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T
he sense of smell, or olfaction, allows 

animals to survey the chemical land-

scape of the outside world and use 

this information to guide behavior. 

Olfactory cues are particularly im-

portant for the regulation of feeding, 

but how odor perception influences other 

aspects of energy homeostasis remains 

poorly understood. Recent work has begun 

to uncover some of these connections, re-

vealing an unexpected role for olfaction in 

the control of metabolism and longevity. 

The idea that olfaction and metabolism 

could be connected goes back at least to 

the work of Ivan Pavlov, who showed that 

odors and other sensory cues associated 

with food could trigger hormonal and 

autonomic responses in anticipation of a 

meal (1). These “cephalic phase” responses, 

such as salivation and secretion of gastric 

acid, are thought to help prepare the body 

to accommodate the rapid influx of nutri-

ents that occurs during eating. But how 

chronic changes in odor exposure affect 

metabolism has been less clear.

To address this question, a recent study 

manipulated the olfactory system in the 

mouse and measured the effect on energy 

homeostasis (2). By ablating olfactory sen-

sory neurons in adult mice, they generated 

mice that had a reduced ability to smell. 

These hyposmic mice exhibited normal 

food intake and body weight on a regular 

diet, but were resistant to obesity caused 

by a high-fat diet. This leanness was due to 

both reduced food intake and, surprisingly, 

increased energy expenditure. Mechanistic 

studies revealed that this enhanced energy 

expenditure was caused by an increase in 

the activity of brown adipose tissue, a spe-

cialized thermogenic organ that functions 

to dissipate heat in mammals. 

To test this idea further, the authors used 

complementary manipulations to generate 

mice with enhanced smelling ability. These 

mice exhibited increased body weight in 

the absence of any change in food intake 

(2). Together, these observations reveal 

that the olfactory system can regulate body 

weight via direct effects on energy expen-

diture, rather than solely through changes 

in food intake as has traditionally been as-

sumed. Other recent studies have also sug-

gested connections between olfaction and 

metabolism, although the exact relation-

ship remains unclear (3, 4).

What are the implications of these find-

ings? It is well established that metabolism 

is a critical determinant of not only body 

weight, but also aging. Thus, we might 

predict that loss of smell could influence 

life span, and this has indeed been dem-

onstrated in invertebrates: Disrupting ol-

factory neuron function, either through 

mutation or laser ablation, extends life 

span in both worms and flies (5, 6). In 

these simpler organisms, the smell of food 

decreases life span, but only when the ani-

mals are calorie restricted (7). These data 

support the idea that olfactory perception 

may alter how an organism uses energy, 

and suggest the intriguing possibility that 

modulating smell could be a viable strat-

egy for anti-aging interventions. 

The mechanisms by which the olfac-

tory system influences metabolism are 

unknown, but one possibility is suggested 

by the recent discovery that food odors 

can regulate “hunger neurons” in the hy-

pothalamus (8–10). These cells, known as 

agouti-related protein (AgRP) neurons, are 

activated by food deprivation, and their 

activity powerfully influences food intake, 

energy expenditure, and peripheral metab-

olism. Traditionally, AgRP neurons were 

thought to be regulated exclusively by nu-

trients and hormones that circulate in the 

blood, but it is now appreciated that these 

cells also respond rapidly to sensory cues 

associated with food. Indeed, the smell of 

food alone can inhibit the AgRP neurons 

of a hungry mouse within seconds (8–10). 

How chronic disruption of this olfactory 

input would affect physiology has not been 

tested, but it is possible that such manipu-
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cent of those that promote cell cycle tran-

sitions in proliferating cells. What remains 

unclear, however, is how PLK1 and CDK1 co-

ordinate the amplification, growth, and dis-

engagement phases of centriole biogenesis. 

In the future, it will be important to identify 

the key targets of PLK1 and CDK1 and es-

tablish how phosphorylation of these sub-

strates coordinates centriole amplification. 

