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The Development of Gene Therapy
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The development of recombinant DNA technology
and the rapid increase in understanding of the molecular
basis of immunologic defenses against cancer have given
rise to new opportunitics for the development of cancer
treatments. The ability 1o identify, isolate, and sequence
lunctional genes and then transfer them from one cell to

another provides unique opporiunities for mantpulating
and amplifyving biologic responses. The recent develop-
ment of high-efficiency technigues for gene transduction
using retrovirwses has made the treatment of human dis-
eases by gene transler techniques a realistic possibility.
This approach to treatment has been referred 1o a5 gene
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therapy, which can be defined as a therapeutic technique
in which a functioning gene is inserted into the ¢¢lls of a
patient to correct an inborn genetic error or to provide a
new function to the cell,

Our prior studies were directed toward developing im-
munotherapies for the treatment of patients with
cancer.” After extensive experimentation in animal
models.** we developed treatment using interleukin-2
(11.-2) given eitheralone or in conjunction with lympho-
kine-activated killer (LAK) eells, These treatments were
capable of causing objective regression of metastatic
cancer in approximately 20% of patients with metastatic
melanoma or metastatic renal cancer.”" In 1986, we de-
scribed the use of tumor-infiltrating lvmphocyies (T1L)
that could be grown from single-cell suspensions of mu-
fine tumors cultured in 1L-2.%° The adoptive transfer of
TIL plus 1L-2 was from 30- to 100-fold more effective
than were LAK cells plus IL-2 in the treatment of estab-
lished murine pulmonary metastases. These experimen-
tal studies led to pilot clinical 1rials in which patients
with metastatic melanoma: were treated with TIL and
[L-2. Obiective cancer regression occurted in approxi-
mately 33% of treated patients.™'" Studies in these pa-
tients have demonsirated that intravenously admims-
tered TIL 1raffic 10 and accumulate at tumor sites,'""

In an attemnpt to improve on this immunotherapy and
take advantage of the “homing™ properties of TIL, we
began efforts to modify TIL genetically to improve their
therapeutic effectiveness.' We have now completed a
clinical trial using TIL genetically modified with the bac-
terial gene coding for neomyein phosphotransferase!
and have recently begun clinical studies using TIL trans-
duced with the human gene coding for tumor necrosis
factor (TNF) to treat patients with advanced cancer.'”
The resulis of these studies have led us to attempts to
modify human tumaors genetically for use in the immuni-
zation of patients with advanced cancer."” The develap-
ment of these pilot irials for the gene therapy of cancer
are briefly reviewed in this article.

METHODS
Growth of TIL

Procedures for the growth of human TIL have been
published.'™® In bref, freshly resected tumor was
minced into 3- 1o 3-mm? fragments and digested over-
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night in an enzyme medium consisting of collagenase
type 1V, hvaluronidase tvpe WV, and deoxvnbonuclease
type IV. The next dav. the single-cell suspension was
passed through a sterile wire mesh grid 1o remove undi-
pesied debris, the cells were washed three times, and via-
ble cells were counted, If viability was less than 70% or
the preparztion was heavily contamingied with erythro-
cyies, the preparation was separated by Ficoll-Hypaque
{Qrganon Telenika-Cappel, Durham, NC) gradient cen-
tnfugation to remove dead cells and envthrocyvies and
then washed apain in saline solution,

The cell cultures were established by plating 5 % 107/
mL of 1otal cells of the single-cell suspension in culture
medium composed of either serum-free AIM-3 medium
(GIBCO, Grand Island. NY) or RPMI-1640 medium
containing 10% human AB serum, with the additives;
glutamine, amphotericin' B, penicillin, sireptomyein,
7200 IU/mL of 1L-2, and 10% LAK cell supernatant.
During the course of 2 weeks, the tumor cells gradually
disappeared as the lvmphocytes grew, When the Iym-
phocyte number reached 1.5 < 10° cells/mL, these cells
were split with fresh medium. When approximately 10°
cells were reached, the cells were switched from tissue
culture plates to gas-permeable cell culture bags and cul-
tured until greater than 10'' TIL were obtained.

To administer TIL, they were first callected in saline
using continuous-flow centrifugation and then Altered
through a platelet administration set into a volume of
200 1o 300 mL containing albumin and 450,000 IU of
IL-2. The TIL were infused into patients over 30 10 60
minutes through a central venous catheter.

