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TABLE H - ISOLATED ANTIGENS BY SEREX WITH SERA FROM PATIENTS WITH PANCREATIC CANCER

Comename  Nomberal | Lenthof ol cloe Aon oo
f1 4 3.2 hPMS1 BF210947 Ch.2
2 2 2.2 hMSH2 AU131598 Ch.2
3 2 2.5 SOX13 Al014340 Ch.1
4 2 14 HRY ALS552433 Ch.3
5 2 5 KIAAO0580 AU140056 Ch.4
f6 1 2.1 Translocase of inner AU121643 Ch.19
mitochondrial membrane (TIM) 44
7 1.5 Galectin 9 BF347161 Ch.17
8 1 2.5 CTCL tumor antigen se2-2 AF176816 Ch.12
9 1 1.3 Mitochondrial ribosomal BG104344 Ch.17
protein (MRP) L12
f10 1 1.2 HS1 binding protein (HAXI) BF212858 Ch.1
f11 1 1.6 ZNF 207 BE617467 Ch.17
st 5 1.5 hnRNP methyltransferase (HMT)1 AU131177 Ch.19
s2 2 2.3 IMAGE: 3480396 3 BF059745 Ch.22
s3 1 2 Kinectin 1 BE816123 Ch.14
s4 1 2.3 Chromosome22 clone RP-43L.2 Al814302 Ch.22
s5 1 3.2 Hypothetical protein Al089375 Ch.9
DKFZp761 D1823
s6 1 2.3 RUNX2 BF059745 Ch.6
s7 1 2.5 p53 BF342477 Ch.17
TABLE III - FREQUENCY OF SERUM IgG Ab SPECIFIC FOR THE SEREX IDENTIFIED ANTIGENS
i 0 2 Colon cancer ia ..
poky, P Releel ool o Pl
=34 w=3n @=8 =10 "0y =0 MSI MSIC) (L) =1
hMSH2 0 5 1 0 0 I 0 0 0 1 0
hPMS1 0 3 1 0 0 1 0 0 0 0 0
HRY 0 3 0 1 0 1 0 0 0 0 0
SOX13 0 2 0 0 0 0 0 0 0 I 0
MRPL12 0 2 0 0 1 1 0 0 0 0 0
HMTI 0 2 0 0 0 2 0 0 0 0 0
HAX!1 0 [ 0 1 0 0 0 0 0 0 0
ZNF207 0 t 0 0 0 1 0 0 0 0 0
RP-43L2 0 1 0 0 1 0 0 0 0 1 0
KTN1 4 8 0 0 0 5 2 0 2 I 3
IMAGE:3480396 3/ 4 5 | | 0 1 0 2 0 0 0
KIAA0580 2 4 0 2 1 I 0 1 0 | 0
RUNX2 4 4 3 | 0 2 0 I 0 0 0
TiM44 | 2 0 0 0 1 1 I 0 1 0
p33 1 2 0 2 0 0 0 0 0 0 0

for 5 min. The products were separated by 10% SDS-PAGE, sen-
sitized in 0.5 M sodium salicylate solution for 10 min and dried
with a gel dryer. The radioisotope was detected in BAS 2500 or
5000 (Fujifilm).

Preparation of recombinant hMSH?2 protein and Western blot
analysis

The hMSH2 cDNA was amplified by PCR with primers contain-
ing BamH1(5") and Norl1(3') sites (5'-GGATCCATGGCGGTG-
CAGCCGAAGGA-3 and 5-GCGGCCGCTCACGTAGTAACTT-
TTATTC-3') from the lambda phage isolated by SEREX. The PCR
products were digested with BamH1 and Notl (TAKARA), and
ligated into the expression plasmid, pET16b. The recombinant pro-
tein was expressed in E.coli AD4941(DE3 JpLys § (Novagen) with
IPTG induction, and purified by Ni*" affinity chromatography, Hi
Trap Chelating (Amersham Biosciences).

Western blot analysis was performed as previously described.’
Briefly, 2.5 ug of recombinant hMSH2 protein was electrophor-
esed on 8.5% polyacrylamide-SDS gel and transferred onto nitro-
cellulose membrane. The membrane was blocked by 5% nonfat
milk and incubated with sera at 1:100 dilution or mouse anti-His
antibody (Amersham Biosciences) at 1:3,000 dilution and then
reacted with alkalinephosphatase-conjugated goat anti-human IgG
antibodies or goat anti-mouse IgG antibodies at 1:3,000 dilution.

The Ab reacted bands were visualized with 5-bromo-4-chloro-3-
indolyl phosphate and nitro blue tertazorium.

Statistical analysis

Fisher’s exact test was used to evaluate correlation between
complication of cancer and serum anti-hPMS1 or hMSH2 anti-
body in DM/PM patients,

Results

Isolation of tumor antigens by cDNA expression cloning with IgG
Ab in sera from 8 patients with pancreatic ductal adenocarcinoma

A total of 1.3X10° clones of the ¢cDNA library made from 5 pan-
creatic ductal adenocarcinoma cell lines, PK1, PK8, PK9, PK45pP
and PK59, were screened with 2 mixtures of sera from 4 patients
(total 8 patients) with pancreatic ductal adenocarcinoma. A total of
30 cDNA clones representing 18 genes (f1-f11 with the first serum
mixture and sl-s7 with the second serum mixture) was isolated
(Table I). These represented 14 previously characterized and 4
uncharacterized genes. Some antigens were isolated more than 2
times. Five arginine methyltransferase HMT1, 4 DNA mismatch
repair enzyme hPMSI and 2 DNA mismatch repair enzyme hMSH?2
were isolated (Table II). These isolated antigens include molecules
possibly related to formation of malignant phenotypes, including
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Figure 1 - mRNA expression of hMSH2 and hPMS1. () High expression of hMSH2 and hPMS1 in MSI negative cancer cell lines. Northern
blot analysis was performed for h(MSH2 and hPMS1 in MSI positive and negative cancer cell lines. Both hMSH2 and hPMSI showed lower
expression in MSI positive pancreatic ductal adenocarcinoma cell lines (PK59, MIAPaCa2 and AsPCl1) and colon cancer cell lines (Nota and
DLD!) than MSI negative pancreatic ductal adenocarcinoma cell lines (PK9, Pancl and BxPC3) and colon cancer cell lines (Col0320, Colo201
and SW837). Colon cancer cell line LoVo with homozygous hMSH2 gene deletion only expressed hPMS1. (h) The expression of hMSH2 and
hPMSI in various normal tissues and pancreatic cancer tissues. The mRNAs for hPMS1 and hMSH2 were quantitatively measured in various
normal tissues, including brain, kidney, lung, colon, stomach, testis, placenta and 11 normal pancreas tissues, and 8 pancreatic cancer tissues
using TaqMan real-time RT-PCR. GAPDH was used as an intemal control. The mRNAs in various samples were estimated by the 2[-Delta Delta
C(TH} relative quantification method. A ratio of the mRNA of various samples to that of colon was shown.

transcription factor SOX 13, oncogene p53, methyluansterase HMT/  (13.5%) or 3 of 37 (8.1%) patients with pancreatic ductal adeno-
and DNA mismatch repair enzymes hMSH2 and IPMS]. carcinoma, respectively, and in 3 of 71 or 2 of 71 patients with
other cancers, respectively.

