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Autoantibodies to a 140-kd Polypeptide, CADM-140, in
Japanese Patients With Clinically Amyopathic Dermatomyositis
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Tsuneyo Mimori,? Takeji Nishikawa,! Chester V. Oddis,* and Yasuo Ikeda®

Objective. To identify novel autoantibodies spe-
cific for dermatomyositis (DM), especially those specific
for clinically amyopathic DM (C-ADM).

Methods. Autoantibodies were analyzed by immu-
noprecipitation in 298 serum samples from patients
with various connective tissue diseases (CTDs) or idio-
pathic pulmonary fibrosis (IPF). Antigen specificity of
the sera was further examined by immunoblotting and
indirect immunofluorescence (IF). The disease specific-
ity and clinical features associated with the antibody of
interest were determined.

Results. Eight sera recognized a polypeptide of
~140 kd (CADM-140 auteantigen) by immunoprecipi-
tation and immunoblotting, Immunoreactivity was de-
tected in the cytoplasm, and indirect IF revealed a
granular or reticular pattern. Anti-CADM-140 antibod-
ies were detected in 8 of 42 patients with DM, but not in
patients with other CTDs or IPF. Interestingly, all 8
patients with anti-CADM-140 antibodies had C-ADM.
Among 42 patients with DM, those with anti~CADM-
140 autoantibodies had significantly more rapidly pro-
gressive interstitial lung disease (ILD) when compared
with patients without anti~-CADM-140 autoantibodies
(50% versus 6%; P = 0.008).

Conclusion. These results indicate that the pres-
ence of anti~-CADM-140 autoantibodies may be a novel
marker for C-ADM. Further attention should be di-
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rected to the detection of rapidly progressive ILD in
those patients with anti~-CADM-140 autoantibodies.

Polymyositis (PM)/dermatomyositis (DM) is a
chronic inflammatory disorder that culminates in injury
to the skin and muscle and, sometimes, is associated with
interstitial lung disease (ILD) and/or neoplasia (1,2). A
number of autoantibodies are associated with myositis,
including those specific for aminoacyl-transfer RNA
synthetase (anti-ARS) (3), signal recognition particle
(anti-SRP) (4), and Mi-2 (5). These autoantibodies have
proven to be clinically useful in the diagnosis and
classification of these diseases and are predictive of
responses to treatment.

It has been known for some time that certain
patients may have the typical skin manifestations of DM
but no evidence of myositis, a condition known as
amyopathic DM. Recently, Sontheimer proposed the
existence of a unique subgroup of patients with DM who
have the clinical cutaneous features of DM but no
evidence of clinical myositis symptoms for at least 2
years after the onset of skin manifestations (referred to
as clinically amyopathic DM [C-ADM)]) (6). In other
words, C-ADM includes patients with amyopathic DM
and patients with hypomyopathic DM (patients with
subclinical signs of myositis and DM skin manifesta-
tions). Some patients with C-ADM, especially those in
Japan (7), have been noted to develop rapidly progres-
sive ILD. This condition in many of these patients is
resistant to treatment, and fatal outcomes have been
observed.

Because of the severity of ILD accompanying
C-ADM, a marker autoantibody would be useful for
early diagnosis and treatment monitoring, Potential
marker autoantibodies have been described by Targoff
et al, who, in a preliminary study, described specificity
for a 95-kd Se protein, as well as an unidentified 155-kd
protein (8). However, a full survey of the autoantibodies
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associated with C-ADM has not been performed. In the
present study, we examined the sera from 15 Japanese
patients with C-ADM to identify additional autoanti-
bodies associated with this disease.

PATIENTS AND METHODS

Patients and sera. Serum samples were obtained from
255 randomly selected Japanese adult patients with connective
tissue diseases (CTDs) who were being followed up in clinics at
Keio University in Tokyo and collaborating medical centers.
These sera were obtained, prior to therapy, from a cohort of 61
patients with PM, 42 with DM (including 15 with C-ADM), 50
with rheumatoid arthritis, 46 with systemic lupus erythemato-
sus, 27 with mixed CTD/overlap syndrome, 22 with systemic
sclerosis, and 7 with Sjdgren’s syndrome. Sera from 43 patients
with idiopathic pulmonary fibrosis (IPF) and 16 normal human
sera were used as control sera. The diagnosis of C-ADM was
based on diagnostic criteria proposed by Sontheimer (6), i.e.,
DM patients with no clinical muscle symptoms for more than
2 years after the onset of skin manifestations.

The patients were diagnosed as having ILD according
to the results of chest radiography, chest computed tomogra-
phy (CT), and pulmonary function testing, which included the
percent predicted values for forced vital capacity and diffusing
capacity for carbon monoxide. A subset of patients with rapidly
progressive ILD was defined as those presenting with progres-
sive dyspnea and progressive hypoxemia, and a worsening of
interstitial change on the chest radiograph within 1 month
from the onset of respiratory symptoms.

Immunoprecipitation. The immunoprecipitation assay
was performed using extracts of the leukemia cell line, K562, as
previously described (9). A total of 10 ul of patient serum was
mixed with 2 mg of polypeptide A-Sepharose CL-4B (Phar-
macia Biotech AB, Uppsala, Sweden) in 500 pl of immuno-
precipitation buffer (10 mM Tris HCI, pH 8.0, 500 mM NaCl,
0.1% Nonidet P40) and incubated for 2 hours at 4°C, and then
washed 3 times with immunoprecipitation buffer.

For polypeptide studies, antibody-coated Sepharose
beads were mixed with 100 ul of 33S-methionine—labeled K562
cell extracts derived from 2 X 107 cells, and rotated at 4°C for
2 hours. After 6 washes, the Sepharose beads were resus-
pended in sodium dodecyl sulfate (SDS) sample buffer and the
polypeptides were fractionated by 6% SDS-polyacrylamide
electrophoresis gels. Radiolabeled polypeptide components
were analyzed by autoradiography.

For analysis of RNA, the antigen-bound Sepharose
beads were incubated with 100 ul of K562 cell extracts (6 X 108
cell equivalents per sample) for 2 hours at 4°C. To extract
bound RNA, 30 ul of 3.0M sodium acetate, 30 ul of 10% SDS,
2 pl of carrier yeast transfer RNA (10 mg/ml; Sigma, St. Louis,
MO), and 300 pl of phenol:chloroform:isoamyl alcohol (50:
50:1, containing 0.1% 8-hydroxyquinoline) were added. After
ethanol precipitation, the RNA was resolved using a 7M
urea-10% polyacrylamide gel, which was subsequently silver-
stained (Bio-Rad, Hercules, CA).

Immunoblotting. Immunoblotting analysis was per-
formed using K562 cell extracts in a modification of the
procedure described by Towbin et al (10).
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Immunodepletion. A 10-ul aliquot of the prototype
serum of autoantibodies to the 140-kd polypeptide was mixed
with 2 mg of Sepharose beads and incubated for 2 hours at 4°C,
followed by 3 washes with immunoprecipitation buffer. An-
other serum that recognized the 140-kd polypeptide was added
in a dose-dependent manner (0 ul, 10 ul, 25 pl, and 50 pl) and
then incubated. After 3 washes, immunoprecipitation for
polypeptide analysis was performed as described above.

Indirect immunofiuorescence (IF). Indirect IF was
performed using HEp-2 cells and fluorescein-labeled anti-
human immunoglobulin (Inova Diagnostics, San Diego, CA).

Clinical studies. The patients whose sera immunopre-
cipitated a 140-kd polypeptide were examined for their clinical
symptoms, clinical course, muscle enzyme levels (creatine
kinase [CK] and aldolase), results on chest radiographic and
CT scans, and findings of skin pathology. An assessment of
muscle weakness was performed using a manual muscle test
(11). Some patients were also examined by electromyogram
and muscle magnetic resonance imaging (MRI), and by patho-
logic analysis of the muscle.

