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“The mystification is not a black box,
the triumphant mutation has been
exposed and Cancer is in retreat. 
We see new ways by which to confront
that inescapable fatality…”

J. Michael Bishop
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The success of the first Cancer Series meeting on the subject Can Cancer become a
chronic disease?, organized in Agra, India, under the auspices of the Fondation Ipsen
encouraged us to launch another meeting with a similar format. After consulting

participants of the first meeting and leading opinion makers in the field, we decided to ask
the question, Are Inflammation And Cancer Linked? An estimated 15-20% of human cancer
deaths occur in the context of infection and inflammation. As early as the 19th century, the
German pathologist Robert Virchowhad suggested that chronic inflammation might give rise
to malignancy. How then does inflammation influence tumor development and progression?

One prominent clue was the role attributed to NF-!B, a family of transcription factors that is
crucial for the central coordination of innate and adaptive immunity. Additionally in the last
few years there have been tantalizing hints of the critical role NF-!B plays in the emergence
of neoplasia and progression of the disease. My own thinking was also influenced by the fact
that the six major  processes defined by Douglas Hanahan and Robert Weinberg as leading to
cancer- which include self-sufficiency in growth signals, refractory to growth-inhibitory signals,
evasion of apoptosis, limitless replicative potential, tissue evasion and metastasis, and sustained
angiogenesis-can all be influenced by inflammation and NF-!B. We therefore assembled an
outstanding group of scientists and clinicians working in the fields of cancer biology,
inflammation, NF-!B biology, microbial pathogenesis, stem cell biology, signal transduction,
immunology, and mouse model systems to give us both the focused and broader view of the
challenges in understanding the role of inflammation in cancer.

Jacqueline Mervaillie and Yves Christen of Fondation Ipsen had told me  their philosophy that
if an interesting group of scientists are brought together at an interesting place, interesting and
important ideas emerge. I kept my side of the bargain in inviting an interesting group of
scientists and they chose the breathtaking site of Twelve Apostles in Cape Town, South Africa.
The excitement surrounding us of a rapidly changing society positively influenced our own
outlook and discussions. The scientific exchanges were not just limited to the meeting room,
but were carried on during the visits to local vineyards, the Cape of Good Hope, the southern
most tip of the African continent and the incredible assemblage of the hundreds of cape
penguins.

Because of the breadth of the topics covered at the meeting, it was difficult to summarize the
major themes of the meeting, but Apoorva Mandavilli has done an outstanding job of highlighting
the message of each talk and the central discussion points in this monograph. I would like to
thank all the speakers, discussants and especially our hosts at Fondation Ipsen for giving
us another wonderful opportunity to engage in deep discussions of trying to demystify the
molecular basis of the terrible scourge of cancer.

T
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During normal development, an embryonic cell undergoes changes that do not involve any alterations or
mutations at the genetic level. These “epigenetic” changes allow cells with the same genetic material to
carry out different functions. Nuclear cloning techniques can reverse these epigenetic changes and return
a cell to an embryonic, pluripotent state. In the development of cancer, a normal cell becomes malignant
as a result of both genetic and epigenetic changes. One theory holds that tumors have a small number of
“cancer stem cells” that can sustain tumor growth. Dysregulation of the genes involved in the self-renewal
of these stem cells may be a key event in tumorigenesis. Rudolf Jaenisch discussed the possible biological
and molecular criteria that distinguish embryonic stem cells, somatic stem cells and cancer stem cells.

Undifferentiated embryonic cells can differentiate into various cell types by making epigenetic changes such
as DNA methylation to their genome. This epigenetic programming is a part of normal development. In
nuclear transfer, this process is reversed and a mature differentiated cell is reprogrammed back into an
embryonic state1.

Somatic stem cells also have the capacity for self-
renewal but that ability must be tightly controlled.
The key event in cancer might be a dysregulation
of the genes that are important for the self-renewal
of these somatic stem cells.

When the nuclei of cancer cells are exposed to the
cytoplasm of an egg, they too can revert to an
embryonic state. Using nuclear cloning, it might
be possible to identify which part of the malignant
phenotype is as a result of epigenetic or reversible
alterations, and which is irreversible and genetic.

A recent theory suggests that only a small fraction
of cells, called cancer stem cells, have this capacity
for self renewal. Identifying the genes that 
control the ability to self-renew might help
determine whether the same genes are also
required for other self-renewing cells such as adult
stem cells and cancer cells. 

Different genes might be necessary at different
stages of development, such as setting up the
pluripotent state of stem cells, maintaining the
pluripotent state and inducing differentiation.
The transcription factors Oct4, Nanog and Sox2,
all appear to have important roles in this

Epigenetic regulation, 
stem cells and cancer

A report on a lecture by
Rudolf Jaenisch
Whitehead Institute, MIT, Cambridge, United States

Figure 1
Oct4 expression 
induces dysplastic
proliferation in 
the intestinal tract,
resembling
adenocarcinoma.



process. These factors are expressed
in the early embryo and in embryonic
stem (ES) cells but have not been
detected in any somatic cell. 

Mutations in any of these transcription 
factors lead to a loss of pluripotency2.
The activation of these genes appears
particularly important for the embryo to
survive after implanting in the uterus.
Following nuclear transfer, for instance,
most clones die after implantation
because they are unable to activate
those genes. The factors also appear to
be necessary for an embryo to generate
ES cells. 

A chromatin precipitation approach revealed that these transcription factors bind to about 1,500 genes in 
undifferentiated ES cells. All three factors together bind about 250 target genes, including many that are
active in ES cells, such as transcription factors, chromatin regulators, cell cycle regulators, signaling 
molecules and histone modification genes. The transcription factors also bind to inactive genes that are
only activated after the differentiation of ES cells3.

These transcription factors also bind to each other – Oct4 binds to Sox2, Sox2 binds to Nanog and Nanog
binds to itself and to Oct4 – and are linked to each other in an auto-regulatory loop, which might help keep
the system stable. Any changes in the ratio of these factors might disturb the balance, producing changes
in global gene regulation and thus in cell fate.

Complex control
To maintain an embryonic state, there must be a tightly regulated system in place. The Polycomb Group
(PcG) proteins play an important role in this process.

The PcG proteins are regulators of homeotic genes. They were first identified in Drosophila but are highly
conserved from flies to humans. In flies, their role is to repress transcription during cell division4.

PcG proteins exist in two distinct multiprotein complexes, the Polycomb Repressive Complexes 1 and 2 (PRC1
and PRC2). PRC1 is large and is important for silencing genes. PRC2 modifies the methylation state of histones.

All four proteins together bind more than 500 genes, including those important for development, regulation
of transcription, morphogenesis, organogenesis, neurogenesis and cell-cell signaling. More than 200 of these
genes are also bound by the transcriptional regulators Oct4, Sox2 and Nanog5.

PcGs appear to collaborate with these transcription factors to maintain pluripotency and self-renewal. Together,
they repress differentiation genes which must be silent in ES cells and whose activation correlates with loss
of pluripotency. 

However, the exact relationship between the PcG proteins and the transcription factors is not yet clear. During
differentiation, the expression of Oct4, Sox2 and Nanog is rapidly shut down, suggesting that PcG-
mediated repression of target genes may then be relieved.

The PcG proteins may also have a role in cancer stem cells. Some PcG-like genes have been found to be 
overexpressed in early cancer cells and deregulation of PcG genes has been seen in prostate cancer cells and
many others. 

Figure 2
Inhibition of differentiation
by Oct4 is fully reversible,
as seen with pulse-chase
experiments using
Doxycycline. 
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A gut reaction
Oct4 plays a crucial role in the early embryo, but little is known about the role of Oct4 in the mature organism.
Recent findings suggest that low levels of Oct4 persist in somatic tissues, including in the brain and small
intestine as well as in several adult stem cell types in culture and in some cancer cell lines. 

A Doxycycline-dependent expression system in adult mice can elucidate the role of Oct4 in adult cells. In
this system, Oct4 is not expressed in any tissues in the absence of Doxycycline. 

In the intestine, the mice display typical crypt and villi structures. But two days after giving Doxycycline,
there is a robust expression of Oct4 in all tissues, particularly in epithelial tissues. Oct4 is not expressed
in the brain, however, because Doxycycline does not cross the blood-brain barrier. 

In the epithelium, particularly in the gut, there is a rapid proliferation of cells. The proliferation begins like
a wave at the crypt and eventually fills up the whole epithelium. By day 5, the lumen completely fills up with
undifferentiated cells. The mice die within five to seven days6.

This process is reversible – that is, if you take away Doxycycline, the intestine repopulates with differentiated
cells, regains a villi structure and the mice survive. 

The effect of Oct4 expression is clearly seen in multiple epithelial tissues. But in the liver, kidney, lung 
and heart, there is no abnormal
phenotype. One explanation for this
may be that these tissues also need 
the differential expression of other
cofactors such as Sox2 and Nanog. 

The ectopic activation of Oct4 seems to
result in an expansion of the stem cell
or progenitor compartment of the skin
and intestine (see Clevers, page 13). This
is consistent with the idea that Oct4 may
also have a role in self-renewal of
somatic stem cells, although this has
not yet been proven. Activating Oct4 in
these somatic cells might be helpful for
reprogramming the somatic cells back
to an embryonic or pluripotent state. 

This experiment would argue that by
stimulating rapid proliferation of 
undifferentiated cells, Oct4, Sox2 and
Nanog are potent oncogenes. But the transcription factors are rarely seen in tumors, suggesting that this
may be an artifact of overexpression. Still, the experiment might allow a comparison of fibroblasts, which
don’t respond to highly expressed Oct4, with intestinal cells which respond dramatically, and pinpoint the
genes that are important for the response. 

Reversal of fortune
The epigenetic changes that an embryonic cell undergoes during development can all be reversed by nuclear
cloning. In cancer, a normal cell becomes malignant by both genetic and epigenetic changes. What part 
of the malignant phenotype is due to epigenetic changes, which are reversible in principle, as opposed to 
irreversible genetic changes? 

Figure 3
Chimeric mice treated 
with Doxycycline develop
reversible skin tumors.



Nuclear transfer can be used to
create a cloned blastocyst from a
tumor and derive ES cells. The donor
cells only make the tumor of origin. But
according to stringent standards of
pluripotency, the ES cells should make
teratomas, or generate chimeras or
all-ES mice if they are injected into a
blastocyst. 

In the experiment, nuclear transfer of
1,450 lymphomas and leukaemias
gave rise to only 30 blastocysts.
None of the blastocysts formed ES
cell lines. In the case of solid tumors,
of 200 breast tumors, 23 formed
blastocysts, but again, none of them
formed ES cell lines. Finally, with a

Ras-inducible melanoma, 600 transfers resulted in eight blastocysts and two of those generated ES cell
lines; only one of the two cell lines was useful. 

In all, a total of 2,500 transfers with somatic tumors gave rise to 61 blastocysts, at an efficiency of 2.5% 
efficiency, and two ES cell lines, at 3% efficiency of explanted blastocysts. In contrast, 435 transfers with
embryonal carcinomas resulted in 32 blastocysts (7% efficiency) and 17 ES lines (53% efficiency). 

The ES cell line derived from the melanoma generated both teratomas and chimeric mice with nasty tumors,
including melanomas and tumors of the eye and neck7. This suggests that the malignant tumor cell genome
can be reprogrammed by nuclear transfer into a pluripotent state with the potential to differentiate into most,
if not all, somatic tissues. The tumor phenotype of this melanoma is largely determined by epigenetic or reversible
alterations. If the changes had been genetic, the cells would have given rise only to donor-type tumors, in
this case melanomas. 

In contrast, the phenotype of embryonic carcinoma cells cannot be reprogrammed. Their tumor phenotype
appears to be determined by irreversible genetic alterations. 

These situations reflect the extremes in any tumor system. Parts of the tumor phenotype are from genetic
changes and parts from epigenetic. How much of each part exists might be different for each tumor. Cancer
stem cells might be the result of adult stem cells suffering both epigenetic and genetic insults. 

These results challenge the notion that tumors arise from undifferentiated cells. In many cases, tumor-
initiating cells might be stem cells or cells with stem cell-like character. But multiple myelomas arise from
fully differentiated cells so this cannot be generalized to apply to all cancers. Tumors can probably arise
from different cells at different stages of differentiation. 

One theory is that the epigenetic changes come first and sensitize the cells to the genetic insults. Cancer stem
cells also give rise to bulk tumor cells and this progression might involve further genetic and epigenetic changes. 
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The Wnt signaling pathway has important roles in creating and maintaining compartments in the small
intestine. Mutations in Wnt pathway components are believed to be the cause of a majority of colorectal
cancers. In the gut, the pathway inhibits differentiation and induces rapid proliferation of crypt cells. 
But the Wnt cascade is not the only signaling pathway controlling cell fate along the crypt-villus axis.
Inhibiting the Notch pathway induces a massive conversion of proliferative crypt cells into post-mitotic 
goblet cells. The maintenance of undifferentiated, proliferative cells in crypts and adenomas therefore
requires the concerted activation of both the Notch and Wnt cascades. Inhibitors of these pathways
may be effective in treating colorectal cancer. Hans Clevers described how the Wnt and Notch pathways
coexist to maintain proliferative compartments in the crypt. 

Stem cells are undifferentiated cells
that normally reside in a specific 
location or niche within a tissue. The
small intestine of a mammal contains
two compartments – the crypt and 
the villus. The bottom of the crypt is
presumed to contain a small group of
stem cells. These stem cells can give
rise to intermediate progenitors,
called transit amplifying cells, that
divide rapidly and differentiate into
various cell types. 

When the cells reach the junction of
the crypt and the villus, they either
become enterocytes or secretory
lineage cells. Cells of that lineage
include goblet cells, which make
mucus; enteroendocrine cells, which make peptide hormones; or Paneth cells, which settle at the bottom
of the crypt. The cells that migrate do so rapidly, reaching the top of the villus within 36 hours. Any genetic
change introduced into the system would therefore quickly saturate the entire system.

In the large intestine, the compartments aren’t as clearly separated. Still, most of the rules derived from
the small intestine probably also apply to the colon. There is also a parallel between the rules that control
the biology of adenomas and those that control the biology of normal crypts. 

The T-cell factor Tcf1 – and others in this family Tcf3, Tcf4 and Lef1 – is important for early T-cell progenitors,
but its exact role is not clear. In Drosophila, the role of Tcf seems to not be limited to the immune system.
When Tcf is bound to ß-catenin, it can activate transcription.

Wnt and Notch cooperate 
to maintain proliferative 
compartments in crypts and cancers

A report on a lecture by
Hans Clevers
Royal Netherlands Academy of Arts and Sciences, Utrecht, The Netherlands

Figure 1
A physiological role for 
Wnt in the gut: If the T-cell
factor Tcf4 is knocked out,
the villi look normal, 
but cells in the crypts don’t
proliferate, implying that
the Wnt cascade is essential
for establishing crypts.



Crypt control
In the gut, up to 95% of cancer mutations initiate in the activating Wnt pathway. This implies that there’s
a physiological role for Wnt signaling in the gut1.

The APC or destruction complex component of the Wnt pathway consists of at least four proteins: the tumor
suppressor APC, Axin, casein kinase 1 and glycogen synthase kinase3ß (GSK3ß). This complex can capture
every newly synthesized molecule of ß-catenin and phosphorylate it, which targets it for degradation. But
the majority of ß-catenin in epithelial cells is very stable, and is bound to cadherin. This stable pool most likely
has nothing to do with the Wnt signaling pathway. 

When Wnt engages the receptor on the cell surface, it inhibits the activity of the APC complex. As a result, ß-catenin
is no longer degraded, gets into the nucleus and binds to Tcf. This process is active in every cell in the body. Triggering
the Wnt pathway can induce a tissue-specific or cell-type specific Tcf-targeting program. 

About 75% of colon cancers have APC mutations and very high levels of ß-catenin. There are constitutive
complexes between ß-catenin and Tcf4, the dedicated Tcf in the intestinal epithelium. These complexes might
somehow transform colon epithelial cells into a cancerous state. 

But this does not explain the remaining 25% of colon cancers. For instance, even in samples from patients
that had wildtype APC, in the absence of a Wnt signal, there are still ß-catenin-Tcf complexes in the 
nucleus. In those cases, there are point mutations in a very specific site of ß-catenin. 

Point mutations seen in many cancers affect any of four serine/threonine residues in ß-catenin. Serine45
is the target residue for casein kinase 1, one of the proteins in the APC complex. When this Serine is
phosphorylated, GSK3ß, the other kinase, phosphorylates the other three Serines. This phosphorylation footprint
is then recognized by a dedicated E3 ligase complex, which targets it for degradation. Mutations in any of
these residues inhibit the whole cascade and lead to a stabilized, oncogenic ß-catenin. 

In the small intestine, there is more ß-catenin and ongoing Wnt signaling at the bottom of the crypts. If both
alleles of APC are inducibly deleted, two days later the crypts enlarge enormously at the cross of the villi. The
cells continue to proliferate with an extremely rapid kinetics and fail to differentiate at the crypt-villus junction.
One day after that, the crypts are all the way at the top of the intestine and the mice start dying2.

Repulsive forces
In normal development, villi and
prospective crypts first appear at about
day 16. At day 16 or 17, the villi drop out
of cycle and rapidly differentiate. If Tcf4
is knocked out, the villi look completely
normal. But in the crypts, the cells don’t
proliferate, implying that Tcf4 – and by
inference the Wnt cascade – is essential
for establishing crypts. 

Expressing dickkopf, a soluble protein
that binds and blocks Wnt receptors
very efficiently, also stops proliferation
in the crypt. This implies that the Wnt
cascade is physiologically relevant for
both setting up and maintaining crypt
compartments.

Figure 2
In EphB3 -/- mice, Paneth
cells move all over the place,
suggesting that EphB3
generates a repulsive force
that keeps Paneth cells 
at the bottom of the crypt.
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Microarray analysis on colon cancer lines pinpoints Wnt/Tcf target genes that might be involved in switching
from a crypt program to a villus program. These genes all appear to play some role in the normal biology of
the crypts. 

For example, when the Wnt pathway is blocked, the EphB genes are turned off. At the same time, the
expression of Ephrin is upregulated. These two sets of proteins are known to interact in the nervous system,
where the repulsive forces between them is critical in guiding axons through brain tissue. 

In the small intestine, there is an expression gradient of these proteins. EphB2 is expressed in the transit
amplifying cells and EphB3, another Wnt target, in the Paneth cells. There is a counter gradient of the
Ephrins, which are expressed in the higher cells. As in the brain, this creates repulsive forces and helps
shape the crypt. If EphB2 or EphB3 are knocked out, the crypt-villus junction, which is usually an extremely
sharp boundary, is lost.

EphB3 is a marker for Paneth cells, which are at the very bottom of the crypts. In the EphB3 knockout, Paneth
cells move all over the place, suggesting that EphB3 generates a repulsive force that keeps Paneth cells
at the bottom of the crypt.

In all, Tcf4 drives about 250 genes that are active in colon cancers. But the different compartments vary in
expression patterns. For example, cMyc is absent in Paneth cells but is highly expressed in the cells directly
above. 

Unexpectedly, the same Wnt that drives proliferation in the crypt also drives terminal differentiation in Paneth
cells. Cells that proliferate in the crypt are driven by EphB3 to move down to the bottom of the crypt. Several
Wnts are heavily expressed near here and induce a different sent of Tcf targets, which are the Paneth cell
differentiation markers. 

Rare cells at the bottoms of crypts also express stem cell markers such as Sox4. In situ hybridization for
Sox4 stains cells at position +4, which matches the putative position of stem cells in the gut. Genes such
as Sox4 might therefore be useful in looking for stem cells in the intestine. 

In the absence of Sox4, the gut appears normal except that there are apoptotic cells at position +4. The
prevailing theory is that as stem cells die, the next cells can fall back into the niche and become stem cells
again. It’s possible that in the absence of Sox4, whenever a cell falls back and tries to become a stem cell,
it dies3.

Top-Notch system
Although the Wnt pathway appears
to control various aspects of
proliferation in the crypt, it is not
the only pathway involved in
controlling the compartment. The
Notch pathway also appears to play
a key role.

Notch is a large transmembrane
protein that, when it binds to its ligand,
triggers signaling on its neighboring
cell. This opens up the region of the
protein near the membrane, and
releases its intracellular domain,
which enters the nucleus. 

Figure 3
Cre-mediated deletion 
of CSL induces Math1 
in adult crypts.



The best-characterized Notch target
genes are the hairy/enhancer of
split (HES) and Achaete-Scute
transcriptional repressors, which in
Drosophila control the transcription
of many proneural genes. Unlike
many other developmental signaling
pathways, the Notch pathway and all
its downstream components are
conserved from worms to man. 

In humans, Notch activates Hes
homologs, including Hes1 in the gut.
Hes1’s major target is Math1, a
transcription factor found in the
nucleus of all secretory lineage
cells or goblet cells. There are no

secretory lineage cells in a Math1 knockout, suggesting that Notch skews differentiating cells towards
an enterocyte fate.

Tracking Hes1 in the gut reveals that Notch is not active in crypt-villus junction, where cells differentiate,
but rather in the transit amplifying compartment. Notch normally represses Math1. Knocking out CSL, the
transcription factor that mediates Notch actions, blocks Notch signaling. A few days after a Cre-mediated
deletion of CSL, all of the crypt cells start expressing Math1 and become goblet cells. The entire transit
amplifying compartment transforms into post-mitotic goblet cells4.

Blocking Wnt signaling in the gut inhibits proliferation in enterocytes. Block Notch inhibits proliferation
in goblet cells. If crypts are cells with a strong tendency to become either enterocytes or goblet cells,
Wnt blocks one exit, Notch blocks the other. Both signals together keep the cells in a proliferative,
undifferentiated state.

There are no available small molecules to block Wnt, but a set of small molecules developed to treat Alzheimer’s
disease can block Notch. 

The key protease that cuts Notch and activates it is a membrane complex called $-secretase. DBZ and BZ,
potent inhibitors of $-secretase, have one major side effect: all the crypts in the mice convert to goblet cells 
within five days5.

Adenomas can be seen as very similar to crypts. Like crypts, adenomas need Wnt and Notch signals 
to maintain their proliferative compartments. Based on this, it should be possible to treat adenoma and
adenocarcinoma patients with Notch inhibitors and turn these tumors into post-mitotic goblet cells. 
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with goblet cells within 
five days.
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It takes many steps for a normal cell to become cancerous – that much is known after decades of study.
But less is known about the next stages. There are several steps required to transform a localized
cancer cell into one that migrates through the bloodstream and generates metastases in a distant site.
Rather than require further genetic changes, cancer cells appear to make opportunistic use of latent
early embryonic
programs to gain the ability to metastasize. Robert Weinberg talked about the transcription factors, 
normally implicated in early embryogenesis, that might play a role in transforming a primary tumor
cell into one that can invade and colonize distant tissues.

