IFN-y treatment protocol for MHC-1'/
PD-L1" pancreatic tumor cells
selectively restores their TAP-mediated
presentation competence and CDS8 T-cell

s
*°" Journal for
... ImmunoTherapy of Cancer

To cite: Stifter K, Krieger J,
Ruths L, et al. IFN-ytreatment
protocol for MHC-I'*/PD-

L1* pancreatic tumor cells
selectively restores their
TAP-mediated presentation
competence and CD8 T-cell
priming potential. Journal for
ImmunoTherapy of Cancer
2020;8:000692. doi:10.1136/
jitc-2020-000692

» Additional material is
published online only. To view,
please visit the journal online
(http://dx.doi.org/10.1136/jitc-
2020-000692).

Accepted 30 July 2020

| '.) Check for updates

© Author(s) (or their
employer(s)) 2020. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ.

"Internal Medicine I, University
Hospital Uim, UIm, Germany
Znstitute of Experimental Cancer
Research, University Hospital
Ulm, Ulm, Germany

Correspondence to

Professor Reinhold Schirmbeck;
reinhold.schirmbeck@uni-ulm.
de

priming potential

Katja Stifter," Jana Krieger,! Leonie Ruths,! Johann Gout," Medhanie Mulaw,?
Andre Lechel,! Alexander Kleger,' Thomas Seufferlein,' Martin Wagner,'

Reinhold Schirmbeck @

ABSTRACT

Background Many cancer cells express a major
histocompatibility complex class | low/ programmed cell
death 1 ligand 1 positive (MHC-I*/PD-L1*) cell surface
profile. For immunotherapy, there is, thus, an urgent
need to restore presentation competence of cancer cells
with defects in MHC-I processing/presentation combined
with immune interventions that tackle the tumor-
initiated PD-L1/PD-1 signaling axis. Using pancreatic
ductal adenocarcinoma cells (PDACCs) as a model, we
here explored if (and how) expression/processing of
tumor antigens via transporters associated with antigen
processing (TAP) affects priming of CD8 T cells in PD-1/
PD-L1-competent/-deficient mice.

Methods We generated tumor antigen-expressing
vectors, immunized TAP-competent/-deficient mice and
determined de novo primed CD8 T-cell frequencies by
flow cytometry. Similarly, we explored the antigenicity and
PD-L1/PD-1 sensitivity of PDACCs versus interferon-y (IFN-
v)-treated PDACCs in PD-1/PD-L1-competent/deficient
mice. The IFN-y-induced effects on gene and cell surface
expression profiles were determined by microarrays and
flow cytometry.

Results We identified two antigens (cripto-1 and an
endogenous leukemia virus-derived gp70) that were
expressed in the Endoplasmic Reticulum (ER) of PDACCs
and induced CD8 T-cell responses either independent
(Cripto-1 :Kb/Cr16_24) or dependent (gp70:K*/p15E) on TAP
by DNA immunization. IFN-y-treatment of PDACCs in vitro
upregulated MHC-I- and TAP- but also PD-L1-expression.
Mechanistically, PD-L1/PD-1 signaling was superior to
the reconstitution of MHC-I presentation competence,

as subcutaneously transplanted IFN-y-treated PDACCs
developed tumors in C57BL/6J and PD-L17" but not in
PD-17" mice. Using PDACCs, irradiated at day 3 post-
IFN-y-treatment or PD-L1 knockout PDACCs as vaccines,
we could selectively bypass upregulation of PD-L1,
preferentially induce TAP-dependent gp70:K%/p15E-
specific CD8 T cells associated with a weakened PD-1*
exhaustion phenotype and reject consecutively injected
tumor transplants in C57BL/6J mice.

Conclusions The IFN-y-treatment protocol is attractive
for cell-based immunotherapies, because it restores TAP-
dependent antigen processing in cancer cells, facilitates
priming of TAP-dependent effector CD8 T-cell responses
without additional check point inhibitors and could be
combined with genetic vaccines that complement priming
of TAP-independent CD8 T cells.

BACKGROUND

CDS8 T cells play a crucial role for the control
of many human and murine tumors.' In an
optimal scenario, the immune system specif-
ically detects and eliminates aberrant tumor
progenitor cells before they develop into clin-
ically manifested tumors.” This implied that
tumor cells per se are immunogenic and can
present tumor-associated antigens (TAAs) to
the immune system in a manner that allows
priming of effector CD8 T-cell responses.
However, many tumors developed mecha-
nisms to escape from recognition and elimi-
nation by CD8 T cells. Downregulation or loss
of molecules involved in MHC-I processing/
presentation was evident in many primary
human and murine cancer cells, thereby
limiting their presentation competence to
CDS T cells.? Furthermore, PD-L1 expression
on tumor cells could function as a molec-
ular shield and directly silence effector T-cell
responses through coinhibitory PD-L1/PD-1
interactions.? On the other hand, there was
evidence that interferon-y (IFN-y) producing
CD8 T cells could upregulate PD-L1 on
tumor cells, indicating that a gradual increase
in immune-suppressive PD-L1 signaling and/
or the efficacy of anti PD-L1/PD-1 therapies
may depend on initial CD8 T cell/tumor cell
interactions.”” However, tumors like pancre-
atic ductal adenocarcinoma (PDAC) also
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generate an immune-suppressive microenvironment,
composed among others of PD-L1 expressing myeloid-
derived suppressor cells and/or regulatory CD4" Foxp3"
Tregs that may enhance the downregulation of tumor-
specific CD8 T-cell responses and/or affect the limited
responsiveness of murine and human PDAC to antibody-
mediated PD-L1/PD-1 check point inhibition.>'°