Screening of [gG Ab reacting 1o 1‘/1.0 SEREX fd"{”'ﬁ"d U{’”.‘w“"“' Expression of the SEREX identified antigens in various normal
for evaluation of their immunogenicity in sera from patienis tissues and cancers evaluated by RT-PCR and Northern blot
with various cancers and healthy individuals analysis

These 18 antigens were screened for evaluation of their immu- Tissue specific expression of these 9 antigens for which IgG Ab

nogenicity using sera from patients with various cancers and  were detected in sera from patients with various cancers but not in
healthy individuals. To identify target antigens involved in anti-  ‘sera from healthy individuals were first evaluated by RT-PCR anal-
tumor immune responses, we sclectc?d antigens fo_r which immune  ysis on various normal tissues, primary cultured normal cells, can-
responses was raised preferentially in cancer patients. By screen-  cer celi lines and pancreatic ductal adenocarcinoma tissues, and
ing each isolated antigen with serum IgG Ab from 34 healthy indi-  these antigens were found to express ubiquitously in various normal
viduals, we first selected 15 antigens which reacted with less than  (igsues and cancers (data not shown). However, by Northern blot
5 healthy donor sera and further evaluated their immunogenicity  analysis, AMSH2 and hPMSI were found to express higher in most
with sera from patients with various cancers, including 37 pancre-  cancer cell lines tested, including PK9 pancreatic cancer, 526mel
atic ductal adenocarcinomas, 8 renal cell cancers, 10 esophageal  melanoma, KIS lung cancer, TE8 esophageal cancer, KU7 bladder
cancers, 10 melanomas, 10 prostate cancers, 10 bladder cancers,  cancer, MDA231 breast cancer and RCC6 renal cancer cell lines,
17 colorectal cancers (10 with MSI+ and 7 with MSI- cancer) and  than in various normal tissues, suggesting over-cxpression of
6 endometrial cancers. Sera from 7 patients with acute pancreatitis  h}MSH2 and hPMS] in various cancer cells (data not shown). Inter-
were also screened to exclude possible immune response to nor-  estingly, when compared expression of these genes between MSI
mal pancreas (Table IIT). positive and MSI negative cancer cell lines in pancreatic ductal

1gG Ab specific for hMSH2, hPMSI, HRY (hairy Drosophila-  adenocarcinoma and colon cancer, hMSH2 and hPMSI appeared to
homolog), SOX13 (sex determining region Y-box 13), MRPL12  express higher in the MSI negative cancer cell lines than in MSI
(mitochondrial ribosomal protein L12), HMT1, HAX1 (HS1 bind- positive cancer cell lines, although the expression of APMSI was
ing protein), ZNF207 (zinc finger protein 207) and RP-43L.2 were  lower than iMSH2 (Fig. la). The colon cancer cell line LoVo with
detected in sera from the patients with pancreatic ductal adenocar-  homozygous deletion of #MSH2 expressed only APMS!. Although
cinoma and other cancers but not detected in any sera from 34  these results may suggest possible involvement of these DNA mis-
healthy individuals or 7 patients with pancreatitis. Among these 9 match repair enzymes in MSI status, and possible higher immune
antigens reacted with only sera from cancer patients, serum IgG  response to these enzymes in patients with MSI negative cancers,
Abs specific for hMSH2 or hPMS1 were detected in 5 of 37  we could not detect the specific serum Ab in any colon cancer
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Fiure 2 — Overexpression of the hMSH2 and hPMS| proteins in pancreatic cancer. Immunohistochemical study was performed for hMSH?2
and hPMSI on pancreatic ductal adenocarcinoma and normal pancreas tissues. One representative pancreatic ductal adenocarcinoma (a)
obtained from a patient with positive serum IgG Ab for both hMSH2 and hPMSI, and 1 representative pancreatic ductal adenocarcinoma ()
from a patient without the specific Ab was shown. One representative normal pancreas tissue (¢) from a patient without the specific Ab was
shown. The nucleus and cytoplasm of the pancreatic ductal adenocarcinoma cells were strongly stained for hMSTI2 and hPMIST. No significant
difference of the intensity was found between tumor cells from patients with or without serum anti-hMSH2 and hPMS1 Ab. Epithelial cells of

the normal pancreatic ducts were weakly stained.

patients tested, and MSI status was unknown in the pancreatic can-
cer patients whose serum Ab were evaluated for their reactivity.
We then evaluated the expression of "AMSH2 and hPMS! in 8
pancreas cancer tissues and various normal tissues including 11
pancreas tissues using quantitative real time PCR. Among normal
tissues, relatively high expression was observed in testis and pan-
creas. Although pancreatic cancer tissues expressed these 2 genes
at relatively high amounts, no difference was observed between
pancreatic cancer and normal pancreas (Fig. 1b). We also eval-
uated expression of these 2 genes using publicly available gene
data bases. In the Unigene database, AMSH2 and hPMSI were
found in cDNA libraries from various normal tissues, including
brain, lung, heart, stomach, colon, liver, kidney, testis, skin,
muscle, blood, bone marrow and so on, but expression is low

(227 hMSH2 sequences and 243 hPMSI sequences of total
5%10° registered sequences). In the SAGE databases, the expres-
sion of IMSH2 and hPMS! was also low in various normal tis-
sues including pancreas. No significant difference in the expres-
sion of these 2 genes was observed between normal pancreas and
pancreatic cancer, although upregulation of both genes was found
in breast cancer. These results indicated that mRNA for hMSH?2
and 1PMS] may not be overexpressed in pancreatic cancer.

Over-expression of (MSH2 and hPMS] proteins in pancreatic
ductal adenocarcinoma by immunohistochemical analysis

Since mRNAs evaluated by real time PCR analysis were obtained
from bulk pancreatic cancer tissues that contained lots of noncancer-
ous stromal cells, we then performed immunohistochemical study to
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F1GURE 3 — Presence of anti-hMSH2 or hPMS | antibody in scra from patients with DM/PM. (¢) Anti-hPMS1 Ab was detected by immunopre-
cipitation in some of the patients with pancreatic cancer or DM/PM. The hPMS1 protein produced by in viftro transcription and translation was
immunoprecipitated with anti-hPMS| rabbit polyclonal Ab se-613, and sera from a healthy individual (HE), a pancreatic cancer patient (PAT)
and DM/PM patients (M1-15, M1-29, M1-30, M1-56, M2-50, M2-58, M3-3 and M3-4). This figure shows | ol the representative results. The
DM patient M1-15 had breast cancer. -+, positive bands, —, negative bands. (h) Anti-hMSH2 Ab was detected by Western blot analysis in some
of the patients with pancreatic cancer or DM/PM. The Western blot analysis was performed with the bacterial recombinant hMSIH2 protein,
anti-His tag Ab and sera from a healthy individual (HE), patients with pancreatic cancer (PA10 and PA14) and DM/PM (M1-40, M1-41 and
M1-59). This figure shows 2 representative experiments. -, positive bands, —, negative bands.