The road to cancer
The path from normal cells to cancer is long and complex. It involves an unknown number of steps with various
players. In 1989, Bert Vogelstein described the mutations that accumulate in oncogenes and tumor suppressor
genes during the formation of a small proportion of colon carcinomas1. His finding should have been succeeded
by many others, but for the most part, scientists have not been able to document the succession of mutations
that tumor cells accumulate en route to full-fledged malignancy.

In recent years, researchers have succeeded in transforming normal human cells into tumor cells. There
are at least five essential ingredients in the cocktail needed for this process: hTERT, the human telomerase
gene, which maintains telomeres; Ras, which drives proliferation; Rb, which regulates proliferation, the apoptosis
regulator p53, and protein phosphatase 2A (PP2A), which plays an essential role in linking the control of
proliferation with the availability of nutrients. In contrast, mouse cells only need two changes to become
cancerous, which might explain why
scientists have been far more
successful in transforming those
cells.

By altering the molecular elements
in these five pathways, it’s now
possible to transform many kinds of
human cells into tumors. This may
also help understand how a wide
variety of genetic mutations converge
on deregulating a small number of
regulatory pathways in human cancer
cells. 

Most tumors are not composed just
of cancer cells. For example, many
carcinomas contain a greater number
of stromal cells than epithelial cancer cells. But does the stroma play an important role in the survival and

Transcription factors involved 
in the malignant progression 
of human tumor cells
A report on a lecture by
Robert Weinberg 
with Jing Yang, Sendurai Mani, Piyush Gupta, Kimberly Hartwell 
Whitehead Institute, MIT, Cambridge, United States

Figure 1
CAF1 stimulates tumor
angiogenesis in xenograft
tumors, presumably 
by attracting circulating
endothelial precursor cells.



growth of the tumor?

When human mammary epithelial cells are transformed, only about half of the mice injected with the cells
develop tumors and then only with a long lag. The inefficiency and delay may be because  of the difficulty these
tumors had in recruiting stromal cells. If stromal cells are supplied to the cancer cells from the beginning,
the mammary epithelial cells form tumors in all the mice and do so quickly. That suggests that in order to
understand the dynamics of tumor formation, it’s important to take into account stromal cells’ contribution.

The nature of stroma
Are the stromal cells seen in a tumor similar to those that exist in normal tissue? To answer this question,
Weinberg’s lab purified carcinoma-associated fibroblasts (CAF) from six breast tumors and normal stromal
fibroblasts. 

In four of the six samples, breast cancer cells grown with the CAFs grew faster than those grown with 
normal mammary stromal cells. The fifth showed only marginal acceleration and the sixth behaved like
normal stroma. In the tumors grown with the CAFs, there was also a marked increase in the size and number
of blood vessels. 

This suggests that CAFs are biologically different from those seen in a normal mammary gland. What’s more,
the CAFs appear to accelerate tumor growth by facilitating angiogenesis in tumors – although additional
effects cannot yet be ruled out. The CAFs help tumors attract circulating endothelial precursor cells (EPCs),
which are implicated in the angiogenesis occurring during wound healing and chronic inflammation. Indeed,
in a transmigration experiment, CAFs seem to be most efficient in recruiting EPCs, compared with normal
stromal fibroblasts2.

As the tumor grows, the stroma also produce large amounts of smooth muscle actin and stroma-derived
factor-1, also known as cytokine CXCL12, which recruits EPCs from the circulation2. The stroma-derived
factor-1 also stimulates, to a small extent, cancer cell proliferation.

It is not yet clear, however, whether there are other ways to stimulate blood vessel formation in the tumor
in addition to the recruitment of EPCs. Indeed, the contribution of EPCs to tumor angiogenesis is an area
of much contention.

Twisting to metastasis
We still do not understand how a primary tumor gains the
ability to become invasive and metastatic. Does this process
require genetic alterations beyond changes in the five
pathways mentioned before? Or are there other
mechanisms involved?

In the many steps required for metastasis, often called the
“invasion-metastasis cascade”, cells from the primary tumor
must first become locally invasive, enter and move through
the bloodstream to distant tissues, escape from the blood
into the tissue, form a “micrometastasis” and finally become
a macrometastasis and colonize the tissue.

Metastases are responsible for 90% of cancer-associated
deaths. In the case of breast cancer, about 30% of women
at the moment of diagnosis already have hundreds, perhaps
thousands of micrometastases throughout their bodies, but
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Figure 2
Twist in Drosophila before
gastrulation.
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only half of these will develop metastatic
disease, which indicates that the last step of
the cascade occurs with low efficiency. The
biological complexity of this process might also
suggest that these steps require genetic
changes as complex as those needed to form
a primary tumor. But is that actually the case?

One particular gene, Twist, is the second most
overexpressed gene in a population of
metastatic mouse breast cancer cells that were
studied. Drosophila geneticists know Twist as
a gene that is needed for the introgression of
cells from the epithelial lining of the ectoderm
in the early embryo, resulting in the formation
of the mesoderm and endoderm. Epithelial cells are bound by tight junctions and can’t move. The resulting
mesenchymal cells leaving the ectoderm, on the other hand, are motile and invasive. The transformation from
one cell type to the other requires a profound change in the cell biology of the cells and is known as an epithelial-
mesenchymal transition, or EMT. 

If Twist is expressed in Maden-Darby canine kidney cells (MDCK) or human mammary epithelial cells, the
cells stop forming the characteristic cobblestone monolayers and instead take on the appearance 
of fibroblasts. They also shut down the expression of certain epithelial markers, such as E-cadherin and 
$-catenin, and to a lesser extent ß-catenin. They instead express mesenchymal markers such as vimentin
and fibronectin, and become motile and invasive. What’s interesting is that these changes associated 
with an EMT happen without any other genetic alterations3. Rather, it seems that the cells are becoming
transformed because of signals they’re receiving from their microenvironment, perhaps from the tumor-
associated stroma. 

In highly metastatic mouse breast cancer cells, if Twist expression is suppressed with RNA interference, the
cells continue to proliferate and form tumors, but they lose about 85% of their ability to metastasize. Those
few metastases that do form derive from primary tumor cells in which Twist has never been successfully
suppressed. These observations suggest that Twist expression is necessary – but perhaps not sufficient –for
the invasion-metastasis cascade. 

How many steps of the cascade can transcription factors like Twist induce? It’s possible that they induce
all the steps through the formation of a micrometastasis, but not the last step – the colonization that leads
to the formation of a macrometastasis.

Cross talk
Twist is not the only embryonic transcription factor with a role in metastasis. Some of the other transcription 
factors that might play a role are Goosecoid, Slug and Forkhead or FOXC2. It is possible that different 
subtypes of cancer cells upregulate combinations of these transcription factors in order to acquire the 
ability to metastasize. Each of these factors seems to be required for metastasis, but it has not yet been
possible to show that any of them alone is sufficient. 

For example, Slug is expressed in transformed human melanocytes. Unlike many other cell types, melanocytes
that have been transformed to a tumorigenic state show a remarkably ability to invade and metastasize. 
In embryonic development, Slug’s role is to induce the cells from the embryonic neural crest to emigrate 
to various parts of the body. This same behavior might be preserved in these melanocytes that resurrect
Slug expression and metastasize. Blocking the expression of Slug with RNA interference suppressed the

Figure 3
Twist induces an epithelial-
mesenchymal transition 
in MDCK cells.



ability of the melanocytes to metasta-
size by almost 90%4.

Interestingly, the various embryonic
transcription factors implicated in
metastasis talk to one another.

For instance, Ras, Twist and Snail can
all turn on FOXC2; Twist turns on Slug.
Since FOXC2 is not very efficient at
shutting down epithelial markers, it’s
possible, for example, that Twist shuts
down epithelial markers and FOXC2
induces mesenchymal markers. 

In conclusion, it seems clear that the
activation of these early embryonic
transcription factors is not the result of
a genetic change in the primary tumor

cells. Instead, cancer cells make opportunistic use of latent early embryonic programs to gain the ability to
invade and metastasize. This process is likely to be induced by signals, still to be identified, released by cells
in the tumor-associated stroma. It may be that some tumor cells are genetically equipped to respond to these
signals and they are the ones that can become invasive. 

Figure 4
Twist is essential for 4T1
tumors to metastasize
from the mammary gland
to the lung.
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The cancer stem cell theory proposes that tumors have a small subset of cells that can sustain the
tumor and give rise to metastasis. Like immune cells, cancer stem cells may be recruited into a site
of injury and contribute to tumor development. The association of neoplasia with chronic
inflammation, which has been shown to mobilize progenitor cells into the circulation, raises questions
as to the role of bone marrow-derived cells in gastric cancers. In a mouse model where infection
with Helicobacter promotes gastric cancer, bone marrow-derived cells appear to be recruited into
the gut after the gut’s own stem cell niche has failed in some way. Timothy C. Wang suggested that
these bone marrow-derived cells might set up an abnormal stem cell niche and contribute to the
development of cancer. 

The link between chronic inflammation and cancer is poorly understood. In the classical model, inflammation
and hypoxia lead to oxidative stress and the destruction and regeneration of tissues. The increased rate of
proliferation raises the possibility of mutations in tissue stem cells, which are thought to give rise to most
epithelial cancers. This process has
generally been thought to promote tumors
rather than trigger them in the first place. 

The classical model dates back to Waldeyer,
who in 1865 said that carcinomas are
derived primarily from epithelial cells. 
His account is still found in oncology 
and pathology textbooks. In the 1870s,
Virchow suggested that tumors arise from
undifferentiated connective tissue cells.
Connheim later proposed that tumors are
derived from so-called “embryonal cell
rests,” the stem cell theory that is now
regarded as a possibility.

The cancer stem cell theory supposes that
within tumors, there is a small population,
maybe one cell in 10,000 or 100,000, that can
sustain the tumor and give rise to
metastases. Clinically, this could explain why
some tumors recur after chemotherapy. 

In recent years, the focus has been on tissue-specific stem cells, which are long-lived and have many of the
programs needed for self-renewal. However, bone-marrow derived cells (BMDCs), which are frequently recruited
to sites of tissue injury and inflammation, are another possible source of malignancy. 

Helicobacter pylori, 
stem cells and gastric cancer 

A report on a lecture by
Timothy C. Wang
Columbia University Medical Center, New York, United States

Figure 1
Bone-marrow derived
cells stained with 
%-galactosidase (green)
and cytokeratin or CD45
(merge yellow).



Few studies have directly examined where epithelial cancers, such as gastric cancer, originate. Scientists
first detected gastric bacteria in the 19th century but dismissed it, thinking that stomach acids must destroy
all bacteria. Even in the 1980s, when Barry Marshall and Robin Warren famously isolated and cultured
Helicobacter pylori, most scientists were skeptical that bacteria could be responsible for commonly 
studies gastric diseases.

But H. pylori is now recognized as the major risk factor for stomach cancer, the second leading cause of
cancer-related mortality in the world. The International Agency for Research on Cancer, a division of the
World Health Organization, has classified H. pylori a type 1 carcinogen, which is able to both initiate and 
promote cancer. In truth, however, endogenous carcinogens probably cause the oncogenic mutations, and
inflammation stimulates their growth through a variety of processes. 

Even before the discovery of H. pylori, many pathologists recognized that the gastric cancer develops through
stages of chronic gastritis and chronic inflammation, gastric atrophy, which is the loss of differentiated cells,
intestinal metaplasia and dysplasia. 

This progression is both initiated and promoted by H. pylori but only about 1-3% of individuals infected with H.
pylori progress to gastric cancer, suggesting that infection on its own cannot cause cancer. 

Polarized immunity
In the study of gastric cancer, the H. felis/C57BL/6 mouse model recapitulates many of the features of the
human disease. Inoculated with H. felis, a close relative of H. pylori, bacteria colonize the antral glands of
the mice within one week and the fundic glands within four weeks. Acute and chronic inflammation also

develop, leading to a number of changes in
the gastric mucosa. By 22 months, most of
the mice develop antral tumors, eventually
leading to death. 

Despite the fact that gastric cancer is driven
by infection, evidence indicates that the
host’s immune response drives cancer
development. Immunodeficient mice – for
example, those that lack T-cells – show
higher levels of bacterial colonization, but
are protected from cancer.

One of the first consequences of infection is
early infiltration by macrophages. The bacteria
activate the innate immune system, primarily
through TLR-2, leading to increased NF-!B
signaling in myeloid cells. Isolated LPS from

H. pylori also appears to weakly activate TLR-4 on gastric epithelial cells, but the myeloid response is likely to
be more important. 

Culturing H. pylori with human monocytes quickly increases levels of various interleukins, including IL-1, 
IL-6, IL-1% and IL-8. Studies have shown that this response is mediated through TLR-21.

In terms of adaptive immunity, infected mice develop Th1-polarized responses. Deleting Th1 cytokines such
as interferon-$ completely protects against cancer, whereas knocking out Th2 cytokines such as IL-10 
exacerbates atrophic gastritis.

In some African countries, about 90% of the population is infected with H. pylori, but gastric cancer is relatively
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Figure 2
Engraftment of bone-
marrow derived cells 
16 weeks after infection
with H. felis.
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rare. One potential explanation for this is that another type of infection can modulate the immune response,
thereby reducing the risk of gastric cancer2.

If that’s the case, coinfection with a helminth or other interventions that shift the immune system toward
a Th2 response should inhibit cancer development. Indeed, infecting the mice with the parasite results 
in decreased levels of interferon-$, TNF-" and IL-1% and increases the levels of IL-4 and IL-10. Coinfection
completely inhibits the development of gastric cancer, again suggesting that the Th1/Th2 paradigm is very
important in cancer development.

Genetic game
There’s good data from a number of labs that in people, the risk of gastric cancer with H. pylori infection
depends on the genetic profile of pro-inflammatory genes. There are a number of single nucleotide
polymorphisms (SNPs) that appear to directly influence the magnitude of cytokine response. For example,
some SNPs in IL1-% and IL-1RN genes map with gastric cancer in familial clusters of the disease3.

With just the IL-1% variants, the increase in risk is 3- to 5-fold. But if the profile is extended to other cytokines
such as TNF-" and IL-10, a total of 4 pro-inflammatory polymorphisms can increase the risk as high as 
27-fold. But the inflammatory response only causes gastric cancer in the setting of bacterial infection.

IL-1% is thought to be important for the development of gastric cancer. To test its exact role, the researchers
developed an IL-1% transgene, expressing it downstream of the H/K-ATPase promoter. Mice that express
high levels of IL-1% progress rapidly through atrophy, metaplasia and cancer over more than a year. This
shows that overexpressing a single pro-inflammatory cytokine can drive cancer formation. 

Interestingly these mice have large spleens with larger numbers of activated T-and NK cells, macrophages
and stromal cells and higher circulating levels of IL-6 and TNF-". They also have higher levels of COX-2,
VEGF, and MMP-9. 

In all of the mice models, gastric cancer is
preceded by a wave of apoptosis followed by
a burst of increased proliferation and the
development of a type of metaplasia, dubbed
Spasmodic Polypeptide Expressing Metaplasia
or SPEM. These changes appear only after the
apoptosis extends deep into the gastric
progenitor zone, suggesting that the stem cell
compartment there is either depleted or fails
in some way. 

In response to H. pylori infection, there is a
marked increase in large, foaming mucus-
type cells, which take over almost the entire
glands. Laser-capture microdissection of
these cells found transcripts not expressed
in the normal stomach – for example Xist, which is absent from the adult animal, except possibly a few bone
marrow stem cells. 

So where do these gastric cells come from?

The source of sickness

Figure 3
Gastric dysplasia and
cancer arise from bone
marrow-derived cells.



In recent years, there have
been a number of studies
suggesting that adult stem
cells, such as bone 
marrow-derived cells, can
transdifferentiate into many
different types of cells. Like
lymphocytes, these cells
are thought to mobilize in
response to injury or stress.
They might home to areas of
tissue damage as a second
line of defense when there
are problems with healing. 

In a mouse model of the
disease, few BMDCs engraft
into the stomach with just
irradiation and no other
injury. In a peptic ulcer

model with cryoinjury or acetic acid, or with acute H. felis infection for four weeks, there is still no engraftment.
But with chronic H. felis infection, BMDCs begin to engraft and the number increases linearly over the course
of the year.

After sixteen weeks of H. felis infection, BMDCs begin invading the stomach and express cytokeratins (K19)
and TFF2. Around thirty weeks, when you begin to see the so-called SPEM, BMDCs begin to take over the
glands. Over time, the whole gland is taken over by the BMDCs, as seen by both X-gal staining and by
immunocytochemistry. At late time points, high grade dysplasia and cancer develop, and all of the cancer
is derived from BMDCs4.

In the researchers’ model, cytokines increase the levels of circulating progenitor cells. At the same time,
there is apoptosis of gastric progenitor cells. The BMDCs engraft into the stomach and set up an abnormal
stem cell niche. The cells could then lose growth control, progressing into metaplasia and then dysplasia5.
There is no evidence that the BMDCs fuse with the epithelial cells.

These mice develop cancer at twenty-two months. Given within six months, antibiotics relieve the inflammation,
eliminate the bacteria and prevent 100% of the cancers. Even at twelve months, when there is a high rate
of dysplasia, antibiotics can prevent 70% of the tumors6. Antibiotics also appear to eliminate most, though
not all, of the engrafted cells. Presumably if you turn off the inflammatory signal, the cells either disappear
or remain but stop growing. 

Few studies have examined what happens in people. But in one study with six patients, BMDCs appear to 
contribute to about 5% of the tumor endothelium, although not to the tumor itself. 

The researchers postulate that the cancer arises from a type of mesenchymal stem cells. These cells stimulate
the expression of genes such as K19 and TFF2, whereas hematopoietic stem cells cannot. The cells can also
take on a metaplastic phenotype and can differentiate into adipocytes, and osteocytes. Injected into the stomach,
they give rise to both stromal cells and gastric epithelial cells. Based on studies suggesting that they are
more easily transformed by oncogenes, they seem to be excellent candidates for cancer stem cells. 

Overall, the findings suggest that epithelial cancers can originate from marrow-derived sources, and this
model of cancer may help account for many unexplained features of carcinogenesis. 

Figure 4
Proposed mechanism 
for bone-marrow derived
cells’ role in stroma. 
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The NF-!B pathway is extremely complex. It is implicated in many different processes and has to be complex
because it often regulates genes that should not be made in a sustained fashion. Many other pathways may
also have this level of complexity. But how can a single transcription factor such as NF-!B orchestrate intricate
processes such as the inflammatory response? Because the system is so complex and rich, understanding
it requires detailed investigation. Each gene induced by NF-!B involves feedback, feed forward, specificity
of DNA sequence, the availability of transcriptional coactivators, secondary modifications and perhaps other
levels of control. David Baltimore discussed the elements of the NF-!B system, the multiplicity of proteins
and the various levels of control on this complex system.

The eukaryotic transcription factor NF-!B has multiple functions in the body, forming networks of interactions
that confound simple interpretation. Because of the number of systems and cell types involved, identifying
cause and effect through NF-!B is extremely difficult. 

NF-!B sits in the cytoplasm of cells, bound to a family of inhibitors called I!B. In that form, NF-!B is thought
to be inactive. To activate the transcription factor, the IKK complex of kinases phosphorylates I!B, leading
to its eventual degradation, and the release of NF-!B, which shuttles into the nucleus.

NF-!B may have as many as 1,000 target genes, which are involved in many processes, including apoptosis
and anti-apoptosis, inflammation and response to infection, growth and proliferation, and specialized roles
such as the plasticity of neurons.

There are nine genes in the NF-!B system. Three genes make the inhibitory subunits, I!B-", I!B-# and
I!B-$. One gene codes for a coactivator, bcl-3, which binds to NF-!B and activates transcription.

Of the four genes involved in making
NF-!B subunits, crel and rela make
the large subunit with p65 and cRel
proteins, and the NF-!B1 and NF-!B2
genes make the small subunit with the
p50 and p52 proteins. The NF-!B
subunits can form either homodimers,
or heterodimers with a large subunit
and a small subunit. 

Controlled knockouts can prove the
involvement of NF-!B in a particular
process but often cannot pinpoint the
mechanism or clarify whether the
effect is direct or indirect. NF-!B is
known to mediate inflammatory
responses, which are thought to be

NF-!B and inflammation

A report on a lecture by
David Baltimore
California Institute of Technology, Pasadena, California, United States

Figure 1
NF-!B: a pleiotropic
regulator of gene
expression.



involved both in the induction and the maintenance of cancer. It is also implicated in diseases of the liver,
skin and brain and has been known to be constitutively active in B-cell tumors, although the reason for that
is unclear. 

Although NF-!B is primarily a transcription factor, it may have other functions. It is involved both in slow
processes that take many hours and fast processes that take minutes. It plays a role in carcinogenesis, but
is activated through many pathways, involving both positive and negative feedback regulators. Other
transcription factors can also affect whether NF-!B is fulfilling its role. 

NF-!B can be involved in cancer in many ways. For instance, v-Rel, the first form of NF-!B discovered, is 
an oncogene. Normal NF-!B promotes cell growth and because it induces anti-apoptotic genes, can be
oncogenic. 

Variable kinetics
Mouse genetics can help study the NF-!B pathway and the role of its individual components. Knockouts
that lack one or more of NF-!B subunits reveal the specificity of the subunits, for example. 

NF-!B activation occurs through three pathways important for signaling inflammatory responses: Tumor
Necrosis Factor-" (TNF-"), LPS and Interleukin-1(IL-1). There are a myriad of other activators, each one
with its dedicated signal transduction system. 

In the absence of any of these activators, there is very little NF-!B in cell nuclei. But with the induction of
TNF-", the nucleus contains NF-!B in a very short time, correlating with the degradation of all three I!B
inhibitors. 

I!B-" – but not the other isoforms – is resynthesized because it is under feedback control. NF-!B activates
the I!B gene, making more I!B-". That overwhelms the degradation system, which in turn once again represses
NF-!B, removing it from the nucleus. The process occurs in one big oscillation, followed by a series of smaller
ones. Activation by IL-1 is very similar1.

Interestingly, NF-!B activation by LPS doesn’t show the same kinetics. With LPS, there’s a slower induction
to a very high level of NF-!B and slower degradation of the inhibitors2.

By microarray analysis, the genes induced by TNF include those involved in anti-and pro-apoptosis,
inflammation, innate immunity, adoptive immunity and growth control genes.

Each gene is induced with a different
kinetics. For instance, after adding TNF, the
MIP-2 gene peaks within thirty minutes,
then falls off rapidly. The IP-10 gene is
induced more slowly, stays up over a
longer time, and finally comes down;
RANTES is induced very slowly, over about
four hours, but then stays on for a very long
time. This process is NF-!B dependent but
does not require new protein systhesis. 

There are different pathways of activation,
different inducers, and secondary
modifications such as phosphorylation and
ubiquitination that could be important.
There is also specificity at the level of cells.
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Figure 2
NF-!B-dependent genes 
are induced by TNF-"
with different kinetics.
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The four NF-!B subunits show some specificity also. Some genes are activated by one subunit, some by
another, and others only by a heterodimer, for instance. There’s also specificity at the level of the sequence
of the binding site. The specific sequences are critically important to a given gene’s response. 

