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(5). Introduction

Development of resistance and the de novo resistance to anti-
cancer drugs of tumor cell populations represents a major obstacle to
successful cancer therapy of many malignancies including gynecologic
cancers such as breast, which are a major cause of cancer mortality in
our society (1). It has been proposed that anti-cancer drugs can
potentate antitumor immunity that emerges after chemotherapy by
various mechanisms (2-5). Current gene therapy of cancer has
progressed to clinical testing being focused on the following three
functions (6): (a) marking of cells used for immunotherapy (e.g. TIL); (b)
enhancing the immune response to tumor cells (e.g. by introduction of
lymphokine genes), and (c) inducing cancer cell death through toxic
metabolic compounds. In parallel, tumor vaccines using either
autologous or genetically modified tumor cells have shown certain
clinical responses (7). Therefore, the majority of modern molecular
therapy approaches focus on modifications of tumors or specific
immune effectors function to achieve improve cancer cure rates.
Specific cell-mediated eradication of human tumors requires that: (1)
tumor targets express Ag recognized by T cells (8) and (2) effectors T cells
expressing this function can be induced and expand in large number to
allow clinical trials (9-12). (8) An additional requirement arises from the
fact that in both adoptive immuno- and in gene therapy approaches (a,b
above) clonality markers are needed to help identify specific effectors,
since TIL marking with neoR is indiscriminate. Characterization of T cell
receptor (TCR) VB and Vo usage and repertoire of tumor reactive T cells
become imperative.

Studies in rodents have demonstrated that T cells recognize tumor
Ag (13-17). In humans, melanoma (18-21) and ovarian CTL-TIL in our
studies (22-24), were found at clonal level to recognize private and
common Ag on tumor cells (22-30). Although recent technological
advances in growth and propagation in vitro of T cells of defined
specificity (rIL-2, bioractors) have shown that an answer to the second
requirement is feasible by demonstrating large-scale and long-term
propagation of tumor specific T cells isolated from tumor infiltrating
lymphocytes (TIL) (31), the key questions regarding the nature of Ag




recognized by T cells and the TCR effector phenotypes still remain
to be answered. Ag recognized by CTL are short peptides formed by
intracellular degradation of exogenous and/or endogenous proteins
(32034). Due to polymorphic nature of both Ag and MHC molecules,
different Ag bind to different MHC class I/II molecules (35). The Ag
(peptide) is believed to be positioned between two parallel o-helices
connected underneath by a B-sheet plate (Ag binding groove) (36-39).
TCR co-recognize epitopes (40) on Ag+MHC, reacting with both Ag
(peptide) and the o-helical side chains of MHC, a phenomenon named
MHC restriction (34,41). Therefore T cell epitopes, by virtue of their
position are central to the specific immune system. Studies with viral
(42-47), parasitic (48-49), bacterial (50) Ag have clearly defined helper
and cytotoxic epitopes in protein Ag only when associated with particular
MHC molecules. Regardless of the progress made in identification of T
cell epitopes, very little is known about the nature of epitopes recognized
by T cells on human tumors, constituting a major barrier to development
of cell-mediated specific immunotherapy.

Recently, we (51) and independent others (52) have proposed that
tumor-associate Ag such as HER-2/neu (HER2) can be targets for
specific therapy either through immunotherapy with cells or vaccines or
gene therapy. This hypothesis was confirmed by our findings (26) as well
as be characterization of T cell epitopes on MAGE, and tyrosinase in
melanoma(53-55) and ability of p97 specific T cells to eradicate
experimental melanoma (56-57). Evidence for the ability of ex vivo
stimulated CTL cells to recognize epitopes on such proteins was provided
by our studies on HER2 in ovarian cancer (26,51). Amplification and
overexpression of HER2 proto-oncogene (58-60) in a significant part of
breast (46%) and ovarian (28%) tumors (61-62), correlates with
resistance to TNF-o and LAK cells (63), is associated with poor prognosis
and survival (58-59). The p185HER2/Neu (pHER?2) is a large (185kDa)
transmembrane protein with significant homology with EGF-R (64-66)
that contains epitopes capable of inducing an immune response, as
suggested by animal studies (67). pHER2 contain B cell epitopes capable
of inducing a humoral response (67-68). No information is available
regarding CTL responses to pHER2 in breast cancer patients. In




contrast with rodents (69-70), human pHER2 appears to be seldomly
expressed at detectable levels wither at the intrauterine stages or in
adult tissues of various embryonic origin (61,71). These features make
pHER2 an attractive target for study of T cell immunity to oncogene
encoded proteins in gynecologic malignancies, since it may provide a
modus operandi for elimination of oncogene driven tumor cells (27).
While the correlation between HER2 /neu expression and cancer survival
has received great attention, little is known regarding its ability to
induce cellular responses in situ. Recently, evidence for a relationship
between tumor specific CTL-TIL and pHERZ2 has been provided by our
studies on the recognition of pHER2 derived peptides by CTL-TIL in a
MHC class I (HLA-A2) and TCR dependent fashion (26,51) on ovarian
tumors expressing pHER2.

We initiated studies (22-26) to define Ag recognition by T cells on
human epithelial tumors. Ovarian CTL-TIL lines of predominantly
CD3*+CD8*CD4" phenotype exhibited specific killing and proliferative
responses primarily MHC class I restricted, and at least in vitro killing
involves a TCR dependent recognition mechanisms (22,23). An
alternative mechanism may involve production of lymphokines by the
CD4* and/or CD8* T cells (23,31) which may result either directly in
lysis of the tumor cells or may induce differentiation of pre-CTL to
effector CTL. They also may induce/enhance TAP and MHC class 1
expression on tumor targets. Our study of Ag specificity of CTL-TIL
clones has demonstrated, that multiple Ag epitopes are expressed on the
same tumors, and common (shared) and private epitopes can be
distinguished on human epithelial tumor cells and lines using CTL-TIL
clones (22-24). We found that ovarian tumor reactive CTL recognize
breast cancer (Muc-1) core peptides (25). Muc-1 is also an important
target Ag in breast cancer (25). Similarly, we found several epitopes on
HER-2/neu recognized by ovarian CTL-TIL. HER-2/Neu is overexpressed
in a larger number of breast than ovarian tumors with poor prognosis.
An important step towards molecular biotherapies of cancer targeting
HER-2 was our development of approaches for in vitro stimulation of
PBMC by HER-2 peptide analogs, yielding CD8* lines that specifically




lyse tumors overexpressing HER-2/neu. Specificity of recognition was
demonstrated by peptide specific inhibition of HER2* tumor lysis (73).
(6). Body: Experimental Methods and Results

Studies during this granting period were focussed on (a) epitope
analysis and definition of immunodominant epitopes on HER-2 using
synthetic peptide analogs and tumor reactive CTL from breast and
ovarian cancer; (b) optimization of epitope recognition by introduction of
specific sequence changes to enhance Ag binding and recognition of CTL;
(c) Induction of tumor Ag specific CTL using dendritic cells (DC) as
antigen presenting cells (APC); (d) fractionation, biochemical
characterization and mass-spectrometric analysis of peptides presented

by breast and ovarian tumors.

(a) Studies on epitope analysis and definition of immunodominant
epitopes recognized by CTL have revealed that of the 19 HER-2 peptides
containing HLA-A2 anchors, one designated as E75 HER-2:
CD3*+CD8*CD4- CTL (J.Exp.Med. 181,2109, 1995). The same peptide
was recognized by breast CD3*tCD8* CTL in a concentration dependent
fashion (Figure 1). These results indicate that both breast and ovarian
CTL can recognize the same antigenic peptide from HER-2. This may be
important for design of Ag and tumor specific vaccines?.

(b) Studies on optimization of epitopes presentation were focussed
on identification of structural features in the sequence of HER-2
peptides that bind with high and low affinity to HLA-A2. Since HER-2 is
an important antigen for tumor specific CTL induction and since the
immungenicity of peptides for CTL induction is dependent on their
presentaiton as stable complexes with HLA-A2 we identified peptides of
high and low stabilizing ability. Distinct sequence patterns in positions
(P3-P5) and P1 were found for peptides with high (HSA) and low (LSA)
stabilizing ability. In HER-2 peptides with low HLA-A2 affinity (CTL
epitopes) P1 was found to permit substitution that enhanced HLA-A2
stabilizing ability and conserved CTL recognition. In contrast, the region
P3-P5 was not permissive of sequence changes. We concluded that the
selective permissivity of P1 and P9 in the tumor epitope sequence may




have important implications for the optimization of tumor Ag
presentation of tumor Ag presentation and for the "neo-antigenicity" of
self-antigens ultimately leading towards induction of tumor-reactive CTL
of defined affinity and specificity for target Agb.

(c) Dendritic cells (DC) constitutively express HLA-class II and
CD80/CD86 and are considered the most efficient antigen-presenting
cells. DC are present in very low frequency in tissues so that significant
efforts should be made to propagate these cells in vitro. We found that
cells with the morphology and phenotype of DC (CD33%) can be
generated in relatively large numbers from CD34*% bone marrow
progenitors of normal donors and cancer patients after 7-10 days culture
with IL-2 and stem cells factor (SCF). Important, these DC were efficient
in inducing CD3*CD8* CTL specifically recognizing the
immunodominant HER-2 nonapeptide E75 (369-377). This is of
importance for specific cellular therapy of breast cancer because may
allow to induce in vitro Ag specific CTL using autologous-bone marrow.
These CTL can be further expanded in vitro by different means and used
for treatment of patients with tumorse.

(d) To define the universe of naturally processed peptides
associated with HER-2 overexpresison which are presented by the HLA-
A2 antigens and are recognized by tumor reactive CTL we have extracted
peptides from immunoaffinity separated HLA-A2 molecules of the breast
cell line SkBr3 of a lymphoblastoid cell line (C1R:A2) transfected with
and expressing HER-2 and of the ovarian tumor cell line SKOV3
transfected with and expressing HLA-A2. Our preliminary results show
that a large number of short peptides are bound and presented by HLA-
A2. Mass-spectrometric analysis of these peptides is performed in
collaboration with Dr. Capriolli (U.T. Medical School, Analytical
Chemistry Center). At the moment we have identified ions of 497.3 -
498.4 (2+) which likely correspond to the double charged ion of the E75
peptide. Another peptide with mass-to-charge ratio (m/z) of 793 (actual
mass 792.8) was also found, both in tumor cells and C1R:A2 cells
transfected with HER-2 suggesting that these peptides are associated
with HER-2 overexpression. The importance of this study is underscored




by the fact that the majority of peptides presented by the tumors are
derived from self-antigens. Thus identification of the peptides presented
as well as of the peptides recognized can define the active Ag that can
become targets of a therapeutic response in breast and ovarian cancer.
Towards this goal we are generating a large collection of breast tumors
and corresponding associated/infiltrating lymphocytes.

At least 10 T cell lines have been established during the previous
research period and are currently used for characterization of the

spectrum of Ag recognized by CTL in breast cancers.
(7) Conclusions

Studies during the first year of this grant have been focused on the
accomplishment of the specific aims. Towards these goals we have
identified an immuno-dominant peptide of HER-2 which is a common
antigen for both ovarian and breast CTL. We have also identified that
for optimization of peptide binding to HLA-AZ2, the area P1-P3 is
permissive to changes while the area P5-P8 is not permissive to
substitutions. Furthermore we have established the ability of dendritic
cells isolated the bone-marrow of breast cancer patients to present the
immunodominant HER-2 peptide to T cells and induce antigen specific
CTL. These results are very important for development of antigen epitope
specific therapies for breast cancer. In addition we have established the
ability of breast derived T cells and CTL to grow in large numbers and for
long periods of time. The objective of this investigation for the next year
are unchanged. We plan to continue this investigation towards
elucidation of the structure and function of naturally processed peptides
recognized by the CTL, the nature of the receptors employed for breast

tumor recognition.
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APPENDIX: Legends to the Figures

Figure 1. Concentration dependent recognition of the immunodominant
peptide E75 by breast CTL-6B line from an HLA-A2% patient with a HER-
2high preast tumor. Effector to target ratio was 20:1. Experimental
details are described in the attached publication.

Figure 2. Recognition of HER-2 peptides by HLA-A2* breast CTL-6B.
Effector to target ratio was 20:1. Experimental details are described in
the attached publications. C85 = HER-2:971-979, F53 = HER-2:648-654,
E75 = HER-2:369-377, F125 (gp100): YLEPGPVTA. The gpl100 peptide
from melanoma that is not recognized was a negative control peptide.

Figure 3. Recognition of reverse-phase HPLC separated peptide fractions
by breast and ovarian CTL from HLA-A2+, HER-2high tumors. Both
ovarian and breast CD8*+ CTL recognize a number of common peaks of
peptides eluting with similar retention times. CTL-6B is isolated from an
HLA-A2% breast cancer patient. CTL-5 is isolated from an HLA-A2*

ovarian cancer patient.

Tumor peptide extraction and fractionation. 1E4 and HER-2.J cells were
grown in 10 chamber cell factories (Nunc, Thousand Oaks, CA) in
complete RPMI 1640 medium. Between 1.0 - 1.5. x 109 cells were
obtained from one cell factory. Cells were collected and washed three
times with cold PBS. Further, cells were lysed using the buffer previously
described by Engelhard, Slingluff, and collaborators (74) containing
protease inhibitors (aprotinin, leupeptin, pepstatin) PMSF, iodacetamide,
in PBS with the difference that CHAPS 0.5% was used as lysing agent to
minimize binding to C18 columns (V. Engelhard, personal
communication). This solution is designated here as lysis buffer. MgC12
at 6 mM and Glycerol at 20% final concentration was added in the lysis
buffer to minimize the denaturation of extracted proteins. Detergent-
solubilized extracts of 1E4 and HER-2.J cells were obtained after
centrifugation at 40,000g for 2h. HLA-A2.1 was isolated from the
supernatants of centrifugation by affinity chromatography on Protein A-
Sepharose prebound with mAb BB7.2, as described (75) excepting that
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the cell extracts were pre-absorbed on Protein-A Sepharose (Sigma
Chemical Co., St. Louis, MO) to minimize non-specific binding. The
column was washed with PBS containing 0.25M NaCl with monitoring of
the OD210 nm (for peptide bond), then eluted with 0.2M acetic acid. The
eluate was boiled for 5 min to allow dissociation of peptides from HLA-
A2, centrifuged through an Ultrafree CL unit (3-kd cut-off) (Millipore)
and lyophilized. For these studies, at least 1010 cells of each 1E4 and
HER-2.J. lines were grown in batches of 1.5 — 2.0 x 109 cells. Peptides
with masses < 3Kd were pooled, lyophilized and separated by reverse
phase-high pressure liquid chromatography (RP-HPLC).

Fractionation of HLA-A2 bound peptides. Tumor peptides extracted
from HLA-A2.1 molecules of both 1E4 and HER-2.J cells were separated
in the first dimension on a Brownlee C18 Aquapore column (2.1 x 30
mm, pore size, 300 A; particle size, 7um Applied Biosystems, Perkin-
Elmer Corporation) and eluted with a 60 min gradient of 0-60% (vol/vol)
acetonitrile (ACN) in 0.1% trifluoroacetic acid (TFA) at a flow rate of 200
ul/min as previously described using an HPLC system model 1090
(Applied Biosystems). This gradient is designated as Gradient I here.
HER-2 peptides E75 (369-377), C85 (971-979), E90 (789-797) and E89
(851-859) identified in the previous studies to be recognized by ovarian
CTL-3 line were separated in the same conditions and the retention
times (Rt) determined. For the second dimension separation, pooled
fractions from the first dimension corresponding to the peak of elution of
E75 and the corresponding peak of CTL activity were injected into a
Brownlee C18 Aquapore column of 2.1 x 220 mm, (300A, 7um) and eluted
with a shallower gradient: 0-5 min, 0-15% ACN in 0.1% TFA, 5-45 min
15-35% ACN in 0.1% TFA and 45-50 min, 35-60% ACN in 0.1% TFA,
designated as Gradient II here. The flow rate was 200 pl/min and
fractions were collected at 1 min intervals.

Synthetic peptides were prepared by the Synthetic Antigen
Laboratory at the M.D. Anderson Cancer Center using a solid phase
method and purified by HPLC. Identity of peptides was established by
amino acid analysis. The purity of peptides was more than 97%.
Synthetic peptides E75, C85, E90 and E89 were separated in the same
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conditions of Gradient II and the peaks of elution and retention times
were determined.
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Identification of an Immunodominant Peptide of
HER-2/neu Protooncogene Recognized by Ovarian
Tumor-specific Cytotoxic T Lymphocyte Lines

By Bryan Fisk," Tracy L. Blevins,” J. Taylor Wharton,* and

Constantin G. Ioannides*}

From the Departments of *Gynecologic Oncology and tImmunolagy, The University of Texas,
M.D. Anderson Cancer Center, Houston, Texas 77030

Summary

Synthetic peptide analogues of sequences in the HER-2 protooncogene (HER-2) were selected
based on the presence of HLA-A2.1 anchor motifs to identify the epitopes on HER-2 recognized
by ovarian tumor-reactive CTL. 19 synthetic peptides were evaluated for recognition by four
HLA-A2* ovarian-specific cytotoxic T lymphocyte (CTL) lines obtained from leukocytes as-
sociated with ovarian tumors. The nonapeptide E75 (HER-2, 369-377:KIFGSLAFL) was efficient
in sensitizing T2 cells for lysis by all four CTL lines. This peptide was specifically recognized
by cloned CD8+* CTL isolated from one of the ovarian-specific CTL lines. E75-pulsed T2 cells
inhibited lysis by the same CTL clone of both an HLA-A2+ HER-2*s" ovarian tumor and a
HER-2*" cloned ovarian tumor line transfected with HLA-A2, suggesting that this or a struc-
turally similar epitope may be specifically recognized by these CTL on ovarian tumors. Several
other HER-2 peptides were recognized preferentially by one or two CTL lines, suggesting that .
both common and private HER-2 epitopes may be immunogenic in patients with ovarian tumors.
Since HER-2 is a self-antigen, these peptides may be useful for understanding mechanisms of
tumor recognition by T cells, immunological tolerance to tumor, and structural characterization

of tumor antigens.

he existence of CTLs in the leukocyte infiltrations of

ovarian tumors, that when expanded in culture in the
presence of II-2 are capable of recognizing autologous, and
HLA-matched allogeneic tumors provides strong support to
the hypotheses that these CTL recognize multiple private
and/or common Ag on tumor and that these Ag can induce
T cell responses (1, 2). A critical step towards testing this
model is the identification of tumor-specific T cell epitopes.
This goal is highly significant because it may lead to an un-
derstanding of the immune responses to tumors, the reasons
for failure of such responses to control tumor growth in vivo,
and development of novel strategies for cancer therapy. Pro-
cessing of tumor cellular proteins may result in CTL epi-
topes. In general, the ability of peptide ligand to compete
for receptor binding improves as its concentration increases,
and the distinction between tumor and normal tissue reac-
tivity may be predicated on the ability of peptides from an
overexpressed protein to occupy a significant number of MHC
molecules in competition with other peptides according to
the laws of mass action (3). Based on these considerations,
we proposed the HER-2/neu protooncogene (HER-2)! as a

¥ Abbreviations used in this paper: FBP, folate-binding protein; HER-2,
HER-2/neu protooncogene; MCF, mean channel fluorescence number;
TAL, tumor-associated lymphocytes; TAP, peptide transporter-associated
proteins; (TAP1 and TAP2); TIL, tumor-infiltrating lymphocytes.

potential target for a T cell response against epithelial tumors
such as those in breast and ovary, because in a number of
tumors the concentration of this protein is increased by up
to 100-200-fold over normal tissues. Processing of this over-
expressed protein may result in increased peptide supply, which
may activate/reactivate an immune response against tumor
(3)- In support of this hypothesis, evidence from a large case
analysis in breast cancer indicates that HER-2 overexpression
correlates with a favorable prognosis in patients with breast
cancer having a high density of local lymphocyte infiltra-
tion (4).

The importance of HER-2 in the recognition of ovarian
and breast tumors by CTL in vitro and in vivo has not yet
been elucidated, nor have the common epitopes of HER-2
recognized by CD8+* CTL lines from different donors and
cloned CD3+CD8*CD4- CTL been identified. In this
study, we have identified common immunogenic epitopes of
HER-2 recognized by four out of four and two out of four
CD3+CD4-CD8* ovarian-specific CTL lines that were iso-
lated from tumor-associated lymphocytes (TAL) from HLA-
A2+ ovarian cancer patients. CTL clones isolated from one
of these lines confirmed recognition of one common HER-2
epitope, and they suggest that a peptide with an identical
or cross-reactive sequence is recognized by tumor-reactive CTL
on ovarian tumors. Identification of common antigenic CTL
epitopes of HER-2 may help to develop targeted immunother-
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apeutic strategies for breast and ovarian cancer and to eluci-
date the mechanisms of tolerance towards these epitopes.

Materials and Methods

Synthetic Peptides and Monoclonal Antibodies. HER-2 and con-
trol peptides were synthesized by the Synthetic Antigen Labora-
tory at the M.D. Anderson Cancer Center using a solid-phase
method and purified by HPLC. Identity of the final peptides was
established by amino acid analysis. The purity of the peptides used
in these experiments was 297%. mAb to CD3 (OKT3-FITC),
CD4 (OKT4-FITC), and CD8 (OKT8-FITC) were obtained from
Ortho Diagnostic (Raritan, NJ), mAb W6/32(anti-HLA,-A,-B,
-C) from Dako (Dakopatts, Denmark), and anti~-HLA-A2 mAb
BB7.2 (anti~o-2 domain) and MA2.1 (anti-a-1 domain) from
American Tissue Culture Collection (ATCC, Rockville, MD). mAb
Ab2 against HER-2 was obtained from Oncogene Science (Man-
hasset, NY).

Target Cells and Cell Lines. The human cell line 174CEMT2
(T2) was a kind gift from Dr. Peter Creswell (Yale University, New
Haven, CT). These cells are defective in the normal antigen pro-
cessing pathway and they express HLA-A2.1 occupied only by signal
peptides (5). CIR transfectants CIR:A2 and CIR:A1 cells express
HLA-A2.1 and HLA-A1, respectively. Parental Hmy2.CIR (class
I reduced) cell line does not express any HLA-A, but expresses low
HLA-B35. These cells were a generous gift from Dr. William E.
Biddison (National Institute of Neurological Disorders, Bethesda,
MD). Tamor lines and leukocytes of the donors of ovarian malig-
nant ascites were phenotyped for HLA-A, -B, and -C antigens by
the Blood Bank at the M.D. Anderson Cancer Center. Expression
of HLA-A2 on freshly isolated ovarian tumors and transfectants
was confirmed by immunoftuorescence using MA2.1 mAb. Ovarian
tumor lines of known HLA phenotypes, MDAH 2774 (HLA-A3,
24,B45w57) and SKOV3(HLA-A3,28,B18(w6),35(w6), Cw5),
were also used as targets in these experiments.

SKOVS3 cells were transfected with the HLA-A2 expression vector
RSV.5-neo containing the same full-length HLA-A2.1 cDNA ex-
pressed in C1R:A2 cells (6) (kindly provided by Dr. W. Biddison),
using the Lipofectin reagent and procedure as described by the
manufacturer (Gibco Life Technologies, Grand Island, NY). After
selection with G418, clones that expressed high levels of HLA-A2
and HER-2 (as determined by immunofiuorescence with MA2.1
and Ab2 mAbsA) were selected for further experiments.

HER-2 Peptide Binding to HLA-A2.1 To establish the ability of
HER-2 peptides to stabilize HLA-A2 expression, the T2 MHC class
I peptide stabilization assay was performed as described (7). T2
cells were incubated overnight with saturating amounts of all of
the selected HER-2 peptides, as well as with positive and negative
control peptides at the same concentration (50 pg/ml). Cells were
then washed, stained with BB7.2 and W6/32 mAbs, and analyzed
by flow cytometry as described (2, 7, 8). Fluorescence intensity
and positions of the peaks were determined using an Epics® V profile
analyzer with a log amplifier (Coulter Electronics, Hialeah, FL).
Results are expressed as the mean channel fluorescence number
(MCEF) on a logarithmic scale corresponding to the peak of fluores-
cence for HLA-A2 (8).

Generation of Ovarian-specific CTL Lines and Clones. CTL were
generated by culturing freshly isolated tumor-associated lympho-
cytes (TAL) from ovarian malignant ascites in complete RPMI
medium in the initial presence of autologous ovarian tumor, 25-50
U/ml of II-2 (Cetus Corp., Emeryville, CA), and 250 U/ml of
TNF-a (Genentech, South San Francisco, CA), for 2 wk, followed

by selection of CD8* cells on 2nti-CD8 mAb-coated culture
flasks (AIS Micro CELLector™; Applied Immune Sciences, Menlo
Park, CA) and negative selection on anti-CD4 mAb coated flasks
as described (9). Isolated CD8*CD4- cell lines designated CTLs
1-4 were propagated in culture in complete RPMI medium sup-
plemented with IL-2. CD3*CD8*CD4 - clones were established
by limiting dilution from CTL3 line as we described (1, 2).
Identification of Antigenic Peptides. To identify the antigenic
HER-2 peptides, CTL lysis of T2 cells preincubated for 60 min
with each peptide was measured in a 'Cr release cytotoxicity assay
(1, 7). For titration of HER-2 peptides for recognition by CD8*
CTL, T2 cells were incubated with varied concentrations of purified
HER-2 peptides. For antibody inhibition experiments, targets were
preincubated with the appropriate antibody as described (2), then
washed and incubated with effectors. Percentage of specific lysis
was determined from the equation (4 ~ B)/(C - B) x 100,
where 4 is lysis of T2 cells by effectors in the presence of a peptide,
B is spontaneous release from T2 cells in the presence of the same
peptide but in the absence of effectors, and C is the maximum
*ICr release. The experiments were performed in triplicate, and the
mean # SD values were calculated from at least two separate ex-
periments. Since even one amino acid change in peptide length at
the COOH-terminal end can have dramatic effects on peptide rec-
ognition (10), and identification of CTL epitopes is performed with
synthetic peptides, cytotoxicity values were considered to indicate
significant recognition of a peptide when the differences between
mean + SD values for percent of specific lysis of T2 cells prein-

cubated with a peptide or medium were >10%, at an E/T ratio. -

of 20:1 (10) and statistically significant (p <0.05). Cold target in-
hibition of cytolysis was performed using 5'Cr-labeled ovarian
tumors, OVA-1 (autologous with CTL-1), as well as SKOV3.A2.1E4
transfectants as “hot” targets and T2 cells pulsed with peptides
as “cold” targets. T2 cells were preincubated with HER-2 or con-
trol peptides (50 ug/ml) overnight, then washed and admixed with
*'Cr-labeled targets at 5:1 and 10:1 (cold/hot) target ratios.

Statistical Analysis.  Values obtained for percent of specific lysis
by the same effectors of T2 cells preincubated with HER-2 pep-
tides and percentage of specific lysis of T2 cells in the absence of
exogenous peptides were examined by the Student’s ¢ test. Differ-
ences were considered significant when the p <0.05.

Results

Identification of HER-2 Peptides That Stabilize HLa-A2.1 Ex-
pression. 'To identify the HER-2 epitopes recognized by these
CTL, 19 peptides were selected from the HER-2 sequence
based on the HLA-A2 anchor motifs based on the presence
of Leu/Ile at position 2 (P2) and Val/Leu/Met at P9 (11, 12).
The majority (16 out of 19) peptides selected for this study
were nonamers. Two octamers were included because they
were part of overlapping epitopes. 15 out of 19 peptides con-
tained Leu (P2), while two peptides contained Ile (P2) and
two peptides contained Val (P2). Only octa and decamers
were found in the HER-2 sequence to contain Met at P2,
and consequently these peptides were not included in the
present study. Peptides were selected from signal, extracel-
lular, transmembrane, and cytoplasmic domains of HER-2
(13). Priority was given to peptides from the regions 364-
474 and 781-859 because they contain the highest density
of continuous and overlapping epitopes with HLA-A2.1

2110 HER-2-reactive Cytotoxic T Lymphocytes




binding motifs. Peptides were also selected from the signal
and transmembrane domains of HER-2 because hydrophobic,
Leu-, Ile-, and Val-rich peptides were found bound on HLA-
A2 of both T2 and C1R:A2 cells (5, 14), were described as
CTL epitopes (10), and may be bound to HLA-A2 in
transporter-associated proteins (TAP)-deficient targets (5). The
peptides selected for this study represent more than 50% of
all nonamers that are potential HER-2 epitopes with HLA-
A2 anchor motifs (11, 12).

Since both P2 and P9 anchors and residues from the cen-
tral area of peptide contact HLA-A2 and define the afhnity
of a peptide to the presenting molecule (12), to determine
the binding ability of HER-2 peptide analogues, expression
of HLA-A2 on T2 cells was determined in the presence of
each HER-2 peptide and the corresponding control peptides.
All peptides were tested for binding to the MHC class I in
the HLA-A2 stabilization assay using T2 as indicator cells
(7, 8). To establish that the results reflect MHC class I heavy
chain expression indicative of absolute binding and not only
the effects of peptide-induced conformational changes (8) that
may affect the reactivity of mAb with the peptide-binding
pocket, T2 cells were stained with both W6/32 (anti—class
I monomorphic) and BB7.2 (anti-HLA-A2 -2 domain) mAb.
As shown in Table 1, 9 out of 19 HER-2 peptides (ranked
1-9 based on their HLA-A2- stabilizing ability) induced a
greater than twofold increase in MCF for HLA-A2 expres-
sion, compared to negative control peptide C61, as deter-
mined with BB7.2 mAb. Similar results were obtained after
staining with MA2.1 mAb (data not shown). HLA-A2 stabili-
zation for E75, E90, and E89 was peptide concentration de-
pendent in the range 1-50 pg/ml (not shown). This sug-
gests that these peptides have higher stabilizing ability of both
conformational epitope BB7.2, as well as HLA-A2 molecule
expression than the other 10 peptides (ranked 10-19), which
were designated as peptides with low stabilizing ability for
HLA-A2.1. Five other peptides, E70, E71, E72, D97, and
D99, did not affect serological epitope W6/32 expression,
suggesting that they bound poorly to HLA-A2. Of these pep-
tides, the octamer D97 induced a significant increase in BB.7.2
epitope expression, suggesting induction of a conformational
epitope rather than stabilization of HLA-A2 expression. In
contrast, BB.7.2 bound poorly to T2 cells pulsed with pep-
tide E74 compared with W6/32. The implication of this sero-
logical analysis is that HER-2 peptides, in addition to having
binding and stabilizing effects on HLA-A2 expression, may
lead to conformational changes in the Ag-binding pocket.

