 4 were analyzed on a different gel.
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all fractions, consistent with the observation that the p50/p65
heterodimer constituted the minor DNA-binding species of
NF-�B in our system. In contrast, the level of p50 was higher
in papilloma nuclear extracts than their normal counterpart.
The increase in p50 is in agreement with the observed increase
in p50/p50 NF-�B DNA-binding activity in papilloma nuclear
extracts (see below) and is consistent with the reduction in
I�B� found in papillomas. Our observation thus suggests re-
lease of p50 from I�B�-mediated cytoplasmic retention in pap-
illoma cells.

Although reduction of I�B� is in agreement with increased
nuclear p50 level and elevated p50/p50 DNA-binding activity
in papilloma extracts in a mechanistic sense, we did notice that
the increase in p50/p50 DNA-binding activity exceeds the in-
crease in p50 level. At present, we do not exclude the possi-
bility that direct modulation of p50/p50 DNA-binding activity
might also be involved. Further characterization of p50 in
normal and papilloma cells should provide more detailed in-
formation.

Expression of p21CIP1/WAF1 is enhanced in papilloma cells.
Expression of p50/p50 homodimer as well as p65/p65 homo-
dimer and p50/p65 heterodimer has been shown to activate
p21CIP1/WAF1expression, either directly or indirectly, in kera-

tinocytes (23). We therefore asked whether p21CIP1/WAF1 was
elevated in our papilloma tissues. As illustrated in Fig. 3, a
fourfold increase in p21CIP1/WAF1 was observed in papilloma
cytoplasmic extracts by Western blot analysis compared to
normal extracts. While diminished nuclear p21CIP1/WAF1 was
observed compared to cytoplasmic p21CIP1/WAF1 in papilloma
extracts, it was undetectable in pooled normal nuclear extract.
(Normal nuclear extract was underloaded in this particular
experiment. In other experiments where equivalent normal
nuclear extract was loaded, p21CIP1/WAF1 was still undetect-
able.) The increase in p21CIP1/WAF1 is consistent with the ele-
vated p50/p50 NF-�B binding activity in papilloma nuclear
extracts and strongly suggests active transcriptional function of
the p50/p50 NF-�B in our system.

We were surprised to learn that approximately 70% of
p21CIP1/WAF1 accumulated in the cytoplasm in papilloma cells.
While NF-�B itself exerts potent prosurvival activity, it is in-
triguing to learn that p21CIP1/WAF1 can display antiapoptotic
activity as well. Cytoplasmically retained p21CIP1/WAF1 inacti-
vates death-promoting kinase ASK1 in monocytes through di-
rect interaction (3, 21). To this end, it will be interesting to
examine whether p21CIP1/WAF1 in our system exhibits any pro-
survival activity.

Papilloma cells proliferate more slowly than normal laryn-
geal epithelial cells (26), in accord with the elevated level of
p21CIP1/WAF1 reported here. Overexpression of p21CIP1/WAF1

could also lead to disruption of normal epithelial differentia-
tion programming previously observed in papilloma tissue (26,
29). This hypothesis is supported by the finding that expression
of p21CIP1/WAF1 in keratinocytes inhibits expression of differ-
entiation markers such as keratin 1, involucrin, and filaggrin
(9). It is tempting to speculate on the potential contribution of

FIG. 2. Elevated nuclear p50 in papilloma extracts is associated
with reduced cytoplasmic I�B�. Thirty micrograms of cytoplasmic or
nuclear extracts prepared from normal or papilloma tissues was frac-
tionated on a denaturing sodium dodecyl sulfate-polyacrylamide gel.
Separated polypeptides were transferred to a nitrocellulose membrane
and probed for the indicated antigens. The amount of actin in the
extract is indicated as a loading control. The solid bar stands for
relative intensity of the indicated protein in the extract after normal-
ization to actin.

FIG. 3. Augmented expression of p21CIP1/WAF1 in papillomas. Forty
micrograms of cytoplasmic or nuclear extract prepared from normal or
papilloma tissues was electrophoresed on a denaturing sodium dodecyl
sulfate-polyacrylamide gel. Separated polypeptides were transferred to
a nitrocellulose membrane and probed with an anti-p21CIP1/WAF1 an-
tibody. Ponceau S staining of the membrane is shown for loading
comparison.
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p21CIP1/WAF1 during papilloma development from the angle of
antiapoptosis. Further studies are in progress to determine its
role in papilloma formation.
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