The lack of presentation-competent MHC-I molecules
on the surface of cancer cells depends on multiple factors,
like alterations in MHC-I or beta-2 microglobulin expres-
sion and/or in the endogenous antigen processing/
presentation machinery, that primarily affect the gener-
ation of antigenic peptides in the cytosol by the protea-
some complex, or the import of these peptides from the
cytosol into the Endoplasmic reticulum (ER) and their
loading to nascent MHC-I molecules by transporters
associated with antigen processing (TAP).'" In partic-
ular, TAP could be a central player for priming tumor-
specific CD8 T cells, as some antigens/epitopes (ie, T cell
epitopes associated with impaired peptide processing;
TEIPPs) were even exclusively presented under MHC-I
presentation-prohibiting conditions in TAP-deficient
tumors." ¥ A number of TAP-independent pathways have
been described for secretory or cell surface associated
antigens that are initially targeted to the ER, for example,
antigens that contain NH,terminal ER-targeting signal
peptide (SP) sequences.'’ " '* SP and transmembrane
helices contain a high density of MHC-I epitopes that
could be released in the ER or the trans Golgi network
by various processing pathways, for example, involving
ER-resident signal peptidase (SPase), SP peptidase, furin
or ER aminopeptidases.”” '® In particular, expression and
processing of self-antigens in the ER could improve their
MHC:-I presentation efficacy and antigenicity to prime CD8
T cells, at least, when the antigen processing machinery
in the ER generates epitopes with free carboxyl (COOH)-
termini that do not require further COOH-terminal
trimming before loading to MHCI molecules.'* '
Generation/presentation of these epitopes often was
independent of proteasomes and/or TAP.'518 However,
antigens expressed in the ER and translocated into the
cytosol, for example, by cross-presentation could also be
processed/presented in a TAP-dependent manner.'® *
Little is known if (and how) processing of tumor antigens
in the ER and/or in TAP-dependent/-independent path-
ways affects epitope presentation by MHC-T' cancer cells
and/or priming of effector CD8 T cells.

Here, we analyzed two central points for CD8 T cell-
mediated immunotherapies: (1) processing/presentation
requirements of TAAs that allow epitope presentation and
CD8 T-cell priming, and (2) immune-suppressive PD-L1-
signaling requirements of tumor cells that allow expan-
sion and/or maintenance of functional effector CD8 T
cells. To determine if TAP-dependent/-independent
antigen processing of two tumor antigens/epitopes
expressed in the ER of pancreatic ductal adenocarci-
noma cells (PDACCs) affects priming of CD8 T cells, that

is, the Cr—l:Kb/cr]ﬁ_24 epitope from the embryonic antigen

Cripto-1 (Cr-1)*'** and the gp70:K"/pI15E epitope from
an endogenous leukemia virus-derived gp70 glycopro-
tein,23 we immunized TAP-competent/-deficient mice
with antigen-expressing vector DNAs.** Furthermore, we
restored MHC-I presentation competence in PDACGCs
in vitro by IFN-y-treatment and primed tumor-specific
effector CD8 T-cell responses in PD-1/PD-L1-competent/-
deficient mice by cell-based immunization. Overall, we
established a novel IFN-y-treatment protocol for PDACCs
that restored their MHC-I presentation competence,
curtailed the coinhibitory PD-L1/PD-1 signaling axis and
allowed priming of TAP-dependent effector CD8 T cells.

MATERIALS AND METHODS

Mice

C57BL/6] (B6) mice were obtained from Janvier (Le
Genets-St-Isle; France). RAG1”™ (B6.129S7-Rag1"™™™ /7;
Jackson #002216), TAP1”" (B6.129S2-Tap1"'*"/J; Jackson
#002944), PD-L17?° and PD-17" mice?® were bred and kept
under standard pathogen-free conditions in the animal
colony of Ulm University. KPC mice were generated by
breeding B6.129S2-71p53""/] (Jackson #002109), LSI-
Kras®™”?7 and p48“* mice.?®

Cell lines

HEK-293 (CRL-1573) and MC38 (CRL-2639) cell lines
were obtained from the American Tissue Culture Collec-
tion (ATCC, Rockville, Maryland, USA). The murine KPC
tumor cell lines were obtained from PDAC developed in
KPC mice.” Briefly, PDAC were digested with collagenase
D, trypsinized and passed through a 40 pm cell strainer
(passage 0). Five cell lines were generated from indi-
vidual mice/tumors, expanded in vitro for 3—4 passages,
tested for Kras®"?"*, p53 and Cre expression by PCR and
frozen in liquid nitrogen. Cells from frozen bulk stocks
were expanded in vitro for about 4-6weeks and used in
the experiments. All cell lines were tested ‘free of myco-
plasma’ (PCR Mycoplasma Test Kit; cat. no. A3744, Appli-
Chem, Darmstadt, Germany).

Construction of expression plasmids and characterization of
antigen expression

The antigenic sequences of Cr-1 and gp70 were synthesized
(codon optimized) by GeneArt (Regensburg, Germany)
and cloned into the pCI vector (cat. no. E1731, Promega,
Mannheim, Germany) using the Nhel and Notl restriction
sites. All antigen modifications were carried out using the
Q5 Site-Directed Mutagenesis Kit (cat. no. E0554, NEB,
Ipswich, USA). Batches of DNA were produced in Esch-
erichia coli using the Qiagen Plasmid Mega Kit (cat. no.
12183; Qiagen, Hilden, Germany). Expression of vector-
encoded antigens was tested in transiently transfected
HEK-293 cells as described previously.30

Immunization of mice and tumor models
Mice were immunized intramuscularly into both tibialis
anterior muscles with 100 pg/mouse DNA or transplanted
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subcutaneously into the left/right flank with 2.5x10°
tumor cells (in 100pL PBS). For cell-based immuniza-
tions, tumor cells were pretreated with recombinant
mouse IFN-y (20ng/mL, cat. no. 554587, BD Biosciences,
Heidelberg, Germany) for 16-20hours, washed and
cultured for indicated times before gamma irradiation
(30 Gy). Where indicated, anti-PD-1 (cat. no. BP0146; Bio
X Cell), anti-CD8 (cat. no. BE0117; Bio X Cell), anti-CD4
(cat. no. BEO119; Bio X Cell) and rat IgG2a or IgG2b
isotype control antibodies (cat. no. BP0089, BE0090; Bio
X Cell) were injected intraperitoneally (100 pg/mouse).
Tumor growth was monitored by regular palpation with
calipers. Mice were sacrificed when the tumor diameter
reached 1cm. Determination of antigen-specific CD8
T-cell frequencies by flow cytometry (FCM) was carried
out as described previously.”’

Gene expression analyses

Total RNA was isolated from five individual cell lines.
The quality was analyzed with a bioanalyzer (Agilent
Technologies, Santa Clara, USA). Gene expression anal-
ysis was carried out using the SurePrint G3 Mouse Gene
Expression 8x60K Microarray (Design ID 028005; Agilent
Technologies). Samples were labeled with the Low
Input Quick Amp Labeling Kit (Agilent Technologies)
according to the manufacturer’s guidelines. Slides were
scanned using a G2565CA microarray scanner (Agilent
Technologies). Raw data files were extracted using the
Feature Extraction software (v.10.7.3.1, Agilent Technol-
ogies). Raw microarray data were background corrected
and quantile normalized using the R and Bioconductor
package limma (https://www.R-project.org).”’ ** After
filtering control probes and low expressed probes, differ-
ential expression analysis was performed using limma.