TARLE IV - NO CORRELATION BETWEEN SERUM ANTILPA T AN Rty e monoclons] Ah or s 700700 et ie ool Al
1ot A AND CANCER COMPLICATION IN DAY 1 ‘ . G : :

et e A cohsankh NS et

Mysiitis antibody G M ascreatic duct cells, normiag j o aes acinme G s

+ - cells and stromal cells, the intensity of the nuclear and cytoplasmic

B staining was stronger in pancreatic ductal adenocarcinoma cells,

hPMS1 PM f 8 6§ indicating over-expression of the hMSH2 and hPMSI1 proteins in

DM T 1 5 pancreatic ductal adenocarcinoma cells [Fig. 2, 1 representative

- 2 46 example of pancreatic cancer tissue (¢) from a patient who had

KhMSH2 PM + 0 3 serum IgG Ab for both hMSH2 and hPMSI, and 1 representative

- 0 59 example of pancreatic cancer tissue from a patient without the spe-

DM + g 3% cific serum Ab (b) and normal pancreas tissue (c)]. No different

intensity of the staining of pancreatic ductal adenocarcinoma was
observed between the specimens from patients with or without the
anti-hMSH2 and anti- hPMS1 Abs.

evaluate the hMSH2 and hPMSI protein in cancer cells at a single

cell level. Five pancreatic ductal adenocarcinoma specimens
obtained from patients who had anti-hMSH2 serum Ab, 3 specimens
from patients with anti-hPMS1 serum Ab and 6 specimens
from patients without either Ab were stained with anti-hMSH?2

Detection of anti-hPMS1 and anti-hMSH2 Ab in sera from
patients with dermatomyositis and polyntyositis

Anti-hPMS1 Ab was previously reported as a specific autoan-
tibody detected in approximately 7.5% (4/53) of patients with
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dermatomyositis and polymyositis (DM/PM), and it was not
detected among patients with systemic lupus erythematodes or
sclerderma.'? Therefore, we evaluated anti-hPMS1 and anti-
hMSH2 Ab in sera from DM/PM patients. More than 100 sera
from the DM/PM patients were screened for anti-hPMS1 serum
Ab by a convenient rapid assay using immunoprecipitation with
the S-35 methionine-labeled hPMS1 protein produced by in virro
transcription and translation (Fig. 3a). Anti-hMSH2 serum anti-
body was screened using Western blot analysis with the bacte-
rial recombinant hMSH2 protein (Fig. 3b) because the hMSH2
protein was not well produced by in vitro translation. Anti-
hPMS1 antibody was detected in sera from 8 of 119 (6. 7%2
DM/PM patients with similar frequency to the previous report.
Similarly, anti-hMSH2 Ab was detected in sera from 5 of 102
(4.9%) DM/PM patients. The anti-hMSH2 Ab was not detected
in sera from patients with other collagen diseases, including 10
rheumatoid arthritis, 10 systemic lupus erythematodes, 10 scle-
rosis or patients with infectious diseases, including 10 tuberculo-
sis and 2 brain abscesses (data not shown), indicating that anti-
hMSH2 Ab may also be a specific autoantibody for DM/PM
patients. Since PM/DM patients, particularly DM patients, are
known to have complications of various cancers including pan-
creatic cancer, we have examined possible correlation between
cancer complication and seram Ab specific for hPMS1/hMSH2.
Although 1 DM patient with positive anti-hPMS1 serum Ab
complicated with breast cancer, no significant correlation was
found between cancer complication and anti-hPMS1 or anti-
hMSH2 serum Ab in our analysis with more than 100 DM/PM
patients (Table IV). We also examined other myositis specific
autoantibodies, including Ab against aminoacyl tRNA synthe-
tases and signal recognition particle (SRP) in all cancer patients
with positive serum anti-hPMS1 Ab, but none of them were
positive in the cancer patients (data not shown). Therefore, anti-
hPMS1 and anti- hMSH2 Ab appeared to be raised in the DM/
PM patients independent of cancer development. These results
suggest that serum Ab specific for hMSH2 and hPMS! may be
useful for diagnosis of pancreatic cancer and DM/PM.

Discussion

Since pancreatic cancer is one of the problematic cancers for
carly diagnosis and treatment with conventional therapeutics, new
diagnostic and therapeutic methods need to be developed. Clinical
trials of immunotherapies attempted on pancreatic cancers demon-
strated some anti-tumor effects. Intradermal immunization with
the mutated K-ras peptide with GM-CSF resulted in the induction
of memory CD4+ T cell response and prolonged smvnval nthe T

cell responders compared to the nomespondcns.H Vacceination
with GM-CSF transduced allogencic pancreatic cancer cell lines
with adjuvant radiation and chcmolhempy following \mwu hexe |—
sion demonstrated possible benefit in dm ase free bt

| , . .

HIOnotCagy ey Lo v ol the additional thiciapcuone b v

ities for patients with pancreatic cancer. However, the mechanism
for immunological tumor regression has not been well evaluated
and improvement of the immunotherapy has been difficult partly
because only a limited number of (umor antigens have so far been
identified for pancreatic cancer.'®!'” Furthermore, additional tumor
markers are required for better diagnosis of pancreatic cancer.
Thus, identification of additional antigens is important for devel-
opment of immunotherapy and diagnostic methods for patients
with pancreatic cancer.

In our study, we have isolated tumor antigens by SEREX using
the cDNA library made from 5 pancreatic ductal adenocarcinoma
cell lines and 8 allogeneic sera from patients with pancreatic duc-
tal adenocarcinoma. These identified antigens included interest-
ing molecules possibly related to cancer phenotypes, such as
transcription factor SOX/3, oncogene p53, methyltransferase
HMT! and DNA mismatch repair enzyme IMSH2 and hPMS].
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SOX13 was recognized by sera from patients with 2 of 37 pan-
creatic cancers and 1 of 6 endometrial cancers but not recognized
by any sera from 34 healthy individuals. SOXI3 is a member of
the SOX D group that also includes SOX5 and SOX6. We have
previously reported that SOX5 and SOX6 were specifically over-
expressed in primary brain tumors, and the HMG box regions in
SOX 5 and SOX6 were frequently recognized by sera from brain
tumor patients.® Thus, SOX13 may be expressed in some of the
pancreatic cancers and recognized by IgG Ab. Alternatively, anti-
body raised against SOX5 or SOX6 might cross-react SOX13
because the HMG box has high homology among these SOX D
group protein.'® p53 is previously reported to be recognized by T
cells from patients with pancreatlc cancer,'® and frequently rec-
ognized by serum IgG_Ab in patients with various cancers
including colon cancers.?>*? However, the particular p53 clone
isolated in our study was recognized by sera from patients with a
limited cancer including pancreatic cancer and was not recog-
nized by sera from colon cancer patients. Downregulation of
HMTI which may upregulate antiproliferating effects of IFNs
through interaction with the intracytoplasmic domain of the T 2Xpe
I interferon (IFN) receptor was reported in breast cancer.
HMT1 was recognized by sera from patients with 2 of 37 pancre-
atic cancers, 2 of 10 prostate cancers but not recognized by any
sera from 34 healthy individuals. Since DNA mismatch repair
enzyme hMSH2 and hPMSI1 were recognized by sera from 5 of
37 and 3 of 37 patients with pancreatic cancers, respectively, but
not recognized by any sera from 34 healthy individuals, they
were further investigated for their expression and immunogenic-
ity in various cancers.
Although mRNAs for hMSH2 and hPMS! were ubiquitously
detected by RT-PCR analysis, the immunohistochemical study
revealed over-expression of the hMSH2 and hPMSI1 proteins in
pancreatic ductal adenocarcinoma compared to normal pancreatic
tissues. Over- expresbion of hMSH2 in ovarian cancer cells com-
pared to normal ovarian tlssueb was previously reported by immu-
nohistochemical analysis.? Although the expression of htMSH?2 in
rapidly pxoln‘exatmo normal cells such as intestinal eplthelml cells
was reported,”® the mechanism for over-expression in ovarian can-
cer was not simply explained by higher proliferative ability of can-
cer cells because no correlation was observed between expression
of hMSH2 and Ki-67 ann%n Over-expressed antigens such as
galecting? and HER2™ were previously reported to induce
immune response in cancer patients and frequently detected as
tumor antigens by SEREX. A heat shock protein, hspl05 over-
expressed in various cancers. including  pancreatic cancer and
colon cancers, was previously I(lethd by SEREX with scrum
from a pancreatic cancer patient.”” Thus, over-expression of pro-
teins in tumor cells might induce immune responses to hMSTH?2
and hPMST in patients with pancreatic cancer,
Somc of the pdnuum cancers are known to h we microsatellite