Recognition of HER-2 Peptides by Ovarian Tumor-reactive
CTL. To identify HER-2 peptides recognized by ovarian
tumor-reactive CTL lines, four CD8+ CTL lines designated
CTLs 1-4 were generated from cultured TAL from four
different HLA-A2* donors after CD8* cell selection on
anti-CD8 antibody~coated plates. These CTL lines were 100%
CD3+, 100% CD8+*, and 0-2% CD4+. This approach was
considered necessary because the Ag specificity of CD3+
CD8+*CD4~ CTL isolated from tumor-infiltrating lympho-
cytes (TIL)/ TAL, which have been in culture for 2 wk, will
not be diluted or masked by the overgrowth of CD4+* cells,
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which is encountered in long-term TIL/TAL cultures. To
avoid changes in the Ag specificity, the isolated CD3+CD8+
CD4- lines were not restimulated with autologous or allo-
geneic HLA-A2* tumors. These CTL lines recognized auto-
logous and allogeneic HLA-A2* ovarian tumors, but not
HLA-A2- ovarian tumors or lines, as illustrated in Table 2.
Since freshly isolated ovarian tumors from different donors
may be antigenically heterogeneous or may express variable
levels of HER-2, we needed as target a cloned ovarian tumor
of high and stable HER-2 protein expression and known HLA-
phenotype having HLA-A2 in common with the effectors.
Tumor cells of the SKOV3 line, which overexpresses HER-2
protein (15), were transfected with the HLA-A2 gene. TAP1
and TAP2 message expression in SKOV3 is increased in par-
allel with HLA class I by IFN-y treatment (16), suggesting
unimpaired Ag-presenting ability. A clone SKOV3.A2.1E4
expressing high and stable levels of HER-2 protein and
HLA-A2 was used as a target in these experiments. Four HLA-
A2+ ovarian CD8+CD4- CTL lines lysed SKOV3.A2.1E4
clone in addition to autologous and allogeneic HER-2#ig
HLA-A2* tumors. They did not recognize HLA-A2+*,
HER-2"% ovarian cell lines. Furthermore, they did not lyse
K562 cells, indicating that they did not express NK or LAK
activity (Table 2). Autologous tumor lysis was inhibited by
mAb to CD3 TCR (OKT3) and HLA-A2 (MA.2.1), but not
by anti-HLA-DR mAb, suggesting that they can recognize
Ag presented by HLA-A2 (data not shown).

To evaluate whether these CD8+ CTL recognized the
same or different HER-2 peptides, lysis of T2 cells preincubated
with each peptide was tested with all CTL lines. Both high
and low affinity peptides were tested in the same experiment
since it has been reported that a melanoma CTL epitope is
derived from low affinity HLA-A2-binding peptides (17). For
increased stringency in epitope identification, recognition of
an HER-2 peptide was considered significant based on con-
vergence of results of statistical analysis of differences in cy-
totoxicity data (18, 19) and assigning a cut-off value of at
least 10% for the differences between recognition of T2 celis
exogenously loaded with HER-2 peptides and T2 cells pre-
senting only endogenous peptides. This approach was neces-
sary because we wanted to identify peptides that, based on
the levels of observed lysis, are either recognized with higher
affinity than others or their recognition reflects the presence
of a higher percentage of specific reactive clones.

Based on comparison of cytotoxicity values for T2 cells,
lysis by CD8+ CTL1-4 in the presence and absence of
HER-2 peptides, CTL-1 and CTI-2 recognized mainly pep-
tide E75 (Fig. 1). CTL-3 recognized, in addition to E75, three
other peptides (E90, E89, and C85), but it did not recognize
the remaining 15 peptides. CTI-4 recognized four of the pep-
tides tested, including E75 and C85. CTI-4 recognized, at
alesser extent than E75 and C85, two other HER-2 peptides
residues, 799-807 (E71) and 835-842 (E73). Peptides E71 and
E73 were not recognized by the other three CTL lines, even
when reconstitution of the epitopes was attempted at either
higher peptide concentrations or higher E/T ratios, and may
represent private epitopes for CTL-4 (Fig. 1). Since CT1-4




Table 1. Cell Surface Expression of BB7.2 Epitope on HLA-A2.1 of T2 Cells by HER-2 Peptides

BB7.2 We6/32

Code Position 1.2 3 4 5 6 7 8 9 10 MCF* Rank! MCF Rank

HER-2 peptides
E91 5-13 AL CR WG L L L 82 9 306 8
D97 42-49 HtLt DM L R H L 52 12 167 18
D113 48-56 HLY Q G C Q VvV 155 2 496 2
E75 369-377 K1 F G S L A F L 131 3 474 4
E77 391-399 P L Q P E QL Q V 61 10 216 11
E76 402-410 TLEE t T G Y L 109 6 358 5
E78 457-465 S LR E L G S G L 60 11 208 12
E93 466-474 AL I HHNTHL 113 5 293 9
E92 650-658 P LTS I t+ S AV 128 324 6
E88 689-697 RLL Q E T E L vV 109 7 481 3
E70 793-801 TV QL VT QL M 35 18 172 17
E9%0 789-797 CL T S TV OQ LV 164 1 515 1
E71 799-807 QLM P Y G C L L 42 16 173 15
E72 828-836 QI A K G M S VY L 32 19 166 19
E73 835-842 Y L E D V R L V 51 13 234 10
E74 838-846 DVRL V HRUDL 36 17 203 13
E89 851-859 VLV K S P NUHV 82 8 310 7
C85 971-979 E L V S E F S R M 47 14 194 14
D99 1089-1098 DL GM G A A K G L 44 15 172 16

Control peptides®

HER-2
C81 971-979 E LV S E v s \ 76 261
Cé61 968-977 R F R E L V S E F s 37 182

Folate-binding protein!
E38 112-120 N L G P W I Q Q V 77 N.D.
E37 25-33 R I AW A R T E L 34 N.D.
E41 245-253 L LS L A LMTLL 38 N.D.

No peptide 34 172

" Mean channel fluorescence (MCF) corresponding to the peak of fluorescence for T2 cells preincubated with 50 pg/ml of each peptide was deter-
mined for all peptides in the same experiment as described in the Materials and Methods. MCE for both W6/ 32 and BB7.2 are presented and compared

to confirm the increase in MHC class 1 heavy chain expression.

! Peptides are ranked in decreasing order of their ability to increase HLA-A2.1 expression.

§ The variant peptide of C85 containing three substituted residues F — V(P6), R — K(P8), and M — V(P9) was used as positive control because
the resulting variant (C81) contains four dominant and strong anchor residues (11, 12) reported to favorize binding to HLA-A2. The peptide C61
(HER-2: 968-977) contains HLA-B8 anchors and was used as negative control.

I Folate-binding protein (FBP) peptides were selected from the FBP sequence based on the concordance of T cell epitopes predicted by the computer
program, ANT.Find.M (3), and the presence of HLA-A2-specific anchor motifs (11).

was isolated from the ascites corresponding to previously
reported TAL-24, these results confirm the recognition of 2
peptide from the area 968-984 (C85) as a potential T cell
epitope derived from HER-2 or a structurally similar pep-
tide HLA-A2 complex (20). Peptide E75 was recognized by
all four CTL lines, C85 by two out of four CTL lines, while
peptides E89 and E90 were recognized by CTI-3, and E71
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and E73 by CTL4. All four CTL lines failed to specifically
recognize a number of HER-2 peptides presented by T2 cells
with canonical HLA-A2 anchors at P2 and P9 and different
central sequences, including D113, which was reported to
bind HLA-A2 with high affinity (12). All CTL lines showed
low levels of lysis of T2 cells without exogenous peptides
(T2 cells present a number of signal peptides) (5), comparable

HER-2-reactive Cytotoxic T Lymphocytes




Table 2. Recognition of HLA-A2* Tumors by
Ovarian-specific CTL Lines

Percent of specific lysis™

Targetst CTL-1 CTL2 CTL-3 CTL-4
Auto-T (HER-2*,A2°) 47 65 28 4
Allo-T (HER-2*,A2*) 0 4 14 38
SKOV3.A2.1E4

(HER-2*,A2*) 45 39 42 84
Allo-T (HER-2",A2") 5 15 NT 3
2774 (HER-2-,A2") 0 0 0 4
K562 (HER-2-,A2") 1 3 3 4

* Percent specific lysis is shown for an effector to target ratio of 20:1.
Target lysis was determined in a 5-h 51Cr release assay. NT, not tested.
t Auto-T and Allo-T represent autologous and allogeneic freshly isolated
ovarian tumors. SKOV3.A2.1E4 is an ovarian tumor clone expressing
HLA-A2. 2774 is a human ovarian tumor line.

to lysis of the NK targets, K562 cells. These results show
that ovarian tumor-reactive CTL can recognize common
HER-2 epitopes, although the pattern of peptide recogni-
tion is different for each line.

Recognition of E75 by CTL-3 Clones. Results presented
above are suggestive of common HER-2 peptide recognition
by four distinct CTL lines. We wanted to establish whether
E75 is specifically recognized by cloned CTL, and whether
it may correspond to an epitope recognized by the same CTL
clone on ovarian tumors that overexpress HER-2. CTIL-1 and,
to a lesser extent, CTL-2, appear to be highly restricted in
their recognition of E75. This can cause the results of pep-
tide specificity experiments with cloned CTI-1 and -2 to ap-

pear biased in the favor of E75. To address the question of
whether reactivity to E75 was a property of distinct non—cross-
reactive clones from 2 line of multiple HER-2 specificities,
and to establish whether these clones recognize E75 in a pep-
tide concentration-depependent and -specific manner, clones
were developed from CTL-3 by stringent limiting dilution
and further expanded in culture.

CTL3 line did not lyse the CIR or CI1R:A2 cells (Fig.
2 A). Since C1R:A2 and SKOV3.A2.1E4 were transfected
with the same plasmid carrying the same HLA-A2 gene, this
suggests that the endogenous peptides recognized on SKOV-
3.A2.1E4 by CTI-3 may be different from the ones presented
by C1R:A2 cells. Both E75 and C85 were recognized by CTL-3
and CTI-4 when presented by C1R:A2 but not by C1R:Al
transfectants (data not shown). Concentration-dependent rec-
ognition of E75, C85, and E90 was observed with CTI-3
(Fig. 2 B). This recognition was confirmed in independently
performed experiments. Documentation of restricted expres-
sion of FBP on ovarian tumors suggests the possibility of
cellular immune recognition of FBP peptides (21). CTI-3 did
not recognize two peptide analogues of FBP, residues 112-
120 (E38) and residues 245-253 (E41) (Fig. 2 A). FBP pep-
tides were selected to include HLA-A2-binding anchors and
to exhibit high (E38) and low (E41) HLA-A2- binding afhinity,
respectively (Table 1). Similarly, CTL-3 did not recognize two
peptide analogues of the Muc-1 core peptide (22), D125 and
D132. Recognition by cultured ovarian TAL of Muc-1 core
exposed on ovarian tumors and of Muc-1 gene transfected
and expressed by EBV-B cell lines has been suggested (23).
Muc-1 core sequence lacks canonical HLA-A2 anchors at cor-
rect distances to allow binding to the main HLA-A2 pockets
(21), but its recognition has been described mainly as non-
MHC restricted (24). Therefore, in both Muc-1 peptides,
GLTSAPDTRYV (D125) and SLADPAHGV (D132), HLA-A2
anchors were introduced (underlined) to engage binding and
to present the intervening sequence to TCRs. These results,
together with the results presented in Fig. 1, suggest that

Peptides

4

CTL-3

0 5§ 1015202530 0 102030405060 0

5 101520 25 30

0 102030405060

Figure 1. Recognition of HER-2 peptides by CD3+CD8+CD4- CTL isolated from four different ovarian cancer patients. Cytotoxicity was deter-
mined using T2 cells preincubated for 60 min with each peptide at 25 pg/ml in a 5-h 5!Cr release assay. Percentage of specific lysis is shown for all
CTL lines for an E/T ratio of 20:1. Percentage of specific lysis was calculated as described in Materials and Methods. Asterisk indicates mean cytotoxicity
values that are at least 10 percentage points greater than mean values for the lysis of T2 in the absence of peptide and are also significantly different

by Student’s ¢ test (p <0.05).
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Figure 2. Recognition of E75 by CTL-3 clones. (4) Lysis by the CTL-3 line. 3000 5:Cr-labeled T2 cells were incubated with HER-2 peptides E75,
EB89, and E90, FBP peptides E38 and E41, and variant Muc-1 peptides D125 and D132 at a final concentration of 25 uM for 60 min before effectors
were added. Supernatant was collected and counted after 5 h. E/T ratios were 10:1 () and 5:1 (B). Results are presented as the percentage of specific
lysis by effectors of T2 cells pulsed with peptides. The same numbers (3,000) of CIR and CIR:A2 cells were used as targets. (B) Concentration-
dependent recognition of E75 (M), E90 ((J), C85 (O), and E92 (A) by CTL3 line at an E/T ratio of 20:1. (C and D) Lysis by clones 3C4F (C)
and 3B4E (D) of E75- (M) and ES0- ((J) pulsed T2 cells. Lysis of T2 cells incubated with E89 at 25 uM was 7% by clone 3C4F and 5% by clone
3B4E at 10:1 E/T ratios.

2, C and D). Recognition of E75 by these two clones was
compared over a range of concentrations (10 nM-10 uM) (Fig.
3 A). Atan E/T ratio as low as 4:1, peptide E75 reconstituted
T cell recognition by clone 3CAF at a concentration (100 nM)

CTL3 line contains clones that are specific for particular pep-
tide epitopes.

Two clones, 3C4F and 3B4E, isolated from CTI-3 line that
recognized E75 but not E90 or E89 peptides presented by

T2 cells, are shown in Fig. 2 (C and D). Recognition of T2
cells incubated with the same concentration of E75 suggest
that clones 3C4F and 3B4E are specific for peptide E75 (Fig.

similar to that reported for an HLA-A2-restricted epitope
gp100 and an HLA-A1-restricted epitope from MAGE-3 rec-
ognized by melanoma-specific CTL (25, 26), but at higher
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Figure 3. Inhibition of ovarian tumor recognition by clone CTL-3C4F by T cell epitope E75. (A) Dose-response recognition of peptide E75 by
clones 3C4F (M) and 3B4E (O). Serial dilutions of peptide E75 were incubated with 3,000 T2 cells for 60 min. CTL were added at 2 E/T ratio
of 4:1, and a standard 5-h cytotoxicity assay was performed. Lysis of T2 cells preincubated with E90 at 10 uM was <5% by both CTL clones. (B
and C) Cold-target inhibition of lysis of freshly isolated ovarian tumor OVA-1 (B), and ovarian tumor clone SKOV3.A2.1E4 (C) by T2 cells preincubated
with peptides E75 (M), E90 (0J), and D132 (A). The effector (CTL-3C4F clone)/hot target ratio was 10:1. Peptide pulsed T2 cells (cold targets)
were added in the assay at 5:1 and 10:1 cold/hot target ratios. Inhibition of lysis was determined in a 5-h S1Cr release assay. Results are presented
as percentages of inhibition of tumor target lysis by clone 3C4F, which was 46% for OVA-1 (B) and 28% for SKOV3.A2.1E4 (C). Lysis of parental
control targets SKOV3 (HLA-A2~) was 6% and of D132-pulsed T2 cells was 5% at the same E/T ratio. (D) Lysis of SKOV3.A2.1E4 was inhibited
by anti-HLA class I (W6/32 mAb) but not by anti-HLA-DR (L243 mAb) at both 10:1 (&) and 5:1 () E/T ratios.

2114 HER-2-reactive Cytotoxic T Lymphocytes




E/T ratios. These peptide concentrations are, for MAGE-3,
gp100 and HER-2, significantly higher by at least two orders
of magnitude than those of HLA-A2.1-restricted viral pro-
teins (27).

To confirm that clone 3C4F recognizes a natural epitope
associated with HLA-A2 on ovarian tumors, we examined
the ability of E75 and E90 pulsed T2 cells to inhibit lysis
of freshly isolated OVA-1 because CTL-1, autologous with
this tumor, recognize only E75. Significant inhibition of lysis
was observed by T2 cells pulsed with E75 but not with E90
(Fig. 3 B). Since antigen expression on freshly isolated ovarian
tumors can be heterogeneous, to confirm that E75 represents
an epitope presented by HLA-A2 on an ovarian tumor clone,
the ability of E75 pulsed T2 cells to inhibit lysis of clone
SKOV3.A2.1E4 was examined. Both OVA-1 and SKOV3.A2
transfectants share only HLA-A2 with effectors and express
HER-2 on the surface, OVA-1: 79% HER-2+ cells, MCF
= 29; SKOV3 (positive control): 100% HER-2+* cells MCF
= 40; SKOV3.A2.1E4: 100% HER-2* cells, MCF = 40;
C1R:A2 cells (negative control) MCF = 0.7. Ovarian clone
SKOV3.A2.1E4 lysis by 3C4F clone was inhibited by
anti-MHC class I (W6/32) but not by anti-MHC class 11
mADb (Fig. 3 D). Again, significant inhibition of lysis by clone
3CA4F was observed in the presence of E75. Control peptide
D132, which was not recognized when pulsed on T2 cells,
failed to redirect clone 3C4F lysis (Fig. 3 C). Therefore, E75,
which is recognized by four CTL lines and cloned CTL iso-
lated from one of these lines, and which specifically inhibits
recognition of ovarian tumors, may be a natural common
HER-2 epitope recognized by ovarian-specific CTL.

Discussion

In this study, we have investigated recognition of synthetic
peptide analogues of HER-2 epitopes containing HLA-
A2-binding motifs by CD8*CD4~ CTL lines and clones
isolated from TAL with ovarian tumors. We have identified
one common epitope (E75) that is dominantly recognized
by four out of four CTL lines. Of 19 peptides tested, another
common epitope, C835, is recognized by two out of four lines.
Several other epitopes, E89, E90, E71, and E73, are recog-
nized only by one of the four CTL lines used, suggesting
that they may be either private epitopes for these CTL or
clones recognizing these epitopes are present with low fre-
quency in the other CTL lines. The second possibility is more
likely because the pattern of concentration-dependent recog-
nition for E90 is similar with that of E75 and C85. In certain
experiments, statistical analysis found that recognition of E89
and E90 by CTL2 and CTL4, and E91 by CTL-2 was
significantly different from control targets, but the levels of
recognition were lower (5-7%) than the cut-off value. We
have observed that some ovarian CTL cultures lose the ability
to recognize a number of these peptides over time probably
because of gradual loss of lytic function or overgrowth of
CTL of different specificities (Ioannides, C. G., and B. Fisk,
unpublished data). We confirmed the specificity of E75 rec-
ognition by using two clones isolated from one of the CTL
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lines. E75 effectively inhibited lysis by CTL clones of both
a freshly isolated ovarian tumor and an ovarian tumor line
transfected with HLA-A2, indicating that the epitope recog-
nized is not a culture artifact. Control peptides containing
HLA-A2 anchor motifs (11, 12) but different intervening se-
quences failed to inhibit lysis, suggesting that a natural pep-
tide with an identical or cross-reactive sequence is immuno-
genic in HLA-A2 ovarian cancer patients and may be presented
on ovarian tumors.

Both E75 and C85 were recognized with different efficien-
cies by CTL1-4 at the same peptide concentration. This may
be caused by the existence of clones in these CTL lines that
recognize other as yet unknown antigens. The existence of
multiple distinct ovarian Ag expressed simultaneously on the
same tumor clone has been shown by analyzing recognition
of ovarian clones by CTL isolated from TAL (1). Ovarian-
specific CTL lines restricted by HLA-A2 recognize common
epitopes present on allogeneic HLA-A2* ovarian tumors or
lines, but not on HLA-A2+ melanomas. Individual ovarian-
specific CTL lines were found to recognize multiple Ag epi-
topes. Some of the common determinants may be expressed
on other HLA-A2+* epithelial tumors (2, 3). We have pre-
viously shown that ovarian TAL can recognize Muc-1 core
peptides and HER-2, 968-984, a longer analogue of C85 pep-
tide (HER-2, 971-979) (20). CTI-4 was isolated from TAL-
24 used in these studies (20, 23). Recognition of Muc-1 by’
at least some of the clones derived from the CTL lines used
in this study is likely. Although the percentage of tumor cells
expressing Muc-1 in a tumor sample is variable and its ex-
pression is heterogenous, most ovarian tumors (>80% of se-
rous adenocarcinomas) have been reported to express Muc-1
(23). Another HER-2 peptide, 654-662, derived from the
transmembrane domain, was found to be recognized by TIL
isolated from non-small cell lung cancer and developed by
different methods (19). HER-2 is expressed in ~30% of
ovarian and breast carcinomas. However, its expression is rel-
atively stable over time through the clinical course of inva-
sive breast cancer, it is relatively congruent at all metastatic
sites, and it is not affected by tumor heterogeneity (28). This
has potential clinical applications because it may allow devel-
opment of therapies based on HER-2 targeting (28).

Previous studies have shown a direct relationship between
HER-2 overexpression and sensitivity to CTL of ovarian
tumors (18). Since overexpression of HER-2 may induce ex-
pression of other proteins that can provide peptides (18) with
the same or cross-reactive sequences, gene and protein sequence
databases were searched for homologous sequences. 100%
matches for both C85 and E75 were not found. For E75 only
EGF-R (HER-1), HER-3, and HER-4 gave matches for the
main HLA-A2 anchors at P2, P6, and P9, but nonconserva-
tive changes (underlined) were found in positions 1, 3, 5,
and 7 (EGF-R, residues 364-372:SISGDLHIL, HER-3, resi-
dues 356-364:KILGNLDFL, HER-4:KINGNLIFL). Central
positions are expected to be contact points for TCR (15, 29).
Matches for peptide C85 appear in EGF-R, ERB.B3, DNA-
directed RNA polymerase (RPB-1), and in an unknown
nuclear protein (UL2-1). Nonconservative changes in the se-




quence are dominant at positions expected to be TCR. con-
tacts such as P4 and P7 in RPB-1 and PS5 in UL2-1. Based
on recent crystallography data, the peptide termini are bound
to HLA-A2 similarly but the central area of the peptide adopts
different conformations that represent the epitopes recognized
by TCR (29). Therefore, the nonconservative changes in the
sequence of the homologous peptides from the other members
of the HER family may affect epitope conformation and if
these peptides are processed, presented, and recognized by
TCR may constitute the equivalents of variants of peptides
derived from the HER-2 protein.

As for the other tumor Ags (10, 25, 26), validation of
HER-2 epitopes requires identification and quantitation of
peptides bound to HLA class I on ovarian tumors. Since E75
lacks charged residues in the central area, it will be impor-
tant to determine whether the same or conservatively sub-
stituted peptides from other proteins are naturally processed
and presented to CTL. With the exception of E75 recog-
nized by all four CD8+ CTL, and in part of C85, which
confirms our previous findings with unseparated CTLTAL
(20), three CTL recognized distinct HER-2 peptides at low
level. These peptides were different in each system and their
HLA-A2-stabilizing ability was variable over a wide range
of concentrations. E89 binding affinity to HLA-A2 is at least
three to four orders of magnitude lower than of naturally
processed viral peptides (12), suggesting that the affinity of
TCR for E89-HLA-A2 complexes may be high. This may
also be true for C85. The affinity of a peptide for HLA-A2
is not the determining factor for the abundance of particular
peptide presented by HLA-A2 (30). Other important factors
are protein concentration and the processing efficiency of an
antigenic peptide (30).

The mechanisms of HER-2 overexpression reflect gene
amplification and upregulation of transcription (31). The in-
volvement of translational, posttranslational mechanisms, or
reduced rate of HER-2 turnover in HER-2 overexpression
in cancer cells are still unclear (31). At this time, there is no
simple explanation for the distinct pattern of peptide recog-
nition between these lines. All tumors autologous with these
CTL overexpressed HER-2 protein at similar levels that were
consistent with HER-2 receptor overexpression when ana-
lyzed using monoclonal antibody A2 that is specific for the
extracellular domain of HER-2 (e.g., the levels of HER-2
expression were similar for OVA-1 and OVA-4 tumors [au-
tologous with CTL-1 and CTL-4): OVA-1, 79% HER-2+
cells, MEC = 29, OVA-4, 100% HER-2* cells, MFC =
34, control OVA-17, 21% HER-2+ cells, MFC = 4). How-
ever, CTL4 associated with OVA-4 recognized in addition
to E75 three other peptides. It is possible that these peptides
if presented are processed by the tumor with different efficien-
cies (30). It is also possible that while for self-proteins the
tolerance is not absolute, as shown for melanoma TIL specific
for either MART1 or gp100 (10, 25), elimination of high
afhnity T cells for a number of epitopes by tolerance may
affect CTL with distinct specificities in each individual (10, 25).

Processing of overexpressed HER-2 in cancer cells may lead
to peptides that differ in quantity from the HER-2 epitopes
found on normal cells. Since HER-2 is present in normal ep-
ithelial tissues at lower levels and the protein concentration
may be a limiting factor in epitope presentation, it will be
important to determine how widely CTL-mediated HER-2
recognition is observed in ovarian and breast cancer patients,
and whether such CTL can cause tumor rejection and show
toxicity towards normal tissues.
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Summary

The HER-2/neu proto-oncogene (HER-2) is overexpressed in a significant
number of breast and ovarian tumors. Peptides of HER-2 sequence were recently
found to reconstitute recognition of CTL from tumor associated (TAL) and infiltrating
(TIL) Iymphocytes, indicating that they reconstitute natural epitopes recognized by
CTL on HLA-A2+ tumors. Since HER-2 is an important Ag for tumor specific CTL
induction and the immunogencity of peptides for CTL induction, is dependent on
their presentation as stable complexes with HLA-A2, we identified peptides of high
and low stabilizing activity from the sequence of HER-2 and the folate binding
protein (FBP). Distinct sequence patterens in the region positions (P) 3 - P5 and P1
were found for peptides with high (HSA) and low (LSA) stabilizing ability. For a low
HLA-A2 affinity HER-2 peptide, CTL epitope, P1 was found to be permissive to
substitutions that enhanced HLA-A2 stabilizing ability and conserved CTL
recognition. In contrast, the region P3-P5 was not permissive to sequence changes.
We conclude that the selective permissivity of P1 and P9 in the tumor epitope
sequence may have important implications for optimization of tumor Ag
presentation, and "neo-antigenity" of self-antigens, aiming towards induction of
tumor reactive CTL of defined affinity and specificity for target Ag.
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Introduction

During the recent years, studies on human cancer antigens have identified
peptides derived from self-proteins recognized by cytotoxic T lymphocytes that can
lyse freshly isolated autologous tumors. Most of these peptides from melanoma, e.g.
gp100 and MART-1 (1-3,4) as well as from ovarian carcinoma (e.g. HER-2), (5,7), were
found to bind MHC class I with low affinity thus forming unstable complexes with
the presenting molecule. In CTL reconstitution assays the low affinity of the peptides
for HLA-A2 was compensated in part by the high concentrations of peptides used in
the in vitro assays (2,5-7). Since these peptides are likely candidates for development
of tumor vaccines and of anti-tumor effector CTL, this raises the question of how to
utilize low MHC affinity peptides for CTL induction both in vitro and in vivo. These
low-affinity peptides are expected to compete for the same T cell receptor (TCR) with
other self peptides of high MHC affinity.

One possible approach to this question is to utilize for CTL induction high
concentrations of peptides delivered either exogenously or endogenously by minigenes
or recombinant viral vectors. This may result in sufficiently high numbers of peptide-
MHC class I (pep-MHC) complexes to trigger CTL activation. This approach however,
cannot address the question of tumor CTL epitope stability, because low affinity
peptides usually form unstable pep-MHC complexes. Since the stability of pep-MHC
complexes has recently been demonstrated to be an important factor in epitope
dominance for CTL induction (8), this raises the question of how the stability of the
pep-MHC complex can be increased to optimize Ag presentation by appropriate
* changes in the peptide sequence. The second question is whether for tumor Ag such
as HER-2 there are sequence characteristics which associate with MHC stabilizing
ability and which are residues permissive to changes in the sequence whose
substitution while increasing the peptide affinity for HLA either do not affect or affect
only minimally CTL recognition. To address these questions we utilized as a model
the HER-2 protein and CTL recognizing a low HLA-A2 affinity epitope from this
protein. This Ag and CTL effectors are relevant for immunotherapy of human breast,
ovarian and lung cancers.

The objectives of this study were three-fold: (1) to identify in the HER-2
sequence, peptides of high and low stabilizing ability, and determine whether there
are certain sequence characteristics in these peptides which associate with high and
low stabilizing activity respectively; (2) to identify specific sequence changes that
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enhance the stabilizing ability of a low HLA-A2 affinity peptide; (3) to define the
effects of these changes on CTL recognition, and identify residues that when
substituted in the peptide increase the HLA-A2 affinity but do not affect the
specificity of CTL recognition.

Since HER-2 is a large molecule (1255 amino acids), a large number of
potential HLA-A2 binding peptides can be identified using the minimal and extended
HLA-A2 binding motifs (>50) (9). For this study we focused on nonapeptides
containing mainly Leu and to a lesser extent Ile and Val at position 2 (P2), and
Leu/Val and to a lesser extent Met and Ile at P9. The presence of structurally
similar side chains at the main anchor positions P2 and P9 facilitates identification
of the effects of the other residues in CTL recognition and HLA-A2 stabilization.

Our results identified two groups of peptides designated as having high (HSA)
and low (LSA) stabilizing ability based on their ability to enhance HLA-A2 expression
on indicator T2 cells. Sequence analysis revealed that the stabilizing ability of HLA-
A2 by these peptides was dependent in many instances on the nature of residues or
groups of residues outside the main P2 and P9 anchors, and identified residues which
occurred with higher frequency in the peptides with either high and low stabilizing
activity.

In peptides with high HLA-A2 stabilizing ability, residues with short side
chains (Ala/Gly) and positively charged side chains (Arg/Lys/His) were found with
increased frequency at P1, hydrophobic aliphatic residues (Leu, Val, Ile, Met) and Gly
were found preferentially at P3, while charged residues were found with increased
frequency at P4. Replacement of P1 and P9 anchors in a low-stabilizing ability
 peptide with residues found with higher frequency in HSA peptides significantly
increased the stabilizing ability of hybrid peptides. Of these changes, substitutions
of Gly and Phe at P1 lead to HSA peptides that were recognized with the same or
similar efficiency by peptide specific CTL. This approach may be useful for
optimization of tumor antigen presentation and development of antigen and epitope
specific human tumor vaccines.

Materials and Methods

Synthetic peptides. The synthetic peptides used in this study were prepared
by the Synthetic Antigen Laboratory of M.D. Anderson Cancer Center, and purified by
HPLC. The purity of the peptides used in this study ranged between 92-95%. The
purity and amino acid composition of these peptides were established by amino acid




Page 5

analysis. The peptides synthesized were all nanomers containing L/1/V at P2 and
V/L/1/M at P9. Of these peptides 26 were analogs of HER-2, while 5 were analogs of
folate binding protein (FBP).

Monoclonal antibodies and immunofluorence The HLA-A2 specific mAb
BB.7.2 and MA2.1 were obtained from the American Tissue Type Collection (ATTC).
W6/32 mAb was obtained from DAKO-(Dakopatts, Denmark). Cell surface expression
of HLA-A2 on T2 cells was studied by flow cytometry using an EPICSR Profile
Analyzer (FACS) with a log amplifier.

