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Summary. The identification and characterization of
tumor antigens as well as the expansion of knowledge
on the cellular and molecular mechanisms of antigen
recognition by the immune system have raised the
possibility of using immunotherapy to treat certain
tumors.

Information on these mechanisms has been obtained

in three crucial areas: 1)the role of cytokines in the
regulation of the immune response; 2)the molecular
characterization of tumor antigens in both mouse and
human tumors; 3)the molecular mechanisms of T cell
activation and antigen presentation. Such information
has provided new insight into tumor immunology and
immunotherapy. Furthermore, recombinant DNA tech-
nology allows for modification of the genome of mam-
malian cells for therapeutic purposes in several diseases.
Several novel strategies have been developed to derive
genetically modified tumor cells and use them as cellular
vaccines to induce antitumor immunity in animal tumor
models. This combined modality of genetically modified
tumor cells and immunotherapy has been termed the
immunogene therapy of tumors.
Crucial to this approach has been the ability to transfer
into normal or neoplastic cells, genes known to increase
the immunogenicity of cells, which subsequently can be
used to augment immune reactions in tumor-bearing
mice or cancer patients. While there has been success in
inducing antitumor immunity in some tumor models,
there are difficulties and limitations in the application
of these gene-modified tumor cells for the treatment of
preexisting tumors. In this review, recent progress in
cancer immunogene therapy is discussed.
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Introduction

Although local therapy such as surgical excision or
elimination with radiotherapy remains a mainstay
for the treatment of cancer, many malignancies will
recur locally or, more commonly, at a distant site.
Thus, the prevention of metastasis remains a major
focus of clinical oncology. While chemotherapy is
often the modality of choice for the treatment of an
established metastasis in adjuvant settings, its use is
often limited because of its toxicity and activity
against many common forms of cancer. However, to
improve the clinical outcome of cancer patients, im-
munotherapy has been considered an attractive alter-
native.

The most critical aspect of immunotherapy is
based on the fact that experimental rodent tumor
cells express antigens capable of eliciting specific and
protective immune responses. Recent findings suggest
that protein products of activated oncogenes, rear-
ranged normal genes, and overexpressed normal
genes are potential targets as rejection antigens
recognized by the host immune system. Because of
the very weak antigenicity of these molecules, the
therapeutic potential of immunotherapy depends on
how the tumor cells are manipulated to augment
immunogenicity.

Strategies to enhance the recognition of tumor
cells by the immune system can be classified into
three categories: 1)those using tumor cells modified
with cytokine genes, which are known to enhance
tumor recognition or tumor rejection; 2)those aiming
at the expression of co-stimulatory molecules on the
surface of tumor cells; and 3)those based on the
presentation of tumor antigens by antigen presenting
cells (APC). Treatment systems established in animal
studies are now being tested in clinical settings and
the results of these tests will determine the direction
that immuno-gene therapy for cancer takes.
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Cytokine immuno-gene therapy

In the immune system, cytokines play an essential
role in almost every step of the process leading to the
recognition of antigens by T lymphocytes and the
subsequent events that may result in tumor cell rejec-
tion or even the opposite effect, tumor growth promo-
tion. Those cytokines that could be involved in the
regulation of tumor immunity are summarized in
Table 1. Although some of these cytokines act in the
immune response against cancer, the use of recom-
binant cytokines as systemic therapy has produced
discouraging results. This could be explained in part
by the toxicity of the cytokines which precludes
systemic administration of optimal doses and sched-
ules. In this sense, the secretion of cytokines by
gene-modified tumor cells may more closely resemble
the physiologic mode of delivery to antigen-presented
cells or lymphocytes for immune activation.

Virtually, all the cytokine genes, including IL-2'~%,
IL-4%-9 IL-6%, IL-77, IL-12%, IFN-»°"'Y tumor ne-
crosis factor a'*'®granulocyte colony stimulating
factor®, and granulocyte-macrophage colony stimu-
lating factor'® evaluated to date have been found to
be effective in at least some animal tumor models
(Table 2). It appears that the magnitude of antitumor
responses is dependent not only on the particular
cytokines and the levels of their production but also
on the inherent immunologic properties of the tumor
and the immunologic status of the host.

Also, most of the experiments conducted to date
have involved protecting naive mice from parental
tumor challenge, and only a few reports have
specifically addressed the question of eradicating
established tumors to approximate clinical condi-
tions in animal models. In general, vaccination ther-
apy with cytokine-gene modified tumors alone can
induce protective immunity, but it has a very limited
effect against pre-existing tumor metastasis.