Determination of MHC-1 and PD-L1 expression on cancer cells
Expression of MHC-I (H2-K”) and PD-L1 on established
KPC cell lines and KPC cells isolated ex vivo from subcuta-
neously growing tumors was characterized by FCM using
the following antibodies: PE Rat anti-mouse H2-K" (cat.
no. 116508, BioLegend), PE Rat anti-mouse CD274 (cat.
no. 558091, BD Biosciences) and PE Rat IgG2a isotype
control (cat. no. 12-4321-83, eBioscience). To exclude
contaminations with hematopoietic cells in ex vivo
isolated tumor cell populations, CD45.2" and CD11c" cells
were electronically gated and excluded. This ensured that
histograms reflect H2-K® and PD-L1 levels on tumor cells,
satisfying the respective forward/sideward (FSC/SSC)
features.™

Statistics

Data were analyzed using PRISM software (GraphPad,
San Diego, USA). Unless mentioned otherwise, all
column scatter plots show respective frequencies+SD.
Where indicated, the statistical significance of differences
in the mean cell frequencies between multiple groups
was determined by analysis of variance (ANOVA) (with
95% CI) followed by Tukey’s multiple comparisons test.

Alternatively, differences between two groups were evalu-
ated using the unpaired student’s t-test. The p<0.05 (*),
p<0.01 (**), p<0.001 (***), p<0.0001 (****) values were
considered significant.

RESULTS

PDACCs established from highly aggressive tumors
in Kras®'??/ */TrpB?)ﬂ/ fl, p48gr°/ * (KPC) mice® barely
express MHC-I molecules on the cell surface (online
supplementary figure Sla). We here asked whether
tumor antigens expressed in the ER of these PDACCs and
processed in TAP-independent/-dependent pathways
are preferentially presented to CD8 T cells under these
conditions.

TAP-dependent/-independent priming of CD8 T cells by TAAs
We initially analyzed the Cr-1 antigen (Cr-1 or TDGF-1;
www.uniprot.org/uniprot/P51865) that is expressed
during embryonic development in men and mice and
re-expressed in KPC-derived PDACCs (online supple-
mentary figure Slb,c) and in about 44% of human
PDAC.* 2 This antigen contains a single Cr—l:Kb/crm24
epitope located at the extreme COOH-terminus of its
ER-targeting SP (SPCH),22 which is released during Cr-1
maturation by ER-resident SPase (figure 1A). To deter-
mine TAP-dependent/-independent presentation of the
Cr—l:Kb/crm4 epitope, we used a DNA immunization
approach. For this, we generated a Cr-l1-encoding vector
(pCl/Cr-1; figure 1B) and determined Cr-1 expres-
sion in transiently transfected HEK-293 cells. Endog-
lycosidase H treatment of cell lysates showed that Cr-1
was mainly expressed in an about 20kDa glycosylated
gpCr—l form (figure 1C), confirming an almost quantita-
tive SP, -mediated translocation of Cr-1 into ER/Golgi
compartments. A single injection of pCl/Cr-1 efficiently
primed Cr—l:Kb/Cr16_24—speciﬁc CD8 T cells in B6 and TAP-
deficient (TAP17") mice, detectable in liver and spleen
by ex vivo staining with Cr—l:Kb/Crlﬁ_24 dimers or after
peptide-specific stimulation and determination of IFN-y
' Cr1:K’/ cr o specific CD8 T-cell frequencies by FCM
(figure 1D; groups 2). Priming of Cr—l:Kb/crm%—speciﬁc
CD8 T cells thus did not require TAP-mediated antigen
processing.

It has been reported that introduction of a proline (P)
immediately following the SP cleavage sites (position
+1) generated non-cleavable antigen variants.”* The SP
identification program SignalP V. 5.0 (http://www.cbs.
dtu.dk/services/SignalP/data.php)™ predicted a cut at
position 26 of the murine SP_ |, generating an epitope-
containing SP . fragment (figure 1A). To confirm the
crucial role of ER-resident SPase for priming Cr-1:K"/ cry,
o,specific CD8 T cells, we generated a pCl/Cr-1,, vector
that contained an amino acid exchange at Cr-1,;, from
arginine (R) to proline (P) (figure 1A,B). This vector
expressed an about 22kDa gpCr-1,,,, glycoprotein that
migrated above the gpCr-1 protein band in SDS-PAGE,
demonstrating that the SP__, SP was not cleaved off in this
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Figure 1 TAP-independent induction of Cr-1 :Kb/cr16_24-specific CD8 T cells by DNA immunization. (A) Map of the Cripto-1
(Cr-1) protein. The NH,-terminal signal peptide (SP, ), the epidermal growth factor (EGF)-like domain, the Cripto_Frl-1_Cryptic
domain (CFC) and the glycosylphosphatidylinositol anchor (GPI) are indicated. The amino acid sequences of SP_, ., SP, e
the Kb/crm_24 epitope and the predicted SPase cleavage site are shown. (B) Schematic presentation of pCl/Cr-1, pCI/Cr-1_,,,, (Cr-
1 containing an arginine to proline exchange at position 26) and of pCl/stT77Cr-1 (Cr-1 containing a strep-tag (ST) and Hsp73-
capturing SV40 T1-77 (T77) domain). (C) lysates of non-transfected HEK-293 cells and HEK-293 cells transiently transfected
with pCI/Cr-1 (lanes 1), pCl/Cr-1_,,., (Lane 2) or pCl/stT77Cr-1 (lanes 3) were subjected to SDS-PAGE followed by beta-actin-,
Cr-1- or st-specific Western blotting. Where indicated, cell lysates were treated with endoglycosidase H (E-Hf +) or remained
untreated (E-Hf -) prior to SDS-PAGE. The positions of glycosylated (gp) and non-glycosylated forms of Cr-1 are indicated. (D)
B6 mice were immunized with pCl (group 1, n=6, in two independent experiments), pCl/Cr-1 (group 2, n=6, in two independent
experiments), pCl/Cr-1,,., (group 3, n=3, one experiment) or pCl/stT77-Cr-1 (group 4, n=3, one experiment) and TAP17" mice
(n=6, in two independent experiments) were injected with PCI (group 1) or pCl/Cr-1 (group 2). Frequencies of dimer* K/

Cr,.,4 SPecific CD8 T cells in liver and spleen of immunized mice were determined ex vivo by FCM at day 12 postinjection.
Additionally, antigen-specific IFN-y* CD8 T cells were determined by ex vivo stimulation of spleen cells with Kb/crm_24 (closed
circles) and control Kb/ova257_264 peptides (open circles). Graphs show the actual proportions (%) of Kb/cr16_24-dimer+ or IFN-y*
cells of total CD8" T cells+SD for statistical evaluation, indicated groups of mice were compared using one-way ANOVA