Production of Retroviral Vectors

Retroviral vectors were produced as previously de-
seribed,' 7% A diagram of the vectors used in this study
is shown in Figure 1. The retroviral vector LNL6 con-
taining the neomycin resistance gene was derived from
the N2 vector, a derivative of the Moloney murnine leuke-
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cGibeo, Grand Island, NY'), a neomyein analogue that 1s
otherwise toxic to eukaryotic ceils. LNL6 virions were
produced by introducing LNL6 into the retroviral pack-
aging cell line PA317. The bulk PA317 cell line was
cloned, and the clone producing the highest viral titer
was isolated. Retroviral vectors used in this study had
titers between 2 X 10°/mL and 3 X 10%/mL colony-form-
ing units when assayed for their ability to confer neomy-
cin resistance to NIH-3T3 cells.

Retroviral vectors containing two genes were based on
the LXSN backbone that has previously been de-
scribed.'’-*° Either the TNF gene or the IL-2 gene was
inserted under the transcriptional control of the retro-
viral LTR. The NeoR gene was under the transcriptional
control of the simian virus 40 early-region promoter.
These vectors are referred to as LTSN and LISN, respec-
tively. In these vectors, an adenine~thymine-rich, 3’ un-
translated region was excised before cloning the cytokine
DNA into the retroviral backbone to avoid posttran-
scriptional control by this region.

To increase TNF secretion by transduced cells, a hy-
persecretor form of the TNF vector was prepared by re-
placing the 5’ transmembrane portion of the TNF com-
plementary DNA by a gene sequence coding for the sig-
nal peptide from the y-interferon gene.?' This vector is
referred to as LT-ysigSN.

The LNL6 vector and the LISN vectors were kindly
supplied by Genetic Therapy Inc. (Gaithersburg, MD).
The LTSN vectors were kindly supplied by the Chiron
Corporation (Emeryville, CA) and Genetic Therapy Inc.
The hypersecretor TNF vector was supplied by the
Chiron Corporation.

Growth of Melanoma Tumor Cell Lines

Freshly resected melanoma specimens were minced
into 3- to 5-mm? fragments and digested by the same
enzyme mixture used to produce TIL. Tumor cell cul-
tures were established in 24-well tissue culture plates in
RPMI-1640 plus 10% heat-inactivated fetal bovine
serum. Melanoma colonies were allowed to grow to con-
fluence before passage to larger culture vessels. Mela-
noma tumor cells were identified using anti-GD3 mono-
clonal antibody (Mel-1, obtained from Signet Laborato-
ries, Boston, MA).

Retroviral Transduction of TIL and Tumor

To transduce TIL retrovirally, 106/mL TIL were sus-
pended in AIM-5 medium containing 6000 IU/mL of
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[L-2 - 24-well plates. An equal volume of the retroviral
supernatant was added. containing protamine at a hinal
concentraton of 3 yg/mbL (Elr Lilly, Indianapolis, 1)
After 24 hours, 1 mL was aspirated from éach well and
replaced with | mL of freshly thawed retroviral superna

tant. The medium was supplemented with fresh IL-2 and
protamine. Two to 3 days later, TIL were subcultured
into medium containing either 0.3 or 0.5 mg/mL of
G418 for 5 days before being returned to medium with-
out G418.

The melanoma tumor lines were transduced with the
retroviral vectors in a manner similar to that of TIL but
in the absence of IL-2. Selection of transduced cells was
performed by continuous growth of cultures in 0.4 mg/
mL of G418 beginning 24 hoeurs after transduction. In
contrast to TIL, tumor cells were grown continuously in
G418.

Clinical Protocol

All patients treated in these clinical trials had meta-
static melanoma that had not responded to standard ef-
fective therapy. The patients received up to 3 X 10" TIL
administered in one to four infusions of up to 300 mL
each. Approximately 2 hours after completing the TIL
infusions, the patients began to receive intravenous ad-
ministration of recombinant IL-2 every 8§ hours at vary-
ing doses depending on the protocol.

Patients receiving NeoR-transduced TIL received a
single infusion in conjunction with nontransduced
TIL.' These patients received a second cycle of TIL ap-
proximately 2 weeks after completing the first cycle.

Those receiving TIL modified by the TNF gene re-
ceived escalating doses of transduced TIL alone, starting
at 108 TIL and escalating every 3 to 7 days to a final level
of 3 X 10" TIL. Early patients received no IL-2, but in
subsequent ones, permission was obtained from the
Food and Drug Administration to administer IL-2 at a
dose of 180,000 IU/kg every 8 hours after TIL adminis-
tration.