Statistical analysis. The 2 groups of DM patients with
or without autoantibodies to the 140-kd polypeptide were
compared. The results of comparisons between groups were
analyzed using the chi-square test, with Yates’ correction
where appropriate.

RESULTS

Detection of anti-140-kd polypeptide antibodies
in patients with C-ADM. We screened 298 patient sera
and 16 normal human sera by immunoprecipitation.
Sera from 8 (19%) of 42 patients with DM immunopre-
cipitated a polypeptide of ~140 kd from 33S-
methionine—-labeled K562 cell extracts (Figure 1A, lanes
1-8). All 8 patients were diagnosed as having C-ADM, a
subtype of DM. In the analysis of RNA specificity, these
sera did not immunoprecipitate any nucleic acid band,
except for 1 patient’s serum, which precipitated h'YRNA
of SSA/Ro components.

The C-ADM sera that immunoprecipitated the
140-kd polypeptide were also used to immunoblot K562
cell extracts. These sera from C-ADM patients displayed
a similar reaction on immunoblot, with a polypeptide
band of similar molecular weight (results not shown).

For identification of novel autoantibodies recog-
nizing the 140-kd molecule, the polypeptide immuno-
precipitated by the prototype serum was compared with
antigens of similar molecular weight recognized by other
known autoantibodies (Figure 1B). The protein recog-
nized by the prototype serum migrated slightly faster
than the 140-kd protein recognized by anti-MJ antibody
(Figure 1B, lane 2) and faster than that recognized by
anti-RNA helicase A antibody (Figure 1B, lane 3), but
more slowly than the 120-kd protein precipitated by
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Figure 1. A, Immunoprecipitation of polypeptides with sera from patients with clinically amyopathic dermatomyositis (C-ADM), using 33§-
methionine-labeled K562 cell extracts. Lanes 1-8, Sera from C-ADM patients; lane 9, anti-PL-12 serum; lane 10, control normal human serum
(NHS). A 140-kd protein was recognized by 8 sera from C-ADM patients (lanes 1-8). B, Immunoprecipitation of polypeptides by the prototype
serum and by other known autoantibodies. Lane 1, The prototype anti~-CADM-140 serum; lane 2, anti-MJ serum; lane 3, anti-RNA helicase A
(RFIA) serum; Jane 4, anti-PL-12 (alanyl-transfer RNA synthetase) serum; lane 5, anti-RNA polymerase I, II, and III ( RNAP I, I1, and III) serum;
lane 6, control NHS. Anti-CADM-140 serum immunoprecipitated an ~140-kd polypeptide that was easily distinguished from that of other known
antibodies. C, Immunodepletion studies. Sera used for immunoprecipitation were as follows: lane 1, anti-CADM-140; lane 2, anti—PL-12; lane 3,
control NHS; lanes 4-7, immunoprecipitation with anti-CADM-140 serum after absorption by another anti-CADM-140-positive serum in a
dose-dependent manner. Arrows in A and C denote the 140-kd polypeptide. The sizes of the molecular weight markers are indicated to the left in
A-C. D, Immunofluorescence pattern of HEp-2 cells stained with anti-CADM-140 serum. A granular or reticular cytoplasmic staining pattern on
HEp-2 cells was observed. (Original magnification X 400.)

anti-PL-12 antibody (Figure 1B, lane 4). These results
clearly indicate that the 140-kd polypeptide immunopre-
cipitated by the prototype serum was different from the
proteins immunoprecipitated by these other known an-
tibodies. We designated this new autoantibody specific-
ity as anti~-CADM-140.

The prototype serum depleted extracts of the
140-kd polypeptide in a dose-dependent manner (Figure
1C, lanes 4-7), and the polypeptide recognized by the

prototype serum was no longer immunoprecipitated in
these extracts (Figure 1C, lane 7). In contrast, the
depletion of radiolabeled K562 cell extracts with the use
of autoantibodies of different immunologic specificities
did not affect the levels of the anti-CADM-140-specific
antigen (results not shown). When sera positive for
anti-CADM-140 antibodies were assessed in indirect IF
studies, a granular or reticular cytoplasmic staining
pattern was observed (Figure 1D).
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Table 1. The frequencies of myositis-specific, myositis-associated, and anti~-CADM-140 antibodies in patients with connective tissue diseases and
IPF*
DM (n = 42) . .
Systemic  Sjbgren’s
PM Classic DM C-ADM RA SLE MCTD/OL  sclerosis  syndrome IPF
Autoantibodies (n = 61) (n=127) (n=15) (m=50) (n=46) (n=27) (n = 22) n=7) (n = 43)
Myositis-specific
Anti-ARS (anti-Jo-1) 10 (16) 6 (22) 0 0 0 0 0 0 0
Anti-ARS (non-anti-Jo-1) 10 (16) 2(7) 0 0 0 1(4) 0 0 4(9)
Anti-SRP 5(8) 0 0 0 0 0 0 0 0
Anti-Mi-2 0 2(7) 0 0 0 0 0 0 0
Myositis-associated
Anti-SSA/Ro 3(5 3(11) 2(14) 8 (16) 15 (33) 6(22) 1(5) 5(71) 1(2)
Anti-Ul RNP 2(3) 2(7) 0 1(2) 18 (39) 23(85) 2(9) 0 0
Anti-CADM-140 0 0 8(53) 0 0 0 0 0 0

* Values are the number (%) of patients. Anti-PM/Scl and other myositis-associated autoantibodies were not detected in any of the sera tested.
PM = polymyositis; DM = dermatomyositis; C-ADM = clinically amyopathic dermatomyositis; RA = rheumatoid arthritis; SLE = systemic lupus
erythematosus; MCTD/OL = mixed connective tissue disease/overlap syndrome; IPF = idiopathic pulmonary fibrosis; anti-ARS = anti-aminoacyl-

transfer RNA synthetase; anti-SRP = anti-signal recognition particle.

Disease specificity of the anti~-CADM-140 anti-
bodies. The frequencies of myositis-specific antibodies,
myositis-associated antibodies, and anti~-CADM-140 an-
tibodies are summarized in Table 1. Myositis-specific
antibodies are found in most patients with myositis,
whereas myositis-associated antibodies are frequently
found in patients without myositis (12). Among the
patients with CTDs or IPF, myositis-specific antibodies
(33 with anti-ARS, 5 with anti-SRP, 2 with anti~Mi-2)
and myositis-associated antibodies (44 with anti-SSA/
Ro, 48 with anti-U1 RNP, none with anti-PM/Scl or
other myositis-associated antibodies) were detected.
Anti-CADM-140 autoantibodies were found in 19% of
sera from patients with DM (especially in 53% with the

C-ADM subtype), but were not detected in patients with
other CTDs or IPF.