HLA-A2 stabilization assay. T2 cells were pulsed overnight with saturating
amounts of individual peptides (100ug/ml), washed, and then incubated with
saturating amounts of MA2.1, BB7.2, or W6/32 mAb, followed by counterstaining
with goat - anti-mouse FITC conjugated antibody. Flow cytometry analyses were
performed on 5000 T2 cells for each individual peptide. At the same peptide
concentration in the assay, the increase in the levels of HLA-A2 expression on T2 as
measured by an increase in fluoroscence intensity, reflects the ability of a particular
peptide to stabilize peptide-HLA-A2 complexes (10-11). To quantitate the effects of
peptides on BB7.2 and W6/32 epitopes expression on HLA-A2 on T2 cells, the
channel number corresponding to the peak of fluorescence intensity on the log scale
of FACS (mean channel fluorescence, MCF) for each peptide was divided by the value
corresponding to the peak of fluorescence intensity for T2 cells cultured in the
absence of exogenously added peptide. The resulting value was designated as relative
* mean channel fluorescence (MCF-R) (12).

Cytotoxicity assays. The CTL line 41 developed by repeated in vitro
stimulation of HLA-A2+ PBMC from a healthy donor with peptide C84: HER-2 (971-
979V) and a longer peptide C43, HER-2 (968-981) has been described (13). For these
studies CTL-41 were maintained in culture with monthly restimulation with C84
peptide at 10 pg/ml and autologous or allogeneic HLA-A2+ PBMC. CTL used as
effectors in these experiments were selected on Ab coated plates (AIS Micro
CELLectorIM, Applied Immune Sciences, Menlo Park, CA), and were CD3+*CD4-CD8t.
To determine recognition of these peptides by CTL-41, 51Cr labelled T2 cells were pre-
incubated with various concentrations of peptides for 90 min. Effectors were added
for an additional 5 hrs. %specific lysis was calculated from the formula (E-S)/(T-S) x
100 where E are the cpm obtained from wells containing both effectors and targets,
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while S and T represent the cpm measured from spontaneous and total lysis of
targets in the absence of effectors and presence of the same peptide (6). Statistical
Analysis. MCF values obtained for HSA and LSA groups were examined by the
Student's T test. Differences were considered significant when p < 0.05.

Results

Identification of HER-2 nonapeptides of high and low HLA-A2 stabilizing abilities.
To assess the effects of peptides on HLA-A2 expression and define their stabilizing
ability, we examined the role of the peptides listed in Table I on the expression of an
epitope recognized by the HLA-A2 specific mAb BB7.2 using the mutant cell line T2.
This cell line has a large deletion in the TAP-1 and TAP-2 regions resulting in very low
surface expression of HLA-A2 associated with endogenous signal peptides and
undetectable HLA-B5 at the cell surface (14). BB7.2 epitope is located on the N-
external loop of the 02 domain (including W107) (15-17) and is not expected to
directly interact with the specific peptide side chains.

From the values obtained for the MCF-R for all peptides, peptides with MCF-R
values of > 2.0 were designated as having high stabilizing activity (HSA) while
peptides with MCF-R < 2.0 were designated as having low HLA-A2 stabilizing activity
(LSA). As seen in the Table I, twelve peptides showed MCF-R of 2.40 or higher while
19 other peptides an MCF-R of 1.79 or lower. These peptides belong to two different
groups of HLA-A2 stabilizing ability. The means and SD of the MCF-R for peptides in
the groups of high stabilizing ability and low stabilizing ability are 3.90 + 1.4 and
1.24 + 0.26 respectively (p < 0.0001).

To address the question of whether the observed BB7.2 mAb recognition of
HLA-A2 reflects stabilization of HLA-A2 on the surface of T2 cells, T2 cells incubated
with the same peptides were stained with mAb W6/32 which recognizes a
monomorphic determinant on the o3 domain of HLA-class I. The specific
stabilization of HLA-A2 by the peptides is shown in Table I. A number of HSA
peptides caused a 2 - 3 fold increase in MCF-R for HLA-A2 expression compared to
the levels of HLA-A2 on the T2 cells cultured in the same conditions without
exogenous peptides. This was paralleled by similar low levels of stabilization of HLA-
A2 on the T2 cell surface by the LSA peptides tested. The means and SD of MCF-R
for W6/32 in the HSA and LSA were: 2.26 + 0.5 and 1.18 + 0.18 respectively (p <
0.0001). The values for MCF-R for W6/32 mAb paralleled the experimentally
determined values of BB7.2 for most peptides in the HSA and LSA groups. However a
linear correlation between MCF values for BB7.2 and W6/32 within each group was
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not found suggesting that peptides induced changes in the BB7.2 epitope which are
not a direct result of an increase in the number of HLA-A2 molecules expressed on
the surface of T2 cells (18,19).

Identification of specific sequence patterns in the nonapeptides associated with
HLA-A2 stabilization. In the HLA-A2 system, the main peptide HLA anchors are, in
decreasing order of affinity, L>M>I>V,AT, at position 2, (P2) and V>L>M>I>A at P9
(20-23). For the same molecule, the presence of negatively and/or positively charged
residues at P1, P3, P6 and P7 in the peptide was associated with decreased or lack of
binding, while aromatic residues in P1, P3 and P5 were associated with good binding
independent of the presence of main anchors in positions 2 and 9 (21). These studies
quantitated the ability of a peptide to inhibit binding of a standard radiolabeled
peptide to soluble HLA-A2 (21), and established the importance of specific residues in
defined positions of peptides from different proteins to influence the peptide affinity
for isolated HLA-A2 chains.

In both in vitro and in vivo conditions the TCR is expected to recognize a cell
bound peptide-HLA complex (24,25). Furthermore the distinct sequences of proteins
present the case when amino acids expected to confer HSA are absent from the
sequence of peptides selected with anchor motifs. In the absence of such residues,
predictive motifs need to be validated. To define the importance of individual
residues of HER-2 and FBP peptides for HLA-A2 stabilization, as defined by BB7.2
and W6/32 epitope expression, we calculated the frequency of appearance in the
* sequence of amino acids in main (dominant) P2 and P9 and secondary (auxiliary) P1,
P3-P8 anchor positions. With respect to the main anchors, 11/12 (91%) HSA
peptides contained L (P2) and 1/12 (8.3%) contained I(P2), while of LSA peptides
10/19 (52%) contained L(P2), 7/19 (36.9%) contained I (P2) and 2/19 (10.5%)
contained Val (P2). Nonapeptides with M (P2) were not found in the HER-2
sequence. Of the HSA peptides 6/12 (50%) contained Val at P9, and 6/12 (50%)
contained Leu (P9), while of the low stabilizing ability 4/19 (21%) contained Val (P9),
12/19 (63.2%) contained Leu (P9) while 2/19 and 1/19 contained Met and Ile at P9
respectively. These results are in general agreement with the reported association of
Leu at P2 and Val/Leu at P9 with high HLA-A2 binding affinity, however, they do not
address the fact that at least 10 of 19 peptides that contained Leu (P2) showed low
stabilizing affinity even when either Val or Leu were present at P9. Similarily, a
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number of peptides that share residues at P1, P2 and P9 (e.g. the pairs E75 and F54,
E76 and F55, E92 and E77) had different HLA-A2 stabilizing abilities (Table I).

These results suggested a significant role for the residues in the central area in
HLA-A2 stabilization. To identify the dominance of residues in the nanopeptide
sequence we calculated the frequency of each group of amino acids in each position
for the 12 HSA peptides and 19 LSA peptides. Since the sample size is relatively
small, amino acids of similar physicochemical characteristics were grouped together
(e.g. aromatic, aliphatic nonpolar, negatively charged, etc.) following the approach of
Ruppert et. al. (21). Separate groups were made for G, A, and P because of their side
chain characteristics. The results are shown in Table II.

A striking trend was found in positions 4 and 5 of the nonapeptide sequence.
HSA was associated with the presence of predominantly hydrophilic residues Lys,
His, Arg, Gln, Asn, at P4, and of Ser, Thr, and Cys at P5 compared with peptides with
LSA. In contrast hydrophobic aliphatic residues dominated both P4 and P5 in LSA
peptides. At position 3 only the percentage of hydrophobic residues was found
increased but excepting Leu, Val, Ile, Met, and Gly no defined groups of amino acids
were present in significantly higher percentage in either HSA or LSA peptides. At the
other positions the presence of amino acids was in general agreement with the data
reported from previous studies.

At position 1, hydrophilic positively charged residues and Ala were the
dominant groups in HSA peptides. In these proteins, the aromatic amino acids (Phe,
- Tyr and Trp) that have been reported to be associated with good HLA-A2 binding (21)
were not well represented in either HSA or LSA peptides. The group Ser, Thr, Cys was
found with higher frequency in the LSA peptides. At position 6, only the frequency of
positively charged residues was increased in peptides with LSA compared with
peptides with HSA, while no other group of amino acids was found with significantly
higher frequency in any of these groups of peptides. This is also in agreement with
previous reports on residues associated with poor HLA-A2 binding (21). Interestingly,
there was no significant difference between the presence of aliphatic hydrophobic
residues in each of HSA and LSA groups of peptides. At position 7, Gln and Asn were
predominantly found in peptides with HSA, while Ser, Thr, and Cys represented 42%
of the residues found in peptides with LSA. In contrast, at position 8, no major
differences were found between the frequencies of each group of amino acids in HSA
and LSA peptides.
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These results show an association between high HLA-A2.1 stabilizing ability
and the presence at P3 of hydrophobic residues and at P4 of hydrophilic residues. The
reverse association at the same positions (P3 & P4) with low HLA-A2 stabilizing
ability was observed. Similar results were obtained from the analysis of the percent
expression of hydrophilic residues at each position in the peptides. (Figure 1). The
results show a trend of decrease in the percentage of hydrophilic residues from
positions 4 to 6 in the HSA group and increase in hydrophilic residues from positions
4 to 6 in the LSA group.

Effects of substitutions in the sequence of a low HLA-A2 affinity HER-2 peptide on
conformational epitopes recognition by mAb.

To identify residues that positively affect stabilization of HLA-A2 peptide
complex by LSA peptides we studied the influence of changes in the sequence of
HER-2 peptide C85 on the formation of mAb epitopes BB7.2 and MA2.1 and
compared with W6/32 epitope expression. C85 was chosen because, when presented
by T2 cells, forms an epitope recognized by two ovarian specific CTL lines (6), raising
the possibility that this or a structurally similar peptide-HLA-A2 complex is
recognized by the TCR.

Since the low stabilizing ability of C85 may be due to the presence of Glu at P1
interacting with the negatively charged pocket A of HLA-A2 containing Glu-63,(26), a
first group of substituted peptides was synthesized containing at P1 either Thr
(designated as 103T), Gly (103G), Lys (103K), or Phe (103F). The reasons for selecting
" these amino acids were as follows: (1) aromatic amino acids at P1 were preferentially
associated with good binding (21); (2) the presence of Lys at P1 is expected to
facilitate the stabilization of the complex through charge interactions with the
negatively charged pocket A (26); (3) the small volume and the lack of side chains of
Gly will not only avoid steric interactions with mAb MA2.1 but also may provide
additional conformational flexibility for the peptide chain (27-29); and (4) the group
Ser, Thr, Cys was found with higher frequency at P1 in our LSA, than in HSA HER-2
peptides (Table II). However the presence of this group at P1 was associated with
high affinity of other peptides for HLA-A2 (21).

To address the possibility of conformational changes in the "face" (30) of the
peptide-HLA-A2 complex, T2 cells were stained with MA2.1 mAb. Since the MA2.1
epitope may be affected by surface/solvent accessible residues, T2 cells incubated
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with each peptide were also stained with BB7.2 and W6/32 mAb in the same
experiment. MCF was calculated for each histogram and is shown in Table III. For
peptides 103T,103G and 103F there was a parallel between the increase in staining by
BB7.2 and MA2.1 mAb and the staining by W6/32 mAb suggesting that these
peptides stabilized HLA-class I expression. Peptide 103K showed a different picture.
Stabilization of class I expression by this peptide was associated with a different
pattern of reactivity by BB7.2 and MA2.1 mAb. For 103K the reactivity by BB7.2 was
essentially unchanged compared with wild-type peptide C85, while for W6/32 and
MAZ2.1 the change in MCF indicate increased HLA-A2 stabilization. When the MCF
values for BB7.2 and MA2.1 for the surface expression of class I were corrected for
heavy chain expression, by subtracting the MCF values for W6/32 (18), the results
show that binding of MA2.1 is decreased by a similar number of channels for either
C85 (-18), 103T (-21), 103G (-19) and 103K (-29). However for peptide 103F the
staining by MA2.1 was higher than the staining by W6/32 by 91 channels suggesting
a change in the conformation of the epitope.

We used the same approach to determine the effect of substitution at C-
terminal Met —> Val (P9) alone, or together with the same substitutions at P1 on the
stability of expression and conformation of HLA-A2. C84 increased W6/32 staining
by 80 channels compared with wild-type peptide C85. This increase was paralleled by
increase in staining by BB7.2 and MA2.1 suggesting that the increase in staining
reflects increased expression of HLA-A2 rather than conformational changes
detectable by BB7.2 and MA2.1 mAb. For the double substituted peptides (designated
- 104, T, G, K, F) different results were obtained. For 104G and 104T the increase in
W6/32 staining over C84 and the corresponding single substituted peptides (103G
and 103T) was paralleled by the increase in MA2.1 staining but not in BB7.2
staining. In contrast, the increase in W6/32 staining for 104K was associated with a
decrease in reactivity for MA2.1 (-201 channels), while for 104F increase in staining
was observed over C84 for both BB7.2 and MA2.1, suggesting synergy in inducing
conformational changes in HLA-A2 by F (P1) and V (P9) in the C85 peptide.

These results show that for the LSA peptide C85, substitution Met —> Val at P9
in C85 is likely to enhance the stability of the peptide HLA-A2 complex, and less
likely to affect the conformation of MA2.1 and BB7.2 epitopes. Substitutions Glu —>
Thr/Gly/Phe at P1 in the same peptides increased the stability of peptide HLA-A2
complex in parallel with increased expression of MA2.1 epitope and affect
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significantly less the BB7.2 epitope. Substitutions Glu —> Lys (P1) while stabilizing
the peptide HLA-A2 complex apparently induced strong conformational changes in
the peptide-HLA-A2 complex. These results suggest that in certain instances,
substitutions at P1 and P9 have an additive/synergistic effect in stabilization of the
HILA-A2 peptide complex.

To address the question of the contribution of individual peptide residues from
the central peptide area on the peptide HLA-A2 complex structure, we investigated
the effects of C85 peptide analogs on mAb recognition. The analogs were modeled on
the sequence of C84 variant (M —> V, P9). We focused mainly on positions 4 and 5
which are considered TCR contacts (26). To establish whether the sequence context
of defined residues within the peptide sequence can affect the structural contribution
of these residues to pep-MHC conformation, we substituted Glu —> Gly (P5) in C84,
and Arg (P8) to Lys in its analog C83. The resulting peptides were designated E51
and E54 respectively. Gly was chosen because of its small volume and lack of side
chain to minimize the steric and charge interferences with neighboring residues and
HLA-A2 helices. As shown in Figure 2, staining by W6/32 and BB7.2 of T2 cells
incubated with E51 significantly decreased. Interestingly, staining by the same mAb
of T2 cells incubated with E54 further decreased, suggesting that the substitution Arg
—> Lys (P8) affected the contribution of Gly (P5) to the stabilization of HLA-A2. The
same decrease but at lesser extent was observed for MA2.1 mAb.

Substitution of Ser —> Val (P4) in E51 (peptide E52) further diminished mAb
“ binding compared with C84 suggesting, as indicated in Figure 1, that the presence of
hydrophobic aliphatic residues at P4 is associated with LSA peptide. The
substitution Phe —> Val (P6) in C83 peptide (81) increased the binding of all mAb
tested over the levels detected for peptide C83. In this sequence context, when the
MCEF for all mAb tested for the peptide pairs C83-E53 and C81-C82 are compared, the
substitution Ser —> Lys (P4) affected both the stability of the HLA-A2 peptide complex
and possibly its conformation. Substitution Glu —> Gly (P5) in C82 lead to further
reduction of mAb reacting with T2 cells, confirming the pattern observed with
peptides E51 and Eb54. These results indicate that the magnitude of the structural
contribution of residues in the central area to stabilization of the HER-2 peptide
MHC complex is not only dependent of the nature of the residue substituted at each
position but also on the sequence context.
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Effects of substitutions in the sequence of the C85 epitope on recognition by CTL.

To define the effects of sequence changes on the recognition by peptide specific
CTL we conducted cytotoxicity experiments. CTL-41 induced by peptide C84 (13) were
used as indicators, because they were developed against conservatively substituted
C85 peptide. Thus, they offer the opportunity of studying the effects of sequence
changes on CTL recognition, by excluding the possibility of cross-reactive recognition
of the same Ag by CTL of different specificities that may be present in CTL isolated
from tumor infiltrating lymphocytes. Peptides substituted in the central area were
recognized significantly less than C84. In constrast with the P1 and P9 substituted
peptides, these peptides showed low HLA-A2 stabilizing ability. Since this may result
in a small number of peptide HLA-A2 complexes, we investigated their recognition
over a range of concentration. The results are presented in the Figure 3A. These
results show that even at high concentration (20uMj), the P3-P5 substituted peptides
were either not recognized, or their recognition was minimal, indicating that residues
in the positions 4 and 5 are part of the epitope recognized by the TCR. C85 at a
concentration of 140nM was needed for induction of the half-maximal cytolytic effect
of the CTL-41. This value is significantly higher than the amount of C84 (40 pM)
giving SD50.

Recognition of P1 and P1P9 substituted peptide by CTL-41 is shown in Figure
3B. Recognition of all peptides was tested at the same concentration in the assay.
The results indicate that G1 and F1 substituted peptides are recognized at similar
extent with C84, while T1 and K1 substituted peptides are recognized significantly
less. A similar pattern of recognition was observed with peptides substituted at both
- P1 and P9. Peptides F1IM9 and F1V9 were recognized with similar efficiency with C84.
These results show that recognition of peptides substituted at P1 is sequence specific.
G1M9 and F1M9 substituted peptides were recognized by CTL with similar efficiency
with C84 (E1V9) although F1M9 showed significantly higher stabilizing ability than
G1M9. There was no direct correlation between the ability of these peptides to affect
either the conformational epitope BB.7.2, or MA2.1 or the magnitude of change in
HLA-A2 expression and CTL recognition. All double substituted peptides showed
significantly higher stabilizing ability than C84. The half-maximal stabilization by
P1 substituted peptides was observed 2-6 uM, while for C84 was observed with M
(Savary, Fisk, Hudson, manuscript in preparation). This suggests that a significantly
higher number of P1 and/or P9 substituted peptide - HLA-A2 complexes are needed
for recognition by TCR than for recognition of C84 or C85, and these analogs are
recognized with lower affinity than C84.
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Discussion

In this paper we have investigated the ability of 26 HER-2 and 5 FBP peptides
(selected using HLA-A2 specific motifs) to stabilize HLA-A2 expression, and define
peptides of high and low HLA-A2 stabilizing ability. We found that for both proteins
the majority of these peptide are of low binding affinity (15/26 and 4/5 respectively).
The amino acids that define these motifs and serve as anchor residues for HLA-A2
were found to differ significantly in the central area of these two groups of peptides
(HSA and LSA) (residues at P3, P4, and P5) while significantly smaller differences
were observed for these groups at other positions. These results validate the
prominent role of secondary anchor residues for the stability of the entire complex,
originally defined from binding measurements with soluble HLA-A2 and various
epitopes from various proteins (21). More important, the use for analysis of peptides
selected from the same protein, allow us to identify the role of the protein sequence
in selection of HLA-A2 binding peptides from a tumor protein which is the target of a
CTL response. We found that for residue at position 9 replacement of Met with Val
enhance the stability of the HLA-A2 peptide complex. Comparison of the recognition
of the conformational epitopes BB7.2 and MA2.1 in comparison with the
monomorphic epitope W6/32 indicates very little change in the recognition of these
antibodies over W6/32, suggesting that conformational changes induced by the M ->
V substitution are minimal.

In this context, substitution of negatively charged residues at P1 with residues
- representative of the major groups of polar, charged, uncharged and nonpolar amino
acids leads to peptides that increase the stability of the HLA-A2-peptide complex. Of
the four substitutions tested, three (E -> G, E -> F, and E -> T) showed a parallel
increase in both conformational and monomorphic epitope expression suggesting a
stronger stabilizing rather than conformational effect on the peptide - MHC complex.
This was equally true for both unsubstituted and P9 substituted peptide C85
suggesting that the contribution of individual residues at P1 and P9 in the epitope
sequence to peptide-binding may be additive in certain instances. This is of
particular interest for utilization of such peptides for tumor specific CTL induction,
because it may allow sequence optimization for expression, transport and
recognition. The fact that C85 substituted peptides G1V9, F1V9, G1M9, and F1M9 or
the wild-type (natural) peptide E1M9, were recognized by CTL induced, with the
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peptide E1V9 raises the possibility that such substituted peptides of high HLA-A2
stabilizing ability can be used as immunogens for tumor specific CTL induction.

In contrast with the permissivity of P1, substitutions in the central area at P4
and P5 indicated a significant impact of the peptide sequence on the complex
stabilization and CTL recognition. The substitutions tested had a rather
destabilizing effect on binding either alone or in combination with conservative
substitutions at P8. Furthermore, substituted peptides in the central area P4 - P5
were minimally recognized by CTL. The non-permissivity of the central area of the
peptide for substitutions leading to CTL recognition is in agreement with
crystallographic models of peptide-MHC class I complexes. Residues on these
positions bulge away from the ol - and a2 helices and are likely to be TCR contacts.

Since the low stabilizing ability of the peptides substituted in the central area
may lead to an insufficient number of pep-MHC complexes for CTL activation,
recognition of these peptides was tested over a range of concentrations. Even at
concentrations as high as 20 pg/ml none of these peptides reached SD50 of CTL-41
for C84. We found that only C85 was recognized by C84-induced CTL at levels
comparable with C84 albeit at significantly higher concentrations. Similarily a
number of P1 and P9 substituted peptides were recognized by C84-induced CTL.

The implications of these findings are two fold: (1) they demonstrate that both
P1 and P9 are permissive to substitutions that enhance the stability of the pep-MHC
complexes, but the effects of substitutions need to be analyzed for precise prediction
- of the optimization of HLA-A2 binding and TCR recognition; (2) The selective use of
substituted peptides from self-proteins as immunogens leads to CTL which recognize
the natural (wild-type) peptide although with lower affinity. This finding may have
important implications for induction of CTL recognizing self-proteins. Such HER-2
peptides as well as the gp100 peptides may be expressed at lower amounts on normal
tissues than on tumor cells (31). Thus the epitope density may be a limiting factor in
epitope recognition (32). However, when CTL are induced by wild-type peptides,
recognition of the same epitopes on normal cells may lead to autoimmunity and
deviation of the effectors from an anti-tumor response.

Induction of CTL by substituted peptides will lead to effectors that recognize
the natural peptides with lower affinity than the peptide used as immunogen (33).
Since the low affinity CTL need significantly higher concentrations of antigen to
engage TCR than high affinity CTL effective lysis of targets may be expected only in
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the case of tumors overexpressing the HER-2 or gp100 protein, but not of normal
tissues. Furthermore, the induced "neo-antigencity" of the peptides may be beneficial
for induction of tumor reactive CTL. Although the rules defining CTL cross-reactivity
are still unclear, for humoral responses, high affinity antibodies are more cross-
reactive with various antigens than low-affinity antibodies (35,36).

To date there is little information on induction of CTL specific for the naturally
presented epitope on human tumors using peptides as immunogens. The difficulties
in inducing CTL recognizing these peptides are compounded by the facts that: (a)
they are derived from self-proteins, (b) they are present on normal tissues as
demonstrated in melanoma studies (37), and (c¢) peptide presentation is determined
by corresponding HLA molecule co-expression (38). Thus not only induction of CTL
specific for these peptides would require breaking of tolerance in the non-responder
population of patients which express the Ag e.g. as demonstrated for tyrosinase
(89,3), but induction of CTL using various approaches recognizing self-peptides with
high affinity also raise concerns about recognition of normal tissues. Thus, the use
of analogs of tumor peptides for both CTL induction and as MHC/TCR blockers, may
allow a better defined and controlled approach to immunotherapy of human tumors.

The permissivity of P1 in C85 if confirmed for other peptides, as not being
essential for CTL recognition, raise the possibility of using P1P9 substituted peptides
for tumor specific/reactive CTL induction. These approaches are currently under
investigation in our laboratory (Hudson, Fisk, et.al. manuscript in preparation) using
dendritic cells isolated from bone-marrow precursors and T cells from PBMC from
- healthy donors and ovarian and breast cancer patients.




Page 16

Legend to Table 1

HER-2 and FBP peptides were selected from the corresponding protein sequences as
we have previously described (13). The code for each nonapeptide is the code assigned
for the particular synthetic peptide by the Synthetic Antigen Laboratory of M.D.
Anderson Cancer Center. C61 is a peptide with anchors for HLA-B8 but not HLA-A2.
"No peptide added" indicates that T2 cells were not incubated with any of the
synthetic peptides listed above. Experimental conditions are described in the
Materials and Methods Section. MCF for C61 was 37 (BB7.2) and 182 (W6/32) and
for T2 cells incubated without peptide was 34 (BB7.2), and 172 (W6/32). MCF for
57 was 216 (BB7.2) and 404 (W6/32).




Page 17

Legends to the Figures

Figure 1. Frequency of hydrophilic residues at each position in the HSA and LSA
nonapeptides. Each amino acid was designated as either hydrophilic or hydrophobic
according to the hydropathy scale of Fauchere-Plitska (). (-H-) HSA peptides (Q) LSA
peptides.

Figure 2. Stabilization of HLA-A2 specific mAb epitopes by analogs of the HER-
2:971-979 peptide substituted at P3, P4, P5, P6 and P8. Stabilization assays were
performed as described in the Materials and Methods. (-} Indicates residues identical
with the unsubstituted peptide. Cells were stained by indicated mAb (W6/32,
B.B.7.2 and MAZ2.1) The antibody specifications are listed in the Results Section.

Figure 3. A. Concentration dependent recognition of HER-2:971-979 peptide C85
and its substituted analogs in the central area (E51 (A), E52 (4), E53 (3), E54 (O)
E52, E53, E54). by CTL-41. The sequences of these peptides are presented in Figure
2. CTL-41 were induced by stimulation with peptide C84 (H). T2 cells were incubated
with various concentration of each peptide for 90 min, before being used as targets
in the CTL assay. E:T ratio was 20:1 maximum specific lysis in this experiment for
T2 cells pulsed with C84 was 42%. B. Recognition of HER-2:971-979 peptide and its
P1 and P9 substituted analogs by CTL-41. T2 cells were incubated with each peptide
at 10 ug/ml before being used as targets in CTL assay. To facilitate comparions of
specificity, the target peptides are presented to indicate the residues that differ in
- position 1, e.g. E1, T1 or position e.g. M9, V9. E:T ratio was 10:1.
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Table 1. Stabilization of BB7.2 epitope by HER-2 and FBP peptides.

MCF-R
Code Position Sequence BB7.2 W6/32
Peptides with high HLA-A2 stabilizing ability:
F57 435-443 I L. H NG A Y S L 6.34 2.35
E75 369-377 K I F G S L A F L 5.01 3.03
E90 789-797 C L T S T V Q L V 4.82 2.99
D113 48-56 H LY Q G CQ VvV V 4.56 2.89
F59 447-455 G L G I S W L G L 4.14 1.90
E92 650-658 P L T S I I S A V 3.76 1.89
E38FBP 112-120 N L G P W I Q Q V 3.64 2.42
E93 466-474 A L I H H N T H L 3.32 1.71
E76 402-410 T L E E I T G Y L 3.22 2.08
E88 689697 R L L - Q E T E L V 3.21 2.80
E89 81859 V L V K S P N H V 2.41 1.81
E91 5-13 A L C R W G L L L 2.40 1.78
Peptides with low HLA-A2 stabilizing ability:
E77 391-:399 P L Q P E Q L Q V 1.79 1.26
E78 457-465 S L R E L G S G L 1.76 1.21
F53 654-662 I I S A VvV vV G I L 1.58 1.38
F55 1172-1180 T L S P G K N G V 1.57 1.37
C85 971979 E L V S E F S R M 1.38 1.13
E39FBP 191-199 E I W T H S T K V 1.33 1.37
F56 411-419 Y I S A W P D S L 1.28 1.37
E71 799-807 Q L M P Y G C L L 1.23 1.00
E41FBP 245-253 L L S L A L M L L 1.20 1.05
E40FBP 247-255 S L A L M L L W L 1.18 1.25
F54 747-755 K I P V A I K V L 1.16 1.12
E37FBP 25-33 R I AW A R T E L 1.13 1.59
F51 160-168 Q L C Y Q D T I L 1.13 1.05
E74 838846 D V R L V H R D L 1.06 1.18
E70 793-801 T V Q L V T Q L M 1.03 1.00
F52 627635 P I N C T H S C V 0.99 0.94
F58 442-450 S L T L Q@ G L G 1 0.95 1.26
F50 141-149 Q@ L R S L T E 1 L 0.94 0.93
E72 828-836 Q I A K G M S Y L 0.94 0.96
Negative controls: : :
C61 968977 R F R E L V S E F 1.08 1.06
No peptide added 1.00 - 1.00




TABLE II. Frequencies of amino acid groups at all positions in HSA and LSA
peptides.

RESIDUES AT POSITIONS/FREQUENCIES(%)*

1 2 3 4 5
HSA LSA HSA LSA HSA LSA HSA LSA HSA LSA
Y,F,W 00.0: 05.3 0 16.7 : 05.3 00.0: 10.6 16.7 : 10.6
S,T,.C 16.7 : 26.3 0 25.0:31.6 16.7 : 21.0 33.3:05.2
A 16.7 : 00.0 0 00.0: 15.8 00.0: 10.6 00.0: 15.8
G 08.3: 00.0 0 16.7 : 00.0 08.3 : 00.0 16.7 : 10.6
P 08.3:10.5 0 00.0: 05.3 08.3:15.8 00.0: 00.0
LV,IM 16.7 : 10.5 100 :100 25.0:10.6 08.3:31.6 16.7 : 31.6
QN  08.3:21.0 0 00.0: 15.8 25.0 : 00.0 00.0: 10.6
RH.K 25.0:10.5 0 08.3:15.8 25.0 : 05.3 08.2: 08.2
D,E 00.0: 15.8 0 08.3: 00.0 08.3:05.3 01.0:10.6

*Thirty one peptides containing as HLA-A2 anchors L,], or V at P2 and V,L,M or V at P2
and V,L,M or I at P9 were selected from protein sequences of HER-2 and FBP and tested
for induction of expression of the BB7.2 and W6/32 epitopes. From this set the 12
HSA and.19-ESA were compared to determine the percentage of occurrence of a certain
group of residues at a certain position (frequency) as described in Reference 3.



TABLE II (cont.)

RESIDUES AT POSITIONS/FREQUENCIES

6 7 8 9

HSA LSA HSA LSA HSA LSA HSA LSA

Y.P,W 08.3 : 05.2 08.3:05.2 16.7 : 16.7 0]
S, T,C 25.0:15.8 16.8:42.0 08.3:10.2 0
A 08.3 : 00.0 08.3 : 00.0 08.3 : 00.0 0
G 08.3:15.8 08.3:05.2 08.3:15.8 0
P 08.3: 05.2 00.0: 00.0 00.0: 00.0 0
L, V,LM 33.0:26.0 16.7:21.0 33.0:37.0 100 :100
Q,N 08.3:05.2 33.0:10.0 08.3:05.2 0
RHK 00.0: 21.0 00.0:10.0 16.0:10.0 0
D,E 00.0: 05.2 08.3:10.0 00.0:10.0 0

The frequency of appearance of a certain group of residues at a position in the sequence
was considered significant if exceeded by at least 15% the frequency of occurrence of
the same group of amino acids in the other group of peptides (either HSA or LSA). This
corresponds to a difference of at least two aminoacids of the same group at a given
position between HSA and LSA, because we tested 12 HSA peptides and a difference of
at least three amino acids of the same group at a given position between LSA and HSA
because we tested 19 LSA peptides.




