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more miRNAs expressed at lower levels.
Many of the miRNAs were isolated from
mixed-stage RNA preparations (2, 3). Bio-
chemical collection of miRNAs from select-
ed cell types or finely staged preparations
may reveal rare miRNAs that act in particu-
lar cells or at particular times. But the com-
prehensive detection of miRNAs expressed
in few cell types or under particular condi-
tions may demand informatic approaches
based on the now-extensive training set of
miRNAs revealed in these papers.

In fact, the number of genes in the tiny
RNA world may turn out to be very large,
numbering in the hundreds or even thousands
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in each genome. Tiny RNA genes may be the
biological equivalent of dark matter—all
around us but almost escaping detection, until
first revealed by C. elegans genetics and then
more comprehensively charted by these papers.
The next step is to figure out whether these
regulatory RNAs use principles of amplifica-
tion and systemic spread that have selected for
their conservation as well as their ramification
into so many apparently new sequences.
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Chip Shots—Will Functional
Genomics Get Functional?

Robert L. Modlin and Barry R. Bloom

fevery 10 people infected with the
O tubercle bacillus, only one will de-

velop tuberculosis; of a hundred
individuals infected with the malaria para-
site, only 0.5% will die. When people are
exposed to the same point source of infec-
tion, some become ill, for example from
enteritis caused by Escherichia coli in
contaminated food, whereas others do not;
some may die from influenza whereas
others suffer only mild symptoms. How
can we understand the basis for these vari-
ations in susceptibility to infection? In the
genomic age, the easy answer could be
that pathogens switch on different genes
or differentially alter expression of the
same genes in susceptible versus resistant
individuals. But surely variations in dis-
ease susceptibility cannot be explained so
readily. Indeed, given the presumed strong
selective pressure of infection on the hu-
man genome, it is striking how few genes
exclusively expressed in the immune sys-
tem are strongly associated with disease
susceptibility, and how small the effects of
known polymorphisms (sequence differ-
ences) in individual genes appear to be
(). On page 870 of this issue, Huang et
al. (2) compare the gene expression pro-
files of human dendritic cells challenged
with three different pathogens (a bacteri-
um, a yeast, and a virus). In particular,
these investigators wanted to know
whether antigen-presenting dendritic cells
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such as neutrophils and macrophages).
With their gene chip arrays, Huang et al.
(2) discovered a hierarchy of gene expres-
sion in human dendritic cells. The outright
winner, the E. coli bacterium, activated
685 genes; next came the influenza virus
with 531 genes activated; and last came

yeast (Candida albicans), which
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activated the fewest genes (289).
Of the 6800 genes on the chip ar-
ray, about 2000 were expressed in
resting dendritic cells, and 1330
genes showed alterations in.expres-
sion after infection. Based on
database annotations, the ex-
pressed genes were categorized in-
to the following families: innate or
adaptive immunity, immune recep-
. tors, immune transcription, glyco-
lysis and energy, apoptosis, growth

Dendritic cells on the frontline. Photomicrograph of
skin dendritic cells (Langerhans cells) from a patient
with leprosy. Dendritic cells, components of the innate
immune response, recognize and respond to microbial
pathogens by activating T cells (adaptive immunity) and
by releasing inflammatory mediators that mobilize neu-
trophils and macrophages (innate immunity). Patterns of
dendritic cell gene expression differ according to the mi-

crobial pathogen encountered (2).

could discriminate the three microbial
challenges and whether discrimination re-
flected the program of genes activated
uniquely by the interaction of a specific
pathogen (or its products) with the den-
dritic cells. As they report, gene chip array
analysis revealed that the patterns of den-
dritic cell gene expression varied accord-
ing to the pathogen encountered, with
some genes being uniquely activated.
Dendritic cells, members of the body’s
innate immune system (see the figure),
are a good choice of immune cell for this
type of study. They are important for initi-
ating both adaptive immunity (activating
T and B cells expressing receptors that
recognize microbial antigens) and innate
immunity (activating phagocytic cells

factors, tissue remodeling, cell
stress, and immune inhibitors. De-
spite the fact that the three mi-
crobes are completely different or-
ganisms, a large -number (166) of
core genes were activated by all
three pathogens, and a smaller
number of overlapping genes were
activated by two of the three
pathogens. Some genes were acti-
vated early, some 8 hours after infection,
and others 12 hours after infection. The
innate immune response appears to be
programmed to respond to widely differ-
ent pathogen challenges with a common
core pattern of gene activation. More in-
teresting still, pathogen-specific responses
were also observed—118 and 58 genes
were activated only by E. coli or influenza
virus, respectively. Curiously, Candida did
not induce any pathogen-specific genes.
This could imply that the core genes in-
duced by all three pathogens would be
sufficient to combat yeast infection. Alter-
natively, other genes not represented on
the chip array, or immune cells in addition
to dendritic cells, may be required to deal
effectively with this pathogen.

www.sciencemag.org SCIENCE VOL 294 26 OCTOBER 2001

799



To explore how these three pathogens
activate unique patterns of gene transcrip-
tion, Huang et al. studied the responses of
cultured dendritic cells to molecules pro-
duced by these microbes. For example,
lipopolysaccharide from the cell wall of E.
coli, yeast cell wall-derived mannan, and
viral double-stranded RNA activate the in-
nate immune system through distinct re-
ceptors that recognize specific biochemical
patterns. These microbial ligands triggered
only a subset of genes induced by the
whole live pathogen. Generally, the live
pathogen was a more potent gene activator
than its ligand. For example, 5 to 10 times
more mRNA and protein of inflammatory
cytokines (tumor necrosis factor—o, p40,
and interleukins IL-12 and IL-10) were
elicited by E. coli than by lipopolysaccha-
ride. Curiously, in some cases the pattern
of genes triggered by the microbial ligand
failed to correlate with that induced by the
intact pathogen; for example, the set of
genes activated by yeast-derived mannan
was more similar to that elicited by E. coli
than by C. albicans. But what does all of
this information really tell us?