Clinical features of C-ADM patients with anti—
CADM-140. Clinical findings were compared between
DM patients (including those with C-ADM) with anti~
CADM-140 autoantibodies and those without anti—
CADM-140 autoantibodies (Table 2). There were no
significant differences in the frequencies of skin symp-
toms. However, the frequency of rapidly progressive
ILD was significantly increased in anti-CADM-140-
positive patients compared with that in anti-CADM-
140-negative patients (50% versus 6%; P = 0.008). No
myositis-specific antibodies were found in patients with
anti-CADM-140; nevertheless, there was no significant

Table 2. Comparison of clinical features in anti-CADM-140-positive versus anti-CADM-140-negative

patients with dermatomyositis

Anti-CADM-140—positive

Anti-CADM-140-negative

Feature (n=28) (n = 34) P
Age at onset, mean + SD years 445 = 12.7 46.5 £ 157 NS
No. male/no. female 2/6 8/26 NS
Gottron’s sign or papules 75 88 NS
Heliotrope rash 50 53 NS
Muscle weakness 0 76 0.02
Elevation of CK 25 74 0.03
Fever 25 50 NS
Raynaud’s phenomenon 13 24 NS
Arthritis 50 71 NS
Rapidly progressive ILD 50 6 0.008
Malignancy 0 18 NS
MSAs 0 29 NS
MAAs 13 18 NS

* Except where indicated otherwise, values are the percent of patients. NS = not significant; CK
creatine kinase; ILD = interstitial lung disease; MSAs = myositis-specific autoantibodies; MAAs

myositis-associated autoantibodies.
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difference in the frequency of these autoantibodies in
comparison with the anti-CADM-140-negative group.

None of the 8 patients with anti-CADM-140-
positive sera were treated with steroids or other immu-
nosuppressive medications prior to being assessed for
C-ADM. All of these patients had Gottron’s sign or
papules, or periorbital heliotrope erythema and skin
biopsy specimens yielding results compatible with DM.
None of these patients had muscle weakness. CK levels
were in the normal range in 6 patients (75%) and slightly
elevated in the remaining 2 patients. Of the 6 patients
assessed for the muscle enzyme aldolase, levels were
normal in 2 patients. Of the 2 patients who underwent
muscle MRI, neither showed findings compatible with a
diagnosis of myopathy. Four patients had a muscle
biopsy, and 2 of the muscle specimens exhibited mild
infiltration of inflammatory cells, but there was no
evidence of necrosis of muscle fibers, variation in fiber
size, regeneration, or phagocytosis. Of the 7 patients
with ILD (88%), 4 developed rapidly progressive dis-
ease.

DISCUSSION

We have identified novel autoantibodies (anti—
CADM-140 autoantibodies) to an ~140-kd polypeptide
in patients with DM. Anti-CADM-140 antibodies were
detected specifically in patients with DM, especially
those with C-ADM. In addition, anti-CADM-140 anti-
bodies were associated with rapidly progressive ILD.

It has been reported that amyopathic DM may be
accompanied by rapidly progressive ILD, especially in
Japanese patients and other Asian patients (7)..In
contrast, rapidly progressive ILD was shown to be rare
in patients with amyopathic DM in a North American
population (13). In our series, 5 of 15 patients with
C-ADM (33%) (4 of whom had anti-CADM-140 anti-
bodies) had rapidly progressive ILD during their clinical
course. Rapidly progressive ILD was more frequent in
our series compared with that reported previously in
North American populations (13). Although the number
of patients that we studied was very limited, it remains
possible that racial differences are the reason for this
discrepancy, because other clinical studies of Japanese
patients also demonstrated findings similar to ours (7).

Furthermore, in a recent preliminary report, us-
ing immunoprecipitation and immunoblotting of HeLa
cell extracts, Targoff et al documented the presence of
antibodies to a 155-kd protein and/or Se protein in
patients with C-ADM (8). Thirteen of 18 C-ADM sera
possessed an anti-155-kd polypeptide antibody, and 6

also immunoprecipitated a 95-kd polypeptide (anti-Se
antibody). In contrast, Oddis et al identified the anti-MJ
antibody, which was also found to recognize a 140-kd
polypeptide, in patients with juvenile DM (14,15). We
have been able to conclude that anti-CADM-140 is
distinctively different from anti-MJ, because the molec-
ular weights of the immunoprecipitated polypeptides are
different. Moreover, the clinical features of anti-MJ are
quite different from those associated with anti-CADM-
140. Anti-MJ is detected mainly in juvenile DM, has
been observed in the US and Argentina, and is clinically
characterized by severe DM with a chronic and poly-
cyclic course, sometimes accompanied by vasculitis (14).
In order to elucidate the racial differences in the fre-
quency of these antibodies, the examination of a larger
number of patients from several different populations is
required.

Our results have thus demonstrated the presence
of anti~CADM-140 autoantibodies in patients with
C-ADM, and these were found to be associated with
rapidly progressive ILD. Further studies of this novel
autoantibody specificity may provide insight into the
pathogenic mechanisms of C-ADM accompanied by
rapidly progressive IL.D.
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Immune responses to DNA mismatch repair enzymes hMSH2 and hPMS1 in
patients with pancreatic cancer, dermatomyositis and polymyositis
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To identify tumor antigens useful for diagnosis and immunother-
apy of patients with pancreatic ductal adenocarcinoma, we
applied a SEREX approach with a ¢cDNA library made from 5§
pancreatic cancer cell lines and sera obtained from 8 patients with
pancreatic cancer, and isolated total 32 genes, including 14 previ-
ously characterized genes and 18 genes with unknown functions.
Among these isolated antigens, serum IgG antibodies for 2 isolated
DNA mismatch repair enzymes, Homo sapiens mutS homolog 2
(hMSH2) and Homo sapiens postmeiotic segregation increased 1
(hPMSI), were detected in patients with pancreatic ductal adeno-
carcinoma and dermatomyositis (DM), and polymyositis (PM),
but not in sera from healthy individuals. Immunohistochemical
study demonstrated that hMSH2 and hPMS1 were over-expressed
in pancreatic ductal adenocarcinoma compared to normal pancre-
atic ducts. These results suggested that hMSH2 and hPMS1 may
be useful as CD4+ helper T cell antigens for immunotherapy of
pancreatic cancer pafients and that serum IgG antibodies may be
useful for diagnosis of patients with pancreatic ductal adenocarci-
noma and DM/PM.

© 2005 Wiley-Liss, Inc.
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mismatch repair enzyme

Early diagnosis and curative treatment are still difficult for pan-
creatic ductal adenocarcinoma despite of increased incidence rate.'
New diagnostic and therapeutic methods, including new chemo-
therapy, intra-operative irradiation and cytology of pancreatic juice
for detection of minimally infiltrated carcinoma in situ, are being
applied. However, local recurrences or remote metastases, particu-
larly in liver, often result in poor prognosis even in the patients for
whom curative resection was performed.”* Immunotherapy may
be one of the additional therapeutic modalities for patients with
pancreatic cancer since immunotherapies previously conducted on
the patients with pancreatic cancer appeared to demonstrate some
anti-tumor effects. However, it has not been easy to improve the
immunotherapies, since mechanisms for the immunological tumor
rejection has not been analyzed well in patients with pancreatic
cancer partly due to the limited number of identified pancreatic
cancer antigens, including MUC-1, K-ras, Her2/neu and p53.

Human tumor antigens recognized by T cells have recently been
identified using various methods, including cDNA expression
cloning with tumor reactive T cells*™® or patients’ serum IgG anti-
bodies (Ab) and various systematic genetic analysis along with
currently well established gene databases. Since generation of
tumor reactive T cells are relatively difficult in many cancers in
the exception of melanoma, we have applied cDNA expression
cloning with sera from cancer patients, called SEREX (serological
identification of tumor antigens by cDNA expression cloning), for
the identification of tumor antigens in various cancers including
melanoma,’ glioma,® colon cancer” and bladder cancer.'”

In our study, we isolated tumor antigens using SEREX with sera
from patients with pancreatic ductal adenocarcinoma. Among the
identified antigens, 2 DNA mismatch repair enzymes, hMSH2 and
hPMS|1, were found to over-express in pancreatic ductal adenocar-
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cinoma by immunohistochemical analysis, and their antibodies
were detected in sera from patients with various cancers, particu-
larly with pancreatic ductal adenocarcinoma, and in sera from
patients with dermatomyositis/polymyositis (DM/PM), but not
sera from healthy individuals. Therefore, hMSH2 and hPMS1 are
immunogenic antigens in multiple patients with pancreatic doctal
adenocarcinoma, indicating that they may be useful for immuno-
therapy of pancreatic cancer. Furthermore, serum Ab may be use-
ful for diagnosis of pancreatic cancer and DM/PM.

