
been extensively studied, high NF-kB levels
also stimulate the expression of growth-
factor proteins and regulators of the 
cell-division cycle, often promoting cell 
proliferation2. The dual effects of stimulat-
ing cell proliferation and preventing cell
death would seem to form a potent potion
for uncontrolled cell division, and possibly
cancer. Indeed, sustained activation of 
NF-kB has been linked to several human
cancers2.

Although many of the data on NF-kB fit
neatly into this model, there is increasing 
evidence that matters are not so straight-
forward. Most recently, for instance, some
colon-cancer cells have been found to have
decreased NF-kB activity, through an inter-
action with the b-catenin protein8 (often
deregulated in colon cancers). Curiously, 
earlier data had shown that sustained NF-kB
activity prevents the proliferation of normal
skin epidermal cells4. And in mice genetically
engineered to overexpress a stabilized IkB 
in the skin epidermis, NF-kB is permanently
inhibited and the skin becomes sensitized 
to developing squamous cell carcinomas
(SCCs)4,5. Dajee et al.6 now show that, in

human skin, inhibiting NF-kB while activat-
ing the Ras protein leads to cell proliferation
and cancer.

Arguably the most well-known tumour-
causing molecule, Ras has been central to
cancer research because of its ability to cause
uncontrolled cell proliferation, to modulate
apoptosis and to stimulate tumour spread
(metastasis) — all hallmarks of cancer devel-
opment9,10. As Dajee et al. show, however,
matters are again different in human skin:
activating Ras leads to proliferation arrest 
as cells switch on appropriate counteracting
mechanisms. Dajee et al. further find that
activation of Ras increases NF-kB activity,
suggesting a possible mechanism underlying
Ras’s inhibitory effects on cell proliferation.
Therefore, the authors decided to examine
the interplay between Ras activation and 
NF-kB inhibition in the development of
human skin cancer. 

To relate their findings to human cancer,
Dajee et al. first used a retrovirus to insert
stabilized IkB and activated Ras into human
keratinocytes (skin cells), and then grafted
these cells onto immune-deficient mice.
Intriguingly, the resulting inhibition of 
NF-kB activity synergized with the activated
Ras to generate skin tumours resembling
human SCCs. It seems that inhibiting NF-kB
allowed keratinocytes to escape the Ras-
induced proliferation arrest and to progress
through the cell cycle. And, in an unfortunate
molecular symbiosis, active Ras rendered
these cells resistant to death induced by 
NF-kB inhibition, further favouring uncon-
trolled proliferation (Fig. 1).

The potential of a tumour to invade 
tissues often correlates with its ability to
express certain classes of integrin receptor —
dimeric cell-surface proteins that interact
with the extracellular matrix and trigger 
signalling cascades that can affect cell pro-
liferation and migration11,12. The expression
of integrin a6b4 has been associated with 
the propensity of SCC cells to invade and
spread13. Dajee et al. now show that the SCCs
generated by stabilized IkB and activated 
Ras express high levels of both integrin 
a6b4 and laminin 5, its partner in the extra-
cellular matrix.

The authors then take their analysis a 
step further, and demonstrate the functional
importance of elevated levels of integrin
a6b4 in their model of human SCC. The
analysis is particularly interesting in that
Dajee and colleagues’ approach enabled
them to insert stabilized IkB and activated
Ras into keratinocytes from patients with
junctional epidermolysis bullosa. This blis-
tering disease involves mutations in integrin
a6, integrin b4 or laminin 5. In this case no
tumours were formed, underscoring the
importance of laminin 5, and integrin b4 in
particular, in SCC development.

A number of intriguing questions remain
unanswered. For instance, the exact mecha-

nism underlying the interplay between NF-kB
inhibition, integrins and Ras in the develop-
ment of skin cancer requires further study.
Furthermore, it is still unclear why in some
tissues NF-kB activation leads to tumour
development, whereas in skin it seems to lead
to proliferation arrest, protecting against
cancer. The newly found ability of b-catenin
to inhibit NF-kB8 also raises the question of
whether this interaction, thus far described
only in colon-cancer cells, might also regu-
late NF-kB in normal cells. Whatever the
answers, it seems clear from several recent
studies that NF-kB regulation is vital for cells
to orchestrate the balance between cell death,
proliferation and differentiation. Our under-
standing of the effects of NF-κB activation 
or repression is likely to require elucidation
of which genes in a particular cell are acti-
vated by NF-kB, and the status of NF-kB’s
partners, which may include b-catenin as
well as IkB.

These complexities raise caveats about the
use of NF-kB inhibitors to treat cancer14,15.
Many naturally occurring and synthetic
compounds that block NF-kB activation
have been identified, and have been suggested
for use in cancer treatment in conjunction
with standard chemotherapy. In the skin and
colon, however, compounds that bring about
sustained NF-kB inhibition might instead
promote tumours, particularly when Ras is
activated. These new twists will certainly 
provide fresh challenges for the design of 
NF-kB inhibitors in cancer therapy. n
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Correction
In Richard O. Prum’s News and Views article,
“Dinosaurs take to the air” (Nature 421,
323–324; 2003), an incorrect version of Fig. 1
was printed. The correct version, in which
the label “Theropod dinosaurs” extends to
take in “Archaeopteryx” and “Other birds”,
has appeared on Nature’s website since
publication. 
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Figure 1 Molecular interactions that can lead to
skin cancer. Dajee et al.6 have investigated what
happens when NF-kB is inhibited in the skin in
the context of activated Ras protein. To do this,
they inserted active Ras and a stable IkB protein
(which inhibits NF-kB) into human skin
keratinocytes, and then grafted these cells onto
mice. The result is that inhibition of NF-kB
overrides the proliferation arrest induced by
active Ras; and the active Ras overrides the
apoptosis induced by inhibited NF-kB. This
leads to the development of cancers resembling
human squamous cell carcinomas (SCCs). Other
molecular features of these cancers are the
maintenance of telomeres (protective caps at 
the end of chromosomes), and a dependence 
on the proteins laminin 5 and integrin a6b4.
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