TABLE III. Effects of P1 substitutions in the sequence of HER-2:
971-979 peptide on mAb recognition.

MCF2
(channel no.)

Peptide Amino Acid W6/32 BB7.2 MA2.1
C85 ELVSETF M 35.0 29.2 16.8
103T T - - - - - - 121.8 47.1 100.8
103G G - - - - - - 146.4 64.1 126.8
103K K- - - - - - 131.9 30.5 102.2
103F F - - - - - - 380.6 131.8 471.4
C84 - - = - - = \% 115.1 110.4 107.6
104T T - - - - \Y% 376.0 112.3 430.5
104G G - - - - - \Y% 410.9 128.9 432.4
104K K - - - - - \Y 437.1 133.7 236.9
104F F - - - - \Y 377.4 189.9 552.8

AThe MCF value for each peptide was obtained by substracting the MCF
value for staining by each mAb of T2 cells incubated with a given peptide
from the control MCF value for T2 cells incubated without exogenously
added peptide and stained with the same mAb. T2 cells were stained
with each of W6/32, BB7.2 and MA2.1 mAb. The results are from one
representative experiment of three independently performed. The control
values for T2 cells stained with mAb in the absence of peptides were:

209 (W6/32), 67 (BB7.2), and 164 (MA2.1).
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ABSTRACT

Because dendritic cells (DCs) consitutively express HLA-Class II and CD80/86
costimulatory molecules and a high density of adhesion structures, they are considered to
be the most efficient of antigen-presenting cells (APC). DCs, though, are present in very
low frequency in all tissues so that efforts have been made to propagate these cells in vitro.
Although GM-CSF has been shown to promote DC growth, little is known concerning the
role of other cytokines in DC-genesis. We show that cells with the morphology and
phenotype of DCs are generated in relatively large numbers from CD34+ bone marrow
progenitors of normal donors and cancer patients after 7-10 days culture with IL-2 and stem
cell factor (SCF). Interestingly, the DCs showed a striking propensity to bind to K-562
tumor cells as detected by 2-color fluorescence-activated cell sorting. The marrow-derived
DCs were also found to be efficient in inducing cytolytic CD8+ T lymphocytes (CTL)
specifically reactive against a synthetic HER-2/neu nonapeptide E75 (369-377) which has
been previously reported to reconstitute recognition of ovarian tumor-reactive CTL. Our
results suggest that marrow-derived DCs can efficiently present MHC Class I binding

tumor- antigens to autologous CTL...




INTRODUCTION

Studies of in vitro cytokine-expanded peripheral blood and tumor-infiltrating lym-
phocytes of cancer patients have provided evidence that T cells recognize antigenic deter-
minants on autologous malignant cells [1-3]. The targets of tumor-reactive lymphocytes
include the products of genes that are overexpressed in malignant cells (e.g. HER-2/neu), or
silent genes that become activated during malignant transformation (e.g. the MAGE gene
family) [4-8]. Additionally, novel proteins resulting from gene mutation are also im-
munogenic[6].

With the molecular characterization of some tumor-antigens (TA), and our new
understanding of peptide-major histocompatibility complex (MHC) interaction, in vitro
immunization of lymphocytes against TA has become a technical reality [7, 9]. The
effectiveness of lymphocyte immunization, however, relies on optimum presentation of the
antigen by autologous antigen-presenting cells (APC). According to the 2-signal model of
lymphocyte activation, a positive response requires that the APC: (a) present peptide
bound to autologous MHC Class I or Class II molecules, and (b) provide a costimulatory
signal directed through CD80/86, CD54, or other yet to be defined structures [10, 11]. At-
tention has focused recently on the use of dendritic cells (DC) for in vitro immunization,

since they are considered to be the most efficient APC [12].




All DCs are derived from bone marrow and migrate via blood to virtually all tissues
where they are poised to capture antigen for transport to lymph nodes and presentation to
lymphocytes [12]. Under appropriate cytokine stimulation, less mature DC are capable of
protein ingestion and processing [13-15]. By comparison, more mature DC are less efficient
at antigen processing, but are more effective immunostimulatory cells due to expression of
a high density of MHC, adhesion, and costimulatory molecules. In fact, it is the property of
constitutive expression of HLA Class I and Class Il molecules, and CD80/86 that
distinquish Dcs from other APC, and that allow them to activate both CD4* and CD8* T
lymphocytes. Thus, use of DCs as APC would be expected to improve the quantity, activity
and diversity of tumor-reactive clones generated in in vifro immunization systems using
proteins and peptides.

The precise identification of cytokines involved in DC maturation, function and
growth have not yet been fully delineated. In both murine and human models, GM-CSF
stimulates the activity and growth of DCs isolated from peripheral blood [15-17], and
induces DC differentiation from CD34* bone marrow progenitors [18, 19]; other cytokines,
including IL-4 and SCF synergize with GM-CSF in this activity [15, 18, 20]. We present
evidence that cells with DC-like morphology and phenotype are generated from CD34*
marrow progenitors in short-term cultures supplemented with IL-2 and SCF. We show that
these cells have tumor-binding capacity, and function as APC in in vitro induction of CD8+

lymphocytes specific for a known CTL epitope, HER-2/neu: 369-377.




MATERIALS AND METHODS

Target Cells.

K-562 and 174CEM.T2 (T2) tumor cells were maintained as continuous cultures in
RPMI-1640 medium supplemented with HEPES buffer, 10% fetal bovine serum (FBS), an-
tibiotics, and glutamine. K-562 was originally established from a patient with chronic
myelogenous leukemia and was obtained from ATCC. The T2 cell line was a kind gift of
Dr. Peter Cresswell (Yale University, New haven, CT); these cells have a defect in the TAP

transport system and express HLA-A2.1 occupied only by signal peptides [21].

Generation of Dendritic Cells.

Cryopreserved bone marrow cells of normal donors and breast cancer patients were
thawed and Washed in Ca**/Mg**-free phosphate buffered saline (PBS) containing 100
U/ml DNase, and incubated overnight in RPMI 1640 medium supplemented with HEPES
buffer, 10% fetal bovine serum (FBS), glutamine, antibiotics, nonessential amino acids,
sodium pyruvate, and 2-mercaptoethanol (S-RPMI). The cells were then separated on a
gradient of 35% Percoll to remove dead cells and debris. CD34* cells were positively
selected by paramagnetic bead separation technology using a CD34 isolation kit purchased

from Miltenyi Biotec, Inc. (Sunnyvale, CA). Briefly, the marrow cells were incubated for 15




min at 4°C with human IgG blocking solution (reagent A1) and 15 min with modified
QBEND/ 10 anti-human CD34 IgG, antibodies (reagent A2), washed and then incubated an
additional 15 min with superparamagnetic microbeads recognizing reagent A2 (reagent B).
The cells were then passed through an iron bead column placed within a strong magnetic
field and the adherent cells eluted from the column after removal from the magnet. The
adherent cells were passed through a second column to further enrich for CD34* cells. The
efficiency of the separation was evaluated by staining an aliquot of the sorted cells with
phycoerythrin (PE)-conjugated HPCA-2 anti-CD34 (Becton Dickinson Monoclonal Center,
Mountain View, CA) which reacts with an epitope distinct from that of the QBEND
antibody; the purity of CD34* populations was 95-99% as evaluated by flow cytometry.

The CD34* cells were seeded into the wells of tissue culture plates at an initial
concentration of 105 cells/ml in S-RPMI medium containing 10°> U/ml of highly purified
human recombinant I1L-2 (18 x 106 TU/mg, kindly provided by Cetus), and/or 2-5 U/ml
SCF (kindly provided by Immunex, Seattle, WA ). The cultures were maintained for 7-10

days at 37-C in a 5% CO, humidified atmosphere.

Phenotypic Analysis of Cells.

Cells were labelled with fluorescein isothiocyanate (FITC)- or PE-conjugated

monoclonal antibodies recognizing the following cell surface determinants: CD1a, CD2,

CD3, CD4, CD8, CD14, CD16, CD19, CD25, CD33, CD34, CD38, CD45RA, CD45RO, CD56,




CD80, HLA-DQ (Becton Dickinson); HLA-DR (DAKO Corp., Carpinteria, CA); CD122 (En-
dogen, Boston, MA). Briefly, 1-5 x 10° cells were incubated for 20 min with mouse IgG an-
tibodies to block nonspecific binding. Test antibody was then added and the cells placed at
4°C for 30 min and washed. Isotype control antibodies unreactive to human cells were used
to control for background fluorescence. Samples were analyzed using a FACScan flow
cytometer equipped with a single 488 nm argon laser and Consort 30 or FACScan Research

Software (Becton Dickinson).

Analysis and Sorting of Tumor-Binding Cells (TBC).

The ability of CD34* cells from 7-10 day cultures to form conjugates with K-562 cells
was analyzed by 2-color flow cytometry. K-562 target cells were labeled with FITC and
effector cells from IL-2+4SCF cultures were labeled with PE-conjugated antibodies as
described in the Results. The two populations were mixed in 1:1 ratio in 0.2 ml of S-RPMI,
centrifuged for 5 min, and gently resuspended. The cells were analyzed for conjugate
formation immediately, and after 10 min of incubation at 37°C in a water bath. Forward
and side scatter gates were set to include all targets, effectors, and conjugates, but excluding
debris.

For fluorescence-activated cell sorting (FACS) of tumor-effector conjugates, FITC-

labelled K-562 cells were irradiated with 5000 cGy gamma irradiation delivered from a




cesium source, and mixed together with effector cells which had been pre-labelled with PE-
conjugated anti-CD38 antibodies. The dual-stained conjugates were then sorted at a rate of
1500 events/second using a VANTAGE cell sorter (Becton Dickinson), and returned to

culture for 20 hrs prior to analysis by light microscopy.

Immunization of Lymphocytes Against HER-2/neu Peptides.

Cryopreserved bone marrow cells from patients with breast cancer were pre-screened
for reactivity to the BB7.2 antibody recognizing the -2 domain of HLA-A2 Class I, and the
CD34+ progenitors from an HLA-A2+ patient were placed into culture in IL-2+SCF
supplemented medium. Highly purified T lymphocytes were isolated by sheep
erythrocyte-rosetting from the CD34-depleted fraction of the same marrow sample, and
cryopreserved at -85°C in 90% human AB serum + 10% dimethylsulfoxide until use. After
10 days in culture, when DCs were observed, the cells were collected from the IL-2+SCF
cultures and depleted of any mature cells using superparamagnetic bead separation. This
was done by incubating the cells with a cocktail of purified mouse antibodies recognizing
human CD3, CD16, CD19 and CD14, followed by incubation with paramagnetic bead-
conjugated anti-mouse antibodies (Miltenyi Biotec, Inc.) and passage through a magnetic
field. The cells in the effluent were returned to culture in serum-free medium and pulsed

for 1 hr with 1 mM of a synthetic nonapeptide of HER-2/neu, E75 (HER-2, 369-




377:KIFGSLAFL), shown in previous experiments to bind with high affinity to HLA-A2
molecules [22]. The autologous T cells, which had been thawed and cultured overnight in
complete RPMI medium without peptide, were then added in serum-supplemented
medium containing IL-2 (50 U/ml final concentration), and the cultures continued for an

additional 3 weeks with weekly restimulation and IL-2 supplementation.

RESULTS

The experiments described below were designed to characterize the populations
expanded from CD34+ progenitors in 7-10 day IL-2+SCF culture. We found that the cells in
these cultures bound to K-562 cells and phenotypically resembled DC. The results of these
experiments and subsequent studies to further characterize the DC-like cells generated in

IL-2+SCF marrow cultures are described below.

Phenotype of cells in short-term cultures established from bone marrow CD34* progenitors

When CD34* bone marrow progenitors were cultured in the presence of IL-2 and SCF
for 7 to 10 days, a 5- to 10-fold expansion of cells was observed as determined by direct

enumeration of cells using a trypan blue dye exclusion technique. Flow cytometric analysis
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of the cells in these cultures indicated that only negligible numbers (<2%) displayed a
phenotype consistent with that of mature T cells (CD3%), B cells (CD19%),
monocyte/macrophages (CD14*), granulocytes (CD16*), or NK cells (CD56%16*). Most cells
lacked CD2, CD5, CD7, CD8, or CD25 (IL-2Ra) cell surface determinants (Fig. 1). Instead,
the majority of cells expressed CD33 suggestive of differentiation along the myeloid
pathway [28]. An average of 58%, 50% and 22% of cells displayed CD4, HLA-DR and HLA-
DQ, respectively, while a small subset expressed CD80 (B7) or CDla; CD122 (IL-2RB) was

detected on 20% of cells.

Tumor-binding capacity of cells from IL-2+SCF cultures

When irradiated FITC-labelled K-562 target cells were mixed in 1:1 ratio with PE-anti-
CD38 labelled cells from 7-10 day cultures and analyzed by 2-color flow cytometry, we
observed that 12-16% of cells formed conjugates with the tumor (Fig. 2 and Table 1); these
cells are designated as tumor-binding cells (TBC). CD38 expression was chosen for these
studies, since virtually all of the bone marrow cells from these cultures expressed this
surface marker (Fig. 2). It was necessary to differentially label K-562 and TBC, since some
overlap in the forward- and side-light-scatter characteristics of these cells was observed

(data not shown). Table 1 indicates that a similar proportion of TBC was observed in
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cultures established from CD34* progenitors of normal donors and breast cancer patients,
as well as from fresh and cryopreserved marrow samples.

Next, we sorted the dual-staining conjugates by FACS and returned them to culture
for subsequent analysis of their morphology and phenotype. When examined 20 hr later by
light microscopy, many of the sorted TBC were found to have a morphology akin to DCs,
ie. displaying numerous and long dendritic processes (Fig. 3). Time-lapse
videomicroscopic analysis of these cells showed them to be highly active and motile (data
not shown). As depicted in Fig. 3, the DCs were usually seen beneath clusters of K-562
cells. Closer examination of unseparated cultures revealed that the DC-like cell
s were often not readily visible because of their tendency to reside beneath clusters of
round cells (Fig. 4). However, they were more easily seen if the cultures were very
gently resuspended. Although the dendritic-like cells were observed to be in contact with
the plastic surface of the culture vessel, they were only loosely adherent and could be
detached by routine pipetting. Similar, but fewer, dendritic-like cells were detected in

cultures supplemented with IL-2 or SCF alone (data not shown).

Phenotype of Tumor-Binding Dendritic Cells.

We next examined the phenotype of the cells binding to K-562. Fig. 5 shows the

results of an analysis of TBC from cultures established from marrow of a normal donor and
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a breast cancer patient. Virtually all of the TBC from either donor expressed HLA-DR and
20-40% displayed HLA-DQ. The majority of TBC from the normal donor were CD4, while
approximately half of the TBC from the breast cancer patient were CDla*. A small
proportion of TBC from both donors expressed CD80. Further studies will be required to

determine if the differences in the phenotypic profile of TBC is disease-related.

Immunization of Autologous Lymphocytes to HER-2/neu Peptides Using Marrow-Derived

Dendritic Cells.

We next tested whether the DCs generated in IL-2+SCF cultures would be effective
APC in immunization of autologous lymphocytes against TAA in vitro. DCs were
generated from CD34* marrow progenitors of an HLA-A2+ breast cancer patient and
pulsed with a synthetic HER-2/neu nanopeptide (E75) shown previously to bind to the
HLA-A2 antigen and to be recognized by ovarian tumor-reactive CTL [22]. These APC
were then incubated together with autologous T lymphocytes that had been collected from
the marrow during CD34 purification and cryopreserved. The lymphocytes were expanded
in culture with 50 U/ml of IL-2 and weekly restimulation with E75-pulsed APC, and then
tested for their ability to lyse peptide-pulsed T2 target cells in a 5!Cr release assay [22]. Fig.
6 shows that the immunized T cells lysed T2 targets which had been pulsed with E75

peptide, but not those pulsed with medium alone or a different peptide (E90; HER-2/neu
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789-797).  Phenotypic analysis of the lymphocytes showed that they were >95%
CD3+,CD8+ T cells and <1% CD56+,3- NK cells, suggesting that the APC from [L-2+SCF
cultures were effective in immunizing CD8+ T lymphocytes against MHC Class I binding

HER-2/ neu peptide.

DISCUSSION

We have shown that cells with DC morphology (stellate appearance with multiple
long cytoplasmic processes) and phenotype (CD4*, HLA-DR*, HLA-DQ', CDla%, and
CD80*) are generated from CD34+ bone marrow progenitors in short-term cultures sup-
plemented with IL-2 and SCF. Cells with similar phenotype were also generated in cultures
supplemented with IL-2 alone or SCF alone, but these conditions did not promote as high a
degree of proliferation as supported by the combination of cytokines. While SCF has been
shown to enhance the effect of GM-CSF on DC growth and function [20], ours is the first
observation that IL-2 may contribute to DC-genesis from bone marrow progenitors.
Although the cultures established in our studies were not deliberately supplemented with
GM-CSF, it is possible that this cytokine was produced endogenously - a question currently
being addressed. However, the presence of DCs in GM-CSF knockout mice suggests that
GM-CSF is contributory, but not essential, for DC development [29].

In studies of hematopoiesis, IL-2 has been shown to promote the expansion of both

myeloid- and lymphoid-committed cells [23-27]. SCF generally has little differentiative

14




activity, but acts synergistically with most colony stimulating factors to increase progenitor
frequency. As DC and monocytes/macrophages appear to arise from a common precursor
[18] and a large number of cells in early IL-2+SCF cultures expressed the CD33 determinant
associated with myeloid-committment [28], it is possible that these cytokines promote
expansion of the common DC/monocyte precursor. While a small percentage of monocytes
have been shown to express CD4 [30], the presence of this determinant on a large subset of
the cultured cells which lack CD14, could indicate either that other stimuli are required for
further differentiation of monocytes or that the cells generated in IL-2+SCF cultures have
been directed along the DC-differentiation pathway.

We and others have reported previously that long-term (4-5 week) IL-2-supplemented
cultures established from human CD34+ bone marrow progenitors support the generation
of CD56+,3- NK cells [23-26]; subsequently it was shown that SCF increases the frequency
of NK prdgem'tors within these IL-2-dependent cultures [27; our unpublished
observations]. These data suggest that IL-2+SCF may support progenitor populations
committed to different lineages. However, it cannot be excluded that NK and DC, which
share a primary role as sentinel cells, may be derived from a common precursor and/or
that the earlier appearing DCs may contribute to NK cell differentiation. These questions
may be answered by further analysis of the differentiation pathways of phenotypically
defined cell subsets within early IL-2+SCF cultures.

The tumor-binding capacity of DCs is not surprising considering the high density of

adhesion molecules displayed by these cells [12]. This property, along with the ability of
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DCs to cluster with lymphocytes, could provide a means of enhancing the antitumor
response, i.e. by facilitating the interaction between tumor and oncolytic lymphocytes.
However, tumor-binding by DCs could be a two-edged sword as far as metastatic tumor
cells are concerned: while capture (or transport) of micrometastasis by DCs to the
lymphocyte-laden lymph node might be advantageous, capture within the marrow might
contribute to the formation of metastatic lesions.

Previously, it was found that CD4* T lymphocytes from some breast cancer patients
could be sensitized to a HER-2/neu peptide presented by CD34 progenitor-derived DCs
[19]. Our results show the first time, that such DCs from a breast cancer patient can also
induce CD8+ cytolytic T lymphocytes recognizing an immunodominant nonapeptide
product of the HER-2/neu proto-oncogene [22]. In mice, antigen-specific cytolytic CD8+ T
cells have also been induced by marrow-derived DCs pulsed with an MHC Class I-
restricted peptide of ovalbumin [31]. Together, these data support our hypothesis that DCs
are effective for in vitro immunization of both CD4* and CD8* T lymphocytes.

Our studies are also unique in that we used T lymphocytes derived from the bone
marrow as responders. While it is possible that some of these cells may be derived from
peripheral blood contaminating the marrow sample, it is also possible, that the marrow
may provide a source of naive T cells more amenable to immunization. Future studies will

examine this possibility.
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FIGURE LEGENDS

FIGURE 1. Phenotype of cells in 7-10 day IL-2+SCF cultures. CD34+ bone marrow
progenitors from normal donors and breast cancer patients were cultured for 7-10 days
with 103 U/ml IL-2 and 2-5 U/ml SCF; the phenotype of cells in culture was analyzed by
flow cytometry. Bars represent the mean S.E. of 4 donors. Since no differences between

normal individuals and cancer patients was observed, the data were pooled.

FIGURE 2. Detection of tumor-binding cells by flow cytometry. Cells from 7-10 day
IL-2+SCF cultures established from CD34* progenitors were labeled with PE-anti-CD38
and mixed together with FITC-labeled K-562 in 1:1 ratio. The cells were analyzed
immediately (0 ﬁlin) and after 10 min. incubation at 37°C. Quadrant 1: nonbinding
CD38+ cells; Quadrant 2: tumor-binding CD38+ cells; Quadrant 3: nonbinding CD38+

cells; Quadrant 4: unbound K-562..

FIGURE 3. Morphology of tumor-binding cells in IL-2+SCF cultures. Dual-labeled
tumor-binding cells (detected as described in Fig. 2) from a 7 day IL-2+SCF culture
were sorted, returned to culture, and analyzed microscopically 20 hrs later. The digital
image shows a DC with long processes binding to K-562 tumor cells. Magnification

200x.
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FIGURE 4. Generation of dendritic cells from CD34+ progenitors. CD34 progenitors
were isolated from fresh bone marrow of a normal donor and cryopreserved (3 yr)
marrow from a breast cancer patient (31), and cultured as described in the legend of
Fig. 1. The DCs are identified by their long processes. The differences in concentration

of DCs in these images is due to dilution rather than disease-related factors.

FIGURE 5. Phenotype of TBC from IL-2+SCF cultures. Cells from 7-10 day cultures
established from CD34* progenitors were labeled with PE-conjugated antibodies and
allowed to bind to FITC-labeled K-562. The bars respresent the percent of total TBC

(i.e. %CD38* TBC) expressing the particular surface determinant.

FIGURE 6. Immunization of T cells against HER-2/neu peptide. Left panel:

Immunization scheme. DCs were generated from CD34 marrow progenitors of a breast
cancer patient (HLA-A2+) and pulsed with a nonapeptide of HER-2/neu binding with
high affinity to HLA-A2 [22]. Autologous T cells and IL-2 were then added and the
cultures continued for 3 more weeks with weekly restimulation. Right panel: The
lymphocytes were then tested for lytic activity against T2 cells pulsed with the same
HER-2/neu peptide used for immunization (E75), an unrelated peptide (E90), or no

peptide.
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Table 1.

Tumor-binding cells in IL-2+SCF
cultures

Expt.1 Donor - %TBC
1 NORMAL 13.5
2 NORMAL2 14.5
3 PATIENT 16.1
4 PATIENT?2 13.7
5 PATIENT?2 12.1

1CD34+ progenitors of normal donors
and breast cancer patients were cultured
in LTBMC for 7-10 days, and the percen-
tage of cells binding (TBC) to K-562
determined by flow cytometry.

2Cryopreserved/thawed marrow.
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Chapter 22

TUMOR IMMUNITY

Constantin G. Ioannides and Elizabeth A. Grimm

In vitro cellular immune responses to tumors have been
demonstrated by activated macrophages, natural killer (NK)
cells, lymphokine-activated killer cells (LAK), and T cells.
Manipulations of the human immune system in cancer clin-
ical trials have been attempted by the use of anti-idiotypic
antibodies, NK/LAK cells, tumor vaccines, adjuvant im-
munotherapy, and adoptive immunotherapy with tumor in-
filtrative lymphocytes (TIL) comprising mainly T cells, and
has shown that a certain level of clinical responses can be
sustained by the use of these immunological agents'"
(Chapters 123 and 124). No causal relationship has yet been
demonstrated between either the nature of effectors and
treatment outcome, or the association of the levels of clinical
responses to tumors with particular effectors; also, no quan-
titative (dose-response) correlations can yet be drawn. The
fact that such responses exist provides a rationale for in-
vestigation of the mechanisms that regulate: the immunity
-to human tumors.

An underlying assumption is that responsive patients
have some level of preexisting tumor immunity, defined as
tumor-specific antibodies or cytotoxic T lymphocytes, how-
ever, the same responses have been found in patients with
progressive cancers.'®'® Thus, this preexisting immunity is
unable to control tumor progression. Treatments with bac-
teria (the Coley toxin, bacillus (BCG), Calmette-Guérin
(C. parvum) cytokines (IFN-vy), tumor necrosis factor-a
(TNF-a), interleukin-2 (IL-2), and more recently granulo-
cyte-macrophage colony stimulating factor (GM-CSF), in-
terleukin-12 (IL-12), etc.), and nonspecific immune mod-
ulators, in general, have shown tumor regression (although
in most cases incomplete), suggesting that either they can
amplify a preexisting immune response, to as yet unknown
antigens expressed on tumors, or induce a potent antigen
nonspecific one, or both. The central questions of tumor
immunity are: (1) What are the target antigens of an anti-
tumor response, (2) why are these responses inefficient in
controlling tumor growth, (3) how can these responses be
targeted and amplified to be effective and, (4) if these re-

sponses are targeted to self-antigens, do they reflect an an-
-

titumor response (because of overexpression/posttransla-
tional modification of the target antigen) or a response to

" tissue injury by tumor expansion. If the latter is true, a
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physiologic response to tumor would be expected to “sup-
press” the local inflamrmatory and consequently the antitu-
MOr response. ’

This chapter focuses first on the specific immunity to
human tumors illustrated by T cell responses to autologous
human tumor cells. It discusses the relevance of what is
known for understanding the mechanisms of human tumor
recognition by T cells, and the control mechanisms that may
regulate this recognition. Second, it addresses the nonspe-
cific arm of tumor immunity, describing the antitumor func-
tions of NK, LAK, and macrophages.

T CELLS IN TUMOR SURVEILLANCE

Of the fundamental questions on the function of the im-
mune system for surveillance against emergence of tumors
and control of tumor progression and metastasis, the ques-
tion of how T cells recognize autologous human tumors is
farthest from an answer. The concept of tumor surveillance
by T cells implies that circulating T cells are able to detect
antigenic (Ag) changes on the surface of malignant cells.
This recognition leads to elimination of the tumor cells and
generation of memory T cells capable of recognizing the
same antigen (Ag) at reencounter.

It is considered a favorable prognostic indicator when
solid tumors are infiltrated by T cells,'®® since this is
suggestive of the ability of the patient’s immune system to
develop a local antitumor response. However, freshly iso-
lated lymphocytes from infiltrations of solid tumors (tumor
infiltrative leukocytes) (TIL) show poor cytolytic function
against all targets, whereas the same cells after in vitro
culture in the initial presence of autologous tumor and IL-
2, mediate tumor lysis.?'* Moreover, cultured TIL when
adaptively transferred to cancer patients were reported to
induce partial or complete clinical responses.'"* Studies
initiated in the last 5 years to address hypotheses explaining
this apparent paradox have contributed a large body of in-

<y
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KEY CONCEPTS
Tumor Immunity

B—prr

1. T cell immunity to tumors
" a. Tumors are infiltrated by T cells known as TILS
b. TILS exhibit both antigen-specific and antigen-non-
-+ specific reactivity to tumor cells
" ¢. Failure of TILS to eliminate tumors due to suppres-
- sion of T cell activity and induction of T cell anergy
2. Cell surface “tumor” antigens on human tumors
a. Differentiation antigens
b. Oncofetal antigens
c. Activation antigens
3. Nonspecific mechanisms of tumor immunity
" a. Natural killer cells
b. Lymphokine-activated killing activity
" ¢.-Macrophages -
d. _lIL{% ‘and other cytokines

formation which improves our understanding of the way T
cells interact with autologous tumors. We have analyzed this
information in the context of the basic mechanisms that
govern T cell responses to Ag, whose specificity and func-
tionality can be defined in terms of Ag recognition, lym-
phokine secretion, and T cell receptor usage.

The immune system is controlled by the regulation of
differentiation and expansion of T and B lymphocyte clones,
each bearing unique clonally distributed receptors, T cell
antigen receptors (TCR), and membrane immunoglobulins
(Igs), respectively. It is still unclear whether antigens rec-
ognized by T and B cells on human tumors are proteins
expressed de novo on malignant cells and absent from their
normal counterparts, or normally occurring overexpressed
cellular proteins which, by virtue of increased intracellular
concentration, may provide more self-products (peptides)
than normal cells or provide mutated self-products to be
presented to T cells. T and B lymphocytes can potentially
develop a response to any foreign molecule and can distin-
* guish changes in the primary structure at the level of one
nonconservative amino acid substitution. Therefore, they
are able to distinguish mutated self-products.

1 The concept of self-tolerance implies that autoreactive
clones are silenced or eliminated before they aquire func-
tional competence.?* If we assume that human cancers are
only another expression of the self, then it would be ex-
pected that no specific T and B cell response at all will be
mounted against malignant cells. If, on the other hand, we
assume that the malignant transformation, as a consequence
of either DNA mutations or activation of normally expressed
genes, results in the expression on tumor cells of novel
cellular proteins, theoretically T cell responses detecting
structural changes and increased levels of immunogens will
be expected. This will be true unless: (1) tumor cells are
defective in Ag expression, due to either decreased expres-
sion of major histocompatibility complex (MHC) molecules
or defective tumor Ag presentation (transporter systems);
(2) suppressor factors or cytokines for differentiation and
functional maturation of T cells are released by the tumor
or host tissue; (3) immune suppressor cells or circuits block

1

i

an immune response by T cells against the tumor; or (4)
lymphokines essential for functional maturation of tumor
reactive T cells and B cells and antibody secretion are not
released in the tumor environment.

Another factor that needs to be considered is whether T
cells bearing receptors for self-proteins are eliminated after
responding to a particular tumor Ag. It has recently been
demonstrated that clonal deletion appears not to be restricted
to immature T cells and can be the endpoint of a powerful
immune response, €.g., to superantigens.® Selective elim-
ination of V2™ cells has been reported in mice bearing
preneoplastic lesions.”” In contrast with experimental tumors
induced by, e.g., mutagens that express immunologically
definable unique tumor Ags, most serologically defined hu-
man tumor Ags are structurally similar to normal tissue
proteins. The fact that certain of these proteins may pe
expressed at fetal stages strengthens the hypothesis that
recognition of such antigens during development can lead
to elimination of self-reactive clones and therefore to the
lack of observed responses to tumor cells. However, from? ©
studies in experimental animals it is clear that immuniza-
tion with self-antigens can unmask the presence of auto-
reactive T cells at a clonal level and induce autoimmune
disease.

