
















T
he recently debuted technology

for cloning is usually discussed

as a means of creating genetic

copies of whole adult individuals. This is

far from its only use, however. Cloning

could be combined with other biotech-

nologies, either to achieve more novel

goals or to improve on previous meth-

ods. Although the technique is still in its

infancy, and needs to be studied and de-

veloped much further, educated musings

about cloning’s ability to inform gene

therapy are already being brought to the

table. An area that might particularly

benefit is germ-line gene therapy—

genetic modifications that could

correct a problem for future gen-

erations. “I think cloning is going

to be used as a tool that will make

gene therapy work,” comments

Lee Silver, a molecular biologist

at Princeton University and an

expert on reproductive technolo-

gies. “For the first time, germ-line

gene therapy becomes realistic.”

Germ-line therapy, which is not

yet being studied in humans, could

ideally prevent deadly or debilitating

disorders such as sickle cell anemia or

cystic fibrosis. Such diseases are typical-

ly transmitted silently from generation

to generation by people carrying one

copy of a defective gene; the disease be-

comes manifest when two carriers have

a child who inherits two copies. 

Today prenatal genetic testing can re-

veal whether a fetus or embryo is affect-

ed with many of these conditions. The

parents then have the option of aborting

and rolling the genetic dice again with

another pregnancy. In some cases, how-

ever, the dice are guaranteed to come up

snake eyes. “If both parents are sickle

cell diseased,” Silver says, “then all of

their embryos will also carry the disease.

You can’t select, because there are no

good embryos.” But gene therapy, aided

and abetted by cloning, could theoreti-

cally correct the condition for their chil-

dren, and all subsequent progeny as well.

The recipe would begin with a fertil-

ized egg growing, in the laboratory, into

What Cloning Means

GENE THERAPY AND CLONING could turn a ge-
netically defective embryo into a healthier twin of itself.
The initial embryo’s cells could be cultured and treated
with a genetic vector. The nucleus of an altered cell
could then be placed in an unnucleated egg cell. Eventu-
ally, this egg could become a healthy baby.
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a mass of early embryonic tissue. A func-

tioning gene—say, for the blood’s oxy-

gen-carrying protein, beta globin, which

is mutated in sickle cell anemia—would

then be inserted into the embryonic cells

by tailored viruses or other vectors. (A

marker sequence inserted along with the

gene might help identify which cells took

up the gene correctly.) The DNA of one

of those cells could then be implanted

into a new egg cell from the mother, be-

ginning the pregnancy afresh. In effect,

this last step replaces the original em-

bryo with a healthier clone of itself.

Germ-line therapy does not require a

cloning step, but cloning might make it

far easier. Very early stage embryonic

cells, if separated, retain the ability to

regenerate into whole embryos (indeed,

that is how identical twins, triplets and

quadruplets arise). Gene therapists could

therefore alter the DNA of the embryon-

ic cells and return one to the mother for

gestation. The problem is that embry-

onic cells lose their “pluripotent” capac-

ity after a few cell divisions, so the gene

therapists would be forced to work on

relatively few cells. The inefficiency of

current gene manipulation techniques

would consequently undermine many

therapeutic attempts. With cloning, how-

ever, the age and number of cells eligi-

ble for manipulation is unlimited. 

In theory, cloning would allow thera-

py on cells from a more advanced preg-

nancy (although this would raise more

troubling ethical issues for many par-

ents). In a variation on this theme, the

gene therapy might also be conducted

on cells from one of the parents. A child

cloned from those altered cells would

be free of the genetic defect but in other

ways a genetic duplicate of its donor

parent.

Cloning may remove some of the prac-

tical barriers to germ-line gene therapy,

but it does not alter the ethical ones.

Many researchers, not to mention the

general public, are deeply concerned

that germ-line techniques could be mis-

applied toward eugenic goals with au-

thoritarian or even genocidal overtones.

So even if cloning does enable the tech-

nology, there may not be a sudden rush

to perform germ-line gene therapy.

Cloning may also benefit somatic gene

therapy as a tool for basic research. By

making it easy to obtain large numbers

of genetically identical cells for study,

cloning should help elucidate how em-

bryonic cells commit to become a par-

ticular cell type. “That process of com-

mitment involves shutting off genes

that would otherwise have played a role

in becoming a liver or a brain,” reflects

Jon Gordon, professor of obstetrics, gy-

necology and reproductive science at

the Mount Sinai School of Medicine in

New York City. “I think the fact that we

can now reverse that gives us hope that

we can understand that process better

and understand diseases that are based

on or manifest as errors in this process,

like cancer.” Cloning might therefore

help therapists determine which

genes they should be aiming to

correct in various illnesses. If so,

cloning’s greatest utility may not

be for making more people but

for making more people healthy.

