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Why Adults Need New Brain Cells

NEUROSCIENCE

Olaf Bergmann and Jonas Frisén  

Neurogenesis and gliogenesis shape 

connectivity in the adult brain, infl uencing 

plasticity and repair.

        F
ew new cells are generated in the adult 

brain and spinal cord, and as such, 

nervous system plasticity was long 

thought to only involve modulating the con-

tacts between preexisting “old” neurons. 

That view is changing. New neurons, as well 

as glial cells (specialized supporting cells), 

in the adult brain do indeed mediate cer-

tain types of plasticity, and the malfunction 

of such processes may cause neurological 

or psychiatric disease. On page 756 of this 

issue, Freund et al. ( 1) report a link between 

cognitive challenges, adult brain neurogen-

esis, and the development of individuality. 

This relationship supports the idea that a key 

function of adult neurogenesis is to shape 

neuronal connectivity in the brain according 

to individual needs.

Neurons are generated until shortly after 

the time of birth, with the exception of two 

small areas in the brain of most mammals—

the olfactory bulb and hippocampus, where 

neurons are added by neural stem cells 

throughout life ( 2,  3). Humans, however, 

appear unique in that there is no detectable 

olfactory bulb neurogenesis ( 4,  5). Newborn 

neurons have special electrophysiological 

features for about 1 month after their genera-

tion, after which they become indistinguish-

able from the older neurons ( 2,  3). The con-

tinuous production of new neurons may serve 

to maintain a pool of neurons with such spe-

cial properties. Adult neurogenesis has a spe-

cifi c function in discriminating similar expe-

riences, a process called pattern separation. 

Newborn hippocampal neurons help separate 

the perception of similar events for storage as 

distinct memories—for example, remember-

ing not only that you parked your car in the 

parking lot, but also where in the parking lot 

( 2,  6). Pattern separation is critical for adapt-

ing to a complex environment.

How adult neurogenesis relates to brain 

plasticity in complex environments has been 
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few-femtosecond 540-nm laser with adjust-

able time delays and intensities (around 1 

TW/cm2). The laser resonantly couples the 

two autoionizing states in order to induce 

the Rabi oscillation between the two states. 

This coupling introduces a new pathway for 

the autoionization of 2s2p—via 2s2p → 2s2 

→ 2s2p—in addition to the direct one. The 

interference between the two pathways is 

adjustable by the laser intensity and the time 

delay. The transmission of the XUV light 

near the 2s2p resonance is shown in the pres-

ence of the overlapping laser pulse (see the 

fi gure, panel B). At the lower laser intensity, 

the resulting fl at transmission curve indicates 

that the absorption by the 2s2p state van-

ishes as it is transferred to 2s2. At higher laser 

intensity, the originally positive q parameter 

becomes negative and a strong emission peak 

appears. This is an example of lasing without 

population inversion. If a helium gas medium 

is dressed by such a laser pulse, then the XUV 

would emerge from the medium with a nar-

row bandwidth of about 50 meV (see the fi g-

ure, panel C), illustrating the shaping of XUV 

pulses via a laser-dressed Fano resonance.

For decades, it has been shown that the 

optical properties of a material medium 

can be dramatically modified by control-

ling the quantum states of an optical elec-

tron with lasers. The experiment of Ott et 

al. demonstrates that such control can now 

be extended to inner-shell electrons that are 

accessed via attosecond XUV or soft x-rays. 

This experiment also shows that the control 

is to be carried out by tuning the time delay 

between the XUV and the IR laser. As atto-

second XUV and soft x-rays are becoming 

readily available (via high-order harmonic 

generation in a gas medium) in many ultra-

fast-laser laboratories, we can anticipate that 

coherent control of quantum states of inner-

shell electrons—not only for atoms and 

molecules, but also for nanostructures and 

other materials—will become widely feasi-

ble soon. With such a high degree of control 

between light and matter emerging, what 

one can achieve in the future will be limited 

only by our imagination. 
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Changing shape. (A) Schematics of autoionizing states initiated by an attosecond pulse and coupled by an 
ultrashort intense laser pulse. The attosecond pulse pumps electrons from the ground state g to the resonance 
state r1 and the background continuum E1. An intense laser of a few femtoseconds couples r1 to r2, which is 
embedded in the background E2. The decay lifetimes of both resonances are long relative to the pulse dura-
tions. The purple curve indicates that the bandwidth of the attosecond pulse covers the whole resonance line 
shape near r1. (B) Light transmission spectra of a 200-attosecond pulse near the 2s2p resonance through a 
2-mm helium gas sample at different coupling laser intensities. In the laser-free condition, the original Fano 
line shape is detected with a positive q. At the peak intensity of 1.1 I0 (I0 = 1 TW/cm2), the resonance disap-
pears where only the background remains. At the peak intensity of 4.5 I0, the q parameter changes sign. The 
part of the spectrum higher than the incident light represents emission. (C) Same as (B) but for a fi xed cou-
pling laser intensity of 4.5 I0 and for different propagation lengths. At 1 mm, the resonance part is enhanced 
while the background attenuates. This enhancement persists along the propagation while the background 
keeps dropping, as shown by the 3-mm curve. Thus, a broadband XUV pulse can be shaped when propagat-
ing through a laser-dressed helium gas medium.
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diffi cult to address. Freund et al. monitored 