P e b 1o s

Lichictlc divianiolis [EN AN FTO
Patients with MSI positive panueatm cancer was reported to thC
better prognosis after treatment.*® In our study, higher expression
of hMSH2 and hPMS1 in the MSI negative cancers than the MSI
positive cancers was observed in the pancreas and colon cancer
cell lines. High proliferative ability of MSI negative cancer with
high hMSH2 and hPMS1 expression may be associated with poor
prognosis of MSI negative cancers. To investigate relationship
among MSI status, hMSH2/hPMS1 expression and their specific
Ab, further study on fresh cancer samples along with MSI status is
necessary.

Although both CD4" and CD8" T cell responses to hMSH2
and hPMS1 remain to be investigated, these antigens may be use-
ful as at least CD4" helper T cell antigens for immunotherapy,
particularly in patients with positive serum Ab. The recognition
by IgG Ab suggests that the same antigen activated CD4"  helper
T cells (Th) in the patients, meaning that theses antigens are

[T diovivie i [ YRR
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immunogenic in cancer patients. In addition, many SEREX
defined antigens were shown to induce CD8+ cytotoxic T cells
(CTL).3273 Positive correlation was observed between positive
serum IgG antibody and induction of CD8+ CTL against a can-
cer-testis antigen NY-ESO-1.32% In pancreatic cancer, SEREX
defined antigen, coactosin-like protein (CLP), was reported to
induce HLA-A2 restricted tumor reactive CTL from PBMC.” In
the case of over-expressed antigens in tumor cells with relatively
lower expression in normal cells, specificity of effecter T cells to
cancer cells is defined by density of MHC/peptide complex on
tumor cell surface. Thus, relatively low level expression of pro-
teins in normal cells dose not exclude the use of T cells against
these over-expressed antigens as 3lgreviously reported in several
tumor antigens including SART-1.

In addition to be target antigens for immunotherapy, anti-
hMSH?2 and hPMS1 Ab may be useful for diagnosis of pancreatic
cancer, since we have previously observed disappearance of serum
antibody specific for the SEREX defined antigens in the patients
who had good prognosis after treatment.”? Anti-p53 antibody was
reported to be utilized even for early diagnosis of esophageal can-
cers.® In our study, we also examined anti-hPMS1 and anti-
hMSH2 Ab in sera from DM/PM patients, since anit-hPMS1 anti-
body was previously reported to be an autoantibody specifically
detected in 7.5% of PM/DM patients.'? The anti-hPMS1 Ab was
detected 8 of 119 (6.7%) DM/PM patients in a similar frequency
as previously reported. In addition, we found that anti-hMSH2 Ab
was also detected in 5 of 102 (4.9%) DM/PM patients at a similar
rate but not detected in other collagen diseases or infectious dis-
eases, suggesting that anit-hMSH2 Ab may also be an autoanti-
body specific for DM/PM and useful for diagnosis of DM/PM
patients. Antibodies to other DNA mismatch repair enzymes,
including hMSH3, hMSH6, hPMS2 and hMLH]1, remain to be
investigated. The preferential induction of these Ab in patients
with DM/PM and pancreatic cancer indicated that simple tissue
destruction is not the reason for these Ab responses.

DM was known to be strongly associated with various cancers,
although complication rate was about 10%, and PM was moder-
ately associated with increase of cancer.**? The risks of pancre-
atic cancer, lung carcinoma, ovarian cancer, gastric cancer, color-
ectal cancer and non-Hodgkin lymphoma were increased in DM
patients and risks of non-Hodgkin lymphoma, lung cancer and
bladder cancer were increased in PM patients.”” Some autoanti-
bodies are known to correlate with specific clinicopathological
features in DM/PM patients, including anti-Jo-1 antibody for mul-
tiple arthritis/interstitial pneumonia and anti-SRP antibody for
treatment-resistant severe myositis. Therefore, we examined
whether positive anti-hPMS1/hMSH2 Ab had any correlation with
cancer complication in the DM/PM patients. Although 1 patient
complicated with breast cancer had serum anti-hPMSI antibody,
no significant correlation was observed among more than 100
patients, suggesting that these antibodies may be raised independ-
ently of cancer development with yet unknown mechanism. Alter-
natively, numbers of patients evaluated in our study are still too
small to draw any conclusions, we thus would like to follow up
the patients with positive serum autoantibody.

In summary, using SEREX, we identified 2 DNA mismatch
repair enzymes, htMSH2 and hPMS1, which are over-expressed in
pancreatic cancer cells, and whose. antibodies were detected in
patients with various cancers, particularly with pancreatic ductal
adenocarcinoma, indicating that hMSH2 and hPMS1 are immuno-
genic antigens in various cancer patients and possibly useful as T
cell antigens for immunotherapy. In addition, their antibodies may
be useful for diagnosis of patients with both pancreatic cancer and
DM/PM patients.
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Abstract

The interaction of immature dendritic cells (DC) with ir-
radiated pancreatic cancer cells was examined. Flow cy-
tometric analysis using annexin V and propidium iodide
revealed that ionizing radiation (25-35 Gy X-ray) induced
both apoptosis and necrosis in pancreatic cancer cell
lines. After irradiation, PK-1 and Panc-1 cells were likely
to undergo necrosis, whereas MIAPaCa-2 cells under-
went apoptosis. When DiO-stained immature DCs were
co-incubated with Dil-stained irradiated MIAPaCa-2, it
was observed under fluorescent microscopy that DCs
phagocytized dead tumor cells as early as 4 h after co-
incubation. The DCs’ phagocytosis of irradiated tumor
cells was also confirmed by flow cytometry. These re-
sults suggest that irradiated pancreatic cancer cells,
which undergo both apoptosis and necrosis, could be a
good source of tumor-associated antigens for cross-pre-
sentation by DCs.

