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Abstract Despite spontaneous or vaccination-induced
immune responses, pancreatic cancer remains one of the
most deadly immunotherapy-resistant malignancies. We
sought to comprehend the spectrum of pancreatic tumor-
associated antigens (pTAAs) and to assess the clinical
relevance of their immunogenicity. An autologous SEREX-
based screening of a cDNA library constructed from a pan-
creatic T3ANOMO/GIII specimen belonging to a long-term
survivor (36 months) revealed 18 immunogenic pTAA.
RT-PCR analysis displayed broad distribution of the identi-
fied antigens among normal human tissues. PNLIPRP2
and MIA demonstrated the most distinct pancreatic
cancer-specific patterns. ELISA-based screening of sera
for corresponding autoantibodies revealed that although
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significantly increased, the immunogenicity of these mole-
cules was not a common feature in pancreatic cancer. QRT-
PCR and immunohistochemistry characterized PNLIPRP2
as a robust acinar cell-specific marker whose decreased
expression mirrored the disappearance of parenchyma in
the diseased organ, but was not related to the presence of
PNLIPRP?2 autoantibodies. Analyses of MIA—known to be
preferentially expressed in malignant cells—surprisingly
revealed an inverse correlation between intratumoral gene
expression and the emergence of autoantibodies. MIAME"
patients were autoantibody-negative and had shorter
median survival when compared with autoantibody-posi-
tive MIA®Y patients (12 vs. 34 months). The observed
PTAA spectrum comprised molecules associated with aci-
nar, stromal and malignant structures, thus presenting novel
targets for tumor cell-specific therapies as well as for
approaches based on the bystander effects. Applying the
concept of cancer immunoediting to interpret relationships
between gene expression, antitumor immune responses,
and clinical outcome might better discriminate between
past and ongoing immune responses, consequently enabling
prognostic stratification of patients and individual adjust-
ment of immunotherapy.

Keywords Pancreatic cancer - Immunoediting - SEREX -
PNLIPRP2 - MIA - Antibody

Introduction

Pancreatic cancer remains one of the most deadly malig-
nancies despite sustained immunocompetence and tumor-
specific immune responses detected in patients at various
stages of cancer progression (http://www-dep.iarc.fr/) [1-12].
Induction of immune responses to known tumor-associated
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antigens (TAAs) has also not yielded a clear clinical benefit
in patients with pancreatic cancer [13-18].

Poor clinical response despite antitumor immunity is one
of the most intriguing paradoxes of cancer [19-21].
Decades of experimental work have laid the groundwork
for the concept of cancer immunoediting, which empha-
sizes dual role of immunity in not only preventing, but also
shaping neoplastic disease. A broadened form of the immu-
nosurveillance theory, immunoediting views tumor pro-
gression as a dynamic process in which the immune system
sculpts the ‘non-edited’ antigenic repertoire of a tumor
toward emergence of ‘edited’ antigen-loss variants over an
‘Elimination—Equilibrium—Escape’ continuum [22-24].

In pancreatic cancer, spontaneous humoral responses
(assumed to reflect antigen-specific T-cell responses) corre-
late with both better and worse outcomes [25-29]. The con-
cept of immunoediting could provide a logical explanation
for the lack of clinical benefit of immune responses against
tumors in which the corresponding antigen is already lost:
responses measurable at later stages of the disease reflect
past events which are potentially prognostic, but no longer
have therapeutic relevance. The presence of antibodies that
reflect an immune response which eliminated immunogenic
tumor cells with extremely pro-malignant functions—thus
allowing expansion of less-aggressive variants—will have
a positive prognostic value. Conversely, detection of
antibodies reflecting immune responses eliminating less
malignant tumor variants—thus favoring expansion of super-
aggressive non-immunogenic species—will have negative
prognostic value. However, with immune effectors persist-
ing after a target is eliminated, peptide-based vaccination
approaches would fail while inducing recall responses
without clinical impact. Thus, individual immunogenicity
of TAA might enable immunoediting, which in turn might
alter the TAA profile in a way which will greatly affect out-
come. An immunogenic repertoire of a disease can be
determined by different proteomic methods, the most com-
prehensive being the SEREX (Serological analysis of
Recombinant cDNA Expression libraries) [30-33]. To date,
the SEREX method for the identification of pancreatic
TAA (pTAA) has been restricted to libraries constructed
from a cell line or from testis tissue, but not from pancreatic
cancer specimens [34-36]. The identity of the detected
immunogenic TAA (1) differed among these heterologous
approaches, (2) did not match the few findings deposited in
the Cancer Immunome Database (http://ludwig-sun5.unil.
ch/CancerImmunomeDB) which were obtained by other
proteomic methods or reported by the SEREX study con-
ducted in a syngeneic mouse model [37-42], and (3) was
not interpreted in relation to antigen expression and clinical
outcome.

