
O C T O B E R     27

C O V E R  S T O R Y

“ C H I L D R E N  O F  T H E  M O O N ”  O F F E R  C L U E S

T O  D N A  R E P A I R  |   B Y  E D W I N  K I E S T E R  J R .

MOONLIT
RESEARCH

ick Wood is not exactly a car buff. “To me, an 
excess of cars is a modern tragedy of the USA 
and Europe,” declares Wood. “I hate driving, and
the only reason we even own a car is that Enid

needs it when she goes to Carnegie to give her violin lessons.
I don’t even know what make of car it is.” 

At first, Wood, who holds the University of Pittsburgh
School of Medicine’s Richard M. Cyert Chair in Molecular
Oncology, backs off from his previously published quotations
using the mechanical maintenance of cars as a metaphor for his
research interests. While his wife is loading the car to teach an
across-town Suzuki violin lesson, Wood is likely to be thinking
about how human cells fix damage to their DNA—how they
keep these crucial life threads in tip-top condition. 

R
Children with a rare disease

who are only able to go outside

after sunset gave Rick Wood an

extraordinary view of how DNA

maintains itself. They also

demonstrate some of the sad

consequences when it doesn’t.
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cle in the landmark issue of Science devoted
to the human genome (February 16, 2001)
illustrates how far DNA repair research has
advanced since he entered it in the 1970s.
The article listed 130 distinct DNA repair
genes identified by various laboratories, and
some of the key discoveries were made by
Wood and his coinvestigators. 

It was at Clare Hall that Wood first turned
his attention to the sad plight of the “children
of the moon,” which led directly to a major
breakthrough in his understanding of DNA
repair. These children suffer from a rare but
tragic genetic disease, xeroderma pigmento-
sum (XP), which affects one in 100,000 per-
sons in the United States and Europe. From
birth, those with XP are extremely sensitive
to ultraviolet light; to avoid it, they play out-
side only after sunset. By age 2 or 3, their

small bodies may be covered with freckling
and skin tumors, which can develop into
massive skin cancers. Many die of rampant,
invasive skin cancers while in their teens.

In 1968 James Cleaver of the University of
California at San Francisco pinpointed the
cause of XP as a case of faulty DNA repair.

At the simplest level of DNA repair is the
mechanism of base excision repair, abbreviat-
ed BER, in which a single base pair wears out
or becomes damaged and must be replaced.
This kind of basic maintenance, “like replac-
ing the sparkplugs,” Wood explains, is going
on continuously: “The system comes in,
finds the damage, takes it out, replaces it,
and everything is fine.” 

Lying too long under a scorching sun at
the beach or forgetting to apply sunblock
when spring skiing calls for a larger repair
job. In this process, tagged NER (nucleotide
excision repair), segments of 25 or 30 DNA
building blocks called nucleotides are
removed and replaced. Cleaver’s work
showed that when XP patients are exposed to
ultraviolet radiation, their DNA’s biochem-

Wood’s research has contributed
significantly to a fundamental
understanding of that process, as

well as what can happen when things go
wrong: i.e., damaged DNA plus poor repair
leads to mutation leads to cancer. (The repair
process affects cellular aging as well.) 

Discussing DNA in terms of Mr.
Goodwrench is an oversimplified analogy but
a helpful one, so Wood gamely concedes.
“Your DNA chromosomes are a machine, like
a car. DNA is a very stable molecule. That’s
why it was selected to be the genetic material.
But it does fall apart over time, like a car, or
like all of us. One of the reasons we fall apart
is because our DNA does.” 

At any moment—as you walk your dog or
read this article—every cell in your body is
shedding some of its three billion chromoso-
mal base pairs, the building blocks of DNA,
at the rate of 20,000 per cell per day. DNA
is under relentless attack from such aggres-
sors as sunlight, cigarette smoke, and toxic
chemicals. It is further assailed by substances
normally considered benign but that partic-
ipate in molecular breakdown at body tem-
perature—including oxygen, water, and the
by-products of metabolism. The onslaught
keeps an intricate and elaborate repair system
scrambling to contain and correct the dam-
age and replace the missing or damaged parts
to keep the machine running. Neglected
DNA maintenance or a botched repair job
becomes a mutation, throwing the normal
DNA sequence out of whack, with poten-
tially dire results. 