Patients receiving tumor cell immunizations received
1 to 2 X 108® transduced tumor cells, which were injected
subcutaneously into the anterior thigh. Approximately 2
cm distally, two intradermal injections of 1 to 2 X 107
transduced tumor cells were administered. Tumor im-
munizations were performed as an outpatient proce-
dure.

All clinical protocols involving gene transfer were ap-
proved by the Investigational Review Board of the Na-
tional Cancer Institute, the National Institutes of Health
Biosafety Committee, the Recombinant DNA Advisory
Committee, and the Food and Drug Administration.
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Table 1. GENE THERAPY WITH TIL: NeoR TRANSDUCED TIL—PATIENT CHARACTERISTICS
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RESULTS

Gene Modification of TIL o Confer
Meomycin Resistance (NeoR)

Our (st effont o modify human TIL geneticatly in-
volved introducing the gene for a bacterial enzyvme cod-
ing for neomvyein phosphotransferase, which transmits
resistance 1o the anthiotic G418,

Ten patients with advanced melanoma were treated in
this chinical protocol. The characterisucs of these pa-
tlents are shown in Table 1. An example of the growih of
iransduced and nontransduced cultures is shown in Fig-
ure 2. Muliiple safetv tests were performed on the viral
supernatant, transduced TIL, and sera from the patients
as detailed in Table 2. All safety tests that were per-
formed on all patients yielded negative results, There
was no evidence. in any test, that replication-competent
virus was present either in the viral supernatanis orin the
TIL administered 1o the patients. Furthermore, sensitive
tests 1o detect the presence of antibody to viral envelope
protein in the sera of patients at varving umes after cell
administration also had negative findings.

Lising the polymerase chain reaction technigue, trans-
duced cells could be readily identified in the peripheral
blood of patients for the first 21 days after cell administra-
tion, The cells could only oceasionally be identified in
the peripheral blood at later times, although they were
found in one patient at 189 davs, Gene-modified cells

could also be identified in tumor biopsy specimens up 1o
64 days, mmdicating that at least some of the modified
cells traveled (o the wwmor deposite,

These patients had heen extensively pretreated before
entering this gene-modified TIL protocal. All patients
had underzone surgical excision of their primary mela-
noma, and six of the patienis previously had not re-
sponded 1o immunotierapeutic regimens based an high
dases ol IL-2, Two patients in this protocol had an abjec-
tive cancer response. One had a parial response lasting 2
months. and the other sustained a complete regression of
metastatic cancer 1o the lungs. subcutaneous tissue, soft
palate, and both tensils that lasted 38 months,

This clinical trial demonstrated that retrovical-me-
diated gene transduction could be safely used to modify
human cells administered to patients. This trial led us 1o
subsequent efforts to introduce genes that were intended
to improve the therapeutic potency of TIL.

Gene Therapy for Cancer Using TIL
Transduced with the Gene for TNF

Studies of therapy with TIL in expenmental animal
tumor models had shown that cvtokine Secretion, espe-
cially of TNF and <-imerferon, was important in the in
viva therapeutic impact of TIL against established lung
metastases.™ We selected the TNF gene for genetic modi-
fication of TIL because of the effectiveness of TNF in
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Figure 2. Example of the growth pattern of TIL (solid line) and TIL trans-
duced with the NeoR gene (dashed line).

35 37

murine tumor models.?>?* A single injection of TNF can
cause coagulative necrosis of large murine tumors within
hours after injection. The toxicity of TNF when injected
systemically in humans, however, has prevented the ad-
ministration of the doses of TNF that mouse models
predict are required to see therapeutic effects in humans.

Because TIL accumulate in tumor deposits, we hypothe-
cirzed that TTT  trancdneced with the sene for TNF and
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Table 2. SAFETY TESTS PERFORMED IN
PROTOCOLS USING RETROVIRAL VECTORS
FOR THE GENE THERAPY OF CANCER

Viral supernatant
Viral titer (on 3T3 cells)
Sterility
Mycoplasma
Injection into mice
Viral testing
MAP fest
3T3 amplification S+L— assay (ecotropic, xenotropic, and
amphotropic)
Electron microscopy
Transduced TiL .
373 amplification S+1.— assay
Reverse transcriptase assay
Endotoxin assay
IL-2 withdrawal
(G418 selection
Southern blot or PCR to detect inserted gene
NPT assay
Cytotoxic profile
Phenotypic profile
Patient :
Test cells from patient for virus (373 amplification) '
Serum test for antibody to helper virus antigen 4070A (Western Blot)

tures. Unselected cultures had a mean (+ SEM) per cent
of transduced cells of 3.2 + 1%. In a series of transduced
TIL cultures, cells selected for 5 days in either 0.1, 0.3, or
0.5 mg/mL of G418 had 9.0 + 2.0%. 40.9 * 6.5%, and
57.8 + 7.5% transduced cells, respectively. Examples of
the production of TNF by nontransduced and trans-
duced selected human TIL at 25 to 35 days after trans-
duction is shown in Table 4.2 We have recently begun
using a hypersecretor TNF vector in which the trans-
membrane domain of the TNF molecule has been re-
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Table 4, SECRETION OF TNF BY TIL
TRANSDUCED WITH THE THF GEHNE