The four NF-!B subunits bind in various complexes to sequences that are defined by the consensus sequence
GGRNNNYCC, which has few defined nucleotides. But different genes require specific subunits.

The MCP-1 gene, for instance, is very permissive and needs one large subunit and no small subunit. The
LIF gene is just the opposite, and only works with a p50/p65 combination3.

The specificity is determined by the sequence of the NF-!B binding site, and these sequences are strongly
conserved between species4. For instance, if the binding sequence of the IP-10 gene is inserted into the
permissive MCP-1 gene, the MCP-1 gene takes on the properties of the IP-10 gene. 

The difference between the two sequences is a single nucleotide. With this difference, a homodimer will
still bind to the gene, but it just won’t transcribe the gene. Inducing with LPS rather than with TNF, however
will transcribe the gene. This is because LPS induction involves IRF-3. Adding in IRF-3, which functions as
a coactivator, eliminates the specificity. 

The role of RelB
The protein RelB is a key part of the NF-!B pathway and is made by one of the nine central genes in this 
system. RelB was originally characterized as both a positive and negative regulator. 

Knocking out RelB creates multiple problems and is ultimately lethal. Given a sublethal endotoxic shock, 
wildtype animals recover, but the RelB
knockout animals die in a few days. If there
is an infection, the animals over-respond to
it and die, suggesting that there is an
unregulated immune activation. In a really
clean animal room, however, which has only
been possible at Caltech, the animals live
comfortably for a very long time, meaning
that RelB is not intrinsically lethal. 

In the RelB knock out animals, deleting 
NF-!B1, which makes the small subunit, 
is lethal. Knocking out NF-!B2 is less
serious. That suggests that NF-!B1 is
somehow involved, perhaps as a complex
with RelB. 

RelB and NF-!B1, or p50, might be critical for post-induction repression of genes that are induced by TNF-"
through NF-!B. One of those genes is TNF itself in an autoregulatory form. Inducing fibroblasts through
TNF results in a 40-fold induction of TNF, which then falls away in a couple of hours. 

But with a mutation in the RelB gene, TNF expression is extended, suggesting that RelB is perhaps involved
in repression, although not central to it. Knocking out the p50 gene also results in an over-production of TNF.
Knocking out both RelB and p50 magnifies this effect even more. These observations are consistent with the
idea that RelB and p50 are involved in post-induction repression, probably separately as well as together. 

The MIP-2 gene in contrast shows a different pattern. MIP-2 is absolutely dependent on RelB and only 
partially dependent on p50. But knocking out both RelB and p50 again gives a huge over-production of MIP-

Figure 3
RelB and p50 are critical 
for post-induction
repression of early genes.



2. The animals die of endotoxic shock because
they are unable to repress the genes that
they’ve induced. 

RelB is present in cells at very low levels, but
is made when NF-!B is induced. It binds to the
same sorts of sequences that NF-!B does and
has the same basic structure of the binding
region. On some promoters, RelB competes
with NF-!B. 

For example, there’s no p65 on MIP-2 before
induction. Within thirty minutes of 
induction, p65 is evident on the gene and then
it goes away. The IP-10 gene gives a similar
picture, except that p65 takes longer to come
off in its case.

With RelB, the situation is the exact opposite. It is on the gene before induction, which was a big surprise
as there isn’t a lot of RelB in the cells. It disappears after induction, when p65 binds. By four hours, a lot
more RelB is induced and it appears back on the gene as p65 disappears. In RelB-deficient cells, where
RelB doesn’t replace p65, you don’t get repression of the genes after induction. 

This interplay between RelB and p65 is just one of the ways that maintains this complex system. Understanding
how NF-!B regulates intricate mechanisms will require uncovering of many such levels of control. 
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Aberrant activation of the NF-!B pathway has been reported in numerous cancers. But there is little 
evidence to demonstrate NF-!B’s precise role in initiating and promoting cancers. Recent studies
have explored the role of NF-!B in inflammation-induced cancer, but focused on the early stages of
tumorigenesis. In the Mdr2 model of hepatocellular carcinoma, the effect of blocking NF-!B is mostly
important  at  the 
promotion phase and not the initiation phase of the experimental model. Inhibiting NF-!B would be
an attractive option for preventing inflammation-induced cancer, but in some of cases, NF-!B inhibition
actually induces tumorigenesis. Yinon Ben Neriah compared data from four different models of
h e p a t o c e l l u l a r
carcinoma to pinpoint the role of NF-!B in promoting tumorigenesis.

Hepatocellular carcinoma (HCC) is a useful model to study the molecular evolution of cancer, particularly
in the early stages. Unlike in colorectal cancer, the initiating event in HCC is unknown, possibly triggered
by inflammation-associated reactive oxygen species, or liver-specific carcinogenic metabolites. But evidence
that carcinogens such as aflatoxin and free radicals damage DNA is based primarily on in vitro studies. 

More interesting is the process of tumor promotion, in which inflammation plays a role. In colorectal cancer,
the gate to cancer opened by an APC deletion is only transient (see Clevers, page 13). If it’s not immediately
supported or nourished by something that promotes tumors, mostly unknown for colorectal cancer, it very
quickly closes. 

In HCC, in contrast, tumor promotion is likely
a continuous process. Initiating mutations,
which would 
otherwise be eliminated by apoptosis, thrive
in the background of hepatitis, which appears
to fulfil the 
background function of a tumor promoter. 

HCC is one of the better-studied cases of
inflammation-associated cancer. Once it is
established, it’s difficult to treat and has a
dismal prognosis. Although it is not common
in Western countries, it is one of the most
common malignancies elsewhere, and the third
leading cause of cancer mortality worldwide. 

In the Mdr2 mouse model of HCC, mice lack the
liver-specific P-glycoprotein responsible for
phospholipid transport across the canalicular
membrane. Mdr2 knockouts develop chemical

NF-!B inhibition: is it a 
double-edged sword in cancer?

A report on a lecture by
Yinon Ben Neriah
The Hebrew University-Hadassah Medical School, Jerusalem, Israel

Figure 1
Progression of
hepatocarcinogenesis 
in Mdr2 -/- mice.



inflammation of the biliary ducts, followed by portal inflammation, and slowly acquire HCC, which mimics the
human disease. 

At three months, the liver is already enlarged. At 10 months, tumors are visible even from the outside and
by 16 months, tumors take up most of the liver volume. There are signs of inflammation two weeks after
birth. At 10 weeks, the liver is full of inflammatory cells, especially neutrophils. 

At four months, there is a pre-malignant state called dysplasia, where the liver loses its architecture and
looks abnormal. This is followed by adenoma and the presence of dysplastic nodules in the liver. At 10 months,
75% of animals have HCC and by 22 months, there are lung metastases. 

Promoting tumors
Tumor Necrosis Factor (TNF) is a major player in the inflammatory process leading up to HCC. In the pre-
malignant state, before the tumors emerge, there is an up-regulation of TNF in the mouse parenchyma. 

NF-!B activation is patchy in the liver, but is concentrated in those areas where TNF is clearly expressed.
There appears to be a paracrine relationship between TNF and NF-!B activation. Injecting mice with anti-TNF
antibodies is an effective short-term way to suppress NF-!B activation. 

A Doxycycline-controlled model can also manipulate NF-!B activation. This is an inducible system, and
Doxycycline can switch the transgene on or off at any time. Doxycycline induces the I!B transgene in the
liver, leading to the inhibition of NF-!B activation1.

Suppressing NF-!B with the transgene doesn’t affect the inflammatory process. There is no difference between
the mice that can activate NF-!B in the liver and the hybrid mice, in which the transgene suppresses NF-!B
activation. NF-!B inhibition also has no effect on dysplasia, or the early stage of the disease. 

But at later stages, at about 10 months, there is a dramatic effect of NF-!B suppression. 

At 10 months, Mdr2 knockout mice have huge livers, some times five times as big as the wild type mice,
and tumors cover about a third of the liver. In mice expressing the transgene, the liver is smaller than in
the knockout mice, although not as small as wild type. Interestingly, although the livers are bigger than
wild type, the mice have very few tumors. 

If the transgene is switched off at seven months of age, NF-!B is activated. When these mice are 10 months 
old – that is, mice in which NF-!B is suppressed for seven months and then activated for three months – 

the liver is indistinguishable from the
Mdr2 knockout mice. Opening the window
for three months is sufficient to allow the
tumors to grow, indicating that NF-!B
plays a role in tumor promotion.

Opposing effects
NF-!B is a known to be a good anti-
apoptotic inducer. In wild type mice,
there’s very little apoptosis in the liver. In
the Mdr2 knockouts, the extensive
hepatitis results in considerable apoptosis.

In the hybrid mice, in which NF-!B is 
suppressed, there’s at least three-fold more
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Figure 2
NF-!B is necessary 
for tumor promotion 
in Mdr2 -/- mice 
(10 months).
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apoptosis in the liver than in the knockout mice. This extensive apoptosis in the hybrid mice might be responsible
for the reduction in tumor volume and tumor number. 

But apoptosis may not be the only effect of NF-!B
suppression. Liver cells in wild type mice don’t
express detectable levels of c-Jun. But when the
mice are injected with TNF, c-Jun is expressed in
the nuclei. 

In the Mdr2 knockouts, many cells express c-Jun.
Injecting the knockouts with anti-TNF antibody 
suppresses c-Jun expression. So TNF-" induces
both NF-!B and c-Jun and protects the transformed
hepatocytes from apoptosis. The role of Jun and Jnk
in HCC requires further investigation.

In chronic hepatitis, TNF activates NF-!B. When
there is genotoxic stress, some cells undergo 
transformation, and need the protective effect of NF-
!B for survival. In the presence of NF-!B, they
produce tumors. In the absence of TNF or NF-!B,
they undergo apoptosis and arrest tumor growth2.

In the pre-malignant early stage, suppressing either TNF or NF-!B may be enough to stop cancer 
progression and turn it into a chronic disease3. Although NF-!B inhibition is an attractive mode 
for preventing inflammation-induced cancer, 
several studies suggest that in some cases, NF-!B inhibition may actually induce tumorigenesis4.

NF-!B inhibition has very different effects in different HCC models. In the Mdr2 knockout model, it results in
fewer tumors. In a model using the carcinogen diethyl nitrosamine (DEN), which inhibits NF-!B, there are more
tumors (see Karin, page 39). The Mdr2 model may be a better representative of human hepatitis, whereas the
DEN model resembles a more acute carcinogen exposure such as carbon tetrachloride intoxication. 

A third model uses a choline-deficient diet (CDE) supplemented with a carcinogen. Preliminary evidence
suggests that suppressing NF-!B in this model gives three times as many tumors.

Variable models
The differences between the three models may in part be because of the distinction between acute and chronic
inflammation. With acute injury, there’s necrosis, inflammation and reactive proliferation as seen 
in hepatitis A. Hepatitis B and C, in contrast, are chronic diseases which show repeated injury leading to
chronic inflammation, cirrhosis – which is never observed in hepatitis A – and, finally, HCC.

The models show differences in the effects of inflammation in the liver. There are also differences in NF-
!B activation. 

In the Mdr2 knockouts, NF-!B activation is seen all through, although it is patchy. In the DEN model,
NF-!B is activated within 24 hours, peaking between 24 and 48 hours, but after five days, NF-!B activation
disappears. 

In the DEN model, inhibiting NF-!B with a transgene increases apoptosis at 24 hours and 48 hours. But if TNF
is given at the same time as DEN, there is less apoptosis, presumably because TNF induces NF-!B. 

The kinetics of induction also distinguishes the models. In Mdr2 mice, c-Jun, p65 and apoptosis are on all

Figure 3
Time-resolved events 
in the three models of
hepatocellular carcinoma.



the time. In DEN, there is a surge of both c-
Jun, p65 and apoptosis, all of which fade after
48 hours. In the CDE model, there is very little
p65 activation, c-Jun levels are high, and the
levels of apoptosis are intermediate between
those seen in the Mdr2 and DEN models.

In the Mdr2 model, the effect of blocking 
NF-!B is mostly important at the promotion
phase and not at the initiation phase. In
contrast, NF-!B activation in the DEN model
is limited to the acute injury phase. Blocking 
NF-!B at this phase leads to accelerated 
apoptosis and compensatory hyper-proliferation
of the hepatocytes5.

In the fourth mouse model, IKK2 is constitutively
expressed in the liver. These mice show a low

degree of NF-!B activation and minimal inflammation. Even nine months after the moderate activation with
NF-!B, however, there are no tumors in the mice. This suggests that NF-!B activation may be necessary to
induce tumors, but is not enough on its own. 

At 10 months, 5% of the transgenic mice in which NF-!B is suppressed have tumors, compared with 25% 
in the knockouts – a 5-fold difference. But at 16 months, the transgenic mice start to catch up, and there
is only a 2.5-fold difference between the transgenics and the knockouts. 

Tumors evolve in certain ways in the face of NF-!B inhibition. At 16 months, some of the tumors have stopped
expressing the transgene and have regained normal NF-!B activity. Among the tumors that still express
the transgene, a p53 gain-of-function mutation has an anti-apoptotic effect. 

The overall hypothesis is that inflammation induces growth factors, triggering proliferation. This proliferation 
must be supported by suppressing apoptosis, which is the major function of TNF. Carcinogens also play a
role in this process. 

Carcinogens and c-Jun suppress p53, leading to an inhibition of apoptosis, which is good for the tumor. 
If NF-!B is suppressed either with a transgene or by a drug, p53 might acquire a gain-of-function mutation,
suppressing apoptosis and fulfilling the role of NF-!B. 

Either NF-!B or the p53 gain-of-function can suppress apoptosis and promote tumor formation, suggesting
that there might be crosstalk between the two systems. This hypothesis is based on the analysis from a 
single tumor and needs to be confirmed. Still, the Mdr2 knockout model provides an excellent opportunity
to identify other alternatives to the tumor pro-survival mechanism of NF-!B, an important issue in designing
tumor prevention and therapy modalities for inflammation-associated cancer. 
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Activation of the transcription factor NF-!B through antigen receptors requires a private pathway
composed of three key molecules, CARD11, Bcl-10 and paracaspase/MALT1. In a surprising twist,
paracaspase, which has a caspase-like domain, turns out to be an E3 ligase. This novel E3 ligase complex
can put on an activating ubiquitin linkage onto NEMO, the regulatory subunit of the IKK complex. This
pathway is recapitulated in MALT lymphomas, either by overexpressing the upstream crosslinker Bcl-
10 or by generating a chimeric protein. The end result is the same: NEMO ubiquitination and constitutive
activation of the NF-!B pathway. Vishva M. Dixit discussed NF-!B activation by antigen receptors and
the biology of MALT lymphomas. 

When antigen receptors, such as the T- or B-cell receptors, are activated, they recruit enormous signaling
complexes. To activate the NF-!B pathway, the signals that emanate from these receptors must traverse a
central conduit. 

The conduit is composed of three adaptor molecules: CARD11, Bcl-10 and paracaspase. The complex of these
three molecules can communicate with NF-!B Essential Modulator or NEMO, the regulatory subunit of the
I!B Kinase (IKK) complex. This leads to the activation of the IKK complex and, eventually, the translocation of
NF!B into the nucleus (see Baltimore, page 27). 

Deleting any of these adaptors in mice compromises NF-!B activation through T- and B-cell receptors, but 
not through TNF or Toll-like receptors1, 2, 3. That suggests that only the antigen receptors use this conduit to 
communicate with the IKK complex.

Intriguingly, the most distal component of the conduit, paracaspase, has homology to caspase molecules. But it
does not have a protease activity that is
necessary for eventual activation of the IKK
complex. So how does it work?

Running an affinity chromatography column
to identify associated molecules reveals that
Bcl-10 binds itself and also binds paracaspase,
NEMO and IKK on activation. This suggests
that Bcl-10 serves as an assembly point,
recruiting the entire downstream complex. 

Unexpectedly, mass spectrometry analysis
also shows two variant E2s – UBC13 and
MMS2 – that exist as a heterodimer. The
variant E2s have previously been known to put
on a ubiquitin polymer with a very unusual
linkage at lysine 63, in contrast with the more
familiar degradative linkage at lysine 48.

Molecular drivers of MALT 
lymphoma

A report on a lecture by
Vishva M. Dixit
Genentech, San Francisco, United States

Figure 1
The CARD11/
Bcl10/Paracaspase
complex.



The activating linkage at lysine 63 has a
prominent role in TRAF-induced NF-!B
signaling and in DNA repair. It also serves
as an activating scaffolding for the
assembly of signaling complexes, because
there are binding motifs that recognize
these variant ubiquitin linkages. 

This suggests a radical hypothesis: that
the conduit is in fact an E3 ligase complex,
with the paracaspase as the putative E3
ligase and NEMO as the substrate for
ubiquitination. 

Although the caspase-like domain in
paracaspase doesn’t resemble an E3, the
carboxy terminus has an immunoglobulin
domain that recruits the E3 domain.
Recently, the Zinc finger motif of A20 has

been shown to be an E3 ligase, suggesting that multiple E3 motifs may exist. 

Finding NEMO
In support of the idea that the complex is an E3 ligase, transfecting Bcl-10 and NEMO results in a substantial
induction of NEMO ubiquitination. Knocking down paracaspase attenuates that effect, suggesting that Bcl-10
requires paracaspase or NEMO ubiquitination. Knocking down the variant E2, in this case UBC13, also considerably
dampens the effect. 

All these observations together support the notion of a novel E3 ligase complex.

In NEMO, the lysine that is ubiquitinated is a highly conserved residue, lysine 399. If this residue is mutated,
ubiquitination of NEMO is substantially attenuated, although not completely eradicated. 

Reconstituting the reaction in vitro with purified components can confirm that this is a novel E3 ligase complex.
Purified E1, E2s, paracaspase – the putative E3 – and other components recapitulate E3 ligase activity in a
test tube. This reaction is dependent on the paracaspase and only ubiquitinates NEMO with an intact lysine
at position 3994.

The reaction also requires the presence of a kosmotrope, a salt that promotes oligomerization. Under normal
salt conditions, there is no evidence of ubiquitination. But adding 1 Molar Sodium Citrate as a kosmotrope
jumpstarts the reaction. 

This suggests that paracaspase perhaps needs to oligomerize in vitro before it can be activated and ubiquitinate
NEMO. Bcl-10 substitutes for the kosmotrope, 1 Molar Sodium Citrate, by providing an oligomerizing function.
But Bcl-10 is dispensable. If you attach a leucine zipper to the paracaspase, allowing it to oligomerize on
its own, it can reconstitute E3 ligase activity and activate NF-!B even in the absence of Bcl-105.

The strange case of lymphomas
MALT lymphomas are solid tumors originating from B cells. It is associated with chronic inflammation and
infection by Helicobacter pylori (see Wang, page 21). The disease is initially dependent on antigen stimulation,
such as H. pylori infection, and in this stage can be eradicated by antibiotic therapy. But at later stages, it becomes
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Figure 2
NEMO is modified 
by polyubiquitination 
at the lysine 399 residue.
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resistant to antibiotic therapy and is no longer dependent on direct antigen stimulation. 

This change is a result of constitutive activation of the NF-!B pathway, which is crucial in promoting the
transformation of cells in lymphoid malignancies. 

There are two translocations that have been associated with this constitutive activation. One is an overexpression
of Bcl-10, when the gene is translocated to the immunoglobulin heavy-chain locus. The second is the generation
of a chimeric protein that involves paracaspase. The latter is more common in MALT lymphomas, but both
are responsible for constitutive NF-!B activation. 

The chimeric protein, called Case-2, is a fusion of the carboxy terminus of paracaspase with the caspase-like
domain, and the amino-terminus of IAP, which has the Zinc-finger BIR repeats, which are capable of oligomerizing.
Although the individual components of the chimera are either poor activators of NF-!B or don’t activate at
all, the whole protein can activate the NF-!B pathway. 

Transfecting Case-2, the chimeric protein, with NEMO shows substantial ubiquitination of NEMO. Truncation
analysis reveals that it’s the first BIR repeat that’s responsible for oligomerization. Case-2 achieves the
requirements for a lymphoma: NEMO ubiquitination and constitutive activation of the NF-!B pathway5.
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A link between inflammation and cancer has been suspected for more than two hundred years, but 
the molecular nature has not yet been defined. The transcription factor NF-!B may be the link between
chronic inflammation and cancer, as NF-!B is activated in response to inflammation and in turn
upregulates expression of anti-apoptotic and growth promoting genes. NF-!B may also be an important
factor in forms of cancer where chronic inflammation or infection do not precede tumor
development. Michael  Karin
presented a model of chemically-induced hepatocellular carcinoma based on exposure of mice to a
complete and potent carcinogen, diethyl nitrosamine. The model reveals that hepatocytes undergoing
necrosis in response to the carcinogen trigger an inflammatory response and that inflammation may
stimulate the growth and progression of
many solid cancers. 

An estimated 15%-20% of human cancer
deaths occur in the context of infection and
inflammation. But inflammation may also
play a role in cancers with no known
underlying inflammatory disease.

NF-!B is the nexus of a major pathway that
links inflammation and cancer. Once activated
by inflammation, NF-!B leads to the
upregulation of a battery of genes that
encode important suppressors of apoptosis,
such as bcl2, which is known to be a major
contributor to cancer. Blocking NF-!B
activity increases the sensitivity of cells to
apoptosis1.

An inflammation-linked cancer, colitis-
associated cancer (CAC), tests the relevance
of this pathway. In mice, the disease can be mimicked by giving a chemical carcinogen, azoxymethane. The
carcinogen alone triggers cancer in some of the mice but combining it with chronic inflammation is more
efficient2.

A conditional knockout of IKK-# in intestinal epithelial cells reduces the tumor load by about 80%. NF-!B
is important in both the intestinal epithelial cells, which give rise to the malignant cancer cells in this model,
and inflammatory cells2. There is an intimate crosstalk between the inflammatory and cancer cells (see
Mantovani and Balkwill, pages 67-71). 

NF-!B activation in inflammatory cells induces pro-inflammatory molecules such as interleukin-6 (IL-6)
and Tumor Necrosis Factor-" (TNF-"), which can stimulate the proliferation of pre-malignant cells. Activation

The IKK complex: providing a link
between inflammation and cancer

A report on a lecture by
Michael Karin
University of California San Diego, La Jolla, United States

Figure 1
Activation of NF-!B can
promote tumor growth 
in different cell types
through distinct target
genes.



of NF-!B within the malignant cells also
upregulates anti-apoptotic genes, endowing the
cells with the ability to survive3. NF-!B thereby
fulfils two of the changes supposedly required to
create cancer. In this case, it regulates growth
factors and survival function, but in two different
cell types2.

What is the role of NF-!B in cancers with no
underlying inflammatory disease? NF-!B is
known to be a potent suppressor of apoptosis
mediated by p53, the guardian of the genome.
The loss of p53 is implicated in many different
cancers. NF-!B upregulation leads to the

suppression of p53-mediated apoptosis and should increase the frequency of cancer.

Complete carcinogen
In a model of hepatocellular carcinoma, the malignancy is elicited by administering a classical chemical
carcinogen Diethylnitrosamine (DEN). Given to two-week-old mice, DEN acts as a complete carcinogen, and
100% of the male mice develop cancer from one dose of the chemical. Females in both mice and humans don’t
develop cancer because of a gender bias with this disease4.

