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effects of siRNA, we performed rescue experiments. Because
the target sequences of both the TNIK siRNAs (12 and 13)
are located in the COOH-terminal half of TNIK, we designed
plasmid and adenovirus vectors encoding only the NH,-
terminal catalytic domain (amino acids 1-289) of TNIK
(i.e., TNIKAC), which mediates the interaction with TCF4
(Fig. 1B; ref. 21). These constructs successfully rescued the ac-
tivity of TNIK that had been downregulated by siRNA in vitro
(Supplementary Fig. $8) and in vivo (Supplementary Fig. $12).
Knockdown of TNIK did not significantly affect the growth
of Wnt-inactive cells [Supplementary Figs. S11 and S6C,
[3-cateninAN134(-)], indicating that the suppression of colo-
rectal cancer cell growth is mediated, at least partly, by block-
age of Wnt signaling.

We also found that 3-catenin overexpression induced TNIK
phosphorylation in Wnt-inactive cells (Fig. 3B) and the
suppression of 3-catenin by siRNA decreased TNIK phos-
phorylation in colorectal cancer cells (Fig. 3C). These obser-
vations indicate that the activation of TNIK is mediated by
Wnt signaling. The immunohistochemistry data obtained
from clinical samples (Supplementary Fig. S5) support this
notion. Activated TNIK is then translocated into the nucleus

and augments the transcriptional activity of TCF4. This pos-
itive feedback circuit seems to be essential for the contin-
uation of colorectal cancer cell renewal. Elucidation of the
molecular pathway that connects the Wnt signal to TNIK,
however, will be an issue for future studies.

TNIK was originally identified as a novel member of the
germinal center kinase family that interacts with tumor ne-
crosis factor receptor-associated factor-2 (Traf2) and Nck
(17). In addition to activation of the c-jun NH,-terminal ki-
nase pathway, TNIK induces disruption of the filamentous
actin structure, thereby inhibiting cell spreading (25).
Therefore, the significant suppression of colorectal cancer
growth by TNIK siRNA (Fig. 6; Supplementary Figs. S9
and S10) may not be solely attributable to the inhibition
of Wnt signaling, In fact, we (Fig. 4A) and others (21) have
observed that siRNA targeting TNIK induced only a few-fold
decrease of TCF/LEF transcriptional activity in colorectal
cancer cells. A full explanation of the molecular mecha-
nisms behind the marked cell growth-suppressive effect
will require further detailed studies.

The Wnt signaling pathway is an attractive target for
anticancer therapy, but only a few “druggable” targets have
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been found in this pathway (43, 44). In the present study,
we have clearly shown that TNIK is essential for the con-
tinual growth of colorectal cancer. Several synthetic small
compounds that bind to the ATP-binding pockets of pro-
tein kinases competitively with ATP have been incorpo-
rated successfully into oncological practice (18-20). For
example, imatinib, which blocks the Ber-Abl fusion kinase
of chronic myeloid leukemia (CML), is currently the first-
line therapeutic drug for CML. A new drug targeting
TNIK might be effective for the treatment of patients with
colorectal cancer.
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Abstract
Background: Early detection is essential to improve the outcome of patients with pancreatic cancer. A
noninvasive and cost-effective diagnostic test using plasma/serum biomarkers would facilitate the detection

0 of pancreatic cancer at the early stage.

1 Methods: Using a novel combination of hollow fiber membrane-based low-molecular-weight protein
2 enrichment and LC-MS-based quantitative shotgun proteomics, we compared the plasma proteome between
3 24 patients with pancreatic cancer and 21 healthy controls (training cohort). An identified biomarker
4 candidate was then subjected to a large blinded independent validation (1 = 237, validation cohort) using
5 a high-density reverse-phase protein microarray.

6 Results: Among a total of 53,009 MS peaks, we identified a peptide derived from CXC chemokine ligand 7
7 (CXCL?7) that was signiﬁcanlly reduced in pancreatic cancer patients, showing an area under curve (AUQ)
8 value of 0.84 and a P value of 0.00005 (Mann-Whitney U test). Reduction of the CXCL7 protein was
9 consistently observed in pancreatic cancer patients including those with stage I and Il disease in the validation
0 cohort (P < 0.0001). The plasma level of CXCL7 was independent from that of CA19-9 (Pearson’s r = 0.289),
1 and combination with CXCL7 significantly improved the AUC value of CA19-9 to 0.961 (P = 0.002).

2 Conclusions: We identified a significant decrease of the plasma CXCL7 level in patients with pancreatic
3 cancer, and combination of CA19-9 with CXCL7 improved the discriminatory power of the former for
4 Ppancreatic cancer.

