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if, say, an environment is larger than 
predicted or an experience goes on 
longer than expected? According to 
Janelia Group Leader Albert Lee, it’s all 
about division of labor.

Lee and his team created a 
48-meter-long maze and recorded 
which neurons in the hippocampus 
fired when a rat explored a small 
area of the maze for the first time. 
Then the researchers incrementally 
increased the portion of the maze 
the animals could access and 
monitored how the brain added the 
new information to its spatial map.

As they reported August 15, 2014, 
in Science, the team discovered that 
each neuron contributes to the map 
at its own rate. As the rat explored 
the maze, some cells fired early and 
often and associated themselves with 
the new space immediately, while 
others held back. These slower cells 
rarely contributed unless the space 
expanded beyond the original size 
captured by the early-firing neurons.

“Instead of the hippocampus 
having to adjust in time as the animal 

notices that the maze gets larger,  
it anticipates all different sizes of  
mazes from the beginning,”  
Lee says. “It does this by dividing up 
its population of neurons so that 
certain cells are ready to represent 
smaller mazes, others are ready to 
represent medium-size mazes, and 
still others, large mazes.” Lee believes 
that similar mechanisms are at  
work when the human brain records 
a new experience. 

HABITUAL GROOMING
Fruit flies are very fastidious when 
it comes to cleanliness. A dust-
covered fly may spend upwards of 20 
minutes removing grit and grime in 
a habitual sequence that starts at its 
eyes and ends at its thorax. Studying 
this structured grooming has helped 
Janelia Group Leader Julie Simpson 
explain how the brain organizes 
sequential behavior.

“You can’t do everything at 
once,” says Simpson. “How 
do you manage competing 
demands on your brain and 

limbs so that you execute things in 
order of importance?” As she reveals 
in the August 19, 2014, issue of eLife, 
it’s all about hierarchy.

Simpson, postdoctoral 
researcher Andrew Seeds, and their 
colleagues devised a way to trigger 
particular grooming tasks by 
turning on different sets of neurons. 
They discovered that dust-covered 
flies always started their grooming 
program at the beginning—cleaning 
their eyes—but weren’t able to 
progress beyond the point that the 
scientists switched on. For example, 
when the researchers activated 
neurons for abdominal cleaning, the 
fly would clean its head and then its 
abdomen but then would continue 
cleaning its abdomen, ignoring the 
dust on the rest of its body.

“It progresses through the 
hierarchy to that particular 

point, and then it 
gets stuck,” Simpson 

explains. This means 
that earlier grooming 

steps have the ability to 

halt those that happen later. These 
findings may help explain other 
behaviors that involve sequences of 
tasks, like nest building in birds.

SENSITIVE SEQUENCING
Techniques known as Sanger 
sequencing and whole  
exome sequencing are great tools  
for identifying defective genes that  
are present in all of an individual’s 
cells. But they aren’t as reliable  
when mutations occur in just a few 
cells. Although not as common, these 
“mosaic” mutations are increasingly 
recognized as a cause of disease, 
especially in the brain. “If a mutation 
is in only 5 or 10 percent of the cells, 
then that’s going to be in a very small 
fraction of the data, which will be hard 
to separate from the noise,” explains 
HHMI Investigator Christopher 
Walsh of Boston Children’s Hospital.

To overcome that challenge, Walsh 
and his colleagues developed a new 
strategy that flushes out these hard-
to-find mutations. The team focused 
on a set of genes associated with brain P
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Cancer’s  
Niche Problem
In some bone marrow 
cancers, a stem cell’s 
surroundings play a 
surprising role.
until	now,	scientists	believed	that	
cancer	was	driven	by	changes	inside	cells:	
genes	become	mutated,	cells	grow	unchecked,	
and	a	tumor	forms.	But	there	may	be	more	
to	the	story.	New	research	from	HHMI	
International	Early	Career	Scientist		
Simón	Méndez-Ferrer	indicates	that,	in	some	
cases,	what	goes	on	just	outside	a	cell	also		
plays	a	role	in	cancer	formation.

In	a	group	of	bone	marrow	disorders	known	
as	myeloproliferative	neoplasms,	a	defective	

gene	causes	hematopoietic	stem	cells	(HSCs)	
to	make	too	many	blood	cells.	As	the	blood	
cells	build	up,	the	disease	worsens,	sometimes	
evolving	into	cancer.	The	only	real	cure	is	a	bone	
marrow	transplant.	However,	some	transplant	
patients	develop	a	new	bone	marrow	cancer	
originating	from	the	donor	transplant	cells,	
hinting	that	something	other	than	the	patient’s	
mutant	HSCs	are	to	blame.	

Studying	the	process	in	mice,	Méndez-
Ferrer’s	team	discovered	that	the	mutant	HSCs	
produced	an	abundance	of	small	inflammatory	
proteins	called	cytokines	that	were	damaging	
nearby	neurons.	This	damage,	in	turn,	
prevented	the	nerves	from	activating	other	
cells	that	help	regulate	HSCs.	The	end	result:	
unchecked	growth	of	HSCs	and	the	potential	
of	myeloproliferative	neoplasms.

“Even	though	the	disease	is	initiated	by		
a	mutated	blood	stem	cell,	this	stem	cell	cannot	
drive	the	disease	until	it	destroys	particular	
elements	of	the	microenvironment,”	explains	
Méndez-Ferrer	at	the	Spanish	National	Center	
for	Cardiovascular	Research.	“First,	it	has	to	
damage	the	nerve	cells	in	the	marrow.”

When	the	researchers	added	an	analog	of		
the	neurotransmitter	adrenaline	to	compensate	
for	the	damaged	neurons’	inability	to	fire,		
the	mouse	cells	were	once	again	able	to	control	
HSC	proliferation.	The	team	reported	its	
findings	August	7,	2014,	in	Nature.

Most	efforts	at	treating	myeloproliferative	
neoplasms	are	focused	on	blocking	the	

mutant	HSCs,	according	to	Méndez-Ferrer.		
“We	showed	that	an	alternative	approach	might	
be	to	protect	the	niche—the	environment—	
and	control	the	expansion	of	the	mutated	cell,”		
he	says.	With	that	in	mind,	Méndez-Ferrer,	
Radek	Skoda,	and	other	colleagues	will	soon	
start	a	clinical	trial	to	see	if	adrenaline	analogues	
can	be	used	to	effectively	treat	patients	with	
myeloproliferative	disease.		– Nicole Kresge

The environment around these hematopoetic stem cells 
plays a role in cancer formation.


