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Gene Therapy: If At First You Don’t Succeed . ..
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“Study Details Success of First Gene Therapy”
Headline, Los Angeles Times, October 20, 1995

*Scientists Report the First Success of Gene Therapy”
Headline, New York Times, April 28, 2000

“Teen Dies Undergoing Gene Therapy”
. Headline, Washington Post, September 29, 1999

Gene therapy represents the culmination of
"~ medical research and its application to human
" health, Less than 60 years ago, Linus Pauling

and others® described at the molecular and -
. genetic level what was to be the first of many
I molecular diseases, In the most simple form, L
. mutation of just one base pair in a genie can . -
s when it was dlscovered that DNA’ could be‘ ‘

. Talter the productlon or functxon of A protem

. to individual genes will be only a matter of

" time and effort. Over the past 50 years, inves- -
~ tigators have teased out the mechanisms of
". many diseases at the physiologic and genetic

. levels and have made great progress in devel-
., oping pharmacologic drugs to alleviate these

-‘f.‘.l_f  maladies, The next step, already in progress, is
" to use genes themselves as the drugs—replac-

ing or altering the expression of defective or
misregulated genes—to treat patients at the
molecular level.

Unfortunately, while gene therapy may be
to the 21st century what antibiotics were to
the last, we have a long way to go before suc-
cess is at hand. As can be seen in the headlines
above, gene therapy has had multiple “first”
successes followed by the realization that
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ty | , -~
able to; sqenusts, physu:mns and the general ‘
ki 'pubhc Subsequently, the mapping of diseases

much of the enthusiasm for each success has
been perhaps premature or overstated. Fur-
ther, much of the early excitement about this
approach has been dampened following the
recent death of a young male involved in one
clinical trial, as noted in the third headline
above. However, as with all discoveries and
new fields, problems do exist, and they need
to be identified, studied and overcome.
Indeed, these are exciting times to practice
medicine, but much of the initial unbridled

- enthusiasm for gene therapy has worn off,

and now the real work has begun. o
" Gene therapy began in the mid- 1970s .

bility of expressing 1 |
(n. human cells: (ancl ultlmately m huf::nsl'
; themselves) could usher ina new era, of med-
" icine. Theoreu:ally, mutant genes, in patients
~ with such diseases as sickle celt disease and * - -
cystic fibrosis, could be replaced and the dis- -
eases corrected by transferrmg the wild type, =

or normal, genes into these patients.? Other
diseases (e.g:, cancer) might be treated with
genetm therapy by adding genes to increase

" antitumor.immune responses or by inhibit- -
ing angiogenésis and cutting off the tumor’s

blood supply.? Furthermore, infectious dis-
eases might be combated by altermg the
body’s immune response.*

As more and more of the human genome
was discovered, new associations between
genes and diseases were identified, and the
possibilities for genetic medicines became
apparent. All of these treatments require
moving desired genes into the appropriate
cells in both animals and people—and this is
where problems have been encountered over
the past 10 years.**

Two major approaches have been taken to b
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3 developed, and as soon as a second dose of the
' viral vector is given, the virus and the cells it
infects will be targeted for destruction when a
second dose of the viral vector is adminis-
" tered, thereby greatly limiting the expression
of the transferred therapeutic gene. Although
these drawbacks may seem daunting, investi-
gators are actively engaged in moderating
these responses and finding ways to circum-
vent the problems. To this end, novel and
* modified viruses are being tested and show
~ great promise in terms of significantly
reduced inflammatory responses and the abil-

i 1 pomelsmountedagamst
o the DNA ‘which, in turn, miakes multiple
ye tréatments ' possible, ‘Unfortunately,

" ‘the level ( of"e;ymslon obtained with nonviral .

: pocumng ‘with viral methods. .
. ' Other potennal delivery veh:c.les that pro-
" duce increased gene expression are in devel-
- opment. They include delivery to the skin by

~i.iinto cells. | .
- Although the levels of nonviral DNA deliv-
.. ery and gene exprmmn are much lower than
those obtained using viruses, the lack of an
_.immune response may lead the field to favor

ciated with viral methods. As time goes on, it
will most likely be found that ach system has »

» ity to admlmster Rpﬂted duses for mult;ple o s

s_, accurate

st results?

methods is*sually i miich’ lowel’ mh‘n um:f-"

*."” Star-Trek-like pneurnatic guns and the use of
" electric fields and sound waves to drwe DNA' -

|  these systems over the potential hazards asso- .

Foooooh T P S RN
{ J’[{/, N A I N AV R ST T N TR

PR .Amerlcan Academy /
- ..’f of Family Physicians

TODAY'S FAMILY PHYSICIAN ~ SPECIALIZING IN ALL OF YOU.