Hypersecretor
Patient Nantransduced THF Veactar TKRF Vector
THF (pa/10¥ eede/ 24 houra)
1 =] 40
2 104 104
3 y 165

placed by the signal sequence of the y-interferon male-

cule.”! This modification leads 1o increased secretion of

THNE. Of the ten patients who have received TIL madi-
fied by lJ'u: INF gene, six previously had not responded
1o TIL . One of these
}utlctl[ﬁ. the anly patiem who thus far has responded.
showed an objective response that is now ongoing 2

erapy with nontransduced THH

vears afler treatment with TNF-TIL. Dose escalation of

the number of transduced TIL and the dose of 1L-2 are
continuing in this trial.

Gene Therapy for Cancer Using Tumor
Cells Transduced with the Genes for TNF
or |L-2

Various siudies in experimental animal models have
shown that the introduction of cytokine genes into 1u-
mor cells can result in decreased tumorigenicity and an
increased production L}I'Rpu_‘c[['u.: cytolytic anutumor im-
mune cells by the host.™ Afier extensive animal experi-

mentayton, we initiated a protocol in which human tu-
mor cells were prown in culiure and transduced with the
gene foreither TNF or [L-277 before being used to immu-
nize the autologous patient, An outline of this gene pro-
tocol is shown in Table 3, [r'| animal models, the injected
tumars that were transduced with either of these genes
grow and then spontanecoushy regressed at the injection
site. We have thus far treated three pavents with avtelo-
aous tumor cells modified with the gene for TNF and
two with the gene for IL-2. Similar 10 what occurred in
animal models. none of the tumors grew at the injection

site in the anterior thigh, and there was no evidence of

viable tumaor cells when these sites were surgically re-
secied approximately 3 weeks afler injection.

A second imponant aspect of this protoco] is now
under study., At the time of resection of this tumaor,
draining inguinal lvmph nodes are resected, and tech-
nigues iare being developed to grow these cells in culture
for subsequent administration to the paticnt. Thus, in
this protocol, patients undergo both an immunization
and an adoptive cell transfer in an attempt to mediate
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tumor regressien. Currently, one patient has had a par-
tial regression lusting 4 maonths. This protocol e
currently ongoing but has already demonstrated that py-
tients can be safely immunized with their own autalo-
gous, gene-modified tumor cells, which are rejected after
subcutaneous administration.

DISCUSSION

During the last decade. effective biologic therapies for
selected patients with advanced cancer have been devel-
oped based on altening :mtur;ll host immune defensas
against the malignancy.™ These efforts have been stip-
ulated by the development of recombinant DNA technol-
ogy, which has made biologic reagents. previously avail-
able only in minute guantities, available in amounts
large enough for use 11 humans, Recombinant 1L-2 has
no direct impact on cancer cells but can mediate signifi-
cant antitumor activity through modification of host im-
mune defenses. After extensive animal expermeniation
and human chinical trials, 1L-2 was accepted by the Food
and Drug Administration in 1992 as the onlv approved
treatment for use in patients with metastatic renal cell
cancer.

The predominant role of the cellular immune svstem
in immunologic reactions against foreign tissue sumu-
lated research 1o identify immune cells capable
nizing antigens uniquely present on human eancers. The
deseription of LAK cells in 1980 provided a means for
generaling large numbers of cells in both experim emul
animals aad in humans that were capable of distinguish
ing fresh cancer cells from fresh normal cells. ™ In ex-
perimental animal models™ snd later in humans.™ the
adoptive transfer of LAK eells plus TL-2 was shown tobe
able 1o mediate antitumor effects in selected patients
with renal cell cancer, melanoma, and 1o a lesser extent.
colon cancer and non-Hodgkin's lymphaomas.