In cancer patients, humoral and cellular responses to a
number of differentiation antigens are not entirely sup-
pressed by tolerance. For example, glycoprotein (gp75) is
a differentiation antigen since it is specific for cells of the
melanocyte lineage.'® gp75 was recognized by antibodies in
the serum of a melanoma patient,”* while epitopes in ty-
rosinase (a member of the gp75 family) were found to be
targets of CTL in melanoma patients.” The extent to which
in vitro stimulation (IVS) with tumor of the TIL, demon-
strated to be a critical step in generation of in vitro functional
tumor reactive T cells, reflects induction of autoreactive
tissue-specific T cells, needs to be studied in the future.
Since tumors may exXpress cellular proteins not found in the
thymus, it is now clear that more complex mechanisms
regulate the apparent unresponsiveness of T and B cells to
tumors.

THE CONCEPT OF TUMOR REACTIVE T CELLS

In classic studies, freshly isolated T lymphocytes from
human tumors, in most instances, show minimal cytolytic
function against autologous and allogeneic targets and poor
proliferative responses to Ag or mitogens compared with
peripheral blood mononuclear cells (PBMC) from the same
donor."*® Since the proliferative responses to mitogens
and antigens to cancer patients’ PBMC are in general lower
than those of healthy individuals, this raised the question
of whether lymphocytes infiltrating tumors (TIL) or asso-
ciated with tumors (TAL) in solid cancers and malignant
effusions are functional.

Studies by Rosenberg and collaborators, Whiteside, Her-
berman and collaborators, and other groups have shown that
tumor-reactive T cells isolated from TIL can be expanded
in vitro in large numbers, and for long time intervals. Re-
sults from studies with TIL/TAL and PBMC from patients
with tumor vaccines became the main source of information
on the nature and specificity of T cells reacting with autol-




ogous human tumors. Much of the information analyzed
here was obtained from these systems. When TIL from
different sources are cultured in the presence of autologous
tumor and low (5 to 20 U/ml) or moderate (50 to 100 U/
ml) amounts of recombinant IL-2, they expand, often as
CD3* T cell lines of either CD4* CD8~ or CD4~ CD8*
phenotype.* In many instances these cells have shown
autologous tumor cytotoxicity, proliferation, and specific
lymphokine production. On the other hand, TIL derived
from tumors and cultured in high concentrations of IL-2
(1000 U/ml) can in some cases (e.g., TIL from ovarian
carcinoma) lead to expansion of effectors with NK-like
characteristics®” and in other cases (TIL from melanoma)
lead to expansion of autologous tumor-specific T cells.® To
some extent this variability may reflect differences in the
amount of IL-2 used in the cultures since IL-2 concentrations
expressed in units may, in reality, reflect very different
concentrations of IL-2.33 Furthermore, regardless of the
apparent poor proliferative responses initially observed
when T cells isolated from tumor infiltrations are cultured
in the presence of lymphokines, higher frequencies of tu-
mor-reactive T cells have been found in cloned tumor in-
filtrating lymphocytes (TIL) than in peripheral blood, sug-
gesting the presence of a local Ag priming event.>** The
implications of these observations are twofold: (1) either
human tumors express molecules (tumor antigen) not pre-
sent in the normal tissues capable of Ag priming T cells;
or (2) clonal abortion of self-reactive clones is incomplete.
The ease with which it is now possible to recover reactive
T cells from human tumors suggests that, at the least, clonal
abortion of cells expressing self-antigens or autologous tu-
mors is incomplete. Therefore, other mechanisms may be
present that abolish the capacity of tumor-reactive T cells
to eliminate human tumors through recognition of novel
tumor Ags, or via potential autoreactive responses to normal
self-antigens, or both. *

Other important questions that remain to be answered
are whether such activated lymphocytes that appear to pos-
" sess receptors for human tumor Ag or self-antigens exit the

tumor environment and circulate to other tissues. Such cir-

culation could lead to autoimmune reactions in the recipient
tissues and there would have to be mechanisms to control
(syppress) such reactions. Animal studies have shown that
in experimental tumor models adoptively transferred anti-
gen-specific T cells as well as TIL, can proliferate in vivo
and persist long term as memory T cells.*® Although survival
of neo” marked human TIL was found to be comparable
with that of murine TIL, there are major differences between
murine and human TIL (e.g., HLA-DR expression, pro-
duction of interleukins) and possibly differences in the na-
ture of murine and human tumor Ag.* Thus, the persistence
of TIL in animals cannot be presumed for humans.

TARGET SPECIFICITY OF AUTOLOGOUS
TUMOR-REACTIVE T CELLS

It is very well known that T cells recognize antigens only
when presented on the surface of other cells (target cells,
antigen presenting cells (APCs), as short peptides bound to
MHC molecules (Chapter 7). Due to the high MHC poly-
morphism, individual T cells recognize the peptide Ag in
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the context of a particular allelic product, a phenomenon
that is called MHC restriction.* With the notable exception
of mucin-reactive T cells,*** most T cells apparently follow
this rule. The key characteristics of a T cell response to Ag
are specificity and memory, i.e., the particular TCRofaT
cell clone recognizes an unique epitope, and reencounter of
the same but not of a different epitope triggers responses
that are defined as proliferation, lymphokine secretion, and,
in the case of cytotoxic T lymphocytes (CTL), lysis of the
targets bearing this epitope.*

In describing the nature of T cell response to human
tumors, a large body of evidence indicates that T cells iso-
lated mainly from TIL after culture in vitro with IL-2 can
express “specific” lysis, proliferation, and lymphokine se-
cretion upon encountering autologous tumor cells.> With
respect to the “specificity” of the response, this is generally
defined as a higher level of lysis or proliferation in response
to autologous than to allogeneic tumor cells, and signifi-
cantly lower level of lysis of NK-sensitive targets (K562
cells) and LAK-sensitive targets (Daudi cells).* However,
it was recently demonstrated that cloned T cells specific for
autologous tumors can recognize a number of allogeneic
tumors and lyse K562 cells employing probably distinct
mechanisms to accomplish each function.** Since allogeneic
tumors differ not only in putative tumor Ag expression, but
also in the MHC class I and class II phenotype, the response
is considered to be MHC class I restricted if it is also in- .
hibited by anti-MHC class 1 monoclonal antibody (mAb).
These features are necessary conditions in defining speci-
ficity, however, they are not sufficient because in most in-
stances the normal counterparts of the tumor targets are not
available. Therefore, it is unclear whether this reflects spe-
cific tumor Ag recognition or autoreactivity (recognition of
a self-allelic form of a particular MHC molecule plus a self-
peptide). :

Recognition of human tumor Ag by T cells is inferred
from studies that used cloned T cells to address the rec-
ognition of cloned tumor targets. Recognition of some but
not of all autologous tumor clones with the same human °
leukocyte antigen (HLA)-phenotype indicates that Ags
expressed on these tumor clones are different.* However,
formal proof from parallel studies with normal tissue
cells and isolation of tumor peptides is needed to address
this question. The ability of CD8* cytotoxic T lympho-
cyte (CTL)-TIL to lyse allogeneic tumors or tumors with
different histology to a similar extent as autologous
tumors has been initially interpreted as an expression of
“ponspecific” lytic function. However, since many of the
initial studies on TILs' target specificity were performed
with targets that were not HLA-typed, the results of these
studies should be interpreted with caution because they may
reflect recognition of a shared Ag. It was initially believed
that the putative tumor Ags are individual restricted. Re-
cently, it became apparent from studies with tumor targets
sharing MHC class 1 molecules that there is also MHC-
restricted recognition of allogeneic tumors sharing HLA-
A2, -Al, etc. with the effectors. These findings are sugges-
tive of a novel class of T cell recognized Ag on tumor cells:
common (shared) tumor Ag.“"** Their presence is inferred
from evidence that the same effectors that lyse a group of
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allogeneic tumors in an MHC restricted, and usually HLA-
A2 associated, fashion fails to lyse other targets that share
the presenting element. The fact that the resistant targets
are sensitive to lysis by autologous CTL-TIL serves as ev-
idence for the hypothesis that both unique and shared Ag
are expressed on tumor cells.

The specificity of tumor-reactive T cells as described
previously has been defined with CD8* cells. The specificity
of recognition of tumor-reactive CD4* T cells it is still
unclear. Since both MHC class I and class II epitopes can
be presented by the same APC, presence of epitopes of both
CD8* and CD4* cells on the same protein is expected to
produce more efficient interactions between CD8* and
CD4* cells. Cultured CD4* TIL were reported in many
instances to mediate target and APC lysis,* and tumor ly-
sis,*" although it is still unclear whether acquisition of this
function is a consequence of prolonged culture of CD4*
cells with IL-2.% The tumor lytic function of CD4* TIL
has been reported to be mainly non-MHC restricted. How-
ever, in certain instances T cell clones of CD3* CD4* CD§~
phenotype express autologous tumor-restricted lytic function
that is MHC class I restricted.”® These findings can be un-
derstood in the light of the recent demonstration that murine
CD47* clones have the ability to recognize MHC class I
determinants in the context for MHC class I or class II
determinants.>

Another criterion used to define functional specificity of
tumor-reactive T cells is their ability to release lymphokines
upon encounter with autologous tumor. It was initially be-
lieved that this role is reserved for tumor-specific or perhaps
autoreactive CD4™ cells. Lymphokines released by CD4*
cells, IL-2, TNF-a, IFN-y, and even IL-4, may be essential
for functional activation of CD8* cytolytic effector T cells.
It remains unclear whether this function reflects tumor Ag
recognition or autoreactivity with tumors or activated CD8*
cells {(which in humans express MHC class II) since MHC
class H-restricted CD4* TIL cannot recognize tumor Ag on
MHC class II negative tumors (e.g., ovarian tumor cells),
but probably they can still recognize tumor Ag presented
" by infiltrating macrophages. The fact that human CD8* T
cells secrete lymphokines, although at somewhat lower
levels than CD4* cells,***® and that CD8* TIL can specif-
igally secrete lymphokines in response to autologous tumors,
may serve as an indicator of functionality.”” This possibility
has received increased attention recently with the.demon-
stration in experimental tumor models that the therapeutic
potential of T cells of murine TIL correlates better with
specific release of TNF-a and IFN-vy, than with tumor lytic
function in vitro.®® The cellular basis for this observation is
still unclear. It should be noted, however, that recently mu-
rine studies have demonstrated a functional dissociation be-
tween target lysis and specific lymphokine production. This
phenomenon, defined in vitro as “split anergy,” defines
CD8* cells that maintain lytic function but fail to release
lymphokines upon specific stimulation.*®

ACCESSORY SIGNALS IN TUMOR
RECOGNITION AS PARAMETERS OF T CELLS
FUNCTIONALITY

Expression of Ag on tumor or APC provides a ligand
for the TCR. Following Ag recognition, additional signals

\

are required to trigger an effector T cell function. In addition
to accessory cell surface molecules that through their par-
ticipation enhance Ag recognition, inducible signals provide
accessory function for differentiation to effector T cell func-
tion. Such signals involve the release of lymphokines, and/
or interactions with T cell surface receptors such as that
between CD28 or CTLA4 and B7.%? Since the outcome
of the interaction between T cell and Ag depends on the
function of APC, this raises the question of whether the
autologous tumor can provide adequate accessory signals
for activation of CTL which, in fact, are expected to rec-
ognize Ag on its surface. Therefore, if Ag presentation by
the tumor fails to provide the accessory signals needed by
T cells, this may lead not only to an incomplete activation
process but also to a state of unresponsiveness to other
stimuli.®* The fact that in many instances lymphocytes
infiltrating human tumors are outnumbered by the tumor
cells may provide an additional mechanism for tumor-re-
active T cell inactivation. High concentrations of surface-
bound tumor Ag and/or soluble tumor Ag (resulting from. i
tumor necrosis) by T cells in the absence of APC may lead

-to Ag-specific T cell inactivation, in parallel with findings

in other experimental systems.* Similarly, when anergic T
cells are stimulated with low concentrations of Ag they fail
to proliferate.** Studies by Schwartz and colleagues tenta-
tively defined the state of anergy (unresponsiveness) of ma-
ture T cells as the inability of Ag-stimulated T cells to up-
regulate IL-2R and to release IL-2 at restimulation with a
particular Ag. Since the state of anergy can be reversed by
using high concentrations of IL-2 in culture,* these obser-
vations show a striking similarity with the functional char-
acteristics of the freshly isolated TIL described in earlier
studies.'??

The possibility that tumor-induced T cell tolerance is a
form of T cell anergy has only recently began to be inves-
tigated. Thus, it is still unclear whether any or all of the
TIL recovered from solid tumors are in the anergic state.
In addition, the reversibility of the anergic state supports
the concept that a down-regulatory network of T cells and
cytokines function to maintain the T cells’ unresponsiveness
over time. Of particular relevance for studies on tumor rec-
ognition is the fact that anergic T cells maintain a somewhat
diminished ability to release TNF-at, GM-CSF, and IFN-v,
which may be associated with antitumor effects, and release
only very low levels of IL-2 at restimulation with high
concentrations of Ag.5%

Although definition of T cell anergy as a functional state
depends on the assays used to evaluate functional compe-
tence, it is clear that the lytic or proliferative function of
tumor-reactive T cells in vitro needs to be correlated with
specific lymphokine secretion,” and even more, the levels
of lymphokines secreted need to be quantitatively evaluated
for differences between individual cytokines—e.g., IL-2
and TNF-a. Because of in vitro secretion of certain lym-
phokines, IL-2 and IFN-v, and IL-2 and GM-CSF, may not
always reflect fully functional T cells. It has been shown in
other systems of cloned human T cells that frequent exposure
(restimulation) with Ag lead to tolerization of Ag-reactive
clones which nevertheless retain the ability to secrete TNF-
a and GN-CSF.* The potential induction of an anergic state
may provide a mechanism for the anti-CD3-induced




activation®™® of proliferative and effector function of human
TIL (either fresh isolated or cultured) that became refractory
to IL-2-induced expansion. It should be noted that studies
in other systems have shown that while anti-CD3 mAb can
induce unresponsiveness on unprimed T cells, it does not
affect previously primed T cells.”

Lymphokines and cytokines are, in general, short-lived
substances and both in vivo and in vitro lymphokine con-
sumption may lead to misleading conclusions on the ability
of human TIL to secrete lymphokines. Examination of
freshly isolated TIL for IL-2 and TNF-a messages (mRNA),
may help distinguish between functional and anergic tumor-
reactive T cells.”™

In addition to the balance between Ag recognition and
essential lymphokine production required for maturation of
tumor-reactive T cells and up-regulation of a specific an-
titumor immune response in vivo, this system is under con-
tinuous influence of immunosuppressive factors. These fac-
tors are produced either by the tumors, by the tissue hosting
the tumor, or by the lymphocytes themselves. Activation of
suppressor circuits™ is likely to occur in the case of im-
munogenic tumors that, being able to induce an antitumor
response, may consequently activate the down-regulatory
(suppressor) cells. Mukherji and collaborators have exten-
sively analyzed the phenomenon of cell mediated suppres-
sion in regulating T cell responses to autologous tumors,
and a comprehensive analysis of this cell function can be
found elsewhere.”

Functional definition of the suppression may vary ac-
cording to the condition of the experimental assay and par-
ticular tumor system. For example, TGF-8 by itself is well
known as a potent inhibitor of lymphocyte proliferation and
cytotoxicity.™ However, in the presence of immobilized
anti-CD3 mAb, TGF-§ exerts a costimulatory effect on T
cell proliferation, which is independent of the IL-2 and IL-
2R pathways.” Another exdmple of the complexity of sup-

pressor circuits in tumor recognition by T cells is illustrated -

by the reported effects of TNF-o in the ovarian systems.
For example, addition of TNF-a to TIL cultured in IL-2
leads to preferential outgrowth of CD8* cells, more re-
stricted target specificity, and up-regulation IL-2R of TIL.™
These effects may be interpreted as reversal of TGF-B-
inguced suppression. However, a number of ovarian tumors
secrete TNF-o”” which may function as a paracrine growth
factor. Therefore in certain instances TNF-a may increase
the tumor mass, leading eventually to Ag specific inacti-
vation as discussed above.

There is a large body of literature on soluble mediators
secreted by tumors,” several of which are known to induce
impaired lymphocyte responses to mitogens and Ags. The
inhibitory function of these factors is usually tested by eval-
uating the ability to tumor cell culture supernatants to inhibit
lymphocyte activation. Identification of the function of a
particular factor in the supernatants is demonstrated by neu-
tralizing the suppressor activity with mAb specific for, e.g.,
TGF-B or TGF-a..” There is, however, little knowledge of
how these immunosuppressive influences actually influence
lymphoid cell reactions to the tumor. Another confounding
influence is that tumor progression and metastasis at distant
sites is facilitated by organ-derived growth factors.”®*® T
lymphocytes synthesize mitogenic growth factors for vas-
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cular cells and fibroblasts.® Such factors may in fact control
the process of organ repair and may affect the proliferation
of tumor cells. For example, TGF-a may function as a
physiologic regulator of liver regeneration, and TGF-8 may
control hepatocyte replication.®? Such factors, and others,
released by host organs following injury, are known to in-
hibit lymphocyte activation and function.

In summary, the evidence available suggests that active
suppressive processes (mediated by soluble factors released
by tissues, tumors, or lymphocytes themselves) lead to im-
paired immune function. These findings raise the question
of whether it is possible to design therapeutic approaches
leading to inhibition of secretion of suppressor factors, or
to improve the responses to immunologic therapies.

T CELL RECEPTOR USAGE BY TUMOR-
REACTIVE T CELLS AS AN INDICATOR OF
CLONALITY OF THE ANTITUMOR RESPONSE

It has been reported that preferential usage of specific
TCR Vf products occurs in the T cells involved in patho-
logic processes.®>® TCR analysis of TIL from uveal mel-
anoma has shown a predominant usage of the Vo 7 family.*
Studies with the cultured murine and human TIL have shown
preferential increase in cells bearing TCRs of certain Vf3
families. The significance of the selective TCR V[3 usage
in these cultures is still unclear; it may reflect differential
T cell proliferation in the presence of IL-2 of: (1) T cells’
primed in vivo by tumor; (2) T cells stimulated in vitro by
autologous tumor T cells; (3) preferential in vitro prolifer-
ation of T cells of certain VB subsets and lack of prolif-
eration of others that may be functionally suppressed. The
fact that TILs only require exogenous/endogenous lym-
phokine (IL-2) for proliferation and for the observed TCR
VB selectivity is in opposition to the notion of selective/
preferential expansion of certain TCR Vp families since, if
all T cells are activated in vivo and in vitro, then all T cells
are expected to proliferate at the same rate. This is also true
if we hypothesize the opposite, i.e., if all lymphocytes in-
filtrating and interacting with the tumor are immunosup-
pressed or anergic, since in this case T cells expanding in
vitro consist exclusively of lymphocytes from *“passenger”
blood contaminations. Thus, in certain of these cases
skewed or preferential usage of certain TCR V{3 will not
be detected.

Since the T cell specificity for an MHC-tumor peptide
complex is defined only by the TCR, a somewhat limited
diversity of TCR VB usage, together with preferential in-
crease in particular TCR V@ families in TILs with different
HLA-phenotypes, raises the question of whether a more
restricted TCR VB repertoire reflects recognition of a com-
mon or tumor Ag. :

The restricted TCR V{3 usage may have important prac-
tical applications for immunotherapy in that it may allow
preselection of T cells by sorting with appropriate mAb with
VB specificity. Demonstration of in situ amplification of
melanoma TIL expressing an unique TCR Vf gene segment
supports the immunosurveillance concept in regressive mel-
anoma.®*” It should be noted that recent models of TCR
recognition suggest that Vo and VB domains recognize
mainly MHC chains whereas diversity in Ag recognition
results from combination of Va with Ja and VB with D
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and J@ respectively, i.e., the CDR3 regions.* Recent studies
on the primary structure of TCRs of clones nad hybridomas
specific for numerous protein Ag have demonstrated that T
cells recognizing MHC class Il-peptide complexes exhibit
a limited TCR diversity but significant sequence diversity
in the CDR3 regions of both Va Jo and VB JB.5°! If these
observations are further confirmed for tumor-reactive T
cells, it would be possible to characterize the appropriate
Va/V combination for recognition of well-defined tumor
Ag presented by an allelic form of the MHC.

In contrast to the situation in inbred mice strains, the
situation in humans is more complex. It was recently sug-
gested that HLA is the major genetic component influencing
TCR Va/Vp segment frequency, and T cells expressing
particular V3 segments may be positively selected by either
MHC class I or MHC class II proteins.®* Therefore, CD4*
cells may preferentially use certain TCR V segments
whereas others are used by CD8* cells.®® The VB, and
sometimes Vo, dominance may not only reflect selection
of particular TCR domains interactive into MHC (self-re-
active?) but also peptide Ag (tumor Ag) recognition.

There is limited information on the CDR3 sequences of
TCR recognizing human tumor antigens; therefore, it is still
unclear whether TCRs recognizing self-antigens show a lim-
ited diversity, or reactivity with self-antigens reflects mo-
lecular mimicry (cross-reactivity) in recognition of seif-an-
tigens by TCR with different specificities.®*®® This possi-
bility should be seriously considered since a number of
tumor CTL epitopes, e.g., from MART-1,% are derived
from hydrophobic (leucine, isoleucine, and valine-rich)
areas, and a number of viral CTL epitopes, e.g., from matrix
protein, show the same alternation of nonpolar and polar
residues. Taking into consideration that the peptide epitope
is expected to interact with the TCR/CDR3 region by es-
tablishing either a salt bridge (by charged residues) or hy-
drogen bonds (by hydroxy groups in, e.g., serine, treonine,
or tyrosine), the hydrophobic nonpolar aliphatic residues in
these tumor peptide are expected to establish weak inter-
actions with TCR (low TCR affinity) such as by van der

" Waals forces.*"%® .

If we also take into consideration that there is significant
cross-reactivity between proteins at tri- and tetrapeptide
level, only TCR sequencing and comparison of the se-
quences of TCRs reacting with antigens with similar struc-
ture will address whether these CTL recognize bona fide
tumor antigens.

The picture is even less clear with respect to antibodies
recognizing tumor antigens. Although it is expected that
the CDR regions of the Ig molecules recognize Ag, there
is a limited number of human monoclonal antibodies
and even more limited information on the sequence of
human antibodies recognizing tumor antigens, and conclu-
sions cannot be inferred from sequence information of mu-
rine Ag.

TUMOR ANTIGENS RECOGNIZED BY T CELLS
AS POSSIBLE TARGETS FOR ACTIVE OR
ADOPTIVE SPECIFIC IMMUNOTHERAPY

- As noted previously, tumor-reactive T cells recognize Ag
bound to and presented by MHC molecules. The failure of
earlier studies with mAb to serologically defined tumor an-

tigens to inhibit cell-mediated cytotoxicity by TIL demon-
strate, that, even if we assume that T cells recognize peptides
derived from these proteins, the epitopes recognized by mAb
and T cells are different. Therefore, the notion of tumor Ag
recognition in reality reflects recognition of tumor-derived
peptides that are approximately nine amino acids in length
for CD8™ cells® and somewhat longer (16-18 residues) for
CD4* cells.'® Although these peptides lack serological def-
inition, they originate as products of intracellular degra-
dation in the cytosol or extracellular degradation by acti-
vated M@ of cellular proteins. It is still unknown what
tumor-reactive CD4™ T cells recognize but recent reports
show that melanoma TIL can recognize epitopes on the same
proteins as the CD8* cells, e.g., tyrosinase' or heat shock
proteins. '%?

MOLECULAR CHARACTERIZATION OF TUMOR!
ANTIGENS RECOGNIZED BY T LYMPHOCYTES

Studies in animal models using tumors demonstrated that

CTL recognize tumor-specific antigens. Since T cells can .

distinguish nonconservative substitutions in a protein se-
quence, the initial expectations were that human tumor spe-
cific Ag would be derived from activated oncogenes, tumor

- suppressor genes, or as yet unknown proteins uniquely ex-

pressed on tumor cells. Recent studies have shown that
CD4* cells from periferal blood of healthy individuals, or
that CD8* CTL from cancer patients can recognize mutated
ras peptide analogs, but the tumor cells harboring this mu-
tation were absent from the cancer patient,'®'* Although
these findings exist, most of the recently identified human
tumor Ag are either: (1) developmental antigens reexpressed
during tumorigenesis,''" seldomly expressed on normal
tissues: e.g., in melanoma the MAGE family'®'%? or (2)
lineage-specific differentiation antigens,'*'% e.g., tyrosi-
nase, gpl00, or MART-1%¢'%"! and they are common
(shared) antigens. Based on the recognition by CTL from
HLA-A1* and HLA-A2* melanoma patients, gp100 is a
membrane glycoprotein on melanomas and adult melanocyte
on normal skin and is recognized by a series of mAbs.'%
This antigen has been recognized by TIL associated with
tumor regression in a melanoma patient. MART-1 expres-
sion is similar to that of gp100. MART-1- and gp100-spe-
cific CTL are not cross-reactive.?'®

Other groups of candidate tumor antigens include: (1)
cellular proteins that are either overexpressed (e.g., HER-
2), likely a target of CTL on ovarian and, perhaps breast
tumors''*"** and (2) polymorphic epithelial mucin (Muc-1)
core peptides, exposed on epithelial tumors, because of
incomplete glycosylation.**#*-!"® Recognition of Muc-1 is
non-MHC restricted because of the ability of the repetitive
unit of the peptide core to engage (cross-link?) a large num-
ber of TCRs, thus bypassing the need for MHC presenta-
tion'dz.ﬂ

It should be mentioned that at the time of this writ-
ing—with only one exception (gpl00 peptide 946:
YLEPGPVTA)'"'—none of the antigens listed above has
been identified using strictly biochemical approaches, i.e.,
elution of peptide from the HLA, purification, sequence
characterization, and reconstitution of cytolytic activity. The
bioactive fractions eluted from HLA contain a large number
of peptides at very low concentrations, thus making Ag




Table 22-1. Candidate tumor Ag recognized by T cells in
human cancers*

Antigen Tumor
MAGE 1,3 Melanoma
Tyrosinase Melanoma
MART-1/Melan A Melanoma
gp100/pMel 17** Melanoma

HER-2/NEU Ovary, breast, lung
p21RAS Colorectal cancer
Muc-1 Pancreas, breast, ovary

*Peptide analogs of defined sequence from these proteins were found to
reconstitute the activity of tumor-reactive CTL.

**A peptide isolated from gpl00 was the first Ag to be confirmed by
strictly biochemical approaches.

identification difficult. The molecular strategies for identi-
fication of tumor antigens used either cloning from a tumor
the gene that transfers sensitivity to CTL to a resistant tumor
and narrowing down the region of interest, followed by
assessment of recognition of synthetic peptide analogs of
this area, or mapping CTL activity with synthetic peptides
encompassing the potential HLA-A2 binding sites (Table
22-1). Ongoing studies should address the chemical nature
of naturally processed peptides and confirm the identity of
epitopes mapped using different methods.

It should be mentioned that both peptide 946'"! and a
number of other model peptide CTL epitopes derived from
either wild-type pS3 or HER-2/neu proto-oncogene bind
HLA-A2 with low affinity.!'*!"? This finding suggests that
affinity of the peptide-HLA complex for TCR and not the
affinity of peptide for HLA may be the critical determinant
for tumor recognition.

Assuming that abundantly expressed tumor proteins can
provide peptides at concentrations above a certain threshold
that can compete with othet self-peptides for presentation
to the T cells, recognition of a tumor Ag by the T cell will
be a function of: (1) peptide-MHC class I assembly and
stabilization of the complex; (2) the efficiency of processing
. and intracellular trafficking of tumor Ag; and (3) equally
important, the presence in the primary structure of MHC
binding motifs (allele specific consensus sequences) and of
TGR binding motifs (T cell epitopes).

For class I molecules, stable assembly of peptide-HLA
heavy chain complexes appears to be the most important
step for peptide binding, because the presence of B-2 mi-
croglobulin and a tightly bound peptide confer on these
molecules their conformational integrity.'*''” One of the
most critical elements in ensuring normal MHC class I
expression on tumors rests in the normal function of the
pair of peptide transporters (TAP1 and TAP2) located on
the endoplasmic reticulum membrane of the tumor cells.
The human peptide transporter TAP gene maps to the HLA
class II region, and appears to be a member of the ABC
(ATP binding) family of transporters that comprise the
MDR1 gene encoding P-glycoprotein.'?®

These recent findings prove a very important point. Nor-
mally, the expression of a functional peptide transporter
gene is a necessary condition for MCH class I expression
on the cell surface. Tumor invasion and metastasis most
often correlate with decreased levels of MHC class [ expres-
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sion on tumor cells.'?' Since MDR-like transporters have
only recently been demonstrated to be critical for MHC class
I expression, this finding may raise the question of whether
the impaired expression of MHC class I chains reflect in
part altered signal transduction where the signal is the pu-
tative tumor peptide.'*

Both human and experimental tumors resistant to che-
motherapy have shown that in certain instances drug resis-
tance may be associated with elevated levels of P-glyco-
protein. It is not known whether enhanced MDR1 expression
correlates with enhanced peptide transporter gene expres-
sion. However, if up-regulation of peptide transporters (and
of MHC class I expression) is observed following chemo-
therapy, there may be a reason for immunotherapy with T
cells after chemotherapy. It should be noted that Mokyr and
Dray have reported that low doses of chemotherapeutic
drugs potentiate antitumor immunity in experimental tumor
models.'? Although different hypotheses can be advanced
to explain this phenomenon, these findings show that che-
motherapy can interfere with specific cellular immune re-
sponses to autologous tumors.

On the basis of recent findings, the difference between
“normal” and tumor antigen (Ag) may be predicated on
differences between the primary structures of nonapeptides.
The question arises as to how extensive these differences
are and where in the peptide sequence they locate. Sequenc-
ing of peptides eluted from both murine and human MHC
class I chains reveals allele specific sequence motifs (con-
sensus) that are distinct for the various MHC allotypes.
These consensus motifs are characterized by particular res-
idues occupying certain positions in the peptide sequence. '*
Based on the frequency of appearance in these positions,
they are defined as primary (dominant) and secondary (aux-
iliary) anchor.'?+12¢ Therefore, the consensus motifs appear
to be a minimal requirement of peptide MHC class I binding,
and impose a strong reduction in the number of sequences
from a tumor protein that can be presented to a T cell. This
applies also to CD4* T cells. A number of binding motifs
have been identified for the major HLA-DR antigens ex-
pressed in human population. When we searched the se-
quence of HER-2/neu proto-oncogene for the presence of
such sequences, we found a large number of epitopes con-
taining predicted anchor motifs for HLA-DR1, HLA-DR3,
but very few for HLA-DR4 and HLA-DQ7 (Blevins and
Ioannides, unpublished data).

