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Recent studies involving molecular modification of adult somatic cells have pointed to a remarkable plasticity in cell
identity. In this issue of the JCI, Koh and colleagues assessed whether bone marrow–derived cells could alter their fate
under circumstances conducive to adipocyte generation in vivo (see the related article beginning on page 3684). These
cells remained true to their roots, indicating how difficult it will be to exploit cell plasticity for therapeutic purposes.
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Recent	studies	involving	molecular	modification	of	adult	somatic	cells	have	
pointed	to	a	remarkable	plasticity	in	cell	identity.	In	this	issue	of	the	JCI, 
Koh	and	colleagues	assessed	whether	bone	marrow–derived	cells	could	alter	
their	fate	under	circumstances	conducive	to	adipocyte	generation	in	vivo	
(see	the	related	article	beginning	on	page	3684).	These	cells	remained	true	
to	their	roots,	indicating	how	difficult	it	will	be	to	exploit	cell	plasticity	for	
therapeutic	purposes.
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Fat, the ever-popular source of personal and 
now societal anxiety, is of great scientific 
interest as a multidimensional regulator of 
health and longevity. Its origins have, like 
many cells of mesenchymal lineage, been 
explored to only limited extent. Progenitor 
cells of adipose tissue, bone, and cartilage 
are thought to descend from mesodermally  
derived multipotential mesenchymal stem 
cells  (MSCs).  The  presence  of  MSCs  in 
adult  tissues  has  been  demonstrated  in 
mice and humans, but how they contrib-
ute to the maintenance or repair of adult 
tissues has not been defined, in part due 
to  the  lack  of  MSC-specific  promoters 
that would enable lineage-tracking experi-
ments. Where MSCs reside within tissues 
was also obscure; therefore, tracking these 
cells by in situ labeling was also difficult. 
Now it appears they reside in a perivascular 
location (1). Similarly, the developmental 
origin of MSCs has not been well charac-
terized and is presumed to be mesodermal, 
but new information indicates that some 
MSCs derive from the neural crest (2).

Adipogenesis and adipocyte 
progenitor cells
Adipocytes of both brown and white fat are 
thought to descend from MSCs by poorly 
defined intermediates and can respond in 
activity and number to a range of different 
stimuli. Adipocytes can, perhaps unfortu-
nately,  regenerate  in settings of destruc-
tion and do have  the capacity  to  transi-
tion between brown and white adipocytes. 
Whether they increase in number by pro-
liferation as mature cells, amplification of 
precursor cell populations, or development 
from MSCs  is not clear. Recently,  it was 
reported by Crossno et al. that, in mice, adi-
pocytes may derive from blood-borne cells 
under specific conditions: a high-fat diet or 
treatment with the antidiabetic drug rosigl-
itazone (3). In this issue of the JCI, that con-
clusion is drawn into question by studies of 
similar design reported by Koh et al. (4). In 
both studies (3, 4) bone marrow contain-
ing a genetic tracer (GFP) was transplanted 
from a donor mouse into a recipient mouse. 
The contribution of the donor bone mar-
row–derived cells to the adipocyte popula-
tion was then assessed in the recipient ani-
mals. The analytical methods used in the 
two studies were different. Greater single-
cell precision via the use of microscopy was 
achieved in the Koh et al. study, suggesting 
that evidence of bone marrow–derived cell 

contributions  to adipocytes  reported by 
Crossno et al. (3) was perhaps the result of 
inadequate discrimination of adipocytes 
from neighboring macrophages.  In con-
trast, Crossno et al. examined GFP-positive 
adipocytes by  flow cytometry and could 
detect no hematopoietic markers (CD45 
and CD11b)  in GFP-positive adipocytes. 
Since macrophages in fat do phagocytose 
adipocytes and become multinucleated, it 
may be that the fused cells have lost detect-
able CD45 or CD11b and yet continue to 
have detectable levels of GFP. With the new 
data reported in this issue, it is increasingly 
difficult to accept the alternatives that bone 
marrow–derived mesenchymal precursors 
form distant adipocytes or that adipocytes 
have the ability to be generated by hemato-
poietic cell populations.

