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Mice lacking leptin receptors are grossly obese and diabetic, in part due to dysfunction in brain circuits
important for energy homeostasis. Transplantation of leptin receptor-expressing hypothalamic progenitor
neurons into the brains of leptin receptor deficient mice led to integration into neural circuits, reduced
obesity, and normalized circulating glucose levels.
Neuron transplantation has been explored

as a treatment for debilitating conditions,

including Parkinson’s disease, blindness,

and stroke. In Science, Czupryn et al.

(2011) report the capacity of neural trans-

plantation to reverse the consequences

of a genetic defect in leptin signaling.

This study shows that obesity and dia-

betes in mice lacking the leptin receptor

can be partially reversed after transplant-

ing hypothalamic cells from mice with

functional leptin receptors.

The hormone leptin (Zhang et al., 1994)

is produced by adipose tissue and broad-

casts energetic status to the rest of the

body. Previous work has demonstrated

that leptin receptor expression in neurons

is essential for preventing obesity (Cohen

et al., 2001). Moreover, leptin receptor

expression in specific classes of neurons

rescues discrete aspects of energy

homeostasis in leptin receptor null (db/

db) mice (Kowalski et al., 2001). Czupryn

et al. pursued a creative approach to

examine the development and function

of leptin-sensitive neural circuits. They

used ultrasound-guided microtransplan-

tation to graft leptin receptor expressing

neurons into the hypothalamus of

newborn db/db mice. The researchers

asked three main questions: (1) Would
transplanted neural progenitors differen-

tiate into regionally appropriate neuron

classes? (2) Would transplanted neurons

incorporate into neural circuits with

host neurons? (3) Would the metabolic

phenotype associated with the db muta-

tion be affected by transplantation of a

small number of leptin receptor-express-

ing cells?

To address the first two questions, the

researchers transplanted cells carrying

a green fluorescent protein transgene,

which allowed them to be identified for

analysis and compared to surrounding

host cells. Hypothalamic grafts differ-

entiated into electrophysiologically and

histochemically determined neuronal cell

types that were consistent with previously

characterized hypothalamic populations.

Donor cells integrated into local circuits

by receiving functional synaptic con-

nections. Importantly, some of the trans-

planted cells were leptin responsive.

Analysis of metabolic parameters showed

that db/db mice with hypothalamic grafts

hadanearly 20%reduction in bodyweight

relative to mice with mock transplantation

or cortical progenitor grafts in the hypo-

thalamus. This effect was apparently due

to an increase in energy expenditure

because food intake remained elevated.
Most strikingly, basal blood glucose

was normalized to wild-type levels,

although insulin levels remained high.

These interesting results suggest multiple

directions for neuronal transplantation

to be used to probe principles of hypo-

thalamic development and function. In

addition, the technique is of interest as

a possible strategy for treating obesity.

Neuronal transplantation offers a

method to determine regional and tem-

poral requirements for cell-type speci-

fication (Gaiano and Fishell, 1998). The

hypothalamus is composed of a large

number of intermingled, molecularly

defined cell types with different functions

that are grouped regionally into brain

‘‘nuclei.’’ Judging by the electrophysio-

logical characteristics that the authors

report, the results are mostly consistent

with regionally appropriate differentiation.

At a molecular level, though, this is less

clear. For instance, POMC and NPY

neurons were found in the grafts, but it

was not shown whether the differentiation

of POMC and NPY neurons was limited

to the arcuate nucleus, which is their loca-

tion in the hypothalamus. The methods

highlighted in this study could be further

applied to investigate cell-type specifica-

tion in the hypothalamus.
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This work also has implications for

examining hypothalamic circuit function.

A fundamental but unresolved question

that haunts hypothalamic neural circuit

research is the mode of information trans-

fer in these circuits. The authors suggest

that leptin receptor-expressing hypotha-

lamic neurons recapitulate a portion of

the leptin-sensitive network for regulating

body weight and glucose by sensing

circulating leptin and signaling to leptin-

blind portions of the network. More gener-

ally, though, neuron transplantation may

yield insight about the necessity of

precisely ‘‘wired’’ circuits that primarily

use fast neurotransmitters in comparison

to the role of volume transmission by

neuropeptides. This is because grafts

may not differentiate and incorporate

into circuits in time for the ‘‘critical period’’

of leptin-dependent formation of certain

hypothalamic circuits (Bouret et al.,

2004). Furthermore, the exact placement

of the transplanted cells will determine

which leptin-sensitive circuits are formed.

Although the axon projections of the

transplanted neurons were not reported,

future work could correlate the physiolog-

ical effects of hypothalamic grafts with the

presence or absence of particular circuits.

For example, is the limited impact on

body weight indicative of the importance

of long-range wired transmission for this

function? Conversely, in light of full

normalization of glucose levels, is glucose

regulation less sensitive to this critical

period, or might this indicate a predomi-

nant role for local circuits or volume

transmission? Notably, the observed

physiological profile of neuronal trans-

plantation is remarkably similar to virally

mediated reactivation of leptin receptor
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signaling in the arcuate nucleus after

the critical period, which led to a normali-

zation of circulating glucose and amodest

reduction in body weight (Coppari et al.,

2005). Further analysis of neural circuits

after postnatal rescue of leptin signaling

could provide insight into the importance

of wired circuits for specific hypothalamic

functions.

What is the potential for the neuron

transplantation approach described here

to be used as an obesity therapy? Despite

their striking results, the authors, in a pod-

cast on the Science website, have

tamped down expectations for this tech-

nique as a therapeutic approach. This is

not simply due to the invasiveness of

neuron transplantation; for example,

deep-brain stimulation is under clinical

investigation for obesity treatment (Hal-

pern et al., 2011). Instead, one issue is

that nearly all obese individuals have

functional leptin receptors, but they

exhibit leptin resistance. Therefore, it is

unclear if leptin-receptor-expressing neu-

rons transplanted into the hypothalamus

of leptin-resistant subjects would have

effects comparable to transplants in lep-

tin-receptor-lacking db/db mice. Another

issue is that implantation was performed

in neonatal mice but obesity typically

occurs later in development. It remains

to be determined whether hypothalamic

neural progenitors transplanted to juve-

nile and adult brains will have an impact

on obesity and diabetes. Despite these

uncertainties, though, it is also exciting

to consider the new opportunities for

possibly transplanting neurons engi-

neered to express a transgene that

permits selective pharmacological (Mag-

nus et al., 2011) or optical (Zhang et al.,
012 Elsevier Inc.
2007) manipulation of neural activity,

which would allow the function of these

populations to be more closely analyzed.

Such modifications may also increase

the functional efficacy and possibly

enhance the clinical potential of hypotha-

lamic grafts. It will be interesting to see

how the application of this approach in

the hypothalamus can enable new direc-

tions to reveal the operation of this

complex and elusive brain structure.
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