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Key words Gene transfer MHC class |- VB - T cells regulatory cells with suppressive activity [3, 4, 11]. Since
tumors arise from self tissue, they may be poorly immuno-
genic and therefore may be viewed as self by the immune
system. Likewise, tumor cells may have a decreased ca-
Introduction pacity to present antigen because of deficiencief2n
. ) ) . microglobulin, peptide transporter, or proteosome expres-

Despite our increasing understanding of the molecular basign, all of which are requisite for effective class I antigen
of cancer, many malignancies remain resistant to estgfjesentation [41, 76, 99]. Genetic modification of tumors
lished forms of treatment. However, some cancers, suchspgws promise as a therapeutic modality to increase the
melanoma, are relatively more responsive to modulation ghtigenicity of tumor cells as well as to enhance the
immune function, possibly because the immune system gaduction of immunopotentiating cytokines [7, 22, 27,
be induced to recogr_ﬂze mutant gene products that arises 53, 64, 89]. At the University of Michigan, Nabel and
these cells. Depending on treatment, 10%—20% of melglleagues have developed a gene-transfer approach that
nomas respond to some form of immunotherapy [42, 45, 4jlizes the immunogenicity of a transplantation antigen to
83, 84]. Conventional approaches to immunotherapy ha¥@mulate immune reactivity [63—66].
utilized adjuvants, CytOkineS, or adoptive transfer of im- It has |Ong been appreciated that the frequency of
mune cells that have shown promise in animal models [1g|oantigen-reactive T cells is quite high, even in naive
79, 92, 94, 106, 107] and in humans [44, 55, 80, 81]. Mokhimals that have not been previously immunized with
recently, molecular genetic interventions have been desigtoantigens [52]. Since T cells with the potential to respond
ed in an attempt to improve the efficacy of immunotheragy foreign MHC molecules are dispersed throughout the
[63, 64, 78, 82]. The definition of tumor-associated geneti;gymune system at frequencies 100— 1000 times greater than
mutations has heightened interest in cancer as a targettf@it of T cells responsive to nominal antigen, alloantigens
gene therapy. Animal models have shown that gengg potent immunogens. Alloantigen-reactive T cells may
encoding cell-surface antigens [72], immunomodulatogyrectly recognize intact MHC proteins (direct recognition),
cytokines [19, 98] or T-cell-costimulatory molecules [12gr may respond to allogeneic MHC peptides that have been
100] can.enhance.the immune response to tumors. Basecbgﬂ;essed and presented in the context of self-MHC pro-
these animal studies, several human gene transfer protoggiss by autologous antigen-presenting cells (indirect rec-
have been designed to monitor safety, toxicity, gene exgnition) [91]. Direct recognition is likely the dominant
pression, and the immune response to tumors [7, 10, 22, ggthway by which CD8CTL respond to allogeneic class |
35, 51, 63, 70, 87, 89, 102]. ~_ MHC, while the indirect pathway may play an important

Tumor ceII_grovvth can be directly related to t_helr a_b|I|'gyp|e in stimulating regulatory CD4helper T lymphocytes.
to evade the immune system. Tumors may actively inhiifence, gene transfer of a foreign MHC class | molecule has
the immune response by producing immunosuppressifR potential of stimulating both effector and regulatory
factors [26, 69, 85], or by inducing the development @fyms of the immune response (Fig. 1). Thus, Nabel et al.
proposed to deliver an allogeneic MHC class | gene into
tumors to enhance the antitumor immune response
This article forms part of the Symposium in Writing on Therapeutic 63—-66].
Cancer Vaccines published in this issue (Vol. 42, No. 3) of the journal In these studies, Nabel and collaborators utilized a novel
L. A. DeBruyne approach for. delivering genes into tumors [63—-66]. This
Department of Surgery, A560 MSRBII, University of Michigan Med-2PProach relies on the direct transmission of recombinant
ical Center Ann Arbor, M| 48109, USA genes into established tumors in vivo to modify them
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Fig. 1 An allogeneic MHC

class | molecule is introduced
into tumors by direct gene trans-
fer to enhance the antitumor im-
mune response

(@) Melanoma cells
have a tumor
antigen on their
surface, but do
not trigger an
active immune

response.
@ Melanoma cells are

treated with
liposomes that
contain DNA encoding
an allogeneic MHC
class | gene.