Material and methods
Cell lines and tissues

Pancreatic ductal adenocarcinoma cell lines, PK1, PK8, PK9,
PK45P and PK59, were established in Tohoku University, cul-
tured in RPMI1640 medium supplemented with 10% FBS, 2 mM
L-glutamine, 10 mM HEPES, 6 ug/l epidermal growth factor, 150
units/ insulin, 0.5 mg/l hydrocortisone, 10 mg/l transfersin, 100
1U/ml penicillin and 100 pg/ml streptomycin. Pancreatic ductal
adenocarcinoma cell lines, Panc-1, MIAPaCa-2, AsPC-1 and
BxPC-3, and colon cancer cell lines, Colo201, DLD-1 and Nota,
were cultured in 10%FBS RPMI11640. Colon carcinoma cell lines,
Colo320, SW837 and LoVo, were cultured in 10%FBS DMEM.
Tumor specimens were obtained from patients who had undergone
surgical resection at Tohoku university hospital or Keio university
hospital with informed consent according to institution guidelines.
These specimens were stored in —80°C.

Profiles of patients wirh pancreatic ductal adenocarcinoma
used for inmunoscreening of the cDNA library and of patients
with DM/PM

Sera from 8 patients with advanced pancreatic ductal adenocar-
cinoma patients (Table I) admitted in Tohoku University hospital
or Keio University hospital were used for immunoscreening. Sera
from patients with 119 DM/PM, 10 rheumatoid arthritis, 10 sys-
temic lupus erythematodes (SLE), 10 sclerosis, 10 tuberculosis
and 2 brain abscesses in Keio University hospital were used for
serum screening.
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TABLE I - PROFILES OF THE PATIENTS AND NUMBERS OF THE ISOLATED CLONES BY SEREX ™

Patient Age  Sex C;]t‘:“;‘;‘l] Pathological featore hlg:_ggﬁ;g d lz(;:;éle:c Numl::‘r of dlgll[]lz\;?q Uncf‘lr&:triz;céﬁgized
i clones antigens

PA1 70 F 1vb Moderately differentiated adenocarcinoma

PA2 66 F Vb Poorly differentiated adenocarcinoma 7.0 X 10° 18 11 10 1

PA3 61 M IVb N.D.

PA4 54 F ol Adenosquamous carcinoma

PAS 64 F IVb Moderately ditferentiated adenocarcinoma

PA6 49 M m Intraductal-papillary mucinous carcinoma 6.4 X 10° 12 7 4 3

PA7 63 M 111 Moderately differentiated adenocarcinoma

PAS 83 M Vb N.D.

Total 13x10° 30 18 14 4

Construction of the cDNA library from human pancreatic
ductal adenocarcinoma cell lines and immunoscreening with
patients’ sera (SEREX)

Total RNA was extracted from human pancreatic ductal adeno-
carcinoma cell line PK1, PK8, PK9, PK45P and PK59, by cesium
gradient ultracentrifugation. Poly(A)+ RNA was purified twice
from a mixture of 5 pancreatic cancer total RNA with latex beads
coated with oligo-dT (Oligotex-dT 30 super mRNA Purification
kit; Takara, Kyoto, Japan). A lambda phage cDNA library was
constructed using lambda ZAP II (Stratagene, La Jolla, CA) as pre-
viously described.” The primary size of the library was 3.1x10°
pfu. For immunoscreening, 2 mixtures of sera from 4 patients with
pancreatic ductal adenocarcinoma were diluted 1:15 in 5% skim
milk supplemented Tris-buffered saline (TBS) with 0.01% sodium
azide. To remove anti-E.coli and anti-lambda phage antibodies,
they were first absorbed with E. coli lysates overnight and then the
1:100 diluted solution in 5% skim milk TBS was absorbed with no
insert lambda phages on nitrocellulose membrane. The cDNA
library was screened with the serum mixtures as previously
described.'! Briefly, cDNA library was plated at the 1.5X10%dish
and transferred to nitrocellulose membranes with IPTG. The mem-
branes were incubated with the serum mixtures and then clones
recognized by serum IgG Ab were detected by enzymatic dye reac-
tion with alkaline phosphatase conjugated anti-human IgG-Fc anti-
body. Positive clones were further purified by additional immuno-
screening. The isolated ¢cDNAs were amplified by PCR with T3
sense and T7 antisense primers and sequenced using the Big Dye
Terminator Cycle Sequencing Ready Reaction kit and ABI Prism
310 or 3100 automated sequencer (Foster City, CA). The isolated
c¢DNAs were analyzed by comparing genetic databases.

Real-time RT-PCR and Northern blot analysis

Total RNA was extracted from various cell lines and pancreatic
ductal adenocarcinoma tissues by cesium gradient ultracentrifuga-
tion. Total RNAs of various normal tissues were purchased from
CLONTEC (Palo Alto, CA), BioChain Institute (Hayward, CA),
Cell Applications (SanDiego, CA), CHEMICON International
(Temecula, CA) and Stratagene. cDNAs were synthesized from
total RNA by reverse transcriptase (M-MLV Reverse Transcrip-
tase, Promega Corp., Madison, WI). The mRNAs for h(MSH2 and
hPMS1 were quantitatively measured by TagMan real-time RT-
PCR with the specific probes (Hs00179857 and Hs00153333) and
the TagMan Universal PCR Master Mix Kit (Applied Biosystems)
and the ABI Prism 7900 Sequence Detection System. GAPDH
was used as an internal control and amplified in a same tube to
normalize variance of the input RNA. The level of target mRNA
in various samples was estimated by the 2[-Delta Delta C(T)] rela-
tive quantification method. A ratio of the mRNA in various sam-
ples to that of colon tissue was determined.

Northern blot analysis was 7perf01med using 10 pg of total
RNAs as previously described.” Briefly, total RNA was electro-
phoresed in a 1.0% formaldehyde agarose gel and transferred to a
nylon membrane (Hybond-XL; Amersham Biosciences, Piscat-

away, NJ). The membranes were incubated in QuickHyb Hybrid-
ization Solution (Stratagene) with P-32 labeled cDNA probes pre-
pared using the High Prime DNA Labeling kit (Boehringer
Mannheim), washed in 0.1% SDS 0.1 XSSC solution and radioactiv-
ity was detected with BAS-2500 or 5000 (Fujifilm, Tokyo, Japan).

Immunohistochemistry

Three micrometer thick slices were prepared from formalin-
fixed and paraffin-embedded tissues, deparaffinized in xylene and
soaked in 100% cthanol. The slides were processed in 0.3% hydro-
gen peroxide aqua/99% methanol for 30 min to block the endoge-
nous peroxidase and dipped into 10 mM citrate buffer, and heat-
treated at 120°C for 10 min for antigen retrieval. Blocking was
performed by incubation with 10% mouse serum or rabbit serum
for 30 min. The tissues were then treated with 200-fold diluted
anti-human MSH2 monoclonal antibody G219-1129 (PharMingen,
San Diego, CA) or 1,000-fold diluted anti-human PMS1 polyclo-
nal antibody sc-615 (Santa Cruz, Santa Cruz) overnight at 4°C.
The tissues were reacted with the secondary antibody, either His-
tofine Simple Stain PO (M) or (R) (Nichirei, Tokyo, Japan), at
room temperature for 30 min. Detection was performed by dipping
into 150 ml of 10 mM DAB (WAKO, Osaka, Japan). Sections
were counterstained with methylgreen.