Wood, 46, came to Pitt in March after 16
years at the Clare Hall Laboratories of the
Imperial Cancer Research Fund, the leading
cancer research institute in the United
Kingdom. The laboratories are just north of
London. There he built a worldwide reputa-
tion in a once little-explored field, the
genetics of DNA repair. He was elected a fel-
low of the Royal Society (the UK academy
of sciences) and is one of only two
Pennsylvania-based academics who have
been elected to the European Molecular
Biology Organization. (The other
Pennsylvanian member is Ivet Bahar, who
joined Pitt this year to direct its new Center
for Computational Biology and
Bioinformatics.) Wood’s recent review arti-

istry is not able to snip away and replace
the damaged segments. Neither Cleaver
nor subsequent investigators, however,
could readily explain what caused the
repair system to fail. 

NER had piqued Wood’s curiosity
since graduate school, where he says he
came into it “sideways.” How solar radia-
tion damages cells had long been a fasci-
nation of his, perhaps because he came
from the Four Corners area of the
Southwest. Wood attended high school
in Farmington, New Mexico. (It was
there, he recalls, that he developed his
disdain for automobiles: “I had a 1961
Ford Falcon that had an unfortunate
habit of dropping its driveshaft at red
lights. I would have to crawl under and
lift it back into the transmission.”) He

went on to Westminster College in Salt
Lake City, Utah, where he met his wife:
“She had the highest score in Introductory
Biology, I remember.” He then did gradu-
ate work at the University of California at
Berkeley. His thesis adviser there was Jack
Burki—who was a visionary, says Wood.
“He was one of the first radiation biolo-
gists to explicitly say that DNA repair was
an important modulator of radiosensitivi-
ty.” Burki convinced Wood to change the
direction of his research—told him that he
should be investigating DNA repair
processes rather than the damage itself.
Then Wood was left to complete his PhD
without his adviser’s insightful guidance.
Burki died of prostate cancer at 40.

At Yale as a postdoctoral fellow and
later at Clare Hall, Wood remained
focused on the basics of DNA repair,
especially NER. He began to see that
studying the damaged cells of XP
patients might lead not only to fuller
knowledge of XP, with possible future
applications for the disease’s victims, but

At any moment—as you walk your dog or read this article—

every cell in your body is shedding some of its three billion

chromosomal base pairs, the building blocks of DNA, at the

rate of 20,000 per cell per day. 
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Science increasingly views breakdowns in DNA repair processes as key to many cancers, in part

because of the stellar work coming out of Wood’s lab. (Shown here: Federica Marini and Beate

Koeberle with Wood.)



out in the middle of
nowhere, maybe you put
tape around it and try to
keep going. You don’t
have it repaired correctly,
and soon—well, that’s a
mismatch. In DNA, a
mismatch can cause a
mutation or a change in
DNA sequence.”

Other times, DNA
suffers from neglect.
“The DNA replication
apparatus sees the dam-
age but doesn’t repair it,”
says Wood. “The car still
functions, but it’s

changed in some critical way. Six months
later, it’s found that a big mistake has been
made.” Such instances, known as DNA
damage bypass, may be relevant to many
types of cancer. 

At Pitt’s Cancer Institute, Wood’s group
will be looking at several intriguing 
questions about DNA repair and can-

cer, especially the biochemical aspects.
(Wood’s group includes six “superb” postdoc-
toral fellows who came with him from
London: Beate Koeberle, Federica Marini,
Nagun Kim, Mike Seki, and John and Birgitte
Wittschieben.) Science is linking many can-
cers to a breakdown in DNA repair. Two rare
forms of breast cancer trace to defective repair
genes, as does a form of familial colon cancer.

As with many bodily processes, DNA
repair plays both Jekyll and Hyde roles. While
it maintains the DNA of normal cells, it also,
even-handedly, bolsters the DNA of tumor
cells, thus helping them to proliferate. Many
chemotherapies and radiation therapies for
cancer operate by attacking the DNA of can-
cer cells. Unfortunately they also attack
healthy cells, producing the well-known
unpleasant side effects associated with these
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treatments. “The idea [with chemotherapy] is
to give the maximum dose you can tolerate to
wipe out the cancer without wiping out you,”
notes Wood.

Cisplatin is a chemotherapeutic drug used
against many forms of cancer that often pro-
duces harsh side effects, with one exception.
Cisplatin cures 80 to 90 percent of young
men with testicular cancer, with far fewer
side effects. What accounts for that miracu-
lous record? 

“Nobody really knows,” Wood says. “It’s a
very active area of investigation, with thou-
sands of papers, and one we’re directly
involved in with a project led by Beate
Koeberle.” The working hypothesis is that
testis tumor cells have an inherently low level
of NER so that when DNA is damaged by
cisplatin, the tumor cells are affected much
more than healthy cells. If that’s the case,
researchers like Wood might be able to iden-
tify the reason for the low repair capacity of
testis tumor cells and find ways to inhibit
DNA repair in other forms of cancer.

“If that basic mechanism could be under-
stood, it could be an increasingly important
element in cancer therapy,” he says.