«€— alloantigen

@ Cytokines produced by the
allogeneic class | reactive T
cells may potentiate the
antitumor immune response so
that now nontransduced tumor
cells are also eliminated.

@ Some melanoma cells
now produce the
allogeneic class |
molecule.

(® Cytolytic T cells kil
tumor cells expresing
foreign. MHC class |
molecules.

(@) The foreign MHC class |
molecule directly
stimulates CD8+ cytolytic
T cells and may activate
CD4+ helper T cells
indirectly, generating a
local immune response.

genetically as they grow in situ. In many gene-transfer
models, tumor cells are cultured and transfected in vitro;
then reintroduced into the host. Disadvantages of t
approach include the need to establish an autolog
tumor cell line for each patient, and the potential risk

perimental systems

iS I : .
gégect gene transfer was initially tested in animal models
sing both retroviral vectors and DNA/liposome complexes
1, 59]. Utilizing a B-galactosidase reporter plasmid,

altering the tumor by in vitro manipulation. In studies at th bi . d b dilv d d
University of Michigan, the vector is transferred in vivdécombinant gene expression cou e readily detecte
fter in vivo injection of DNA/liposome complexes or

directly into tumor cells using intratumoral injection or, irf X : . .
some cases, catheter delivery [63—66]. The direct in s troviral vectors in established murine CT26 tumors
; ' 2]. Further, gene expression was estimated to be

transfer of an immunostimulatory gene into the tum . NS .
y 9 1%-1.0% at the sites of injection [29]. Thus, it was

provides an alternative therapeutic approach, which is d that i ibl ‘ e
subject to these limitations. In addition, direct gene trans gmonstrated that it was possible to transfer genes in situ
irectly into established tumors.

may be performed immediately, thereby avoiding any del {n an effort to show that a specific biological response

in treatment posed by the need to establish and transfec : X ;
tumor lines in vitro. Thus, in ongoing studies, tumofould be induced at sites of recombinant gene transfer, an