A search for mere potent cells 1o use in adeptive im-
munotherapy led o the description of TIL, cells that
recognize unigque antigens in murine and human twumors

of Pecog-
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in a major histocompatibility complex-restricted fash-
* jon.3%¥ The adoptive transfer of TIL was from 50- to
100-fold more potent than that of LAK celis in animal
therapy models. In the initial clinical trials with TIL,
objective response rates of 35% to 40% occurred in pa-
tients with malignant melanoma. The response rates to
TIL were almost twice those obtained with IL-2 alone or
LAK cells plus IL-2.2'° Studies with indium-1 1 1-labeled
TIL injected intravenously into patients with cancer
demonstrated that these cells traveled to and accumu-
lated in tumor deposits.'"'? These studies suggested that
TIL might be used as vehicles for delivering molecules to
tumor sites that could aid in the antitumor effectiveness
of TIL. It was with this goal in mind that we began stud-
ies of the genetic modification of TIL.1>

Although many methods exist for introducing foreign
genes into cells, the only method with sufficient effi-
ciency for practical use in human trials involved the use
of genetically engineered retroviruses. We used a geneti-
cally modified murine Moloney leukemia virus contain-
ing the gene of interest but engineered so that its viral
coding sequences were removed. Because a major pur-
pose of this first study was to evaluate the safety of these
techniques for human gene therapy, we introduced a
gene that did not transmit toxicity to the TIL. We se-
Jected the gene for neomycin phosphotransferase, an en-
zvme that conferred resistance to the antibiotic G418.
This enzyme is not naturally present in human cells, and
thus. the only cells capable of surviving in G418 are cells
transduced with this gene. These studies were designed
to determine the distribution and survival of intrave-
nously injected gene-modified TIL in the body. The poly-
merase chain reaction technique, used to identifv trans-
duced cells could detect one transduced cell in 100,000
nontransduced cells. Alternatively, transduced cells
could be identified by growing cells or tissues isolated
from the patient in G418.

Because this clinical trial was the first to introduce
foreign genes into humans, considerable attention was
paid to the potential dangers of using retroviruses for

~ oL
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growth in culture before administering the cells to pa-
tients.

Although these retroviruses could not replicate and
were not pathogenic, there was concern that they might
recombine with endogenous viruses to cause the produc-
tion of replication-competent pathogenic viruses. Sensi-
tive tests, using amplification on permissive NIH-3T3
cell lines with subsequent testing for replication viruses
by S+L— assays, were used to check all viral and TIL
preparations. In addition, the gene sequences of the
packaging cell lines and the vectors were modified to
reduce the possibility that any recombination could oc-
cur that would generate replication-competent virus.

These initial studies were designed to determine the
long-term traffic patterns and distribution of TIL in the
body. Indium-111 has a half-life of only 2.9 days and,
thus, could not be used for long-term studies of TIL sur-
vival in vivo. We were able to find circulating transduced
cells in peripheral blood up to 189 days and accumula-
tions of TIL in tumor deposits up to 64 days after lym-
phocyte infusion.

These initial studies helped establish the safety of us-
ing retroviruses to modify human lymphocytes, and they
stimulated studies in two directions. Led by Dr. Michael
Blaese and Dr. French Anderson, the gene for adenosine
deaminase was transferred into the lymphocytes of chil-
dren with severe combined immunodeficiency disease
resulting from this enzyme deficiency. The efforts de-
scribed in this review were devoted to “designing” lym-
phocytes with genetic modifications that could improve
their efficacy for treating cancer. '

The gene for TNF was chosen for introduction into
TIL because of the remarkable antitumor activity of this
cytokine in murine models. Studies in experimental ani-
mals suggested that approximately 400 ug/kg of TNF
was required to induce anticancer effects. Humans, how-
ever, can tolerate only 8 ug/kg/day. We hypothesized
that TIL transduced with the gene for TNF and, thus,
producing large amounts of TNF would accumulate at
tumor deposits and produce the high local concentra-
imme vommirad ta mediate tumor toxicity without expos-
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porated into the membrane of the cell and, thus, results
in the secretien of larger amouns of THNFE. We are
curcently in the midst of @ phase 1 escalation using trans.
duced TIL secreting the altered TNF, We are using in-
creasing numbers of cells first without concomitant 11.-2
and then adding Jow doses of IL-2. As this protocol con-
tinues, increasing numbers of cells will be given along
with higher doses of 11.-2

Various genetic modifications, 1 addition 1o the in-
troduction of the TNF gene. are being investigated. Stud-
ies are being conducted in which genes coding for y-in-
terferon are inserted into TIL because of the abilitv of
this cviokine to 1ncrease major hislocompatibility com-
plex and tumor antigen expression on wmmor cells: The
introduction of genes coding for chimeric T-cell recep-
tors into TIL could enhance their ability to recognize
tumor antigens. Other studies are direeted at Inserting
the gene for the [L-2 receptor to miake TIL more sensi-
tive 10 1L-2 and. 1thus. allow the administration of lower
dases of IL-2 with consequent decreased toxicity.