Table 1. Involvement of cytokines in the generation of T cell responses

Cytokine

Step

Upregulation Downregulation
Antigen recognition by TH cells GM-CSF, IFN-y, IL-2,

IL-4, IL-10, IL-12

CTL differentiation IFN-y, IL-2, 1L-6, IL-7, IL-12 IL-10, TGF-8
Tumor cell lysis by CTL GM-CSF, IFN-y, TNF-«a
MHC, ICAM-1 expression IFN-a, IFN-y, TNF-a« IL-10
APC differentiation, antigenic GM-CSF, I1.-4, IL-6, IL-12 IL-10, TNF-«

peptide processing, presentation

Table 2. Summary of preclinical studies evaluating the most commonly tested genetically modified

cytokine-secreting tumor vaccines

Cytokine Local Systemic Systemic Cells mediating
rejection protection cure systemic immunity
IL-2 yes yes yes CD8* T cells
IL-3 yes n.t. n.t. n.d.
1L-4 yes yes yes CD4+ and CD8*' T cells
IL-6 yes ves no T cells
IL-7 yes n.t. n.t. n.d.
IFN-y yes some studies yes  no CD8* T cells, NK cells
TNF ves no no n.d.
GM-CSF no yes yes CD4* and CD8* T cells, NK cells
IL-10 yes yes CD8* T cells, granulocytes
IL-12 yes yes yes CD4* and CD8* T cells, NK cells
G-CSF yes n.t. n.t. n.d.

n.t., not tested; n.d., not determined.



Co-stimulatory molecules

Although the engagement of the T cell antigen rece-
ptor by the antigen/MHC complex is a primary
signal for T cell activation, optimal activation
requires additional costimulatory signals. In the
absence of a costimulatory signal, T cells have been
shown to enter a state of antigen-specific anergy or
deletion'®. A variety of cell surface molecules have
been shown to deliver costimulatory signals, includ-
ing B7, CD40L, 41 BB-ligand, HSA, ICAM-1, -2, -3,
VCAM-1 and LFA-3. One of these costimulatory
molecules, B7-1, a natural ligand for the CD28 T cell
receptor, has been assessed by a number of investiga-
tors as to its utility in immunotherapy for cancer!®'?,
Genetically modified tumor cells expressing B7-1
were shown to be immunogenic in a variety of murine
tumor models such as EL4, P815'%'9. On the other
hand, the constitutive expression of B7-1 failed to
confer immunogenicity in tumor models MCA 101,
MCA 102 and melanoma B16??. This inconsistency in
results between models was argued to arise from the
innate immunogenicity of the parental tumor cells.
Although the transduction of B7-1 alone may not
necessarily induce systemic immunity, covaccination
of B7-1 with IFN-y markedly enhances this activity
and may define future approaches to the improve-
ment of vaccination strategies'®.

Combining vaccine therapy with gene-modified
tumor cells and adoptive immunotherapy

The adoptive immunotherapy for cancer has been
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explored extensively in several animal models and
shown to be effective against established experimen-
tal tumors?»*?, These findings suggest that tumor-
sensitized T cells can be generated from a tumor
bearing host. It has been reported that the tumor
draining lymph node (TDLN), which is well known to
contain an enriched population of precursor
lymphocytes of tumor-sensitized T cells, can be
activated and expanded by several methods?:—2%,
These activated tumor-draining LN cells mediate a
significant reduction of established tumors in a tumor
specific manner?*-2®, The method was further
evaluated in clinical trials whereby various kinds of
cancers were treated with in vitro activated T
cells®**Y. Although immune effector cells generated
in animal models were highly effective in vivo, only a
limited number of cancer patients responded to the
therapy and many eventually died from the dissemi-
nation of their cancer.

To enhance the antitumor efficacy of adoptive
immunotherapy, tumor cells genetically modified to
secrete several cytokines were utilized in the vaccina-
tion phase of the immunotherapy®. Cells from LN
draining these cytokine-producing weakly im-
munogenic tumors were activated iz vitro and
adoptively transferred to mice bearing established
pulmonary metastases (Table 3). Secretion of IL-2 by
tumor cells was most efficient in enhancing the
antitumor efficacy of in vitro activated TDLN cells.
The mechanism of this enhancement effect was fur-
ther explored, revealing that tumors genetically
modified to secrete IL-2 can enhance the generation
of precursor lymphocytes of sensitized T cells and
subsequently enhance the antitumor reactivity of
adoptive immunotherapy.

Table 3. Adoptive immunotherapy with anti-CD3/IL-2 activated cells generated

from lymph node draining cytokine-producing tumor

No. of cells Mean no. of pulmonary metastases (SEM)®
transferred? MCA205 MCA205/IL-2 MCA205/I1L.-4 MCA205/1L-6
1.8x107 42(3)° 2o 23(3)° 91(6)°
0.6x107 147(15)9 59(10)%® 103(15)¢ 113a7D°
0.2x107 241(7) 141(14)%® 171(14)° 205(26)
0 243(5)

¥Inguinal LN cells obtained from mice bearing either s. c. MCA205, MCA205/IL-2,
MCAZ205/IL-4 or MCA205/IL-6 tumors for 9 days were cultured in 2 xg/ml of
anti-CD3 mAb for 2 days, and 40 U/ml of IL-2 for 3 days. These cells were given i.
v. to mice with 3-day established pulmonary MCA205 metastases.

®Lungs were harvested and metastases counted 12 days after tumor i. v. inoculation.
Significantly different from groups receiving “no treatment, ®activated MCAZ205
TDLN cells, or ®activated MCA205/IL-4 TDLN cells.
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Fig. 1.