Fate specification and plasticity
The  notion  that  cells  might  take  on  an 
alternative fate even after the specification 
of identity has been an intriguing concept 
for some time, with waxing and waning 
evidence inspiring debate. A change in cel-
lular fate might occur through two basic 
processes: conversion from one mature cell 
type to another, called transdifferentiation; or 
reversion to a less-differentiated state with 
subsequent maturation along alternative 
cell lineages, called dedifferentiation. Each of 
these processes would involve a reprogram-
ming process that presupposes a great deal 
of plasticity in the mature cell.

That these processes can occur experi-
mentally was defined decades ago by John 
Gurdon’s work transferring the nucleus 
of  a  Xenopus  enterocyte  into  an  enucle-
ated Xenopus oocyte (5). In that setting, he 
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showed that the enterocyte nucleus led to 
development of a fully developed, mature, 
and fertile individual organism. This was 
clear evidence that cell identity, often con-
sidered an inexorable and unidirectional 
process  from  precursor  to  mature  cell, 
retained a great deal of inherent plasticity. 
What was less clear was whether this was 
a curiosity that might have little relevance 
to mammals, somewhat akin to the ability 
of the newt to regrow severed limbs. That 
comfortable notion was exploded in 1996 
when Ian Wilmut and colleagues report-
ed on Dolly, the sheep cloned by nuclear 
transfer from a cultured cell line (6). This 
study revealed that nuclei  from somatic 
cells could be  induced to revert back to 
an embryonic state by poorly understood 
processes occurring in and mediated by the 
cytoplasm of the unfertilized egg.

Reprogramming somatic cells
In the last year, the mysterious ability of 
egg cytoplasm to rewind a cell’s develop-
mental  history  has  become  a  tractable 
biochemical process through the ground-
breaking work of Shinya Yamanaka and 
colleagues. They documented, and others 
have extensively validated, that fibroblasts 
from a mouse’s tail could be “pushed back” 
to a fully functional ES cell state with the 
introduction of four specific cDNAs (7–9). 
Quite remarkably, mature cells were dem-
onstrated to change their functional phe-
notype, gene expression profile, and even 
epigenetic signature to exactly mimic ES 
cells. These induced pluripotent cells (iPCs) 
were capable of yielding chimeric animals 
when iPCs were injected into blastocysts, 
and the iPCs contributed to all cell types, 
including germ cells. Plasticity of somatic 
cells thereby transitioned from a curiosity 
to an approachable molecular biology puz-
zle that has triggered enormous interest in 
defining: (a) whether the same feat can be 
accomplished with human cells; (b) wheth-
er all somatic cells can be dedifferentiated; 
(c) whether other cDNAs can substitute for 
the original four introduced (Oct3/4, Sox2, 
Klf4, and c-myc); (d) what epigenetic chang-
es occur sequentially to enable this rever-
sion in fate; and, finally, (e) whether small 
molecules or other exogenous factors can 
induce this dramatic change in cell state. 
The latter is of great interest from a thera-
peutic perspective because  it might  lead 
to a drug-based approach for the conver-
sion, for example, of a cell in a terminally 
differentiated, postmitotic state to one in 
a progenitor-like state. One consequence 

of such an approach might be the ability 
to regenerate normal tissues in settings of 
disease or injury.

Transitioning back to a progenitor state 
might require less biochemical alteration 
than dedifferentiation fully back to a plu-
ripotent stem cell. For example, a single 
genetic manipulation was recently shown to 
accomplish this. Cobaleda and colleagues 
demonstrated  that  the  paired box gene 5 
(Pax5) gene necessary for B cell differentia-
tion is also required for the maintenance of 
mature B cells (10). When Pax5 was condi-
tionally deleted in adult mice, the mature 
B cells  reverted  to a common  lymphoid 
precursor  phenotype.  These  cells  were 
then able to differentiate into a spectrum 
of T lymphocyte precursors and mature T 
cells. Thus, mature B cell dedifferentiation 
could occur in vivo with altered expression 
of a single gene product. Others had pre-
viously shown that mature B cells could 
transdifferentiate to cells of a monocyte 
fate with manipulation of other gene prod-
ucts: CCAAT/enhancer-binding proteins α 
and β (11). Taken together, these data now 
raise the question of whether certain con-
ditions, perhaps even those encountered 
with altered physiologic settings, might 
themselves be capable of dedifferentiating 
or transdifferentiating cells in vivo.