Although DEN can induce mutations, that alone is not enough to cause cancer. DEN also affects signal 
transduction pathways. For example, it results in a rapid and potent activation of IKK in mice within four
hours. This activation is reduced in mice that lack the type 1 TNF receptor, suggesting that IKK activation is dependent
on signaling through TNF-R1. 

DEN is a potent inducer of TNF production in cells that bear monocytic markers, as well as in endothelial
cells. The production of TNF is transient, but because of TNF’s importance, it could play a role in DEN’s
ability to cause cancer.

TNF can promote cell proliferation, trigger cell death in special circumstances, and is a potent inducer 
of inflammation. Eliminating TNF by knocking out either the gene itself or TNF-R1 completely suppresses
its apoptotic response. Apart from IKK activation, which occurs rapidly through TNF-R1, there is also potent
activation of Jun-kinase or JNK. 

The relationship between JNK and IKK in vivo has been a puzzle. Double knockouts of IKK-# and Jnk1 
completely suppress the liver lethality seen around day 13 of development. Around day 14.5, the double
knockouts look indistinguishable from their wildtype counterparts. The mice progress for four more days,
giving a 40% extension of life span, but eventually succumb to liver apoptosis. 

Based on cell culture models, there is also an intimate relationship between NF-!B and JNK. Activation of
NF-!B leads to the suppression of JNK activity. This is through the ability of NF-!B to maintain the activity
of MAP-kinase phosphatases, a subclass of the protein tyrosine phosphatase family, which are involved in
the termination of JNK and MAP-kinase activation.

NF-!B maintains this activity through two mechanisms. It targets MKP3, one of the MAP-kinase phosphatases.
But more important, NF-!B also suppresses the accumulation of reactive oxygen species (ROS). 

These MAP-kinase phosphatases have a reactive cysteine in their catalytic pocket. When they undergo 
rapid oxidation, they lose catalytic activity, leading to sustained, rather than transient, JNK activation and 
induction of cell death. 
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Figure 2
Activation of NF-!B leads 
to the suppression of JNK
activity.
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Prolonged JNK activation alone does not kill cells unless there’s another signal being delivered by the 
TNF-R that’s not IKK- or JNK-dependent. 

Sustained activation of JNK in turn activates an E3 ubiquitin ligase called Itch, which interacts with an apoptosis
inhibitor called FLIP and targets FLIP for degradation through the proteasome. FLIP, which looks and functions
like a pseudo caspase 8, is a specific inhibitor of caspase 8. The degradation of FLIP activates caspase 8,
leading to apoptosis. 

JNK response
JNK inhibitors and Jnk1 knockout behave exactly the opposite as do IKK-# knockouts. Deleting IKK in
hepatocytes greatly increases the susceptibility to liver damage. For example, in the absence of IKK-#, mice
are extremely susceptible to the administration of ConcanavalinA. But JNK1 knockout mice or Itch knockout
mice are resistant to ConA. 

In the cancer model, the prediction was that knocking out IKK-# in hepatocytes should increase the efficiency
of p53-mediated apoptosis in response to a carcinogen, and lead to less cancer. But the loss of IKK-# in
hepatocytes actually results in more cancer with larger tumors, and the mice die faster than the controls4.

Giving DEN to the knockouts induces TNF, leading to JNK activation. Less NF-!B results in more JNK activity,
leading to more cell death. There is also an increase in liver enzymes in the circulation, indicating more
necrosis. So in the absence of IKK-#, there’s both more apoptosis and more necrosis. In the liver, more cell
death leads to more cell proliferation, most of which appears to be compensatory. 

As in cell culture, the absence of IKK-# leads to an accumulation of ROS in the liver. The duration of JNK
activation in IKK-# deficient cells can be altered by giving the cells or mice a potent anti-oxidant such as
Butylated Hdroxy Anesol (BHA). 

In the absence of BHA, the IKK-#
knockouts show prolonged activation of
JNK lasting up to 24 hours. In the presence
of BHA, there’s little effect on the initial
JNK activation, but the prolonged response,
which is most likely due to the inhibition
of MAP-kinase phosphatases, is wiped out. 

More important, this reduces the extent of
liver damage caused by DEN and inhibits
compensatory proliferation. Treatment
with the antioxidant cuts down both tumor
number and tumor size. Experiments
with JNK1 knockout mice show that the
antioxidant effect is through an effect on
JNK4, 5.

Inflammatory origins
What is the contribution of IKK-# in inflammatory cells? The major inflammatory cell in the liver is the Kupffer
cell, which is similar to a macrophage. If IKK-# is deleted only in the hepatocytes, both tumor number and size
go down. If it is also deleted in Kupffer cells and other myeloid cells, there’s a sixteen-fold or more reduction
in tumor load.

Deleting IKK-# in these cells reduces the levels of TNF, especially early on after the injection of DEN. But

Figure 3
The antioxidant 
Butylated Hdroxy 
Anesol decreases 
the incidence
of hepatocellular
carcinoma in Ikk#%hep

mice.



there is a more dramatic reduction in
IL-6 and in the levels of hepatocyte
growth factor (HGF). HGF is produced
by myofibroblasts, called stellate
cells in the liver, which are an
important source of growth factors.
So the end result in less proliferation4.

Giving animals DEN triggers a variety
of responses. Some hepatocytes
undergo DNA damage and acquire
mutations that could be oncogenic.
These cells are mostly in the G0
phase of the cell cycle and don’t 
proliferate. Some hepatocytes die by
apoptosis or necrosis. The necrotic
hepatocytes might eventually lead to
activation of the myeloid Kupffer cells.

Once activated, the macrophages 
produce TNF first, followed by IL-6, which eventually activate the stellate cells, which produce HGF, inducing
the compensatory proliferative response. The cells that acquire the oncogenic mutations get mobilized into
the cell cycle, proliferate and can transmit the mutations to the following generation. In this way, inflammation
in the form of NF-!B activation, macrophage or Kupffer cell activation, is extremely critical in this model
of chemical hepatocarcinogenesis. 

DEN clearly triggers inflammatory signal transduction, without which you get very little cancer. Most solid
cancers probably involve similar type of response.

The model proposes that knocking out NF-!B or IKK-# reduces the threshold for liver-induced damage 
leading to increased compensatory proliferation. This proliferation is key in a non-proliferating tissue such
as the liver, and is probably also important for lung and other cancers.

NF-!B inhibition also increases JNK activation, which is probably required specifically for hepatocyte 
proliferation. JNK activation has also been observed in many liver diseases that begin with liver injury and
oxidative stress. But the model still needs to be confirmed in a human liver. 

42

References
1. Karin M. et al. Nat. Rev.

Cancer 2, 301-310 (2002)

2. Greten F.R. et al. Cell
118, 285-296 (2004)

3. Luo J.L. et al. Cancer
Cell 6, 297-305 (2004)

4. Maeda S. et al. Cell 121,
977-990 (2005)

5. Greten F.R. and Karin M.
Nat. Rev. Immunol. 10,
749-759 (2005)

Figure 4
Livers from wildtype 
and Jnk1-/- mice eight
months after treatment 
with the carcinogen
Diethylnitrosamine.



43MASTER REGULATOR NF-!B

The NF-!B pathway has been linked to many cancers. The IkB kinases, which regulate NF-!B activation,
appear to be involved in inflammatory responses. However, the kinases may have roles in inflammation
that bypass NF-!B and act through a scaffolding protein that also shuttles between the cytoplasm and
nucleus. Separately, Inder M. Verma also discussed a novel technique that would allow for a gene to
be expressed in only a few cells. The technique uses a lentiviral vector to inject an oncogene or a tumor
suppressor into a specific region. This technology could be helpful in testing whether particular genes
are involved in cancer without having to turn them on or off in the entire tissue. 

NF-!B is a family of transcription factors, each of which is a dimer of two similar or different subunits. Nearly
a third of human cancers are associated with inflammation. Deregulation of the NF-!B pathway is linked
to many of those cancers and with other inflammatory disorders.

Macrophages release the NF-!B cytokines, which can then act on epidermal cells. At the same time, 
NF-!B makes oxygen radicals which can damage these cells. NF-!B is also anti-apoptotic and allows the
further growth of these transformed cells, which by virtue of angiogenic factors and remodeling factors,
migrate into blood. In these ways, the NF-!B pathway encompasses almost all aspects of tumor development. 

Almost all the signals for the NF-!B
pathway, whether driven by Tumor
Necrosis Factor-" (TNF-") or LPS,
are coordinated by the I!B complex.
In resting cells, I!B proteins bind and
inhibit NF-!B. To remove this
inhibition, the I!B proteins must be
phosphorylated by the I!B kinases
(IKK) (see Baltimore, page 27).
Among the I!B kinases are IKK1 and
IKK2 (also referred to as IKK-" and
IKK-#), IKK-&, also referred to as
NEMO (see Dixit, page 35), and a
fourth protein called ELKS.

What role do these kinases play?
Why is there more than one kinase
and how similar or different are
they? Structurally, the kinases
each have a kinase domain, a
leucine zipper, a helix-loop-helix.
NEMO and ELKS also have coiled-
coiled domains. 

NF-!B and beyond 
in inflammation and cancer

A report on a lecture by
Inder M. Verma
The Salk Institute, La Jolla, United States

Figure 1
Deregulation of the NF-!B
pathway is linked to many
cancers and inflammatory
disorders.



Based on data from knockout mice, IKK2 appears to be
involved in inflammatory responses. Mice lacking IKK2
develop massive damage in the liver. In contrast, IKK1
knockouts have an entirely different phenotype. The
deletion affects epidermal cells, the skin, skeleton and
limbs. If both kinases are knocked out, the mice die because
of defects in neural tube formation and other problems.
These observations suggest that the kinases – but perhaps
not NF-!B – are involved in development as early as day
eight or nine. 

The IKK1 knockout has a very interesting phenotype in the
epidermis and displays serious defects in the differentiation
of skin cells. The mice develop limbs, but tight skin prevents

those limbs from emerging. That’s because the basal layers of the epidermis don’t differentiate, leading to
very thick skin. Markers of differentiation, such as filaggrin and keratin, are also not synthesized properly1.

In normal circumstances, the differentiation of skin is an ordered process. There is a defined stem cell population
which makes transit amplifying cells, for example. Blocking that process disrupts the homeostasis of the system
and could lead to skin cancers, such as melanomas, basal cell and squamous cell carcinomas, psoriasis and
other inflammatory skin diseases. 

In IKK1 knockouts, the cells proliferate, don’t differentiate and form tumors. Interestingly, if the mutant cells
are engrafted onto nude mice, they make tumors. In that sense, IKK could be seen as a tumor suppressor.

Beyond NF-!B
Although IKK1 and IKK2 are most often discussed in terms of NF-!B, it’s not clear that I!B-" is the only
target for these kinases. For example, p53 might also be a target for IKK2. 

Based on data from the IKK1 knockout, IKK1 does not appear to be acting through NF-!B. So how is it affecting
keratinocyte differentiation?

These IKK knockout mice are very similar in phenotype to previously established lines called the pupoid
fetus (pf/pf) and the repeated epilation (Er/Er) mutant mice. For example, the Er/Er mice also have limbs

that develop but don’t emerge. Those mice die
just at birth or a few days after2.

These mouse lines don’t have the same gene
defect because the pf and the Er mutations are
on chromosome 4 and IKK1 maps to
chromosome 19. Comparing these mice by
microarray analysis pinpoints several genes, one
of which is 14-3-3', a scaffolding protein3.

The protein is expressed primarily in epithelial
cells. It has multiple isoforms, but 14-3-3' is the
only one present in keratinocytes. It is a
cytoplasmic protein but shuttles to the nucleus.
Functional inactivation of the protein by anti-
sense expression results in continued
proliferation and immortalization of keratinocytes.
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Figure 2
Epidermis differentiation 
is blocked in IKK1-/- mice.

Figure 3
The Skin of Er/Er mice
fails to differentiate.
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14-3-3' is a tumor suppressor and its levels are either significantly reduced or lost in various primary tumor
of epithelial origin, including many breast cancers and hepatocellular carcinomas. 

The protein is strongly induced by ionizing radiation and DNA damage, many of the same things that induce
NF-!B. 

Mutant cells carry a smaller form of the protein, which becomes transdominant and inhibits the function
of keratinocytes. Adding the mutant form of the protein to a wildtype cell blocks differentiation of keratinocytes;
adding the wildtype protein to mutant cells turns on differentiation. 

IKK1 has multiple functions. It is needed for keratinocyte differentiation, B-cell maturation, impaired
proliferation of mammary epithelial cells, and perhaps for the phosphorylation of histones. 

Another possible function might be that IKK1 regulates the function of IKK2. Macrophages in IKK1 knockouts
have enhanced phagocytotic activity and antigen-presentation for T-cell activation. They also show increased
expression of lymphokines and cytokines such as IP-10 and MIP2.

The enhanced NF-!B activation in IKK1-/- macrophages is associated with lower levels of I!B". The proposed
mechanism is that IKK1 increases the phosphorylation of I!B", thereby increasing its degradation and activating
NF-!B. In the absence of IKK1, you see the reverse. There is more activity of the lymphokines and cytokines.
Once inflammation has started, IKK1 might need to resolve it by forming a heterodimer with IKK2, which
shuts off this activity. 

No one has been able to show whether IKK1 and IKK2 form a heterodimer, except in vitro. More experiments
are needed to see how the two interact in vivo. If IKK2 homodimers are active and the heterodimers less
active, by forming heterodimers, IKK1 might be able to depress the activity of the IKK2 homodimers and
thus resolve inflammation.

Targeted tumors
Transgenic studies and knocking out specific genes have shed much light on cancer. But neither recapitulates
a real tumor model because tumors don’t develop from the whole tissue. Only a small subset of cells undergo
stochastic changes and go on to become tumor cells (see Weinberg, page 17).

A novel technique that allows an oncogene or a tumor suppressor to be turned on or off in just a few cells
could overcome this obstacle. The method uses a lentiviral vector which can introduce genes directly into
either dividing or non-dividing cells. 

Can introducing oncogenes into just a few cells lead to tumors? In terms of the NF-!B pathway, for example,
the technique could be used to introduce p65 into
just a few cells and ask whether inflammation
in those cells is responsible for tumors. 

Glioblastoma multiforme is the most malignant
of the primary brain tumors and is almost always
fatal. The mean survival time is less than five
months. Because glioblastoma is a cancer of the
adult brain, the vector needs to be one that works
in non-dividing cells. 

The lentiviral vector has a LoxP site covering the
gene of interest. The recombinase Cre can
directly cleave LoxP, turning on the gene. This
technique allows the gene to be transcribed in

Figure 4
Schematic representation 
of the locations of the
injections of the lentiviral
vector.



the mouse for the rest of its life.
For example, if the #-secretase
enzyme BACE, needed to make
#-amyloid, is introduced into an
Alzheimer’s disease mouse
model, the mice have no plaques
even seven months later. So the
technique could allow for long-
term experiments.

The suspected progenitor cells for
glioblastoma multiforme are in
the sub-ventricular zone, the

hippocampus, where there’s neurogenesis, or the production of new neurons, and the olfactory bulb, which also
has some neurogenesis. The GFAP promoter, which is expressed in neuroprogenitor cells, is only present in
the subventricular zone, the dentate gyrus, which is in the hippocampus, the olfactory bulb and the rostral migratory
stream.

The method can introduce the LoxP lentviral vector with a particular oncogene directly into the dentate gyrus
and the subventricular zone. When the vector is injected into 50 cells, the oncogene is only expressed in
those 50 cells. 

When the vector carries the Ras and Akt oncogenes, cells in the hippocampus make tumors. The mice develop
big heads within 30 to 60 days that are visible even without sacrificing them. The tumors have the same
histology as in humans, with many invading cells and much apoptosis. Within 90 days, 90% of the injected
cells become tumors. Some of them start to migrate and will go on to become metastases.

Based on these observations, glioblastomas appear to originate from neuroprogenitor cells in the subventricular
zone. The tumors appear to be monoclonal but they must be making use of surrounding cells to become
tumors. 

To study this further, the technique can be used to introduce genes easily – through the hepatic artery into
the liver, for example – rather than cross mice over months. The method can also be used to silence genes
using short interfering RNA. 
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Regulated cellular responses are central to host defense and are coordinated by networks in which a
given transcription factor controls a diverse set of target genes. These regulatory networks are critical
for inflammation and immunity as they rapidly alter the expression of relevant genes. A family of nine
transcription factors, the interferon regulatory factors (IRFs), was originally discovered in the context
of type I interferon (IFN-"/#) gene induction. Studies of IRFs have revealed their remarkable functional
diversity in regulating the immune systems. Tadatsugu Taniguchi discussed the critical involvement
of IRFs in the innate and adaptive immune systems and their role as the key regulators of the TLR-
induced immune response. 

Confucius said, “to go beyond is the same as to fall short.” That may also be true in inflammation. Inflammation
is important, but when it’s excessive, it can be very harmful. 

Infection with a virus results in the transcriptional activation of the Interferon-"/# gene (IFN-"/#). IFN transmits
signals via the Jak/Stat and Interferon Regulatory Factor (IRF) pathway. This is a typical cytokine signaling
pathway, where phosphorylation by non-receptor type tyrosine kinases activates an otherwise inert transcription
factor, leading to the induction of target genes. 

One target gene which might be important in IFN’s anti-tumor activity is the p53 tumor suppressor. IFN
induces the expression of p53 mRNA via activation of the ISGF3 transcription factor, which consists of Stat1,
Stat2 and IRF-9. 

In the context of immunity, infection with the vesicular stomatitis virus (VSV) or the Herpes Simplex Virus
(HSV) activates p53. Virus infection induces p53 through the induction of IFN-"/#, resulting in an enhancement 
of apoptosis in the virus-infected cells. This might be crucial for swift elimination of virus-infected cells
and to suppress virus spread.

In the absence of p53, virus-induced apoptosis, which occurs in VSV-infected embryonic fibroblasts, is
consistently suppressed. Mice that lack p53 are
more vulnerable to virus infection compared to wild
type mice. This result shows involvement of p53
in antiviral defense, beyond the context of its anti-
tumor activity.

There is another facet of IFN signaling that isn’t very
well known: there is a constitutive, low level of IFN
production that occurs in a normally growing cell. 

The mechanism for this is unknown but if this
constitutive signaling during cell growth is omitted,
for instance by deleting an IFN receptor
component, then the cells spontaneously
transform and can grow tumors in nude mice.

IRF family transcription factors 
in inflammation and immunity

A report on a lecture by
Tadatsugu Taniguchi
University of Tokyo, Tokyo, Japan

Figure 1
Normal cells produce
constitutive, low levels 
of interferon.



These cells are also particularly susceptible to transformation by the Ras oncogene. 

Whatever the mechanism, the results suggest that constitutive, weak IFN signal is crucial for the maintenance
of homeostatic cell proliferation.

Forceful family
IFN regulatory factors (IRFs) are a family of transcription factors that can bind to the interferon-stimulated
response elements on certain promoters. Despite their name, IRFs have a broader function and also regulate
other cytokines. 

The IRF family has nine members. IRF-1 induces a variety of genes, particularly interesting in the context
of oncogenesis. IRF-1 is also involved in the immune system, and induces IL-15, IL-12 and iNOS. 

IRF-2 acts as a transcriptional attenuator and inhibits over-activation of the IFN signal. In the absence of 
IRF-2, there is excess IFN signaling, and the mice
develop T-cell mediated inflammatory diseases,
such as psoriasis and pancreatitis. 

The closely related IRF-3 and IRF-7 are crucial
for IFN gene induction. These factors both reside
in the cytoplasm but undergo nuclear
translocation upon viral infection. A previously
proposed model for the induction of IFN genes
by these transcription factors in virus-infected
cells suggests that initial IFN gene induction is
mediated mainly by IRF-3. This induction then
enhances IRF-7 gene expression via the IFN-
ISGF3 pathway, further enhancing IFN gene
induction by activating IFN-induced IRF-7.

Knockouts of IRF-3 and IRF-7 help make a
rigorous assessment of this model. The viruses VSV, HSV and encephalomyocarditis virus (ECMV) induce
IFN-"/# mRNAs in mouse embryonic fibroblasts. In the absence of IRF-7, there’s almost no IFN induction.
In the absence of IRF-3, significant mRNA is still induced. 

Consistent with data from the mouse embryo fibroblasts, mice lacking IRF-7 are as sensitive to virus infection
as mice that lack the IFN receptor. In contrast, IRF-3 knockout mice do pretty well, underscoring the role
of IRF-7 as the master regulator of IFN production1. The previous model of IFN gene induction has been
revised, and IRF-7 has been shown to play an essential role together with IRF-3 even at the initial phase of
the gene induction.

In the absence of IRF-7, serum levels of IFN are almost zero and are similar to levels seen in the absence
of IFN receptor. In the absence of MyD88, however, there’s only a small effect on IFN levels. This means
that systematic IFN production is mediated by a pathway distinct from the TLR/MyD88 pathway. 

Interferon enigma
RIG-I, the key molecule to sense virus-derived double-stranded RNA, has an RNA helicase domain. MDA-5
is another pathogen recognition receptor. The virus-derived RNA binds to the helicase domain and sets off
the activation cascade. 

IPS1/MAVS/Cardif/VISA molecules link RIG-I or MDA-5 to TBK1 and IKK-( serine threonine kinase, which
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Figure 2
IRF-3 and IRF-7 induce
interferon by recognizing
different pathogens.
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was found in the context of IFN regulation. TRAF3 might also be involved in this cascade, linking IPS1 and
TBK1. 

This pathway phosphorylates IRF-7 and IRF-3, which undergo nuclear translocation. This is one mechanism
by which innate anti-viral immunity activates the systemic production of IFN.

TLRs or the human Toll-like receptors are key elements that sense microbial products and trigger dendritic
cell (DC) maturation and cytokine production, effectively bridging innate and adaptive immunity. 

TLRs recognize a variety of molecules associated with pathogens, such as DNA, RNA and LPS. This activation
results in innate immunity or inflammation, resulting in the induction of inflammatory cytokines or interferons.
TLRs are also crucial for antigen-presenting cells such as for the maturation of DCs and to evoke T-cell
responses. 

The typical mechanism involves the TRAM/TRIF pathway and MyD88, the adaptor molecules which are crucial
for activating downstream events. The two pathways converge to a certain extent to create an IFN response
and induce other pro-inflammatory cytokines. 

In a particular set of DCs, called
plasmacytoid DCs (pDCs) or IFN-
producing cells, TLR9 and TLR7
subfamilies recognize unmethylated
DNA and single-stranded RNA
respectively. This then induces massive
amounts of IFN-! and IFN-".

The enigma is why these pDCs produce
enormous amounts of IFN and which
IRFs are involved in this TLR-related
signaling pathway. 

In pDCs isolated from mice deficient in
MyD88, the picture looks completely
different. IFN production in pDCs is
MyD88- and IRF-7 dependent. IRF-3 is
not involved.