—Steve Mirsky and John Rennie

STEVE MIRSKY is Reuter Fel-
low in Medical Journalism at Co-
lumbia University. JOHN REN-
NIE is editor in chief of Scien-

tific American.
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OFF Switch
Hitting the Genetic

A host of start-ups is speeding development of a new class 
of drugs that block the action of RNA    By Gary Stix

I
n 1996 Worth magazine pro-
claimed that Isis Pharma-
ceuticals could become the
next Microsoft, a prediction
that turned out to be a par-
ticularly egregious example
of hyperbole run amok. To
be sure, Isis remains a leader
in the gene-blocking tech-

nology called antisense. But the road 
to successful treatments for cancer and
other diseases has been littered with 
disappointments.

During the past few years, a new gene-
silencing technology has emerged that
may be poised to fulfill the promise that
was once trumpeted for antisense. “I’ve
been writing in grants for 25 years that
during the next five years I’m going to test
this process or that process to see if I can
do gene inactivation studies in mamma-
lian cells in culture. And I did them, and
they were so awkward and so complicat-
ed that you just couldn’t apply them gen-
erally,” says Phillip A. Sharp, director of
the McGovern Institute for Brain Re-
search at the Massachusetts Institute of
Technology. “Lo and behold, all of the
time right there in front of me was a pro-
cess that I could have used.”

Sharp, a co-winner of the 1993 Nobel
Prize in Physiology or Medicine, was re-
ferring to a series of relatively recent dis-

coveries that cells have a mechanism,
dubbed RNA interference (RNAi), which
blocks gene expression. It prevents RNA
transcripts of genes from giving rise to the
proteins those genes encode. This natural
method of gene silencing comes into play,
for example, when viruses try to com-
mandeer a cell’s protein-making machin-
ery to produce viral proteins.

A milestone arrived in 1998, when
Andrew Z. Fire, now at the Stanford Uni-
versity School of Medicine, and Craig C.
Mello of the University of Massachusetts
Medical School identified in worms dou-
ble-stranded RNAs that acted as the
switch to turn off genes in RNAi. And in
2001 Thomas Tuschl, now at the Rocke-
feller University, found that an abbrevi-
ated version of double-stranded RNAs—
short interfering RNAs (siRNAs)—could
shut off genes in mammalian cells. The
number of research papers on RNAi has
mushroomed from a dozen-plus in 1998
to multiple hundreds last year. Even if the
promise for therapeutics never material-
izes, it is quite likely that some of the sem-
inal discoveries will garner Nobel Prizes.
“This has touched everything we do in bi-
ological science, from plants to man,”
Sharp notes. [See “Censors of the Ge-
nome,” by Nelson C. Lau and David P.
Bartel; Scientific American, August
2003.]

The excitement about siRNAs as drugs
relates to how they differ in critical ways
from antisense therapeutics. At first glance,
siRNAs seem very similar to antisense. An
antisense drug consists of an artificially
synthesized chain of nucleotides, or ge-
netic building blocks, that binds to a mes-
senger RNA containing a complementary
sequence. This binding blocks gene ex-
pression. An siRNA also silences genes—
and it even uses a complementary RNA,
or antisense, strand to do so. Once inside
a cell, an siRNA attaches to an aggregate
of proteins called an RNA-induced silenc-
ing complex (RISC), which retains only
the antisense strand. The siRNA-bearing
RISC then binds to the targeted messen-
ger RNA and degrades it or prevents it
from functioning [see box on page 100]. 

Unlike the antisense drugs that have
been under development for the past 15
years, siRNAs do not disrupt only a sin-
gle messenger RNA. They act as catalysts,
doing the same job over and over, one ex-
planation for their apparent potency.
“They are 100- to 1,000-fold more effec-
tive than antisense,” says Judy Lieberman,
a senior investigator at the CBR Institute
for Biomedical Research in Boston and
one of the first researchers to show the
therapeutic potential of the technique in
animals.

Already almost 100 companies are
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involved in RNAi; nearly half supply the
chemicals and technology needed to per-
form experiments, and the others are bio-
technology or pharmaceutical companies
doing commercial research with RNAi,
according to Kewal K. Jain, chief execu-
tive officer of Jain PharmaBiotech, a Basel,
Switzerland, market research firm. “All
of this has happened within the last two
or three years,” Jain says.