; o ; ; logeneic class | gene was directly injected into BALB/
nodules are directly injected with a vector encodin . X .
allogeneic MHC clais IJmoIecuIe. g c(H-2Kd)-tumor-bearing mice [72]. The foreign MHC
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class | gene H-2Kwas introduced into CT26 mouse colorstrated that direct gene transfer with an allogeneic class |
adenocarcinoma (H-2ZK tumors in vivo in an effort to molecule can provide a therapeutic effect against estab-
stimulate tumor rejection. The H-2K class | antigen wdshed malignancies, a human phase | clinical trial utilizing
chosen because it is strongly expressed on most tissues thiglapproach was initiated at the University of Michigan to
can mediate an allogeneic rejection response. The H-Zkeat metastatic melanoma [63].
gene or the controlftgalactosidase reporter gene) was The initial animal studies demonstrated that DNA/lipo-
introduced directly into tumors using either a retroviradome complexes or retroviral vectors can efficiently med-
vector or DNA-liposome complexes. Mice receiving intraiate direct gene transfer. Although modified viruses have
tumor injections showed evidence of recombinant DNA tserved as useful vectors for ex vivo gene transfer, their
polymerase chain reaction (PCR) analysis and no evideratslity to recombine or interact with endogenous viruses
of inflammation or toxicity was detected. has raised concerns regarding safety for in vivo gene
Both the H-2K retroviral vector and DNA/liposome transfer with human patients. In contrast, it has been
complexes were found to signal the immune system demonstrated that nonviral vectors, such as DNA/liposome
mount a response. Lymphocytes derived from mice beariogmplexes, can mediate gene transfer into tissues in vivo
the H-2ks-, but not thep-galactosidase-transduced tumorgnd provides a safer alternative [21, 59, 60, 64, 95]. The use
demonstrated a cytolytic response to Hs2Klost signifi- of liposomes eliminates the need to synthesize viral vectors,
cantly, lymphocytes derived from H-2K but notf-galac- establish subclones of producer cell lines, and assess viral
tosidase-transduced animals, recognized and lysed untiiters and the presence of replication-competent helper
dified CT26 cells. Thus, transfer of the H-2ene induced virus. In addition, both DNA and liposomes can be stored
immune reactivity against genetically unmodified tumostably for months. Thus, DNA/liposome complexes offer
cells. Lysis was inhibited by an antibody against CD&everal advantages over viral vectors and are a safer
which blocks cytotoxic T lymphocytes (CTL) but notalternative for human gene therapy.
lymphokine-activated killer or antibody-dependent cell-
mediated cytotoxicity cell killing. Further, nude mice bear-
ing CT26 showed no reduction in tumor growth after Hs2k
injections, compared to controls. Thus, these data suggefitical trials
that this immune response was T-cell-mediated, implying
that immune stimulation by the alloantigen H<2idduced By utilizing DNA/liposome complexes, human melanoma
specific T cell recognition of tumor-associated antigens nabdules were genetically transduced in situ to express the
normally seen by the immune system. Specificity of tumdoreign MHC class | molecule (HLA-B7) in an attempt to
protection was evaluated in MCA-106(H-Btumor-bear- induce an antitumor immune response [64]. In the first of
ing mice treated with intratumoral injections of H-2Ktwo phase | clinical trails, five HLA-B7-negative patients
liposome complexes. Secondary inoculation at distawith stage IV melanoma refractory to conventional thera-
sites with parental MCA 106 tumor produced growth ipies were enrolled on the basis of the guidelines of the
only 20% of the mice whereas the unrelated syngenelinical protocol [63]. Each patient tolerated the treatment
tumor B16BL/6 melanoma grew in 100% of the animals.well with no acute complications. The eukaryotic expres-
H-2Kstransduced tumors in unsensitized animakion vector plasmid utilized in this trial (pHLA-B7) was
showed attenuation of growth, whereas, no antitumor effqutepared by insertion of HLA-B7 cDNA into the Rous
was seen in unmodified of-galactosidase-transducedsarcoma virus3-globin plasmid [32, 61]. DNA/liposome
tumor animals. In an attempt to optimize the antitumaomplexes were prepared immediately prior to intratumor
response, mice were preimmunized with irradiated CT2€jection by adding lactated Ringer’s solution to pHLA-B7,
H-2Ks tumor cells and given earlier and/or more frequetihen combining it with the lipid dioleoyl phosphatidyletha-
injections of vector. These strategies improved survival andlamine/3b-N-(N’,N’-dimethylaminoethane)carbamoyl]-
attenuated tumor growth in contrast f3galactosidase- cholesterol liposome. Patients received a treatment sche-
transduced tumors where there was no difference compadede that consisted of either a single injection or a series of
with unmodified animals. Full tumor regression wathree injections of DNA/liposome complex (cumulative
achieved in some cases by increasing the number dafse 0.29—-2.58g DNA) into a single melanoma nodule.