In the current study, we sought to comprehend the spec-
trum of pTAA and to determine whether immunogenicity
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of pTAA is relevant for disease outcome. We applied an
autologous SEREX-based screening to establish the profile
of immunogenic pTAA in a long-term survivor, reasoning
that this patient was more likely to have a protracted equi-
librium phase because of tumor displaying immunogens
with potentially positive prognostic value. The association
of immunogenicity with humoral responses capable of edit-
ing the antigenic repertoire of malignant cells in a prognos-
tically relevant way was further explored by analyzing the
relationship between pTAA expression, emergence of auto-
antibodies, and survival time in patients with pancreatic
cancer.

Materials and methods
Sample collection

The study was approved by the Medical Ethics Committee
of the University of Heidelberg (case numbers 159/2002
and 301/2001). Upon written informed consent from the
patients, tissue and sera specimens were collected in accor-
dance with governmental and international regulations. The
primary sera screening cohort included 20 healthy donors
(4 females, 16 males; median age 60 years) and 34 pancre-
atic ductal adenocarcinoma patients (8 females, 26 males;
median age 65 years; stage IIA, T3NOMO: n = 1; stage IIb,
T3NIMO: n = 24; stage IV, TANOMI1: n =2 and T3NIMI:
n =7; 6th edition AJCC/UICC). For extended assays, addi-
tional individuals were recruited to the control or patient
cohorts as indicated in the main text.

Construction of the cDNA library from human pancreatic
ductal adenocarcinoma tissue and immunoscreening
with autologous patient serum (SEREX)

The SEREX screening was performed according to previ-
ously established protocols [30, 31, 43]. Briefly, a cDNA
expression library was constructed in a ZAPexpress vector
(Stratagene; La Jolla, USA) using 5 pg of polyA*-mRNA
isolated from a pancreatic specimen from a 68-year-old
female with ductal pancreatic adenocarcinoma (Stage IIA,
T3NOMO/GIII, survival = 36 months). An established library
was screened with pre-absorbed autologous serum diluted
at 1:200 followed by alkaline phosphatase-conjugated
anti-human IgG antibody (Dianova; Hamburg, Germany).
One round of secondary screening was performed. The
immunoreactive clones were excised in vivo into pBK-
CMYV plasmid forms (Stratagene). Plasmid DNA was puri-
fied with a plasmid isolation kit (Qiagen; Hilden, Germany)
and sequenced (GATC Biotech AG; Konstanz, Germany).
The identity of inserts was established by searching Gene
Bank and EST databases using the BLAST algorithm.
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Cloning of full-length open reading frames (ORFs)
and expression of His-fusion proteins

The ORFs of SEREX-defined genes were amplified by
PCR from cDNA derived from normal pancreas and testis
using primer sets for PNLIPRP2 (pancreatic lipase-related
protein 2): forward 5’-aaatttgagctcatgatgctgeccecttg-3’,
reverse S5'-aaatttctgcagttaacaagggtaaagagattgca-3'; MIA
(melanoma-inhibitory activity): forward 5'-aaagggatccatgg
cceggteect-3', reverse 5'-aaaaagctttcactggcagtagaaatcccat
tt-3’; and IFITM3 (interferon-inducible transmembrane
protein-3): forward 5'-aaaggatccatgaatcacactgtccaaacc-3’,
reverse 5'-aaaaagcttctatccataggeetggaagatcag-3’'. ORFs were
sequentially subcloned into the pGEMTeasy vector
(Promega; Mannheim, Germany) and then into the pQE-30
vector encoding His-fusion proteins (Qiagen) with Sacl/
Pst] for PNLIPRP2 and with BamHI/HindIII for MIA and
IFITM3.