CpG-A and CpG-B are two types of typical unmethylated oligonucleotides that mimic pathogen-associated DNA
molecules. These two different oligos both activate TLR9 but they evoke different cellular responses. CpG-A is
a strong inducer of IFN-!/" and CpG-B is a strong inducer of pro-inflammatory cytokines such as TNF-!, IL-
6 and others. 

CpG-A induction of IFN production is totally dependent on IRF-7 and on the IFN receptor. In the absence of
the receptor, massive IFN induction doesn’t occur. This is because IRF-7 is a target gene of IFN. Initially,
there is a weak, very low level of IRF-7 induced, and then there’s a positive feedback regulation, which might
be needed for robust immune responses. The low level of IRF-7 induces IFN gene and the IFN induces further
IRF-7. In the absence of this IFN signal, there’s no induction of IFN2.

In the TLR4 pathway, IRF-3 is exclusively involved, but in TLR7 and TLR9 pathways, IRF-7 controls IFN-!/"
gene regulation.

In adaptive immunity, pDC-derived IFN might have a role in the CD8 T-cell response. In the absence of 
IRF-7 or MyD88, there’s no induction of CD8 T-cells when CpG DNA is used as the adjuvant. Also, if pDCs
are deleted by specific antibodies, there’s no CD8 T-cell induction. 

Figure 3
IRF-5 -/- mice show much
larger metastases and die
faster than the wild type
mice, even though NK cells
in the mice look normal.



These results indicate that MyD88/IRF-
7/IFN pathway is crucial for the induction
of CD8 T-cell responses. 

FRET analysis and confocal microscopy
show that IRF-7, not IRF-3, interacts with
MyD88. The current understanding
based on knockouts is that this pathway
is linked to the IRAK pathway. In this
pathway, IRAK-4 activates IRAK-1.
Although IRAK-1 is not required for
inflammatory cytokines, it is crucial for
phosphorylating IRF-7, resulting in the
activation of the IRF-7 pathway. 

Synergistic response
But why do pDCs, and not conventional DCs (cDCs),  produce high amounts 
of IFN-!? There appears to be spatiotemporal regulation of signaling that controls this difference. 

In pDCs, CpG-A, the IFN-inducing oligonucleotide, co-localizes with dextran, the marker for endosomes. CpG-
B, which induces pro-inflammatory cytokines but not much IFN, doesn’t merge with dextran, but instead colocalizes
with the lysosomal tracker.

This suggests that the ligand receptor trafficking is different in the two cell types. In the pDCs, CpG-A remains
in the endosome for a prolonged period, as long as hours, whereas CpG-B moves rapidly to lysosomes. This
special temporal regulation might account for the high level of IFN production in the pDCs. 

In cDCs, both CpG-A and CpG-B undergo lysosomal trafficking. cDCs might fail to produce IFN because
they cannot retain the complex in the endosomal compartment. 

If CpG-A is now manipulated to undergo endosomal trafficking similar to that in pDCs, then cDCs also produce
large amounts of IFN. Manipulating the spatiotemporal regulation essentially converts cDCs to pDCs3.

Another member of the IRF family, IRF-5, appears to be a new, principal downstream regulator of the 
TLR-MyD88 signaling pathway4. In mice lacking IRF-5, TLR9 stimulation suppresses the induction of IL-6,
IL-12 and TNF. IRF-5 together with known NF-#B pathway, is important for pro-inflammatory cytokines. 

In the absence of IRF-5, mice are resistant to LPS- or CpG-induced shock. T-cells and NK cells in these
mice look normal, but the knockout mice show much larger metastases and die faster than the wild type
mice. This could be because the NK cells, although present, are not activated. 

Because IRF-5 only affects the production of IL-6, TNF-! and IL-12, and not IL-10 and other chemokines,
it is a potential target of therapeutic intervention to control harmful immune responses.

IRF-4, another member, also interacts with MyD88, specifically with a region of MyD88 between the Tir and
death domains. IRF-4 and IRF-5 both bind in this region and compete with each other, whereas IRF-7 binds
in the death domain. In IRF-4 knockout mice, cytokine production by the TLR agonists is highly elevated, in
contrast with IRF-5 knockout mice. This is because IRF-4 acts as a negative regulator of IRF-5. 

One of the emerging issues in the TLR field is the synergism between TLRs. Stimulation of TLR9 together
with the stimulation of TLR3 or TLR4 results in synergistic activation of pro-inflammatory cytokine genes,
which might be crucial for effective immune responses. IRF-5 also plays an essential role in the synergistic
activation of these cytokine genes. 

Figure 4
IRF-5 is important 
for regulating 
pro-inflammatory
cytokines, whereas 
IRF-7 controls IFN-!/"
gene regulation.
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Specific genetic loci or whole chromosomes reside in particular locations within the nucleus. Studies
have thus far focused on the inter-relationship between transcriptional activation and subnuclear
localization, but there has been no evidence for direct physical interaction between inter-related genetic
loci on different chromosomes. The chromosome conformation capture technique provides a powerful
tool to study intra- and inter-chromosomal interactions. The technique reveals that loci specific to Th1
and Th2 cells interact in precursor cells, disappearing later in differentiation. The dynamic intra- and
inter-chromosomal interactions between specific genetic loci regulate transcriptional initiation or
silencing of these loci. It is likely that such interactions are a common feature of gene organization.
Richard Flavell addressed these observations and also described the role of TGF-" in preventing the
immune response from rejecting
tumors.

Immune responses are designed for
pathogens, not for tumors. Different
pathogens require different responses.
Depending on the nature of the
pathogen, the immune system relies
on either Th1 or Th2 cells. 

A common precursor differentiates to
these cell types along two or three
pathways, regulated by specific
transcription factors. For instance,
GATA3 is the key factor for the Th2
pathway, and T-bet is key for the Th1
pathway.

The transcription factors have many
targets, but there are three primary loci: the Th2 locus, part of the Th1 locus, which has the interferon-$
(IFN-$) gene, and the lymphotoxin (LT)/Tumor Necrosis Factor (TNF) locus. The IFN-$ gene is in a cluster
that is not very well characterized, although the regulatory elements on these loci have been characterized
using standard techniques such as DNAase hypersensitivity. 

The Th2 locus on chromosome 11 comprises 3 genes, interleukin 4 (IL-4), IL-13 and IL-5. Th2 cells play
a role in getting rid of parasites and in asthma. Various elements control these genes. In particular, the
locus control region is found in the intron of a constitutively expressed gene, rad50, which encodes a DNA
repair enzyme.

The chromosome conformation capture technique (3C) is a relatively new and elegant method that can be
applied to identify intra-chromosomal interactions and reveal how genetic loci are organized in the nucleus.

Interchromosomally regulated gene
expression: a T-cell specific 
phenomenon or a general paradigm
A report on a lecture by
Richard A. Flavell1, 2, Charalampos G. Spilianakis1

1 – Section of Immunobiology, Yale University School of Medicine, New Haven, United States
2 – Howard Hughes Medical Institute, New Haven, United States

Figure 1
The chromosome
conformation capture
technique identifies
intrachromosomal
interactions.



For example, the locus control region and the promoters of the Th2 locus genes, which are at a distance of
about 50-60 kilobases, are actually quite close in the nucleus. In the Th2 locus, all three promoters are brought
together, and the locus control region is brought into this complex by GATA-3, a Th2-specific transcription
factor1.

Naïve interactions
This structure exists in the unactivated precursor T-cell or the so-called “naïve T-cell”, which is waiting to
be activated. When the cell is activated, it goes through cell division and differentiation, which takes about
five days. But very early, within about three hours, these genes are expressed. 

Bizarrely, at this early time point, the cell expresses genes of the Th2 locus even if it’s going to be a Th1
cell, for example. That suggests that there is no specificity initially and both sets of genes are expressed,
and the differentiation process happens later on. 

What’s more, there are interactions between the genes on the Th2 locus and the alternate locus, the IFN
locus, which is on a different chromosome, the mouse chromosome 102. The interactions are greatly reduced
after the precursor cells are activated and become their final product. 

These interactions should also be visible by FISH because the IFN-$ locus on chromosome 10 and the Th2
locus on chromosome 11 would have to be together. By FISH, the two loci are together in about 40% of the
naïve cells. About 10-15% of the differentiated cells show this interaction, which is about the same as the
background or GADPH interaction with each of the loci.

As seen in the 3C assay, much of the interaction in the naïve precursor cells is lost in the differentiated cells. 

One of the interactions occurs between the hypersensitive site in the locus control region and the IFN-$
region. It’s known that deleting the neighboring site, known as RHS7, abolishes interactions with RHS63.
The RHS7 knockout also abolishes the interaction between the hypersensitive site and the IFN-$ region,
indicating that the interaction is specific. The interactions are also specific to naïve T-cells and aren’t seen
in B-cells or fibroblasts.

Free association
The interaction may have important functional consequences. Deleting the hypersensitivity site in the Th2
locus on chromosome 11 affects the expression of the IFN-$ gene on chromosome 10. 

The IFN-$ gene is normally expressed early after these cells are activated, at about three hours in the wildtype,
then the levels fall and come up
again after many days. But when
the hypersensitive site RHS7 is
knocked out, the peak of the
early expression of the IFN-$
gene is substantially delayed
and occurs after nine hours. It is
eventually transcribed to the
same magnitude, then fades,
and then comes up at a lower
level. This suggests that the
interaction between the
hypersensitivity site and IFN-$
has functional consequences.
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Figure 2
Increased colocalization 
of the IFN-$ and LT/TNF 
loci in the nucleus 
of CD4+ TH1 cells.
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The interaction is important, but may only be present in only 40% of the cells because there are multiple
interactions at any given time. 

The obvious place to look for other interactions is the
other Th1 locus, which is on chromosome 17, because
it is expressed in the same cells as the IFN-$ gene.
There is a very high frequency of interaction between
the Th2 locus on chromosome 11 and the LT/TNF locus
on chromosome 17. 

Again, this interaction is high in naïve cells and about
60% of cells show the association between the Th2
locus and the LT locus. In activated cells, the level of
interaction falls close to background levels. The
interaction is also absent in B-cells and fibroblasts,
so it’s specific to T-cells. 

If the interaction is specific and functional, deleting the components on one chromosome should eliminate
the interaction. To assess this, there’s a knockout mouse in which all three of the genes in the LT locus –
LT-!, LT-" and TNF-! – are deleted. The deletion, which spans about 8 kilobases, is known as delta-3.
With the delta-3 mutation, the interaction is completely lost, indicating that the interaction is specific between
that region and the Th2 locus. 

The two genes that are expressed in the Th1 cells, IFN-$ on chromosome 10 and the LT-! on chromosome
17, also interact. But that interaction occurs in the activated, differentiated Th1 cell. About 30% of the 
Th1 cells show this interaction. In precursor cells, the level of interaction is much lower and in Th2 cells,
it is at background levels. So the association appears to be created upon differentiation. 

There are many implications. For example, many of these genes are expressed as monoalleles. Each allele
could be involved in a different association. There could also be transient enhancement or repression of a
gene4. Finally, there are implications for cancer. 

There are some specific gene rearrangements that occur again and again in some diseases. It’s possible
that those loci are together in the stem cells, where the translocations occur.

Taming immunity 
This intricate system is adept at getting rid of infections lousy at fighting tumors. This could be because of
immunosuppression caused by TGF-".

TGF-" is expressed in numerous cell types, including the immune system, where it appears to inhibit the
immune function of T-cells, NK cells, Antigen-Presenting Cells and antibody-producing cells.

The most obvious target for TGF-" is T-cells. In transgenic mice carrying a dominant negative receptor that
makes them resistant to TGF-", the cell behaves as it would in the absence of TGF-". As a result, TGF-"
cannot block T-cell proliferation or differentiation. 

These mice have unopposed immune responses and make too strong a response to commensals in the gut,
which results in the irritable bowel disease, and make auto-antibodies to chromatin components, leading
to lupus-like autoimmune disease. 

When the mice are injected with tumors, they successfully reject the tumors, even when injected with a
large number of tumor cells. This response requires CD4 and CD8 T-cells, suggesting that adaptive immunity
can reject tumors if TGF-" is not in the way.

Figure 3
Rejection of EL4 thymoma 
in dominant negative 
TGF-"RII mice 



Another system uses CD11c. CD11c is expressed on
a number of innate immune cells such as Dendritic
Cells (DCs) and Natural Killer (NK) cells, to assess
the role of innate immunity in rejecting tumors. In this
model, NK cells and DCs are resistant to TGF-"
signaling. 

TGF-" controls NK cell homeostasis, so in its absence,
NK cell numbers expand dramatically by about 4- to
5-fold. The numbers of DCs don’t change. 

Infected with Leishmania, Balb/c mice, which normally
make a Th2 response, get sick because Leishmania
requires a Th1 response. But when the CD11c
transgenic mice are infected with Leishmania, they have
a much lower parasite load. 

Normal Balb/c mouse infected with Leishmania make
TGF-", which then disappears around day two of
infection. But in the transgenic mice, there is an innate

burst of IFN-$ from the NK cells, followed by an adaptive immune response that wipes out the Leishmania.

The transgenic mice can also reject tumors even when megadoses of a B16 tumor are injected. This suggests
that the innate response also plays an important role in rejecting tumors, just as adaptive immunity does.

A conditional knockout of TGF-" in T-cells reveals that T-cells are not only a target of TGF-", they are an
important source. When the T-cells don’t make TGF-", the mice develop auto-antibodies. The phenotype 
is similar to that of mice that can’t receive a TGF-" signal. The two kinds of T-cells, effector and regulatory
T-cells, are both sources of TGF-" and probably contribute to the effect of TGF-" on the immune response.
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Immune surveillance against tumors is mediated by both innate and adaptive components of cellular
immunity. The TRAIL pathway, induced by Interferon-$ (IFN-$), is an important component of cancer
immunosurveillance by Natural Killer (NK) cells. But NK cells appear not to be the main source of IFN-
$. Instead, a previously unidentified subset of Dendritic Cells which express NK cell-surface molecules
secrete high levels of IFN-$ and mediate TRAIL-dependent tumor cell lysis. Adoptive transfer of these
Interferon-Producing Killer Dendritic Cells (IKDCs) prevents tumor growth when conventional NK cells
fail to do so. Thomas Tursz described the identification and characterization of these novel IKDCs, which
could act as pivotal sensors and effectors of the innate anti-tumor immune response.

The concept of immunosurveillance is fascinating. Interferon-$ (IFN-$) and lymphocytes cooperate in shaping
the immune system, in the so-called “immune editing” process, shape tumor immunogenicity and prevent
primary tumor development1.

Mice producing normal levels of IFN-$ are
resistant to a small dose of 3-methyl-
cholanthrene, a chemical carcinogen, but
mice lacking IFN-$ are sensitive even to
minimal amounts of the chemical. 

In wildtype mice, adenocarcinomas are rare
and there are typically no spontaneous
tumors. In Rag-/- mice, which are essentially
mice that lack both B-cells and T-cells, there
are a few tumors that localize in the colon
and the lung. But in mice that lack B-cells
and T-cells and are also missing STAT-1 or
IFN-$ receptor, the number of spontaneous
tumors is much higher, and there is a greater
variety of tumors, including breast cancer1.

In these mice that lack both B-cells and 
T-cells, IFN-$ is clearly adding something.
But since there are no T-cells in this
system, where does the IFN-$ come from?
For years, researchers suspected the existence of a subgroup of cells that are neither B-cells, nor T-cells,
but are able to spontaneously produce IFN-$. The targeted cancer drug Gleevec provided some unexpected
leads on this front.

Gleevec or STI571 is a small tyrosine kinase inhibitor that blocks abl/bcr-abl, a tyrosine kinase that is
constitutively active in chronic myelogenous leukaemia. Gleevec binds the ATP binding site of abl and competes
with ATP, inhibiting the abl’s kinase activity. By inhibiting abl activity, Gleevec can treat the disease. 

A novel dendritic cell subset involved
in tumor immunosurveillance
A report on a lecture by
Thomas Tursz with Julien Taieb, Nathalie Chaput, Cédric Ménard, 
Lionel Apetoh, Evelyn Ullrich, Mathieu Bonmort, Graça Raposo, Hideo Yagita,
Guido Kroemer and Laurence Zitvogel
Institut Gustave Roussy, Villejuif, France

Figure 1
Interferon-Producing 
Killer Dendritic Cells, 
a previously unidentified
subset of Dendritic Cells, 
may be effectors 
of the innate anti-tumor
immune response.



Gleevec is not a specific inhibitor of abl,
and also inhibits PDGF-receptor and 
c-KIT receptor, which is the receptor for
stem cell factor. 

Oncologists were surprised to discover
that Gleevec is also active against
Gastrointestinal Stromal Tumor (GIST).
Linked to leiomyosarcoma, GIST is a solid
tumor associated with the intestine and
the stomach. The tumor is resistant to
chemotherapy and radiation and relapses
after surgery. In most cases, GIST appears
to express the mutated form of c-KIT
receptor, which is constitutively active.
Gleevec helps treat GIST by inhibiting
activated c-KIT.

It’s unlikely that Gleevec’s only action is inhibiting the proliferation of a tumor cell. A compound active on
three tyrosine kinases should be active in many systems, including the immune system. 

Natural-born killers
At the researchers’ institute in France, about 100 patients a year present with GIST, a rare tumor, and are
allowing for the study of their immune function. For instance, in individuals receiving Gleevec, there is a
striking spike in the activity of Natural Killer cells (NK)2.

A classical B16 melanoma model provides a good framework to study the anti-tumor effect mediated by
Gleevec. In mice with B16 melanomas and fed Gleevec orally, NK activity is elevated2. With Gleevec alone,
the number of lung metastases is reduced. Treating the mice with an anti-NK1.1 antibody, which depletes
NK cells, completely abolishes this effect and increases the number of spontaneous lung metastases. This
suggests that Gleevec’s effect is mediated through cells carrying NK1.1.

But the best results are seen with a combination of Gleevec and Interleukin-2 (IL-2). Each molecule on its
own has intermediate activity, but together are the most efficient in preventing metastases in the B16 model.
In the Gleevec/IL-2 combination, anti-tumor activity is once again mediated by something in the NK1.1
population. This result is evident not just in the B16 model, but also in other cancer models such as colon
carcinoma and in hepatic carcinoma.

In a lung metastasis, there are some mononuclear cells around the tumor cells. But in animals pretreated
with Gleevec/IL-2, the number of infiltrating cells around the lung metastasis is extremely high. As expected,
these cells can also be labeled with an anti-NK antibody. But surprisingly, treating the mice with the Gleevec/IL-
2 combination doesn’t increase labeling with the anti-NK1.1 antibody, suggesting that NK1.1 might not be
the best marker for the subpopulation. 

In contrast, CD11c, which is considered a dendritic cell (DC) marker, is increased in the infiltrating population.
But it is unusual for DCs to show anti-tumor activity and a direct effect on killing. Tagging the cells with
CD11c and isolating conventional subsets of DCs might shed more light on this population. 

Immature plasmacytoid DCs are positive for the markers B220, Gr1 and CD11c. But the number of
plasmacytoid DCs is low and doesn’t increase in response to Gleevec/IL-2. Conventional DCs, which are
positive for CD11c, and lack B220 and Gr1, comprise about 40% of the population. However, this population
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Figure 2
The anti-tumor effects 
of STI571, or Gleevec, 
are NK cell-dependent.
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is decreased, rather than increased, by the
Gleevec/IL-2 combination.

A third population of DCs is positive for B220
and CD11c, but lack Gr1, which is a unique
mixture of markers of NKs and DCs. This
population of cells is the most prominent here
and increases in size with the Gleevec/
IL-2 combination. This new subpopulation of
cells exists in vivo in the spleen and the
Gleevec/IL-2 combination increases their
proportion in the spleen from 2% to about 8%
of CD11c+ cells3.

A novel population
In tumor-infiltrating cells, as in the previous
experiments, there are many cells with the
NK1.1 marker and the NKG2D marker. Surprisingly, these cells also express MHCII, which is an important
marker of DCs.

These cells are negative for CD3, CD4 and CD8 and positive for the new NK marker Dx5. They also have
CD62L or L-Selectin, suggesting that they have the ability to migrate to and be active in lymph nodes, and
CD11b, which is a characteristic of myeloid lineage. The cells share this myeloid lineage with DCs and not
lymphoid cells.

These cells do not have c-kit, or CD25 (IL-2R!)-
chain, but they carry high amounts of the "-chain
of the IL-2 receptor, which would explain why
they are sensitive to IL-2. Contrary to mature
DCs, they lack CD86 co-stimulation markers. 

In other words, these cells are a unique hybrid
with some NK and some DC markers. 

Surprisingly, these are also the same cells
that mediate IFN-$ in mice that lack both B-
cells and T-cells. They are present in Rag-/- mice crossed with IL-2R$-chain-/- mice, which lack B-cells,
T-cells and NK cells. 

These new type of cells spontaneously produce IFN-$, especially in the presence of tumor cells. Compared
to NK cells, which increase IFN-$ in response to the high doses of IL-2, these cells spontaneously produce
high amounts of IFN-$ in the presence of tumors, even in the absence of any treatment. Again, this is true
not just in B16, but also with colon carcinoma and hepatic carcinomas. 

Following the TRAIL
Appropriately, the cells have been dubbed Interferon Producing Killer DCs or IKDCs. At about six microns,
most IKDCs are very small. In contrast, conventional lymphocytes are 10-12 microns and conventional DCs
or plasmocytoids are about 15 microns. However, IKDCs have a huge nucleus with a number of multivesicular
bodies inside. Even after being in suspension for 20 minutes, IKDCs are attracted by tumor cells and in an
overnight suspension, they spontaneously kill tumor cells. 

Figure 3
Xoxo

Figure 4
IKDCs spontaneously
produce high amounts 
of IFN-$ in the presence 
of tumors.



When they are cultured with tumor cells, IKDCs
are able to engulf cellular debris. In two hours,
they dance around and crawl between tumor
cells. The apoptotic and necrotic bodies are
chased from the dying tumor cells. 

The B16 model can be used to tie together two
sets of experiments. One set of cells is positive
for both B220 and NK1.1, the DC phenotype,
whereas the second set is positive for NK1.1
but not for B220, which is the NK phenotype. 

Adoptive transfer experiments show that the
IKDCs exhibit potent antitumor effects. When
Rag-/-xIL-2R$ chain -/- mice bearing tumors

are treated with NK cells, there is little difference between the control and the treated tumor. But the results
are striking with the IKDCs. Whether the IKDCs are isolated from resting mice or mice activated with Gleevec/IL-
2, adoptive transfer of the IKDCs mediates potent antitumor activity in vivo.

The IKDCs appear to act through the TRAIL pathway. In wildtype mice, there are a number of lung metastases.
In mice with a TNF deletion, the Gleevec/IL-2 still mediates antitumor activity. Treated with an anti-TRAIL
antibody, the effect of Gleevec/IL-2 is abolished and there is a reversal, or increase in the number of lung
metastases. 