injections and by delivery of H-2Kinto tumors at an  One of the primary goals of the first clinical trial was to
earlier stage. In addition, presensitization with CT26 Hietermine whether there was any toxicity associated with
2Ks, followed by treatment with H-2K DNA/liposome DNA/liposome gene therapy [63, 64]. To monitor the
complex proved effective against MCA 106 H®2Kbro- potential toxicity of the DNA/liposome treatment, biochem-
sarcoma. Thus, presentation of H228n a heterologous ical, hematological, and hemodynamic parameters were
allogeneic cell line enhanced protection against a syngenei@luated along with vital signs and cardiac rhythm. Anal-
tumor transduced in vivo with H-2K ysis of serum biochemical parameters revealed no pattern
The most important finding of these animal studies wag systemic abnormalities in these patients. Myocardial
that stimulation of the immune system by the foreign MH@bnormalities were not detected by analysis of creatine
class | antigen caused sensitization to otherwise unrecéfrase or its isoenzymes in the serum of treated patients,
nized tumor antigens and provided a therapeutic effect fand no electrocardiographic changes or arrhythmias were
established malignancy in vivo. Since these studies demaoted. A major question regarding the future potential of
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this gene-delivery approach in humans was whether gical effect. Thus, on the basis of findings of the first study,
immune response would be generated to DNA. Suchnadifications of plasmid and lipid were subsequently
response or the formation of antibodies to DNA couldesigned to improve clinical efficacy. The improved plas-
induce resistance to treatment or signal the developmenit vector included the gene encodifg-microglobulin,
of autoimmunity. In these studies, there were no detectaléh which class | MHC genes normally associate. Ordi-
increases in anti-DNA antibodies and no clinical evidena®rily, these two gene products are co-transported to the cell
of autoimmunity. Thus, it appears that foreign DNA is naturface with both molecules being required in order to
highly immunogenic in vivo and that the immune responsspress a stable class | protein on the cell [43, 77]. Loss of
is unlikely to limit in vivo gene transfer by DNA/liposome [32-microglobulin is one mechanism by which tumor cells
complexes. lose stable class | expression, thus becoming less immuno-
Injected tumor nodules were biopsied 3—7 days aftgenic, and are able to evade the immune system [17, 25, 36,
gene transfer and tissue was analyzed for the presence&®f77, 104]. Several tumor cell lines that exhibit low levels
plasmid DNA, mRNA coding for HLA-B7, and expressiorof class | MHC proteins have been shown to be less
of HLA-B7 protein [64]. RNA encoding HLA-B7 was oncogenic when expression vectors encoding the relevant
detected by PCR after incubation with reverse transcriptadass | MHC antigen are introduced into them [34, 37, 48,
but not in its absence. Further, HLA-B7 protein expressid@v, 103]. Further, Nabel et al. have found that the inclusion
was confirmed in biopsy samples by immunohistochemief the 32-microglobulin gene on the same plasmid as HLA-
try. The recombinant protein was detected at frequencigg allows for the expression of class | in otherwise resistant
ranging from 1% to 10% of tumor cells near the site dfells and improves expression in other cells, thus, over-
injection. Also, it is important to note that plasmid was natoming a potential mechanism of resistance [65].
detected at any time in the blood following gene transfer, In addition to an improved expression vector, a new
suggesting that the DNA remained localized to the site o#tionic lipid formulation was developed (1,2-dimyristyl-
injection. oxypropyl-3-dimethylhydroxyethyl-ammonium  bromide
Cytolytic T cell responses were evaluated to determingilized with dioleoyl phosphatidylethanolamine [20, 86].
whether gene transfer resulted in altered antitumor immuhis new formulation improved expression up to tenfold
nity [64]. Tumor-specific CTL were detected in both th&eompared to the previous formulation in in vitro transfec-
peripheral blood and from tumor-infiltrating lymphocytesion studies. What is more important, this formulation does
(TIL) in patients evaluated after gene transfer. These CTiot aggregate at high concentrations, and this characteristic
lysed autologous melanoma specifically and in a dosadows higher absolute concentrations of DNA and lipo-
dependent fashion. Although there were no pretreatmemmes to be introduced into experimental animals without
samples available for a comparison, the ability to detetxicity. Thus, in the second phase | clinical trial, much
T cells specific for melanoma in the peripheral blood iBigher doses (more than 100-fold) were able to be adminis-
unusual and thus likely to be treatment-related. Further,tered without toxicity [65, 66].
1 patient where a pretreatment sample was available, aUtilizing the improved vector and lipid, the second study
fivefold increase in the frequency of HLA-B7-reactive CTlenrolled 10 HLA-B7-negative patients with stage IV mel-