Protein expression of His-fusion proteins in E. coli
M15 bacteria was carried out as described previously
[44]. Briefly, protein expression was induced by 1 mM
IPTG for 4 h at 37°C in the pQ30-transformed bacteria
grown to a density of ODgy, = 0.6. For the non-induced
negative controls, no IPTG was added. Bacterial lysates
and affinity-purified recombinant proteins were analyzed
by SDS-PAGE, Coomassie staining and immunoblotting
using antibodies directed against PNLIPRP2 (mouse
IgG, 1:2500) (Abnova; Teipeh, Taiwan), MIA (goat
IgG, 1:1000) (Santa Cruz), IFITM3 (mouse IgG, 1:2500)
(Abnova) and His-tag (mouse IgG, 1:3000) (Qiagen).
After addition of appropriate horseradish peroxidase
(HRP)-conjugated secondary antibodies (Dianova and
Sigma), the proteins were visualized by the ECL method
(GE Healthcare; Freiburg, Germany) (Supplementary
Figure 1).

Reactivity of heterologous sera to SEREX-defined antigens

Purified proteins were used in ELISA for the screening of
sera for corresponding autoantibodies based on published
protocols [45, 46]. Sera were blocked with 100 pg/ml lysate
prepared from control bacteria transformed with an empty
pQE-30 vector, diluted 1:1000 and incubated with plate-
bound His-tagged recombinant proteins. Seropositivity was
visualized using HRP-coupled anti-human antibodies. The
cut-off was determined by calculating the mean value of
absorbance measured at 490 nm for the control cohort plus
three times the standard deviation. Recombinant NY-ESO-
1 protein and an anti-NY-ESO-1-immunoreactive patient
serum as well as anti-His antibody and protein-specific
antibodies used for immunoblotting served as positive
controls.

Analysis of expression of SEREX-defined antigens
in normal human tissues by RT-PCR

Total RNA from 22 normal tissues, each obtained and
pooled from five disease-free individuals, was purchased
from AMS biotechnology (Abingdon, UK). After cDNA
synthesis (Invitrogen; Karlsruhe, Germany), PCR was per-
formed with 35 cycles of amplification using sets of primers
specific for 18 SEREX-defined gene products presented in
Supplementary Table 1. f-actin served as control for input
cDNA. PCR products were analyzed by electrophoretic sep-
aration and visualized by ethidium bromide staining.

Quantification of PNLIPRP2, MIA and IFITM3 expression
by QRT-PCR

Cryocut normal and diseased pancreatic tissues as well as
eight pancreatic cancer cell lines (AsPC1, BxPC3, Capanl,
Colo357, MiaPaca2, Pancl, SU 86.86, T3M4) underwent
quantitative RT-PCR using RAS technologies (Roche
Applied Science; Mannheim, Germany) for MagNAPure-
based mRNA isolation, cDNA synthesis and LightCycler-
based real-time PCR with the FastStart DNA SYBR Green
kit and primers obtained from Search-LC (Heidelberg, Ger-
many), as described previously [47-50]. The expression of
each specific gene was normalized to housekeeping gene
cyclophilin B (CPB) and presented as the number of tran-
scripts per 10,000 CPB copies.

Immunohistochemistry

The localization of SEREX-defined proteins in pancreatic
tissues was assayed by immunohistochemical method
based on routine protocols [48-50]. In brief, antigens in
4-um sections prepared from paraffin-embedded tissues were
exposed by boiling in 10 mM citrate buffer (pH 6.0). After
blocking with peroxide and beriglobin (ZLB Behring;
Hattersheim, Germany), tissue sections were incubated
with rabbit anti-human PNLIPRP2 (1:500) (Abnova), mouse
anti-human IFITM3 (1:500) (Abnova) or appropriate iso-
type-specific negative controls diluted in antibody diluent
with background-reducing components (DAKO; Carpinte-
ria, CA, USA). On overnight incubation at 4°C, slides were
incubated with HRP-labeled anti-rabbit or anti-mouse
detection reagents and liquid DAB + Substrate Chromogen
System (DAKO) and then counterstained with Mayer’s
hematoxylin (Merck; Darmstadt, Germany).

