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Explorations and revelations taking place in the medical school
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This schematic shows the relation-
ship between transcription fac-
tors—key to controlling the trans-
fer of genetic information—and 
small strands of genetic material 
called microRNA (i.e., MAZ, a tran-
scription factor, regulates micro-
RNA-17). MicroRNA can cause can-
cer by suppressing the production 
of many crucial proteins.

I N V E S T I G A T I O N S

Explorations and revelations taking place in the medical school



 W I N T E R  2 0 0 7 ⁄ 8  9

There are few decorations 
in Bino John’s offi ce in the 
University of Pittsburgh’s 

gleaming new Biomedical Science Tower 3 
in the heart of Oakland. A row of Russian 
matryoshka dolls—from his wife’s home 
country—sits atop a bookcase fi lled with 
biology textbooks. Only one picture graces 
the room. The photo, on a desk next to a 
window overlooking Fifth Avenue, shows 
John’s mother, Susamma Varghese, smiling 
at the camera. 

The photo serves as a reminder to John, 
an assistant professor of computational biol-
ogy, of why he comes to work every day. 
Varghese died in 2005 of liver cancer. She 
was 54. 

“I tell you, only when you see it, only 
when you are there to experience it, do you 
know how bad [cancer] is. This is the worst 
thing that ever can happen to you. It breaks 
you down to nothing.” 

When his mother got sick, John was 
fi nishing his postdoctoral work at New 
York’s Memorial Sloan-Kettering Cancer 
Center. He had helped develop a computer 
model there that would predict where on 
the genome tiny strands of genetic material 
called microRNA (miRNA) might interact 
or bind. 

John fl ew back home to his native India 
to be with Varghese during what turned out 
to be the last week of her life. 

“That one week of suffering that I saw, I 
was completely helpless. There was nothing 
I could do. Nothing medicine could do. I 
decided, ‘Cancer is the way I’m going to go.’”

John shifted his research focus to look-
ing for links between cancer and miRNA. 
These are small strands of genetic material, 
22 base pairs of nucleotides long, as opposed 
to 500 to 1,000 for a common strand of 
ribonucleic acid, or RNA. Because they are 
tiny, scientists widely dismissed them until 
2000, says John.  

Their discovery has helped overhaul the 
conventional thinking about genetic tran-
scription. The traditional wisdom, as hand-

ed down in biology textbooks for the past few 
generations, is that DNA encodes RNA, and 
RNA gets translated into protein in organelles 
called ribosomes, the cell’s protein factories. 
Turns out, the vast majority of DNA—about 
95 percent of it, actually—doesn’t code for 
protein. What role does this DNA serve? 
Scientists didn’t know. They divined that it 
was probably junk—kind of like stacks of 
untouched fi les in a crowded offi ce. 

Biologists initially lumped miRNA in the 
junk pile—then discovered the tiny RNAs 
played a major role in regulating gene expres-
sion. The miRNA can latch onto a strand of 
messenger RNA and prevent it from 
being translated into proteins. Jam the 
signals to the protein factory, and the 
cell must improvise to survive, resulting 
in genetic diseases such as cancer.

Biologists noticed that in cancer cells, 
miRNA levels were often different than 
in healthy ones, so many began to look 
for an miRNA signature in cancer. 

They also found that different types 
of cancers presented with different types 
of miRNA. If they could develop a 
molecular profi le for cancer, they could 
detect cancer earlier and with more 
precision. 

There’s a “but” in here. 
“There’s a big catch with microRNA,” says 

Patrick S. Moore, director of the Molecular 
Virology Program at the University of 
Pittsburgh Cancer Institute and Pitt profes-
sor of molecular genetics and biochemistry. 
Along with his wife, fellow UPCI researcher 
and Pitt professor Yuan Chang, Moore runs a 
lab devoted to understanding KSHV, a virus 
they discovered in 1993 that causes Kaposi’s 
sarcoma. (AIDS patients frequently contract 
this cancer.) Moore and Chang are collaborat-
ing with John to look for proteins controlled 
by miRNA in KSHV. 

“It’s very hard to know what [miRNAs’] 
targets are—of the 3 billion base pairs in the 
human genome, which part are they going to 
bind with?” says Moore.

As John explains it, here’s the problem: 

In a perfectly formed RNA-RNA interac-
tion, the RNAs match up predictably. But 
miRNAs interacting with messenger RNAs 
play by a different set of rules. Figuring out 
where they will bind is like a really, really 
hard Sudoku puzzle.

That’s where John’s work in computational 
biology comes into play. 

He has developed an algorithm for fi nd-
ing the targets of miRNAs and has collabo-
rated with Moore and Chang to validate this 
approach in KSHV. 

“Bino’s been at the forefront of a fi eld that’s 
exploding,” Moore says. 

Scientists have identifi ed roughly 500 
miRNAs. John thinks there are thousands of 
other tiny RNAs out there, an intimidating 
thought for anyone who wants to fi gure out 
cancer. 