precursors was detected after treatment. These findirg®ma, who were all unresponsive to standard treatments
suggest that expression of the foreign MHC gene aftf§5, 66]. Patients were divided into four groups, each of
gene transfer altered the reactivity of the immune systemhich received a different dose of DNA/liposome complex
in these patients. (3, 30, 100, or 30Qug DNA) three times biweekly for a
In regard to tumor growth, 1 patient showed completetal of three treatments. To monitor the potential toxicity
regression of a HLA-B7-treated cutaneous nodule [64]. bf the DNA/liposome treatment, biochemical, hematologi-
addition, over the same period, metastatic lesions at distaat and hemodynamic parameters were again evaluated. No
sites also displayed complete regression, including lesicadsnormalities were found in the acute period (3—7 days) or
on the upper and lower back, upper arm, abdomen, andi@to 2 months after the initial gene transfer. As in the first
pulmonary nodule. It is interesting to note that the patiestudy, no increases in anti-DNA antibodies were detected in
whose tumors regressed after treatment received injectigrdients and there was no clinical evidence of autoimmune
in cutaneous nodules, whereas, in the other patients, mgtenomena. Thus, these data support the previous observa-
astatic lymph nodes were treated. Thus, lymph node te®ns that DNA is not highly immunogenic in vivo in
placement by tumor may be associated with a greatesmans and an immune response to DNA/liposome com-
degree of immunosuppression, or dermal dendritic cefffexes is unlikely to limit direct gene transfer with this
may provide more efficient antigen presentation and imvector or other forms of DNA.
mune stimulation. Therefore, on the basis of these findings, Patient tumor samples were obtained by core needle
a second phase | clinical trial was initiated in which pHLAbiopsies before and at 1-3 days after intratumoral injection
B7 was delivered by direct injection into cutaneous tumaf HLA-B7 DNA/liposome complexes [65, 66]. Reverse
nodules. transcriptase (RT)/PCR was performed on biopsy samples
The first clinical trial determined the feasibility andof injected tumor to confirm recombinant HLA-B7 gene
safety of directly transferring genes into humans. In addixpression within treated tumors, and blood samples ob-
tion, it provided important information regarding the dotained immediately before and at multiple times after
sage of DNA and lipid required for expression and bioldnjection were analyzed for the presence of plasmid DNA
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by PCR. In these patients, plasmid DNAwas not detectedthe Iytic activity of post-treatment-derived TIL was in-
any time in the blood following gene transfer, indicatingreased in the patients evaluated. In addition, the frequen-
that the DNA remained localized to the site of injection. laies of CTL precursors within these TIL populations were
addition, RNA coding for HLA-B7 was detected by PCRletermined by limiting-dilution analysis. In the few patients
after incubation with reverse transcriptase but not in ie/aluated, gene transfer increased the CTL precursor fre-
absence, and HLA-B7 protein expression was verified quency of autologous tumor-reactive TIL. Hence, the fre-
biopsy tissue by immunohistochemical staining. Similar tguency of CTL precursor cells paralleled the direct lytic
the first study, recombinant protein was detected at fraetivity of TIL in these patients. These findings suggest that
quencies ranging from 1% to 10% of tumor cells near tHdLA-B7 gene transfer may result in an adjuvant effect
site of injection [64, 66]. Thus, it was demonstrated thathere an immune response is generated to parental tumor
gene expression can be consistently achieved withauttigens.
toxicity by this method of gene transfer. In regard to tumor growth, 1 patient showed partial
To determine whether the introduction of a foreign MH@egression (50%) of a treated nodule [66]. In this patient,
gene could alter the T cell response to tumors, tumor biopasly least one metastatic lesion at a distant site (inguinal
samples were analyzed for the presence of infiltratilgmph node mass) displayed a similar partial regression
T cells before and after gene transfer [66]. Immunostainiryer the same period. However, three other distant sites in
with aCD3 in tumor nodules revealed CPgells at the this same patient showed no regression. When one of these
margins of tumors with relatively few cells within thelatter tumor nodules was subsequently treated by HLA-B7
parenchyma before treatment. After gene transfer, an gene transfer, reduction in tumor size was observed,
crease in tumor-infiltrating lymphocytes was detected. Bithough to a lesser degree than for the first lesion
cases where tumor growth was not affected, this pattern(@0% —20%). Together, these data suggest that introduction
infiltration was not maintained. Biopsy samples from af the HLA-B7 gene may lead in some cases to antitumor
patient who responded to treatment were further invesgiffects at the treatment site and at some distant site of