A small fraction of these companies
have dedicated themselves to producing
therapies using siRNAs. As soon as
Tuschl’s paper documenting siRNAs in
mammalian cells was published, the ven-
ture-capital community sprang into ac-
tion. “It was worth it to make a bet real-
izing in vivo efficacy was not guaranteed,”
says Christoph H. Westphal, one of the

founders of Alnylam in Cambridge, Mass.,
and a general partner with Polaris Venture
Partners. Many of the early innovators in
RNAi technology, including Tuschl, Sharp
and David P. Bartel of M.I.T., among oth-
ers, got together to form Alnylam Phar-
maceuticals in 2002. Sharp, a founder of
biotech giant Biogen, brought together
this banner group after conversations
with more established companies failed to
generate sufficient interest.

Paul R. Schimmel, a professor of mo-
lecular biology and chemistry at the
Scripps Research Institute, and the
founder of several biotechnology com-
panies before this one, insisted on the
name Alnylam, an Arabic word meaning
“string of pearls” that is also the designa-
tion for the middle star of Orion’s belt.
Schimmel made the case, over the protests
of others, that the name—pronounced
“al-NIGH-lam”—was difficult to pro-
nounce but impossible to forget. Barry
Greene, the company’s chief operating of-
ficer, furnishes a simpler explanation:
“The URL was open,” he joked at a re-
cent investors’ conference.

The founders constituted an all-star
scientific advisory team, and some also
filled slots on the board of directors. But

when John M. Maraganore, the compa-
ny’s first permanent chief executive, a
transplant from Millennium Pharma-
ceuticals, hired the people who actually
would be entrusted with the task of
making siRNA drugs, he did not at first
seek out postdoctoral students of these
research heavyweights. “Five people
were focused on intellectual property
and one on science,” Maraganore says.
A bulletproof patent estate, as much as

scientific smarts, would determine who
would thrive or falter as drug develop-
ment and clinical trials got under way.
“We were very focused and running very
hard,” he remembers. “We recognized
that if we weren’t first, others would
grab it from us.”

The fledgling Alnylam even bought
the German firm Ribopharma to get a
hold of a key patent. The stir created by
RNAi—tagged by Science magazine as
“breakthrough of the year” in 2002—
helped to bring in venture money. The to-
tal take thus far has reached about $85
million, including a somewhat disap-
pointing initial public offering in the
spring, and provides enough to keep Al-
nylam going for another two years, until
the first drug makes it through the pre-
liminary safety phase of clinical trials.

The success or failure of RNAi as a
therapeutic will hinge on getting the drug
into target cells without its being chopped
up by enzymes. The drug must then per-
sist in the cell long enough to carry out its
job of binding to and inhibiting specific
messenger RNAs. The challenge of deliv-
ery and stabilization has also posed a sig-
nificant hurdle for the success of antisense.

These difficulties serve as one reason
why the newly formed Alnylam team
immediately discarded one approach to
delivery: using a vector—a virus, for in-
stance—to ferry a stretch of DNA, not
just past the cell wall, but into the nucle-
us. The gene would then go on to make
the RNA that would interfere with gene
expression. “In my mind, nothing about

RNAi solves the problem of
gene therapy,” Maraganore
notes, referring to the down-
sides of using viruses to deliv-

er the drug to the right location and the
unwanted side effects that they some-
times provoke. Consequently, short in-
terfering RNAs are synthesized in the
laboratory from a soup of nucleotides
until they form double-stranded mole-
cules that have 21 nucleotide pairs. Some
other companies, such as Benitec in Aus-
tralia, are still pursuing a gene therapy
approach [see table on page 101].

