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Explorations and revelations taking place in the medical school

David Cooper and Massimo Trucco grafted pig islet 
cells into the livers of monkeys to treat diabetes. 
Three months after the transplant, the cells of the 
pig present in the monkey liver (pictured here, 
nuclei in blue) continue to produce insulin (red).
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In the quest for effective diabetes treat-
ments, the University of Pittsburgh’s 
Massimo Trucco and David K.C. 

Cooper are searching for the perfect pig.
Trucco, Pitt’s Hillman Professor of Pediatric 

Immunology and chief of immunogenetics for 
Children’s Hospital of Pittsburgh of UPMC, 
and Cooper, professor of surgery with the 
School of Medicine, have transplanted beta 
islet cells from genetically modifi ed pigs to 
successfully treat nonhuman primates with dia-
betes. As reported in the December issue of the 
American Journal of Transplantation, the islets 
from one species functioned well in another—
up to a year in the case of one monkey.

“There are 2 to 3 million people with dia-
betes in the United States,” says Cooper, an 
English immunologist who came to Pittsburgh 
a half-dozen years ago from Massachusetts 
General Hospital. 

“And in the past 10 years, there have been 
fewer than 1,000 human-islet transplants—
even though these kinds of transplants are 
effective—because there aren’t enough donors. 
This is where xenotransplantation research 
can really make an exciting difference.”

In mammals, including humans, insulin 
production takes place in the beta islet cells of 
the pancreas. Normal metabolic breakdown 
of sugar is impossible without the hormone 
insulin. Although insulin-replacement ther-
apy has saved the lives of many people with 
diabetes, strict glycemic control can remain 
elusive. Complications of uncontrolled dia-
betes include improper circulation, leading 
to lower-limb amputation, blindness, and 
kidney failure.  

Finding an effective, abundant source 
of islet cells for transplantation would help 
people with diabetes produce the insulin they 

need. Pigs, already a source of heart valves for 
human transplant, may have the inside track.

“What’s quite remarkable about what 
Massimo is doing is that he’s on the verge 
of several different kinds of strategies to try 
to ameliorate type 1 diabetes,” says David 
Perlmutter, Vira I. Heinz Professor and Chair 
of the Department of Pediatrics at Pitt. 
“Certainly it’s very exciting to have xenotrans-
plantation possibly be an option.”

 Cooper is chair of the scientifi c advisory 
board for Revivicor Inc., a Blacksburg, Va. –
based regenerative-medicine company that 
produces transgenic pigs. The company has 
modifi ed the pigs to make their organs more 
acceptable for transplantation into humans. 
UPMC is a signifi cant shareholder and col-
laborator with Revivicor. 

One genetic modifi cation gives the pigs 
a human cell-surface protein called hCD46, 
which regulates a portion of the immune 
response. Results show that manipulating the 
hCD46 pathway may be protective against 
rejection.

For the study, Trucco, Cooper, and their 
colleagues isolated these altered pig islet 
cells and infused them into a small number 
of monkeys. Portal veins carried the cells 
into the liver, where suffi cient numbers of 
them engrafted to maintain function and 
appropriately regulate glucose metabolism 
without the need for diet changes or insulin 
administration.

Trucco and Cooper write that with addi-
tional work, “a safer immunosuppressive regi-
men might become available for use in human 
transplant.” 

Revivicor has modifi ed other pigs as a-gal 
(galactosyltransferase) knockouts. Without 
the a-gal gene, these pigs lack a critical cell-

surface sugar molecule that humans and pri-
mates do not have, but normal pigs do. This 
modifi cation again reduces the effect of the 
primate immune response. 

There are still many avenues to explore. 
Trucco group member Nick Giannoukakis, 
associate professor of pathology and immu-
nology at Pitt, is looking at ways to block 
specialized immune cells called dendritic 
cells to help suppress the immune response. 
Another immunogenetics colleague, Pitt’s Jon 
Piganelli, associate professor of pediatrics, 
is working on a new compound to block 
infl ammation. 

“We are looking for a good agent that is 
not toxic to islets,” says Trucco. “We are trying 
to tackle the problem from all corners,” the 
genial Italian adds with a grin. “If we can fi nd 
the right immunosuppressive cocktail, then 
all we will need is a sterile place to produce 
the pigs.” 

Find pigs with an appropriately human-
compatible genetic makeup, add the right 
immunosuppressive regimen, “and the game 
will be over,” Trucco says. 