In the case of cancer, microarray analysis
of different tumors at different stages of ma-
lignancy has yielded information that could
not be discerned by pathological examina-
tion. For example, gene arrays have been
used to classify leukemias (3), breast can-
cers (4), and melanomas (5), and in some
cases to predict the survival of cancer pa-
tients. An elegant gene chip study has
shown that the signaling protein RhoC is es-
sential for metastasis of melanomas (6).
Such research is paralleled by studies of in
vivo gene expression in microbial pathogens
using several sophisticated approaches in-
cluding in vivo expression technology
(IVET) (7), molecular beacons (8), and ter-
rain mapping (9). These techniques, com-
bined with gene chip studies of immunolog-
ic responses to microbial pathogens and
their ligands, are already yielding important
functional information (10, 11).

The interaction between a pathogen and
its host is clearly complex. It is one thing for
the expression of 1000 genes to be altered by
infection and neatly classified into families,
but quite another to know which of these
genes are crucial for host defense, and which
promote microbial invasion, survival, and
pathogenesis. Different pathogens (and their
products), which presumably interact with
different patterns of cell receptors, stimulate
both common and unique signaling path-
ways and activate the expression of a num-
ber of different genes. The study of gene
chip arrays is often referred to as “functional
genomics,” and classifying genes whose ex-
pression is altered on the array allows us to
speculate about what these genes do.
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But, which of the activated genes are cru-
cial for protective immunity, which have lit-
tle to do with the immune response, and
which are involved in tissue injury? Array
data narrow down the possibilities, and as
such are enormously valuable, but annota-
tions alone cannot answer these questions.
Huang ef al. did confirm in vitro that some
of the cytokines produced by dendritic cells
in response to E. coli were able to increase
chemotaxis of neutrophils, key inflammatory
cells. It remains to be determined whether
these cytokines do the same in vivo.

How will functional genomics become
functional? In a world of multiple genes and
quantitative traits controlling complex phe-
nomena, such as immunity to infection, how
do we learn which genes count and which
do not? And how will your automated health
care provider of the future, analyzing a drop

of your blood before a trip to an exotic des-
tination, discern worrisome susceptibilities
to nasty pathogens (and provide you with
the appropriate therapeutic drug or vac-
cine)? Perhaps answering these questions
will require reverting to the quaint hypothe-
sis-driven, low-throughput approach once
known as experimental biology.
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Brown Dwarfs

John E. Gizis

Jupiter (75 M;), astronomical objects
cannot achieve core temperatures hot
enough for sustained nuclear fusion of hy-
drogen. These failed stars are called brown
dwarfs. The hydrogen burning limit thus
defines the cutoff between stars and brown
dwarfs, but the term “brown dwarf” is usu-
ally also taken to refer to objects that form
through collapse
Enhanced online at and fragmentation
wwwi.sciencemag.org/cgi/ Of an interstellar
content/full/294/5543/801 cloud (like stars)
rather than originat-

ing in a circumstellar disk (like planets).

It has long been expected that star for-
mation will produce brown dwarfs, particu-
larly because the time scales of brown
dwarf formation are too short for hydrogen
burning to be relevant. However, detection
of brown dwarfs has proved difficult be-
cause they are very faint. Star and planet
formation models have to account for the
properties of these objects at the extreme
low-mass end of the stellar mass distribu-
tion. Thanks to improved telescopes and de-
tectors, the observational characterization
of brown dwarfs is now well under way. But
although models of the evolution of brown
dwarfs are well developed, models of their
formation are still in a preliminary state.

The first unambiguous brown dwarfs
were discovered in 1995. Since then, hun-

Below about 75 times the mass of
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dreds have been identified in star-forming
regions, young open clusters, and the
field. Nearby, old brown dwarfs in the
field have been identified with the Deep
Near-Infrared Survey (DENIS), Two Mi-
cron All-Sky Survey (2MASS), and the
Sloan Digital Sky Survey (SDSS). New
spectral classification systems have been
developed to characterize their properties
(1-4). Over the course of 100 million to
10 billion years, an individual brown dwarf
will evolve through spectral classes M
(with an effective temperature T.5> 2200
K), L (2200 K > T.4> 1400 K), and T
(1400 K > T.g> 700 K) to as yet unob-
served cooler states.

There is now wide agreement that
brown dwarfs are numerous but not a sub-
stantial source of dark matter. Counts of
brown dwarfs in the field, open clusters,
and star-forming regions indicate that
brown dwarfs represent a small (less than
15%) fraction of the stellar mass but a
substantial fraction by number (5).

If the brown dwarf population is a re-
sult of the star formation process, it
should share properties with stars.
Many—if not most—stars are found in
multiple systems, and the formation of
circumstellar disks is also common. Some
20% of L dwarfs in the 2MASS survey
turn out to be doubles when imaged with
the Hubble Space Telescope. The brown
dwarfs in these pairs are between 1 and 10
astronomical units (AU; 1 AU equals the
Sun-Earth distance) apart, indicating that
there are few wide brown dwarf-brown
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