(with 95% ClI) followed by Tukey’s multiple comparisons test (B6) or by the unpaired Student’s t-test (TAP™). Only statistically
significant differences are indicated (*p<0.05, **p<0.01, **p<0.001, ***p<0.0001). ANOVA, analysis of variance; Cr-1, Cripto-1;
FCM, flow cytometry; IFN-y, interferon-y; SPase, signal peptidase; SP, signal peptide; TAP, transporter associated with antigen
processing.
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protein (figure 1C, lane 2). As a consequence, we could
not induce Kb/crm%-speciﬁc CD8 T cells in B6 mice by
pCI/Cr1,,,, immunization (figure 1D, group 3). Expres-
sion/processing of Cr-1 in the ER of antigen-presenting
cells (APCs) targeted by DNA immunization was, thus,
a prerequisite to induce Cr—l:Kb/cr16_24-speciﬁc CD8 T
cells. Confirmatory, targeting Cr-1 to the cytosol, using a
NH,-terminal, Dna-] homologous SV40/T,, domain that
stably binds cytosolic Hsp73 in transfected cells® 7 (pCl/
stT77Cr-1) (figure 1B,C; online supplementary figure S2)
did not induce Cr—l:Kb/crm_%-speciﬁc CDS8 T cells in vacci-
nated B6 mice (figure 1D; group 4).

Next, we searched for an epitope-containing tumor
antigen that, in contrast to Cr-1, is expressed in the ER
of PDACGs but processed for MHC-I presentation and
CD8 T cell priming in a TAP-dependent manner. We
identified the glycoprotein 70 (gp70), originating from
an endogenous murine leukemia virus integrated as a
provirus in the mouse germline DNA (www.uniprot.org/
uniprot/P03386), which fulfilled these criteria. Gp70
was stably expressed in PDACCs (online supplementary
figure S1b,c) but not in somatic cells.” ** * In contrast
to Cr—l:Kb/ch%, the gp70:K"/pl5E epitope is not
located in the ER-targeting SP (Sngm) (figure 2A) and its
processing/presentation apparently depends on protea-
somal processing™ and TAP.*® Therefore, this antigen/
epitope needs retrotranslocation from the ER to the
cytosol and/or ‘cross-presentation’ for efficient MHC-I
processing/presentation.”” ** Neither full-length gp70
nor epitope-containing gp70 fragments induced CD8
T cells in H-2¢ BALB/c or H-2" B6 mice.** *' ¥ Confir-
matory, we here show that an ER-targeted SP, stgp70
antigen, composed of a gp70,,. . . fragment and a NH,-
terminal heterologous Igk SP sequence (figure 2A,B),
did not induce gp70:K"/pl15E-specific CD8 T cells in
B6 mice (figure 2C; groups 2). In contrast, a cytosolic
Hsp73-bound stT, gp70 fusion antigen (pCI/stT77gp70)
(figure 2A,B; online supplementary ﬁ%ure S2), associ-
ated with a high Cross-prlmmg capacity,” ™ induced high
frequencies of gp70:K’/p15E-specific CD8 T cells in B6
but not in TAP1”" mice (figure 2C; groups 3). Priming
of gp70:K"/p15E and Cr—l:Kb/crm%-speciﬁc CD8 T cells
thus differed substantially, depending on expression of
tumor antigens in the ER versus the cytosol (figures 1 and
2; online supplementary table 1). Furthermore, Cr-1:K"/
cr ., and gp70: K’/p15E-specific CD8 T cells were func-
tional in B6 mice and almost quantitatively and specifi-
cally eliminated CFSE-labeled APCs pulsed with Cr-1:K"/

I .o, (online supplementary figure S3) or gp70: K"/pl15E
peptldes?’0 in in vivo cytotoxicity assays. This suggested
that priming of these TAA-specific CD8 T cells in B6 mice
was not restricted by central and peripheral tolerance
mechanisms.

Manipulation(s) of KPC cells for their usage as cell-based
vaccines

A major aim was to explore whether tumor cell vaccines
could be used to prime anti-tumor-specific CD8 T-cell

responses. We, thus, asked if MHC-I expression can
be restored on KPC tumor cells and affect priming of
TAP-independent (Cr-1:K" /crso) or TAP-dependent
(gp70:K’/p15E) CD8 Tecell responses, and if tumor
cell-initiated immune-suppressive (eg, PD-L1-mediated)
mechanisms interfere with these immune responses.

Inline with established data, we could upregulate MHC-I
expression on dlfferent KPC cells by an in vitro treat-
ment with TFN-y** (figure 3A). Microarrays performed
on untreated and IFN-y-treated KPC cells identified 291
significant differentially expressed probesets (Benjamini-
Hochberg adjusted p<0.05). Among those probesets, 289
probesets (corresponding to 238 genes) were upregulated
and only one gene (two probesets) was downregulated
in IFN-y-treated cells (figure 3B; online supplementary
table 2). Unsupervised hierarchical clustering-based
heatmap of the differentially expressed genes showed
clear segregation of untreated and IFN-y-treated cells
(figure 3B). Furthermore, among 91 genes present in the
KEGG pathway ‘Antigen processing and presentation’
(mmu04612) 27 genes were significantly upregulated; for
example, TAP1 and TAP2 (figure 3C). In line with these
findings, Gene Set Enrichment Analysis based on the
REACTOME database showed significant upregulation of
105 gene sets in IFN-y-treated cells (FDR<0.05) including
‘Antigen processing and presentation’ and ‘IFN-y
signaling’ (FDR q value<0.001; p<0.001) (online supple-
mentary figure S4a). In particular, the upregulation of
TAP1 was found within the top three leading-edge genes
based on the immunological signatures database (online
supplementary figure S4b). However, these analyzes also
revealed a significant upregulation of coinhibitory PD-L1
(CD274) in IFN-ytreated KPC cells (online supplemen-
tary table 2), correlating with a prominent upregulation
of PD-L1 on the cell surface (figure 3A).