From the data presented above it is clear that tumor Ags,
in addition to their ability to bind MHC, should be able to
interact with TCR. Initially, Berzofsky and DelL.isi reported
that T cell epitopes were found preferentially in segments
of the Ag that have the potential to form amphiphilic a-
helices.'?” Although this feature is not universally applicable
for the definition of T cell sites, it has led to studies focused
on the identification and characterization of T cell epi-
topes.'?® The advantage of the amphiphilic a-helical struc-
tures over B-propensive areas may be due to increased re-
sistance to proteolytic digestion during processing,'” in-
creased ability to interact with membranes, and, most
importantly, the specific and stable positioning of critical
residues by amphiphilic a-helical structures. The ability to
form a-helices and the proper hydrophilic-hydrophobic bal-
ance are essential for high-affinity binding of model peptides
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at the cell surface.'” It is also thought that peptides resulting
from protein digestion that lack signal peptide would be
more amenable to being transported across membranes when
their overall structure is amphiphilic, either through passive
or active (transporter-mediated) mechanisms."”! A number
of tumor cells show diminished expression of HLA-mole-
cules, which in certain instances correlated with lack of
transporter proteins, or impaired transporter function. Stud-
ies with mutant cells lines deficient in TAP function have
identified peptides bound in HLA-A2. These peptides ap-
pear to be derived from highly hydrophobic areas of pro-
teins, such as signal and maybe transmembrane domains. '
Although signal peptides have not yet been identified as
tumor Ag, the epitope of MART-1 recognized by CTL is
derived from the transmembrane area, raising the question
of whether a number of tumor Ag can bind HLA through
passive transporter mechanisms.

An additional structural feature of T cell epitopes used
for focusing the search for potential helper T cell sites is
provided by Rothbard’s epitope motifs—charged-hydro-
phobic-hydrophobic-polar, and charged-hydrophobic-hy-
drophobic-hydrophobic/proline-polar—that define tetra-
and pentapeptide epitopes.'** Selection by potential amphi-
philic a-helical sequences and by Rothbard’s motifs are
rather complementary methods, because a succession of
Rothbard’s epitope motifs can sometimes assume a helical
conformation due to the periodical alternation of hydrophilic
and hydrophobic residues. In any case, algorithms initially
described by Margalit et al'*® can be applied to the analysis
of primary and secondary structures of tumor protein to
identify potential T cell epitopes.

Although neither amphiphilic peptides nor the presence
of Rothbard’s epitope’s motifs are restrictive features in
selection of tumor Ag (and in other systems sequences with
B-propensive structure havebeen reported to include T cell
epitopes), the search for such sequences may allow a focused
search for T cell epitopes. Recent crystallographic and com-
puter modeling studies show that peptides bound within the
‘two antiparallel helices of the ol and o2 domains of the
MHC class I adopt an extended conformation." However,
the conformation of peptide in the trimolecular complex
MHC-peptide-TCR in solution should be determined to ad-
dmess this point.

CONCLUSIONS AND PERSPECTIVES
CONCERNING T CELL RESPONSES TO TUMORS

Attempts to develop novel therapeutic approaches to hu-
man cancer, focusing in the last 5 years on TIL, have been
instrumental in improving our understanding of the nature
of interactions between T cells and human tumors. It is clear
that the infusion into patients of cultured TIL, either alone
or combined with interleukins, has certain limitations,
which are probably the result of either tumor- or immune
cell-induced suppression, or tolerance to self. Breaking the
suppression or tolerance would require novel approaches for
intratumor delivery of essential lymphokines and inhibition
of the suppressor networks. Chemical characterization of
tumor peptides shared by human tumors and cultured tumor
cell lines, and recognition by CTL, may offer an alternative
approach for in vitro stimulation and expansion of tumor-

reactive T cells isolated from both peripheral blood or tumor
infiltrations and development of tumor vaccines. If such
approaches are found to be more effective than the TIL used
now in clinical trials, engineering of adequate vehicles for
tumor peptide (tumor Ag) gene delivery after modification
to optimize their binding to HLA and stabilize both the
HLA-peptide complex and TCR engagement may provide
an alternative approach to tumor vaccination in generating
in vivo tumor fighting cells.

ANTIBODY RESPONSES TO HUMAN TUMORS

Antibody therapy of cancer is one of the oldest aims of
cancer therapy. The expectations from an antibody response
against tumor cells were and still are that: (1) the antibodies
recognize novel antigens/epitopes expressed only on human
tumors; (2) these tumors and antigen are accessible; (3) these
antigens internalize but do not shed after antibody induceli
receptor aggregation; and (4) internalization of the receptor-
Ab complex disrupts the cell cycle of the tumor target. Most

of the currently available antibodies do not meet one or both ¢ -

of these following characteristics: (1) the Ag are also ex-
pressed in the normal tissues, and (2) the antibody (Ab)
alone is inefficient to deliver a lethal hit to a target cell,

- consequently “armed” antibodies (coupled to toxins, or ra-

dionuclides) are currently used for therapy. In the last de-
cade, analysis of the surface antigens of human tumor cells
has focused on: (1) identification and definition of differ-
ences between normal and cancer cells, and (2) use of these
newly identified differences for development of passive and
active immunotherapy approaches to cancer.

CELL SURFACE ANTIGENS OF HUMAN
CANCERS RECOGNIZED BY ANTIBODIES

Initial studies on cell surface antigen expression by hu-
man tumors suggested that tumors express: (1) differentia-
tion antigens corresponding to the lineage and stage of their
closest normal counterpoint; (2) oncofetal antigens, shared
with fetal or embryonic cells; and (3) activation antigens,
shared with activated adult tissues. This initial attempt of
classification has been recently replaced by the concept of
“modular differentiation antigens.” These antigens include
leukocyte surface protein antigens (e.g., CDS6) lipids (e.g.,
gangliosides), and complex carbohydrates (e.g., blood
group antigens).'*

Modular differentiation antigens can be divided in several
categories using immunogenetic principals. The first group
is clonogenetic epitopes, resulting from genetic changes in
unique tumor genes. Relevant examples are: (1) T and B
cell expressing unique TCR or immunoglobulin idiotypes,
that comprise the majority of leukemias and lymphomas;
(2) mutated oncogenes (e.g., ras, myc); and (3) mutated
tumor suppressor genes (e.g., p53). These clonogenetic
changes either define the malignant phenotype (1), or may
result from mutation that alone or in association with other
factors are essential to pathogenesis (2,3). For example, pS3
is overexpressed in transformed cells, but is expressed at
very low levels in normal cells, p53 accumulation is a con-
sequence of its stabilization due to a point mutation that
modifies its conformation and, apparently, its rate of turn-
over.'”




The second group of epitopes consists of aberrantly ex-
pressed alloantigens (allogenetic epitopes) usually detected
among blood group-related carbohydrate determinants (e.g.,
Thomsen-Friedenreich, (T) and Tn antigens).'®

The third group of antigens (xenogenetic epitopes) in-
cludes epitopes of viral proteins associated with human
cancers. This group includes proteins, derived from Epstein-
Barr virus (EBV) associated with Burkitt [ymphoma, im-
munoblastic B cell lymphoma, nasopharyngeal carcinoma,
and possibly Hodgkin disease. Human papillomavirus
(HPV) associated with a number of skin and anogenital
cancer, and HTLV (human T cell leukemia/lymphoma vi-
rus) associated with adult T cell leukemia.

The fourth group of tumor epitopes consists of epigenetic
epitopes (differentiation antigens) that are encoded by the
same cellular genes in normal and cancer cells, but may be
expressed at different levels in normal and tumor cells. This
category includes the majority of antigens detected using
patients’ sera or human and murine monoclonal antibod-
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ANTIBODY RESPONSES TO HUMAN TUMOR-
ASSOCIATED ANTIGENS

The main approach to the examination of the immuno-
genicity of human tumors is to analyze the ability of anti-
bodies from human sera to react with autologous or allo-
geneic tumors. Studies characterized by this approach used
either sera from cancer patients before or after therapy, to
identify prognostic and follow-up parameters or immuno-
globulins isolated from surgically removed tumor cells.
Thus, these studies characterized tumor-specific Ab com-
ponent, or antibodies from patients treated with tumor vac-
cines, to identify target antigens of the antitumor immune
response. With few exceptions, only a few antibodies were
found of restricted specificity, for tumor cells. However, this
approach has lead to identification of novel antigens ex-
pressed on melanoma cell surface, such as p97."*¢ The main

. groups of antigenic specificities recognized by natural an-
tibodies from the sera of cancer patients are summarized
. below.

Antiheterophile antibodies

Sera from healthy individuals contain antibodies to blood
groups, or antigens expressed in red blood cells, or het-
erophile antigens (which react with tissues from species
other than the immunizing species). A number of such an-
tigens such as Forsman (FS) and Hanganutziu-Deicher (HD)
antigens are absent from human cells, but serum antibodies
to these specificities are present. Biochemical analysis of
target antigens has identified that the targets of anti-T and
anti-Tn antibodies are carbohydrate epitopes in glycopro-
teins (mucins), while for the anti-FS and anti-HD antibodies
the targets are glycosphingolipids or glycoproteins and the
novel antigenic specificity reflects the presence of a novel
sugar N-glycolyl neuraminic acid (NeuGc).

Studies of anti-T and anti-Tn and Fs antibodies in the
sera of patients with breast, lung, pancreatic, and gastric
cancer have found significantly lower levels of such anti-
bodies compared with normal individuals and those with
benign disease. In contrast, anti-HD antibody levels were
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found increased in a variety of human cancers. However,
other studies failed to confirm these findings. A possible
explanation for these discrepancies may rest in the low or
variable levels of these antigens on human tumors. For these
reasons, the use of tests in which Fs and HD antigen levels
are used to follow therapy is questionable.'®

Antiganglioside antibodies

Pioneering work by Livingston, Old, and their colleagues
contributed much to identification of serological specificities
recognized by sera from melanoma patients. A number of
previously described melanoma antigens were found to be '
gangliosides (glycosphinolipids containing neuraminic
acid). From these studies, as well as from others of anti-
bodies from patients treated with melanoma vaccines, >3
it was concluded that gangliosides GM2 (melanoma antigen,
OFA-I-1), GM- and GD2 (oncofetal antigen I-2), but not
GM3 and GD3 are immunogenic in melanoma patients.'®
Further studies will be needed to address whether this strong
humoral response to gangliosides reflects an antitumor re-
sponse, or is a consequence of an autoimmune response to
high concentration of antigen.

Antiprotein antibodies

B cell responses to tumor protein antigens are of major
interest for understanding tumor immunity in humans be-
cause Ab responses to protein antigens are T cell dependent,
which points not only to the involvement of T cell for
induction to this type of tumor immunity (autoimmunity)
but also to the existence of a network of B cells, T cells,
and lymphokines capable of modulating and/or stimulating
tumor growth.

Although the evidence for such responses is still limited,
several] such antigens have been recently identified.

1. gp75 (melanosomal protein) expressed on melanomas
and normal melanocytes. gp75 is a member of the tyrosinase
family—peptides that are recognized by melanoma-specific
CTL."'® This protein is a target for both humoral and cellular -
responses and is now a target for active immunotherapy
studies.

2. p97 (melanoferin)'*® is abundantly expressed in mel-
anoma cells, but at lower levels in normal cells. A mutated
variant of p97 (FD antigen) can be recognized by serum
antibodies from a melanoma patient on its autologous tumor,
suggestive of the case where antibody responses against a
mutated self-protein can be induced by tumor vaccination.'*®
Antibodies to the wild-type p97 have not yet been reported.

3. 58kd melanoma chondroitin sulfate protoglycan.'*
Natural antibodies to this glycoprotein have not been yet
detected in cancer patients. However, antibodies to this an-
tigen were induced in patients with melanoma by immu-
nization with a murine anti-idiotype antibody,”"'* sug-
gesting cross-reactivity (molecular mimicry) of the mela-
noma antigen epitope with a murine epitope on the
immunizing antibody.'*

4. A number of other melanoma antigens have been de-
tected by the reactivity of antibodies from patients’ sera
with melanoma cell lines, spent culture medium, and pa-
tient’s urine, and await sequencing.'*

5. Melanotransferrin identified by antibodies from a pa-
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tient treated with melanoma viral oncolysates. The antibody
specificity of the patients serum appears to be directed
against a unique determinant.'®

6. Wild-type p53. The antibody response was detected
in 15% of primary breast cancer patients, directed against
two immunodominant regions located at the amino- and
carboxy-terminal domain of the protein. Importantly, these
responses were outside the area expected to be the muta-
tional hot spot, indicating again the preferential induction
of tumor immunity to self-determinants.'*!

7. HER-2/neu. Both antibody and cellular proliferative
(likely T cell) responses to this protein have been recently
reported using serum and antibody from a breast cancer
patient.*?

We have also found cellular proliferative responses to
HER-2 peptides by peripheral blood mononuclear cells
(PBMC) from ovarian cancer patients and some normal
donors (loannides, et al, manuscript in preparation). Since
antibodies can induce receptor internalization, which may
disrupt tumor cell ‘growth, this may be suggestive of an
antitumor humoral response.'* However, it is still unknown
whether antibodies and cytokines released by the tumor may
lead to tumor stimulation thorough receptor activation.

TUMOR ANTIGENS DETECTED BY
MONOCLONAL ANTIBODIES

Studies of antitumor humoral responses in patients’ sera
failed to reveal the complex antigenic phenotype of human
tumors, because of differences in responses from individual
to individual, the low affinity for the antigen of the serum
immunoglobulins, and ultimately the difficulties in defining
specificities in a mixture of antibodies.'®

Murine monoclonal antibodies developed against a large
number of human tumors have proved useful in defining the
antigenic phenotype of cancer cells and because of their
restricted specificity provide an important tool for diagnosis
and follow-up of cancer patients (e.g., OC125 for ovarian
carcinoma). Detailed presentation of the mAb application
. for immunodiagnostic is made in a number of books (e.g.,
Herberman RB, Mercer DW: Immunodiagnosis, 1990, New
York, Marcel Dekker.).

Development of these mAb antibodies has been instru-
ental in biochemical characterization and functional anal-
ysis of molecules on the tumor cell surface, particularly of
leukemias and lymphomas. The epitope specificity of these
mAD has raised the possibility of using them for treatment
of various malignancies, mainly hematoligic cancer, or
treatment of residual disease of micrometastases. Both un-
modified antibodies and conjugates with toxins or radio-
nuclides are currently being evaluated (Chapter 135). We
will mention only briefly the limitations of use of murine
mADb for cancer therapy, and the current directions of re-
search for overcoming these limitations.

Use of mAb for therapy attempts to overcome a number
of limitations: (1) the low efficiency of unmodified anti-
bodies to treat malignant diseases, (2) the ability of the
immune system to destroy xenogeneic antibody-coated cells,
and (3) the development of human antimouse antibodies with
concerns of potential anaphylactic and serum sickness re-
actions. To overcome these limitations a number of ongoing

studies are focused on: (1) development of human mono-
clonal antibodies, or subsequent “humanization” or murine
antibodies by replacing the murine Fc regions with a human
Fc region; and (2) engineering of single-chain antibodies
made of VH and VL regions (sFv) fused with effector mol-
ecules such as cytotoxic drugs, toxins, growth factors, and
receptor domains. Because of their small size, single-chain
antibodies can penetrate tissues more efficiently. '

TUMOR DETERMINANTS THAT ARE
POTENTIAL TARGETS OF AN ANTITUMOR
HUMAN RESPONSE

A number of cancers express particular determinants that
can be targets of humoral and cellular response. Although
immune responses to such antigens have not been detected
in patients, xenogeneic sera or mAb have been raised to
allow utlization of these antigens as promising diagnostic
markers. '****** These tumor proteins presented briefly below
are products of: (1) fusion gene (BCR-ABL); (2) abnormal

genes with in frame deletion mutations (EGFR); (3) stem . .:

cells on oncofetal cells antigens of highly restricted expres-
sion in normal and tumor cells (e.g., HBA71 antigen ex-
pressed Ewing sarcoma in normal thymocytes, and folate
binding protein from human trophoblast expressed only in
ovarian carcinoma); and (4) growth-controlled or growth
controlling cell surface molecules (e.g., lymphokine recep-
tors, HER-2/neu). .

1. A translocation in chronic myelogeneous leukemia
cells joins two genes: the c-ABL proto-oncogene with break-
point cluster region (BCR) on chromosome 22, resulting in
a fusion gene BCR-ABL. The resulting cytoplasmic protein
p210B°*48L has unique epitopes that may be targets for a
diagnostic test for cellular responses to CML.

2. Epidermal growth factor receptor (EGF-R) is ex-
pressed both in normal and malignant cells, and is a specific
receptor for transforming growth factor (TGF) related pep-
tides. In a significant number of gliomas (40%), an abnormal
form of EGF-R is amplified. In-frame deletion mutation in
the EGF-R gene extracellular domain results in cell surface
expression of truncated receptors or fused proteins contain-
ing new sequences.

3. HGA71 antigen was found by its reactivity with mAb
to be expressed in more than 95% of patients with Ewing
sarcomas. The corresponding protein is absent from most
normal tissues and tumor cells with the exception of normal
thymocytes.

4. The human trophoblast antigen is identical to the an-
tigen recognized by MOv18/MOv19 mAb, and appears to
be restricted to ovarian cancer. Sequencing of the gene
shows that both antigens are in fact the folate binding pro-
tein.'*

NONSPECIFIC IMMUNITY

As described in the introductory section, the modern era
of tumor immunology began with observations of tumor
regression after administration of bacterial extracts and
products. These antitumor responses were considered “non-
specific” since no tumor specific immunogen was admin-
istered. Today most investigators believe that the tumor
regression in those studies was a by-product of either local




Table 22-2. Nonspecific immune system effectors
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Killing

Effector Stimulus Target range characteristics
NK Cells Constitutively expressed, IL-12 up-regulates K562 and selected targets 4-hr assay
LAK Cells IL-2, possibly IL-7, IL-12, and IL-15 Most fresh and cultured tumors 4-hr assay
Macrophages IFNv + LPS, IL-2, liposomal MTP Most fresh and cultured tumors 18-hr assay

(same as LAK)

or systemic inflammatory reactions. While the molecular
basis for any specific cross-reactivity of bacteria with tumors
is not yet understood, cross-reactive responses to superan-
tigens or heat shock proteins are considered likely candi-
dates. It is also possible that all tumors express common
determinants that identify them as abnormal and may be
exploited for recognition. In this context, the distinction of
“self” vs. “nonself” for immune recognition becomes con-
troversial. Some immunologists suggest that “lack of nor-
mal” is defined by fundamental recognition by the more
conserved and primitive components of the immune system
such as NK cells, LAK cells, and macrophages (Table 22-
2). This section reviews the background and clinically rel-
evant highlights of these three immune system components
as well as some of the cytokines that are now considered
the primary inducers of “nonspecific” immune responses.

Natural killer cells

NK cells are peripheral blood lymphocytes with distinct
functional and morphological characteristics (Chapter 19).
They are described as large granular lymphocytes (LGL)
with the cell surface expression of CD6 (FcRIII +), CD56
(N-Cam), and the IL-2Rbg complex, but lack the expression
of CD3 (see refs. 145-147 for excellent reviews). These
cells express an apparent constitutive killing activity for a
very limited subset of tumor targets in vitro, for which the
erythroleukemia, K562, is the prototype. Direct contact of
" NK with the target is required for this lysis to occur. The
presence of the receptor for the Fc portion of antibody also
confers the ability to mediate killing of antibody-coated
targets, by antibody-dependent cellular cytotoxicity
(ADCC). NK cells do not require immunization, but their
killing activity can be boosted by exposure to cytokines
such as IL-2, interferons, and TNF.

Most fresh human tumors are NK resistant, but after long-
term culture some acquire NK sensitivity. Culture-induced
loss of certain molecules was one hypothesis forwarded for
the induction of NK sensitivity. Consistent with the loss of
a masking epitope are data indicating that the absence of
MHC class I expression often (but not always) increases to
tumor sensitivity to NK, suggesting that MHC class I mol-
ecules may mask the NK recognition determinant.'*® Much
research is currently addressing the molecular nature of the
NK recognition system. If sensitivity to NK cell cytotoxicity
could be induced on tumors in vivo, then increased thera-
peutic potential would be likely.

NK activity is often considered important in regulation
of blood-borne metastases. In this regard, correlation of
higher NK activity with fewer metastases in certain animal

models. In the human, it has been noted that patients with
a deficiency of functional NK cells (Chédiak-Higashi syn-
drome) manifest a dramatic increase in malignant disease, '
providing strong circumstantial evidence of their role in
surveillance.

Unfortunately, human tumors arise and metastasize in
the presence of NK activity, which often does not appear
significantly decreased in patients. Clinically, NK cell ac-
tivity should be considered from several perspectives. First,
tumor immunotherapy trials have attempted to exploit the
capacity of NK cells to mediate ADCC, especially after
boosting of the cells with IFN or low-dose IL-2. Second,
the NK cell activity found in the blood has been considered
reflective of the generalized cellular immune status of an
individual, since NK cells are sensitive to various immu-

nosuppressive agents such as prostaglandins, corticoste--

roids, TGF-B, and IL-10. If NK activity is low or absent,
then the potential of the cellular arm of the immune system
is likely to be similarly suppressed. Third, NK cells can be
stimulated to produce inflammatory cytokines themselves,

so that these may contribute to immune amplification. Fi-

nally, NK cells are the major precursors for the generation
of lymphokine-activated killing activity (LAK) in response
to 1L-2.

Lymphokine activated killing activity

LAK cells can be generated from almost any source of .

lymphoid cells, including blood, bone marrow, lymph node,
thoracic duct, etc. In response to intermediate levels of IL-
2, NK cells and others expressing the IL-2RB+y differentiate
to express a pattern of tumor recognition that is very broad'*®
(Chapter 124). Noncultured normal cells are LAK cell re-
sistant, although reports of cultured normal cells acquiring
sensitivity do exist. IL-2 alone drives the 2 to 3 day dif-
ferentiation cascade that leads to the development of LAK
cells.!> Therefore, IL-2 drives not only proliferation of an-
tigen-stimulated cells, but it also initiates differentiation of
a tumoricidal activity as well as a tumor recognition capacity
that was not expressed on NK or other precursor cells.'*
Direct contact of LAK cells with the tumor target cells is
required for lysis, as is the case with NK cells and with
macrophages. Tumor lysis proceeds quickly, within 3 to 4
hours. As with NK cells, no prior antigenic exposure is
required, and lymphoid cells of normal individuals as well
as cancer patients can be induced to express this activity.
From the clinical perspective, LAK cells are the most
potent and specific antitumor effector cells known to date.
The poorly understood LAK cell recognition of tumor is
extremely interesting and suggests that common tumor de-
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terminants exist, since various allogeneic tumors will inhibit
each other in cold-target inhibition assays. NK cell sensitive
targets also inhibit LAK killing, suggesting that NK rec-
ognition is preserved as a subset of the LAK system. NK-
resistant and LAK-sensitive tumor targets do not inhibit NK
killing of K562, clearly distinguishing the NK from the LAK
repertoire, 20131

Data presented in this chapter indicate that tumor-specific
cytotoxic T lymphocytes, including those generated from
TIL can be generated and used in therapy experiments. It
is our hope that such systems will reconstitute the tumor
specific responses and provide the memory necessary to
maintain a systemic surveillance against micrometastatic
disease. There is no doubt that from today’s perspective
LAK are much more accessible and can destroy very large
numbers of tumor cells rapidly. The activation of LAK may
also be preferred, if particular tumors do not express any
antigenic epitopes or if they modulate to become resistant
to TIL or CTL. The-clinical application of LAK has pro-
ceeded from two perspectives: The first approach is the
direct adoptive therapy of LAK cells using intravenous in-
jection for systemic therapy, as well as localized injections,
while the second approach has been the localized generation
of LAK cells at the tumor site, by localized and slow release
of IL-2. In both types of clinical trials, a constant supply
of IL-2 is needed to maintain the LAK, and variable severe
toxicity was observed, particularly that of hypotension and
vascular leak resulting in dose-limited toxicity. Adoptively
transferred LAK were documented to lodge mostly in the
lungs and liver after intravenous injection, and in some cases
where massive tumor burdens existed in these sites tumor
regression did occur.'*'** Unfortunately, the highly publi-
cized dramatic responses were erratic and not reproducible,
clearly indicating that factors other than the LAK were in-
fluencing the patient response. Two other cytokines that
activate LAK are IL-12"%'® and the recently identified IL-
15."® Common functional qualities of these cytokines make
then attractive candidates for future study.

. Macrophages

In a manner similar to the NK cells, macrophages must
be “activated” by bacterial products or cytokines in order
o kill tumor cells (Chapter 20). Activation of murine mac-
rophages requires two types of signals, resulting in an in-
creased motility, phagocytic capability, and tumor killing
ability. The combination of IFNvy and lipopolysaccharide
(LPS) makes up the prototype signals for murine spleno-
cytes; inability to consistently activate human blood mono-
cytes has hampered widespread clinical studies, but prelim-
inary data indicate that IFNy and LPS are responsive to
either IFNvy alone or IL-2 alone (Grimm, submitted for
publication). After activation, the tumor target spectrum is
diverse, and may be identical to that of LAK, although the
mechanism of killing is apparently different since macro-
phages require longer in vitro incubation times (usually 12
to 15 hours) in order to lyse the same tumors that are rapidly
killed by LAK cells in 3 to 4 hours. The homeostatic role
of macrophages appears to be that of tissue turnover and
elimination of damaged or senescent cells.'*-'*' The blood-
borne monocytes and tissue macrophages are functional in

both the afferent and efferent limbs of the immune system,
and subclasses of these cells are yet to be delineated.
Attempts to use macrophages clinically for destruction
of tumors have been best achieved to date by taking ad-
vantage of the liposomes for which biologic selectivity exists
for uptake by macrophages.'s? The encapsulation of mac-
rophage activation such as muramyl dipeptide'®® provides a
unique and relatively nontoxic means to target this family
of immune activators. Recently, liposomal encapsulated tri-
peptide phosphatidyl-ethanolamine (MTP-PE) has shown
successes in reducing the appearance of lung metastases in
children with osteosarcoma (Kleinerman, personal com-
munication). Macrophage activation may be important in
combination with certain chemotherapeutic regimens (dis-
cussed later in this chapter) however, the data of Kleinerman
indicate that addition of cisplatin,'®® methotrexate,'®* or
adriamycin'® did not enhance the effect of the liposonial
encapsulated MTP-PE. Liposomal IL-2 is also a very in-
teresting consideration, since both macrophages and local
lymphoid cells may be activated; clinical trials are also, .’
currently under way examining this agent in a variety of

.malignancies in Phase I settings.'®’

IL-2 and other cytokines'

In 1992, the Food and Drug Administration (FDA) ap-
proved IL-2 for treatment of renal cell carcinoma (RCC) in
the United States. IL-2 was the second immunomodulator
approved for use in cancer therapy (after IFNo). The
systemic use of IL-2 has resulted in response rates of
15% to 30% for RCC and slightly lower rates for malig-
nant melanoma'®'% (Chapter 133). Unfortunately, in the
human IL-2 manifests serious dose-limiting toxicity, mainly
vascular leak and hypotension; this has precluded IL-2
usage at concentrations found efficacious in mouse model
systems.

As information accumulated indicating the sometimes
powerful effects of IL-2 for cancer therapy, researchers
questioned why such responses were not consistent when
assessed in similar patients with similar disease burdens and
performance status. It is not clear why some patients respond
to IL-2 and others do not. More recently, it has become
apparent that some tumors make immunologically active
cytokines. It is possible that endogenous local cytokine elab-
oration potentiates exogenously provided ones, resulting in
generation of local immune effector function from activated
macrophages and/or LAK cells. Current research is directed
to the identification of individual cytokine profile of each
patient’s tumor, in order to tailor the treatment to take ad-
vantage of the local environment.

There is no doubt that IL-2 induces an immune ampli-
fication cascade that in some individuals causes a potent
antitumor response; however, in most patients the toxicity
induced is limiting and no significant or lasting tumor regres-
sion occurs. Attempts to reduce the toxicity have led to
several strategies, including lowering the doses of IL-2 and
combining it with other cytokines,'” or providing the 1L-2
directly to the tumor site'” including sites in the central
nervous system,'”'” where documentation of local sec-
ondary cytokine release as well as generation of cellular
infiltrates in response to the 1L.-2 alone suggest possible




mechanisms. In animal models, expression of an IL-2 trans-
fected gene in tumor cells results in abrogation of the tu-
morigenicity and long-term immunity in selected cases.'
IL-2 has also been injected directly into accessible tumor
sites in slow release form'” and this approach is now being
attempted in humans providing liposomal IL-2'*(personal
communication). Another attractive approach is the use of
mutant IL-2 molecules, which have various amino acid sub-
stitutions in order to limit the toxicity-inducing interactions.
Studies by Heaton et al.”™'" using IL-2 analogs that have
had their capacity for interaction with the II.-2Ra eliminated,
have been found in comparison to the wild-type IL-2 to
produce significantly less secondary cytokines but only min-
imally reduced LAK cell activity.

The approach of reducing IL-2 toxicity by combining
lower doses with other cytokines such as the IFNs, TNF,
IL-1, etc. has gained popularity as the possibility of
more efficacious approaches are continuously developed
in response to the development of clinical-grade quantities
of other cytokines and interleukins. However, to date
no consistent combination has proved better than IL-2
alone. '™

The newest approach for immunotherapy with cytokines
has been the delivery of these molecules after recombinant
DNA transfection into tumor cells. Although this is often
called “gene therapy,” this term is a misnomer since no
therapy to a gene is attempted; in the case of cytokine gene
transfer and cytokine elaboration, this type of immuno-
therapy is merely another approach at localized cytokine
delivery. Although there are numerous reports of successful
tumor elimination after gene transfer of various cytokines
in mouse models, IL-2 appears to be the most effective way
in generating long-term CTL-like activity'” as well as the
most effective method of overcoming the more serious im-
munosuppressive factors such as TGF-b known to be pro-
duced by tumors.'”®

- BIOCHEMOTHERAPY

. Because the various antiproliferative and immunosup-
pressive properties of most chemotherapy drugs are well
known, combining these with biologics for treatment of
cancer was not especially attractive except in the hope of
immunorestoration. Even when trials of combinations were
initiated such as MTP-PE mentioned above, poor results
were found. Fortunately, some other combinations have
been tried based on empirical considerations, and surpris-
ingly some very good responses have been reported. Re-
sponse rates up to 60% have been obtained by combining
cisplatin (CDDP), DTIC, IL-2, and oIFN for treatment of
malignant melanoma in over 200 patients.'”'®' Many re-
finements to this approach are in progress and include re-
search addressing the possible biological mechanisms. One
attractive concept involves indications that cytokines elab-
orated from the response to the biologics, which then en-
hance the DNA strand breaks. It is known that IL-2 induces
IL-1 production from lymphocytes and monocytes; Braun-
schweiger et al.'® reported that IL-1 enhances CDDP-in-
duced cytoxicity, possibly by release of reactive oxygen or
nitrogen species from adjacent endothelia and/or from mac-
rophages resident in the tumor.

Chapter 22 Tumor immunity 345

REFERENCES

1.

10.
I1.

19.

20.

21.

22.

23.

24.

25.

Tsujisaki M, Imai K, Tokuchi S et al: Induction of antigen-specific
immune response with use of anti-idiotypic monoclonal antibodies
to anti-carcinoembryonic antigen antibodies, Cancer Res 51:2599,
1991.

. Blottiere HM, Douillard JY, Koprowshi H et al: Humoral and cellular

responses of colorectal cancer patients treated with monoclonal an-
tibodies and interferon gamma. Cancer /mmunol Immunother 32:29,
1990.