An additional area of investigation is 

to examine the role that other CDK-cyclin 

complexes play in multiciliogenesis. Given 

that centriole duplication in cycling cells re-

lies on the activity of CDK2 during S phase 

of the cell cycle, it would not be surprising 

if MCCs also use CDK2 activity to drive cen-

triole amplification. In light of this, it would 

be interesting to examine the role of cyclin 

O, which can bind CDK2 and is specifically 

expressed in MCCs, where it functions to 

promote deuterosome formation and cen-

triole amplification (8, 9). Interestingly, 

cyclin O is encoded within a conserved 

genomic locus that contains multiple key 

regulators of MCC formation, including 

the CDC20 paralog CDC20B. It is therefore 

tempting to speculate that cyclin O and 

CDC20B are specifically expressed in MCCs 

to help regulate CDK activity and promote 

differentiation. Recent studies have shown 

that mutations in cyclin O and proteins that 

specify MCC cell fate cause respiratory tract 

disease by reducing the production of mo-

tile cilia (10, 11). A better understanding of 

the molecular machinery that controls mul-

ticiliogenesis will therefore have important 

implications for human health.        j
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“…multiciliated progenitor 
cells implement components 
of the mitotic cell cycle 
machinery to coordinate 
events that are required for 
motile ciliation…”
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lations could dysregulate AgRP neurons 

and cause long-term metabolic changes. 

An alternative hypothesis is that the 

olfactory system has direct effects on en-

ergy metabolism independent of its func-

tion in odor detection. It has long been 

noted that olfactory structures express 

an unusually high density of receptors 

for metabolic hormones, such as insulin, 

leptin, and ghrelin, and further that the 

olfactory bulb has enhanced access to the 

circulation resulting from an incomplete 

blood-brain barrier (11). Although these 

observations are often cited to explain the 

fact that food deprivation can increase ol-

factory sensitivity, it is also possible that 

the presence of these metabolic receptors 

signals a broader function for olfactory tis-

sues in energy homeostasis. In this regard, 

recent studies have identified several olfac-

tory receptors in mice that “moonlight” as 

metabolic sensors in the periphery. These 

include OLFR558, which senses isovalerate 

in the intestine (12), and OLFR78, which 

senses lactate in the carotid body (13). It 

is conceivable that evolution could have 

co-opted the olfactory system, with its ex-

traordinary ability to detect complex pat-

terns of chemosensory signals in the form 

of odorants, to monitor internal nutrients 

in a similar way (see the figure). 

These speculations aside, a number of 

basic questions about the mechanisms un-

derlying the connection between olfaction 

and metabolism remain to be addressed. 

For example, it is unclear whether the 

metabolic responses to manipulations of 

the olfactory system (2, 3) are due to spe-

cific changes in the sensing of food odors, 

and, if so, which food odors are involved. 

It is likewise unknown how detection of 

food odors is communicated from the ol-

factory bulb to the hypothalamic circuits 

that regulate energy balance, and what 

specific information these signals convey 

(e.g., nutrient content, toxicity, availabil-

ity). In this regard, odor information re-

ceived in the olfactory bulb is transmitted 

along two anatomically distinct pathways: 

One mediates learned responses to odors 

(via the piriform cortex) and the other 

controls innate behaviors (via the cortical 

amygdala). The relative contribution of 

these two pathways to the modulation of 

hypothalamic circuits by the smell of food 

has not been tested, but a role for the in-

nate pathway would suggest that certain 

food odors are evolutionarily hardwired to 

elicit physiologic responses. If so, it would 

be fascinating to know why these odorants 

have been selected by evolution to act as 

metabolic signals. 

A final question regards the extent 

to which these observations in rodents 

and invertebrates apply to human biol-

ogy. Compared to mice, humans express 

fewer functional odorant receptor genes 

(1100 in mice versus 390 in humans) and 

have a proportionally smaller olfactory 

bulb. Humans also lack a functional vom-

eronasal organ, an accessory olfactory 

structure used by many animals to detect 

pheromones (14). It has been speculated 

that these changes were driven in part by 

the evolution of color vision in primates, 

which may have enabled the visual system 

to co-opt functions previously performed 

by olfaction. In this context, is it plausible 

that olfactory responses in mice would 

be conserved in humans? Although it is 

true that humans rely less on smell than 

many animals, the commonly held view 

that human olfaction is feeble or in some 

sense vestigial is based more on folklore 

than scientific evidence (14). Indeed, smell 

plays a critical role in the perception of 

food flavor in humans, and decreased en-

joyment of food is a common disturbance 

in people suffering from olfactory deficits 

(15). Whether such individuals also experi-

ence metabolic impairments independent 

of changes in food intake is unknown, but 

recent work in rodents suggests this ques-

tion is worth investigating.        j
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Connecting olfaction to metabolism
Detection of food odors by sensory neurons in the olfactory epithelium is rapidly communicated to 

hypothalamic neurons that control hunger, thereby modulating whole-organism metabolism. Neurons in the 

olfactory epithelium and bulb can also monitor hormones and nutrients in the blood, which may enable the 

olfactory system to regulate energy balance independently of odor perception.
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