KPC7735 cells and IFN-y-pretreated KPC7735 cells effi-
ciently grafted as solid tumors in transplanted B6 mice
(figure 4A). This suggested that upregulation of co-inhib-
itory PD-L1 on IFN-ytreated KPC7735 cells was sufficient
to prevent CD8 T cell-mediated rejection of transplanted
tumors through direct activation of the PD-L1-signaling
axis with PD-1" CD8 T cells. To confirm this assumption,
we transplanted KPC7735 cells into B6 mice and treated
them with anti-PD-1 antibody. Anti-PD-1 but not isotype
control antibodies inhibited the outgrowth of KPC7735
tumors in three out of six animals (figure 4B), indi-
cating that transplanted KPC7735 cells per se induced
CD8 T cells that unleashed their effector functions only
after blocking PD-L1/PD-1 interactions.* Confirma-
tory, untreated KPC7735 cells and, with a higher robust-
ness, IFN-y-treated KPC7735 cells induced an antitumor
immunity that rejected tumor transplants in PD-17" mice
(figure 4C). Comparable to B6 mice, neither non-treated
nor IFN-y-treated KPC7735 cells were rejected in PD-L1°
/" mice (figure 4A-D). We, thus, concluded that PD-L1
molecules on the surface of KPCs function as a dominant
gatekeepers that suppressed effector CD8 T-cell responses
in B6 mice via the PD-L1/PD-1 signaling axis.
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Figure 2 TAP-dependent induction of gp70:K®/p15E-specific CD8 T cells by DNA immunization. (A) Schematic presentation of
the gp70 protein and its variants stgp70 (a 289-residue gp70,,, ., fragment with a NH,-terminal strep-tag domain), SPngstgp70
(stgp70 with an additional NH,-terminal ER-targeting Igx signal peptide (SP|gK)) and stT77gp70 (stgp70 with a 77-residue
Hsp73- binding T77 domain between ST and gp70). The position of the K’/p15E epitope is indicated. (B) Cell lysates of nt
HEK-293 cells or cells transiently transfected with pCl/stgp70 (lanes 1), pCI/SPngstgp70 (lanes 2) or pCl/stT77gp70 (lanes 3)
were subjected to SDS-PAGE followed by anti-st (upper panels) and anti-beta-actin (lower panels) specific Western blotting.
Prior to SDS-PAGE, cell lysates were treated with endoglycosidase HF (E-Hf +) or remained untreated (E-Hf -). The positions

of glycosylated (gp) and non-glycosylated forms of gp70 are indicated. (C) B6 mice (upper panels, data from two independent
experiments) and TAP17" mice (lower panels, one experiment) (n=3-6) were immunized with pCl (group 1), pCI/SPngstgp70
(group 2) or pCl/stT77gp70 (group 3). Twelve days postimmunization, frequencies of K°/p15E-dimer* CD8 T cells in spleen

and liver were determined by FCM. Additionally, antigen-specific IFN-y production of CD8 T cells was determined by ex vivo
stimulation of spleen cells with K°/p15E (closed circles) and control Kb/ovagfﬂ_z64 peptides (open circles). Graphs show the actual
proportions (%) of K°/p15E-dimer* or -IFN-y* CD8 T cells of total CD8 T cells+SD for evaluation of the statistical significance of
differences between indicated groups, one-way ANOVA (with 95% CI) followed by Tukey’s multiple comparisons test was used.
Only significant differences are depicted (**p<0.01, **p<0.001, ***p<0.0001). ANOVA, analysis of variance; Cr-1, Cripto-1; ER,
endoplasmic reticulum; FCM, flow cytometry; IFN-y, interferon-y; TAP, transporter associated with antigen processing.

KPC7735 cells transplanted subcutaneously into B6  developing in T- and B cell-deficient syngeneic RAG1
mice showed a prominent upregulation of both, MHC-I /" mice (figure 4E). This indicated that transplanted
and PD-LI molecules on the cell surface, resembling the KPC7735 cells stimulated the adaptive immune system
effects of the in vitro IFN-y-treatment (figure 4E). The in immune-competent mice, which in turn induced
upregulation of MHC-I and PD-LI cell surface expres- both, MHC-1 and PD-L1 expression on these tumor
sion was weakened in subcutaneous KPC7735 tumors Cells,5 and thereby established tumor-eradicating effector
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Figure 3 IFN-y-induced gene expression in KPC cell lines. (A) Different KPC cell lines were either untreated or treated with
20ng/mL recombinant mouse IFN-y for 20 hours, followed by FCM analysis of H2-K® and PD-L1 surface expression. One
representative histogram per cell line out of three independent experiments is shown. (B) Unsupervised hierarchical clustering
based on differentially expressed probesets by comparing five IFN-y-treated (for 20 hours) KPC cell lines (+IFN-y) to the
respective untreated KPC cell lines (ctrl). Red represents upregulated probesets while blue shows downregulated ones in the
IFN-y-treated (+IFN-y) group. The samples clearly clustered based on the experimental arms (pink=ctrl; light blue=+IFN-7). (c)
KEGG ‘Antigen processing and presentation’ (mmu04612) gene expression profile in IFN-y treated KPCs (+IFN-y) to untreated
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CD8 T-cell responses when the PD-L1/PD-1 signaling
axis was silenced/blocked in anti-PD-1-treated B6 or in
PD-17" mice.

To proof that tumor cells induce PD-L1/PD-1-sensitive
effector CD8 T cells, we generated PD-L1-deficient
KPC7735"™11%9 cells using the CRISPR/Cas9 system.
KPC7735"™11%9 cells upregulated expression of MHC-I

but not PD-L1, Cr-1 or gp70 on IFN-y-treatment (online
supplementary figure Sba—c) and were quantitatively
rejected in transplanted B6 mice (figure 5A). An addi-
tional challenge of these KPC77385"" M50 immune,
tumor-free B6 mice at day 28 with KPC7735 cells
resulted in a quantitative rejection of these transplanted
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Figure 4 PD-1/PD-L1-dependent growth of KPC7735 tumors in transplanted hosts. (A) 2.5x10° untreated (left panel, n=9)

or IFN-y treated (+IFN-7) (right panel, n=8) KPC7735 cells were transplanted subcutaneously into the left flank of B6 mice.