Compared with the killing by conventional NK cells, IKDC cells’ killing is completely abolished by the TRAIL
antibody. NK cells kill through many different pathways including, but not exclusively, TRAIL. IKDCs in contrast
appear to kill exclusively through a TRAIL-mediated mechanism, following activation with Gleevec/IL-2. 

IKDCs exist in vivo in normal mice but only one in every 1,000 cells. They are seen in the normal spleen,
bone marrow, lymph node, liver and lung. Others have also found similar small cells that produce IFN-$,
and carry both NK and DC cell markers. The cells they describe can behave like antigen-presenting cells,
which is another major feature of DCs4.
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Proposed model 
of specialized function 
for IKDCs.
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The induction of both immunity and tolerance require direct contacts between dendritic cells bearing
a specific antigen and naïve T lymphocytes. These contacts occur during the first 48 hours after
immunization. After this initial activation, T lymphocytes either proliferate extensively and differentiate
into effector and memory cells, or divide a restricted number of times and die, thus contributing to
the maintenance of peripheral tolerance. In vitro and in vivo images of the initial encounters between
dendritic cells and naïve T lymphocytes suggest that the dynamics of these interactions between may
affect the outcome of immune responses, inducing either T cell immunity or tolerance. Sebastian
Amigorena also presented images of the invasion and destruction of tumors by effector cytotoxic T
cells.

Dendritic Cells (DCs) translate danger signals into an adaptive immune by T- and B-lymphocytes. Cytokines
and Toll-like Receptor ligands induce a program of developmental transformation in DCs. In response, DCs
undergo maturation and acquire a number of characteristics that enable them to activate the immune system. 

Because DCs sense danger from the outside environment, immature DCs reside in all peripheral tissues.
Their main function is to take up antigens and transform them into a form that is visible to the immune
system. 

Once they receive the signal from pathogens, DCs become activated and mature. DCs were originally thought
to have just two states – immature and mature – but the maturation process is now known to be much more
continuous and complex. DCs acquire different functions at each stage of maturation. 

When DCs become activated, they migrate outside the peripheral tissues and into the lymph nodes. If they
are in an intermediate state of activation, they can induce tolerance. This process requires low levels of some
inflammatory cytokines such as
Tumor Necrosis Factor.

In this intermediate stage of
development, DCs maintain
tolerance to cells. That has been
shown both by targeting antigens
to these cells in the absence of any
signals that induce maturation or
by genetically expressing antigens
and inducing T-cell division and
tolerance. Inducing full DC
maturation in these systems, for
example with LPS, now triggers an
effective immune response. 

In vitro, when immature DCs

Dendritic cell-T cell interactions
for the induction 
of priming and tolerance
A report on a lecture by
Sebastian Amigorena
Inserm U365, Institut Curie, Paris, France

Figure 1
The maturation process
of Dendritic Cells is now
known to be continuous 
and complex.



encounter T lymphocytes, their contact
with the T-cells is unstable and the
cells detach within minutes. In
contrast, mature DCs have long
membrane extensions that protrude in
all directions. 

When one of these dendrites contacts
a T-cell, it triggers a polarization of the
membrane activity, and the DC starts
migrating toward the T-lymphocyte.
The membrane extensions bring the
T-cells closer and the DCs then
“embrace” the T-cells. This interaction
is very stable and will last for hours.
A small GTPase called Rac is the

master controller of this process1.

Close encounters
A two-photon excitation method with scanning microscopy illuminates this process in vivo. Single-photon
excitation used for confocal microscopy excites the photon all along the trajectory of the laser. But with whole
tissue, that method would create too much background noise. The two-photon method gives much less
scattering and allows for deeper penetration into tissues.

The technique reveals that in vivo also, the initial interactions occur through dendrites, when the cells
are about 20 microns apart1. DCs then selectively displace towards T-cells. Their mean velocity increases
after this contact from 1.8±.3 mm/min to 3.8±1.1 mm/min. The DCs then entrap T-cells within a network
of membrane extensions and establish prolonged contacts of more than 30 minutes.

These experiments used adoptively transferred DCs. Once DCs are injected into the mouse, however, they
mature because of the mechanical constraints and stress. The method therefore doesn’t allow for studying
immature DCs or the differences between tolerance and priming.

Instead antigens can be targeted to immature or mature DCs using DEC205, an antibody that is specific to
DCs, chemically coupled to ovalbumin. In the absence of antigen, the T-cells are not activated, they don’t
divide and they don’t kill the target cells. If the antigen is given in the absence of any adjuvant or inflammatory
signal, the T-cells are activated and divide, but they are still not able to kill the target cells. This is the situation
with self-antigens or steady state, when you maintain tolerance2.

If the antigen is now coupled with LPS or anti-CD40 antibodies, which would both induce maturation of DCs,
there is activation of T-cells, proliferation and cytotoxic activity against the target cells. 

Stop signals
DC-T cell encounters include three phases: a phase of multiple short contacts, followed by a phase of longer
stable interaction and then a new phase of transient contacts3.

In imaging movies, however, the cells appear heterogeneous: some cells move, some don’t. To get meaningful
biological information, their movement needs to be analyzed statistically. For example, instantaneous velocity
measures the distance that a T-cell has covered between every two images. The confinement ratio is the
ratio between the maximum distance the cell has covered over the total distance and describes the linearity
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Figure 2
Mature Dendritic Cells
have long dendrites that
bring the T-cells closer,
creating a stable
interaction that can last for
hours.
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of the cell’s trajectory. Finally, the arrest coefficient describes the percent of the time that the cell has spent
not moving, measured as a mean velocity lower than two microns per minute. 

With the antigen and anti-CD40, the cells have a
low mean velocity and low containment ratio,
meaning that they are stopped. Something
similar happens with antigen and LPS, suggesting
that with adjuvant, the T-cells are primed and stop
moving. With antigen alone, there is no priming
and no cytotoxicity, and no stop signal4.

During the induction of tolerance, there is
effective T-cell activation and proliferation in first
two days, but there are no stop signals and the
T-cells don’t form stable interactions with DCs.
The T lymphocytes establish transient contacts
with several DCs throughout. These results
suggest that the dynamics of the initial
interactions between DCs and naïve T cells may
affect the outcome of immune responses,
inducing either T-cell immunity or tolerance5.

Experimental results indicate that it is DC
maturation that regulates the stop signal seen during T-cell priming. 

FACS analysis of DCs at the three time different phases of interaction reveals two molecules, 
CD-86 and ICAM-1, that follow a similar kinetics. 

In mice lacking CD68, T-cells stop moving at the 15-20 hour time point, as they do in the wildtype, suggesting
that CD86 is not required for the induction of the T-cell arrest signal. In contrast, in the ICAM-1 knockout
mice, T-cells don’t stop moving during the arrest phase. 

Between the wildtype, the CD86 knockouts and the ICAM-1 knockouts, there is no difference in early activation
or proliferation of the T-cells. But T-cells in the wildtype and the ICAM-1 knockouts both show cytotoxic
activity, whereas the CD86 knockouts do not.

In the CD86 knockouts, there is a stop signal, but no cytotoxicity, suggesting that the stop signal is not enough
for cytotoxicity. Surprisingly, in ICAM-1 knockouts, where there is no stop signal, there is cytotoxic activity.
ICAM-1 expression is required for long-lasting interactions between DCs and T-cells and for the efficient
rejection of an established tumor. 

Carving tumors
In mice that have two tumors,
one without antigen and one
with, adoptive transfer of
antigen-specific CD8 T-cells
rejects the tumor with antigen by
day 6. In contrast, the tumor
without antigen continues to
grow and kills the mice. 

In the antigen-expressing tumor,

Figure 3
ICAM-1 expression 
is required for long-lasting
interactions between 
DCs and T-cells and for 
the efficient rejection 
of an established tumor. 

Figure 4
Cytotoxic T-lymphocytes
infiltrate tumors through
the periphery and “carve”
their way into the tumor 
by killing tumor cells.



the T-cells are activated and produce
interferon-$ (IFN-$). In the tumors that don’t
produce antigen, the T-cells still infiltrate the
tumor because activation 
of T-cells is sufficient for infiltration, but they
don’t produce IFN-$ and don’t reject the tumor.

One of the limitations of two-photon imaging
is that it can only penetrate through the
periphery of the tumor. To understand how
infiltration occurs, sectioning the tumor gives
more information. 

In the tumor that does not express antigen,
lymphocytes are found mainly at the periphery
of the tumors. In the antigen expressing tumor,
there are T-cells in the periphery but the cells
go deeper into the tumor. The observation

suggests that in order to penetrate the depth of the tumor, T-cells need to kill the tumor cells and “carve”
their way into the tumor. Collagen density or chemokine activity induced by killing could signal the T-cells
to move further into the tumor.

This can be imaged in a mouse that is anesthetized and kept at 37 degrees. The mean velocity of the T-
cells is similar to that in lymph nodes, about 5-20 microns per minute. The cells extend membranes in very
different directions, looking for collagen-free space. 

In the antigen-expressing tumor at day three, some T-cells cells move, but many of them are stopped. This
doesn’t happen when there is no antigen, suggesting that the cells are killing tumor cells and stop moving
transiently. By day six, they resume movement after they have already killed the tumor cells.

These lymphocytes follow blood vessels very efficiently. Cells that are not in contact with blood vessels move
in different directions, but those that are in contact with blood vessels follow the axis of the vessels. The
cells use blood vessels as motility tracks in solid tumors. They also adopt a more elongated, sharp morphology,
suggesting that they perhaps encounter a less constrained extracellular matrix environment. 
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use blood vessels as
motility tracks in solid
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Macrophages are key orchestrators of chronic inflammation. They respond to micro-environmental signals
with polarized genetic and functional programs. M1 macrophages, which are activated by microbial products
and Interferon-$, are potent effector cells which kill microorganisms and tumors. In contrast, M2 cells tune
inflammation and adaptive immunity, and promote cell proliferation, angiogenesis, tissue remodeling and
repair. M1 and M2 cells represent simplified extremes of a continuum of functional states. Tumor-associated
macrophages appear to be a prototypic M2 population. M2 polarization of phagocytes sets these cells in a
tissue remodeling and repair mode and orchestrates the smoldering and polarized chronic inflammation
associated with established neoplasia. Alberto Mantovani discussed the relationship between genetic events
that cause cancer and the activation of these pro-tumor inflammatory reactions. 

Established tumors have many leukocytes
and macrophages, in particular, which are
generally the major component of the
lymphoreticular infiltrate of tumors. But
these leukocytes are differentially
distributed in tumors. For example,
macrophages are widely distributed
throughout the tumor. In contrast, there
are few mature dendritic cells (DCs), and immature DCs are distributed in the tumor’s periphery. 

Leukocytes are also differentially distributed in areas of hypoxia. Macrophages in particular preferentially accumulate
in areas of hypoxia. 

The question of what role macrophages play in a tumor dates back almost 30 years. Macrophages purified from
a murine sarcoma and challenged in vitro with tumor cells appeared to promote tumor growth. This was contrary
to current wisdom of the time. By electron micrography, macrophages and cancer cells appear to have an intimate
love affair in the context of an established neoplasia. 

The evidence for a link between inflammation and cancer is largely epidemiological1. For example, anti-inflammatory
drugs such as NSAIDS and antibiotics protect from cancer. The very presence of inflammatory cells, cytokines
and chemokines in the Darwinian microenvironment of tumor cells also speaks to their pro-tumor function.

Clinically, there is a frequent, although not universal, correlation between high macrophage content in tumors
and a poor prognosis. The adoptive transfer of inflammatory cells also appears to promote tumors. Functional
polymorphisms of inflammatory cytokine genes such as interleukin 1 (IL-1) and Tumor Necrosis Factor (TNF) are
associated with cancer susceptibility and severity. And finally, there is genetic evidence that targeting cytokine or
NF-#B genes protects mice from carcinogens, metastases and lymphoproliferative syndrome2, 3.

Some of these experiments have been revisited with modern techniques, such as gene chips. For example, scientists
in 2004 reported a negative correlation between breast cancer prognosis and frequency of tumor-associated
macrophages as measured by CD68 expression4. The authors of this paper may have been unaware that this result
confirms something that has been known for a very long time. 

Inflammatory chemokines

A report on a lecture by
Alberto Mantovani
Istituto Clinico Humanitas and University of Milan, Milan, Italy

Figure 1
Tir8 -/- mice have
exacerbated local
inflammation 
in the gut and are 
more susceptible 
to adenoma and 
carcinoma formation.

(Garlanda et al PNAS 2004)



sTIRring inflammation
Tir8, a fringe member of the IL-1 family, is the eighth molecule discovered with a Tir domain. Known primarily as
SIGIRR, this molecule has a single immunoglobulin domain and a longer cytoplasmic tail. 

For a long time, the only known function of SGIRR was found in co-transfection experiments with NF-#B as a readout.
Co-transfection of Tir8 or SIGIRR with, for instance, the type-1 receptor appeared to dampen signaling through
Toll-like Receptors (TLR). Using chimeras, this dampening function was traced to the long cytoplasmic tail.

The molecule is still an orphan and no ligand has been identified. It is widely expressed at very high levels in mucosal
surfaces and in DCs. In mice lacking Tir8, DCs are more responsive to TLR agonists, for instance TLR4 or TLR9,
and CpG. There is a great response in the production of cytokines and chemokines, which is consistent with the
dampening function seen in vivo.

Tir8-deficient mice also show an exacerbated inflammation in response to an inflammatory signal in the gut. There
does not appear to be any change in response to systemic inflammation. But the mice have exacerbated local
inflammation in the gut as seen by increased loss of body weight, increased bleeding and by histological studies.

More recently, Tir8-deficient mice have also been shown to be more susceptible to adenoma and carcinoma formation.
This provides a further link between genetic activation and the control of inflammation and susceptibility to cancer,
specifically in cancers of the colon.

Versatile chemokines 
That macrophages promote tumor growth has long been known but what drives macrophages in the tumors? 

The protein CCL1 was described more than 20 years ago as a unique molecule capable of attracting monocytes,
but not neutrophils. The gene was cloned in the late 1980s.

There are many chemokines, classified on basis of structure and function. Chemokine systems involve a multitude
of ligands, signal receptors and at least one decoy receptor. By functional classification, there are either chemokines
that are related to inflammation, whose production is based on demand, or constitutive chemokines. 
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Figure 2
There are two modes of
activation of macrophages –
M1 and M2.

(Mantovani et al. Trends in Immunol. 2004)
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Chemokines are more than migration factors. They also promote proliferation, survival and invasion5 and activate
a distinct transcriptional program6. For instance, CXCR4 expression correlates with malignancy.

Constitutive production of inflammatory cytokines has been observed by many groups. CCL2 production in pancreatic
adenocarcinoma correlates with macrophage infiltration into the tumor. But recruitment is more than just attracting
leukocytes in the context of a tumor. There is also evidence for differential localization of leukocyte populations in
different areas of the tumor. In particular, it has long been known that macrophages accumulate preferentially in
areas of necrosis and hypoxia. 

In a systematic effort to look for chemokines and chemokine receptors regulated by hypoxia, one positive hit was
CXCR4. Hypoxia upregulates the expression of CXCR4. This effect is selective and other chemokine receptors are
not upregulated. The receptor that is upregulated is functional and the cells show increased response in migrating
toward the appropriate ligand, SDF-17. The response appears to be regulated by the hypoxia-inducible factor, or
HIF, based on gene knockouts, a reporter gene assay on genes with alterations of the von Hippel-Lindau pathway,
and chromatin immunoprecipitation.

Inflammatory chemokines such as CCL2 play a major role in recruiting monocytes into tumors. This is followed
by the down-regulation of the CCR2 complex. In areas of hypoxia, CXCR4 is upregulated, which might be
important for positioning macrophages in areas of hypoxia. There is also some evidence for co-localization
of hypoxia with CXCR4-expressing macrophages. This is important for tissue remodeling and for promoting
tumor survival in a harsh environment. 

Alternative pathways
One of the hallmarks of nuclear phagocytes is plasticity. Macrophages become activated in response to classic
Th1 signals such as interferon-$ or microbial signals such as LPS, which is known as the M1 activation of macrophages. 

Others have described an alternative for macrophage activation using IL-4. There are various versions of this M2
form of activation. M2 macrophages in general share immunoregulatory functions, are frequently involved in polarized
type 2 responses, play a role in killing and encapsulating parasites, and are geared to matrix deposition and tissue
remodeling. 

Figure 3
Profiling of tumor-
associated macrophages
from a murine sarcoma
versus peritoneal
macrophages: A distinct
M2 population.



The macrophages that infiltrate tumors appear to be a version of M2 cells. Tumor-associated macrophages (TAMs)
in general have a phenotype that is low in IL-12 and high in IL-10. They are geared toward the production of growth
factors and polyanions, produce molecules involved in tissue remodeling, angiogenesis, and they skew and tame
adaptive immunity. 

Examining the gene expression profiles of macrophages reveals data consistent with expectations. TAMs have a
high number of scavenger receptors, which is characteristic of M2 macrophages. They also have high levels of IL-10
and TGF-",compared with peritoneal macrophages. But surprisingly, TAMs also express high levels of some chemokines
such as CXCL10, that are inducible by interferon.

There are quantitative and qualitative differences between TAMs and peritoneal macrophages in the response to
a prototypic macrophage activation signal, such as LPS. Again, there is a down-regulation of the production
of IL-12, IL-1, and TNF, and in increase in the levels of IL-10, TGF-" and IFN-inducible chemokines such
as CXCL10. This has been confirmed at protein level and by in situ analysis.

Pathways downstream of TLR receptors shed light on the molecular correlates of this TAM phenotype. For instance,
TAMs are unique in that they have a sluggish activation of NF-#B. In contrast, they show a vigorous activation of
the IRF-3/STAT1 pathway. This may in part account for the phenotype of these cells.

Genetic link
In papillary carcinomas of the thyroid (PPC), genetic events cause the tumor but there is also the activation and
buildup of an inflammatory microenvironment. 

PPCs have some association with thyroiditis, an inflammatory condition. The tumor is associated with 
a prominent infiltrate and appears to be a full-fledged malignancy that arises in one step. Somatic rearrangements
of the Ret oncogene, so-called Ret/PTCs, are frequent, early events in the pathogenesis of PPC. 

Figure 4
Smoldering and polarized
macrophage-driven
inflammation in established
neoplasia.
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There is evidence from gene-modified mice that these rearrangements of the oncogene cause PPC. The tyrosine
1062 is a multidocking site, which has been shown to be essential for oncogenic activity.

Primary human thyrocytes and gene transfer of the Ret/PTC-1 in the thyrocytes can serve as a model to search
for early induction of inflammation-related genes. In addition to uninfected cells, a version of Ret/PTC-1 with a
mutated Y1062 also serves as control. Ret/PTC-1 appears to activate several inflammation-related genes, including
IL-1", IL-1!, a number of chemokines such as CCL2, MCSF, GMCSF and GCSF, adhesion molecules and proteases,
with down-regulation of some anti-proteases. 

For example, CCL2 is expressed at high levels compared with normal thyrocytes or with gene transfer of
the mutated gene. There are also high levels of CCL20, which is involved in the recruitment of immature
DCs, CXC chemokines and MMPs. This was confirmed with PCR and at protein level.

In addition, CXCR4 expression is also upregulated in primary human thyrocytes, where PPC activates an
inflammatory program. The cells that overexpress CXCR4 migrate with increased efficiency to the appropriate
agonists. In vivo, there is over-expression of inflammation genes in PPCs. 

In primary human thyrocytes, Ret/PTC is early and essential in the pathogenesis of human PPCs of the thyroid.
Ret/PC activates a pro-inflammatory program that is distinct and includes induction of IL-1", but interestingly,
no detectable TNF. 

This is probably the first demonstration of a direct link between a genetic event, which is early and causative
of a human tumor, and the buildup of a microenvironment in the tumor. 

The general message applies to macrophages obtained from established malignant tumors. Macrophages
in the tumor microenvironment get skewed in the M2 direction with a low IL-12/high IL-10 phenotype. The
cells are oriented to producing growth factors, to promoting angiogenesis and matrix and tissue remodeling,
and to skewing and taming adaptive immunity. This is described as a smoldering inflammation, a gentle
interaction between macrophages and tumor cells in an established neoplasia. 
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The inflammatory cytokine Tumor Necrosis Factor-! (TNF-!) is part of the cytokine network of many
human cancers. Stromal or malignant cell TNF-! has been implicated as an endogenous tumor promoter
in a variety of experimental models, in both early and late stage cancers. TNF-! antagonists, which
are already used to treat rheumatoid arthritis, are well tolerated in patients with advanced cancer.
Preliminary results with anti-TNF antibodies suggest that the compounds have a beneficial effect in
some patients. In human ovarian cancer, TNF-! antagonists reduce the expression of a range of
inflammatory mediators. Frances Balkwill discussed the role of TNF-! in the inflammatory network
that contributes to the malignant process, and considered the possibility that TNF-! may be a target
for cancer therapy. 

Tumor necrosis factor-! (TNF-!), an inflammatory cytokine, is a major member of the cytokine superfamily.
In common with other family members, TNF-! is involved in the maintenance and homeostasis of the
immune system, inflammation and host defense, with critical and non-redundant roles in innate and adaptive
immunity1.

TNF-! is released pre-formed or induced de novo in response to a range of pathogenic stimuli. Early production
of TNF is important for the initiation of a complex biological cascade of chemokines and cytokines, a part
of the innate immune response.

But there’s a dark side to this powerful cytokine. Especially in middle and old age, TNF-! is involved in pathological
processes that are driven by chronic inflammation, including malignant disease. In recent years, it has become
a focus of research on the parallels between chronic
inflammation and cancer. 

Epithelial ovarian cancer is thought to arise from the
surface of the epithelium of the ovary. In about 70%
of the cases, women present with advanced disease.
There is some evidence that there’s a very rapid
spread from a small lesion in the ovary. By the time
the women are symptomatic, there is disease both
within and outside the peritoneum. Although there
is good initial response to surgery and chemotherapy,
the disease has only a 40% five-year survival.

Ovarian cancer is very rich in cytokines and
chemokines and has many stromal cells. By an
estimation of the area on tissue sections, epithelial
tumor cells and stromal cells are present in equal amounts in an average tumor. 

Inflammatory cells and inflammatory cytokines – in particular TNF-! – in the microenvironment of an ovarian
cancer could be therapeutic targets.

Tumour Necrosis Factor-! as 
a critical intercellular link between
inflammation and cancer
A report on a lecture by
Frances Balkwill
Barts and The London Queen Mary’s School of Medicine,
London, United Kingdom

Figure 1
CD68 Macrophages 
in ovarian tumors.



Chemokine network
TNF-! is produced at low levels in the tumor microenvironment, by tumor or stromal cells, and may act as
an endogenous tumor promoter2. It may cause direct DNA damage, may have anti-apoptotic or mitogenic
activity, may mediate interactions between tumor and stromal cells and induce a range of MMPs as well
as cytokines and chemokines. TNF-! can also work in conjunction with growth factors such as TGF-" and
EGF. All of these actions may promote tumor development. 