Or almost over. Trucco and Cooper, or 
other researchers, will still need to address a 
few issues. Massive numbers of islet cells are 
necessary for transplant, and one monkey 
required two transplants to maintain suffi cient 
glucose control. Initial die-off of transplanted 
cells is substantial, and immune-response- 
related infl ammation causes blood clotting, 
requiring a careful balance of coagulant and 
anticoagulant medications. 

“But we’re not seeing the typical rejection 
that we used to see. The key is getting better 
pigs,” says Cooper. “I’m optimistic that xeno-
transplantation will be effective long before we 
can use stem cells for something like this.” ■
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Right around the time Bino 
John was recruited by the 
University of Pittsburgh School 

of Medicine’s Department of Computational 
and Systems Biology, he decided that he  
needed to engage in a new fi eld. He would 
become an experimental biologist—adding 
the wet bench to the digital world of in silico 
experimentation. 

“Bad idea,” said his colleagues, pointing 
out that he had just landed a job in a good 
department. 

“Wait until you have tenure,” someone 
suggested, implying that his plan would risk 
his career before he’d even gotten it off the 
ground.

But on a shelf next to a blooming yel-
low Phalaenopsis orchid in John’s offi ce sits 
a photo of his mother. Her death from liver 
cancer in 2005 at the age of 54 motivated him 
to pursue molecular biology so that he could 
work more directly on cancer. 

John didn’t heed the advice of his col-
leagues. Instead, he began setting up a molecu-
lar biology lab and hired an experimental 
biologist postdoc. That’s when the bad idea 
ran smack into bad luck. It turned out that the 
postdoc, Zhihua Li, broke out in a rash when 
exposed to low-level radiation—a very unusual 
reaction. The workhorse of a molecular biol-
ogy lab, the northern blot test, uses radioac-
tive probes to separate out bits of RNA from 
tissue. To accommodate Li, John’s lab had to 
invest signifi cant time refi ning northern blot 
techniques without radiation before they could 
begin pursuing their target: a short stretch of 
genetic material called microRNA (miRNA).

MiRNAs are chains of nucleic acids about 
22 nucleotides long. Discovered in 1993 and 
initially thought to be unimportant, miRNAs 
are now known as key regulators of genes, 

turning them on and off. Dysfunction of 
miRNA has been linked to many diseases, 
including cancer. On John’s northern blot, 
the miRNA they were working on showed up 
as a dark band that revealed its 22-nucleotide 
length. But something unexpected turned up, 
too. On this very sensitive northern blot they 
had devised, there was a faint, but distinct, 
band of about 15 to 17 nucleotides—signifi -
cantly smaller than even miRNA. 

This is the point in the story where the sci-
entist’s luck turns. Much like the once-ignored 
miRNA, these short RNAs turned out to be 
common and active regulators of gene expres-
sion, John’s team found. They dubbed them 
“unusually small” RNAs (usRNAs).

Partnering with professors Yuan Chang 
and Patrick Moore of Pitt’s cancer virology 
program, John has discovered these usRNAs 
in both human tissue and in samples of the 
herpes virus that causes Kaposi’s sarcoma. In 
late 2009, the team described usRNAs in the 
Journal of Virology.

“There were two myths we broke in that 
paper,” says John. The fi rst was that any RNA 
that was only 15 nucleotides long (a 15-mer, to 
a molecular biologist) could randomly match 
to several places in the genome, so it couldn’t 
possibly be important for regulating any spe-
cifi c part of that genome.

“But I knew, coming from a computational 
background and having done these analyses 
for a long time, that there are many, many 
15-mers that only happen in the genome once. 
To give you an exact number, 170 million.”

The second myth was that usRNAs are 
transient, degradation products. John’s team 
showed that these RNAs had relevance, he 
says. “They are consistently and precisely 
produced in multiple cell types. So why would 
the cell waste its energy making these RNAs?” 

They found that the viral usRNA was able to 
regulate a human gene that appears to play a 
role in some cancers, suggesting a similar role for 
other usRNAs.

“He clearly established this as a very important 
area,” says Yoel Sadovsky, a professor of obstetrics, 
gynecology, and reproductive sciences, the Elsie 
Hilliard Hillman Professor of Women’s and 
Infant’s Health Research, and scientifi c direc-
tor of the Magee-Womens Research Institute. 
Sadovsky and Pitt’s Jean-Francois Mouillet, of 
the Division of Fetal Medicine, found usRNAs 
in placental tissue; Sadovsky is collaborating 
with John to explore their function in embryonic 
development. “I think this is going to be the 
next frontier—to identify if there is a different 
function, different origin, or different process for 
these usRNAs,” Sadovsky says. ■

A  N E W  K I N D  O F  R N A

B Y  C H U C K  S T A R E S I N I C

Bino John’s background in computational biology helped him 
upend the notion that unusually small RNAs could be ignored.