Data shown were collected from two independent experiments. (B) B6 mice were transplanted with untreated KPC7735 cells
and injected intraperitoneally with anti-PD-1 (n=6) or isotype control antibodies (n=5) on days 3 and 6 post tumor inoculation.
(C, D) Untreated (left panels) or IFN-y treated KPC7735 cells (right panels) were transplanted subcutaneously into PD-17 (C)
(n=6 per group) or PD-L17" (D) mice (n=4 per group). Tumor rejection rates are indicated. Data shown were collected from

two independent experiments. (E) (Upper panel) in two independent experiments, RAG1” mice (n=8) were transplanted
subcutaneously with 2.5x10° naive KPC7735 cells and tumor development was monitored. (Lower panels) surface expression
of MHC class | molecules (H2-K®) and PD-L1 was assessed on ex vivo isolated KPC7735 tumors at day 12 post-transplantation
into B6 or RAG1”" mice. One representative histogram (representing an individual explanted tumor cell suspension out of four

B6 and RAG1”" mice, respectively) is shown. IFN-y, interferon-y.

cells (figure 5A) along with a prominent CD8 T-cell
response against the TAP-dependent gp70:K’/pl5E
but not the TAP-independent Cr—l:Kb/crm24 epitope
(figure 5B). Similarly, a single immunization of B6 mice
with KPC7785"P5C cells induced high frequencies of
gp70:K"/p15E-specific CD8 T cells and low frequencies
of Cr—l:Kb/Cr16_24-speciﬁc CD8 T cells (figure 5C). Inter-
estingly, also KPC7735 cells primed gp70:K”/p15E- and
Cr—l:Kb/crm%-speciﬁc CD8 T cells in B6 mice, but the
frequencies were lower than in KPC7735™ "% immune

mice (figure 5C). It was striking that a significant higher

proportion of gp70:K”/p15E-specific CD8 T cells primed
in KPC7735-immune B6 mice expressed the PD-1 exhaus-
tion marker (figure 5D), which could limit their effector
phenotype and explain the rejection of KPC7735">11K0
but not of KPC7735 tumor cells in these mice.

Development of a novel IFN-y-treatment protocol to
selectively restore MHC-I presentation-competence on
PDACCs

Considering, that the deletion of PD-L1 in tumor
cells with the CRISPR/Cas9 system is an attractive but
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Figure 5 Testing the antigenicity of KPC77357PKC cells. (A) 2.5x10° KPC7735 P10 cells were transplanted subcutaneously
into the left flank of B6 mice (n=6, from two independent experiments) and tumor growth was monitored. At day 28, mice were
challenged with 2.5x10° KPC7735 cells and rejection rates are indicated. (B) Non-treated B6 mice (group 1, n=3) and three
tumor-free mice shown in (A) were sacrificed at day 45 (group 2) and Cr-1 :Kb/cr16_24— and gp70:K®/p15E-specific CD8 T-cell
frequencies were determined in the liver and spleen. Graphs show the actual proportions (%) of K°/p15E-dimer* and Kb/cr16_24-
dimer* cells among all CD8 T cells+SD. Statistical significant differences were determined using the unpaired Student’s t-test.
(C) B6 mice were either non-treated (group 1, n=4) or immunized with 2.5x10° KPC7735 (group 2, n=4) and KPC77357P11K°
cells (group 3, n=5). Twelve days post cell injection Cr-1 :Kb/cr16_24— and gp70:K®/p15E-specific CD8 T-cell frequencies were
determined as described in (A). ANOVA, followed by Tukey’s multiple comparisons test, was used to compare T-cell frequencies
between all groups. (D) Expression of PD-1 was assessed on gp70:K®/p15E-dimer* CD8 T cells and statistically evaluated using
the unpaired Student’s t-test. In the right panels one representative dot blot, showing the staining of PD-1 on gated K°/p15E-
dimer* CD8 T cells is depicted. Data shown in (C, D) were obtained from one experiment. (*p<0.05, **p<0.01). ANOVA, analysis
of variance; Cr-1, Cripto-1; ns, not significant.

laborious and time-consuming way to generate effective and KPC7735 cells irradiated at d3 post IFN-y treat-
cell-based tumor vaccines for PD-1-competent B6 mice, ment (KPC7785-1d3-ir) into the left flank of B6 mice

we explored conditions to manipulate KPC tumor cells (figure 6A-C). We did not observe outgrowth of tumors
for selectively restoring their MHGI presentation compe- i these mice, confirming the efficacy of our irradiation
tence. To determine whether the kinetics of IFN-y-in- conditions (figure 6C). At d19 postvaccination, mice

ducible MHC-I and PD-L1 surface expression differ, and were challenged with 9.5x10° naive KPC7735 cells into

could be exploited to manipulate the upregu'lation of e opposite right flank (figure 6A-C). KPC7735-r and

PD-L1, tumor cells were treat'ed f'or 20hours with IFN_Y’ KPC7735-I-ir cells did not induce protective immune

washed and further cu.ltured m Vltr.o (ﬁgure 6A.B). This responses and consecutively transplanted KPC7735 cells

showed that upregulation of PD-L1 in different KPC cells .

was less sustained as compared with MHC-I and declined formed solid tumors (figure 6C). In contrast, KPC7735-
p Id3-ir cells induced a tumor-specific immunity that effi-

toward basal levels around day 3 (d3) post IFN-j-treat- .

ment start, whereas MHGC-I expression still was promi- ciently suppressed tumor developm.ent of transplanted

nent (figure 6B). In contrast, the expression of gp70 and KPC77S5 cells (figure 6C). Supp.re.ssm.n of tum(?r growth
in this group was reverted by the injection of anti-CD8 but

Cr-1 tumor antigens was not (or rarely) affected by the > ‘
IFN-ftreatment protocol (online supplementary figure ~ notanti-CD4 mAbs (figure 6C), demonstrating that CD8

S6). T cells played a crucial role in the rejection of KPC7735
For immunization studies, we additionally irradiated tumor transplants. Similarly, KPC7735-Id3-ir cells primed
tumor cells and transplanted either non-treated irradi- a tumor-protective immunity in PD-17" mice (figure 6D).

ated KPC7735 cells (KPC7735-ir), KPC7735 cells irradi-  However, in contrast to B6 mice, vaccination of PD-17"
ated immediately after IFN-y treatment (KPC7735-Iir)  mice with KPC7735-ir cells was also sufficient to suppress
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Figure 6 Development of a tumor cell-based immunization protocol. (A) Schematic presentation of the IFN-y-treatment
protocol: KPC7735 cells were treated with IFN-y for 16-20 hours, washed and further cultured up to day 3 post treatment start.
Subsequently, cells were irradiated and subcutaneously transplanted (2.5x10° cells per mouse) into the left flank (L) of mice.
After 14-19 days, mice were challenged with 2.5x10° naive KPC7735 cells into the opposite flank (R). (B) Five different KPC