In vitro transcription/translation of RPMS1 and
immunoprecipitation assay

In vitro transcription/translation was performed using Single
Tube Protein System 3, T7 (Takara Shuzo). Briefly, isolated
hPMS1 cDNA clone was amplified by 30 cycles of PCR using the
Pyrobest kit (Takara Shuzo) with the sense primer (5-AATGAAA-
CAATTGCCTGCGGC-3') and the antisense primer (5-TGCTGT-
TTTATGACAGAACCA-3). It was mixed with the PCR products
and incubated with End Conversion mix at 22°C for 5 min and then
incubated with 4 U of T4 DNA ligase, pT7 Blue-2 Blunt Vector at
22°C for 1 hr. This cDNA template was amplified by 30 cycles of
PCR using Ex Taq kit (Takara Shuzo) with the R20mer (§'-CAGC-
TATGACCATGATTACG-3") and the hPMSI-antisense primer.
Amplified cDNA template was used for in vitro transcription and
translation reaction with the S-35-labeled methionine. Translated
proteins were separated and identified in 10% SDS-PAGE. Radioi-
sotope was detected in BAS 2500 or 5000 (Fujifilm).

Immunoprecipitation was performed with the in vitro translated
S-35-labeled hPMS| protein. Ten microliters of sera was mixed
with 2 mg of Protein A- Sepharose CL-4B (Pharmacia, Inc., Pis-
cataway, NJ) in TBS buffer (10 mM Tris-HCI, pH 7.4, and 140
mM NaCl) and incubated overnight at 4°C. Sepharose absorbed in
IgG was washed in immunoprecipitation (IPP) buffer (10 mM
Tris-HCI, pH 8.0, 500 mM NaCl and 0.1%Nonidet P-40) 3 times.
Absorbed Sepharose was mixed with 5 pl of the in vitro translated:
protein and incubated at 4°C for 2 hr. The Sepharose was washed
by IPP buffer 5 times, dissolved in 1XSDS gel-loading buffer
(50 mM Tris-HCl, pH 6.8, 100 mM dithiothreitol, 2% SDS, 0.1%
bromophenol blue and 10% glycerol) and heat-treated for 100°C
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TABLE II - ISOLATED ANTIGENS BY SEREX WITH SERA FROM PATIENTS WITH PANCREATIC CANCER

Clone name ][:1:;: tl:: firé)ltm o Length nf(&(}:;ﬂed clone Identity Aﬁﬁiigle(:“ Clh(::zlllrllqu(t)lr:nﬂ
f1 4 3.2 hPMS1 BF210947 Ch.2
2 2 22 hMSH?2 AUI131598 Ch.2
3 2 2.5 SOX13 Al014340 Ch.1
4 2 1.4 HRY AL552433 Ch.3
5 2 5 KIAAQ0580 AU140056 Ch.4
t6 1 2.1 Translocase of inner AU121643 Ch.19
mitochondrial membrane (TIM) 44
7 1 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 (HAX1) BF212858 Ch.1
fi1 l 1.6 ZNF 207 BE617467 Ch.17
sl 5 1.5 hnRNP methyltransferase (HMT)1 AU131177 Ch.19
s2 2 2.3 IMAGE: 3480396 3 BF059745 Ch.22
$3 1 2 Kinectin 1 BEB16123 Ch.14
s4 1 2.3 Chromosome?22 clone RP-43L2 Al814302 Ch.22
s5 1 32 Hypothetical protein AI089375 Ch.9
DKFZp761 D1823
s6 2.3 RUNX2 BF(059745 Ch.6
s7 1 2.5 p53 BF342477 Ch.17
TABLE III - FREQUENCY OF SERUM IgG Ab SPECIFIC FOR THE SEREX IDENTIFIED ANTIGENS
i eali o o s ages St Colon cancer i .
oy, Pue Rl Boplugel gy Pt Brdder o
(n=234) (n=37) (h=18) (n=10) tr = 10) (n=10) (n=10) MS_I (& MS_{ ) (n=0) =1
=10 @w=7
hMSH2 0 5 1 0 0 1 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 1 0
MRPL12 0 2 0 0 1 1 0 0 0 0 0
HMT1 0 2 0 0 0 2 0 0 0 0 0
HAXI 0 1 0 1 0 0 0 0 0 0 0
ZNF207 0 1 0 0 0 1 0 0 0 0 0
RP-43L.2 0 1 0 0 1 0 0 0 0 1 Q
KTNI 4 8 0 0 0 5 2 0 2 1 3
IMAGE:3480396 3’ 4 5 1 1 0 1 0 2 0 0 0
KIAA0580 2 4 0 2 1 1 0 1 0 1 0
RUNX2 4 4 3 1 0 2 0 { 0 0 0
TIM44 1 2 0 0 0 i 1 1 0 1 0
p53 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 hMSH2 protein and Western blot
analysis

The ZMSH2 cDNA was amplified by PCR with primers contain-
ing BamH1(5') and Nor1(3") sites (5-GGATCCATGGCGGTG-
CAGCCGAAGGA-Y and 5'-GCGGCCGCTCACGTAGTAACTT-
TTATTC-3') from the lambda phage isolated by SEREX. The PCR
products were digested with BamH1 and Not! (TAKARA), and
ligated into the expression plasmid, pET16b. The recombinant pro-
tein was expressed in E.coli AD49§1£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 pg of recombinant hMSH2 protein was electrophor-
esed on 8.5% polyacrylamide-SDS gel and transterred 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-
indoly] phosphate and nitro blue tertazorium.

Statistical analysis

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

Results

Isolation of tumor antigens by ¢cDNA expression cloning with 1gG
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, PK45P
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 si—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 HMT/, 4 DNA mismatch
repair enzyme APMS] and 2 DNA mismatch repair enzyme AMSH2
were isolated (Table 11). These isolated antigens include molecules
possibly related to formation of malignant phenotypes, including
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F1Gure 1 — mRNA expression of h(MSH2 and hPMS 1. (¢) High expression of hMSH2 and hPMST in MSI negative cancer cell lines. Northern
blot analysis was performed for hMSH2 and hPMS1 in MSI positive and negative cancer cell lines. Both hMSH2 and hPMS1 showed lower
expression in MSI positive pancreatic ductal adenocarcinoma cell lines (PK59, MIAPaCa2 and AsPC!) and colon cancer cell lines (Nota and
DLD1) than MSI negative pancreatic ductal adenocarcinoma cell lines (PK9, Pancl and BxPC3) and colon cancer cell lines (Colo320, Colo201
and SW837). Colon cancer cell line LoVo with homozygous hMSH2 gene deletion only expressed hPMS1. (&) The expression of hMSH2 and
hWPMS1 in various normal tissues and pancreatic carncer 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 TagMan real-time RT-PCR. GAPDH was used as an internal control. The mRNAs in various samples were estimated by the 2[-Delta Delta

C(T)] relative quantification method. A ratio of the mRNA of various samiples to that of colon was shown.

transcription factor SOX13, oncogene pS53, methyltransferase HMT]
and DNA mismatch repair enzymes AMSHZ and hPMS].

Screening of IgG Ab reacting to the SEREX identified antigens
for evaluation of their immunogenicity in sera from patients
with various cancers and healthy individuals

These 18 antigens were screened for evaluation of their immu-
nogenicity using sera from patients with various cancers and
healthy individuals. To identify target antigens involved in anti-
tumor immune responses, we selected antigens for which immune
responses was raised preferentially in cancer patients. By screen-
ing each isolated antigen with serum IgG Ab from 34 healthy indi-
viduals, we first selected |5 antigens which reacted with less than
5 healthy donor sera and further evaluated their immunogenicity
with sera from patients with various cancers, including 37 pancre-
atic ductal adenocarcinomas, 8 renal cell cancers, 10 esophageal
cancers, 10 melanomas, 10 prostate cancers, 10 bladder cancers,
17 colorectal cancers (10 with MSI+ and 7 with MSI- cancer) and
6 endometrial cancers. Sera {rom 7 patients with acute pancreatitis
were also screened to exclude possible immune response to nor-
mal pancreas (Table 111).