Key expertise and intellectual prop-
erty to accomplish this task came from an
unlikely source. Alnylam had hired away
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BINDING A MESSENGER RNA (long strand) to complementary RNA and an aggregate of proteins (blob)
could potentially become a lucrative new approach to drug development. 
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from Isis an executive, Muthiah Manoha-
ran, to become vice president of drug
discovery. Maraganore called Isis presi-
dent Stanley T. Crooke last summer and
reassured him that Alnylam still wished
to be on good terms with the antisense
manufacturer. A few months later a dia-
logue between the two companies re-
sulted in an agreement in which Alnylam
would pay $5 million to license Isis’s ex-

tensive patent portfolio of chemical tech-
niques for delivering and stabilizing
RNA. “We will be able to take advan-
tage of the 10-plus years of development
of chemistry used in antisense,” Mara-
ganore says. In turn, Isis invested $10
million in Alnylam, giving it a 5 percent
equity stake in the company and a stream
of royalties and fees once siRNA prod-
ucts hit the marketplace. It will also get

the rights to make some siRNA drugs.
The development trajectory for siRNA

recapitulates the path that antisense has
taken. The only antisense drug approved
to date is Isis’s Vitravene, intended to
treat an eye disease once prevalent in
AIDS patients. The drug is injected di-
rectly into the eye, concentrating the
compound at its target while impeding it
from producing adverse side effects in
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other parts of the body. But the market
for the drug virtually disappeared as oth-
er treatments for AIDS became available
and prevented most cases of the cyto-
megalovirus retinitis infection.

Short RNAs may eventually be deliv-
ered to the bloodstream to treat systemic
diseases. But, reprising the antisense ex-
perience, the first petition to begin a clin-
ical trial was filed in August by Acuity
Pharmaceuticals, a Philadelphia compa-
ny that will attempt to treat age-related
macular degeneration by intraocular in-
jection. Other companies, including Al-
nylam, will follow suit with their own
drug trials for macular degeneration.
One of these filings will bring Alnylam
head to head with the other drug devel-
oper that stands a chance of becoming a
leader in this emerging market niche. 

A Boulder, Colo., company called
Sirna Therapeutics was expected to sub-
mit an application to the FDA for a mac-
ular degeneration drug in early Septem-
ber, perhaps half a year or more before
Alnylam. Unlike Alnylam, Sirna is no
start-up. It is a reincarnation of another
firm, Ribozyme Pharmaceuticals, which
for a decade staked its fate on a different
type of RNA-related drug. Ribozymes
are RNAs acting as catalytic enzymes
that, in principle, can cut up messenger
RNA and prevent a protein from being

produced. But, as with antisense, the po-
tency of ribozymes came into question. A
drug to combat hepatitis C caused a
monkey to go blind, probably because of
the massive doses injected. And another
drug did not seem to slow growth of tu-
mors in patients with advanced breast
cancer. At the time, Howard W. Robin,
a new chief executive, who had managed
development of drugs like Betaseron for
multiple sclerosis at Berlex Laboratories,
was faced with a decision about whether
to close shop. The company had only $2
million in cash left and risked being
delisted from the Nasdaq.

The darkest days coincided with
Tuschl’s publication about RNAi in
mammalian cells. Instead of turning out
the lights, Ribozyme Pharmaceuticals be-
came Sirna Therapeutics. Sirna rejiggered
the chemical techniques it had used to de-
liver and stabilize ribozymes and adapt-
ed them to siRNAs. Robin claims that
single doses of its siRNAs have remained
active inside cells of live animals for up to
22 days. The revamping succeeded in at-
tracting $72 million in new investment

during an 18-month period. Besides mac-
ular degeneration, the company has pro-
grams in hepatitis, oncology and Hun-
tington’s disease, among others. “It’s not
often that you take the skills and intel-
lectual property from a technology that’s
not working very well and transfer it to
the hottest area of biology,” Robin says.

Sirna has filed for 90 patents that
Robin believes cover the most attractive
drug prospects. Patent fights may loom
as the technology gets nearer the mar-
ketplace. “If you look at our competitors,
we believe almost everything they’re do-
ing violates our patents,” Robin pro-
claims. But Maraganore begs to differ:
“We have a bit of a toll road for anyone
doing therapeutics.” Any dispute is not
likely to emerge until siRNA drugs are
much closer to approval. In the mean-
time, investigators will be closely watch-
ing whether siRNAs produce unwanted
immune responses or shut down genes
they are supposed to leave intact.

For the time being, optimism about
RNAi reigns. “If you do with RNAi in
man what you do in cell culture, you
have the most unbelievably powerful
technology for making pharmaceuti-
cals,” Maraganore says. “It’s the dream
of medicine to do selective and efficient
gene silencing,” Robin asserts. But Isis’s
Crooke, tempered by the failure of trials
for a few of his company’s antisense
drugs, has a slightly different perspective:
“Any time you think something is mag-
ic, you’re going to get in trouble. [RNAi]
is a complicated system with lots of in-
teresting nuances that mechanistically
should lead to some unexpected effects as
well as those you desire.”