Western blot analysis of pancreatic tissues

On histological evaluation, cryocut pancreatic tissues were
pulverized and dissolved in RIPA buffer (25 mM Tris—HCl
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pH 7.6, 150 mM NacCl, 1% NP-40, 1% sodium deoxycho-
late, 0.1% SDS). 20 ng of protein was resolved by SDS-
PAGE using 4-12% NuPAGE Novex gels (Invitrogen).
I pg of recombinant PNLIPRP2-GST (Abnova) protein
was used as a positive control. The proteins were trans-
ferred to nitrocellulose membranes and visualized using
antibodies to PNLIPRP2 (DO1P, Abnova), GAPDH (load-
ing control, Santa Cruz) and corresponding secondary per-
oxidase-labeled anti-rabbit (GE Healthcare) and anti-goat
(Santa Cruz) antibodies and an ECL detection kit (GE
Healthcare).

Statistical analyses

Statistical analyses were performed using GraphPad Prism
5 Software (GraphPad Software Inc.; La Jolla, CA, USA).
The median and range were calculated and used for graphi-
cal presentation of quantitative data. To compare different
groups, we used either Fisher’s exact test or the Kruskal—
Wallis test followed by Dunn’s test. The Kaplan—Meier
method and Gehan—Breslow—Wilcoxon test were employed
to analyze survival among patients presenting with different
antigen/antibody profiles. Significance was defined at
p <0.05. On graphs, only significant differences between
the groups are shown indicating *p < 0.05, **p < 0.01 and
**%p < 0.001.

Results

Identification of PDAC-specific immunogens
by autologous SEREX

A cDNA expression library containing 6 x 10 primary
clones was constructed from mRNA of a pancreatic carci-
noma specimen and screened with autologous serum
diluted at 1:200. After two rounds of screening, 42 immu-
noreactive clones had been purified and sequenced, yield-
ing 18 distinct gene products (Table 1).

Pancreatic specificity of SEREX-defined antigens

A number of genes identified by SEREX in our study were
previously described as immunogenic under malignant or
inflammatory conditions (Table 1; [51-59]); however, none
has been found in pancreatic cancer using heterologous
SEREX techniques [34-36]. Data mining revealed that
immune responses were not restricted to tumor cell-specific
antigens, but developed without any preference for cellular
compartment (acini, stroma and ducts).

In the pancreas, a differential expression pattern between
cancerous and normal tissues was observed for 11 of 18
genes: 2 were de novo, 8 over-, and one under-expressed
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(Table 1 and Supplementary Table 2). However, analysis of
extra-pancreatic mRNA expression of these SEREX-defi-
ned genes in a panel of 21 normal tissues demonstrated
broad distribution and abundant expression for most anti-
gens. Two genes, MIA and PNLIPRP2, displayed the most
restricted differential pattern of expression: present in few
extra-pancreatic tissues and significantly different between
normal and cancerous pancreas specimens. mRNA for MIA
was observed in 43% of non-pancreatic tissues (9/21: lung,
mammary gland, melanocytes, prostate, small intestine,
stomach, testis, thymus, trachea). In the pancreas, MIA
expression was non-detectable in intact specimens, but up-
regulated in the cancerous specimens. The expression of
PNLIPRP2 was hardly detectable and rare (14%) in non-
pancreatic normal tissues (3/21: small intestine, spleen,
testis). In pancreas, PNLIPRP2 expression was abundant
in normal, but reduced in diseased tissue. In summary, the
antigenic repertoire defined by autologous SEREX was not
strictly associated with pancreatic malignancy or with pan-
creatic tumor cells.

Next, we explored whether the immunogenicity of MIA
and PNLIPRP2, which showed the most restrictive differen-
tial expression pattern, is a common feature of pancreatic
cancer. A ubiquitous and unaltered membranous immuno-
gen—IFITM3—served as control.

Immunogenicity of SEREX-defined antigens and favorable
outcome in patients with pancreatic cancer

Coincident autoantibody responses to MIA, PNLIPRP2 and
IFITM3 were evaluated by ELISA in sera of 20 healthy
donors and 34 patients with pancreatic cancer (Fig. 1a). No
control individual had antibodies to more than one antigen:
a single case of anti-MIA seroreactivity was observed.
Among patients with pancreatic cancer, none were seropos-
itive for all three antibodies and only one showed simulta-
neous anti-MIA and anti-PNLIRP2 humoral responses. The
frequency of single antibody-positive patients ranged from
9 to 15%, yielding totals of 32%, as compared to 6% for the
control cohort (p < 0.05).

