
50 Years Ago
Thirty years ago, those of us 
who argued that hunger and 
malnutrition existed and would get 
worse unless research on agriculture 
and contraception got very much 
more support, were variously 
labelled atheists, communists, 
dreamers or idealists according 
to the prejudices of the critic. But 
facts are stubborn, and awareness 
of the need for more food is now 
widespread. Consequently, we are 
deluged with books and symposia 
on what could and should be done 
to balance food and population … 
Optimists tend to overlook the fact 
that, unless a population control 
policy depends on a dictatorial act 
along Herodian lines, it will not be 
effective until people have learnt the 
rudiments of biology and hygiene.
From Nature 6 July 1968

100 Years Ago
Anthrax is an acute, infective 
disease of man and animals and is 
caused by the anthrax bacillus … 
In order to prevent the disease in 
dangerous trades working with 
possibly infected animal material it 
would, at first sight, appear to be a 
simple thing to disinfect the infected 
material. In practice, however, this 
is found to be exceedingly difficult 
on account of the truly enormous 
powers of resistance of the spore … 
complete success can now be 
attained without risk to the workers 
and without damage to the material 
disinfected. The main feature of the 
process is a preliminary treatment 
in which material is submitted to the 
action of a warm solution of soap 
and water containing alkali … This 
causes softening and disintegration 
of any infected blood-clots, and 
the spores are laid bare for the 
subsequent destroying process … 
ten million pounds of infected wool 
can be effectively disinfected for 
something less than 0 824 penny per 
pound weight.
From Nature 4 July 1918

previous study of fruit flies, the same group 
had identified the gene Tac as essential for the 
regulation of aggression induced by social 
isolation5. Rodents have two versions of Tac, 
which are expressed in various brain regions, 
including regions associated with social 
behaviour, anxiety and emotions. Using sev-
eral independent methods, Zelikowsky and 
colleagues now found a massive increase in 
the expression of Tac2 throughout the brain 
following social isolation.

The gene Tac2 encodes a protein called 
neurokinin B (NkB), which binds specifi-
cally to the receptor Nk3R. The researchers 
performed a series of experiments to alter 
NkB signalling in the brain. First, they sys-
temically inhibited NkB signalling in isolated 
male mice using a drug called osanetant, 
which inhibits the activity of Nk3R. Admini-
stration of osanetant, either throughout the 
social-isolation period or 20 minutes before 
behavioural testing, substantially reduced 
the effects of social isolation on behaviour. 
Next, the authors genetically upregulated 
Tac2 expression and simultaneously activated 
Tac2-expressing neurons in group-housed 
animals, using specially designed viruses that 
were injected intravenously but could cross 
the blood–brain barrier to reach the brain. 
They found that this genetic manipulation led 
to group-housed mice behaving in a similar 
way to those that had been isolated.

Finally, Zelikowsky et al. locally manipulated 
Tac2 expression and NkB signalling, by inject-
ing either osanetant or viruses to downregulate 
Tac2 expression or inhibit the activity of Tac2-
expressing neurons, into particular locations 
in the brain. These experiments enabled the 
authors to attribute specific behaviours to 
regulation of Tac2 in specific brain regions. 
The main social effect of isolation — enhanced 
aggression towards an intruder — was con-
trolled by Tac2 in the dorsomedial hypothala-
mus. By contrast, acute and persistent stress 
responses were regulated primarily by Tac2 in 
the central amygdala (Fig. 1).

This work opens a gateway to much future 
research. First and foremost, it will be interest-
ing to determine whether TAC3, the human 
equivalent of Tac2, is involved in mediating 
the effects of loneliness and social isolation in 
people. To our knowledge, TAC3 has not yet 
been directly associated with sociality or social 
behaviour of any kind in humans. However, it 
is expressed in the human brain and has shown 
abnormal gene-expression levels in children 
with autism-spectrum disorder6, which pro-
foundly affects social interaction. The systemic 
manipulations presented in Zelikowsky and 
colleagues’ paper could be rapidly applied to 
humans, because osanetant and other NkB 
inhibitors have already been tested in clinical 
trials. These drugs could potentially treat anti-
social disorders induced by isolation, as well as 
mood and anxiety disorders. 

Although most of their experiments focused 
on male mice, Zelikowsky et al. found upregu-
lation of Tac2 in response to social isolation 
in both males and females. Sex differences in 
response to stress and isolation are well docu-
mented, and are usually conserved across 
species7. It will therefore be interesting to test 
whether the roles of Tac2 in mediating the 
effects of social isolation in females are similar 
to or different from those in males.

The need for social interactions and 
the response to social isolation can differ 
enormously between and within species. Mice 
and humans, for example, are typically con-
sidered to be highly social creatures8. When 
their social needs are not filled, they can expe-
rience debilitating outcomes1,9. Some species 
(and individuals within a species), however, 
are more solitary, or even avoid social inter-
actions10. Such species or individuals might 
harbour neuronal mechanisms that are adapted 
to the lack of social inter action. Whether or not 
members of the Tac gene family act differently 
in solitary individuals or species compared to 
how they do in more-social individuals or spe-
cies remains to be determined. 

Finally, one has to wonder: to what extent 

Figure 1 | The gene Tac2 mediates various effects of social isolation in mice. Zelikowsky et al.3 
investigated how two weeks of isolation affected the brains and behaviour of male mice. They found 
that Tac2 expression is upregulated throughout the brain, and that the gene’s upregulation in particular 
areas — including the central amygdala and dorsomedial hypothalamus — led to specific changes in the 
animals’ social behaviour and in their response to various stressful stimuli. 
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