RNAi has become a preeminent re-
search tool in a remarkably short time.
But its potential as a genetically based
pharmaceutical will not become clear for
several years, when the first clinical trials
prove whether a simple injection is capa-
ble of shutting down the effects of a dis-
ease-causing gene. 
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BIOTECHS DEVELOPING DRUGS BASED ON RNAi
COMPANY THERAPIES

Acuity Pharmaceuticals  Age-related macular degeneration and diabetic retinopathy 
Philadelphia 

Alnylam Pharmaceuticals  Age-related macular degeneration, Parkinson’s disease and, over 
Cambridge, Mass. the longer term, cancer, metabolic and autoimmune diseases

atugen  Cancers and metabolic diseases, for systemic applications, 
Berlin and ocular and skin diseases, for topical delivery

Benitec  Hepatitis C and, over the longer term, cancer, autoimmune  
Queensland, Australia and viral diseases using a gene therapy approach

CytRx Amyotrophic lateral sclerosis, cytomegalovirus, obesity
Los Angeles and type 2 diabetes

Intradigm Cancer
Rockville, Md.

Nucleonics Hepatitis B and C and, over the long run, cancer, inflammatory and 
Horsham, Pa. viral diseases using a gene therapy approach

Sirna Therapeutics Macular degeneration, hepatitis C and, later, cancer, metabolic, 
Boulder, Colo. inflammatory, dermatological and central nervous system diseases 
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Immune systems of 'bubble babies' restored by gene
therapy, UCLA researchers find
By Kim Irwin  September 11, 2012

UCLA stem cell researchers have found that a gene therapy regimen can safely restore immune systems to
children with so-called "bubble boy" disease, a life-threatening condition that if left untreated can be fatal within
one to two years.
 
In the 11-year study, researchers were able to test two therapy regimens for 10 children with ADA-deficient
severe combined immunodeficiency (SCID), which has come to be known as "bubble boy" disease because some
of its victims have been forced to live in sterile environments. 
 
During that time, the researchers refined their approach to include a light dose of chemotherapy to help remove
many of the blood stem cells in the bone marrow that were not creating the enzyme adenosine deaminase
(ADA), which is critical for the production and survival of healthy white blood cells, said study senior Dr. Donald
Kohn, a member of the Eli and Edythe Broad Center of Regenerative Medicine and Stem Cell Research at UCLA.
 
The refined gene therapy and chemotherapy regimen proved superior to the other method tested in the study,
restoring immune function to three of the six children who received it, said Kohn, who is also a professor of
pediatrics and of microbiology, immunology and molecular genetics in UCLA Life Sciences Division. An even
further-refined regimen using a different type of virus delivery system will be studied in the next phase of the
study, which already has enrolled eight of the 10 patients needed.
 
The study appears Sept. 11 in the advance online issue of the peer-reviewed journal Blood.
 
"We were very happy that in the human trials we were able to see a benefit in the patients after we modified the
protocol," Kohn said. "Doctors treating ADA-deficient SCID have had too few options for too long, and we hope
this will provide them with an efficient and effective treatment for this devastating disease."
 
Children born with SCID, an inherited immunodeficiency, are generally diagnosed at about 6 months old. They
are extremely vulnerable to infectious diseases and don't grow well. Chronic diarrhea, ear infections, recurrent
pneumonia and profuse oral candidiasis commonly occur in these children. SCID occurs in about one of every
100,000 births.
 
Currently, the only treatment for ADA-deficient SCID calls for injecting patients twice a week with the necessary
enzyme, Kohn said, a lifelong process that is very expensive and often doesn't return the immune system to
optimal levels. These patients also can undergo bone marrow transplants from matched siblings, but matches
can be very rare.
 
About 15 percent of all SCID patients are ADA-deficient. Kohn and his team used a virus delivery system that he
had developed in his lab in the 1990s to restore the gene that produces the missing enzyme necessary for a
healthy immune system. To date, about 40 children with SCID have received gene therapy in clinical trials
around the world, Kohn said.
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Two slightly different viral vectors were tested in the study, each modified to deliver healthy ADA genes into the
bone marrow cells of the patients so the needed enzyme could be produced and make up for the cells that don't
have the gene. Four of the 10 patients in the study remained on their enzyme replacement therapy during the
gene therapy study. There were no side effects, but their immune systems were not sufficiently restored, Kohn
said.
 