More recently, efforts have begun ta modify geneti-
cally tumors 1o increase their immune recognition. la
animal models, introducing a variety of cyvtokine genes
Into tumors can incredse immunogenicity and decrease
tumorigenicitv.”” In our own studies. we have shown
that introducing the genes for TNF, [L-2. and ~-inter-
feron can all increase immune recogrition of murine
wmor cells™ and. in some cases. give rise to lvmpho-
cyvies that can be used for the successful adoptive immu-
notherapy of established metastases, Based on these ani-
mal studies, we have begun clinical teals in which pa-
tients with advanced cancer are immunized with
autelogous tumor cells that secrete laree amounts of ei-
ther TNF or [L-2, In these initial studies, we have in-
jected more than 10° live nonirradiated tumor cells se-
creting either TNF or 1L-2, In each of the first five pa-
tients, a local area of ervthema and induration developed
that lasted for about 2 weeks, When the injection site was
excised 3 weeks later, no viable tumor could be found.
We are currently attempting to isolate lvmphocyies from
these imjection sites and draining Ivmph nodes that
might be used for adoplive therapy in these patients with
advanced disease.

References

I. Rosenberg SA, Lotze MT, Yang IC, el al. Experience with the use
of high-dose interfeukin.2 in the wreatment of 652 cancer patienis,
Ann Surg- 1989 210:474-485,

. Rosenberg SA. Karnolsky memorial lecture: the immunotherapy
and pene therapy of cancer. J Clin Oncal 1992; 10:180-194.

3. Mulé I, Bhu 5, Schwarz SL, e1 al, Adoptive immunatherapy of
eslablished pulmonary metastases with LAK cells and recombis
nent interleukin-2, Seience 1984: 13514571483,

4. Rasenberg SA, Mulé 1), Spiess P1, et al. Regression of established

[ %]

« -Rosenbera SA; Spiess P Lafreniere B A

. Spiess PI Yang JC, Rosenberg S50 In vive

0. Rosenberg SA, Packard BS, Acher

. Grifith KD, Read EJ. Carrasquillo €8, et gl 1 vvo dis

. Kasid AL Moarecki 5, Aebersold P et al, H

d. Rosenberg SA, Acbersold P, Cornenia B et al, Gene 11

. RosenbereSA. Gene therapy for cancer H'\‘- 14

. Gilboa E, Eglitis MA, Kantoff PW, ¢

Aan: Burg. « Ocipher 1953

pulmonary metastases and subculaneous turmor mediated by the
systenuc admimistration of high dose recombinam 10.2 ) Exp
Med 1985 [61:1169-1 158,

« Rosenberg SA, Lotze M, Muul LM, eral. Observinions an: the

svstemie adminisration of awtelogous bmphokine-activored
kller cells and recombinant interlenkin-2 1a rutiunm with meti.
static cancers M Engl ] Med 1985 313114851292,

Lotze MT. Chang AE, Scipp CAv et al, I-’.::.]-.—d-..-w recombinant
intetleukin-2 in the trettment of patiens with disseminared
cancer. JAMA 1986: 356:31 1 7=3124

Rosenberg SA, Lodze MT. Muol LM, &t ol A Progress Teport on
1h|:1r|..]mhrm! |37 patients with advanced cancer using lvmpha-
kine activated killer cells and inlerlenkin-2 or hueh dos
kin-2 lone, N Engl J Med 1987; 316:R50-502,

& inlerlen-

1ew dpprooach 1o the
adopiive immunothermpy of cancer with tumar infhirating lvm-
phocyvies. Science [986; 23313181321,

MEE Sclivity of
mitinent inter-

tumeor-innitrating ‘_-.-nplu:-r_}l..s expanded in .
lewkin-2. J Naul Cancer 1nst 1987 79:1087=1073,

sald PME eral. Use of tumor-in-
fltrating [vmphocytes and interleukin-2 in the imunotherapy of
patients with metastatic melanoma. sp« repare, N Engl ] Med
1980 3191 676-] 650,

I. Fisher B, Peckard BS, Read EJ, et al. Tumor loczlization of Fadap-

tively transferred indium-1 11 labeled tumor inAtirating 1v
CVIEE I patiepts with metastatic melanorma. J Clin Oneal |
T2H0-261.