gated by immunostaining for markers of lymphocyte actdisease.
vation. Prior to gene transfer, there were numerous HLA- Since this 1 patient showed evidence of local and
DR-positive dendritic cells in and around melanoma cellsystemic responses to HLA-B7 gene transfer, and TIL
with fewer than 10% expressing the costimulatory moleultures showed specific cytolytic activity against autolo-
cules CD80 or CD86. After gene therapy, the injectegbus tumors, gene transfer was combined with immunother-
melanoma sites contained dendritic cells in and arouagy in this patient. TIL obtained from tumor nodules that
the tumor that were HLA-DR-positive, and numeroubad received injections with HLA-B7 DNA/liposome com-
peritumoral dendritic cells were seen that were CD8@lexes were expanded and characterized. These TIL cul-
and CD86-positive. CD80 (B7.1) and CD86 (B7.2) artures mediated tumor-specific lysis of autologous tumor in
important costimulatory molecules necessary for T celtandard cytotoxic assays. In addition, these TIL demon-
activation [1, 40, 101]. Thus, the finding of increasedtrated significantly enhanced release of granulocyte-
CD80 and CD86 expression, along with increased infiltranacrophage-colony-stimulating factor (GM-CSF), inter-
tion of CD3 cells in treated tumors, suggested that expreferon y (IFNy) and tumor necrosis factom (TNFa) in
sion of a foreign MHC gene by direct gene transfer magsponse to autologous tumor relative to TIL obtained prior
have enhanced the immune response to tumors in soimeHLA-B7 gene transfer [66]. Several studies have re-
patients. ported that tumor-specific release of cytokines by immune
In an effort to evaluate altered T cell tumor immunitylymphoid cells correlates with therapeutic efficacy in adop-
limiting-dilution analysis was utilized to quantify autolo-tive-transfer systems [2, 5, 31, 88]. Thus, approximately
gous tumor-specific CTL in the blood of patients, as well @01 cells were adoptively transferred back to the patient
in TIL populations derived from tumor before and afteand this was followed by interleukin-2 (IL-2) infusion.
HLA-B7 gene transfer [66]. The frequency of autologouBollowing two TIL treatments, this patient manifested a
tumor-specific CTL was quantified in the peripheral bloodomplete regression of residual disease and this remission
of 5 evaluable patients. Of the 5 patients, 4 had rare has persisted now for more than 1 year after the initial
undetectable frequencies before treatment, and 4 remaitregtment.
unchanged following gene transfer. However, it should be Considering that HLA-B7 gene transfer resulted in
noted that 1 individual did show an increase after treatmeephanced CTL and cytokine production in response to
but the cytolytic activity of these cells was weak. Hence, iautologous, nontransduced tumor, it was important to ad-
most patients, HLA-B7 gene transfer did not markedly altelress whether the enhanced antitumor response was due to
the frequency of autologous tumor-specific CTL in théhe expansion or differentiation of cells that existed before
peripheral blood, as might be expected from other modetatment, or if it reflected recruitment of additional T cell
systems [8]. populations. Since distinct T cells express different T cell
Cytolysis assays revealed that TIL populations generalgceptors which impart distinct antigen specificities, these
showed a high degree of specific lysis of autologous but nmélls may be identified by virtue of expression. Thus, to
heterologous melanoma or natural killer target cells in vit@ddress whether the enhanced antitumor response was due
[66]. TIL obtained prior to treatment possessed weak to preexisting cells or newly recruited cells, TILBV
negative cytolytic activity for autologous tumor; howevemgxpression was evaluated [15].
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antigen specificities, were activated in vivo. In most
cases, the T cells that dominated pretreatment TIL cultures
were replaced following gene transfer, giving rise to a more
TIL generated from melanoma lesions are primarily ED3liverse population. This effect was systemic, in that TIL
T cells that express an/f T cell receptor [73]. Antigen derived from distant, uninjected nodules from HLA-B7-
specificity is imparted by rearrangement of the variableeated patients exhibited similar alteredp \profiles.
(V), diversity (D), and joining (J) segments for tRdocus Hence, T cells induced by HLA-B7 gene transfer have a
and of V and J segments of the locus [56]. Random selective advantage over cells that were initially recovered
combinations of these segments as well as imprecigsem pretreatment tumor nodules. The mechanisms respon-
V(D)J joining and the addition of N-region nucleotidesible for this altered dominance are currently not known,
generates T cell receptor diversity. Several reports havet may include in situ expansion or an enhanced state of
documented restricted usage of3 élements by TIL in activation of these T cells.
melanoma [24, 75, 90, 96] and other carcinomas, including The biological consequence of altere@ &kpression by