Taken separately, the presence of specific autoantibody
was not associated with a better outcome (Fig. 1a). How-
ever, a comparison of all seropositive and all seronegative
patients (Fig. la, b) showed that the 2-year survival rates
and the median survival time were doubled for seropositive
patients, although overall survival remained unaffected.

The results imply that the immunogenicity of selected
antigens defined by autologous SEREX is increased in pan-
creatic cancer and tends to be associated with increased
median survival. The lack of linear correlation between intra-
pancreatic expression and antibody presence questioned the
relevance of the most common mechanism promoting
immunogenicity of cancer antigens—overexpression—as a
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Immunogenicity of SEREX-identified antigens in donors and patients with pancreatic carcinoma
Antibody detection
- : . 100 - ”
p;\ltizms anti-MIA |anti-PNLIPRP2| anti-IFITM3 | All positive sera ! Ab-positive
I-————J-I————I——I
Donor 1 1 0 0 1/20 (6%) T; 75
0 + + + E
1 + + 11/34 (32%)* Z 504
Cancer 0 1 3 3 § .
Sfrequency 15% 12% 9% Do vs Ca:*p=0.021 E Ab-negative
Cancer patient survival (months) 259
sero-
positive 33.9 34.8 36.0 34.2 o
T T T 1
sero- 3
negative 316 284 316 194 0 12 m(fl;‘ths 6 48
p=0.454 p=0.166 p=0.389 p=0.133

Fig. 1 Immunogenicity of SEREX-defined antigens and outcome in
patients with pancreatic adenocarcinoma. a The immunogenicity of
SEREX-identified MIA, IFITM3 or PNLIPRP2 was determined by
ELISA-based detection of circulating autoantibodies serving as a read-
out of the humoral immune response. The frequency of antigen-

deciding factor in pancreatic cancer. Thus, we aimed to
determine how humoral responses relate to the patterns of
intra-pancreatic expression of PNLIPRP2, IFITM3 and
MIA.

Sporadic anti-PNLIPRP2 responses and loss
of PNLIPRP2-expressing acinar parenchyma
in pancreatic cancer

The expression of IFITM3 and PNLIPRP2 in pancreatic
diseases has not yet been studied. Our data showed simi-
larly high mRNA expression of IFITM3 in normal (n = 18),
inflammatory (chronic pancreatitis, n = 34) and cancerous
(n=53) pancreatic specimens, and in tumor cell lines
(n = 8). Immunohistochemical analyses confirmed ubiqui-
tous distribution of IFITM3, whereas ELISA revealed no
correlation between anti-IFITM3 seropositivity and the
levels of IFITM3 expression (Supplementary Figure 2 and
data not shown).

In contrast, QRT-PCR analyses of PNLIPRP2 expres-
sion revealed dramatic changes (Fig. 2a). The median level
of PNLIPRP2 expression in cancerous lesions was 500
times lower than in normal pancreata (p < 0.001). Notably,
the loss of PNLIPRP2 expression varied within a 5-log
range and the same pattern was observed in patients with
chronic pancreatitis. We first suspected that such pattern
might be caused by sporadically arisen autoantibodies elim-
inating PNLIPRP2-expressing cells (autoimmune attack).
However, anti-PNLIPRP2 seropositivity in patients with
pancreatic cancer or chronic pancreatitis has not been
associated with any particular aberrations in pancreatic
PNLIPRP2 expression, such as low QRT-PCR outliers.
Next, we supposed that high intra-pancreatic expression
of PNLIPRP2 is associated with the emergence of auto-
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specific and cumulative antibody seropositivity of donors and patients
with pancreatic cancer was calculated and related to the survival time.
b Kaplan—-Meier analysis showed a better outcome trend for the
patients carrying autoantibodies against the SEREX-identified anti-
gens