af adoptively transferred indium-111 fzbeled wmor in
Ivmphociies and peripheral blood Ivmphe i -patienis with
metastatic melanoma: | Natl Cancer Inst | B1709-5717;

n.pene srander
acriesas vehi-

Proe Natl Acad

cheracterization of human tumar-infiltrating I
¢les for retroviral-mediated gene transfer in man.
Sci LS A 000 87473477,

ansfer inio
humsaps—immunotherapy of patients with advanced melanoma,
using tumor-infiltrating I\nnhlmms rn-:u_nn:_' o retrovirgl geéne
transduction. N Engl J Med 1950 3

Y2 TREI4| 6=
2419,

. Topahan SL, Solomon Dy Rosenberg SAc Tumor-specific cvialysis

by lvmphooyies infiltrating human melanomeas. § lmmunol 1850-
Ja2:53714-37235

k. Trensfer ind expression
of cloned genes: using retroviral vectors: Bi vechnigues 1986:
41504-512°

. Eglitis Ma, Anderson WF. Retroviral vecters for introdection of

genesanto mammalian cells, Biotechnigues 1958 fA(08-f14,

. Miller AD, Buttimore C, Redesign of reteoviris packaging cell

linas 10-avaid recombination Jeading 1o Helper virus production,
Mol Cell Biol 1986; 6:2803-2902.

20, Milter AD, Rosman GI, Improved retroviral vectors for gene

transfer and expression, Biotechnigues | URY: 7980-G86,

o Perex C. Albert 1, DeFay K, et 3l A nonsscretsble gel] surface

mutant of tumor necrosis factor (TNFEs by chll-ta-cell cantict,

Cell 1950; 63:241

. Banh BRI, Mulé 11, Spiess PJ, et al, Interferon gamma and temor

necrosis factor have a role in wmor regressions mediated by mu-
rne CDE+ wmior infilisiting lvmphooyvies, | Exp Med 1997
173:647-638,

Carswell EA, Old LI, Kassel RC, e1 sl An endotoxin-induced




Serui Jacion thal Causes Heciosis of lumurs. Proc SNotl Aced Sci

S A 1975: 72:3666-3670.

24. Asher AL, Mulé JJ, Reichert CM. et al. Studies of the anti-tumor

2
N

efficacy of systemically administered recombinant tumor necrosis
factor against several murine tumors in vivo. J Immunol 1987,
138:963-974.

. Hwu P. Yannelli J, Kriegler M, et al. Functional and molecular

characterization of TIL transduced with the TNFa ¢cDNA for the
gene therapy of cancer in man. J Immunol 1993; 150:4104-4115.

16. Rosenberg SA. Gene therapy of cancer. In DeVita VT, Hellman S,

Rosenberg SA, eds. Important Advances in Oncology. Philadel-
phia: JB Lippincott, 1992. pp 17-38.

27. Yannelli JR, Hyatt C, Johnson S, et al. Characterization of human

tumor cell lines transduced with the cDNA encoding either tumor
necrosis factor alpha (TNF-a) or interleitkin-2 (IL-2). J Immunotl
Methods 1993; 161:77-90.

18. Rosenberg SA, Longo DL. Lotze MT. Principles and applications

of biologic therapy. In DeVita VT, Hellman S. Rosenberg SA, eds.
Cancer. Principles and Practices of Oncology. 3rd ed. Philadel-
phia: JB Lippincott, 1989. pp 1342-1398.

463

Gepe Therapy of Cancel
Finallv, 1 hope others understand that | stood up 1o say,
Steve, most of us admire greatly the efforts that you. as a sur-
geon, have made to improve survival in the patient with unre-
sectable cancer.

DR. ALLAN D. CaLLOW (St. Louis, Missouri): Dr. Rosen-
berg, your presentation was splendid, of course, as you must
have been told many times. I have a question. Control of ex-
pression of an inserted foreign gene is extremely important.
The prolonged production of tumor necrosis factor (TNF) after
therapeutic need has passed can be detrimental. Retroviral pro-
moters are known to lose effectiveness over time in vivo. Is this
the mechanism by which TNF expression falls off in your
method? Is it due to withholding interleukin-2 thereby reduc-
ing tumor infiltrating lymphocytes replication, or could it be
both? Thank you again for a splendid talk.

