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PERSPECTIVES

        D
epressive illness was described by 

Hippocrates in ancient Greece, but 

effective therapeutic agents did not 

emerge until the 1950s. Today, almost all anti-

depressant drugs in clinical use increase lev-

els of certain neurotransmitters in the brain, 

in particular norepinephrine and serotonin. 

Although these medications are benefi cial, 

a sizeable minority of patients 

remain resistant to their thera-

peutic effects ( 1). Moreover, in 

most patients, there is a delay 

of weeks to months before the 

drugs take full effect. As a result, 

there is an urgent need to develop 

faster-acting drugs ( 2– 4).

One approach has rested 

on the hypothesis that current 

drugs facilitate a gradual re-

organization of the connections 

(synapses) and communication 

between neurons, perhaps by 

integrating new brain cells into 

neural networks or by increas-

ing the turnover of synapses 

and their related proteins ( 5– 8). 

Glutamate, the brain’s major 

excitatory neurotransmitter, is 

involved in these processes. In 

the last decade, several clinical 

studies have reported that a sin-

gle subanaesthetic dose of ket-

amine, which blocks a particu-

lar cell receptor for glutamate 

(the NMDA receptor), resulted 

in a rapid antidepressant effect within hours 

of administration, and that this effect could 

be sustained for at least 1 week ( 9,  10). Ket-

amine also improved depressive symptoms in 

treatment-resistant patients ( 10,  11). In addi-

tion, a single dose produced a rapid and sus-

tained antidepressant effect in several animal 

models ( 12).

On page 959 of this issue, Li et al. ( 13) take 

a potentially important step toward identifying 

faster-acting antidepressants by identifying the 

cellular signaling pathways in the prefrontal 

cortex of the rat brain that are rapidly activated 

by ketamine. A single dose increased expres-

sion of synaptic proteins within 2 hours and 

increased dendritic spine density and synaptic 

activity within 24 hours ( 12). One 

of the pathways activated by ket-

amine was the mammalian target 

of rapamycin (mTOR), a ubiq-

uitous protein kinase involved 

in protein synthesis and synap-

tic plasticity ( 14). By directly 

administering rapamycin, which 

inhibits mTOR, into the brain, 

they demonstrated that mTOR 

is required for ketamine-induced 

increases in synaptic proteins, 

dendritic spines, and some forms 

of synaptic activity in the pre-

frontal cortex. Moreover, inhibi-

tion of mTOR in the medial pre-

frontal cortex, a specific brain 
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Activation of mTOR, a ubiquitous protein, in 

the prefrontal cortex could be a key goal of 

new drugs.
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Fast action. In rats, a single dose of 
ketamine was sufficient to activate 
the mTOR pathway in the prefron-
tal cortex, increasing the expression 
of synaptic proteins and the density 
of dendritic spines and inducing an 
antidepressant response within a day.  
AMPA, α-amino-3-hydroxyl-5-methyl-
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regulated kinase; GluR1, AMPA recep-
tor subunit 1; mTOR, mammalian tar-
get of rapamycin; NMDA, N-methyl-D-
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least in mutants), the ARS317 region can be 

considered a “hot spot” in the yeast genome 

for amplifi cation. In human tumors, there 

also appear to be “hot spots” of gene ampli-

fi cation ( 12). It is not clear whether these 

recurrent duplications are due to inher-

ent instability (re-replication?) of specifi c 

origins, or are simply due to a selective 

advantage that duplication provides. The 

extent to which re-replication–driven insta-

bility explains other unusual DNA struc-

tures common in cancer cells—such as the 

small fragments of extrachromosomal DNA 

known as “double minutes”—also remains 

to be clarifi ed.  
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region thought to be affected by stress and 

depression ( 15,  16), prevented ketamine from 

producing its antidepressant-like behavioral 

effects in several animal models. Notably, in 

one behavioral test, the animals responded to a 

single dose of ketamine; typically, the animals 

require repeated doses of current antidepres-

sants to show a response in this test.

Li et al. also demonstrated that mTOR is 

activated by another compound, Ro 25-6981, 

which selectively acts on a certain type of 

NMDA receptor. Ro 25-6981 also increased 

the expression of several signaling and syn-

aptic proteins on time scales similar to those 

of ketamine. Moreover, a single administra-

tion of Ro 25-6981 produced antidepressant-

like behavioral effects that were also depen-

dent upon mTOR signaling. Interestingly, the 

mTOR pathway was not activated by single or 

repeated doses of two commonly used antide-

pressant drugs or by electroconvulsive shock, 

which is one of the most effective therapies in 

treatment-resistant depression.