Reprogramming in vivo
This conversion of cell fates in vivo is well 
documented in invertebrates. For example, 
in  Drosophila,  when  maturing  daughter 
cells of germ cell stem cells come in contact 
with the stem cell niche, the cells reacquire 
a stem cell phenotype (12). In vertebrates, 
injury  to  tissues of  teleost  fish  (such as 
zebrafish) or urodele amphibians (such as 
salamanders) results in dedifferentiation of 
cells to a blastema that then recapitulates 
a developmental program resulting in tis-
sue regeneration (13). But in mammals, the 
process of cells converting from one state 
to another is generally associated with very 
limited circumstances. For example, epithe-
lial-to-mesenchymal transition occurs in 
development and in malignancy. Whether 
similar types of conversions might occur in 
other contexts is the issue that makes stud-
ies such as that reported in this issue of JCI 
by Koh and colleagues of interest (4).

Five to seven years ago, there were multi-
ple reports of putative transdifferentiation 
of mammalian cells  (14). These observa-
tions have since been largely reinterpreted 
as being due to the unexpected fusion of 
mature cells and not the result of transdif-

ferentiation (15). Fusion of heterologous 
cells has been found to often result in the 
expression of an indicator gene from one 
fusing  cell  in  the  background  of  tissue-
specific genes from the fusion partner. For 
example, a β-galactosidase–positive hepato-
cyte might initially be interpreted as being 
the result of hematopoietic cell transdiffer-
entiation and then found instead to repre-
sent the fusion of a bone marrow–derived 
cell expressing β-galactosidase and a liver 
cell. When this fusion phenomenon was 
recognized, the results of many such stud-
ies reporting successful transdifferentiation 
were dismissed, along with the notion of 
transdifferentiation itself. Now that plastic-
ity has been shown to exist as an experimen-
tally inducible phenomenon, careful in vivo 
studies such as those by Koh and colleagues 
become of renewed importance (4).

In the current study (4), Young Jun Koh 
and colleagues in the laboratory of Gou 
Young Koh examined whether bone mar-
row–derived progenitor cells in the circu-
lation contribute to adipogenesis via use 
of both the transplant model reported by 
Crossno et al. (3) and, in some experiments, 
parabiosis. This model joins the circulation 
of a GFP-positive transplanted mouse with 
the circulation of a control mouse by surgi-
cally connecting skin flaps. It has been very 
useful in examining patterns of cell migra-
tion and identifying cell sources (16). Koh 
et al. then examined whether the GFP-posi-
tive bone marrow–derived cells contributed 
in any way to adipose tissue. Importantly, 
they examined this under a variety of con-
ditions, including wounding, drug treat-
ment  with  rosiglitazone  or  granulocyte 
colony–stimulating factor, or feeding of a 
high-fat diet. Use of a range of nonhomeo-
static settings is particularly important if 
we are to define whether cell fate changes 
can occur based on specific cell environ-
ments.  Under  no  circumstance  did  the 
authors  find GFP-expressing adipocytes 
in the recipient animals, despite finding 
mature hematopoietic cells (macrophages) 
in fat tissue. If the authors had found GFP-
positive adipocytes, it is not clear how they 
could have distinguished transdifferentia-
tion from adipogenic differentiation of cir-
culating MSCs; but having found no GFP-
positive adipocytes,  it was reasonable to 
conclude that blood-borne contribution to 
adipogenesis simply does not happen with 
detectable frequency in these animals.