cell lines were treated with 20ng/mL IFN-y for 20 hours, washed and further cultured up to 7 days. Surface expression of MHC-I
molecules (H2-K®, open circles) and PD-L1 (closed squares) was assessed at the indicated time points by FCM. (C) B6 mice
were injected with irradiated KPC7735 cells (KPC7735-ir, n=5), IFN-y-treated KPC7735 cells irradiated immediately after the
IFN-y treatment (KPC7735-I-ir, n=5) or IFN-y-treated KPC7735 cells irradiated at day 3 post-IFN-y treatment start (KPC7735-1d3-
ir, n=4) and challenged at day 19 post immunization with KPC7735 cells. Parallel groups of KPC7735-1d3-ir-immune mice (n=4)
were additionally treated with anti-CD4 (n=4) or anti-CD8 antibodies (n=5) on days 3 and 6 post tumor challenge (indicated by
an arrow). Graphs show tumor growth on the left (L) and right flank (R) and tumor rejection rates are indicated. Data shown were
obtained from one experiment. (D) Similarly, PD-17" mice were injected with KPC7735-ir (n=4) or KPC7735-1d3-ir cells (n=4),
challenged at day 19 with KPC7735 cells and tumor growth was monitored. (E) B6 (n=7) and PD-17" mice (n=6) were injected
with 2.5x10° IFN-y-treated KPC-1d3-ir cells in two independent experiments. On day 12 postimmunization, Cr-1:K"/cr, - and
gp70:KP/p15E-specific CD8 T-cell frequencies were determined in the liver and spleen. Graphs show the actual proportions (%)
of K°/p15E-dimer* and K®/cr, ,,-dimer* cells among all CD8 T cells+SD, corrected for the frequencies detected in non-treated
mice. The two mouse groups were compared using the unpaired Student’s t-test. FCM, flow cytometry; IFN-v, interferon-vy; ns,
not significant.

the outgrowth of consecutively transplanted KPC7735  PD-17" (lacking the PD-L.1/PD-1 signaling axis) but not in
cells (figure 6C,D). This suggested that the immune-  B6 mice. Confirmatory, irradiation of KPC cells resulted
mediated upregulation of MHC-I and PD-L1 (figure 4E) in a prominent cell death (>90%) during a subsequent in
was, at least transiently active in transplanted KPC7735-ir  vitro culture for 48 hours, but did not significantly affect
cells and allowed priming of an anti-tumor response in the IFN-yinduced upregulation of MHC-I and PD-L1

10 Stifter K, et al. J Immunother Cancer 2020;8:6000692. doi:10.1136/jitc-2020-000692



molecules on the small population of live cells (online
supplementary figure S7).

KPC7735-1d3-ir cells primed a prominent gp70:K"/
pl15E-specific CD8 T-cell response and a weak Cr-1:K"/
cr,,q,specific CD8 T-cell response in B6 mice (figure 6K;
online supplementary table 1). Interestingly, gp70:K"/
pl15E- and Cr-1:K"/ cryo-specific CD8 T-cell frequen-
cies were comparable in KPC7735-Id3-i-immune B6
and PD-17" mice (figure 6E), indicating that a missing
PD-1 expression did not affect de novo priming of CD8
T cells. However, as compared with KPC7735-ir cells
that did not elicit a tumor-protective immunity in B6
mice (figure 4C), KPC7735-Id3-ir cells induced higher
frequencies of gp70:K"/p15E-specific CD8 T cells associ-
ated with a decreased single positive (PD-1" or LAG-3")
and double positive PD-1"/LAG-3" exhaustion marker
profile (online supplementary figure S8) which could
preserve their expansion and/or functional effector
phenotype.*® The IFN-y-treatment protocol could also
be used in B6 mice to prime a tumor-specific immunity
against different PD-L1'/MHC" PDACCs (KPC7612-
Id3-ir) (online supplementary figure S9). Interestingly,
upregulation of PD-L1 in IFN-y-treated PD-L1*/MHC™
MC38 colon adenocarcinoma cells was less sustained
as compared with the inducible MHC-I expression and
MC38-1d3-ir but not MC38 or MC38-ir cell-based vacci-
nation induced a protective immunity in B6 mice that
rejected a subsequent transplant of MC38 cells (online
supplementary figure S10).

Above analyzes revealed clear differences in the priming
of Cr—l:Kb/crm%- and gp70:K"/pl15E-specific CD8 Tecell
responses by DNA-based and cell-based immunization
(online supplementary table 1). We, thus, tested whether
DNA immunization could be used to complement the
TAP-dependent gp70:K"/p15E-specific CD8 T-cell immu-
nity induced by KPC tumor cell-vaccines. Indeed, coim-
munization of B6 mice with pCI/Cr-1 and KPC7735 DLIKO
cells efficiently primed both, Cr—l:Kb/crm_24- and gp70:K"/
pl5E-specific CD8 T-cell responses and the respective
CD8 T-cell frequencies were even comparable to those
primed by individual vaccines (online supplementary
figure S11). This strongly suggested that de novo primed
Cr-1:K"/cr ., -and gp70:K"/p15E-specific CD8 T cells did

16-24
not interfere.

DISCUSSION

Here, we used PDACCs as a model to explore if (and
how) expression and processing of tumor antigens in
the ER and/or in TAP-dependent/-independent path-
ways influences the MHC-I epitope presentation and
priming of effector CD8 T cells by cell-based immuni-
zation.”” * We showed that subcutaneous transplanta-
tion of KPC cells into immune-competent B6 but not
into T- and B-cell deficient RAG1”" mice upregulated
MHC-I and PD-LI expression on the cell surface. This
indicated that cells of the adaptive immune system in
immune-competent B6 mice directly interfered with

transplanted KPC tumor cells and triggered a balanced
MHC-I presentation-competent, immune-suppressive cell
surface expression profile.” We could largely mimic this
in vivo upregulation of MHC-I and PD-L1 molecules by
treating in vitro cultured KPC cells with IFN-y. Microar-
rays performed on untreated and IFN-y-treated KPC cells
confirmed the upregulation of genes involved in MHC-1
expression (eg, beta-2 microglobulin), the conventional
MHC-I antigen processing/presentation pathway (eg,
TAP1)* but also of PD-L1 molecules. The effects of
IFN-y-initiated upregulation of PD-L1 were superior to
the reconstitution of MHC-I presentation-competence, as
IFN-y-treated KPC7735 cells grew out to tumors in B6 and
PD-L17~ mice, but not in PD-17" mice. In PD-L17" mice,
PD-L1 molecules were exclusively expressed on trans-
planted tumor cells, demonstrating that the engagement
of PD-1 by PD-L1 on tumor cells was sufficient to suppress
the anti-tumor responses to KPC7735 cells. When PD-L1/
PD-1 signaling was blocked in PD-17" mice or anti-PD-1
treated B6 mice, subcutaneously transplanted KPC7735
cells induced an antitumor immunity against themselves,
pointing to a dominant negative PD-L1-mediated mech-
anism. Similarly, the depletion of PD-L1 in KPC7735""
LIRO imor cells was sufficient to prevent the PD-L1/
PD-1 signaling axis and preferentially induce TAP-
dependent gp70:K"/p15E-specific CD8 T cells. Overall,
the KPC7735™"*%induced immunity led to their own
rejection and protected these B6 mice from consecutively
transplanted KPC7735 tumors. Based on these observa-
tions, we established an in vitro IFN-y treatment protocol
for KPC tumor cells that enhanced their antigenic poten-
tial to prime CD8 T cells in B6 mice in an antigen specific
manner. This method reconstituted TAP-dependent
MHC-I presentation-competence and concomitantly
bypassed the IFN-y-mediated upregulation of PD-LI in
KPC cells. As a consequence, cell-based immunization
with KPC7735-Id3-ir cells, but neither KPC7735-ir nor
KPC7735-Ir cells, induced a tumor-protective immunity
in B6 mice that rejected a subsequent inoculum of naive
KPC7735 cells. An interesting aspect of this method was
that codelivery of anti-PD-1 or anti-PD-L1 antibodies that
provided potent tools for immune checkpoint control
but also induced serious side effects, like the induc-
tion of autoimmune diabetes,” ** were not necessary to
induce this protective CD8 T-cell immunity by cell-based
immunization.