1gG Ab specific for hMSH2, hPMS1, HRY (hairy Drosophila-
homolog), SOX13 (sex determining region Y-box 13), MRPL12
(mitochondrial ribosomal protein L12), HMTI1, HAX1 (HS1 bind-
ing protein), ZNF207 (zinc finger protein 207) and RP-43L2 were
detected in sera from the patients with pancreatic ductal adenocar-
cinoma and other cancers but not detected in any sera from 34
healthy individuals or 7 patients with pancreatitis. Among these 9
antigens reacted with only sera from cancer patients, serum IgG
Abs specific for hMSH2 or hPMS1 were detected in 5 of 37

(13.5%) or 3 of 37 (8.1%) patients with pancreatic ductal adeno-
carcinoma, respectively, and in 3 of 71 or 2 of 71 patients with
other cancers, respectively.

Expression of the SEREX idenrified antigens in various normal
tissues and cancers evaluated by RT-PCR and Northern blot
analysis

Tissue specific expression of these 9 antigens for which 1gG Ab
were detected in sera from patients with various cancers but not in
sera from healthy individuals were first evaluated by RT-PCR anal-
ysis on various normal tissues, primary cultured normal cells, can-
cer cell lines and pancreatic ductal adenocarcinoma tissues, and
these antigens were found to express ubiquitously in various normal
tissues and cancers (data not shown). However, by Northern blot
analysis, iMSH2 and hPMS! were found to express higher in most
cancer cell lines tested, including PK9 pancreatic cancer, 526mel
melanoma, KIS lung cancer, TE8 esophageal cancer, KU7 bladder
cancer, MDA231 breast cancer and RCC6 renal cancer cell lines,
than in various normal tissues, suggesting over-expression of
hMSH2 and hPMS1 in various cancer cells {(data not shown). Inter-
estingly, when compared expression of these genes between MSI
positive and MSI negative cancer cell lines in pancreatic ductal
adenocarcinoma and colon cancer, iIMSH2 and hPMS!I appeared to
express higher in the MSI negative cancer cell lines than in MSI
positive cancer cell lines, although the expression of APMSI was
lower than AMSH2 (Fig. la). The colon cancer cell line LoVo with
homozygous deletion of WMSH2 expressed only hPMS/. Although
these results may suggest possible involvement of these DNA mis-
match repair enzymes in MSI status, and possible higher immune
response to these enzymes in patients with MSI negative cancers,
we could not detect the specific serum Ab in any colon cancer
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FIGURE 2 — Overexpression of the hMSH2 and hPMS1 proteins in pancreatic cancer. Immunohistochemical study was performed for IMSH2
and hPMSI1 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 hPMS|, and | representative pancreatic ductal adenocarcinoma (b)
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 htMSH2 and hPMS1. 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 hPMSI 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, hMMSH2 and hPMSI were
found in cDNA librarics 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 hMSH2 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 AMSH2
and hPMS] may not be overexpressed in pancreatic cancer.

Over-expression of hWMSH2 and hPMSI 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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Fi6ure 3 - Presence of anti-hMSH2 or hlPMS1 antibody in sera from patients with DM/PM. (a) 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 vitro transcription and translation was
immunoprecipitated with anti-hPMS| rabbit polyclonal Ab sc-615, and sera from a healthy individual (HE), a pancreatic cancer patient (PA1)
and DM/PM patients (M1-15, M1-29, M1-30, M 1-56, M2-50, M2-58, M3-3 and M3-4). This figure shows 1 of the representative results. The
DM patient M1-15 had breast cancer. +, positive bands, ~, negative bands. (b) 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 hMSH?2 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
MI-59). This figure shows 2 representative experiments. +, positive bands, —, negative bands.

TABLE IV ~ NO CORRELATION BETWEEN SERUM ANTI-hPMS! AND hMSH2
IgG Ab AND CANCER COMPLICATION IN DM/PM PATIENTS

Myositis antibody Cancer
+ -
hPMS1 PM + 0 5
- 0 63
DM + 1 2
- 2 46
hMSH2 PM + 0 3
- 0 59
DM + 0 2
- 2 36

evaluate the hMSH2 and hPMS! 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-hPMS! serum Ab and 6 specimens
from patients without either Ab were stained with anti-hMSH2

mouse monoclonal Ab or anti-hPMSI[ rabbit polyclonal Ab.
Although anti-hMSH2 and anti-hPMS1 Ab stained nucleus of nor-
mal pancreatic duct cells, normal pancreas acinar cells, Langerhans
cells and stromal cells, the intensity of the nuclear and cytoplasmic
staining was stronger in pancreatic ductal adenocarcinoma cells,
indicating over-expression of the hMSH2 and hPMS| proteins in
pancreatic ductal adenocarcinoma cells [Fig. 2, | representative
example of pancreatic cancer tissue («) from a patient who had
serum IgG Ab for both hMSH2 and hPMS|1, and 1 representative
example of pancreatic cancer tissue from a patient without the spe-
cific serum Ab (b) and normal pancreas tissue (¢)]. 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.

Detection of anti-hPMS1 and anti-hMSH?2 Ab in sera from
patients with dermatomyositis and polymyositis

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-hPMS! and anti-
hMSH2 Ab in sera from DM/PM patients. More than 100 sera
from the DM/PM patients were screened for anti-hPMS|1 serum
Ab by a convenient rapid assay using immunoprecipitation with
the S-35 methionine-labeled hPMS1 protein produced by in vitro
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-
hPMSI antibody was detected in sera from 8 of 119 ('6.7%)’
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. serum Ab specific for hPMS [/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-hPMS! Ab, but none of them were
positive in the cancer patients (data not shown). Therefore, anti-
hPMS! and anti- hMSH2 Ab appeared to be raised in the DM/
PM patients independent of cancer development, These rtesults
suggest that serum Ab specific for hMSH2 and hPMS1 may be
useful for diagnosis of pancreatic cancer and DM/PM.

Discussion

Since pancreatic cancer is one of the problematic cancers for
early 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 smvwal inthe T
cell responders compared to the nonresponders.'>!™ Vaccination
with GM-CSF transduced allogeneic pancreatic cancer cell lines
with adjuvant radiation and chemotherapy following surgical exci-
sion demonstrated possible benefit in disease free survival, which
appeared to be associated with the increase of postvmcxmuon
DTH responses against autologous tumor cells.’® Therefore,
immunotherapy may be one of the additional therapeutic modal-
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 tumor 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 § 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, methyliransferase
HMT! and DNA mismalch repair enzyme AMSH2 and hPMS].

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. SOX/3 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
turnor patients.” Thus, SOX13 may be expressed in some of the
pancreatic cancers and recognized by 1gG 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.”” p33 is previously reported to be recognized by T
cells from patients with panueatic cancer,'® and flequemlv 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 uvpregulate antiproliferating effects of IFNs
through interaction with the intracytoplasmic domain of the Type
I interferon (IEN) 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 hPMS1 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 iMSH2 and hPMSI] were ubiquitously
detected by RT-PCR analysis, the immunohistochemical study
revealed over-expression of the hMSH2 and hPMS1 proteins in
pancreatic ductal adenocarcinoma compared to normal pancreatic
tissues. Over- expression of hMSH2 in ovarian cancer cells com-
pared to normal ovarian usques was previously reported by immu-
nohistochemical analysis.> Ahhouch the expression of hMSH2 in
rapidly prohferatmc normal cells such as intestinal eplthehal 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 antlgen Over-expressed antigens such as
gal(,ctm9'7 and HER2*® were previously reported to induce
immune response in cancer patients and frequently detected as
tumor antigens by SEREX. A heat shock protein, hspl035 over-
expressed in various cancers including pancreatic cancer and
colon cancers, was previously identified by SEREX with serum
from a pancreatic cancer patient.” Thus, over-expression of pro-
teins in tumor cells might induce immune responses to hMSH2
and hPMS1 in patients with pancreatic cancer.