Copyright ® 2005 S. Karger AG, Basel

introduction

Dendritic cells (DCs) are bone marrow-derived leuko-
cytes whose properties for antigen presentation and the
initiation of T-cell-dependent immune responses are
more potent than those of other antigen-presenting cells
such as macrophages or B cells [1]. Immature DCs reside
in peripheral tissues for efficient antigen capture. After
antigen uptake, DCs migrate to T-cell-enriched areas of
lymphoid tissue for presenting captured antigens to T
cells. During migration, DCs become mature with higher
expression levels of MHC class I and 11, as well as co-
stimulatory molecules including CD86, CD80 and CD40
[2]. Because of DCs’ importance in the immune system,
investigators have focused on their role in the context of
antitumor immunity. It has been reported that DCs can
infiltrate into tumor tissues, as demonstrated by mouse
tumor models and clinical studies [3-6]. These are re-
ferred to as tumor-infiltrating dendritic cells, mimicking
tumor-infiltrating lymphocytes [7]. Such tumor-infiltrat-
ing dendritic cells might enter the tumor tissue for the
purpose of obtaining tumor-associated antigens (TAAs)
from the tumor cells themselves.
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The mechanism by which DCs take TAAs in and pres-
ent them to other immune cells is not yet well understood.
However, several means of priming DCs to elicit an an-
titumor immune response have been examined [3]. One
of the modalities to prime DCs is using irradiation. lon-
izing radiation is able to induce both apoptosis and ne-
crosis in tumor cells, and such dead cells are then cap-
tured by DCs to elicit a tumor-specific immune response
[8-10].

In the present study, we chose human pancreatic can-
cer cells for our experiments. Pancreatic cancer, especial-
ly ductal carcinoma, is one of the most difficult cancers
to treat, and so-called multidisciplinary therapy may be
necessary, though unfortunately not usually effective
[11]. We examined whether irradiation could kill pancre-
atic cancer cells, and whether DCs could phagocytize such
irradiated tumor cells. This study provides indirect evi-
dence that DCs might present TAA by utilizing phagocy-
tized pancreatic cancer cells per se, which could lead to
the rationale of irradiation-combined DC immunothera-
py against pancreatic cancer.

Materials and Methods

Tumor Cell Lines

We used three human pancreatic ductal adenocarcinoma cell
lines: PK-1, PANC-1, and MIAPaCa-2. PK-1 was established from
resected specimens in our institute [12]. PANC-1 was a gift from
Dr. M. Kobari (Sendai Open Hospital, Sendat, Japan), and MIA-
PaCa-2 was provided by Dr. F. Kanai (Tokyo University, Tokyo,
Japan). PK-1 and PANC-1 were maintained in RPMI 1640 (Life
Technologies, Inc., Grand Island, N.Y., USA) supplemented with
heat-inactivated 10% fetal calf serum, 100 U/ml penicillin, and
0.1 mg/ml streptomycin in a humidified 5% CO, atmosphere at
37°C. For MIAPaCa-2 maintenance, Dulbecco’s modified Eagle’s
medium (Life Technologies) was used instead of RPMI 1640. For
the following experiments, all tumor cells were used in a logarithmic
proliferation state.

Annexin V Assay

Apoptosis/necrosis detection assay was performed by flow cy-
tometry using annexin V and propidium iodide (PI) [13]. Tumor
cells were put in 6-well plates (Falcon™, Becton Dickinson, Frank-
lin Lakes, N.J., USA) at the concentration of 5 x 10°/ml, and were
irradiated using X-ray irradiator HF-320 (Shimadzu, Kyoto, Ja-
pan) at the dose of either 25, 30, or 35 Gy. They were harvested at
different time points and stained using TACS™ Annexin V-FITC
Apoptosis Detection Kit (Trevigen, Gaithersburg, Md., USA) ac-
cording to the manufacturer’s instructions. Data of the stained cells
were immediately acquired by FACSCalibur (Becton Dickinson)
and analyzed by CellQuest (Version 3.1F) software (Becton Dick-
inson).

Interaction of Immature DCs with
Irradiated Pancreatic Cancer Cells

DC Propagation

Human DCs were propagated from peripheral blood monocytes
(PBM) using granulocyte-macrophage colony-stimulating factor
(GM-CSF) and interleukin-4 (IL-4) (both cytokines were provided
by Schering-Plough Corp., Kenilworth, N.J., USA) according to
methods described elsewhere [14, 15]. Briefly, 50-80 ml periph-
eral blood samples were obtained from healthy donors. Buffy coats,
obtained by gradient centrifugation with Ficoll-Paque plus (Amer-
sham Biosciences, Piscataway, N.J., USA), were collected and put
in a 25-cm? flask (Falcon™) with 10 ml of culture medium, AIM-V
(Gibco Invitrogen Corp., Carlsbad, Calif., USA). After 1-hour in-
cubation, non-adherent cells were removed, while adherent cells
(PBM) were cultured with 10 ml of fresh AIM-V supplemented with
1,000 U/ml each of GM-CSF and IL-4. We exchanged one-half
volume of the culture medium every other day. After 6 days’ incu-
bation, non-adherent cells were harvested, resuspended, and used
as DCs in the present study. In some experiments, PBM derived
from pancreatic cancer patients with informed consent were used
for DC propagation.

Flow Cytometry Staining

The following fluorochrome-conjugated monoclonal antibodies
(mAb) were used for flow cytometry staining to assess the pheno-
type of propagated DCs: FITC-anti-HLA-DR, PE-anti-CD86,
FITC-anti-CD83, and PE-anti-CD14. In addition, purified anti-
CDla mAb was used with FITC-anti-mouse 1gG1 mAb second-
arily. To detect contaminated lymphocytes in the harvested sam-
ples, PE-anti-CD3, FITC-anti-CD4, FITC-anti-CD8, and PE-anti-
CD19 mAbs were used. In each staining, isotype-matched IgG
mAbs were used as negative controls. All of these mAbs were pur-
chased from Pharmingen (San Diego, Calif., USA).

Cellular Labeling

DCs and/or tumor cells in the culture were labeled with fluores-
cent membrane-bound molecules, SP-DilC,g [3] (Dil) or SP-
DiOC 5 [3]1(DiO) (Molecular Probes, Eugene, Oreg., USA) accord-
ing to the manufacturer’s instructions. Labeled cells were exten-
sively washed with PBS and resuspended in fresh culture media
before the experiments.

Fluorescent Microscopy

We used an inverted microscope system, Eclipse TE 300 (Nikon,
Tokyo, Japan), combined with HB-10103 AF (Nikon), for fluores-
cent microscopic examination. Photographic data were digitally
acquired and analyzed using Fujix Photograb 300Z version 2.01
software (Fuji Photo Film, Tokyo, Japan).

Results

Irradiation Could Induce both Apoptosis and

Necrosis in Pancreatic Cancer Cells

We, at first, examined whether irradiation could in-
duce cell death in pancreatic cancer cells. To detect apop-
tosis or necrosis, we employed a flow cytometry protocol
using annexin V and PI [13]. When PK-1 was irradiated
at 30 Gy, both apoptosis (annexin V-positive, Pl-nega-
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Fig. 2. Phenotype of harvested DCs.

tive) and necrosis (annexin V and PI, double positive)
were detected 3 h after irradiation, and dead cells in-
creased during the time course up to 6 h (fig. 1b, ¢). Next,
we tested the effects of different doses of irradiation on
the cell death induction. When harvested at the same time
point, PK-1 irradiated at higher doses was more likely to
undergo both apoptosis and necrosis (fig. 1d-f). Then,
different tumor lines were used in the same experiment.
All tumor cells showed both apoptotic and necrotic
change to some extent. Interestingly, MIAPaCa-2 was
more likely to undergo apoptosis than necrosis, while in
the other two cell lines the opposite tendency was ob-
served (fig. 1g-1).