antibodies without pathogenic bearing. Yet, we could not
detect preferential anti-PNLIPRP2 seropositivity in
PNLIPRP2"" patients. Moreover, extended screening of
30 additional donors revealed 2 antibody-positive individu-
als, yielding a total of 4% (2/50) for seropositivity among
constitutively PNLIPRP2"&" donors—in contrast to 14.5%
in patients with chronic pancreatitis (11/76) and 9.5% in
pancreatic cancer (9/95). Because none of eight analyzed
pancreatic tumor cell lines expressed PNLIPRP2 and the
most prominent histological hallmark of pancreatic cancer
or chronic pancreatitis is the replacement of degenerating/
dying exocrine parenchyma by fibrotic or malignant
structures, we finally concluded by evaluating whether
PNLIPRP2 down-regulation solely reflected altered cellular
composition (e.g., disappearance of PNLIPRP2-expressing
acini) in studied specimens. Indeed, QRT-PCR analysis of
various types of pancreata grouped according to the size of
remaining exocrine parenchyma (intact or degenerating;
H&E staining of parallel frozen sections) revealed a clear
link between PNLIPRP2 level and acinar volume (Fig. 2b).
Extremely strong correlation with expression of pancreatic
a2-amylase (Spearman’s p = 0.9045; p < 0.001) as well as
Western blot analysis and a specific pattern of PNLIPRP2
distribution revealed by immunohistochemistry confirmed
acinar cells as a sole source of PNLIPRP2 in the pancreas
(Fig. 2¢, d). PNLIPRP2 becoming an immunogen without
pathogenic relevance was further supported by the observa-
tion that the degree of acinar degeneration either at the his-
tological level in the studied specimens or at the whole
organ level (quantitative computed tomography-assisted
imaging, manuscript in preparation) did not correlate with
the anti-PNLIPRP2 seropositivity. Thus, we concluded that
PNLIPRP?2 is a reliable molecular marker of acinar cells pres-
ent in pancreatic specimens. Emergence of non-pathogenic
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Fig. 2 PNLIPRP2 as an indicator of the acinar loss in pancreatic dis-
eases. a QRT-PCR showed that PNLIPRP2 mRNA expression was
absent in the cultured tumor cells, high in normal pancreatic tissues
and gradually lost in inflammatory and cancerous pancreatic lesions.
b PNLIPRP2 mRNA levels in relation to the proportion of the acinar

anti-PNLIPRP2 antibodies in patients with pancreatic dis-
eases does not appear to be a result of aberrant PNLIPRP2
expression, but rather a sporadic event probably associated
with the occasional local release of PNLIPRP2 protein by
(dying) acini in an immunogenic environment.

Prognostic relevance of differential expression
and immunogenicity of MIA

An elevated expression and frequent presence of MIA in
tumor cells, vessels and tubular complexes located in
inflammatory altered parenchyma adjacent to cancerous
foci have been previously described by our group [60].
The analysis of new cohorts comprising 14 donors, 8
chronic pancreatitis and 26 pancreatic adenocarcinoma
patients confirmed up-regulation of MIA mRNA expres-
sion in cancerous tissues (tenfold; p <0.001) and also
revealed a tendency of MIA transcripts to accumulate in
chronic pancreatitis tissues (Fig. 3a). The overexpression
of TAAs is one of the most common reasons for immuno-
genicity. Surprisingly, no MIA-overexpressing patients
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parenchyma presented in the analyzed specimens. ¢ Western blot anal-
ysis showed the loss of PNLIPRP2 protein in pancreatic specimens
with various degrees of parenchymal loss. d Immunohistochemistry
revealed acinar cells as a single source of PNLIPRP2 in pancreatic
tissues

with pancreatic cancer presented an anti-MIA humoral
immune response (Fig. 3b; MIAME" = ypper quartile [Q4]
>380 transcripts per 10 kCPB according to our QRT-PCR
assay), whereas in the seronegative group, both MIAhie!
and MIAY patients were present. Furthermore, median
survival time of MIAME" patients had a clear tendency to
be reduced by half (12 vs. 25 months, p = 0.076; Fig. 3c).
This trend gained magnitude and significance once expres-
sion levels were viewed in the context of anti-MIA sero-
positivity (Fig. 3d). The median survival of Ab-positive
MIAY patients reached 34 months, as compared to
18 months in Ab-negative MIA®Y patients and 12 months
in MIAME" patients (p <0.05). Figure 3d shows that
Ab-positive MIA'®Y patients have a much better chance of
surviving 2 years after diagnosis; however, long-term sur-
vival (>36 months) was similar among the studied groups.
Thus, MIA represents a novel immunogen in the repertoire
of pancreatic TAA and the immunogenicity of MIA taken
in the context of expression patterns and pro-malignant
features [60-62] may represent a prognostic marker for
pancreatic cancer.
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Fig. 3 Association of MIA expression levels with autoantibody
response and clinical outcome. The overexpression of MIA mRNA in
cancerous tissues (a) did not coincide with anti-MIA antibody
response (b), but tended to be associated with shorter survival