The issue of cell plasticity  in mammals 
therefore appears to remain a largely labora-
tory-induced phenomenon. That cells can 
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change their fate is clear. Whether they do it 
under physiologic conditions seems progres-
sively less likely. Inducing cells to trans- or 
dedifferentiate by specific manipulations in 
vivo would open the possibility of generat-
ing specific types of new cells and be of great 
interest for the field of regenerative medi-
cine. At present, it remains an unfulfilled 
challenge worthy of continual investigation.
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OX40-OX40L interactions: a promising therapeutic 
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Recent	advances	 in	understanding	the	cellular	and	molecular	mecha-
nisms	of	atopy	have	shed	light	on	potential	targets	for	the	development	
of	new	therapies	for	allergic	diseases.	In	this	issue	of	the	JCI,	Seshasayee	
et	al.	provide	direct	in	vivo	evidence	that	OX40	has	critical	roles	in	allergic	
inflammation	mediated	by	thymic	stromal	lymphopoietin	(TSLP)	(see	the	
related	article	beginning	on	page	3868).	Blockade	of	interactions	between	
OX40	on	Th2	cells	and	OX40	ligand	(OX40L)	on	TSLP-activated	DCs	using	
an	OX40L-specific	monoclonal	antibody,	inhibited	Th2	cell–mediated	
immune	responses	in	both	mouse	and	nonhuman	primate	models	of	aller-
gic	inflammation.	The	results	point	to	potential	therapeutic	approaches	to	
targeting	the	cellular	and	molecular	mechanism	underlying	TSLP-medi-
ated	allergic	inflammation.

thelial cell stress and injury that trigger the 
release of chemokines and growth factors 
able to support both chronic inflamma-
tory and remodeling responses. The idea 
that reduced barrier function of the epi-
thelium and altered innate immunity are 
fundamental to the origin of these diseases 
is  supported  by  the  recent  finding  that 
thymic stromal lymphopoietin (TSLP), an 
IL-7–like cytokine, plays a key role in aller-
gic inflammation at the interface between 
epithelial cells and DCs (2). TSLP is highly 
expressed by keratinocytes in skin lesions 
of patients with AD (3) and by airway epi-
thelial cells of individuals with asthma (4) 

and can potently activate myeloid DCs by 
upregulating their surface expression of 
MHC class II, CD54, CD80, CD83, CD86, 
and DC-lamp (3). Interestingly, TSLP trig-
gers human myeloid DCs to produce a myr-
iad of chemokines that recruit eosinophils 
and Th2 cells, but it does not trigger them 
to produce either Th1-polarizing cytokines 
of the IL-12 family or the proinflammatory 
cytokines TNF-α, IL-1β, and IL-6, result-
ing in a microenvironment permissive for 
type 2 inflammatory responses (5). TSLP-
activated DCs can induce naive T cells to 
differentiate into inflammatory Th2 cells 
producing the classical Th2 cytokines IL-4, 
IL-5, and IL-13, as well as a large amount 
of TNF-α but little or no IL-10 (6). More-
over, only TSLP-activated DCs can induce 
in  vitro,  allergen-specific  Th2  memory 
cells  to undergo homeostatic expansion 
and further Th2 polarization, and to medi-
ate recall responses (7). In support of the 
findings in humans, mice with conditional 
overexpression of TSLP in keratinocytes 
were found to have an AD-like phenotype 
characterized by scaling lesions accompa-
nied by infiltration of Th2 CD4+ cells in 
skin and elevated serum IgE level (8). By 

TSLP: bridging the epithelial barrier 
and type 2 immune responses
Asthma  and  atopic  dermatitis  (AD)  are 
inflammatory disorders characterized by 
the infiltration and accumulation of mem-
ory-like Th2 cells and eosinophils (1). In 
addition to the type 2 inflammatory pro-
cesses, allergic diseases often involve epi-

Nonstandard	abbreviations	used: AD, atopic der-
matitis; OX40L, OX40 ligand; TSLP, thymic stromal 
lymphopoietin; TSLPR, TSLP receptor.
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