TNF-! has been seen in ovarian cancer biopsies and TNF mRNA has been observed in epithelial tumor islands
in ovarian cancer. TNF-! can also be found in ovarian cancer cell lines. In four cell lines derived from advanced
ovarian cancer patients, malignant cancer cells make picogram amounts of the cytokine. Its secretion is
associated with the ability to make other things that are useful to tumor cells. For example, knocking down
TNF cuts levels of interleukin-6 (IL-6) and macrophage migration inhibitory factor (MIF) and partially depletes
vascular endothelial growth factor or VEGF.

Ovarian cancer cells also express the chemokine receptor CXCR4 and its ligand CXCL12, with associations
to TNF levels. For example, in ovarian cancer biopsies, tissues that have high levels of TNF also show high
levels of CXCR4 mRNA expression and protein.

Blocking TNF with RNA interference knocks down CXCL12, inhibiting the ability of ovarian cancer cells to
migrate. The small amount of TNF made by advanced tumor cells may therefore allow cells to set up a
chemokine network and establish stromal tumor cell communication that promotes the colonization of distant
sites. 

In ovarian cancer cell lines engrafted on to nude mice, those that make TNF also seem to have a greater
number of intra- and extra-peritoneal metastases. Conversely, cell lines that produce only low levels of TNF
generate few tumor colonies. RNA interference of TNF reduces the number of tumor colonies and extends
the survival of the mice by at least 2- or 3-fold. 

Two-way talks
TNF also has a role in communication between tumor cells and macrophages. Tumor-associated macrophages
(TAMs) are associated with increased metastasis and a poor prognosis and are thought to be the “alternative”

type-2 macrophages (see
Mantovani, page 67). They may
produce angiogenic factors, growth
and survival factors, chemokines
and other compounds that aid
tumor progression. But the
mechanisms by which tumor cells
and macrophages interact is not
well defined. 

In a modified Boyden chamber to
study the interactions between
macrophages and tumor cells,
tumor cells are cultured on poly-
carbonate membranes. Mature
macrophages are then put in
inserts permeable only to liquids.
The two sets of cells can’t touch
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reveal interactions
between macrophages and
tumor cells.
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each other and can only communicate with soluble factors3. Under these circumstances, the chemical
messages between these two cell types increase the invasiveness of ovarian and breast cancer. 

Neutralizing antibodies to TNF-!, NF-#B inhibitor and JNK inhibitor, overexpression of I#B, and RNAi
experiments all show that macrophages can increase invasiveness of tumor cells in a manner that’s dependent
on TNF-! and NF-#B.

The same model system can also be used to ask whether tumor cells can modulate macrophages. In this
model, teflon pots with macrophages are on the bottom and are unable to touch the tumor cells on the top. 

Culturing macrophages and tumor cells together profoundly changes the gene expression profile of
macrophages. There is a strong increase in the production of many chemokines and matrix metalloproteases,
including CCL2, CSF1, NCCR4, CXCL12 and MMP9. With a couple of exceptions, the same compounds that
are expressed in the macrophages are those that have been reported in the literature to be expressed in
ovarian cancer4.

TNF therapy
In a murine transplantable ovarian cancer model called ID8, which was established from ovarian surface
epithelium that spontaneously transformed in vitro, mice develop ascites and extra-peritoneal tumors over
a 14-week period. 

The mice have TNF, TNF-R1 and TNF-R2, allowing for a study of the TNF system. In mice with TNF knocked
out, the scavenger receptor is not induced in macrophages, but mannose receptor expression is unaffected.
The same is true of mice lacking TNF-R2, but not of mice lacking TNF-R1. In the TNF knockout mice, adding
murine TNF-! into the co-culture system rescues this effect. These results suggest that the induction of
scavenger receptors is dependent on TNF, via macrophage TNF-R24.

Using TNF-! to treat malignant disease might seem strange, but low levels of TNF-! protein are produced
by many transformed cells in vitro, and not just ovarian cancer cells. An interesting genetic link between TNF-!
and malignancy was recently identified in
renal cell cancer showing that TNF-! is
a target of translational repression by the
von Hippel Lindau tumor suppressor
gene5, but no other genetic links that lead
to constitutive TNF-! production have so
far been identified. 

One of the things in support of this
approach is a two-stage carcinogenesis
model in which TNF knockout mice are
all highly resistant to carcinomas6.
When detected in human cancers,
TNF-! is associated with a bad
prognosis, cachexia and aesthenia,
resistance to chemotherapy and loss of
hormone responsiveness. 

In individuals with rheumatoid arthritis, anti-TNF-! antibodies inhibit the production of cytokines, MMPs
and angiogenic factors and limit the infiltration of leukocytes into joints. The antibodies are a useful therapy
in nearly 80% of patients and have been used successfully in more than half a million patients worldwide.
Large cohorts of these patients are being carefully monitored to see if this therapy has an impact on cancer
risk. What’s more, thalidomide, a TNF-! inhibitor, also has some anti-cancer activity in humans.

Figure 3
Treatment with TNF-!
antagonists significantly
decreases the proportion 
of tumor cells in ascites.



Tough trials
On the basis of all these data, TNF-! antagonists are being tested in trials. One study used Etanercept, a
soluble TNF-R fusion molecule in a proof-of-principle phase 1/2 trial in 30 women with advanced epithelial
ovarian cancer. The women tolerated Etanercept with no serious adverse effects. Of the 30, 6 women showed
some biological activity and an effect on the tumor marker CA1257.

Those results led to further clinical trials with infliximab, an anti-TNF antibody, results from which are now
being analyzed. 

If TNF-! antagonist treatment modifies the inflammatory milieu in terminal disease, these studies might
provide information on its potential for treating patients with less advanced disease. 

Preliminary results indicate that the antibody gets into the ascitic fluid at levels enough for biological activity.
The antibody treatment reduces the level of chemokines in tumors in the trial participants. There’s no detectable
dose response. 

The percent of tumor cells in ascites also decreased significantly. In a few months’ time, there might be
more information on what TNF is doing in the tumor microenvironment, perhaps leading to further clinical
trials. 

There are at least three different, albeit not mutually exclusive, ways in which inflammation and cancer could
be linked mechanistically. In one, initiated cells gain the ability to produce small amounts of inflammatory
mediators such as TNF, IL-1" and IL-8 and may be able to set up the kind of network with the stroma that
support and encourage tumor growth and spread. In another model, the tumor has to be in close proximity
with its microenvironment and cytokines secreted by tumor cells stimulate the microenvironment. 

Targeting a single cytokine such as TNF might not be enough but the same argument was made for rheumatoid
arthritis. It’s possible, for example, that an anti-TNF compounds could be added to other drugs such as,
perhaps, an anti-IL6 antibody. 
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One of the primary goals in cancer research is to accurately recapitulate human cancer in a mouse
model. A model that reflects the real progression of cancer in humans would offer a more reliable
tool for drug testing. But activating oncogenes at a time that is convenient to the researcher might
not be the best way to reproduce the natural history of cancer. Recent advances in gene-targeting
technologies allow scientists to activate oncogenes in specific subsets of cell at any time, designing
a new generation of animal tumor models. Mariano Barbacid presented one such model that can help
understand the role of K-Ras oncogenes in pancreatic cancer and the link between inflammation and
cancer. 

Pancreatic ductal adenocarcinoma (PDA) is the most malignant of all human cancers. About 95% of PDAs
carry K-Ras oncogenes, often present in the earliest pre-neoplastic lesions known as pancreatic intraductal
neoplasias or PanINs. Other oncogenes and tumor suppressors, such as p16INK4a and P53 are also known
to participate in tumor progression1.

One of the main goals in cancer
research is to reproduce human
cancer in a mouse model. Although
there are ways to trigger tumors in
mice with carcinogens or with
transgenes, reproducing human
cancers in mice has proven more
difficult. “Classical” transgenic mice
have failed to reproduce the changes
observed in human PDA2.

In 2003, Tyler Jacks and David
Tuveson first reported that mice
expressing an endogenous K-Ras
oncogene engineered by knock-in
techniques develop PanINs and PDA
that are basically indistinguishable
from tumors in humans3.

In these mice, the oncogenic K-Ras allele is silent as it would otherwise cease embryonic development. The
timing and extent of expression of the mutant protein is controlled by a Pdx1-Cre transgene. Pdx1 is a gene
known to be expressed in all pancreatic cell lineages from E8.5 onwards, the time at which the embryonic
pancreas is formed from the foregut endoderm.

By about five months of age, PanINs develop in about a third of these mice. By nine months of age, there are
abnormalities in 100% of the mice, but carcinomas are rare. In fact, they are only seen in 5% of the mice. This

Cooperation between K-Ras oncogenes
and inflammation in a novel mouse 
model of pancreatic cancer
A report on a lecture by
Mariano Barbacid
Centro Nacional de Investigaciones Oncologicas, (Spanish National Cancer Research Centre),
Madrid, Spain

Figure 1
Ras oncogenes: 
The K-RasV12 
tumor model.



suggests that although K-Ras can trigger the abnormality of benign pancreatic cancer, other changes are needed.

Crossing K-Ras knocked-in mice with mice deficient in the INK4a locus (which encodes for the p16INK4a
and p19ARF tumor suppressors), results in metastatic PDA. These compound mice die at about two or three
months of age due to invasive and metastatic PDAs, suggesting that additional changes are needed to get
a full-blown metastatic PDA4.

Perfect timing
In their model, Mariano Barbacid and colleagues used a similar strategy to target the K-Ras locus. In this
model, the K-Ras oncogene is expressed in their own strain of knocked-in mice. These animals carry an
inducible Cre-ERT2 recombinase generated by Pierre Chambon’s lab knocked into the locus that encodes
the large subunit of RNA polymerase II. Because this enzyme is essential for making mRNA, the gene is
likely to be ubiquitously expressed in all tissues. 

The engineered K-Ras oncogenic allele is expected to be expressed in many tissues simply by exposing the
mice to 4-hydroxy-tamoxifen (4OHT), a synthetic steroid that activates the otherwise inactive Cre-ERT2
recombinase. This strategy also allows the K-Ras oncogene to be expressed in postnatal and adult mice,
a time when the somatic mutations responsible for the onset of human cancer are thought to occur.

Activating expression of the K-Ras oncogene 10 days after birth (P10) is expected to maximize tumor formation
and kill the mice in just a couple of weeks. But surprisingly, mice expressing the K-Ras oncogene in about
half their cells including 40% of adult pancreatic cells do not develop any significant abnormality in their
pancreas. At a year of age, when most if not all of the Tuveson mice have high-grade PanINs and some
PDAs, these mice only show just one or two PanINs.

However, when the mice are crossed with a transgenic strain in which Cre is expressed under the control
of the Elastase promoter, those mice show basically the same results as the Tuveson mice. This Elastase-
driven Cre transgene allows expression of the engineered K-Ras oncogene in about 30-40% of the acinar
cells, but expression takes place late in embryonic development, at E16.5, rather than at P10.

Fortunately, expression of the Cre recombinase in these trangenic mice is controlled by a Tet-off system.
This means that if the mice are exposed to the antibiotic doxycyclin, the Elastase promoter cannot activate

expression of Cre. By providing
doxycyclin in the drinking water of
pregnant mothers and their
offspring, Cre expression – and as
a result, expression of the
engineered K-Ras oncogene – can
be prevented until adulthood.
Surprisingly, these mice do not
develop any pancreatic lesions even
at eight months of age. 

Because human PDA is not a
pediatric disease, it is believed to be
caused by somatic mutations that
occur in adulthood. Results from
this model suggest either that mice
are not a good model for human
PDA as they cannot get the disease
unless K-Ras is expressed during
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Figure 2
K-Ras activation in vivo
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embryonic development, or that something other than K-Ras oncogene expression is needed to trigger the
PanIN lesions that eventually develop into PDA.

Epidemiological studies have shown that people who suffer chronic pancreatitis are at high risk of developing
PDA. If the mice are pretreated at P30, one month before turning on K-Ras oncogene expression, with low
doses of caerulein, control mice develop a mild form of chronic pancreatitis but no PanINs or any other
lesions. Caerulein is a neuropeptide mimetic that causes unscheduled secretion of pancreatic enzymes.

However, when expression of the K-Ras oncogene is turned on by withdrawing doxycyclin from the drinking
water, PanINs, including high-grade PanINs, are evident at five months of age, just 3 months after turning on
expression of K-Ras oncogene. The order in which these two events – K-Ras oncogene expression and chronic
pancreatitis – take place is irrelevant. Exposure of mice expressing K-Ras oncogene from E16.5 to caerulein
at P30 results in the appearance of invasive PDA at three months of age and most mice die of this disease by
eight months of age.

All PanIN lesions and PDA in caerulein-treated mice display significant levels of invasive immune cells including
macrophages, granulocytes (innate response) and lymphocytes (adaptive response). This at least suggests an
important link between inflammation and cancer. Further work is needed to establish the molecular bases for
the cooperation between caerulein-induced chronic pancreatitis and inflammation with activation of K-Ras
oncogenes in PDA. This model offers one way to understand these relationships in cancer.
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Reactive oxygen species are ubiquitous in the body and are created by normal physiologic processes,
including by aerobic metabolism and inflammatory processes to eliminate invading pathogens. Because
these free radicals can inflict cellular damage, several defences – such as antioxidant scavengers
and enzymes – have evolved both to protect from radicals and to repair DNA damage. Reactive oxygen
species have been suggested as causing cancer, but the evidence for this theory is flimsy. Instead,
ion fluxes across the vacuole membrane activate the granule enzymes to kill and digest microbes.
Anthony Segal questioned the idea that free radicals cause cancer and presented the putative real
function of the NADPH oxidase in neutrophils.

Free radicals are molecules containing an unpaired electron, which is unstable and therefore reactive. The
loss or gain of this electron can generate other free radicals in adjacent molecules, triggering chain reactions.
Free radicals are created by many processes in
the body, largely by normal electron transport
in the mitochondria. Leukocytes can also
produce large quantities of free radicals.

Neutrophils internalize the bacteria into a
phagocytic vacuole. Their cytoplasm is full of
granules which degranulate into the phagocytic
vacuole, although not much has been made of
the function of the granules. 

On their own, these cells take up little oxygen,
but after engulfing a particle, there is a delay
of about 20 or 30 seconds, followed by an intense
burst of oxygen consumption. This is not
mitochondrial respiration it is not inhibited by
mitochondrial poisons such as cyanide or azide,
and it is not required to generate the energy
required for phagocytosis, which occurs under
anaerobic conditions. 

The oxygen consumption is essential for neutrophils to kill bacteria. In Chronic Granulomatous Disease (CGD),
this respiratory burst of oxygen is usually completely absent. People with CGD die by the time they reach
their teens, usually of infections by Staphylococcus aureus and Aspergillus. 

The oxygen consumption occurs through an enzyme system called the NADPH oxidase, which transfers
electrons onto oxygen to form superoxide. The enzyme consists of a flavocytochrome that spans the membrane
and passes electrons from the substrate, NADPH, in the cytoplasm, and onto oxygen. 

Oxygen free radicals: relevance
to carcinogenesis and killing 
of malignant cells 
A report on a lecture by
Anthony W. Segal
University College London, London, United Kingdom

Figure 1
Oxygen is required for
neutrophils to kill bacteria.



Flimsy evidence
The oxygen radicals are released only after the vacuole compartment is closed, so there is not likely to be
any leakage of the radicals. In the Haber-Weiss reaction, superoxide and hydrogen peroxide, in the presence
of metals, produce the hydroxyl radical. This is a really reactive free radical with a half-life of about one
nanosecond. In contrast, the superoxide and peroxides are very unreactive. 

The existing dogma is that when you make superoxide, it dismutates to form peroxide, which acts as a substrate
for myeloperoxidase. The myeloperoxidase oxidizes chloride to form hypochlorous acid. The peroxide, the
hydroxyl radical, the hypochlorous acid and others produced in the vacuole damage lipids, proteins and DNA,
killing the microbe. 

This has been extrapolated to suggest that these harmful chemicals can also attack normal cells and destroy
them. Many also suggested that these free radicals cause cancer. On the basis of this flimsy science, there
was the promise of health and prolongation of life through the use of antioxidants.

Much of the initial work on free radicals was done by radiation biologists who measured free radical reactions
in test tubes. Once superoxide dismutase was identified, there was a way to measure free radicals in biological
systems. After neutrophils were found to produce a lot of superoxide, this was suggested to have biological
effects in terms of damaging tissues. This suggestion was particularly attractive because neutrophils
accumulate in large numbers at sites of inflammation where cell damage occurs, and chronic inflammation
is well recognized as a predisposing cause of malignancy.

Mitochondria have electron transport chains and pass electrons down them. The suggestion is that about 
3-5% of these electrons leak out and combine with oxygen to form superoxide. 

There are problems with this hypothesis. First, many of these measurements are done on isolated mitochondria,
the separation of which might disrupt the organelles’ function. In an intact cell, there is no measurable free
radical or superoxide formation by mitochondria. Mitochondrial function is unlikely to be so inefficient as
to lose 3-5% of its metabolic fuel this way. 

Also, the theory holds that free radicals can attack
bases and damage the DNA backbone. But there
is enormous compartmentalization in the cells,
and mitochondria are widely separated from DNA.
The generation of really reactive molecules
such as hydroxyl radicals requires the presence
of free metals, which don’t usually exist in cellular
compartments. There are metal binding proteins
and many antioxidants and free radical
scavenging systems in the mitochondria and the
cytosol has many protective mechanisms and
DNA repair mechanisms.

Ionic pumps
The NADPH oxidase in neutrophils may have a
completely different function than that of the
production of free radicals. 

The amount of superoxide produced is
approximately 1 Molar. Patients with CGD who
have a partial defect produce up to 200 mM, which
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is not enough. This suggests that
there might be a physicochemical
process involved. 

The granules in the neutrophils are
released onto the organism at
extremely high concentrations and
the pH is about 7.8 to 8. The major
bands on an SDS gel of granule
proteins indicate high concentrations
of lactoferrin, which binds metals,
myeloperoxidase and two neutral
proteases – elastase and cathepsinG.
Knockout mice lacking these two
neutral proteases are particularly
susceptible to bacterial infection1, 2.

In wildtype mice, the cells can kill about 70% of the bacteria in two minutes. Cells from the knockouts are
about as inefficient at killing as are CGD mice. Interestingly, the oxidase is completely normal in these mice.
Iodination, which is a measure of myeloperoxidase activity, is also completely normal. This suggests that
reactive oxygen species and the products of their reaction with myeloperoxidase do not themselves kill the
microbes, and that the oxidase might have an entirely different function3, 4.

The NADPH oxidase is an electron transport chain. It takes electrons from NADPH that pass through a cascade
of redox molecules across the membrane. This depolarizes the membrane, producing energy across the
membrane, almost like charging a battery. 

When electrons pass down the chain, they leave protons in the cytoplasm, which becomes acidic as the vacuole
becomes alkalanized. Eventually, the charge across the membrane becomes so great that it stops electron
transport and the process comes to an end.

To allow this process to continue, the potential needs to be broken down. Because electrons are negatively charged,
the charge passed across the membrane is negative. Compensating for that requires either that positive charges
be passed across the membrane in the same direction or that negative charges be passed in the reverse direction.
One suggestion has been that this process takes place by passing protons through a proton channel. 

The NADPH oxidase’s function may not be to produce superoxide, but may be a byproduct of the process, just
as the production of water by mitochondria is a byproduct. The main function of NADPH oxidase may instead
be to produce the charge across the membrane, which drives ion fluxes across the membrane. These ion fluxes
activate the granule enzymes within the phagocytic vacuole. 

Charge compensation
Chloride, which is a negative charge, could be the major charge compensator. In resting cells, there is no
chloride influx into the cell. When the cells are stimulated with PMA, there is a lot of oxygen consumption
and a lot of chloride influx, which compensates about 90-95% of the charge. Blocking the oxidase with an
inhibitor of the flavin blocks both, suggesting that the chloride is not a result of the PMA alone and requires
an active oxidase.

In phagocytosing cells, the generation of 1 Molar superoxide in the vacuole requires a lot more chloride than
is taken from the extracellular medium, which accounts for roughly 2% of compensating ions. Electron probe
microanalysis maps of sectioned neutrophils reveal that the granules contain about 
500 mM chloride, 350 mM of potassium and 100 mM of sodium.

Figure 3
Estimation of conditions 
in a vacuole.



The chloride must be removed
because it inhibits the activity of
the enzymes, which are packaged
in the granules. At high chloride
concentrations, pure lysozyme,
cathepsin G and elastase are
inactivated. Also, the pH of a
vacuole goes up to about 7.8 to 8
in the presence of a normal
respiratory burst, but in CGD
cells, drops to about 6. 

Optimal conditions
Passing electrons across the
membrane leads to the
formation of superoxide, which
dismutates to form peroxide.
This is protonated to make
hydrogen peroxide and eventually
forms water. Vast numbers of

protons are consumed in the vacuole. Most of the protons are left in the cytoplasm, so there has to be a
mechanism for reducing the pH in the vacuole that has been elevated by the superoxide formation. 

This is important because cathepsin G and elastase have an optimum of about pH 7. Much of the pH equilibration
is brought about by the sodium proton exchanger 1, NHE1, which is present in the wall of the phagocytic
vacuole and exchanges sodium for cytosolic protons. This can be measured in PMA-stimulated cells, by
determining the uptake of 22Na+ from the medium. The higher the pH, the more the sodium uptake. If this
protein is blocked with EIPA, a specific inhibitor, the pH in the vacuole goes up to 9 rather than 7.8 and the
pH in the cytoplasm remains low rather than return to normal. 

In EIPA- or DPI-treated cells, there is a lot of sodium, as measured by sodium green, in the vacuoles, whereas
in normal cells, the respiratory burst causes the sodium to be pumped out of the vacuole.

What all this suggests is that the function of the oxidase is to create a charge across the membrane and to
alkalanize the vacuole. The charge across the membrane pumps sodium and chloride out of the vacuole
and potassium into the vacuole. These ion fluxes activate the granule proteases, which kill the organisms. 
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Obesity is linked to heart disease, high blood pressure and insulin resistance, the precursor to diabetes.
In the high-calorie, high-fat environment in which we live, the problem is only poised to become worse.
Changes in gene expression can directly translate into the waistline. There are transcriptional programs
that can be dissected, manipulated and potentially recruited as allies in the battle of the bulge. For
example, some members of the PPAR family of nuclear receptors have important roles in changing
the fat equation. Synthetic PPAR# agonists can change running performance in mice by altering their
muscle fiber type ratios. Drugs that target PPAR# may also influence the balance by revving up
metabolism. Ron Evans discussed the nexus between nuclear receptors, energy metabolism and
inflammation. 

Obesity is a primary risk factor for insulin resistance, hyperlipidemia, hypertension and atherosclerosis, collectively
known as Syndrome X. This is
emerging as a tremendous medical
crisis but one that is easy to neglect. 

Nuclear receptors have been directly
implicated in the etiology and
treatment of metabolic syndrome.
These receptors have two modes of
action. 