Discussion

The ability of the immune system to recognize tumor-asso-
ciated proteins can be used to define targets for cancer
immunotherapy and to identify molecules of relevance to
carcinogenesis. Our autologous SEREX-based study identi-
fied a spectrum of novel pancreatic TAA (Table 1) and also
stressed the importance of a potentially antigenic molecule
becoming a factual immunogen. The correlation between
MIA mRNA expression, antibody presence, and patient
survival suggests that the altering of the immunogenic pro-
files of tumor cells by the immune system during disease
progression may crucially impact outcome. Poor outcome of
malignant diseases despite manifest immune responses—
paradoxical at first glance—may be explainable in the
context of cancer immunoediting [22-24].

Indeed, immunosilent overexpression of pro-malignant
MIA in pancreatic cancer as well as the prognosis-relevant
imbalance between expression and immunogenicity makes
perfect sense if viewed as a product of immunoediting—
failed or completed (Fig. 4). Detection of autoantibodies to
MIA in a proportion of pancreatic cancer patients means
that this protein is intrinsically antigenic and may become
immunogenic under certain circumstances, such as a pro-
inflammatory environment, an appropriate HLA back-
ground, or specific post-translational modification. At the
moment, we can only speculate as to which extrinsic
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(p = 0.076; Kaplan—Meier analysis, (c¢). In contrast, median survival
time was significantly (p < 0.05) longer in the low-expressing group
carrying autoantibodies to MIA (MIA'®Y-Ab Pos, (d)

factors were missing in a group of anti-MIA-seronegative
patients; however, the theory of immunoediting allows
prediction of preferential expansion of MIA-expressing
variants in the absence of anti-MIA response. Because
expression of MIA promotes invasive growth, poor out-
come (median survival of 12 months) in such patients
would be a foreseeable consequence. Whether a similar
process occurs in other types of cancer—in which overex-
pression of MIA was found to correlate with a poor progno-
sis (melanoma, gastric cancer and glioma)—also remains to
be determined [62—-64].

Failure to mount an anti-MIA response can also result
from the intrinsic inability of tumor cells to express MIA in
an immunogenic form or at a sufficient level for mounting
an immune response. Indeed, tumor cell lines showed two-
log differences in endogenous MIA expression (Fig. 3a).
Clinically, low or modified expression of MIA conveys a
less invasive phenotype, and therefore, patients bearing
such variants might have higher chances of prolonged sur-
vival (median survival of 18 months).

The most intriguing scenario can be offered for the group
of anti-MIA-seropositive patients. The fact that this group
does not contain MIA overexpressers indicates completed
immunoediting, e.g., possible eradication of aggressive
MIAM" tumor cells with accumulation and consequent
escape of MIA-loss variants and such a track will explain a
longer median, but not overall survival time by a lag phase
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Fig. 4 MIA-based prognostic algorithm and concept of immunoedit-
ing. This flow chart shows how viewing MIA mRNA expression levels
in the context of immunogenicity (as determined by anti-MIA autoan-
tibodies detected in sera) may enable prognostic stratification of the

in growth of edited MIA-loss variants prior to ultimate
escape. Alternatively, sustained levels of low to moderate
MIA expression may reflect a protracted equilibrium stage,
meaning that immune control is not fully eradicating MIA
expressers, but keeping them in a dormant state—a situa-
tion with the most promising therapeutic perspective.
Although both situations yield better outcome (median sur-
vival of 34 months), the clinical relevance of detectable
antibodies would differ: MIA antibodies would reflect past
humoral response in the former case, but an ongoing
response in the latter. Consequently, peptide vaccination in
the equilibrium situation might promote immune control
and further prolong survival. However, this strategy will be
of no benefit for patients with MIA-loss variants.