. Mittelman A, Chen ZJ, Kageshita T et al: Active specific immu-

notherapy in patients with melanoma. A clinical trial with mouse
anti-idiotypic monoclonal antibodies elicited with syngeneic anti-
high-molecular-weight-melanoma-associated antigen monoclonal an-
tibodies. J Clin Invest 86:2136, 1990.

. Bhattacharya-Chatterjee M, Mukerjee S, Biddle W et al: Murine

monoclonal anti-idiotype antibody as a potential network antigen for
human carcinoembryonic antigen. J Immunol 145:2758, 1990.

- Bartholeyns J, Lopez M, Andreesen R: Adoptive immunotherapy of

solid tumors with activated macrophages: experimental and clinical
results. Anticancer Res 11:1201, 1991.

. Hercend T, Farace F, Baume D et al: Immunotherapy with lym-

phokine-activated natural killer cells and recombinant interleukin-2:
A feasibility trial in metastatic renal cell carcinoma. J Biol Response
Modif 9:546, 1990.

Sone S, Lopez-Berestein G, Fidler 1J: Potentiation of direct anti-
tumor cytotoxicity and production of tumor cytolytic factors in human
blood monocytes by human recombinant interferon-gamma and mur-
amy! dipeptide derivatives. Cancer Immunol Immunother 21:93,
1986.

. Ioannides CG, Platsoucas CD, Freedman RS: Immunological effects

of tumor vaccines: II. T cell responses directed against cellular an-
tigens in the viral oncolysates. In-Vivo 4:17, 1990,

. McGee IM, Lytle GH, Malnar KF et al: Melanoma tumor vaccine:

Five-year follow-up. J Surg Oncol 47:233, 1991.

Bystryn JC: Tumor vaccines. Cancer Metastasis 9:81, 1990.
Aebersold P, Hyatt C, Johnson S et al: Lysis of autologous melanoma
cells by tumor infiltrating lymphocytes: association with clinical re-
sponse. J Nat! Cancer Inst 83:932, 1991.

. Rosenberg SA, Spiess P, Lafreniere R: A new approach to the adop-

tive immunotherapy of cancer with tumor-infiltrating lymphocytes.
Science 233:1318, 1986.

. Sondel PM, Sosman JA, Hank JA et al: Tumor-infiltrating lympho-

cytes and interleukin-2 in melanomas. N Engl J Med 320:1418, 1989.

. Kradin RL, Kumick JT, Lazarus DS et al: Tumour-infiltrating lym-

phocytes and interleukin-2 in treatment of advanced cancer. Lancet
1:577, 1989.

. Aoki Y, Takakuwa K, Kodama $ et al: Use of adoptive transfer of

tumor-infiltrating lymphocytes alone or in combination with cisplatin- *
containing chemotherapy in patients with epithelial ovarian cancer.
Cancer Res 51:1934, 1991.

. Houghton AN: Cancer antigens: immune recognition of self and

altered self. J Exp Med 180:1, 1994,

. Old LJ: Tumor immunology: the first century. Curr Opin Immunol

4:603, 1992.

. Lloyd KO: Humoral immune responses to tumor-associated carbo-

hydrate antigens. Cancer Biol 2:421, 1991,

Miescher S, Whiteside TL, Moretta L et al: Clonal and frequency
analyses of tumor-infiltrating T lymphocytes from human solid tu-
mors. J Immunol 138:4004, 1987.

Haskill S, Becker S, Fowler W: Mononuclear cell infiltration in
ovarian cancer. 1. Inflammatory cell infiltrates from tumor and ascites
material. Br J Cancer 45:728, 1982,

Miescher S, Whiteside TL, Carrell S et al: Functional properties of
tumor-infiltrating and blood lymphocytes in patients with solid tu-
mors: Effects of tumor cells and their supernatants on proliferative
responses of lymphocytes. J Immunol 136:1899, 1986.

Whiteside TL, Miescher S, Hurlimann J et al: Separation, pheno-
typing and limiting dilution analysis of t-lymphocytes infiltrating
human solid tumors. fat J Cancer 37:803, 1986.

Miescher S, Stoeck M, Qiao L et al: Proliferative and cytolytic
potentials of purified human tumor-infiltrating T lymphocytes im-
paired response to mitogen-driven stimulation despite T-cell receptor
expression. /nt J Cancer 42:659, 1988.

Bumnett FM: A modification of Jerne’s theory of antibody production
using the concept of clonal selection. Aust J Sci 20:67, 1957.
Kisielow P, Bluthmann H, Staerz UD et al: Tolerance in T cell
receptor transgenic mice involves deletion of nonmature CD4* CD8*
thymocytes. Nature 333:742, 1988.




346

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

- 41,

42.

43.

45.

46.

47.

48.

HOST DEFENSE MECHANISMS AND INFLAMMATION

Webb S, Morris C, Sprent J: Extrathymic tolerance of mature T cells:
Clonal climination as a consequence of immunity. Cell 63:1249,
1990.

Wei WZ, Ficsor-Jacobs R, Tsai SJ et al: Elimination of V beta 2
bearing T cells in BALB/c mice implanted with syngeneic pre-nco-
plastic and neoplastic mammary lesions. Cancer Res 51:3331, 1991.
Nossal GJV: Immunologic tolerance. In Paul WM, editor, Funda-
mental immunology, New York, 1989, Raven Press.

Whiteley PJ, Poindexter NJ, Landon C et al: A peripheral mechanism
preserves tolerance to a secreted protein in transgenic mice. J Im-
munol 145:1376, 1990.

Schild H, Rotzsche O, Kalbacher H et al: Limit of T cell tolerance
to self proteins and peptide presentation. Science 247:1588, 1990.
Furukawa KS, Furukawa R, Real FX et al: A unique antigenic epitope
of human melanoma is carried on the common melanoma glycopro-
tein gp95/p97. J Exp Med 169:585, 1989.

Brichard V, Van Pel BA, Wolfel T et al: The tyrosinase gene encodes
for an antigen recognized by autologous cytolytic T lymphocytes on
HLA-A2 melanomas. J Exp Med 178:489, 1993.

Topalian SL, Solomon D, Rosenberg SA: Tumor-specific cytolysis
by lymphocytes infiltrating human melanomas. J Immunol 142:3714,
1989. '

Ioannides CG, Platsoucas CD, Rashed S et al: Tumor cytolysis by
lymphocytes infiltrating ovarian malignant ascites. Cancer Res
51:4257, 1991.

loannides CG, Freedman RS, Platsoucas CD et al: Cytotoxic T cell
clones isolated ffom ovarian tumor-infiltrating lymphocytes recognize
muitiple antigenic epitopes on autologous tumor cells. J Immunol
146:1700, 1991.

Itoh K, Platsoucas CD, Balch CM: Autologous tumor-specific cy-
totoxic T lymphocytes in the infiltrate of human metastatic mela-
nomas. Activation by interleukin 2 and autologous tumor cells, and
involvement of the T cell receptor. J Exp Med 168:1419, 1988.
Heo DS, Whiteside TL, Kanbour A et al: Lymphocytes infiltrating
human ovarian tumors. I. Role of Leu-19 (NKHI)-positive recom-
binant IL-2-activated cultures of lymphocytes infiltrating human
ovarian tumors. J /mmunol 140:4042, 1988.

Alexander RB, Rosenberg SA: Adoptively transferred tumor-infil-
trating lymphocytes can cure established metastatic tumor in mice
and persist long-term in vivo as functional memory T lymphocytes.
J Immunother 10:389, 1991.

Rosenberg SA, Acbersold P, Cometta K et al: Gene transfer into
humans: immunotherapy of patients with advanced melanoma using
tumor infiltrating lymphocytes modified by retroviral gene transduc-
tion. N Engl J Med 323:570, 1990.

Robbins PA, Lettice LA, Rota P et al: Comparison between two
peptide epitopes presented to cytotoxic T lymphocytes by HLA-A2.
Evidence for discrete locations within HLA-A2. J Immunol
143:4098, 1989. ’

Barnd DL, Lan MS, Metzgar RS et al: Specific, major histocom-
patibility complex-unrestricted recognition of tumor-associated mu-
cins by human cytotoxic T cells. Proc Natl Acad Sci USA 86:7159,
1989.

Jerome KR, Bammd DL, Bendt KM et al: Cytotoxic T-lymphocytes
derived from patients with breast adenocarcinoma recognize an ep-
itope present on the protein core of a mucin molecule preferentially
expressed by malignant cells. Cancer Res 51:2908, 1991.
loannides CG, Fisk B, Jerome KR et al: Cytotoxic T cells from
ovarian malignant tumor can recognize polymorphic epithelial mucin
peptides. J Immunol 151:3693, 1993.

. Bendelac A, Schwartz RH: CD4" and CD8* T cells acquire specific

lymphokine secretion potentials during thymic maturation. Nature
353:6339, 1991.

Shimizu Y, Weidmann E, Iwatsuki S et al: Characterization of human
autotumor-reactive T cell clones obtained for tumor-infiltrating lym-
phocytes in liver metastasis of gastric carcinoma. Cancer Res
51:6153, 1991.

Wolfel T, Klehmann E, Muller C et al: Lysis of human melanoma
cells by autologous cytolytic T cell clones. J Exp Med 170:797,
1989.

Hom SS, Topalian SL, Simonis T et al: Common expression of
melanoma tumor-associated antigens recognized by human tumor
infiltrating lymphocytes: analysis by human lymphocyte antigen re-
striction. J Immunother 10:153, 1991,

Crowley NJ, Darmrow TL, Quinn-Allen MA et al: MHC-restricted
recognition of autologous melanoma by tumor-specific cytotoxic T
cells. J Immunol 146:1692, 1991.

50.

S1.

53.

54.

55.

56.

57.

58.

59.

61.

62.

63.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Darrow TL, Slingluff CL Jr, Scigler HF: The role of HLA class |
antigens in recognition of melanoma cells by tumor-specific cytotoxic
T lymphocytes. J Immunol 142:3329-35, 1989,

Ottenhoff TH, Mutis T: Specific killing of cytotoxic T cell and
antigen-presenting cells by CD4* cytotoxic T cell clones. J Exp Med
171:2011, 1990.

Wong JT, Pinto CE, Gifford JD et al: Characterization of the CD4*
and CD8* tumor infiltrating lymphocytes propagated with bispecific
monoclonal antibodies, J Immunol 143:3404, 1989.

. Fleischer B: Acquisition of specific cytotoxic activity by human T4*

T lymphocytes in culture. Nature 308:365, 1984.

McKisic MD, Sant AJ, Fitch FW: Some cloned murine CD4* T
cells recognize H-2L class I MHC determinants directly. J Immunol
147:2868, 1991.

Mitchell MS, Kohler H, Bona C, editors, loannides CG, (guest
editor): Attempts to optimize active specific immunotherapy for mel-
anoma. Int Rev Immunol 7:331, 1991.

Paliard X, DeWaal MR, Ysse! H et al: Simultaneous production of
IL-2, IL-4, and IFN-gamma by activated human CD4* and CD* T
cell clones. J Immunol 141:849, 1988.

deJong R, Brouwer M, Miedema F et al: Human CD8* T lympho’
cytes can be divided into CD45RA* and CD45SRO" cells with dif-
ferent requirements for activation and differentiation. J Immunol
146:2088, 1991.

Schwartzentruber DJ, Topalian SL, Mancini M et al: Specific release
of granulocyte-macrophage colony-stimulating factor, tumor necrosis
factor-alpha, and ifn-gamma by human tumor-infiltrating lympho-
cytes after autologous tumor stimulation. J Immunol 146:3674, 1991.
Barth RJ Jr, Mule JJ, Spies PJ et al: Interferon gamma and tumor
necrosis factor have a role in tumor regressions mediated by murine
CD8* tumor-infiltrating lymphocytes. J Exp Med 173:647, 1991.
Otten GR, Germain RN: Split anergy in a CD8" T cell: receptor-
dependent cytolysis in the absence of interleukin-2 production. Sci-
ence 251:1228, 1991. :

. Springer AT: Adhesion receptors of the immune system. Nature

346:425, 1990.

Weaver CT, Unanue ER: The costimulatory function of antigen-
presenting cells. Immunol Today 11:49, 1990.

Linsley PS, Brady W, Grosmaire L et al: Binding of-the B cell
activation antigen B7 to CD28 costimulates T cell proliferation and
interleukin 2 mRNA accumulation. J Exp Med 173:721, 1991.
Bretscher P, Cohn M: A theory of self-nonself discrimination. Science
169:1042, 1970.

. Schwartz RH: A cell culture mode! for T lymphocyte clonal anergy.

Science 248:1349, 1990.

Lamb JR, Feldmann M: Essential requirement for major histocom-
patibility complex recognition in T cell tolerance induction. Nature
308:72, 1984.

Pawelec G, Brocker T, Busch FW et al: “Tolerization” of human T-
helper cell clones by chronic exposure to alloantigen: culture con-
ditions dictate autocrine proliferative status but not acquisition of
cytotoxic potential and suppressor-induction capacity. J Mol Cell
Immunol 4:21-34, 1988.

Bertagnolli MM, Herrmann SH, Pinto VM et al: Approaches to
immunotherapy of cancer: characterization of lymphokines as second
signals for cytotoxic T cell generation. Surgery 110:459-68, 1991.
Massaro AF, Schoof DD, Rubinstein A et al: Solid-phase anti-CD3
antibody activation of murine tumor-infiltrating lymphocytes. Cancer
Res 50:2587-92, 1990.

Schoof DD, Jung SE, Eberlein TJ: Human tumor-infiltrating lym-
phocyte (TIL) cytotoxicity facilitated by anti-T-cell receptor anti-
body. Int J Cancer 44:219-24, 1989.

Anasetti C, Tan P, Hansen JA et al: Induction of specific nonre-
sponsiveness in unprimed human T cells by anti-CD3 antibody and
alloantigen. J Exp Med 172:1691, 1990.

Belldegrun A, Kasid A, Uppenkamp M et al: Human tumor infil-
trating lymphocytes. Analysis of lymphokine mRNA expression and
relevance to cancer immunotherapy. J Immunol 142:4520, 1989.
Fink PJ, Shimonkevitz RP, Bevan MI: Veto cells. Annu Rev Immunol
6:115, 1988. -

Mukherji B, Chakraborty NG, Sivanandham M: T cell clones that
react against autologous human tumors. /mmunol Rev 116:33, 1990.
Ranges GE, Figari IS, Espevik T et al: Inhibition of cytotoxic T cell
development by transforming growth factor B and reversal by re-
combinant tumor necrosis factor a. J Exp Med 166:991, 1987.
Lee HM, Rich S: Co-stimulation of T cell proliferation by trans-
forming growth factor-beta 1. J Immunol 147:1127, 1991.




76.

77.

78.

79.

80.

81.

82.

83.

84.

8s.

87.

88.

89.

© 91,

92.

93.

94.

9s5.

96.

917.

98.

Vaccarello L, Wang Y-L, Whiteside T: Sustained outgrowth of au-
totumor-reactive T lymphocytes from human ovarian carcinomas in
the presence of tumor necrosis factora and IL-2. Hum Immunol
28:216, 1990.

Takeyama H, Wakamiya N, O'Hara C et al: Tumor necrosis factor
expression by human ovarian carcinoma in vivo. Cancer Res
51:4476, 1991.

Radinsky T: Growth factors and their receptors in metastasis. Semin
Cancer Biol 2:169, 19591.

Tada T, Ohzeki S, Utsumi K et al: Transforming growth factor-beta-~
induced inhibition of T cell function. Susceptibility difference in T
cells of various phenotypes and functions and its relevance to im-
muno-suppression in the tumor-bearing state. J Immunol 146:1077,
1991.

Fidler IJ: The nude mouse model for studies of human cancer me-
tastasis. In Schirrmacher V, Schwartz-Albiez R, editors, Cancer me-
tastasis, Berlin-Heidelberg, 1989, Springer-Verlag.

Blotnick S, Peoples G, Freeman M et al: T lymphocytes synthesize
and export heparin-binding epidermal growth factor-like growth fac-
tor and basic fibroblast growth factor, mitogens for vascular cells and
fibroblasts: differential production and release by CD4* and CD8*
T cells. Proc Natl Acad Sci USA 91:2890-94, 1994.

Mead JE, Fausto N: Transforming growth factor a may be a phys-
iological regulator of liver regeneration by means of an autocrine
mechanism. Proc Natl Acad Sci USA 86:1558, 1989.

Hafler DA, Duby AD, Lee SJ et al: Oligoclonal T lymphocytes in
the cerebrospinal fluid of patients with multiple sclerosis. J Exp Med
167:1313, 1988.

Posnett DN, Schmelkin I, Burton DA et al: T cell antigen receptor
V gene usage. Increases in V beta 8* T cells in Crohn’s disease. J
Clin Invest 85:1770, 1990.

Nitta T, Oksenberg JR, Rao NA et al: Predominant expression of T
cell receptor Va 7 in tumor-infiltrating lymphocytes of uveal mela-
noma Science 249:672, 1990.

. Mackenson A, Ferradini L, Carcelain G et al: Evidence for in situ

amplification of cytotoxic T-lymphocytes with antitumor activity in
a human regressive melanoma. Cancer Res 53:3569, 1993.
Mackensen A, Carcelain G, Viel S et al: Direct evidence to support
the immunosurveillance concept in a human regressive melanoma.
J Clin Invest 93:1397, 1994,

Chothia C, Boswell DR, Lesk AM: The outline structure of T cell
of receptor. EMBO J 7:3745, 1988.

Fink PJ, Matis LA, McElligott DL et al: Correlations between T cell
specificity and the structure of the antigen receptor. Nature 321:219,
1986.

. Danska SJ, Livingston AM, Paragsa V et al: The presumptive CDR3

regions of both T cell receptor a and B chains -determine T cell
specificity for myoglobin peptides. J Exp Med 172:27, 1990.
Ehrich E, Devaux B, Rock E et al: T cell receptor interaction with
peptide/major histocompatibility complex (MHC) and superantigen/
MHC ligands is dominated by antigen. J Exp Med 178:713, 1993.
Gulwani-Akolkar B, Posnett DN, Janson CH et al: T cell receptor
V-segment frequencies in peripheral blood T cells correlate with
human leukocyte antigen type. J Exp Med 174:1139, 1991.

Hawes G, Stuyk L, van der Elsen P: Differential usage of T cell
receptor V gene segments in CD4+ and CD8+ subsets of T lym-
phocytes in monozygotic twins. J Immunol 150:2033, 1993.
Solheim J, Alexander-Miller M, Markinto J et al: Biased T cell
receptor usage of L~ -restricted, Tum™ peptide-specific cytotoxic T
lymphocyte clones. J Immunol 150:800, 1993.

Bowness P, Moss P, Rowland-Jones S et al; Conservation of T cell
receptor usage by HLA B27-restricted influenza-specific cytotoxic T
lymphocytes suggests a general pattern for antigen-specific major
histocompatibility complex class I-restrictive responses. Eur J Im-
munol 23:1417, 1993.

Kawakami Y, Eliyahu S, Sakaguchi K et al: Identification of the
immunodominant peptides of the MART-1 human melanoma antigen
recognized by the majority of HLA-A2-restricted tumor infiltrating
lymphocytes. J Exp Med 180:347, 1994.

Kelly J, Sterry S, Cose S et al: Identification of conserved T cell
receptor CDR3 residues contacting known exposed peptide side
chains from a major histocompatibility complex class I-bound de-
terminant. Eur J Immunol 23:3318, 1993.

Davis M, Chien Y: Topology and affinity of T cell receptor mediated
recognition of peptide-MHC complexes. Curr Opin Immunol 5:45,
1993.

. Falk K, Rotzschke O, Deres K et al: Identification of naturally pro-

101.

102.

103.

105.

107.

108.

110.

1.

112,

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

Chapter 22 Tumor immunity 347

cessed viral nonapeptides allows their quantification in infected cells
and suggests an allele-specific T cell epitope forecast. J Exp Med
174:425, 1991.

- Rudensky AY, Preston-Hurlburt P, Hong S-C et al: Sequence analysis

of peptides bound to MHC class II molecules. Nurse 353:622, 1991.
Topalian S, Rivoltini L, Mancini M et al: A Human CD4+ T cells
specifically recognize a shared melanoma-associated antigen encoded
by the tyrosinase gene. Proc Natl Acad Sci USA 91:9461, 1994.
Yoshino I, Goedegebuure PS, Peoples GE et al: Human tumor-in-
filtrating CD4* T cells react to B cell lesions expressing heat shock
protein 70'. J Immunol 153:4149, 1984.

Fossum B, Gedde-Dahl T, Breivik J et al: p21-ras-Peptide-Specific
T-Cell responses in a patient with colorectal cancer. CD4* and CD8*
T cells recognize a peptide corresponding to a common mutation
(13Gly—Asp). Int J Cancer 56:40, 1994.

. Jung S, Schiuesener HJ: Human T lymphocytes recognize a peptide

of single point-mutated oncogenic “ras” protein. J Exp Med 173:273,
1991.

Pardoll DM: Tumor antigens: a new look for the 1990s. Nature
357:1994. Mittleman A, Chen ZJ, Yang H et al: Human high mo-
lecular weight melanoma-associated antigen (HMW-MAA) mimicry
by mouse anti-idiotypic monoclonal antibody MK2-23: induction of
humoral anti-HWM-MAA immunity and prolongation of survival in
patients with stage IV melanoma. Proc Natl Acad Sci USA 89:466,
1992.

. Gaugler B, Van der Eynde B, van der Bruggen P et al: Human gene

MAGE-3 codes for an antigen recognized on a melanoma by autol-
ogous cytolytic T lymphocytes. J Exp Med 179:921, 1994.

Van der Bruggen P, Traversari C, Chomez P et al: A gene encoding
an antigen recognized by cytolytic T lymphocytes on 2 human mel-
anoma. Science 254:1643, 1991.

Bakker ABH, Schreurs MWJ, de Boer AT et al: Melanocyte Linage-
specific antigen gpl00 is recognized by melanoma-derived tumor-
infiltrating lymphocytes. J Exp Med 179:1005, 1994.

. Kawakami Y, Eliyahum S, Delgado CH et al: Identification of a

human melanoma antigen recognized by tumor-infiltrating lympho-
cytes associated with in vivo tumor rejection. Proc Natl Acad Sci
USA 91:6458, 1994.

Coulie PG, Brichard V, Van Pel A et al: A new gene coding for a
differentiation antigen recognized by autologous cytolytic T lym-
phocytes on HLA-A2 melanoma. J Exp Med 180:35, 1994.

Cox AL, Skipper J, Chen Y et al: Identification of a peptide rec-
ognized by five melanoma-specific human cytotoxic T cell lines.
Science 264:716, 1994.

Ioannides CG, Fish B, Fan D et al: Cytotoxic T cells from ovarian

malignant ascites recognize a peptide derived from the HER-2/neu

proto-oncogene. Cell Immunol 151:3693, 1993.

Disis ML, Catenoff E, MLaughlin G et al: Existent T-cell antibody
immunity to HER-2/neu protein in patients with breast cancer. Can-
cer Res 54:16, 1994.

Yoshino I, Peoples GE, Goedegebuure PS et al: Association of
HER2/neu expression with sensitivity to tumor-specific CTL in hu-
man ovarian cancer. J Immunol 152:2393, 1994,

Fisk B, Chesak B, loannides MG et al: Sequence motifs of human
HER-2 proto-oncogene important for peptide binding to HLA-A2.
Int J Oncol 5:51, 1994.

Jerome KR, Domenech N, Finn OJ: Tumor-specific cytotoxic T cell
clones from patients with breast and pancreatic adenocarcinoma rec-
ognize EBV-immortalized B cells transfected with polymorphic ep-
ithelial mucin complementary DNA. J Immunol 151:1654, 1993.
Nijman HW, Houbiers JG, van der Burg SH et al: Characterization
of cytotoxic T lymphocyte epitopes of a self-protein, p53, and a non-
self-protein, influenza matriz: relationship between major histocom-
patibility complex peptide binding affinity and immune responsive-
ness to peptides. J Immunother 14:121, 1993,

Townsend A, Ohlen C, Bastin J et al: Association of class I major
histocompatibility heavy and light chains induced by viral peptides.
Nature 340:443, 1989.

Elliott T, Cerundolo V, Elvin J et al: Peptide-induced conformational
change of the class I heavy chain. Nature 351:402, 1991.
Trowsdale J, Hanson I, Mockridge I et al: Sequences encoded in the
class Il region of the MHC related to the ABC superfamily of trans-
porters. Natwre 348:741, 1990.

Cordon-Cardo C, Fuks Z, Drobnjak M et al: Expression of HLA-
A,B,C antigen on primary and metastatic tumor cell populations of
human carcinomas. Cancer Res 51:6372, 1991.

O'Brian CA, Ward NE, loannides CG: Altered signal transduction
in carcinogenesis. Adv Cell Mol Biol 7:61, 1993.




348

123.
124.
125.
126.
127.
128.
129.
130.
131.

132.

133.

134,

135.

136.
137.
138.

139.

" 140.

1?1.

142,

143.

145.

146.

147.

148.

HOST DEFENSE MECHANISMS AND INFLAMMATION

Mokyr MB, Dray S: Interplay between the toxic effects of anticancer
drugs and host antitumor immunity in cancer therapy. Cancer Invest
5:31, 1987.

Falk K, Rotzschke O, Stevanovic S et al: Allele-specific motifs re-
vealed by sequencing of self-peptides eluted from MHC molecules.
Nature 351:290, 1991.

Ruppert J, Sidney J, Celis E et al: Prominent role of secondary anchor
residues in peptide binding at HLA-A2.1 molecules. Cell 74:929,
1993.

Chen Y, Sidney J, Southwood S et al: Naturally processed peptides
longer than nime amino acid residues bind to the class I MHC mol-
ecule HLA-A2.1 with high affinity and in different conformation. J
Immunol 152:2874, 1994.

DeLisi C, Berzofsky JA: T cell antigenic sites tend to be amphipathic
structures. Prc Natl Acad Sci USA 82:7048, 1985.

Margalit H, Spouge JL, Comette JL et al: Prediction of immuno-
dominant helper T cell antigenic sites from the primary sequence. J
Immunol 138:2213, 1987.

Mouritsen S, Meldal M, Rudd-Hansen J et al: T-helper-cell deter-
minants in protein A antigens are preferentially located in cysteine-
rich antigen segments resistant to proteolytic cleavage by cathepsin
b, 1. and d. Scand J Immunol 34:421, 1991.

Kaiser ET, Kerzdy FI: Amphiphilic secondary structure: design of
peptide hormones. Science 223:249, 1984.

Parham P: Transporters of delight. Nature 348:674, 1990.
Henderson RA, Michel H, Sakaguchi K et al: HLA-A2.I-associated
peptides from a mutant cell line: A second pathway of antigen pre-
sentation. Science 255:1261, 1992.

Rothbard JB, Taylor WR: A sequence pattern common to T cell
epitopes. EMBO J 7:93, 1988.

Madden DR, Gorga JC, Strominger JL et al: The structure of HLA-
B27 reveals nonamer self-peptides bound in an extended confor-
mation. Narure 353:321, 1991.

Rettig WJ: Immunogenetics of cell surface antigens of human cancer.
Curr Opin Immunol 4:630, 1992.

Woodburg RG, Brown JP, Yeh MY et al: Identification of a cell
surface protein, p97 in human meclanomas and certain other neo-
plasms. Proc Natl Acad Sci USA 77:2183, 1980.

Livingston PO: Construction of cancer vaccines with carbohydrate
and protein (peptide) tumor antigens. Curr Opin Immunol 4:624,
1992.

Euhus DM, Gupta RK, Morton DL: Induction of antibodies to a
tumor-associated antigen by immunization with a whole melanoma
cell vaccine. Cancer Immunol Immunother 29:247, 1989.
Mittelman A, Chen ZJ, Yang H et al: Human high molecular weight
melanoma-associated antigen (HMW-MAA) mimicry by mouse anti-
idiotypic monoclonal antibody MK2-23: induction of humoral anti-
HMW-MAA immunity and prolongation to survival in patients with
stage IV melanoma. Proc Natl Acad Sci USA 89:466, 1992.

Real FS, Mattes MJ, Mattes Houghton AN et al: Class ] (unique)
tumor antigen of human melanoma. Identification of a 90,000 dalton
cell surface glycoprotein by autologous antibody. J Exp Med
160:1219, 1984.

Schlichtholz B, Legros Y, Gillet D et al: The immune response to
p53 in breast cancer patients is directed against immunodominant
epitopes unrelated to the mutational hot spot. Cancer Res 52:6380,
1992.

Riethmuller G, Johnson JP: Monoclonal antibodies in the detection
and therapy of micrometastatic epithelial cancers. Curr Opin Im-
munol 4:647, 1992.

Fellinger EJ, Garin-Chesa P, Triche TJ et al: Immunological analysis
of Ewing's sarcoma cell antigen p30/p32"'<. Am J Pathol 139:317,
1991.

. Coney LR, Tomasetti A, Carayannopoulas I et al: Cloning of a tumor-

associated antigen: MOv18 and MOv19 antibodies recognize a rolate-
binding protein. Cancer Res 451:6125, 1991.

Whiteside TL, Herberman RB: Short analytical review: the role of
natural killer cells in human disease. Clin Immunol Immunopathol
53:1, 1989.

Robertson MJ, Ritz J: Biology and clinical relevance of human natural
killer cells. Blood 76:2421, 1990.

Wunderlich JR, Hodes RJ. Principles of tumor immunity: biology of
cellular immune response. In DeVita VT Jr, Hellman S, Rosenberg
SA, editors, Biologic therapy of cancer, Philadelphia, 1991, Lip-
pincott.

Janeway CA Ir: Immune response: to thine own self be true. Curr
Biol 1:239, 1991.

149.

150.

151.

152.

153.

154.

155

156.

157.

158.
159.

161.

162.

163.

165.
166.
167.
168.
169.

170.

171.

172.

Voss SD, Sondel PM: The clinical biology and mechanisms of action
of systemically administered IL-2. In Mitchell M, editor, Biological
approaches 1o cancer treaiment, New York, 1993, McGraw-Hill.
Grimm EA, Mazumder A, Zhang HZ et al: The lymphokine activated
killer cell phenomenon: Lysis of NK-resistant fresh solid tumor cells
by IL-2 activated autologous human peripheral blood lymphocytes.
J Exp Med 155:1823, 1982.

Grimm EA, Ramsey K, Mazumder A et al: Lymphokine-activated
killer cell phenomenon: II. The precursor phenotype is serologically
distinct from peripheral T lymphocytes, memory CTL, and NK cells.

J Exp Med 157:884, 1983.

Grimm EA, Robb RJ, Roth JA et al: The lymphokine activated killer
cell phenomenon. II1. Evidence that IL-2 alone is sufficient for direct
activation of PBL into LAK. J Exp Med 158:1356, 1983.
Rosenberg SA, Lotze MT, Muul LM et al: Observations on the
systemic administration of autologous lymphokine-activated killer
cells and recombinant interlevkin-2. N Engl J Med 343:1485, 1985.
Rosenberg SA: Immunotherapy of patients with advanced cancer
using interleukin-2 alone or in combination with lymphokine acti-
vated killer cells. In DeVita VT Jr, Hellman S, Rosenberg SA,
editors, /mportant advances in oncology 1988, Philadelphia, 1983,
Lippincott.