In the absence of a ligand, the
receptors can recruit co-repressors
such as SMRT or NCoR. These are
gigantic platform proteins used by
many transcription factors. They
recruit histone deacetylases and
approximately 20  other proteins. In the
presence of ligand, the complex is
dismissed and replaced by co-activator complex. These complexes play key roles in balancing the fat equation. 

Among the nuclear receptor superfamily are Peroxisome Proliferator-Activated Receptors (PPARs), 49 of them in
mice. Three PPAR subtypes respond to classes of fatty acids endogenously. There are also drugs that modulate
their action1. Fibrates, which act on PPAR!, lower the levels of triglycerides and fatty acids. 

PPAR$, master regulator of adipocyte formation, has an important role in obesity and diabetes and is the
molecular target for a class of drugs called the Glitazones or the TZDs. TZDs act as insulin sensitizers, and
are the only class of drugs that act in this fashion. Despite the benefits of insulin sensitization, these drugs
stimulate PPAR$ and increase weight gain. 

In contrast to PPAR$, PPAR# plays a central role in suppressing inflammation, enhancing oxidative metabolism

PPAR# at the crossroads of
inflammation and metabolism

A report on a lecture by
Ron M. Evans
The Salk Institute, La Jolla, United States

Figure 1
Peroxisome Proliferator-
Activated Receptors 
are pleiotropic regulators 
of lipid metabolism.



in muscle as well as promoting insulin sensitivity in the liver. There are no approved drugs for PPAR#, but
there are candidates in the clinic. PPAR# represents one of the most promising targets for drug development.
There might also be natural agonists to PPAR# in the diet. For example, unsaturated fats or good fats activate

PPAR#, but saturated fats don’t. 

PPAR$ is involved in storing excess calories in the
form of adipose tissue, whereas PPAR# and
PPAR! activate genetic programs associated with
fat burning. As long as these programs are in
balance – you burn what you eat – the body remains
healthy. But eating less is hard to do, and drugs
to control appetite are hard to come by. One
solution may be to influence the balance by revving
up metabolism. 

GlaxoSmithKline is developing a synthetic ligand
called GW1516 that activates PPAR#. Another way
is to genetically alter PPARs to be active and bypass

the need for a ligand.

Unexpected activation
Macrophages start out benign and become activated when they encounter pathogens they need to destroy.
The activation process of macrophages has been seen as just two states, before and after, but there is in
fact a dynamic that connects the two states. 

The researchers broke up the activation process from bone-marrow derived macrophages, by looking 
at molecular changes occurring at 30 minutes, 1 hour, 2 hours, 4 hours, 8, 16 and 24 hours.

By activating with the bacterial LPS or interferon (IFN-$), the dynamic patterns of nuclear receptor
gene expression displace with two distinct patterns. For example, glucocorticoid receptor rises
dramatically but then falls with LPS and follows a different pattern with IFN. The orphan receptor NOR1
quickly increases 10,000-fold at two hours and is back to baseline by eight hours. Cytokines also respond
in unique temporal windows. 

More than half of the nuclear receptor family is expressed in macrophages, which was unexpected. For example,
the Vitamin D receptor, which was not known to be expressed in macrophages, shows a dramatic increase

with LPS and crashes with IFN treatment. There are
also a number of receptors that promote oxidative
metabolism, including PPAR#, which is a surprise
because macrophages are believed to be glycolytic.

The activation process of macrophages is therefore
temporally complex and disrupting it requires
knowledge of what is expressed at any given time.
This may be important in designing anti-
inflammatory drugs or in modeling inflammation.
Glucocorticoids are the best orally active inhibitors
and the gold standard of anti-inflammatory drugs
that shut down NF-%B. They are also potent
metabolic activators. The nexus between metabolic
activation and inhibition of inflammation may be
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Figure 2
Eating less is hard to do.
One solution to combat
obesity may be 
to develop drugs that 
rev up metabolism.

Figure 3
PPAR# suppresses 
the progression of
atherosclerotic lesions.
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critical in understanding what anti-inflammatory drugs can do. 

Heart burn
Heart disease is a major problem, driven by high-fat diet, poor exercise and genetics. It begins in childhood
and can even begin in the embryo. Macrophages invade the coronary artery and become resident in the artery
for life. They accumulate oxidized lipids such as oxidized LDL and try to clear out reactive lipids.

After the invasion of macrophages, lesions begin to accumulate lipids, forming foam cells. It becomes an
inflammatory site and is ultimately the beginning of atherosclerosis. There are many markers for the activation
of each part of this process. Each of these steps is a potential target for manipulation by nuclear receptors,
including PPAR#.

In mouse models of heart disease, PPAR# and separately, PPAR$, are both believed to be cardioprotective.
PPAR# has been previously shown to be a major regulator of inflammation suggesting that it may be an effective
therapeutic target in the control of
atherosclerosis. In macrophages, a genetic
approach demonstrates that ligands to
PPAR$ promote export of cholesterol and
this process benefits the artery and
reduces inflammation. 

In the absence of its ligand, PPAR#
recruits a transcriptional repressor called
Bcl-6. With ligand, PPAR# releases the
Bcl-6 repressor, which then suppresses
the pro-inflammatory NF-%B pathway in

vitro. This raises the question as to whether an orally active PPAR#-specific drug can reduce inflammation
and progression of cardiovascular lesions2.

ApoE null nice represent an effective model which are susceptible to cardiac lesion development. Giving
GW1516 to these mice rapidly suppresses the expression of MCP-1 and inhibits activation of the macrophages.
The drug also dramatically inhibits atherosclerotic lesion development over eight weeks and reduces
atherosclerotic plaques by about 33%. 

In addition to cardiovascular disease, it’s possible to test the effect of PPAR# in adipose tissue, either by
using a transgene that expresses the activated PPAR# in adipose tissue (using the aP-2 fat-specific promoter),
or by treating mice with GW1516.

In the transgenic mouse, there’s less fat stored in adipose tissue, because of increased metabolic activity
that’s burning fat. If you give the drug to the db/db diabetic mice, which are severely obese, the treated mice
are about 30% thinner than untreated controls3.

Muscling in on obesity
Muscle is the principal tissue that burns sugar and fat. In muscle, the transgene would be predicted to increase
oxidative metabolism as it did in fat and increase the ability of muscle to burn fat. But unexpectedly, the
transgene instead caused a switch from one type of muscle fiber to another.

Muscle is composed of two different types of fibers: type I, or slow twitch, and type II or fast-twitch. The
fast fibers burn tremendous amounts of sugar in a short time and provide strength. The slow fibers are

Figure 4
If PPAR# is activated 
using a synthetic ligand,
db/db diabetic mice, 
which are severely obese,
become about 30% thinner
than untreated controls.



seen in long-distance athletes, and
contribute to endurance. 

With the PPAR# transgene activated,
the pink glycolytic fiber turns into the
redder, fat-burning fiber. The fibers also
become rich in mitochondria and
express genes involved in oxidative
phosphorylation and mitochondrial
function4.

On their first run on a treadmill, these
transgenic Marathon Mice can run 
an hour longer than the 90 minutes 
of control mice. In contrast, mice 
with PPAR# knocked out run only 

20 minutes. 

Interestingly, treating normal mice with the drug protects them against weight gain, improves metabolic
functions, and potentially improves the running performance.

In summary, PPAR$ and PPAR# serve as effective therapeutic targets for 
suppressing inflammation and ameliorating cardiovascular disease in well-accepted mouse models and
disease. The effective use of these drugs can activate a series of genetic programs that can help rebalance
the fat equation. What’s more, PPAR# can direct a set of metabolic changes in skeletal muscle that can
produce a mouse with increased oxidative capacity, capable of running up to twice the distance of untreated
normal littermates.
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1. ABBREVIATIONS
Terms in italics are defined elsewhere in the Abbreviations.

CTL cytotoxic T lymphocyte LPS lipopolysaccharide
GFP green fluorescent protein NF-%B nuclear factor kappa B
I%B inhibitor of nuclear factor kappa B NEMO NF-%B essential modulator
IKK I%B kinase PPAR peroxisome proliferator-activated receptor

IFN-$ interferon gamma TAM tumor-associated macrophage
IRF interferon regulatory factor TGF-" transforming growth factor beta

JNK c-Jun N-terminal kinase TNF-! tumour-necrosis factor alpha
IL interleukin TLR toll-like receptor

2. GLOSSARY
Terms in italics are defined elsewhere in the Glossary.

Gene names are shown in italics; human genes are capitalised, mouse genes in lower case; unless stated
otherwise, the protein coded by a gene uses the same name but in normal type, either in capitals or 
capitalised.

ascites accumulation of excess fluid in the peritoneal cavity, the space between the
membranes lining the abdomen and abdominal organs

adaptive immunity also called acquired immunity; specific, targeted response to particular antigens,
usually previously unseen molecules

adjuvant agents that modulate immune responses, often used to boost the immune response
to vaccines

adoptive transfer transfer of components of the immune system capable of mounting a specific
immune response

angiogenesis the formation of new blood vessels

apoptosis the orderly program of biochemical reactions leading to cell death and degradation

B-cells type of white blood cell or lymphocyte involved in generating antibodies and
fighting infections

blastocyst thin-walled hollow structure formed early in embryonic development 

chemokine cytokines that recruit or mobilize immune cells

chimera an organism or tissue created from two or more genetic sources

Cre enzyme that can be used to delete specific portions of DNA flanked by lox P
sequences

cytokine molecules released by cells in response to infection or injury that stimulate
inflammatory or healing responses

dendritic cells cells that initiate a primary immune response by activating lymphocytes and
secreting cytokines

dysplasia pre-cancerous abnormality in the appearance of cells, indicative of an early step
towards transformation into a neoplasia
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epigenetic reversible changes in gene function that occur without a change in the DNA sequence

free radicals molecules containing an unpaired electron that are unstable and highly reactive

Helicobacter pylori bacterium that infects the mucus lining of the human stomach and can cause 
peptic ulcers and gastritis

inflammation response of the immune system to infection or irritation, characterized by redness
and swelling

innate immunity pre-existing defenses that provide first-line protection against pathogens

interferon cytokine produced in response to challenges by foreign agents such as viruses,
bacteria and tumor cells 

interleukins large group of cytokines that mediate communication between white blood cells 

knock-out experimental deletion of a gene, resulting in the loss of the protein under 
investigation

knock-in insertion of a gene construct carrying a specific mutation 

macrophages white blood cells or phagocytes that engulf cellular debris and pathogens

metastasis the process of cells leaving the primary tumor and migrating through the lymph and
blood systems to establish secondary tumors elsewhere in the body

NF-%B nuclear transcription factor, thought to have as many as 1,000 target genes involved
in apoptosis, inflammation and response to infection, growth and proliferation

neoplasia abnormal, disorganized growth, usually forming a distinct mass or tumor that may
be either benign or malignant

neutrophils first immune cells to appear in an infected area, a clustering of which is character-
istic of an inflammatory response

nuclear transfer technique used for cloning, in which the nucleus of a somatic cell is inserted into
a denucleated egg cell

oncogene mutation in a gene involved in regulating cell proliferation or cell death that may lead
to neoplasia

pluripotency ability to differentiate into different cell types

RNA interference technique in which strands of double-stranded RNA are used to silence the
expression of a gene

stem cells undifferentiated cells that retain the ability to differentiate into many cell types

stroma supportive framework of an organ, usually composed of connective tissue

transdifferentiation transformation of a non-stem cell or a differentiated cell into another cell type

T-cells white blood cells that play a central role in cell-mediated immunity

tolerance state of unresponsiveness to an antigen or group of antigens to which a person 
is normally responsive

T-helper cells (Th) subgroup of T-cells that activate and direct other immune cells

Toll-like receptor transmembrane proteins that recognize pathogens and activate immune 
cell responses

tumor necrosis major member of the cytokine superfamily, with roles in maintenance and
factor-! homeostasis of the immune system, inflammation and host defense 

tumor suppressor gene coding for a protein that promotes apoptosis or suppresses cell division 
and therefore prevents cells from becoming neoplastic 

wild type gene of interest with no known mutations or an animal carrying such a gene 
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Fondation Ipsen

The Fondation Ipsen, created in 1983 under the
auspices of the Fondation de France, has two
objectives: the distribution of knowledge and
encouraging the exploration of emerging areas of
research. To celebrate the foundation’s first 20 years
of work, a conference “From Brain to Mind” was held
in 2003 at the Collège de France in Paris. Attended
by more than 600 researchers from throughout the
world, including several Nobel prize winners, the day
reflected the spirit of the Fondation Ipsen by
combining new knowledge, open discussion 
and intellectual exchange between researchers of 
all ages.

Contributing to the development and distribution of knowledge
One mission of the foundation is to promote interaction between researchers and clinicians by creating
“crossroads” and forums for fruitful exchanges. Today, with the extreme specialization of knowledge and
the increasing mass of information that many find difficult to decipher, such exchanges are indispensable.
For this to be effective, the foundation has focused on some of the crucial biomedical themes of our time:
the spectacular developments in neuroscience and the scientific study of cognitive mechanisms, the challenges
of neurodegenerative pathologies, the omnipresence of genetics and molecular biology, the growing field
of endocrine interactions and the problems of aging populations and theories of longevity. More recently,
activities have expanded into two areas that are exciting for both their medical and fundamental challenges
and that are currently in a phase of rapid development: the vascular tree and cancer.

Another goal of the Fondation Ipsen is to initiate, in partnership with the specialists and institutions involved,
discussions and exchanges on the major scientific challenges of the future. Rather than trying to provide
definitive knowledge, or to replace the work of large research organizations, the aim of these discussions
is to emphasize multidisciplinary approaches at the boundaries of several disciplines, an approach that is
essential for understanding the complexity and originality of human beings and their pathologies. 

To fulfill these commitments, the foundation organizes several series of international Colloques Médecine
et Recherche, as well as funding awards to encourage research and publishing reports on its meetings.
For each of these activities, the foundation brings together partners from the scientific and clinical world,
who can independently report on the current state of knowledge and discuss the main issues in the areas
on which the foundation has chosen to focus. 

Over the past 23 years, the Fondation Ipsen has established its place in the scientific and medical landscape
and intends to continue to be at the forefront in forming links, initiating multidisciplinary exchanges and
contributing to the spread of knowledge, with time, intelligence, good will and above all, the collaboration
of leaders in current biomedical research.  

From Brain to Mind,
Collège de France,
September 13, 2003.



The Colloques Médecine et Recherche
The Colloques Médecine et Recherche were created in 1987, with the first series dedicated to Alzheimer’s disease.
Its success stimulated the establishment of other several dedicated series: neurosciences, longevity,
endocrinology, the vascular tree and oncology. Meetings in each series are held annually, bringing leading international
specialists together to present their most recent work, sometimes even before publication. Through these meetings,
the Fondation Ipsen has over the years developed a large, international network of experts. 

By focusing on emerging fields of knowledge, the meetings have supported the development of many new
topics and have had an impact on scientific advances in areas such as the role of cerebral amyloidosis in
neurodegeneration, the contribution of genetic factors, stem cells and the benefits of neuronal grafts, biological
markers, brain imaging, growth factors, "-amyloid protein precursors, apolipoprotein, presenilins and
epidemiology, to name a selection. 

The series are organized around topics where active research is having or is likely to have a major impact
on our knowledge:

• Alzheimer’s disease – Since 1987, this topic has been explored at annual meetings that have followed or
even anticipated the development of the new field of “alzheimerology”, which has gone beyond histology
and neurochemistry to establish the underlying pathological mechanisms. This year will mark the celebration
of the 100-year anniversary of the first presentation by Alois Alzheimer of a documented case of the disease.
Pioneers and leading scientists will gather in Tübingen on November 2-5, 2006 to discuss the achievements
and the challenges for the new century.

• Neurosciences – Started in 1990, this series of conferences has both enabled the identification of the major
themes to emerge in this area and has supported not only the remarkable expansion of the neurosciences
in the past 15 years but also the effort to integrate its subdisciplines, from molecular mechanisms to human
cognition.

• Longevity – Launched in 1996, this series examines the challenges and paradoxes of medicine by focusing
on a positive aspect, cases of exceptional resistance to the effects of aging, rather than on disease. The
evolution of research dedicated to aging into research dedicated to longevity represents a remarkable
development in this field.

• Endocrinology – Established in 2002, this series examines the involvement of the endocrine system in
the integration of all bodily functions. One example is the recent discovery of many hormones important in
the control of metabolism, such as leptin and ghrelin. As aspects of brain-somatic crosstalk, such topics
have an impact far beyond studies of hormones and the endocrine organs.

• Vascular Tree – This new series, begun in 2004, aims to examine the various steps that lead to development
of the vascular system, its growth in harmony with that of other organs, its degeneration, death and the
possibilities for its regeneration. A new vision is emerging of blood vessels not as simple “pipes” but as
living, complex organs with interactions throughout the body. 

• Cancer Science – The first conference (2005) dedicated to this theme was entitled “Can Cancer be Treated
as a Chronic Disease?” and focused on recent developments in oncology, such as the discovery of specific
molecular targets that are linked to cancer-causing mechanisms. Another challenging subject was discussed
this year “Are Inflammation and Cancer Linked?” and is the subject of this document. Inflammation has
long been thought to have a critical role in cancer development, even before the oncogene theory of cancer
was promulgated in the 1970s. But only very recent studies have accumulated evidence that inflammation
can be associated with increased cancer risk. Beyond these data, precise aspects of biological responses
involved – including NF-%B, cytokines, chemokines, free radicals, growth factors – have been elucidated.
The third meeting of the series will deal with “Metastasis and Invasion” and will be held in Tuscany (May
20-23, 2007).
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The meetings of the six above series have been organized in collaboration with Philippe Ascher, 
Alain Berthoz, Konrad Beyreuther, François Boller, Bruno Bontempi, Philippe Brachet, Luc Buée, Gyorgy Buzsaki, 
Jean-Claude Carel, Jim Carey, Jean-Pierre Changeux, Philippe Chanson, Frédéric Checler, Dennis Choi,
Patricia Churchland, Michael Conn, Pierre Corvol, Jeffrey Cummings, Antonio Damasio, Hanna Damasio,
Robert Dantzer, Jean-François Demonet, Bart De Strooper, Charles Duyckaerts, Jean Émile, Jacques
Epelbaum, Caleb Finch, Françoise Forette, Bernard Forette, Claudio Franceschi, Fred Gage, Rolf Gaillard, 
Albert Galaburda, Jacques Glowinski, Patricia Goldman-Rakic, Jordan Grafman, Douglas Green, Jacques
Hanoune, John Hardy, Franz Hefti, Christopher Henderson, Bradley Hyman, Alain Israël, Bernard Jeune,
Robert Katzman, Paul Kelly, Zaven Khachaturian, Tom Kirkwood, Claude Kordon, Ken Kosik, Steven Lamberts,
Yvon Lamour, Virginia Lee, Didier Leys, Rodolfo Llinas, Jacques Mallet, Jean Mariani, Colin Masters, Richard
Mayeux, Jean-Pierre Michel, Paul Patterson, Henri Petit, Michel Poncet, Annick Pouplard-Barthelaix, 
Alain Privat, Alain Prochiantz, Stanley Rapoport, André Rascol, Jean-Marie Robine, Iain Robinson, Allen Roses,
Ketty Schwartz, Dennis Selkoe, Alcino Silva, Wolf Singer, Pierre-Marie Sinet, Jean-Louis Signoret, Rudy Tanzi,
Alain Tedgui, Anne-Marie Thierry, Marc Trillet, John Trojanowski, Jim Vaupel, Inder Verma, Karl
Weisgraber, Bruno Will, Steven Younkin.

Awards to encourage research
The Fondation Ipsen awards prizes to researchers who publish remarkable, pioneering studies. Certain winners,
such as Eric Kandel, have gone on to win the Nobel Prize for Physiology or Medicine. The foundation’s goal
for these awards is to encourage long-term research.

Posters advertising the
Fondation Ipsen prizes.

Currently, four awards are given annually:

• The Jean-Louis Signoret Neuropsychology Award: since 1992, the recipients have been Eric Kandel, Jacques
Paillard, Rodolfo Llinas, Steven Kosslyn, Alfonso Caramazza, Jean-Pierre Changeux, Emilio Bisiach, Joseph
LeDoux, Joaquim Fuster, Stanislas Dehaene, Deepak Pandya, Utah Frith, Antonio and Hanna Damasio, Marc
Jeannerod and Faraneh Vargha Khadem.

• The Award for Longevity, created in 1996, has been bestowed on: Caleb Finch, Vainno Kannisto, Roy L.
Walford, John Morley, Paul and Margret Baltes, Justin Congdon, George Martin, James Vaupel, Linda Partridge,
Sir Michael Marmot and Cynthia Kenyon.

• The Neuronal Plasticity Award has been given each year since 1990 to three researchers working on the
same theme: Albert Aguayo, Anders Björklund and Fred Gage; Ursula Bellugi, Wolf Singer and Torsten Wiesel;
Philippe Ascher, Kjell Fuxe and Terje Lomo; Per Andersen, Masao Ito and Constantino Sotelo; Mariano Barbacid,
Yves Barde and Hans Thoenen; Jacques Melher, Brenda Milner and Mortimer Mishkin; Friedrich Bonhoeffer,



Cory Goodman and Marc Tessier-Lavigne; Antonio Damasio, Richard Frackowiak and Michael Merzenich;
Heinrich Betz, Gerald Fischbach and Uel McMahan; Masakazu Konishi, Peter Marler and Fernando Nottebohm;
Tomas Hökfelt, Lars Olson and Lars Terenius; Albert Galaburda, John Morton and Elizabeth Spelke; Arturo
Alvarez-Buylla, Ron McKay and Sam Weiss; François Clarac, Sten Grillner and Serge Rossignol; and James
Gusella, Jean-Louis Mandel and Huda Zoghbi, Ann Graybiel, Trevor Robbins and Wolfram Schultz, Mary
Kennedy, Morgan Sheng and Eckhart Gundelfinger will receive this award for their research on pre- and
post-synaptic proteic complexes in neuronal plasticity. 

• The Endocrinology Award, first given in 2002, has been received by Wylie Vale, Robert Lefkowitz, Pierre
Chambon, Tomas Hökfelt and Roger Cone.

International Publications
Books summarizing the conferences organized by La Fondation Ipsen are published in English and distributed
by international publishers:

• Research and Perspectives in Alzheimer’s Disease (20 titles)

• Research and Perspectives in Neurosciences (13 titles)

• Research and Perspectives in Longevity (5 titles)

• Research and Perspectives in Endocrinology (5 titles)

• WHO/Fondation Ipsen series (7 titles)

• Brain and Mind Collection

In addition, since 1986 the Fondation Ipsen
has published close to 200 issues of
Alzheimer Actualités, a newsletter dedicated
to Alzheimer’s disease; in 1993, a bi-annual
journal, the Bulletin du Cercle de Neurologie
Comportementale was started; and in 2005,
the first of a series of annual reports on the
conference dedicated to the Vascular Tree
appeared. The foundation also has widely
distributed information in various forms to
the medical professions and families of
patients, as well as produced teaching
films that have received awards from
specialized festivals.
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Books and brochures
recently published 
by the Fondation Ipsen.
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