And, as the XP example shows, DNA
repair capability is a highly individual matter.
Some people have more or less effective
DNA repair systems than do others.

“Everyone knows that cigarette smoking
is a huge risk factor for lung cancer,” Wood
says. “And everyone also knows that So-and-
so’s grandfather smoked two packs a day and
lived to be 85.” Despite the nonstop assault
on his DNA, Grandpa So-and-so’s repair sys-
tem was strong enough to overcome it. 

“That’s something we want to look at.
“The relevance of DNA repair to cancer is

clear,” Wood says. “Cancer is caused by
mutation, by changes in the base sequence.
Mutations only arise if DNA repair is not
operating properly. The more we understand
DNA repair, the more we will understand
how cancers arise and why the protective
mechanisms aren’t always adequate. 

“DNA repair is our frontline defense
against cancer, and it’s very important to
understand every aspect of it. That’s what
we’ll be trying to do here.” �

For more information: http://www.cgal.

icnet.uk/DNA_Repair_Genes.html

Here, a gene linked to DNA damage replication is expressed in a developing mouse

embryo. Areas of expression are restricted (stained blue). Wood would like to know why.
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also to understanding the biochemistry of
how NER also works and why it sometimes
doesn’t. And that fundamental knowledge,
he recognized, could have implications for
other processes and conditions as well, such
as aging and skin disorders. 

The cooperation of XP patients and their
families made the experiments to come possi-
ble, Wood notes gratefully. He was able to
obtain protein from XP cells to try to recon-
struct NER in a test tube. Wood
combined damaged DNA with the
protein from the XP cells, and after
several years of trying was rewarded
by seeing the NER process develop
almost before his eyes. 

“Once a biochemist is able to
get a reaction to happen outside
cells, it can be teased apart in order
to figure out the detailed mecha-
nism,” he says. Beginning in the
late 1980s, Wood published a series of scien-
tific papers on NER that caught the atten-
tion of the research community, showing
how different proteins do their work at dif-
ferent steps in the repair process. Eventually
he identified about 25 proteins that make up
components of what he calls the “NER
machine,” and investigated how they act on
damaged DNA. “Our major contribution
has been in finding out how NER actually
works,” he says. 

Wood was primed to return to the States
when Pitt’s offer came. “The initial plan had
been to go to London for two years, and it
ended up 16,” he says. “But I always had it

in the back of my mind to move back. ICRF
Clare Hall was a wonderful research institu-
tion with nine interactive labs. But I was
ready to work in an environment with ready
access to a large university and to hospitals.” 

He points out an architect’s rendering of
the new Hillman Cancer Center under con-
struction in the Shadyside section of
Pittsburgh, admiring the design features that
encourage interaction with other scientists.

The center will be Wood’s headquarters, where
he will lead the University of Pittsburgh
Cancer Institute’s program in molecular and
cellular oncology. In addition to the Cyert
chair, named for the late president of Carnegie
Mellon University, Wood will hold appoint-
ments as professor in the Departments of
Pharmacology and of Biological Sciences. 

The 130 genes named in Wood’s review
article represent only a portion of the impor-
tant genes that govern the DNA repair
process in organisms ranging from viruses to
humans. Wood and others believe many have
yet to be identified or fully described. 

Repair genes instigate and direct an exquis-

Wood’s team was surprised to find that 

a gene known to be linked to damaged

DNA replication in yeast turns out to be

somehow necessary for normal develop-

ment in mammals. Mouse embryos lack-

ing the gene (REV3L) only survive

halfway through gestation. 

Slide A shows a normal healthy

embryo; B shows a mouse with one copy

of REV3L disrupted; in C both copies are

disrupted—that embryo died.  

ite series of chemical pathways
that both monitor the condition
of DNA and guide its repair.
Some of these genes govern rou-
tine maintenance, typified by
BER and NER. Others—
Wood accepts another car
analogy with a shake of the
head—are cases where you
might “call AAA, consider the

car totaled, or get a new one.”
Because cells vary, the biochemical

repair process can become specialized.
“Sometimes you have to call in a trans-
mission expert, sometimes a carburetor
expert, and so forth,” notes Wood.

Sometimes that expert isn’t available,
in a biochemical sense. And sometimes
our bodies instead employ “cowboy
mechanic” techniques.

“Oftentimes, the damage isn’t repaired
right, but you still need something to make
the car run,” Wood says. “You develop a
hole in the radiator hose, and what you
really should do is replace it. But if you’re

“Everyone knows that cigarette smoking 

is a huge risk factor for lung cancer,”

Wood says. “And everyone also knows

that So-and-so’s grandfather smoked 

two packs a day and lived to be 85.” 
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