renal, lung, and ovarian carcinoma [6, 33, 71]. PublishddL after HLA-B7 gene transfer is not fully understood.
reports indicate that the repertoire of T cells that infiltratEollowing gene transfer, both the pHLA-B7-injected and
tumors is diverse [9, 23], though certain clones may hminjected nodules of one patient underwent partial regres-
expanded in situ [24, 33, 50, 75, 105]. Selection faion [66]. This patient subsequently received TIL therapy
dominant T cell clones occurs in TIL cultures, and thetilizing post-treatment TIL that expressed a heterogeneous
presence of IL-2 in these cultures favors expansion of T celff§ repertoire. This TIL therapy resulted in complete
that were activated in vivo. regression of all melanoma nodules, suggesting potent in
In our studies, TIL were isolated from cutaneous melivo antitumor activity of the TIL induced by HLA-B7
anoma biopsies before and after HLA-B7 gene transf@ene transfer. It should be noted that this patient’s post-
expanded in IL-2 by standard techniques for approximateigatment TIL expressed the greatest degree phetero-
4 weeks, and then analyzed for T cell recept@rigage by geneity of all those assessed in this study [15].
guantitative RT-PCR [16]. Prior to gene transfer, TIBV  Since TIL obtained from distinct, untreated nodules
usage was found to be highly restricted with only one &xpressed the same altere@ rofile as those obtained
four V[ families being expressed, and one or two of the$®m nodules that were injected with the HLA-B7 gene, it is
families representing more than 90% of the repertoire. Amlikely that all cells in these TIL populations are reactive
anticipated, TIL \B usage varied among patients expressingith HLA-B7. Further, HLA-B7 gene transfer increased the
different HLA types. However, B13 was over representedability of TIL to lyse autologous, nontransduced (HLA-B7-
in that 6 of 8 patients utilized 13 as a dominant family, negative) tumor cells in some patients [66]. It is possible
regardless of HLA type. Following HLA-B7 gene transferthat HLA-B7 gene therapy produces an adjuvant effect,
TIL VB usage was markedly altered: (13\families that thus stimulating the development of additional tumor-reac-
dominated following gene transfer differed from thed Vtive T cells expressing distinct TCR. One hypothesis is that
families utilized by TIL prior to treatment, and (2) intro-HLA-B7-reactive T cells respond to the locally expressed
duction of the HLA-B7 gene resulted in a more diversalloantigen, which may be presented directly to CB&lls,
repertoire with an increase in the number o8 Yamilies as well as indirectly by infiltrating macrophages to GD4
represented. In 2 patients, TIL were evaluated befocells (Fig. 1). Cytokines produced by these HLA-B7-reac-
treatment and from multiple, distinct melanoma noduléive cells could potentiate and expand the antitumor im-
following gene transfer. In these 2 patients, a comparisarmune response at several levels: (1) providing help for the
was made between TIL}/profiles obtained after treatmentdevelopment of additional tumor-reactive T cell clones, (2)
from nodules that had been injected with the HLA-B7 gengp-regulating MHC and therefore antigen expression by
and those that had been left untreated. Interestingly, fhe ¥mor cells [18, 93], and (3) increasing antigen-presenting
repertoires of TIL from uninjected nodules following HLA-cell recruitment and function within the tumor [16]. Cyto-
B7 treatment were similar to those of TIL from injectedkines can participate in the antitumor response whether by a
nodules, rather than to those of pretreatment TIL. Thedgect action on cell growth or by activating cellular
data demonstrate a direct immunological effect of foreigmmunity. For example, the cytostatic effects of TiNF
MHC gene transfer into human melanoma, and suggest tf@&, 68] and lymphotoxin [74] can result in neoplastic
local expression of an allogeneic MHC molecule generatesll death. In addition, IFM markedly increases class |
systemic alterations in the antitumor immune response. MHC cell-surface expression [46, 47] and synergizes with
Restricted \B usage has been reported for TIL derive@NFa in producing this effect [67, 68]. Further, colony-
from a variety of tumor types [6, 24, 33, 71, 75, 90, 96ktimulating factors such as G-CSF and GM-CSF activate
though the degree of f/restriction may vary. The highly neutrophils and macrophages to lyse tumor cells directly
restricted \3 usage by pretreatment TIL in our studie$l4] and IL-2 activates leu9NK cells to generate lym-
suggests that a limited number of immunodominant tumphokine-activated killer cells (LAK) capable of lysing
antigens were recognized by pretreatment TIL. A majautologous, syngeneic or allogeneic tumor cells but not
point to emphasize is that HLA-B7 gene transfer altered thermal cells [39, 49]. Finally, IL-4 also generates LAK
repertoire of T cells that surfaced in TIL cultures, indicatingells and acts synergistically with IL-2 in the generation of
that distinct T cell populations, probably with distinctumor-specific killer cells [57].

T cell receptor VP expression by TIL
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