the exploratory behavior of a large cohort of 

genetically identical mice in a complex envi-

ronment for 3 months. Variation in individual 

behavior increased over time, just as human 

monozygotic twins become more different 

with age and develop increasing individu-

ality. Physical activity promotes adult neu-

rogenesis and, as expected, the animals that 

moved longer distances had more new neu-

rons. However, the authors found that the size 

of the area that the animals regularly explored 

had an even stronger infl uence on hippocam-

pal neurogenesis. The animals that regularly 

roamed over large areas were consequently 

exposed to more cognitive challenges, and 

had the most new neurons. The study con-

nects structural and functional brain plastic-

ity in a more natural environment than pre-

viously tested and shows how the brain is 

sculpted by interaction with the environment. 

How cognitive challenges impinge on the epi-

genetic regulation of neurogenesis will be an 

interesting topic for future studies.

What happens if adult neurogenesis 

fails? Altered adult hippocampal neurogen-

esis has been implicated in psychiatric dis-

ease (see the fi gure). Fewer new neurons, 

which impair pattern separation, may, for 

example, underlie diffi culties in distinguish-

ing threats from similar, but safe, situations, 

thereby contributing to a generalized per-

ception of fear and anxiety in posttraumatic 

stress disorder ( 6). Most antidepressant 

treatments promote hippocampal neurogen-

esis, and some of the effects of antidepres-

sants in animal models are indeed dependent 

on increased neurogenesis ( 7).

The generation of glial cells is much 

more widespread than neurogenesis in the 

adult brain, and there is increasing evidence 

that they also infl uence neural plasticity. Oli-

godendrocytes (a type of glial cell) wrap 

their cell membranes around nerve fi bers to 

form insulation called myelin, which vastly 

increases nerve fiber conduction velocity 

and the speed of neural processing. Myelina-

tion is a largely postnatal process, which is 

believed to underlie some of the functional 

maturation of the brain into early adulthood. 

Myelination is dynamically regulated, and 

practicing a skill like juggling balls results 

in increased volume of myelinated nerve 

fi ber tracts and presumably improved per-

formance of the neural circuitry involved in 

carrying out the task ( 8). It is thought that 

mature oligodendrocytes cannot modu-

late their myelination, but that new myelin 

requires the generation of new oligodendro-

cytes ( 9). Oligodendrocytes are produced 

by dedicated progenitor cells ( 10), which 

account for most of the cell proliferation in 

the adult central nervous system.

Oligodendrocytes and myelin are lost 

in primary demyelinating diseases such as 

multiple sclerosis, as well as secondarily in 

many neurological disorders, resulting in 

impaired nerve fiber conductance. Myelin 

can be regenerated by new oligodendrocytes 

to restore neurological function ( 10). How-

ever, the regeneration is often incomplete 

and a neuron eventually dies if its denuded 

nerve fi ber is not remyelinated, resulting in a 

permanent neurological defi cit, as often seen 

in, for example, advanced multiple sclerosis. 

There is very limited generation of astrocytes, 

another major class of supporting cells, in 

the mature nervous system. After most types 

of injuries, however, there is a large local 

increase in the number of astrocytes, gener-

ated by neural stem cells and/or by duplica-

tion of preexisting astrocytes. Astrocytes, 

together with pericyte-derived connective 

tissue cells, form permanent scar tissue ( 11, 

 12), which is thought to inhibit the regrowth 

of neuronal processes (axons) ( 13,  14).

The realization that new neurons and glial 

cells have substantial influence on neural 

plasticity has changed our view of the adult 

brain and point to new potential targets for 

therapeutic intervention. Demyelination and 

scarring are common to many neurological 

conditions, and as gliogenesis is not locally 

restricted, fi nding ways to modulate it can 

have broad implications for treating neuro-

logical disease. Neurogenesis, by contrast, is 

under strong local control, and it is diffi cult 

to envisage replacing damaged neurons that 

affect nonneurogenic parts of the brain or 

that affect the brain broadly. One exception 

is stroke, which triggers the generation of 

neurons in the striatum, a region where neu-

rons normally are not added postnatally. The 

new neurons may mediate some of the spon-

taneous functional improvement that often is 

seen ( 15).

That neurogenesis normally appears 

restricted to the hippocampus in humans 

makes psychiatric disease and cognitive 

impairment the most obvious targets for 

intervention. It may seem farfetched to 

develop pharmaceuticals that trigger the pro-

duction of new nerve cells, but some of the 

most commonly prescribed drugs today—

antidepressants—have this effect. However, 

none of them were developed with the aim to 

promote neurogenesis, and molecular under-

standing of neurogenesis will hopefully aid 

in the rational development of new classes 

of drugs for psychiatric disease. Moreover, 

understanding how adult neurogenesis infl u-

ences brain plasticity may teach us, as Freund 

et al. explain, how living our lives makes us 

who we are. 
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New cells in old brains. In the healthy human brain (left), new neurons are added in the hippocampus, and 
new oligodendrocytes form myelin sheets to insulate nerve fi bers. The generation of neurons and nonneuronal 
cells may change in pathological conditions (right).
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