
How can different interferon molecules bind to the same recep-
tor and elicit vastly different responses? This conundrum has long 
puzzled scientists who study these signaling proteins. A study led 
by HHMI investigator K. Chris Garcia suggests the key may lie in 
how tightly the interferons bind to that receptor.

Interferons are protective chemicals that cells produce to 
 combat  cancer, viruses, and infections. It takes the combined 
effort of many different interferon molecules to get the job done, 
and each one activates a particular component of the body’s 
defense systems.

Garcia wanted to figure out how the 16 varieties of type I inter-
feron trigger different cellular actions through just one cell surface 
receptor. He and his postdoctoral fellow Christoph Thomas at 
Stanford University School of Medicine used x-ray crystallogra-
phy to deduce the three-dimensional structures of the receptor’s 
two subunits, IFNAR1 and IFNAR2, bound to two kinds of type I 
 interferons, IFN2 and IFN.

Surprisingly, both interferon varieties bound the subunits in a 
similar fashion. The finding countered the prevailing notion that 
each kind of type I interferon would bind in a unique way.

To dig deeper, Garcia teamed up with researchers from the 
 Weizmann Institute of Science in Israel and the University of 
Osnabrück in Germany. Collectively, they mutated the interferon 

amino acids responsible for binding to the receptor and found 
that although the locations of most contact points are constant 
from one interferon to another, the strength of the bonds varies. 
Thus, the receptor differentiates between interferon molecules 
by how avidly they attach at certain positions. The punch line is 
that chemistry, rather than ultrastructure, appears to functionally 
differentiate interferons.

As Garcia reports in the August 19, 2011, issue of Cell, manipulat-
ing the chemistry of the binding surfaces can endow one interferon 

with the functional properties of 
another. For example, replacing 
a single amino acid in IFN with 
the one found at the same posi-
tion in IFN2 boosts the mutant 
IFN’s cancer-fighting ability, 
making it more like IFN2.

These findings provide an 
alternative to the long-standing 
“lock-and-key” model of recep-
tor binding in which there’s only 
one way a molecular key can 
bind to, and activate, its receptor 
lock. W –  n i C o l e  k r e s g e
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Detecting prostate cancer 

The days of uncertainty in prostate can-

cer diagnosis may be numbered: HHMI 

scientists have developed a simple urine 

test to help determine the presence of 

the disease.

In 2005, HHMI investigator Arul M. Chin-

naiyan and colleagues at the university 

of Michigan Medical School identified a 

fusion between two genes that occurs in 

approximately half of all prostate cancers. 

When TMPRSS2 and ERG combine to form 

TMPRSS2:ERG, the new gene drives pros-

tate cell growth out of control, leading 

to cancer.

In their latest work, published August 3, 

2011, in Science Translational Medicine, the 

researchers recruited 1,312 men scheduled 

for a prostate needle biopsy. They collected 

the men’s urine before the biopsy and 

compared TMPRSS2:ERG levels in samples 

from patients whose biopsy revealed can-

cer with levels in men whose biopsy was 

negative for cancer.

Around 50 percent of the men con-

firmed to have prostate cancer tested 

positive for TMPRSS2:ERG in their urine; 

fewer than 5 percent of men whose biopsy 

did not detect cancer had the gene. While 

lack of the fusion gene does not indicate 

the absence of prostate cancer, higher 

levels of the gene do suggest a larger and 

more invasive prostate tumor.

“We think of this as the first-generation 

version of this test,” says Chinnaiyan. “We 

hope to add to it in the future by test-

ing for additional gene fusions that we 

know about.” 

rebUiLDing a FLatWorm 

How do planarians regenerate themselves, 

cell by cell, when sliced into the tiniest of 

slivers? By exposing the flatworms to ion-

izing radiation that destroyed all but a few 

of the animals’ neoblasts, researchers have 

come closer to answering that question. 

HHMI early career scientist Peter Red-

dien and his colleagues at the Massachu-

setts Institute of Technology discovered 

that some of the surviving neoblasts 

seemed to possess all the qualities of a 

stem cell. So, they put these cells, called 

clonogenic neoblasts, to the ultimate test: 

they transplanted a single clonogenic neo-

blast into an irradiated worm lacking any 

other dividing cell.

“Tissues of the host were slowly but 

surely replaced with descendant cells from 

the transplanted donor cell,” says Reddien. 

“All the various parts of the body—kid-

ney, gut, eyes, brain, skin, muscle—were 

regenerated. It all came from one original 

starting cell.”

Since most planarian genes have human 

counterparts, the findings, described May 13,  

2011, in Science, could provide insight into 

human regenerative medicine.

genetic insight into heaD  

anD neck cancers 

Two independent studies by teams of 

HHMI investigators have revealed genetic 

mutations often present in squamous cell 

carcinoma, the most common form of head 

and neck cancer.

Todd R. Golub of the Dana–Farber 

Cancer Institute looked at the genetics of 

74 tumors diagnosed as head and neck 

squamous cell carcinoma (HNSCC). Bert 

Vogelstein of the Johns Hopkins university 

School of Medicine analyzed 32 HNSCC 

tumors and validated the results in an addi-

tional 88 tumors. The results of the studies 

appear in two separate papers published in 

Science on August 26, 2011.

Both studies compared the tumor 

exomes—the part of the genome that 

encodes proteins—with a noncancerous 

sample from the same patient to identify 

mutations unique to the tumors. A high 
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The interferon receptor (blue 
and green) can distinguish 
different interferons (brown) 
by how tightly they bind.

Unlocking the Interferon Puzzle
SCIENTISTS SHoW THAT INTERFERoN SIGNALING DEPENDS oN BoND STRENGTH.
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