“As you look deeper and deeper into the cell, 
conventional thinking does not hold. There are 
patterns we can’t explain at this point based on 
our understanding of DNA,” he says. 

“The lesson we continue to learn is the cell 
has a lot of surprises.”  ■
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Human cells have thousands of genes that 
are manipulated by the cell based on “secret” 
instructions coded within the genome. Here, a 
piece of code functions as an on/off switch for 
specific genes. The X axis represents a tissue 
type—such as skin—and the Y axis lists scores 
of genes. Green indicates a gene is not turned 
on; red shows it’s on and highly active.
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Kids and teens with pediatric-
onset infl ammatory bowel 
disease (IBD) suffer from diar-

rhea and signifi cant abdominal pain. They 
often miss school. Puberty can come later 
than usual. They might not want to share the 
details of their condition with peers. 

IBD kids—whether they suffer from Crohn’s 
disease or ulcerative colitis—can be isolated 
from their peers, and isolated kids can become 
depressed. About a quarter of youngsters who 
develop IBD suffer from depression developed 
concurrently with IBD. 

By way of comparison, 7 to 10 percent of 
all 10- to 20-year-olds are depressed.

Typically, doctors treat IBD with anti-
infl ammatory medicines, steroids, and immu-
nosuppressives. Eva Szigethy, an MD/PhD 
assistant professor of psychiatry and pediatrics 
in the University of Pittsburgh School of 
Medicine, is in the process of developing 
a behavioral treatment that addresses IBD-
associated depression. It turns out that her 
method also may reduce the severity of IBD 
symptoms.

“This is a truly remarkable result,” says 
David Perlmutter, Vira I. Heinz Professor and 
chair of pediatrics at Pitt. “This is one of the 
few and may be the only example of behav-
ioral therapy having a clear clinical impact 
on organ injury.” Perlmutter is an MD who 
specializes in pediatric gastroenterology and 
nutrition. 

About six years ago, Szigethy, who also is 
medical director of the Medical Coping Clinic 
of the Infl ammatory Bowel Disease Center of 
the Division of Gastroenterology at Children’s 
Hospital of Pittsburgh of UPMC, visited with 

John Weisz, a renowned 
expert on cognitive 
behavioral therapy 
(CBT) then at UCLA. 

CBT asks patients to develop their ability 
to differentiate things they can control from 
things outside their mastery. It trains the 
mind to accentuate the positive and ignore 
uncontrollable negative events. Could it help 
children with IBD?

“This whole theoretical model is a very 
good fi t for physical illness. Being diagnosed 
with IBD is outside kids’ control but learning 
how to cope with stress can positively alter 
disease course,” Szigethy says. “It helps people 
ask, ‘What am I going to do differently?’ and, 
‘How am I going to change my thinking if I 
have to accept I’m going to have this illness?’”

The fact that CBT is drug-free also 
appealed to Szigethy. “These kids already have 
a very high burden of medication,” she says. 
“Their gastrointestinal tracts are also affected 
by the disease, so they might not absorb the 
medicine well.”

In 2004, Szigethy was the fi rst author on a 
paper in the Journal of the American Academy 
of Child and Adolescent Psychiatry that bore 
her suspicions out: CBT seems to work for 
IBD kids. She found signifi cant improvement 
in depression among her subjects; they report-
ed improved quality of life and developed a 
better perspective on managing the illness.

The critical thing about this study, says 
Szigethy, is that “a focus on the child’s illness 
perception/experience was integrated into the 
CBT program.” When kids have negative per-
ceptions of their illness, they have more dif-
fi culty coping. That, in turn, leads to a more 

arduous disease course, she notes.
Not long after Szigethy completed the 

study published in 2004, she undertook a 
randomized trial. Of the 41 participants, 22 
received CBT in addition to their IBD medi-
cation. The remainder received IBD medica-
tion alone. Depression was comparatively 
lessened in the CBT group. She published the 
resulting paper in 2007.

The work uncovered one more piece of 
good news: “When we looked at the kids six 
months out, the CBT group had signifi cantly 
less IBD severity,” says Szigethy. 

She developed a handbook to guide mental 
health professionals to engage in the therapy 
with youth suffering from IBD. Parents get 
training as coaches, but kids do the CBT 
“work” themselves, so they aren’t reliant on 
perpetual therapy to guide them through 
rough patches. Kids learn how to relax and do 
self-hypnosis, modify their perception of the 
illness, and enlist the help of others—including 
family and friends. 

The National Institutes of Health recog-
nized Szigethy in September with a prestigious 
New Innovator Award worth $1.5 million to 
study the neurobiological and immunologi-
cal effects of CBT intervention in the same 
population.