In vivo tumor growth of gene-transduced MCA102 tumor cells in B6 mice. Cells (10° in 0.05

ml of HBSS) were injected s. c. into the right flank of mice, and tumor size was measured serially. The
results are expressed as mean diameter (in millimeters) of tumors from groups of five mice each.

The method was further explored in experimental
tumors which lacked apparent immunogenicity'®.
Poorly immunogenic tumors (MCA102, LLC, B 16)
were transfected with cDNA for cytokines and/or B7
-1. Transfection of both B7-1 and IFN-y into MCA
102 tumor cells resulted in a regression of subcutane-
ous tumors, while the tumor transfected with other
combinations of cytokine and B7-1 showed progres-
sive growth (Fig. 1). Co-transfection of B7-1 and
IFN-y into other poorly immunogenic tumor B16 and
LLC cells also resulted in a regression of subcutane-
ous tumors (Fig. 2).

Cells from LN draining these gene-transduced
tumors were similarly activated @z vitro and
adoptively transferred to mice with established pul-
monary metastases. Coexpression of B7-1 and IFN-y
most efficiently enhanced the antitumor effect of in
vitro activated cells (Table 4).

These observations imply the therapeutic utility of
vaccine therapy with gene-modified tumors and adop-
tive immunotherapy for the treatment of tumors
which lack apparent immunogenicity.

Genetically modified dendritic cell vaccines

It has been demonstrated that vaccination with
antigen-presenting cells expressing tumor related
proteins and peptides improved the efficacy of active
immunization. Dendritic cells (DCs) as a form of
activated APC are between 100- to 1000-fold more
potent than macrophages in stimulating antigen-
specific T cells. The unique potency of DCs in activat-
ing T cells appears to be related to many factors.
DCs express high levels of surface MHC molecules,
particularly MHC class II. Thus the density of the
peptide/MHC ligand on the surface of a DC is much
higher than that on other cells, and this is a critical
parameter for T-cell activation. Also, DCs express
high levels of adhesion and costimulatory molecules
such as B7, ICAM-1, and LFA-1. A more recent
study of other DC-specific genes, including one encod-
ing a T-cell-specific chemokine, showed their unique
powers in initiating T cell responses’?.

On the basis of these fundamental studies on DC
biology, a number of groups have explored the ex
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Fig. 2. In vivo tumor growth of B7-1- and/or IFN-y-transfected tumor cells in B6 mice. Cells (10¢
in 0.05 ml of HBSS) were injected s. c. into the right flank of mice, and tumor size was measured
serially. The results are expressed as mean diameter (in millimeters) of tumors from groups of five
mice each.

Table 4. Adoptive immunotherapy with anti-CD3/IL-2-activated cells generated from LN draining
B7-1-and/or IFN-y-transfected MCA102 tumor cells

No. of cells Mean no. of pulmonary metastases (SEM)»
transferred®
(X107 MCA102 MCA102/B7-1 MCA102/IFN-y  MCA102/B7-1/IFN-y
3 19941 183(36) 106(22)%%® 1460
1 214(36) 250 250" 73(15)°4®
0.3 250 240C10) 216(26) 184(28)
0 250

¥Inguinal LN cells obtained from mice bearing s.c. MCA102, MCA102/B7-1, MCA102/IFN-y or
MCA102/B7-1/IFN-y tumors for 12 days were activated by the anti-CD3/IL-2 method. These cells
were given 1.v. to mice with 3-day established pulmonary MCA102 metastases.

"Lungs were harvested and metastases were counted 14 days after tumor i.v. inoculation.
Significantly different from groups receiving ®no treatment, ®activated MCA102 tumor-draining LN
cells, “activated MCA102/B7-1 tumor-draining LN cells or activated MCA102/IFN-y tumor-
draining LN cells.
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vivo transduction of DCs using RN A%, replication-
defective recombinant retroviral®¥, or adeno vectors
to introduce genes encoding antigens®®. The use of
RNA for gene transfer into DCs provides a number of
interesting potential advantages in that cellular RNA
encoding a broad spectrum of antigens can be util-
ized.

Conclusions

Although previously established treatment
modalities have had some success in reducing the
tumor burden, a major challenge in clinical oncology
remains the elimination of residual disease. There is
an urgent necessity to establish an effective way to
cure or at least control the progression of cancer.
Progress in molecular oncology over the years has
led to a better understanding of the genetic defects
and immune responses in cancer. One important
feature of malignancy is the genetic instability that
occurs as cells progress from the benign to malignant
phase. Such instability generates mutant gene prod-
ucts that can serve as targets of the immune system.
A major priority in the field of cancer immunother-
apy is the identification of mechanisms by which
malignancy, particularly very weakly immunogenic
cells, can evade immune detection. The studies de-
scribed above provide for the possible use of gene-
modification techniques in cancer therapy and may
help us to understand the mechanisms of induction
for host antitumor immunity as well as to establish a
more potent immunotherapy for cancer.
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