In the next six patients, the enzyme therapy was stopped, and a small dose of chemotherapy was given before
starting the gene therapy to deplete the ADA-deficient stem cells in their bone marrow. Of those patients, half
had their immune systems restored. The human findings confirmed another study, also published recently in
Blood by Kohn and UCLA colleague Dr. Denise Carbonaro-Sarracino, which tested the techniques in parallel,
using a mouse model of ADA-deficient SCID.
 
One of Kohn's clinical trial patients enrolled in the first study was a baby boy diagnosed with ADA-deficient SCID
at age 10 months. The boy had multiple infections, pneumonia and persistent diarrhea and was not able to gain
weight. He received the enzyme replacement treatment for three to four months but did not improve and joined
the gene therapy study in 2008. Today, that boy, who lives with his family in Arizona, is a thriving 5-year-old.
 
"You would never know he had been so sick," Kohn said. "It's a very promising response."
 
The boy's younger sister, also born with ADA-deficient SCID, was diagnosed at 4 months of age and is enrolled in
the second phase of the study. She's also doing well, Kohn said. In fact, it appears that children who are
diagnosed and treated younger seem to do better.
 
The study was funded by the Doris Duke Charitable Foundation, the National Heart, Lung and Blood Institute at
the National Institutes of Health and the U.S. Food and Drug Administration's Orphan Product Development
award (1P50 HL54850 and RO1 FD003005).
 
The Eli and Edythe Broad Center of Regenerative Medicine and Stem Cell Research: UCLA's stem cell
center was launched in 2005 with a UCLA commitment of $20 million over five years. A $20 million gift from the
Eli and Edythe Broad Foundation in 2007 resulted in the renaming of the center. With more than 200 members,
the Broad Stem Cell Research Center is committed to a multidisciplinary, integrated collaboration among
scientific, academic and medical disciplines for the purpose of understanding adult and human embryonic stem
cells. The center supports innovation, excellence and the highest ethical standards focused on stem cell research
with the intent of facilitating basic scientific inquiry directed toward future clinical applications to treat disease.
The center is a collaboration of the David Geffen School of Medicine at UCLA, UCLA's Jonsson Cancer Center, the
UCLA Henry Samueli School of Engineering and Applied Science and the UCLA College of Letters and Science.
 
For more news, visit the UCLA Newsroom and follow us on Twitter. 
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Gene Therapy Cures Adult Leukemia
CLL Tumors 'Blown Away' in 2 of 3 Patients Given Experimental Treatment

Aug. 10, 2011 -- Two of three patients dying of chronic lymphocytic leukemia (CLL) appear
cured and a third is in partial remission after infusions of genetically engineered T cells.

The treatment success came in a pilot study that was only meant to find out whether the
treatment was safe, and to determine the right dose to use in later studies. But the therapy

worked vastly better than University of Pennsylvania researchers David L. Porter, MD, Carl H. June, MD,
and colleagues had dared to hope.

"Our results were absolutely dramatic. It is tremendously exciting," Porter tells WebMD. "These kinds of
outcomes don't come around very often. We are really hopeful that we can now translate this into
treatment for much larger numbers of patients and apply this technique to other diseases and to many
more patients."

Excitement is spreading as oncologists learn about the findings. "I think it is a big deal," says Jacque
Galipeau, MD, professor of hematology and medical oncology at Emory University Winship Cancer
Center. Galipeau was not involved in the Porter study.

"Here's this guy, the handwriting is on the wall, any hematologist will tell you he is a goner -- this guy was
essentially cured," Galipeau tells WebMD. "These genetically engineered cells did what everyone in the
field has tried to do for 20 years. The man probably had kilograms of disease in his body, and the cells
mopped it up completely."

The treatment uses a form of white blood cells called T cells harvested from each patient. A manmade
virus-like vector is used to transfer special molecules to the T cells. One of the molecules, CD19, makes
the T cells attack B lymphocytes -- the cells that become cancerous in CLL.

All this has been done before. These genetically engineered cells are called chimeric antigen receptor
(CAR) T cells. They kill cancer in the test tube. But in humans, they die away before they do much
damage to tumors.

What's new about the current treatment is the addition of a special signaling molecule called 4-1BB. This
signal does several things: it gives CAR T cells more potent anti-tumor activity, and it somehow allows

Article Link: http://www.webmd.com/cancer/news/20110810/gene-therapy-cures-adult-leukemia?page=2
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the cells to persist and multiply in patients' bodies. Moreover, the signal does not call down the deadly all-
out immune attack -- the feared "cytokine storm" -- that can do more harm than good.