Together, these fi ndings suggest that the 

rapid activation of mTOR-mediated signal-

ing pathways may be an important and novel 

strategy for the rational design of fast-act-

ing antidepressants. The exciting results 

also demonstrate that ketamine may be a 

useful tool to identify molecular mediators 

of rapid antidepressant effects. Neither ket-

amine nor mTOR, however, is the Holy Grail 

of rapid antidepressant therapy. Ketamine 

can cause symptoms that mimic psychosis 

and can cause cognitive impairment, limit-

ing its potential for widespread clinical use. 

Because mTOR is a ubiquitous enzyme that 

regulates protein synthesis, treatments that 

fail to appropriately restrict mTOR signal-

ing to specifi c times and parts of the brain 

could have detrimental effects in humans, 

such as cancer ( 17).

Although the present study demon-

strates that mTOR activity, specif ically 

in the medial prefrontal cortex, is critical 

to the antidepressant effects of ketamine, 

past studies have found that global inhibi-

tion of mTOR also has antidepressant-like 

behavioral effects ( 18). It remains unclear, 

however, whether ketamine and antidepres-

sants alter mTOR activity in other brain 

regions also affected in major depression. 

The expression and activity of mTOR in 

the depressed human brain is unknown, and 

caution must always be taken when com-

paring results from rodents to humans, who 

have a much more elaborate frontal cortex 

( 15). Clinical trials of other compounds that 

act on NMDA receptors are under way ( 19, 

 20). As their results emerge, we now have a 

potential cellular mechanism to explain how 

these glutamate ligands induce their rapid 

antidepressant action. This may brighten the 

outlook for antidepressant drug discovery. 
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A protein induces gene activation marks in 

chromatin and repairs DNA breaks to promote 

genetic recombination during antibody class 

switching.

        B 
cells of the mammalian immune sys-

tem use two different means of shuf-

fl ing gene segments to generate anti-

bodies that recognize pathogens. Unique 

variable regions of the heavy- and light-  

chain subunits that constitute an antibody are 

genetically encrypted through DNA recom-

bination during B cell development ( 1). The 

process generates millions of naïve B cell 

clones, each expressing a distinct antibody 

whose variable portion recognizes a particu-

lar antigen of a pathogen. Upon recognizing 

a specifi c antigen, a naïve B cell differenti-

ates into an antibody-secreting plasma cell by 

further shuffl ing gene segments that encode 

the constant region of the heavy chain, while 

holding the variable region fixed ( 2). This 

process, called class switch recombination, 

is initiated by the enzyme activation-induced 

cytidine deaminase (AID) ( 3). On page 917 

of this issue, Daniel et al. ( 4) identify a dual 

actor in the molecular steps that precede and 

follow AID action, thereby enabling class 

switch recombination and refi nement of the 

antibody repertoire.

Each immunoglobulin heavy-chain (IgH) 

constant region is associated with a cis-acting 

regulatory DNA sequence called a switch (S) 

region (see the fi gure), where a double-strand 

break (DSB) in DNA is initiated by AID. 

Accessibility of the S region to AID depends 

on its transcription. The RNA polymerase II 

(Pol II) complex transiently generates single-

stranded DNA, the preferred substrate for 

AID, by unwinding helical double-stranded 

DNA ( 2). During B cell differentiation, tran-

scription factors bind to promoter sequences 

near S regions and are thought to load AID 

onto RNA Pol II, allowing the former to “pig-

gyback” into the S region ( 5). AID action at 

an S region involves cytidine deamination. 

Uracil base excision and cleavage of abasic 

sites by DNA repair enzymes culminates in 

nicks in single-stranded DNA that are con-

verted into DSBs. DSBs activate the non-

homologous end joining pathway (NHEJ), 

which ligates S-region ends, yielding an allele 

that encodes a heavy-chain subunit with a 

switched constant region ( 6). These con-

siderations led Daniel et al. to focus on Pax 

transcription activation domain interacting 

protein (PTIP). PTIP is implicated in NHEJ 

and also associates with a histone methyl-

transferase that functions in gene activation 

( 7,  8). The question arose as to whether PTIP 

might regulate class switch recombination by 

activating S-region transcription as well as by 

joining of DSBs, thereby acting before and 

after AID, respectively.
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