DCs Phagocytize Irradiated Pancreatic Cancer Cells
We propagated immature DCs from PBM using GM-
CSF and IL-4. The phenotype of the DCs used in this

Interaction of Immature DCs with
Irradiated Pancreatic Cancer Cells

study is shown in figure 2. We defined immature DCs as
CDla-positive, CD14-negative, and CD83-negative.
Contamination by lymphocytes (CD3*, CD4*, CD8" or
CD19%) was less than 5% (data not shown).

We investigated whether these DCs could phagocytize
irradiated pancreatic cancer cells using fluorescent mi-
croscopy and a flow cytometric procedure. Dil-stained
MIAPaCa-2 (fig. 3a) was irradiated at 30 Gy, and put in
a 6-well plate together with DiO-stained DCs (fig. 3b).
These cells were co-incubated for up to 18 h, and the in-
teraction of DCs with irradiated MIAPaCa-2 was ob-
served under fluorescent microscopy. DCs contacting the
tumor cells were observed as early as 4 h after co-incuba-
tion (fig. 3c). After 18 h, not all but many DCs were found
to contain tumor-derived apoptotic bodies within them
(fig. 3d). Some DCs containing apoptotic bodies showed
‘dendritic processes’ (fig. 3e).
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Fig. 3. Fluorescent microscopy for interaction of DCs with irradi-
ated cancer cells. a Dil-stained MIAPaCa-2 after irradiation, which
showed apoptotic blebbing. b DiO-stained DCs. ¢ DCs contacting
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derived apoptotic bodies, 18 h after co-incubation. e Apoptotic
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To confirm the DCs’ uptake of dead MIAPaCa-2, flow
cytometric examination was performed. Dil-stained
MIAPaCa-2 was irradiated at 30 Gy, and co-incubated
in a 6-well plate with unstained DCs. After 18 h, all cells
were harvested and stained with FITC-conjugated an-
tibodies against CDla or HLA-DR. Flow cytometric
analysis revealed that most DCs (CD1a* or HLA-DR™)
showed positive fluorescence for Dil indicating that the
DCs contained Dil-positive tumor fragments (fig. 4).

Discussion

In this study, we first examined how irradiation killed
pancreatic cancer cells. Flow cytometric experiments re-
vealed that both apoptosis and necrosis could be induced
in the tumor cells by ionizing radiation. The apoptotic
change observed in irradiated pancreatic cancer cells has
intriguing implications. p53 is thought to be required to
induce apoptosis, whereas all the tumor cells used in this
study were p53-deficient cancer cell lines [16-18]. Ac-
cordingly, the apoptosis induced in irradiated tumor cells
could proceed in a pS53-independent manner.

DCs are able to present antigens via MHC class I as
well as class 11 [19]. Endogenous antigens such as proteins
derived from infected viruses are degraded through the
ubiquitin-proteasome system in the cytosol to 8- to 9-
amino-acid fragments, which are then transported into
the endoplasmic reticulum, where they become associ-
ated with MHC class I molecules and are thus delivered

Interaction of Immature DCs with
Irradiated Pancreatic Cancer Cells

to the cell surface [20]. On the other hand, exogenous an-
tigens are internalized by phagocytosis or pinocytosis,
processed through the endosome/lysosome system with-
out entering the cytosol, captured by MHC class II mol-
ecules and presented on the cell surface [21]. In addition,
DCs have the ability to present exogenous antigens on
MHC class I, which is called ‘cross-presentation’ [22].
Internalized exogenous antigens are transferred to the cy-
tosol in an undefined manner, ubiquitinated, processed
by proteasome, transported into the endoplasmic reticu-
lum and presented on MHC class I. However, the presen-
tation of exogenous antigens on MHC class I or II may
be regulated by the state of maturation of DCs [23]. For
cross-presentation by DCs, apoptotic bodies were first
proposed to be the best source of antigens [22], whereas
later studies suggested that necrosis or inflammatory sig-
nals, but not apoptosis, was necessary to induce the mat-
uration of DCs [24, 25]. Although further investigations
are required, both apoptosis and necrosis might be indis-
pensable for effective cross-presentation. In this sense,
ionizing radiation can facilitate cross-presentation by
DCs, since it can mduce both types of death in pancre-
atic cancer cells — apoptosis and necrosis. If DCs encoun-
tered irradiated tumor cells, they would phagocytize the
apoptotic cells, and the surrounding necrotic cells might
stimulate DCs to maturate. We proved here that DCs
could internalize irradiated pancreatic cancer cells, al-
though we could not show that such dead cells were apop-
totic or necrotic. The present study may, however, be
insufficient to confirm that DCs really cross-present TAAs
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derived from phagocytized tumor cells, because we could
not utilize MHC-matched DCs and pancreatic cancer
cells. Nevertheless, we provided some evidence suggest-
ing that irradiated cancer cells could be used in DC-based
immunotherapy against pancreatic cancer.

Clinical DC trials have already started for pancreatic
cancer as well as other malignancies. Due to the lack of
available TAA peptides of pancreatic cancer, several mo-
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Abstract Now that more than two decades have passed
since the first reports of intraductal papillary-mucinous
neoplasms (IPMNs), it has become clear that IPMN
consists of a spectrum of neoplasms with both morpho-
logical and immunohistochemical variations. At a meeting
of international experts on pancreatic precursor lesions
held in 2003, it was agreed that a consensus classification
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of IPMN subtypes should be established to enable a more
detailed analysis of the clinicopathological significance of
the variations. Based on our experience and on information
from the literature, we selected representative histological
examples of IPMNs and defined a consensus nomenclature
and criteria for classifying variants as distinctive IPMN
subtypes including gastric type, intestinal type, pancreato-
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biliary type, and oncocytic type. These definitions can be
used for further analyses of the clinicopathological signif-
icance of the variations of IPMN.

Keywords Pancreatic tumor - Intraductal papillary-
mucinous neoplasm - Classification - MUC

introduction

The first cases of intraductal papillary-mucinous neoplasm
(IPMN) were reported in the 1970s and 1980s [17, 23]. In
the 1990s, the term IPMN was coined, and the tumor
was established as a special entity among the pancreatic
neoplasms [25]. It was also found that IPMN is related to
invasive pancreatic adenocarcinoma because one third of
IPMNs have an associated invasive adenocarcinoma and
some patients with a noninvasive IPMN subsequently
develop either invasive colloid (imucinous noncystic) car-
cinoma or invasive ductal adenocarcinoma [5, 9, 10]. Dur-
ing the more than two decades that have passed since its
first description, a number of reports have been published,
and it has become clear that IPMNs include a spectrum of
neoplasms with both morphological and immunohisto-
chemical variations. These variations include neoplasms
with tall columnar cells arranged in relatively short papillae
without significant atypia, those with villous projections
lined by cells with significant atypia, those with complex
branching papillae containing cells with marked atypia,
and those with oncocytic cells with complex papillae (2, 4,
8, 22, 30]. Several authors have proposed classification
systems for the spectrum of morphologies seen in IPMNs
[4, 8, 22, 30]. One such system divides IPMNs into clear-,
dark-, and compact-cell types according to the density of
the cytoplasm, shapes of the epithelial cells, and expres-
sion patterns of glycoproteins contained in mucin (MUCs),
while another system separates IPMNs into intestinal,
pancreatobiliary, and oncocytic subtypes primarily based
on their architecture and cytology [4, 22, 30].