Some of the pancreatic cancers are known to have microsatellite
instability due to inactivation of DNA mismatch repair genes.
Forty percent of MSI positive pancreatic cancer was reported to
be caused by silencing of MLHI through promoter hypermethyla-
tion.* Genetic altexatxons of AMSH?2 have not been found.”
Patients with MSI positive pancrefulc cancer was reported to have
better prognosis after treatment.*” In our study, higher expression
of hMSH2 and hPMS! 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 bMSH2 and hPMS|1 expression may be associated with poor
prognosis of MSI negative cancers. To investigate relationship
among MSI status, hMSH2/hPMS|1 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 feast CD4" helper T cell antigens for immunotherapy,
particularly in patients with positive serum Ab. The recognition
by 1gG Ab suggests that the same antigen activated CD4" helper
T cells (Th) in the patients, meaning that theses antigens are
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immunogenic in cancer patients. In addition, many SEREX
defined antigens were shown to induce CD8+ cytotoxic T cells
(CTL).32~35 Positive correlation was observed between positive
serum IgG antibody and induction of CD8+ CTL against a can-
cer-testis antigen NY-ESO-L*7¢ In pancreatic cancer, SEREX
defined antigen, coactosin-like protein (CLP), was reported to
induce HLA-A2 restricted tumor reactive CTL from PBMC.Y 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 3greviously reported in several
tumor antigens including SART-1.

In addition to be target antigens for imrunotherapy, anti-
hMSH2 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-
cases, suggesting that anit-hMSH2 Ab may also be an auatoanti-
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.

OKADA ET AL.

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.43 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-hPMS [/hMSH2 Ab had any correlation with
cancer complication in the DM/PM patients. Although 1 patient
complicated with breast cancer had serum anti-hPMS| 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, hMSH2 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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The purpose of this study was to evaluate the clinical characteristics of patients who
had both myasthenia gravis (MQG) and alopecia areata (AA). Clinical information was
retrospectively collected for 159 Japanese patients with MG. Human leukocyte antigen
(HLA)-DQBI1 and DRB! alleles were determined by genotyping. Of 159 MG patients,
six (3.7%) developed AA after the onset of MG and thymectomy. The prevalence of
AA in MG patients was higher than that reported in Caucasians. The frequencies of
bulbar involvement, myasthenic crisis, and thymoma were significantly higher in MG
patients with AA than in those without (P = 0.007, 0.004, and 0.006, respectively). All
but one patient with AA had advanced stage thymoma. Three patients with a severe
form of AA (alopecia totalis) had additional autoimmune diseases: myocarditis, my-
ositis, and pure red cell aplasia. DRB1*0901 and DQB1*0303 tended to be more
frequently detected in the six MG patients with AA than in the 82 patients without it.
In conclusion, a subset of MG patients who have severe neuromuscular symptoms and
thymoma develop AA several years after thymectomy.

Introduction

Autoimmune skin disorders are known complications
in the course of myasthenia gravis (MG) (Drachman,
1994). Alopecia areata (AA), characterized by a sudden
and patchy loss of the scalp hair, is a T-cell-mediated
autoimmune disorder that targets hair follicles (Odom
et al.,, 2000; Randall, 2001). Hair loss may reverse
completely, become chronic, or progress to a total loss
of scalp hair (a severe form of AA termed alopecia
totalis; AT) (Odom et al., 2000). Coexistence of MG
and AA has been reported a few times (Kanda ez al,,
1986; Kubota et al., 1997), but the clinical and immu-
nogenetic features in MG patients that lead to AA are
unknown. To clarify these points, we retrospectively
evaluated our cohort of MG patients.

Patients and methods

We studied 159 unrelated Japanese MG patients (75
men and 84 women) evaluated at the Keio University
Hospital during 1990-2002. The mean age at onset was
41.7 + 19.1 years (range 3-87), and the mean obser-
vation period was 11.0 + 7.8 years (range 1-31). The
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diagnosis of MG was based on clinical, electrophysio-
logical, and immunological criteria (Drachman, 1994).
Clinical and laboratory findings were retrospectively
collected by reviewing clinical charts, and clinical clas-
sification was assessed according to the recommenda-
tions of the Myasthenia Gravis Foundation of America
(Task Force of the Medical Scientific Advisory Board
of the Myasthenia Gravis Foundation of America and
coauthors 2000). Transsternal extended thymectomy
was performed for 89 patients. The extent of thymoma
at surgery was graded according to the Masaoka clas-
sification (Masaoka et al., 1981) and thymic tumor
histology was categorized according to the World
Health Organization classification (Rosai and Sobin,
1999). Diagnosis of AA was based on typical derma-
tologic findings and exclusion of the effects of irradi-
ation and/or chemotherapy for thymoma. In some
patients, AA was confirmed by the typical histologic
finding of lymphocyte infiltration in the peribulbar
area, obtained from skin biopsy. Human leukocyte
antigen (HLA)-DQB1 and DRBI alleles were deter-
mined by polymerase chain reaction followed by ana-
lysis of restriction fragment length polymorphisms
(Inoko and Ota, 1993).

Clinical information and blood samples were
obtained after the patients gave their written informed
consent, as approved by the Keio University Institu-
tional Review Board. Statistical differences were ana-
lyzed by Fisher’s two-tailed exact test or Student’s #-test
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as appropriate. The odds ratio (OR) with a 95%
confidence interval (95% CI) was calculated to deter-
mine significant differences.

Results

Of 159 patients with MG, six (3.7%) had a history of
AA and three of these had AT, a severe form of AA. In
all cases, AA developed after the diagnosis of MG.
Demographic and clinical findings were compared be-
tween MG patients with AA and those without it
(Table 1). The mean age of MG onset tended to be
younger in patients with AA (P = 0.051). All patients
with AA had generalized disease, and their maximum
symptom was severe: grade V for three patients, grade
IIIb for two, and grade Ila for one. In fact, the fre-
quencies of bulbar involvement and myasthenic crisis
were significantly higher in patients with AA than in
those without it (P = 0.007 and 0.004, respectively).
Serum anti-acetylcholine receptor (AChR) antibodies
were positive in 126 patients, and all patients with AA
had the high level of antibodies (mean
236.9 £ 230.4 nM, range 28-650). Of 89 patients who
received extended thymectomy, 44 had histologically
confirmed thymoma. All but one patient with AA had
thymoma, and this frequency was significantly higher
than in patients without AA (P = 0.006). In patients

Myasthenia gravis with alopecia areata 567

with thymoma, advanced stage (stage 1II and IVa in
Masaoka’s classification) was more common in patients
with AA than in those without (P = 0.03). All five
patients with AA and thymoma had type B thymoma
(type B1 for one, type B2 for 2, and type B3 for 2), and
two of these patients experienced recurrence of thym-
oma. Skin biopsy was performed in three patients with
AA showing lymphocytes infiltration in the peribulber
area. Additional autoimmune diseases were common in
the patients with AA. In particular, all three patients
with AT had autoimmune diseases in addition to MG
and AA: one had giant cell myocarditis and myositis,
and the other two had pure red cell aplasia (PRCA)
(Suzuki et al., 2003).