Cr-1 and gp70 antigens expressed in their natural
compartment (the ER) or as Hsp73-bound chimeric anti-
gens in the cytosol elicited a complete opposite pattern
of CD8 T-cell responses by DNA immunization (online
supplementary table 1). Expression and processing of
Cr-1 in the ER was a prerequisite to generate the Cr-1:K"/
Ty, €pitope and induce Cr1:K"/ Cr, o specific CD8 T
cells in a TAP-independent manner. Confirmatory, a cyto-
solic Hsp73-complexed stT77Cr-1 antigen did not induce
CD8 T cells, though Hsp73 facilitated cross-priming of
CD8 T cells by DNA immunization.” **** It is unknown
if and which cross-presentation/-priming mechanism(s)
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(ie, antigen transfer from antigen-expressing myocytes
targeted by vector DNA injection to professional B7.1"
APCs, like dendritic cells *’) were involved in the priming
of Cr-1:K"/ cr,,specific CD8 T cells by SPase-sensitive
Cr-1but not SPase-resistant Cr-1,,,, antigens. Alternatively,
Cr-1 could be directly expressed and processed in the
ER of professional APCs targeted by intramuscular DNA
injection.”* The expression/processing requirements of
Cr-1 for priming effector CD8 T cells by DNA immuni-
zation strongly resembled the preproinsulin (ppins) self-
antigen. Ppins is targeted to the ER by a SP__ ~domain
and contains a Kb/Am_21 epitope in the insulin A-chain
localized at the extreme COOH-terminus that does not
require further COOH-terminal trimming before binding
to K1Y Kb/Am_m-speciﬁc CD8 T cells and autoimmune
diabetes were induced in PD-17"and PD-L17" by injection
of ppins DNA, as well as in ppins-immune B6 mice that
replenished their diabetogenic potential after anti PD-L1
antibody treatment.”” Comparable to Cr-1, the expres-
sion of ppins in the ER was a prerequisite to generate
a low-affine Kb/Am_?] epitope and induce autoreactive
CD8 T cells by DNA immunization, most likely because
this epitope must not compete for MHC-I binding with
the bulk of antigenic peptides generated in the conven-
tional endogenous antigen presentation pathway for
TAP-dependent transport into the ER.'” * A primary
effect of ER-expression/processing of self-antigens
thus could be that epitopes with a relative weak avidity
for MHC-I can directly bind to a substantial number of
MHC-I molecules in the ER, necessary to prime/activate
autoreactive CD8 T cells. In contrast, expression of gp70
antigens in the ER was not sufficient to directly stimu-
late gp70:K"/p15E-specific CD8 T cells in B6 and TAP-
deficient mice by DNA immunization. This showed that
the gp70 antigen does not belong to the group of TEIPPs,
which are exclusively immunogenic under TAP-deficient
conditions." '* In line with previous reports, indicating
that presentation of the gp70:K”/p15E epitope depends
on proteasomal processing and TAP,”™* we showed that
cytosolic Hsp73-bound stT77gp70 complexes induced
gp70:K"/p15E-specific CD8 T cells in B6 but not TAP-
deficient mice. A stgp70 antigen lacking the Hsp73-
binding domain did not induce gp70:K"/pl15E-specific
CDS8 T cells.”” This suggested that priming of gp70:K"/
pl5E-specific CD8 T cells by cytosolic gp70 antigens
critically depend on ‘help’ from Hsp73. Confirmatory,
RNA-binding stgp70 designer antigens (eg, stgp70tat, a
fusion antigen composed of stgp70 and a cationic HIV-
tat domain) induced TLR-7-dependent innate ‘help’
and primed gp70:K"/p15E-specific CD8 T cells by DNA
immunization.” Furthermore, considering that a proline
(P) at position 3 of the K”/p15E epitope (KSPWFTTL)
greatly hindered its TAP-dependent transport and effi-
cient presentation by K” molecules,” we think that these
adjuvantlike immune-stimulatory immune responses
might improve epitope presentation.

It is generally assumed that cross-presentation of
tumor cells or tumor cell debris by professional APCs is

a prerequisite to prime functional effector CD8 T-cell
responses.”’ In our transplantation model, KPC7735-
Id3-ir cells induced high frequencies of gp70:K"/p15E-
but low frequencies of Cr-1:K"/ cr, o specific CD8 T
cells in both, B6 and PD-17" mice. A comparable effector
phenotype was induced by KPC7785">*O cells. There-
fore, at least for the two antigens tested, the IFN-y-treat-
ment protocol selectively enhanced priming/expansion
of TAP-dependent gp70:K”/p15E-specific CD8 T cells that
correlated with the rejection of consecutively transplanted
KPC7735 cells. However, it is obvious that additional
multi-specific CD8 T-cell responses against yet unknown
antigens/epitopes’’ were coprimed by KPC7735-Id3-ir
cells and facilitated the almost quantitative rejection of
transplanted KPC7735 tumor cells.

In conclusion, we here showed a promising strategy to
overcome two initial problems in the development of CD8
T-cell-mediated immunotherapies against cancer: (1) the
identification of expression/processing conditions for
tumor-associated self-antigens that stimulate effector CD8
T-cell responses by cell-based vaccines and (2) the combi-
nation of CD8 T-cell priming with immune interventions
that limit CD8 T-cell exhaustion by silencing the tumor-
mediated PD-L1/PD-1 signaling axis.
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