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one should focus on the exchange interac- 
tion, the spin fluctuation exchange model 
differs from Demler and Zhang's (8) a-res- 
onance picture, which in turn differs from 
resonating-valence-bond theories (10) and 
domain-wall stripe theories (11) all of 
which also arise from models with an ex- 
change interaction, are known to fit a num- 
ber of experimental observations, and likely 
play a key role in the underdoped regime. 

Thus, the work of Dai et al. focuses our 
attention on the exchange interaction and 
the magnetic excitation spectrum, narrow- 
ing but not ending the search for the cuprate 
pairing mechanism. 
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scriptional derepression and the cell cycle 
most likely reflects the opportunity for syn- 
thesis o f  new DNA that is less methylated 
and more accessible than that o f  the parent 
strand (6). After differentiation, epigenetic 
changes and allelic expression patterns per- 
sist for multiple cell divisions, showing that 
they are both stable and inheritable. Thus, 
TH1 and TH2 lymphocytes exhibit memoly 
o f  both specificity and function, reflecting 
the stability o f  both types o f  differentiation. 
The mechanisms o f  this memory, however, 
are different. Stability o f  clonal specificity 
results from genetic recombination, whereas 
stability o f  function is accomplished by epi- 
genetic modification. 

W h y  should cytokine genes be ex-  
pressed from only one allele? The clearest 
examples o f  monoallelic expression o f  au- 
tosomal genes are found in two organ sys- 
tems for which cellular specificity and pop- 
ulation diversity are essential: the immune 
system (antigen receptors on T, B, and natu- 
ral killer cells) and the nervous system (ol- 
factory receptors on olfactory epithelial 
cells) (7) .  Monoallelic expression (or allelic 
exclusion) ensures that most individual 
cells express only one member o f  a family 
o f  receptors encoded by highly hoi~lologous 
genes, resulting in each cell having only 
one o f  many possible specificities. The 
functional significance o f  monoallelic ex- 
pression o f  cytokine genes is less obvious 
and may simply reflect the rate limitations 
o f  chromatin remodeling at these loci. 

The question o f  instructive versus selec- 
tive differentiation has been addressed in 
other hematopoietic cell lineages. Both in- 
struction and selection have been reported 
for various lineage-restricted growth and 
differentiation factors ( 8 ) .  For example, 
macrophage colony-stimulating factor and 
granulocyte-macrophage colony-stimulating 
factor appear to instruct different fates in 
bipotential granulocyte-macrophage progen- 
itors. In contrast, erythropoietin supports ex- 
pansion o f  cells committed to the er-ythroid 
lineage (selection) but is not required for 
progenitor cells to make that co~lunitment. 
Perhaps the example that is most relevant to 
T H  differentiation is the analogous hnction- 
a1 differentiation o f  B cells involving iso- 

u 

type switch recombination o f  irnmunoglob- 
ulin heavy chain genes. Cytokines (includ- 
ing IL-4 and IFN-)I) can dramatically alter 
the switching between immunoglobulin iso- 
types in differentiating B cells (9).  Antibody 
isotype switching requires transcriptional 
activation o f  heavy chain genes, and IL-4 
and IFN-y regulate switching by inducing 
transcription o f  specific heavy chain genes. 
The result o f  cytokine action on differentia- 
tion is, thus, instructive, not selective. This 
instruction takes the form o f  changes in the 
probability o f  different outcomes within the 
intrinsic constraints o f  a stochastic process. 
For example, the probability that B cells 
will switch to IgE ranges from <0.0001 to 
>0.01 in the absence or presence, respec- 
tively, o f  IL-4. 

Seeking Ligands for 
Lonely Orphan Receptors 

 an-Ake Custafsson 

C 
ells are exposed to a plethora o f  
chemicals-metabolic intermedi- 
ates, hormones, and compounds in 

the environment. One way in which cells 
adapt to these physiological and toxicologi- 
cal challenges is through nuclear receptors, 
which bind to these molecules, move to the 
nucleus, and initiate changes in gene tran- 
scription. Currently we know o f  about 70 
different nuclear receptors, but only half o f  
these have ligands that have been identified 
( I ) .  The remaining receptors with unknown 
ligands are called orphan nuclear receptors. 
Identifying ligands for these receptors is a 
huge challenge but is one that the phalma- 
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ceutical industry is eager to take on. Dlugs 
that mimic such ligands could be o f  partic- 
ular value in the treatment o f  diseases that 
are caused by defects in the biochemical 
pathways in which these nuclear receptors 
are involved. 

Two reports on pages 1362 and 1365 
o f  this issue from the groups o f  Willson 
and Mangelsdorf (2 ,  3 )  and one in this 
month's Molec~llnr Cell ( 4 )  now show that 
bile acids, important regulators o f  choles- 
terol hon~eostasis, are the physiological 
ligands o f  the farnesoid X receptor 
(FXR),  an orphan member o f  the nuclear 
receptor family. This finding implicates 
FXR in the regulation o f  one o f  the key 
biochemical pathways in the body. 

The most important primary bile acids 
in humans are cholic acid (the most abun- 
dant) and chenodeoxycholic acid. Bile 

The regulation o f  TH1 and TH2 differen- 
tiation by differentiative inducer cytokines 
such as IL-12 or IL-4 may not be adequate- 
ly described as either strictly instructive or 
strictly selective. The rate-limiting nature o f  
chromatin remodeling o f  cytokine gene loci 
introduces an element o f  probability intJ 
the process, much as it dies for antibody 
isotype switching for B cells. Cytokine in- 
ducers o f  TH1 or TH2 differentiation could 
alter the odds o f  stable chromatin remod- 
eling o f  specific cytokine gene loci. Ex- 
tremes o f  TH1 or TH2 differentiation may be 
achieved either by subsequent selection or 
by large changes in probability (see the fig- 
ure). To decide among these models, it may 
prove necessary to produce the equivalent 
o f  an embryologist's fate map, accounting 
for the birth, differentiation, and death o f  
all descendants o f  an individual T cell stim- 
ulated under highly controlled conditions. 
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acids are oxidation products o f  cholesterol 
with the enzyme cholesterol 7a-hydroxy- 
lase as the rate-limiting step in their syn- 
thesis. Cholic acid and chenodeoxycholic 
acid differ only in that cholic acid has a 
hydroxyl group at the 12a position and re- 
quires an extra enzyme, 12a-hydroxylase, 
for synthesis. Bile acids have two impor- 
tant functions in the gut: to facilitate solu- 
bilization and disposal o f  cholesterol (see 
the figure) and to facilitate absorption o f  
dietary fat and fat-soluble vitamins. They 
are synthesized from cholesterol by two 
distinct pathways. The first is the classical 
"neutral" pathway in which cholesterol 
7a-hydroxylase catalyzes the first and 
rate-limiting step (5). In the second (and 
more recently discovered) "acidic" path- 
way ( 6 ) ,  oxysterol 7a-hydroxylase re- 
places cholesterol 7a-hydroxylase as the 
primary synthetic enzyme (5). The acidic 
pathway begins with the oxidation o f  a 
cholesterol side chain to form 27-hydroxy 
cholesterol. Although the neutral pathway 
usually predominates, the acidic pathway 
is important, for example, in babies with 
a mutation in the oxysterol 7a-hydrox- 
ylase gene ( 7 ) .  The three reports now 
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