She says, “It’s very exciting that a psycho-
social intervention—teaching kids stress man-
agement techniques—could potentially affect 
immune system function to the degree that 
they can actually fi ght the disease better.” ■
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There are two kinds of disease in 
the vaccine world: those that are, 
relatively speaking, a piece of cake 

to fi ght with vaccines and those for which creat-
ing immunity seems impossible. 

“Roger Rank used to tell me all the easy vac-
cines have been developed. All the ones that are 
left are much more diffi cult,” says the University 
of Pittsburgh’s Toni Darville of her mentor 
Rank, of the University of Arkansas.

The easiest vaccines—such as mumps or 
tetanus—have more or less been rolled out. 
Other infections have kept scientists labor-
ing away in their labs for years. Darville is 
determined to formulate a vaccine for a tough 
one—chlamydia. Caused by the bacterium 
Chlamydia trachomatis, it is the leading cause of 
involuntary infertility worldwide. 

Darville, a professor of pediatrics and immu-
nology, uses the mouse model of chlamydial 
genital infection, which Rank developed, for her 
work investigating how to protect people against 
the infection. Darville worked with Rank from 
1993 until this past August, when she moved 
to Pittsburgh and became chief of the Division 
of Pediatric Infectious Diseases at Children’s 
Hospital of Pittsburgh of UPMC. 

“The mouse model is really excellent because 
there are mice, with specifi c genes deleted from 
their chromosomes, available that allow us to look 
at specifi c immunological pathways,” she says. 

Chlamydia tricks its hosts. Because the initial 
symptoms of this infection are minor, it tends 
to go undetected. People often don’t know they 
need to be treated and spread the infection. 

“Boys don’t have a big problem with it. They 
may experience some mild penile discharge and 
mildly painful urination,” says Darville. “But in 

girls, over time and with repeated infections, 
this organism ascends from the lower genital 
tract to the upper genital tract to the fallopian 
tubes and causes scarring, which can lead to 
chronic pelvic pain and infertility.” 

The peak incidence of infection falls among 
young people between 15 and 20 years old, 
says Darville: 

“If you look at various populations of sexu-
ally active teenagers, the [infection] rates range 
anywhere from 7 to 20 percent.” 

As we age, however, it seems that some 
immunity against the infection develops. 
Scientists are not exactly sure of the mech-
anism behind the immune system boost, 
though they suggest early exposure to the 
bacteria could trigger immunity changes. So 
could alterations in hormonal status and the 
lining of the uterus and fallopian tubes.

“That gives us hope that we could develop 
a vaccine that could perhaps help prevent 
infection, but at the very least develop a vac-
cine to prevent disease due to this organism,” 
Darville says. 

Yet unlike measles or chicken pox, in 
which the infection itself induces an immune 
response, contracting chlamydia doesn’t lead 
to protection from re-infection. 

Scientists typically develop vaccines by 
taking proteins of a disease-causing organism 
and injecting them into a human to induce 
antibody production. 

The antibodies help the immune system 
conquer the interloping bug. The immune 
system remembers and recognizes that partic-
ular bug, and the next time the invader comes 
around, the body is ready to attack.

Although they can help prevent re-infec-

tion, antibodies of some diseases—like chla-
mydia and herpes, as well as viral infections 
such as HIV—are not completely protective. 
In these cases, scientists can’t just take an 
immunogenic protein, put it in a syringe, and 
vaccinate a person. 

One trick, Darville explains, is to add 
adjuvants. These agents stimulate the immune 
system without having any effects in and of 
themselves. Using an adjuvant with a weak-
ened strain of chlamydia could be the key to 
preventing re-infection. But adjuvants can 
make vaccines expensive to manufacture.

Darville’s colleague, visiting assistant profes-
sor Catherine O’Connell, a bacteriologist who 
also came to Pittsburgh from the University of 
Arkansas, has developed weakened, or attenu-
ated, strains of chlamydia. She managed this 
by removing the resident plasmid (a DNA 
molecule able to self-replicate) from a strain of 
chlamydia that infects mice. When research-
ers inject mice with these chlamydia strains, 
they develop the infection but not the disease. 
With this model, Darville and O’Connell can 
use mutant strains to determine the charac-
teristics of an exclusively protective immune 
response to chlamydia infection.

“That gives us a road map with which to 
say, ‘OK, this specifi c response occurs, and 
that’s a desirable response,’” Darville says. 

The two scientists are hoping a similar 
approach with strains of the bacteria that 
cause genital tract disease in humans will 
also illuminate protective immune responses. 
Such understanding could become the basis 
for a human vaccine—one that industry 
could more easily and cheaply manufacture 
than those that require adjuvants. ■ 

TWO KINDS OF DISEASE
S I G H T S  S E T  O N  C H L A M Y D I A  V A C C I N E

B Y  S A R A  G O U D A R Z I

Unusual strains of 
chlamydia could 
point toward a vac-
cine. left: Mouse 
oviducts infected 
with a plasmid-
deficient strain 
show no pathology. 
right: Damage by a 
conventional strain. 
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