This may be why relatively small infusions of the CAR T cells had such a profound effect. Each of the
cells killed thousands of cancer cells and destroyed more than 2 pounds of tumor in each patient.

"Within three weeks, the tumors had been blown away, in a way that was much more violent than we
ever expected," June says in a news release. 'It worked much better than we thought it would."

CLL Patient Describes CAR T-Cell Treatment

The treatment was not a walk in the park for patients. One of the three patients became so ill
from the treatment that steroids were needed to relieve his symptoms. The steroid rescue
may be why this patient had only a partial remission.

"Those engineered T cells don't hug the cells to death. They release an array of substances, nasty things
that have evolved to clear virus- infected cells from your body," Galipeau says. "But now they are using
this to melt down a couple of pounds worth of tumor burden, you will get some side effects."

One of the patients, whose case is reported in the New England Journal of Medicine, described his
experience in a University of Pennsylvania news release. The patient chose not to identify himself by
name, although he discloses that he has a scientific background. He was diagnosed with CLL at age 50;
13 years later his treatment was failing. Facing a bone-marrow transplant, he jumped at the chance to
enter Porter's clinical trial of CAR T cells.

"It took less than two minutes to infuse the cells and I felt fine afterward. However, that fine feeling
changed dramatically less than two weeks later when I woke up one morning with chills and a fever," he
says. "I was sure the war was on. I was sure the CLL cells were dying."

A week later the patient was still in the hospital when Porter brought him the news that the CLL cells had
disappeared from his blood.

"It was working and I was winning," the patient says. "It was another week later that I got the news that
my bone marrow was completely free of detectable disease. It has been almost a year since I entered
the clinical trial. I'm healthy and still in remission."

Is he cured? Doctors hate to declare a cure until patients have been cancer-free for at least five years.
But there are signs the CAR-T cells persist in patients' immune memory, ready to mop up any CLL cells
that reappear.

And there's a big downside. The CAR T cells that fight CLL also kill off normal B lymphocytes. These are
the cells that the body needs to make infection-fighting antibodies.

As long as the CAR T cells persist -- which may be for the rest of patients' lives -- patients will require
regular infusions of immune globulin.

Hope for Cancer Patients, but Treatment Years Away
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CLL is the second most common form of adult leukemia. In the U.S. there are about 15,000 new cases
and about 4,400 deaths each year.

Cure is possible, but it requires a risky bone marrow transplant. About 20% of patients don't survive this
treatment -- and even when they do, there's only a 50-50 chance of a cure.

Hope for Cancer Patients, but Treatment Years Away continued...

CAR T cells appear to be a much better option. But the amazing success now reported came
very early in the development of this new treatment. Only a few of the thousands of CLL
patients facing death will be able to enter the still-small clinical trials testing CAR T cells.

"The distressing thing is the need will far, far, far outweigh any slots in clinical trials," Galipeau says.

But Porter says his team is energized by the early success and is pushing forward as quickly as possible.
Even so, a lot of work remains to be done.

"We've treated only a very small numbers of patients," Porter says. "So part of the goal is to see these
results in more people, see that the results are sustained, and that it is safe over time. We need to find
the appropriate dose and to make incremental modifications. And now we have shown activity, we can
try and apply it earlier in the course of the disease. We have reason to think treating patients sooner may
be even safer and more effective.

Although the CAR T cells in the study were designed to fight CLL, there's good reason to hope they can
be effective in other forms of cancer. The catch is that it can work only on tumor cells that carry markers
flagging them for destruction. Normal cells that carry the same markers will also be destroyed.

Many cancers are known to carry such markers, and there's hope of finding more.

"We have a clinical trial at the University of Pennsylvania with an anti-mesothelin molecule [which marks
mesothelioma, ovarian, and pancreatic tumors]," Porter says. "There are other trials around the country
trying to target renal cell carcinoma [kidney cancer] and myeloma [skin cancer]. We are hoping to identify
other tumor targets, particularly in other leukemias, to adapt this technology."

Porter, June, and colleagues report their findings in the Aug. 10 early online versions of two major
journals: The New England Journal of Medicine and in Science Translational Medicine.
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TOP NEWS
Gene therapy proves effective for hemophilia B
Sat, Dec 10 22:11 PM EST

By Deena Beasley

SAN DIEGO (Reuters) - A single treatment with gene therapy, an experimental technique for fixing
faulty genes, has been shown to boost output of a vital blood clotting factor, possibly offering a
long-term solution for people with hemophilia B.