At a meeting of international experts on pancreatic
precursor lesions held at the Johns Hopkins Hospital
from August 18 to 19, 2003, a basic definition of an [PMN
that is employed in the current study (Table 1) was worked
out, and it was agreed that a consensus classification of
[PMN subtypes should be established to make it easier to
compare studies from different institutions and to improve

Table 1 Definition of intraductal papillary-mucinous neoplasm of
the pancreas [14]

Intraductal papillary mucinous neoplasm is a grossly visible,
noninvasive, mucin-producing, predominantly papillary or rarely
flat epithelial neoplasm arising from the main pancreatic duct or
branch ducts, with varying degrees of duct dilatation. IPMNs
usually produce a lesion greater than 1 cm in diameter and include a
variety of cell types with a spectrum of cytologic and architectural

atypia.
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patient care [14]. The purpose of this report is to establish
consensus criteria for the classification of IPMN subtypes
based on histological features and immunohistochemical
reactivities with antibodies to specific types of mucin
(MUCs).

Materials and methods
Review of slides

Representative slides of candidate subtypes of IPMNs were
selected from the pathology files of Tohoku University
Hospital. They were chosen so as to represent a broad
spectrum of the morphological variations of IPMN, based
on discussions at the Baltimore meeting and including
information from the literature and personal communica-
tions. The slide set consisted of ten cases. Each case con-
sisted of four slides, one stained with hematoxylin and
eosin and one each labeled for MUCI, MUC2, and
MUCSAC. The slides were reviewed by the authors inde-
pendently and subsequently discussed at an international
meeting in Sendai, Japan (July 2004). The goal of this
meeting was to establish an international consensus on the
classification of IPMNs.

Immunohistochemistry

The primary antibodies employed were a monoclonal
antibody to MUC1-core (clone Ma552, Novocastra Lab-
oratories Ltd., Newcastle upon Tyne, UK, 1:100), a mono-
clonal antibody to MUC2 (clone Ccp58, Santa Cruz
Biotechnology Inc., Santa Cruz, CA, USA, 1:600), and a
monoclonal antibody to MUC5SAC (clone CLH2, Chemi-
con International Inc., Temecula, CA, USA, 1:1000). Paraf-
fin sections cut at 4 pm were dewaxed with xylene and
hydrated with serial immersing in 100, 90, 70, and 50%
ethanol solutions and distilled water. Antigen retrieval was
performed by incubating slides in boiled citric acid buffer
(0.18 mM citric acid, 0.82 mM sodium citrate) for 15 min in
a microwave oven. Indirect immunohistochemical labeling
was performed as follows: The slides were incubated with
PBS containing 0.3% hydrogen peroxide for 30 min to
block the endogenous peroxidase activity. After washing
with PBS, the slides were incubated with the primary
antibody diluted in PBS containing 10% rabbit serum at
4°C overnight. After washing with PBS, the slides were
incubated with the biotinylated rabbit anti-mouse IgG
antibody solution (Nichirei, Tokyo, Japan) for 30 min at
room temperature. The slides were then washed with PBS
and incubated with streptavidin-horseradish peroxidase
solution (Nichirei) for 30 min at room temperature. After
washing with PBS, the slides were incubated with 3, 3'-
diaminobenzidine tetrahydrochloride (DAB) diluted in
PBS containing 0.05% hydrogen peroxide at a final con-
centration in 0.2 mg/ml. The slides were washed with
running tap water and counterstained with hematoxylin.
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Table 2 Consensus nomenclature and criteria for classification of features of four types of intraductal papillary-mucinous neoplasm of the
pancreas

Type Mimicker Criteria Atypia MUCI MUC2 MUCS5AC

Gastric Gastric foveolae  Thick finger-like papillae, eosinophilic > basophilic Mild/ -~ - +
cytoplasm, basally located nuclei. This type may have low-grade
abundant flat areas
Intestinal Intestinal villous  Villous papillae, basophilic > eosinophilic cytoplasm,  Moderate or - + +
neoplasm enlarged oval and hyperchromatic nuclei with severe/
pseudostratification. This type may show low papillae  high-grade
consisting of cells with amphophilic cytoplasm

Pancreatobiliary ~Cholangiopapillary Thin branching complex papillae, moderate amphophilic Severe/ + - +
neoplasm cytoplasm, enlarged hyperchromatic nuclei high-grade

Oncocytic Oncocytic Thick branching complex papillae with intracellular and Severe/ + - +
neoplasm intraepithelial lumina, abundant eosinophilic (oncocytic) high-grade

cytoplasm, large round nuclei with prominent nucleoli

Results IPMN subtypes based on morphological features and the
immunohistochemical reactivity for MUCs (Table 2) are

All participants agreed that the IPMN cases provided presented.

covered representative histological variations of IPMN The gastric-type IPMN consisted of cells resembling

and that they can be subclassified into four types. In the gastric foveolae and usually showed low-grade atypia cor-

following, the consensus criteria for the classification of responding to a diagnosis of intraductal papillary-mucin-
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Fig. 1 Representative images of the subtypes of intraductal oncocytic type. Hematoxylin and eosin staining (a, e, i, m) and
papillary-mucinous neoplasm of the pancreas. a-d The gastric immunohistochemical stainings of MUCI (b, {, j, n), MUC?2 {(c, g,
type; e-h the intestinal type; i-l the pancreatobiliary type; m—p the K, o), and MUCSAC (d, h, 1, p) '



ous adenoma (Fig. 1a). They expressed MUCSAC but were
negative for MUC1 and for MUC2 (Fig. 1b-d). The gas-
tric-type IPMN corresponded to the previously reported
null type or the clear-cell type of IPMN {6, 22, 30]. The
gastric-type IPMN often presented as a small cystic lesion
involving branch ducts of the pancreas. This type of
IPMN sometimes merged with other subtypes of IPMNs
(Fig. 2c,d).

The intestinal-type IPMN resembled intestinal villous
neoplasms with tall columnar epithelial cells that usually
showed moderate- or severe/high-grade atypia correspond-
ing to borderline or in situ carcinoma (Fig. 1e). It corres-
ponded to the previously reported dark-cell type of IPMIN
[22, 30]. The intestinal-type IPMN usually showed large
cystic lesions involving the main duct and several branch
ducts. Occasionally, there were small papillae with goblet-
cell-like appearance with low-grade atypia (Fig. 2a,b). The
neoplastic cells consistently expressed MUC2 and MUC
5AC but were negative for MUC1 (Fig. 1{-h).

The pancreatobiliary type of IPMN consisted of cells
resembling cholangiopapillary neoplasms and showed
complex, thin, branching papillae with severe/high-grade
atypia corresponding to carcinoma in situ (Fig. 1i). The
lesion was at least focally positive for MUC!1 and consis-
tently expressed MUCS5AC but not MUC2 (Fig. 1j-1).