Fisher RI, Coltman CA, Doroshow JA et al: A phase II clinical trial
of interleukin-2 and lymphokine activated killer cells (LAK) in met-
astatic renal cancer, Ann Intern Med 108:518, 1988.

Gately MK, Wolitzky AG, Quinn PM et al: Regulation of human
cytolytic lymphocyte responses by interleukin-12. Cell Immunol
143:127, 1992.

Robertson MJ, Soiffer RJ, Wolf SF et al: Responses of human natural
killer (NK) cells to NK cell stimulatory factor (NKSF): Cytolytic
activity and proliferation of NK cells are differentially regulated by
NKSF. J Exp Med 175:779, 1992.

Brunda MJ: Interleukin-12. J Leukocyte Biol 55:280, 1994. '
Grabstein KH, Eisenman J, Shanebeck K et al: Cloning of a T cell
growth factor that interacts with the b chain of the interleukin-2
receptor. Science 264:965, 1994.

. Duvall E, Wyllie AH, Morris RG: Macrophage-recognition of cells

undergoing programmed cell death (apoptosis). Immunology 56:351,
1985. -

Fidler 1J: Macrophages and metastasis—a biological approach to
cancer therapy: presidential address. Cancer Res 45:471, 1985.
Fidler 1J, Bames Z, Fogler WE et al: Involvement of macrophages
in the eradication of established metastases following intravenous
injection of liposomes containing macrophage activators. Cancer Res
42:496, 1982.

Lopez-Berestein G, Mehta K, Mehta R et al: The activation of human
monocytes by liposome-encapsulated muramy! dipeptide analogues.
J Immunol 130:1500, 1983.

. Kleinerman ES, Hudson MM: Liposome therapy: a novel approach

to the treatment of childhood osteosarcoma. In Lopez-Bemstein G,
Fidler 1J, editors, Liposomes in the therapy of infectious diseases
and cancer, New York, Alan R. Liss, 1988.

Kleinerman ES, Jaffe N: Lipososmal MTP-PE of the adjuvant therapy
of osteosarcoma. In Nicolau C, Chapman D, editors, Horizons in
membrane biotechnology, New York, Wiley-Liss, 1990.

Hudson MH, Snyder JS, Jaffe N et al: In vitro and in vivo effect of
Adriamycin therapy on monocyte activation by liposome-encapsu-
lated immunomodulators. Cancer Res 48:5256, 1988.

Anderson PM, Hasz D, Dickrell L et al: Interleukin-2 in liposomes:
increased intravenous potency and less pulmonary toxicity in the rat.
Drug Dev Res 27:15-31, 1992.

Rosenberg SA, Lotze MT, Yang JC et al: Experience with the use
of high dose interleukin-2 in the treatment of 652 patients with cancer.
Ann Surg 210:474, 1989. .

Parkinson DR, Abrams JS, Wiemnik PH et al: Interleukin-2 therapy
in patients with metastatic malignant melanoma: phase II study. J
Clin Oncol 8:1650, 1990.

Heaton K, Grimm EA: Cytokine combinations in immunotherapy of
solid tumors: a review. Cancer Immunol 37:213, 1993.

Grimm EA: Properties of IL-2 activated lymphocytes. In Atkins MB,
Meir JW, editors, Therapeutic applications of interleukin-2, New
York, 1993, Marcel Dekker.

List J, Moser RP, Steuer M et al: Cytokine responses to intraven-
tricular injection of interleukin-2 into patients with leptomeningeal
carcinomatosis: rapid induction of TNF-a, IL-1b, IL-6, g-Interferon
and soluble IL-2 receptor (M, 55,000 Protein). Cancer Res 52:1123,
1992.




173.

174.

175.

176.

177.

178.

Moser RP, Bruner JM, Grimm EA: Biological therapy of brain tu-
mors. Cancer Bull 43:117, 1991.

Gansbacher B, Zier K, Daniels B et al: Interleukin-2 gene transfer
into tumor cells abrogates tumorigenicity and induced protective im-
munity. J Exp Med 172:1217, 1990.

Fujiwara T, Sakagami K, Matsuoka J et al: Application of an inter-
leukin-2 slow delivery system to the immunotherapy of established
murine colon adenocarcinoma liver metastases. Cancer Res 50:7003,
1990.

Heaton K, Ju G, Grimm EA: Characterization of lymphokine-acti-
vated killing by human peripheral blood mononuclear cells stimulated
with p75-specific interleukin-2 analogs. Cell Immunol 147:167, 1993.
Heaton K, Ju G, Grimm EA: Human interleukin-2 (IL-2) analogs
that preferentially bind the intermediate-affinity 1I-2 receptor lead to
reduced secondary cytokine secretion. Cancer Res 53:2597, 1993.

McAdam AJ, Felcher A, Woods ML et al: Transfection of transfor-

179.

180.

181.

182.

Chapter 22 Tumor immunity 349

mation growth factor-b producing tumor EMT6 with interleukin-2
elicits tumor rejection and tumor reactive cytotoxic T-lymphocyte.
J Immunother 15:155, 1994.

Richards JM, Mehta N, Ramming K et al: Sequential chemoim-
munotherapy in the treatment of metastatic melanoma. J Clin Oncol
10:1338, 1992.

Khayat D, Borel C, Tournai JM et al: Sequential chemoimmuno-
therapy with cisplatin, interleukin-2, and interferon alfa-2a for met-
astatic melanomas. J Clin Oncol 11:2173, 1993.

Legha S, Ring S, Bedikian A et al: Biochemotherapy using inter-
leukin-2 + interferon alpha-2a (JFN) in combination with cisplatin
(C), vinblastine (V), and DTIC (D) in patients with metastatic mel-
anoma. Melanoma Res 3:32, 1993.

Braunschweiger PG, Basrur VS, Santos O et al: Synergistic antitumor
activity of cisplatin and interleukin-1 in sensitive and resistant solid
tumors. Cancer Res 53:1091, 1993.




Drug Resistance in Oncology

Protein Kinase C Activation and the Intrinsic Drug Resistance of Human Colon

Cancer

Catherine A. O’Brian“3, Karen R. Gravitt1, Nancy E. Ward1, Krishna P. Guptau

Philip J. Bergman1, and Constantin G. Toannides®

"The Department of Cell Biology, and

°The Department of Gynecologic Oncology, The University of Texas M. D. Anderson
Cancer Center, Houston, Texas 77030.

3puthor to whom correspondence should be addressed at: The Department of Cell
Biology, The University of Texas M. D. Anderson Cancer Center, Box 173, Houston,

Texas, 77030. Telephone: (713) 792-7969; Telefax: (713) 792-8747




IT1.

III.

IV.

VI.

TABLE OF CONTENTS

Intrinsic drug resistance in human colon cancer-- ..............

a clinical perspective.

An overview of the protein kinase C isozyme family........... .

Protein kinase C activity and isozyme expression in human.......

colon carcinogenesis.

The contribution of protein kinase C-a activation to the.........
intrinsic drug resistance of human colon cancer cells 7n vitro.

The colonic lumen as a repository of endogenous. protein.........

kinase C-stimulatory agents--implications in the progression
and intrinsic drug resistance of human colon cancer.

Targeting protein kinase C-a as a novel strategy for............

reversal of drug resistance in colon cancer therapy.




I. Intrinsic drug resistance in human colon cancer - a clinical perspective.

Colorectal cancer is a major cause of cancer-related death in the United
States and other industrialized countries (1,2). This unfortunate fact is due
in part to the marked resistance of colon cancer cells to available therapeutic
agents (Table I) (2,3). In fact, the sole, truly effective therapy available for
colorectal cancer at present is surgical intervention. Thus, there is no truly
effective therapy available to manage metastatic colorectal cancer. Neither
chemotherapeutic drugs nor biological response modifiers, e.g. interferons, have
achieved major improvements in the survival of colon cancer patients (2). The
inherent resistance of colon cancer to chemotherapeutic agents is termed
intrinsic drug resistance. In contrast, acquired drug resistance is commonly
observed in cgncers-that initially respond to chemotherapy, e.g., breast cancer.
Acquired drug resistance is defined as resistance that develops as a result of
exposure of cancer cells to chemotherapy (4,5).

Because intrinsic drug resistance to cancer chemotherapy is generally
observed in cancers that arise from tissues which have detoxifying functions
e.g., the colon, stomach and kidney, it is thought that tissue-specific
detoxification mechanisms are operative in the cancer cells and protect them from
chemotherapy (6,7). Evidence has been presented in support of this hypothesis.
The drug-efflux pump P-glycoprotein is a contributing factor in drug resistance
in cancer, and it is thought to provide a detoxification mechanism in normal
cells (6,7). Human colon cancer and other intrinsically drug resistant cancers
have been shown to express the message that encodes P-glycoprotein more
abundantly than human cancers that are initially responsive to therapy (5). It
should be noted that, although this suggests the potential value of P-

glycoprotein-targeted drugs in colon cancer therapy, attempts to reverse clinical




drug resistance in solid cancers with P-glycoprotein-binding drugs have resulted
in unacceptable levels of toxicity, and enthusiasm for this approach in the
treatment of solid cancers has declined (8). _

5-fluorouracil is the most effective chemotherapeutic agent available for
colon cancer therapy (2). This drug achieves a partial response rate of about
15-20% of advanced colorectal cancers (1,2). Modest improvements in the efficacy
of 5-fluorouracil against human colon cancer have been achieved by combination
therapy (2,9,10). Colon cancer therapy has been attempted by combining 5-
fluorouracil with other cytotoxic chemotherapeutic agents, with agents that serve
as biochemical modulators of 5-fluorouracil, and with biological response
modifiers (2). Although the relative merits of these therapies remain
controversial, there is a consensus that a combination of 5-fluorouracil and'
levamisole is indicated as surgical adjuvant chemotherapy in the treatment of
advanced colon cancer (10). Levamisole is an antihelminthic agent with
jmmunomodulatory activity (1). The mechanism of action of levamisole in colon
cancer therapy remains unclear, and it has yet to be determined whether the
combination of 5-fluorouracil and levamisole is actually more effective than 5-
fluorouracil alone (9,10).

The Tlack of a significant breakthrough in the management of advanced colon
cancer during the past three decades supports the view that a completely new
approach to the treatment of this disease is needed. In this chapter, we will
focus on protein kinase C (11) as a potential target for therapeutic intervention
in human colorectal cancer. We will review studies on the expression of the
protein kinase C isozyme family in the colonic epithelium and in colon

carcinomas, and we will also review the evidence that protein kinase C plays a

major role in the intrinsic drug resistance of human colon cancer. Finally, we




will consider the potential value of inhibiting protein kinase C as a strategy

for sensitizing human colon cancer to chemotherapeutic drugs.

I1. An overview of the protein kinase C isozyme family.

The identification of protein kinase C as the phorbol-ester tumor promoter
receptor in 1982 revealed the importance of this enzyme in cell growth and
differentiation (12). At approximately the same time, the central importance of
protein kinase C in mammalian signal transduction was revealed by the
jdentification of the second messenger diacylgliycerol as the endogenous activator
of protein kinase C (13). These discoveries set-into motion more than a decade
of intensive research dedicated to this pivotal signal-transducing enzyme
(14,15). |

Over the past several years, more than ten protein kinase C isozymes have
been identified (11,16,17). These isozymes can be categorized into three groups,
based on structural homology and cofactor requirements (Table II) (11,14-16).
The common protein kinase C isozymes (cPKC’s) are activated by diacylglycerol in
a Ca*- and phosphatidylserine (PS)-dependent manner. Four cPKC’s have been
identified: cPKC-a, cPKC-B,, cPKC-8,, and cPKC-y. The novel protein kinase C
isozymes (nPKC’s) are distinguished from the cPKC’s by their independence of
Ca*. nPKC’s are activated by diacylglycerol in a PS-dependent manner. These
isozymes are nPKC-&, nPKC-e, nPKC-n, nPKC-e, and nPKC-p. The atypical protein
kinase C isozymes (aPKC’s) are independent. of diacylglycerol and phorbol esters
(11,16). The messenger molecule(s) responsible for their activation in vivo has
not been definitively identified, although evidence has been presented that

atypical protein kinase C isozymes can be activated by specific




polyphosphoinositides (18). aPKC activity is Ca*-independent and PS-dependent.
Two aPKC’s have been identified, aPKC-{ and aPKC- (11,16).

In the cPKC isozymes, the conserved region C2, which is present in the
regulatory domain, is responsible for the Ca*-dependence of the kinase activity.
The C2 region is not present in Ca*-independent protein kinase C isozymes (11).
The shared phorbol ester/diacylglycerol binding site is present in the conserved
region Cl, which is also within the regulatory domain of protein kinase C.
Although the Cl1 region is present in all protein kinase C ‘isozymes, it is
truncated in the diacylglycerol-independent isozymes, i.e, the aPKC’'s (11).

In addition to differences in cofactor dependence among protein kinase C
jsozymes, the isozymes have distinct substrate specificities (16,19,20) and
distinct patterns of subcellular localization (21) and tissue expression (11,22).
Proteins .that anchor particular protein kinase C isozymes appear to play an
important role in the subcellular Tocalization of the isozymes (23,24). The
jsozymes cPKC-a, nPKC-§, and aPKC-( are expressed universally in mammalian
tissues; more restricted patterns of expression have been reported for the other
isozymes (11). Expression of protein kinase C isozymes fis regulated by
transcriptional controls and also by protease-mediated downregulation of
activated isozymes (25). Based upon distinctions among the catalytic and
regulatory properties of the isozymes and their patterns of expression, it has
been inferred that the isozymes also have distinct functions in mammalian cells
(16). In fact, there is substantial evidence that the contribution of protein
kinase C to multidrug resistance in cancer cells, which is the focus of this

chapter, is primarily due to the action of the isozyme cPKC-a (26).




III. Protein kinase C activity and isozyme expression in human colon
carcinogenesis.

Protein kinase C activity 1levels have been determined _in normal,
premalignant, and transformed human intestinal mucosal tissue specimens. In the
normal human intestinal mucosa, the Tevel of protein kinase C activity is highest
in the distal ileum, lowest in the rectum, and intermediate in intervening
segments (27). Protein kinase C activation 1is often associated with
translocation of cytosolic protein kinase C to the particulate fraction of
‘mammalian cells (25), and approximately the same percentage of protein kinase C
activity is membrane-associated in each segment (27). Because cancer is rare in
the small intestine, these results indicate that reduced protein kinase C
activity levels are associated with increased cancer risk in the intestina1'
mucosa of healthy individuals (27).

A positive correlation between reduced protein kinase C activity and
increased cancer risk is also observed when protein kinase C activity levels are
compared in the colonic mucosa of healthy individuals and the uninvolved colonic
mucosa of colon cancer patients (28). Both cytosolic and particulate fractions
of the uninvolved colonic mucosa have significantly less protein kinase C
activity than normal controls, and the uninvolved mucosa has an increased
percentage of membrane-associated protein kinase C activity (28). Furthermore,
colon adenomas are premalignant lesions, and the level of protein kinase C
activity is significantly lower in human colon adenomas (27) and in their
particulate fractions (29) than in the adjacent normal-appearing mucosa. Based
on these observations, it can be hypothesized that the reduction in the level of
colonic mucosal protein kinase C activity may be an early event in human colon

carcinogenesis. Furthermore, in human colon carcinomas, the level of protein
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kinase C activity is significantly reduced with respect to adjacent normal-
appearing mucosa in both cytosolic and particulate fractions (27,29,30). This
suggests that a progressive downregulation of protein kinase C may occur during
human colon carcinogenesis.

Similarities between 1,2-dimethylhydrazine (DMH)-induced vrat colon
carcinogenesis and human colon carcinogenesis have been noted in studies of the
level of protein kinase C activity and its intracellular distribution in normal,
premalignant, and transformed colonic mucosal tissues (31,32). For example,
protein kinase C activity in the uninvolved colonic mucosa of tumor-bearing DMH-
treated rats is reduced compared with control rats, and-an even sharper decline -
in protein kinase C activity is observed in the colon tumors (32). The parallel
alterations in colonic mucosal protein kinase C activity in. human colon .
- carcinogenesis and DMH-induced rat colon carcinogenesis (27-32) strengthen the .
evidence that progressive loss of protein kinase C activity is a critical event
in human colon carcinogenesis.

Prolonged exposure to phorbol-ester tumor promoters results 1in
downregulation of protein kinase C in mammalian cells (25). Various oncogene-
transformed -cultured fibroblasts, inciuding ras transformants, express elevated
levels of sn-1,2-diacylglycerol and reduced levels of protein kinase C (33-35).
Because phorbol-ester tumor promoters and sn-1,2-diacylglycerol activate protein
kinase C by the same mechanism (25), it is thought that sn-1,2-diacylglycerol may
mediate a partial downregulation of protein kinase C in the transformants
(33,35). Since human colon cancers often express activated ras (36), it would
seem likely that chronically elevated sn-1,2-diacylglycerol levels in the cancer
cells could account for the reduced level of protein kinase C activity. However,

this is not the case. In fact, human colon adenomas and carcinomas have less sn-




1,2-diacylglycerol than the adjacent normal mucosa (37,38). Thus, cellular sn-
1,2-diacylglycerol levels do not offer an explanation for the relative protein
kinase C activity Tevels in these tissues. ~

Members of the common, novel, and atypical protein kinase C subfamilies
have been detected in tissue specimens of normal human colonic mucosa. The
isozymes that have been detected in this tissue by Western analysis are cPKC-a,
cPKC-B, nPKC-§, nPKC-€, nPKCn, and aPKC-{ (39-42). There is a lack of agreement
among reports from different groups concerning the relative levels of the
individual isozymes detected by Western analysis in normal and transformed human
colonic mucosal specimens. Three groups report similar levels of cPKC-a 1in
specimens of ‘normal human colonic mucosa and colon carcinoma (39-41), but one
group observed decreased cPKC-a expression in human colon carcinomas (42). One‘
report observed decreased cPKC-B and nPKC-e expression and increased nPKC-§
expression in human colon carcinomas (40), another report noted increased
expression of cPKC-8, nPKC-&, nPKC-€, nPKCn, and aPKC-{ in the carcinomas (41),
while a third report observed decreased expression of nPKC-8, nPKC-€, nPKC-n, and
aPKC-¢ in human colon carcinomas (42). Further studies will be necessary to
address the contradictory conciusions reached by these reports.

In a report that focused on the metastatic potential of human colon
carcinomas in nude mice, increased metastatic potential was associated with a
Joss of the cPKC-B message and increased expression of messages encoding nPKC-é,
nPKCn, nPKC-e,. and cPKC-a (43). - Other investigators have shown that
overexpression of rat brain PKC-B, in human colon cancer HT29 cells markedly
reduces their tumorigenicity in nude mice (44). These findings suggest that

cPKC-B, may be a tumor suppressor in the colonic epithelium (44).




IV. The contribution of protein kinase C-a to the intrinsic drug resistance of
human colon cancer cells in vitro.

Multidrug resistant (MDR) cancer cells are characterized by broad spectrum
resistance to chemotherapeutic drugs and sharply reduced intracellular
accumulation of the drugs (4,6). Typically, MDR tumor cell Tines are selected
in vitro by exposure to a cytotoxic chemotherapeutic agent, and they express high
levels of the drug-efflux pump P-glycoprotein (4,6). The cells are generally
resistant to chemotherapeutic drugs that are efficiently transported by P-
glycoprotein, and the reduction in the intracellular concentration of the drugs
largely accounts for the resistance of the cells to their cytotoxic effects.
This type of drug resistance in cancer cells is termed P-glycoprotein-mediated
MDR or classical MDR (Table III). (4,6). A hallmark of classical MDR is potent
reversal of the drug resistance by verapamil, which inhibits P-glycoprotein
function by directly binding to the drug-efflux pump (4,6,45). The high level.
of expression of the P-glycoprotein-encoding message observed in surgical
specimens of human colon cancer provides evidence that classical MDR may be a
component of the intrinsic drug resistance of clinical colon cancer (5).

A prominent role for protein kinase C in P-glycoprotein-mediated MDR
(classical MDR) has been demonstrated (26,46,47). Convincing evidence has ‘been
presented that protein kinase C directly stimulates the drug-efflux activity of
- P-glycoprotein by phosphorylating the pump. Protein kinase C-catalyzed
phosphorylation of the linker region of P-glycoprotein in MDR cancer cells is
tightly coupled to a sharp reduction in the intracellular accumulation of
cytotoxic drugs and a significant enhancement of the drug resistance phenotype
(48-52). Although multiple protein kinases have been shown to phosphorylate P-

glycoprotein, only protein kinase C has been shown to modulate its function (26).
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In human breast cancer drug-sensitive MCF7 cells and Adriamycin-selected
MCF7-MDR cells, the enhancement of drug resistance and the reduction in
intracellular drug accumulation achieved by phorbol ester-mediated activation of
protein kinase C is reversed by verapamil. This provides evidence that the
phorbol ester effects on MDR are largely due to protein kinase C-catalyzed P-
glycoprotein phosphorylation in the MCF7 cell lines (53,54). Furthermore,
transfection of drug-sensitive MCF7 cells with PKC-a does not alter the
chemosensitivity of the cells. However, if MCF7 cells are first transfected with
P-glycoprotein, transfection with PKC-a significantly enhances the MDR phenotype
of the cells, and this is associated with substantial P-glycoprotein
phosphorylation (55). Recent studies in a baculovirus expression system have
shown that~PKC-a directly phosphorylates isolated P-glycoprotein and thereby-
stimulates the ATPase activity of the pump (56). Thus, PKC-a-catalyzed P-
glycoprotein phosphorylation may be a contributing factor in the intrinsic drug
resistance of human colon cancer.

It is now evident that P-glycoprotein-independent drug resistance
mechanisms are of particular importance in the clinical drug resistance of colon
and other solid cancers (8). We have developed an in vitro model of the
intrinsic drug resistance of human colon cancer (39, 57) which shows that protein
kinase C activation can play a major role in non-P-glycoprotein-mediated
(nonclassical) MDR in colon cancer. In the model, a metastatic human colon
cancer cell line that had never been exposed to cytotoxic drugs is rendered
transiently multidrug resistant by protein kinase C activation (57). Both
phorbol ester and diacylglycerol protein kinase C activators .induce resistance
to multiple cytotoxic drugs in the cultured human colon cancer KM12i4a cells, and

the induction of resistance is antagonized by protein kinase C inhibitors. (57).
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The IC,,'s of the cytotoxic drugs (drug concentrations that cause 50% cell growth
inhibition) are increased significantly by 2- to 3-fold as a consequence of
phorbol ester exposure, and the phorbol ester-induced resistance correlates with
protein kinase C activation (rather than with its downregulation) (57).

The phorbol ester-induced resistance in human colon cancer KM12L4a cells
resembles P-glycoprotein-mediated MDR in three important ways. First, the same
spectrum of drugs appears to be affected in the phorbol ester-induced resistance
in KM12L4 cells and in the P-glycoprotein-mediated MOR phenotype. Adriamycin,
vincristine, and vinblastine ‘are affected by phorbol esters in KM12L4a cells, and
5-fluorouracil is not (57). Second, the phorbol ester-induced drug resistance
in KM12L4a cells and P-glycoprotein-mediated MDR are both associated with a
pronounced -defect in the intracellular accumulation of affected drugs (39,57).
Third, activation of the isozyme PKC-a enhances P-glycoprotein-mediated MDR and
triggers the induction of MDR in KM12L4a cells in response to phorbol esters
(39).

The phorbol ester-induced MDR phenotype in KMI2L4a cells is, however,
distinguished from P-glycoprotein-mediated MDR in important ways. While P-
glycoprotein-mediated MDR is associated with an increased rate of cellular drug
efflux (4), phorbol. ester-induced MDR in KMI12L4a cells is associated with a
decreased rate of drug uptake by the cells and with no apparent alteration in the
rate of drug efflux (57). Similar phorbol ester effects on cellular drug uptake
and efflux rates have been noted in murine leukemia P388 cells (58). Verapamil
and cyclosporin A are potent reversal agents of P-glycoprotein-mediated MDR (4),
but they have no effect on either phorbol ester-induced resistance or basal
chemosensitivity in KMl2L4a cells (Gravitt and O0‘Brian, manuscript in

preparation). The apparent P-glycoprotein-independence of phorbol ester-induced
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MDR and basal chemosensitivity in KM12L4a cells is consistent with the lack of
detectable P-glycoprotein expression in the cells, as measured by Western
analysis (Gravitt and 0’Brian, manuscript in preparation). Thus, phorbol ester-
induced MDR in KMI2L4a cells and P-glycoprotein-mediated MDR are, in fact,
distinct phenomena. The mechanism of the phorbol ester-induced MDR phenotype of

KM12L4a cells is still unknown.

V. The colonic lumen as a repository of endogenous protein kinase C-
stimulatory agents--implications in the progression and intrinsic drug
resistance of human colon cancer.

Stimulators of protein kinase C activity are included among the major
components. of the contents of the colonic lumen. These protein kinase C-
stimulatory aéents include bile acids and dietary fat-derived diacylglycerols and
free fatty acids (Table IV) (59-61). Protein kinase C-stimulatory activity
appears to be a general feature of bile acids, as it has been observed with
primary and secondary bile acids in both conjugated and unconjugated forms (62).
‘Bile acids stimulate protein kinase C by direct effects on the enzyme and by
stimulating the production of sn-1,2-diacyiglycerol by phospholipase C (62-64).
Among diet-derived diglycerides in the colonic lumen, only those with the sn-1,2
configuration have been shown to stimulate protein kinase C activity (65,66).
Human fecal bacteria produce sn-1,2-diacylglycerols from dietary 1ipids in the
colon (66). Unsaturated free fatty acids have direct stimulatory effects on
protein kinase C and also induce the production of sn-1,2-diacylglycerol in
colonic epithelial cells (67).

The ability of bile acids-such as deoxycholate and free fatty acids to

serve as tumor promoters in the colonic Tumen has been demonstrated, although the
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role of protein kinase C modulation in the tumor promotion of the colonic
epithelium by these agents has not been defined (61). It has been inferred from
the potent tumor-promoting activity of specific protein kinase C activators, such
as 12-0-tetradecanoylphorbol-13-acetate (TPA), that chronic activation of colonic
epithelial protein kinase C by bile acids and dietary fat metobolites plays an
important role in the mediation of tumor promotion by these agents in the colonic
epithelium (59-61). Thus, chronic protein kinase C activation has been
implicated in the progression of human colorectal cancer. Limiting the
activation of colonic epithelial protein kinase C is therefore seen as a
potentially valuable strategy for chemoprevention of the malignant disease (60).
Our model of phorbol ester-induced intrinsic drug resistance in cultured
human colon cancer cells directly implicates lumenal sn-1,2-diacylglycerols in
the intrinsié drug resistance of clinical colon cancer (57), because phorbol
esters and sn-1,2-diaclyglycerols activate protein kinase C by closely related
mechanisms (68). It follows logically that other protein kinase C-stimulatory
agents in the colonic lumen, e.g., bile acids and free fatty acids, may also
induce multidrug resistance in human colon cancer cells. In fact, we have shown
that deoxycholate transiently induces a multidrug resistance phenotype in murine
fibrosarcoma cell lines (63). The induction of multidrug resistance in
fibrosarcoma cells by deoxycholate appears to be a result of protein kinase C
- activation, since phorbol-ester protein kinase C activators induce a similar
response (63). Thus, protein kinase C-stimulatory Tumenal contents may induce
multidrug resistance in colon cancer cells in vivo and thereby contribute to the

intrinsic drug resistance of clinical colon cancer.
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VI. Targeting protein kinase C-a as a novel strategy for reversal of drug
resistance in colon cancer therapy.

The intrinsic drug resistance of human colon cancer accounts for the
limited value of chemotherapy in the management of the disease (1-3). Rational
design of strategies to reverse intrinsic drug resistance in human colon cancer
will require an understanding of the molecular events underlying the major drug
resistance mechanisms operative in the disease. Evidence has been presented that
at least three distinct mechanisms of drug resistance may be operative in human
colon cancer. These mechanisms are P-glycoprotein-mediated MDR (5), DNA
topoisomerase I-mediated MDR (69), and P-glycoprotein-independent, protein kinase
C—d mediated MDR (39,57). The heterogeneous nature of drug resistance mechanisms
in human colon cancer suggests that a combination of agents that antagonize drug
resistance by distinct mechanisms may be required to reverse clinical drug
resistance in colon cancer and improve the ultimate therapeutic outcome for the
patient. Conceptually, such an approach to the reversal of drug resistance is
analogous to the standard use of combination chemotherapy in cancer treatment to
address the heterogeneous nature of tumor cell populations (26).

It is anticipated that P-glycoprotein-binding drugs will be of Timited
value in colon cancer therapy. This is based on problems of toxicity that have
already been encountered in attempts to target P-glycoprotein directly for
reversal of clinical drug resistance in solid tumors (8). This underscores the
importance of defining the magnitude of the contribution of protein kinase C-a-
mediated MDR to the intrinsic drug resistance of clinical colon cancer.
Furthermore, definition of the importance of DNA topoisomerase I-mediated
resistance in the clinical disease needs to be accomplished. Identification of

additional mechanisms of drug resistance in clinical colon cancer is also a
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worthwhile goal that may lead to effective strategies of chemosensitization of
the disease to therapy.

Strategies for the reversal of protein kinase C-a-mediated MDR in colon
cancer could involve targeting of either protein kinase C-a or molecules that
function upstream or downstream of protein kinase C-a in the MDR phenotype.
Protein kinase C-a is expressed ubiquitously in mammalian tissues (22,25). If
it should turn out that protein kinase C-a inhibition is not well-tolerated in
cancer patients, effective reversal of intrinsic drug resistance might still be
accomplished by blocking downstream events in protein kinase C-a-mediated
resistance. Elucidation of the mechanism of protein kinase C-a-mediated MDR in
human colon cancer will be required to identify potential downstream targets for

therapeutic intervention.
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Table I
Profile of Intrinsic Drug Resistance in Human Colon Cancer: Agents that are

Inactive Against the Disease

Cisplatin Vinblastine
Carboplatin Methotrexate
Cyclophosphamide Etoposide

Melphalan Tamoxifen

Vincristine Interferons
Mitoxantrone Interleukin-2
Doxorubicin Tumor Necrosis Factor
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Table I1

The Protein Kinase C Isozyme Family

Subfamily Cofactor Dependence Members
Common Protein Kinase C Ca*, phosphatidylserine, cPKC-a, cPKC-B,
diacylglycerol cPKC-8,, cPKC-y
Novel Protein Kinase C - Phosphatidylserine, nPKC-§, nPKC-¢,
diacylglycerol nPKC-n, nPKC-8,
nPKC-u
Atypical Protein Kinase C Phosphatidyserine, ? aPKC-{, aPKC-i
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Table III

Anticancer Drugs Affected by P-glycoprotein-Mediated Multidrug Resistance

Doxorubicin (Adriamycin)

Vincristine
Etoposide

Mitoxantrone

Daunorubicin
Vinblastine
Taxol

Actinomycin D
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Table IV

Protein Kinase C-Stimulatory Agents Present in the Colonic Lumen

unsaturated free fatty acids
sn-1,2-diacylglycerols

unconjugated primary bile acids

tauro-and glyco-conjugated primary bile acids
unconjugated secondary bile acids

tauro- and glyco-conjugated secondary bile acids
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