Researchers said the same technology was also being studied as a treatment for hemophilia A, the
far more common type of the inherited bleeding disorder.

"It is a technique for potentially permanently curing patients," said Dr. Charles Abrams, American
Society of Hematology secretary and associate chief of hematology/oncology at the University of
Pennsylvania in Philadelphia.

Both safety and efficacy have held back the field of gene therapy. One experiment cured two
French boys with a rare immune disorder but gave them leukemia in 2002, and an Arizona
teenager died in a 1999 gene therapy experiment.

The approach used by researchers at the University College London Cancer Institute and St. Jude
Children's Research Hospital in Memphis, Tennessee, involved the use of a novel viral "vector,"
designed to target the liver specifically.

The strategy involves replacing the defective gene that causes the bleeding disorder with a correct
version delivered via the virus to the patient's liver cells - the only cells in the body capable of
producing certain clotting factors missing or deficient in people with hemophilia.

The factors are numbered using Roman numerals. The two main forms of the disease are
hemophilia A, caused by a lack of clotting factor VIII, and hemophilia B, caused by a lack of clotting
factor IX.

Researchers have so far treated six men with severe hemophilia B who were producing clotting
factor IX at less than 1 percent of normal levels. The general goal of current treatment with
recombinant factor IX is to achieve factor levels greater than 1 percent of normal.

Four of the six trial participants have stopped routine treatment and remain free of spontaneous
bleeding. The other two have increased the interval between factor infusions to once every 10 days
to two weeks from two to three times a week, said Dr. Andrew Davidoff, chairman of the
department of surgery at St. Jude's and co-author of the study.

HIGH COST FOR CURRENT TREATMENT



12/12/11 12:16 PMGene therapy proves effective for hemophilia B

Page 2 of 3http://mobile.reuters.com/article/idUSTRE7B90FL20111211?irpc=932

Frequent treatments with manufactured factor IX, known as recombinant factor concentrates, can
cost hundreds of thousands of dollars a year, making hemophilia a tempting target for gene
therapy.

The trial "is truly a landmark study," Dr. Katherine Ponder, hematology and oncology professor at
Washington University in St. Louis, said in a New England Journal of Medicine editorial.

"If further studies determine that this approach is safe, it may replace the cumbersome and
expensive protein therapy currently used for patients with hemophilia B," she wrote.

The trial results were published in the NEJM and reported on Saturday at a meeting of the
American Society of Hematology in San Diego.

The six trial subjects were broken into three groups with each group receiving a different
concentration of new genes.

Factor IX levels in the first subject have remained at 2 percent for nearly two years, while the two
patients treated with the highest dose have seen FIX levels rise to between 3 and 12 percent,
researchers said.

One high-dose subject developed elevated levels of transaminases, an indicator of possible liver
damage, and another had a slight increase in liver enzymes. Both cases were resolved with
steroids, the researchers said.

Plans are to treat more patients with the highest dose used so far, and if research continues to
succeed, the treatment could be widely available "in the next five years or so," said Dr. Amit
Nathwani, co-lead study author of the Department of Hematology at UCL Cancer Institute in
London.

He also said the team was working to use the technique for treating hemophilia A.

ISI Group analyst Mark Schoenebaum said the gene therapy could pose big competition for
companies such as Biogen Idec that are producing recombinant factor concentrates.

"This clearly presents a curveball to our (and much of Wall Street's) assumptions around the future
of the hemophilia market," he said in an email to investors.

The analyst said estimated sales of the hemophilia factors accounted for between $10 and $17 of
his $125 price target for shares of Biogen, which closed at $112.95 on Friday.

People with hemophilia bleed more following trauma than people without the disease, and those
with severe disease may bleed spontaneously. Since the gene is carried on the X chromosome,
hemophilia is almost exclusively a disease of men.

But women can pass the gene to their offspring.

Hemophilia has often been called the "Royal Disease" since it was carried by Britain's Queen
Victoria and affected many of the royal families of Europe.
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Hemophilia B is much less common than hemophilia A. About one in five hemophilia patients has
hemophilia B, according to the National Institutes of Health.

The global market for Factor VIII products is about $5 billion, while the market for Factor IX is worth
about $1 billion.

Worldwide, about one in 5,000 men is born with hemophilia A and 1 in 25,000 men is born with
hemophilia B each year.

(Reporting by Deena Beasley; Editing by Peter Cooney)
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