The oncocytic type of IPMN consisted of cells with
abundant, intensely eosinophilic cytoplasm and showed
complex thick papillae with intraepithelial lumina and
severe/high-grade atypia corresponding to carcinoma in
situ (Fig. 1m). The oncocytic type of IPMN corresponded
to the previously reported compact-cell type IPMN [22].
This IPMN subtype expressed MUCS5AC consistently and
MUC]1 focally but was negative for MUC2 (Fig. 1n-p).

While it was the consensus of the group that the
classification of IPMNs into these well-defined subtypes
will help standardize the reporting of IPMNs, it was rec-
ognized that IPMNs often are composed of a combination
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Fig. 2 Variation of the intestinal type mimicking goblet cells
(hematoxylin and eosin) (a) and its immunohistochemical stammg
of MUC2 (b). Examp]es of mixed areas combining the gastric type
and the intestinal type (¢) and the gastric fype and the pancreato-
biliary type (d). Images show immunohistochemical stainings of
MUC?2 (c) and MUCI (d)
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of more than one cell type. The group therefore proposed
that each IPMN should be subclassified by the dominant
component and that any other sxgmﬁcant subtypes present
should be documented. In case of an invasive carcinoma
associated with TPMN, the subtypes of the intraductal
component should be evaluated and noted, especially in
areas associated with the invasive component.

Discussion

The diagnostic term IPMN encompasses a spectrum of
intraductal mucin-producing neoplasms composed of a
variety of cell types showing distinctive architectural and
histochemical features [19, 25]. An international panel of
experts was assembled to establish a nomenclature for
classifying the subtypes of IPMNs. Based on the experi-
ence of the panel, information from the literature, and a
review of a selected series of IPMNs, consensus criteria
for the classification of subtypes of IPMNs were agreed
upon. These definitions should facilitate further analyses
of the clinicopathological significance of the variations
of IPMN.

The panel of experts agreed unanimously that four types
of IPMN can be distinguished among the series of cases
that had been studied. These IPMN types were classified as
gastric, intestinal, pancreatobiliary, or oncocytic type.

According to the currently available data, the gastric-
type IPMN usually presents as relatively small cystic le-
sions in peripheral branch ducts with low-grade atypia,
mostly corresponding to intraductal papillary-mucinous
adenoma, while the other subtypes of IPMN usually pres-
ent as large lesions involving the main duct and connect-
ing branch ducts with marked atypia, mostly corresponding
to intraductal papillary-mucinous neoplasm in the border-
line category or intraductal papillary-mucinous carcinoma
[4, 28]. These latter types of IPMN are often associated
with an invasive adenocarcinoma [10, 18, 28].

We present this subclassification of IPMN to aid in
the comparison of studies from different institutions. One
interpretation of our findings is that the types of IPMN
described here may simply be a manifestation of a spec-
trum in the differentiation and progression of a single
lineage of IPMN and that these morphologies may, in part,
reflect the degree of dysplasia. IPMN may be a progres-
sive neoplastic lesion, in which a small cystic lesion with
low-grade atypia may progress to large multicystic ductal
lesions with severe atypia and complex histological archi-
tecture and, eventually, to invasive cancer. Areas with
gastric-type epithelium can be associated with the other
subtypes, implying that the gastric type might be a com-
mon precursor of the other types [6], although we feel that
such a conclusion is premature. Whether the IPMN types
we defined are truly distinctive lineages or variations of a
single progressive neoplastic lineage should be further
clarified by clinicopathological and molecular studies
based on the definitions provided. One study on 51 pan-
creata with IPMNs that compared the various subtypes of
IPMN and aberrations of tumor suppressor genes, includ-
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ing CDKN2A, TP53, SMAD4, and DUSP6, revealed no
significant association [11]. It is hoped that such studies
will lead to an understanding of the mechanisms by which
IPMNs develop and progress.

Pancreatic intraductal neoplasms consisting mainly of
tubular glands of pyloric-gland type have been reported
and designated as “intraductal tubular adenoma” [7, 15].
We did not include examples with predominantly tubular
growth in the current study. However, because focal tubule
formation is often observed in IPMNs, especially those of
the gastric type or the pancreatobiliary type, the authors
would assume that tubular growth may occur in IPMNs and
that neoplasms with a predominantly tubular pattern may
correspond to intraductal tubular adenoma, pyloric-gland
type. The coexistence of papillae and tubules in both
IPMNs and intraductal tubular adenoma suggests that they
may be closely related, albeit distinctive, morphological
features.

MUCs are useful markers for evaluating subtypes of
IPMN [13, 20-22, 29, 30]. MUCI is a component of the
membrane-bound type of mucin and is usually detected
in intralobular ductal lumina in the normal pancreas [1].
MUCI is expressed in invasive ductal adenocarcinoma
of the pancreas, often showing extensive positivity [24].
Among the IPMN subtypes, the pancreatobiliary type
usually shows positivity for MUCI1, which parallels its
association with invasive ductal adenocarcinoma of the
conventional tubular type [6]. The oncocytic type ex-
presses MUCI focally, and while it has been reported to be
associated with invasive oncocytic carcinoma, its associ-
ation with invasive ductal carcinoma is unknown [2].
MUC2 consists of secreted mucin uvsually observed in
intestinal glands and is considered to be a marker of in-
testinal differentiation [12]. The intestinal type of IPMN,
of both villous and goblet-cell features, strongly expresses
MUC?2 [6, 13, 21, 22, 24, 30]. The intestinal differentiation
of this subtype of IPMN was supported by the demon-
stration that they also express CDX2, a homeobox gene
involved in intestinal development [6]. MUCSAC is ex-
pressed by mucous surface cells of the stomach. MUC
SAC is not detected in the normal pancreas but is con-
sistently detected by immunohistochemistry in all types of
IPMN [13, 30]. It is also known that pancreatic intraepi-
thelial neoplasia (PanIN), precursor lesions associated
with invasive ductal adenocarcinoma, also consistently ex-
press MUCSAC [16, 21]. PanINs are usually negative for
MUC?2 but often express MUCI, especially in high-grade
atypical lesions [S]. The differential diagnosis between
PanIN and IPMN was discussed in detail in a previous
publication [14].

The prognosis of patients with an [PMN has been shown
to depend on the presence or absence of an associated
invasive carcinoma and, if an invasive carcinoma is pres-
ent, on the histological type of the associated invasive car-
cinoma [26]. Invasive carcinomas associated with IPMN

largely consist of two distinct types, invasive carcinoma
mimicking usual invasive ductal adenocarcinoma and in-
vasive colloid (mucinous noncystic) carcinoma [5, 21].
Patients with an IPMN associated with an invasive colloid -
(mucinous noncystic) carcinoma usually have a better
prognosis than do those with an associated invasive ductal
adenocarcinoma [3, 5].

The classification proposed is based primarily on
morphological features. The immunolabeling for MUCs
may serve as a confirmatory marker for the classification.
We believe our definitions may contribute to an under-
standing of the biologic behavior of IPMN and to better
clinical management. For example, it would be valuable to
determine whether a particular type of noninvasive [PMN
is associated with a particular type of invasive adenocar-
cinoma. It will be also of interest to clarify the relationship
of the intraductal tubular neoplasm of the pancreas [27]
with the types of IPMN described herein.
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