A similar approach can be applied to explain data of a
recently published study demonstrating that decreased
expression of transgelin—also identified as an immunogen
by our autologous SEREX screening—was associated with
elevated levels of anti-transgelin antibodies, particularly in
later stages, and with lower survival in patients with colo-
rectal cancer [65]. By viewing tumor progression as a pro-
cess in which immune responses alter the ‘non-edited’
antigenic repertoire of a tumor toward emergence of

pancreatic cancer patients. An immunoediting-based interpretation of
each antigen—antibody outcome signature is consequently attempted,
pointing to the individualized therapeutic options

‘edited’ antigen-loss variants, the postulate of immunoedit-
ing would allow two conclusions to be drawn from these
data. First, transgelin is a potent early immunogen inducing
a strong immune response leading to the eradication of
transgelin-positive cells. Second, because this elimination
is associated with shorter survival, transgelin might have
antitumor properties, and accumulation of transgelin-loss
variants would allow outgrowing of more aggressive tumor
cells, thus worsening outcome. Indeed, recent studies iden-
tified transgelin as a tumor suppressor [66—68].

Thus, immunogenicity of tumor cell-associated mole-
cules taken in the context of expression patterns might
represent a suitable marker to monitor immunoediting in
pancreatic cancer. To follow MIA (or annexin A2, or
transgelin) expression during disease progression and to
ascertain its location in early PanIN lesions and late malig-
nant structures is necessary to deliver the final proof
that immunoediting takes place in pancreatic cancer. As
for therapeutic consequences, stimulating antigen-specific
responses might profit non-edited patients, whereas restor-
ing antigen expression in tumor cells or induction of
bystander effects should be considered as a treatment option
for immunoedited patients.
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In this context, the composition of the immunogenic pro-
file defined by SEREX deserves special attention. Some of
the identified gene products have already been shown to be
immunogenic in association with other malignant diseases
(Table 1; [51-59]). Notably, proteins become immunogenic
without any particular preference regarding cellular origin
(tumor, acinar, stellate cells). We already stated that
appearance of anti-PNLIPRP2 antibodies in patients with
pancreatic diseases might reflect occasional release of
PNLIPRP2 by dying acini in an immunogenic environ-
ment. Emergence of a pro-inflammatory milieu in associa-
tion with acinar cell death was demonstrated in a previous
study [47]. It is possible that immunogenic cell death (ICD)
occurs in all patients, but leads to accidental generation of
antibodies to different acini-specific molecules in different
individuals. This hypothesis can also be extended to
explain the emergence of antibodies against IFITM3 or
other non-restrictive antigens. Humoral immune responses
of this kind (in particular to intracellular or secreted anti-
gens) will not be pathogenic, but indicative of ICD and of a
pro-inflammatory environment that might boost immune
responses against tumor cell-specific antigens [11, 69]. This
would mean that the observed increase in the positive prog-
nostic value achieved by combination of seropositivity
against non-related antigens reflects a gain in overall immu-
nogenicity of the tumor by a yet-unidentified mechanism.

The immunogenicity of stroma-associated antigens, for
example periostin (Table 1, [50]) might similarly reflect
ICD and additionally represent a novel target either for
treating edited tumor antigen-loss variants by means of
bystander eradication or for reducing the pro-malignant and
therapy-inhibiting impact of stroma [49, 70-72].

In conclusion, our results indicate that the immunogenic-
ity of potential antigens is increased, but a single immuno-
genic profile defined by autologous SEREX is not a
common feature of pancreatic cancer. However, creation of
signatures comprising antigens specific for acinar, stromal
and tumor cells might provide a reliable antigen/antibody-
based tool reflecting processes of ICD or immunoediting.
Upon incorporation of knowledge concerning antigen func-
tion and relation to outcome, this procedure should allow
prognostic stratification of patients and individual adjust-
ment of immunotherapeutic approaches (Fig. 4). Further
steps toward this goal include large-scale identification of
potential immunogens using high-throughput seromics sim-
ilar to those described by our recent study [41], studying
the ability of these antigens to serve as T-cell (CTL and Th)
targets, and a deeper understanding of molecular mecha-
nisms driving cancer immunoediting.
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