CIPR%‘IH'IE Mﬂg Medicine and Society

What a differsnce a day makes.
. www.clprohec.com
Gt patients pain-fres shmest a full day secner’

® CIPRO® HC Otic ends ear pain 15.2 hours faster than

 fluoroquinolone with no starold .
i1 @ The oniy steroidfuoroguiniolone combination for otts extama deliver genes to cells: viral and nonviral, In the
i, @ Convenlertt 3e2e7 dosing (3 drops, 2 times/day for 7 days) - case of viral delivery, the vectors (delivery .
Y o WSERT FOR RULL PREBCAEM MFOMMATION agents) are modified viruses that have had
L TN M USNE : their genomes largely replaced with therapeu-
- ;:EE- ¢ a3 ':fiu'w' ok 15 Wi e oo soapross ey ‘ tic genes.® This allows the desired genes to be
. . packaged into virus particles that are effective
mw; Throl I . Tht condterte Ih mwmm " | atentering cells within the body. By removing -

Srecimesm .00 | o most of the viral genes, the chance for viral

e 0 harpes syl

replication and aberrant infection in the host -

is, hopefully, removed. Thus far, adenoviruses

and retroviruses are the two families of
- viruses that have been used in the majority of .

clinical trials. R

- Adenoviruses are good at infecting the non- "
., dividing or very slowly dividing cells. that
. make up ‘most of our, tissues: Conversely, the

(of the carried getie beciiise. i

11| porates itself into the host’s chromosome.
s+ Unfortunately, such’ effective gene delivery.
i i comes at' a pricer viral vectors, especially
nwema | adendvirus, can induce significant localized .\

[ROR Ot

il and systemic inflammation, and a sustained
e ~ immune response, While each person will vary
o e in inflammatory response to viral administra-
the effct on tion, the response can range from unnotice-
00 ko aed ~ able to severe,
;%u Indeed, in the recent case at the University
o of Pennsylvania, administration of recombi-
‘ nant adenovirus carrying a gene to alleviate
be lerscgenic M ornithine transcarbamylase (OTC) deficiency
Kisouh ind el in a 17-year-old male resulted in activation of
0w whetw his innate immune system and fever, and ulti-
potsrl kr mately led to his death.®* Although the pre-
ceding 17 patients in the same study had
4t received the same viral vector, they did not
your and cidr exhibit anywhere near these levels of inflam-
. mation or response, thus revealing no indica-
The folowing tion predictive of the patient’s death. This case
only exemplifies the variations that are possi-
ble.?

Another result of an immune response to
viral vectors is that the response limits the
number of times the virus can be adminis-

. tered. Once antibody and T-cell responses are »
con
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its unique applications and both may ulti-
mately find their way to the physician's office,
S0, has gene therapy succeeded? In the realm
of theory and laboratory experimentation, the

answer is a resounding yes. Results from exper-

iments have demonstrated that genes can be
~ transferred to animals and humans and can

exert therapeutic effects. In animal models,
..’ diseases can be corrected transiently and, in

. some cases, even on a long-term basis. In the
carliest “first success” of gene therapy, Blaese
and colleagues'! transferred the gene for
adenosine deaminase (ADA) using a retrovirus
. toT cells isolated from two young females with
", severe combined immunodeficiency as 2 result
.z.of ADA deficiency. When 'it was transfused

ot fully “cure” the patients,

D ! L

isolated from the bone marrow of three dif-
ferent infants, also using retrovirus,!? When
transfused back into the infants, the success-
fully transduced stem cells propagated and
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{ back into the patients, snall increases in their : S e
stected,: as - The authors are. supported in' part. by grants.
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Howevesthé bénefit s ircoiipite and did

'ADA levels were detected,: as were minor - .

‘ 10242-04 from the Health'Resouirces and Seivices
. In a'more recent “first success,” researchers .~
.. in France took a similar approach to this ear- .
J . "lier work to treat a different form of severe
", ‘combined immunodeficiency but, rather
* than target T cells, they targeted stem cells

expanded, outgrowing and replacing the
endogenous defective cells. Indeed, success
may be at hand, but only time will tell. Thus
far, more than 390 other clinical trials involv-
ing gene therapy have been conducted over
the past 10 years.

In conclusion, how close are we to using
gene therapy in the family practice setting?
When will an injection of recombinant virus

- or a plasmid infusion be used to control

hypertension, sickle cell disease or cancer
instead of using the traditional approaches?
When will the first success of clinical impor-

_ tance occur? Hopefully soon, but to be realis-
tic, definitely not before you have to take the “

Boards again. = . N .
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