The clinical courses of the six MG patients with AA
are summarized in Fig. 1. Three patients (MG14,
MG72, and MG104) had AT. It was noted that all
patients developed AA after the onset of MG
(7.6 £ 6.9 years, range 2-18) and thymectomy
(6.7 £ 5.0 years, range 2-14). All the patients except
MG142 were confirmed to have thymoma by histology.
MG36 and MG90 developed AA in parallel with MG
activity, and the remaining patients developed AA
when the MG was quiescent. The AA of three patients
MG36, MG90, and MG142) improved within several
months of treatment with topical corticosteroids, but
extensive immunosuppressive therapy (oral cortico-

Table 1 Demographic and clinical features
and HLA class II alleles in myasthenia gravis

MG with AA MG without AA

(MG) patients with and without alopecia (n=26) (n =153 P-value OR (95% CI)
areata (AA) Demographic features

Men 67% 46% 0.4 -

Mean age at MG onset (years) 321 £ 9.6 42,1 + 193 0.051 -

Follow-up period (years) 145 £ 6.0 109 £ 7.6 0.2 -

Clinical features

Generalized 100% 64% 0.3 -

Bulbar involvement 83% 26% 0.007* 14.1 (2.6-76.5)

Myasthenic crisis 50% 5% 0.004* 18.1 (4.7-67.9)

High anti-AChR Ab level® 50% 18% 0.09 -

Thymoma® 83% 25% 0.006* 14.2 (2.7-75.8)

Stage IIT + IVa®

80% (4/5) 26% (10/39) 0.03*  11.6 (1.6-82.4)

Type B¢ 100% (5/5)  71% (24/34) 0.3 -

Recurrence 40% (2/5) 10% (4/39) 0.1 -
Additional autoimmune disease® 50% 16% 0.06 -

HLA class II alleles .

DRB1*0901 50% 20% (16/82) 0.1 -
DQB1*0301 0% 18% (15/82) 0.5 -
DQB1*0303 50% 20% (16/82) 0.1 -
DQB1*0402 0% 15% (12/82) 0.6 -

. ®High anti-AChR Ab level = anti-acetylcholine receptor antibody level > 100 nM.
*Histologically confirmed.
“According to the Masaoka classfication (Masaoka et al., 1981).
dAccording to the World Health Organization (Rosai and Sobin, 1999).
*Myocarditis (# = 1) and pure red cell aplasia (PRCA) (n = 2) in MG with AA. Graves’ disease
(n = 10), Hashimoto’s thyroiditis (» = 6), rheumatoid arthritis (# = 3), PRCA (n = 2),
myocarditis (n = 2), ulcerative colitis (» = 1), and neuromyotonia (n = 1) in MG without AA.
*Statistically significant (P < 0.05).
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Figure 1 Individual clinical courses of six myasthenia gravis (MG) patients who developed alopecia areata (AA). Alopecia totalis (AT)
is a severe form of AA. Three patients had an episode of myasthenic crisis (C). MG14 died of myocarditis (Myo); the remaining patients

are alive. PRCA, pure red cell aplasia.

steroids with or without immunosuppressants) had no
benefit for AT (MG14, MG72, and MG104). Interest-
ingly, the additional autoimmune diseases experienced
by these patients also developed after the onset of MG
and thymectomy. MGI14 died of myocarditis and
resultant intractable ventricular arrhythmia; the other
two are still alive, 4-12 years after the onset of AA.
Both MG and AA are reported to be associated
with particular HLA class II alleles (Drachman, 1994;
Odom et al, 2000; Randall, 2001). To investigate
the immunogenetic backgrounds associated with the
development of AA in MG patients, we compared the

relative frequencies of DRBI1 and DQBI alleles be-
tween the six MG patients with AA and the 82 pa-
tients without it. Although we failed to detect
significant differences in the frequencies of HLA class
IT alleles between the groups, DRB1*0901 and
DQB1*0303, which are in linkage disequilibrium,
tended to be more frequent in patients with AA (Ta-
ble 1). None of the patients with AA had DQB1*0301,
the allele associated with AA in Caucasians (Odom
et al., 2000; Randall, 2001), or DQB1*0402, the allele
associated with MG complicated by thymoma in the
Japanese (Suzuki er al., 2001).
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Discussion

The frequency of AA in our cohort of Japanese MG
patients was 3.7% (six of 159). This frequency was
similar to that reported by the study of Kubota et al.
(1997), also conducted in Japan (3.0%, six of 202).
When patients with thymoma were selected, the fre-
quency rose to 11% (five of 44) in our study and 17%
(six of 35) in the study by Kubota et al (Kubota et al.,
1997). In contrast, the frequency of AA in MG patients
with thymoma was only 0.5% (one of 207) in the largest
cohort in Caucasians (Evoli ef al., 2002). Although

there are no accurate data comparing prevalence of AA

in the general population between the Japanese and
Caucasians (McDonagh and Tazi-Ahnini, 2002), the
prevalence of AA in MG patients is. probably to be
higher in the Japanese than in Caucasians. This ethnic
difference might be explained by the variability in im-
munogenetic backgrounds. In this regard, we found a
trend toward a correlation between the DRBI1*0901-
DQB1*0303 haplotype and AA in MG patients,
although this difference did not reach statistical signi-
ficance, probably because of the small number of
patients with AA in our cohort. As the DRB1*0901-
DQB1*0303 haplotype is relatively specific to Orientals,
this haplotype may be responsible for the higher fre-
quency of AA in Japanese MG patients. In the present
study, we have identified a subset of MG patients who
later develop AA after thymectomy. Clinical charac-
teristics of this subset included younger onset, a severe
form of MG complicated by bulbar involvement and an
episode of myasthenic crisis, and thymoma (especially
advanced stage). Another interesting feature is that MG
and thymectomy always preceded the onset of AA. It
was also noted that MG patients with AA, especially
AT, had additional autoimmune disorders, including
myocarditis, myositis, and PRCA. In this regard, there
is a report describing a patient with MG who had both
AT and Hashimoto’s thyroiditis (Kanda et al., 1986).
Taken together, this case report, our previous report
describing the development of PRCA in MG patients
with thymoma after thymectomy (Suzuki ez al., 2003),
and our current data suggest that MG patients with
thymoma who received thymectomy are susceptible to
certain types of autoimmune diseases. Special attention
to the development of AA and other autoimmune dis-
orders should be paid to MG patients with severe
neuromuscular symptoms and thymoma after extended
thymectomy.

As the majority of the patients developed AA inde-
pendent of MG disease activity, the pathogenic pro-
cesses of MG and AA may be different, although MG
and AA are both thymoma-associated autoimmune
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diseases (Miiller-Hermelink and Marx, 2000). In con-
trast to MG, which is an autoantibody-mediated dis-
ease, the infiltration of cytotoxic CD8* T cells into the
target organ is crucial to the development of AA
{Odom et al., 2000; Randall, 2001). In fact, we con-
firmed that lymphocytes, which infiltrated in the peri-
bulbar area, were more predominantly CD8' than
CD4% T cells by the immunohistochemical analyses of
skin biopsy. The autoimmune diseases observed in pa-
tients with MG and AA were myocarditis, myositis,
PRCA, and Hashimoto’s thyroiditis, all of which are
mediated by cytotoxic T cells, rather than autoanti-
bodies. As the phenotype of peripheral blood T-cell
pools are affected by thymectomy in MG patients
(Sempowski et al., 2001), alteration of the T-cell rep-
ertoire after thymectomy may play a role in the devel-
opment of AA and other cytotoxic T-cell-mediated
autoimmune disorders in individuals susceptible to
MG.
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