DR. WANEBO (Providence): Steve, I guess all of us continue

ca o ciimnls that uAn
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DR, STEVEN A, RosexnerG (Closing discussion: Several of
the discussants have referred 1w the potential for aliernate
metheds for the use of gene therapy and, 1 fact, 11°s easy 1o be
overly enthusiasiic as we begin to embrace a whole new area of
ologie manipulation

We've taken just a verv small number of genes thus lar—the
Pacterial eenes, neomyvein phosphotmnsferase, MO NecToss
factor (TxF) and interleukin-2 (IL-2)}—and put them nto
lvmphooyies or wemors, But when one thinks of the gene pool
on the planet that offects living organisms and how it might
affect the funclion of human cells, there obviously are many
additional capabilities for gene modification. Very small
changes can make enormous differences. DNA hybndization
stisdies have shown thatonly Lot ol the DN A that we have §s
different from thay of the piemy chimpanzee: and that 1.6% of
DA obvioushy controls a very large number of very important
funclions.

There are. in answer 1o Dr. Brennan’s gquestion, many other
approaches for potentially using pene therapy. ve mentioned
putting the TWF gene into tumor infiltrating hmphocytes
( TIL). but there are many otber penes that we're now exploring
for this purpose

One, for example. is inseriion of the 1L-2 gene iselfinta TIL
cells, which might give them a more antonomous grovwth prop-
ety and therefore enalile s to minimize the amount of 1L-2
thatwe have 1o give 1o keep thert alive,

We're also working on wavs 10 change the receptor of these
TILsby making chimerie T cell receptors., that 1s; confernng on
the T cell receptor the reactivity of a monoctonal antibody so
that we might look at & broad range of reactivity of these lvm-
phoeyvies and not the tumeor specific reactivity that causes us
neht now 10 need 10 raise TIL cells for trenting patients from
only that patient

So there are many other possibilities for the application of
gepe therdpy using other genetic approaches,

Methods to pet genes expressed in mammallian cells are
raised by the question dealing with the retroviral promoter and
bies ot the very basis of what limits our current approach 10 gene
therapy, The regulation of gene expréssion is perhaps the most
important area of current molecular biology research. Every
cell. of course. contains the same genetic comiplement and vet
only some are expressed. We use the retroviral promoter now,
but are explonine in genetc constructs a very large number of
other promoter-enhancer regions that might enable genes to be
expressed even beter,

Onee the gene 15 1 1t's constantly being expressed in a con-

Arn. Swrg « Ceclobar 1053

stituative fashion. We control its secretion not by contralling
that gene but by controlling the survival of the cell iself, The
cells are exquisitely sensitive to the sdmimistration of interlep-
Kin-2: and when we stop administering [L-2, those cells revert
10 4 memory phase, decrease 10 number, and at that poim
become resting cells and stop secreting. So rather than control-
ling the gene, we atiempl 1o contrdl the cell by virtue of jis
requisite growth factors,

Dr. Wanebo raised the question of whether or not the genctic
transduction affecied the survival or distobution of the cells: in
fact. 11 does not. Their survival is the same as that of on wn-
transduced cell. Tt's a very minor surface change that does not
appear to affect the survival of the 1ransduced cells.

He also raised the question of whether or not the rejection of

the genetically modified tumor cells was on an immunologic
basis. What | can say there is that in all five patienis who have
received their own avtologous tumor in leree amounts, 2 = (0
cells. all have gone on 1o sponianeously Teject that implant

In animal models, if vou irradinte 1he mouse or specifically
delete lvmphocyie subpopulations, the tumor is not rejected
and it grows well, And so-at least in animal models the rejection
isonan immunclogic basis, And I suspect strongly that that is
the case in the human as well,

There are many other possibilities for genetically modifving
the nimor as well as the lvmphooyvte, The BT antigen is one that
was mentioned. This = a vernv imponani adbesion molecule
that appears to cause lymphoevies and their targer cells 1o ag-
gregate together. In fact, there have been éxperimental studies
reported in animal models by others in which the B7 antigen
was put into awmerand it was made more immunogenic, We.
100,-are studyving this in animal models, but haven't vet begun
10 approgch it in the human,

Finally, there are genesthat appear o regulate the metastatic
poteniial of the tumor cell. OF course. if we only genstically
modify the cell that we're administering for the vaccinauon,
then that is not good enough. We have to vaocingle in @ wis
that will affect other cells as well.

This leads us 1o perhaps the most exciting area of current
gene therapy: the potential ability to administer genes systemi-
cally so that those genes will target 10 organs and genetically
modify cells fn sie, That seems like science fiction. but, in fact.
there are now wayvs 1o modily retroviruses 1o gel them 1o ex-
press in specific organs and it does seem at least feasible as an
area of research, And certainly that kind of work is engoing in
many laboratories in experimental animal models

[ think there aremany things 1o be done and we'll be hearing
a lot more about this field in the vears 1o come