THE GOOD, THE BAD, 
AND THE UNUSUALLY SMALL

C
O

U
R

T
E

S
Y

 JO
U

R
N

A
L O

F V
IR

O
LO

G
Y, D

E
C

. 1
5

, 2
0

0
9

4845_Textc3.indd   10 6/11/10   9:25 AM



 S U M M E R  2 0 1 0  11

In 2004, Ronald Wetzel, professor of 
structural biology, had cause to stop 
and scratch his head. 

Scientists had known for decades that 
the one in 10,000 people who suffer from 
Huntington’s disease, a neurodegenerative dis-
ease that affects muscle coordination and 
cognition, make a mutated form of the protein 
huntingtin (HTT), which has a tail composed 
of many repeats of the amino acid glutamine. 
In his lab in Biomedical Science Tower 3, 
Wetzel had been focusing on this polygluta-
mine tail, as it is called, in isolation, convinced 
that it was key to the disease; after all, eight 
other known neurodegenerative diseases are 
characterized by proteins with similar polyglu-
tamine repeat sequences. Wetzel’s lab’s work 
suggested that the tails seen in Huntington’s 
assembled in a relatively slow, stepwise fashion 
to eventually form messy protein complexes 
that accumulate in the brain and possibly play 
a role in disease development. 

But one day in 2004, his lab obtained new 
results that suggested that these tails aggregated 
very differently—and in a much more complex 
fashion—in the presence of an extremely short, 
seemingly unimportant amino acid sequence 
found at the tip of the tail in HTT. This little 
fragment, called HTT-NT, seemed to change 
the behavior of the polyglutamine sequence 

completely, producing “entirely different kinds 
of results,” Wetzel recalls.

Protein fragments containing HTT-NT 
attached to polyglutamine were found to form 
protein aggregates so quickly that the reaction 
was almost impossible to study.

“It just knocked our socks off,” he recalls. 
“We’ve spent the past fi ve to six years trying to 
fi gure out what is going on.” 

The fruits of Wetzel’s labor were published 
in the April 2009 issue of Nature Structural & 
Molecular Biology. His paper elucidates how 
this short amino acid sequence “communi-
cates” with the polyglutamine sequence to alter 
the aggregation pathway and produce the pro-
tein clumping that may be key to the disease.

“It turns out that these sequences are 
talking to each other, communicating shape 
information in a way we don’t yet fully under-
stand,” Wetzel explains. 

His experiments suggest that fi rst the 
polyglutamine tail aids in altering the shape 
of HTT-NT. Then, the altered HTT-NT 
segments of a number of HTT molecules 
assemble, forming a core. This in turn brings 
the polyglutamine tails of these molecules close 
together. The result: big protein clumps.

It’s still unclear what, exactly, these protein 
clumps do to Huntington’s patients. The 
idea that clumping somehow plays a critical, 

mechanistic role in Huntington’s has been 
controversial, Wetzel says —in part because 
of the complexities his lab has discovered in 
the aggregation pathway. He suspects that 
HTT can make many different types of pro-
tein aggregates in the brains of people with 
Huntington’s, and that they have different 
degrees of toxicity. 

“They’re not all created equal,” he says—
and this complicates the task of identifying 
the key toxic material.

More recently, Wetzel’s group found that 
modifying two amino acids in the small HTT-
NT sequence (the serines at positions 13 and 
16) has a suppressive effect on the ability of  
the HTT protein fragments to clump in test-
tube experiments.

Previous work had shown that these serines 
were sometimes modifi ed inside mammalian 
cells by the addition of phosphate groups, a 
modifi cation often used by cells to regulate 
protein behavior. When Wetzel’s collaborators 
bred mice containing the disease-causing, 
expanded polyglutamine repeat form of HTT, 
in which the two serines had been replaced 
with amino acids that mimic phosphate-
modifi ed serines, the mice did not get sick. 
“It’s just amazing to me that you can make a 
potentially very sick mouse normal by chang-
ing these two serine residues,” he says. ■
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CAPTION T/K
Amyloid-like proteins clump 
together in Huntington’s 
disease.

BY THE TAIL
HE’S GOT HUNTINGTON’S
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