Impact: The present findings may provide a new diagnostic option for pancreatic cancer and facilitate early

Q2

detection of the disease. Cancer Epidemiol Biomarkers Prev; 20(1); 1-12. ©2011 AACR.
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Introduction

Pancreatic adenocarcinoma is one of the most aggres-
sive and lethal of diseases. The overall 5-year survival
rate of patients with pancreatic cancer is less than 5%,
which is the lowest among the more common cancers (1,
2), and the disease is the fifth leading cause of cancer
death in Japan and the fourth in the United States, with
greater than 23,000 estimated annual deaths in Japan and
greater than 33,000 in the United States (3, 4). The 5-year
survival rate of patients who were able to undergo
surgical resection reaches 20% to 40% (5, 6), but the
majority of pancreatic cancer patients have already devel-
oped lymph node and/or distant organ metastasis at
their first clinical presentation, and only about 20% of
patients are able to undergo radical resection (7, 8). The
introduction of gemcitabine has significantly improved
the overall survival of patients with unresectable pan-
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creatic cancer, but their median survival period still
remains about 6 months (9-11). These statistics demon-
strate that early detection is essential for improving the
outcome of patients with pancreatic cancer.

Computed tomography (CT), magnetic resonance
imaging (MRI), and positron emission tomography
(PET) are not cost-effective for the screening of pan-
creatic cancer because of the relatively low incidence of
the disease. If a noninvasive and cost-effective screening
test employing plasma/serum markers could be
devised, it would significantly facilitate the early detec-
tion of pancreatic cancer. However, no biomarker sui-
table for screening of pancreatic cancer is currently
available (12). CA19-9 is an established biomarker use-
ful for the follow-up of pancreatic cancer patients
receiving treatment, but has not been recommended
for cancer screening because of its insufficient sensitiv-
ity and specificity (7, 13). Therefore, the discovery of a
new biomarker that would be able to supplement CA19-
9 has been anticipated.

Recently, advanced proteomic technologies based on
mass spectrometry (MS) have been increasingly applied
to studies of clinical samples to identify new biomarkers
of various diseases (14) including pancreatic cancer (12,
15). It is anticipated that alterations in the protein content
of clinical samples reflect the biological status of patients
more directly than those in mRNA (16). We previously
developed a new shotgun proteome platform, 2-Dimen-
sional Image Converted Analysis of Liquid chromato-
graphy and mass spectrometry (2DICAL; ref. 17).
2DICAL is highly advantageous for clinical proteomics
because of its high quantification accuracy and through-
put. Using 2DICAL, we have been able to identify several
plasma/serum biomarkers useful for cancer detection
and therapy tailoring (18-20).

The serum/plasma proteome accumulates a large vari-
ety of disease-related alterations and is considered to be a
rich source of biomarkers. However, for proteomic ana-
lysis of blood samples, the efficient depletion of a handful
of particularly abundant proteins, such as albumin and
immunoglobulin, has been challenging (21). Recently, we
developed a novel method for the pretreatment of
serum/plasma using the high-performance hollow fiber
membrane (HFM) filtration technique (22). This method
employs multistage filtration and cascaded cross-flow
processes, enabling fully automated separation of pro-
teins below a predetermined molecular weight (22). As
the more abundant plasma proteins generally have rela-
tively large molecular weights, they can be efficiently
eliminated using the HFM technique.

To identify new biomarkers that might be useful for the
early detection of patients with pancreatic cancer, we
performed a comprehensive analysis of low-molecular-
weight (LMW) plasma proteins in these patients using a
combination of the HFM and 2DICAL techniques. A large
variety of LMW proteins are known to be secreted from
diseased tissues and can serve as good diagnostic bio-
markers for various diseases (23, 24). Here, we report the

identification and validation of an LMW chemotactic
cytokine, CXC chemokine ligand 7 (CXCL7), as a novel
biomarker for pancreatic cancer.

Patients and Methods

Plasma samples

Plasma samples were collected prospectively from 282
individuals (K. Honda, T. Okusaka, K. Felix, S. Nakamori,
N. Sata, H. Nagai, et al., manuscript submitted) including
healthy volunteers and newcomers to mainly depart-
ments of gastroenterology between August 2006 and
October 2008 at the following 7 hospitals in Japan:
National Cancer Center Hospital (NCCH), Osaka
National Hospital (ONH), Jichi Medical School Hospital,
Osaka Medical College (OMC), Tokyo Medical Univer-
sity Hospital (TMUH), Osaka Medical Center for Cancer
and Cardiovascular Diseases, and Fukuoka University
Hospital. This multi-institutional collaborative study
group was organized by the "Third-Term Comprehensive
Control Research for Cancer" conducted by the Ministry
of Health, Labour and Welfare of Japan, and as part of the
International Cancer Biomarker Consortium (25). The
procedures used for collection and storage were kept
uniform for all plasma samples.

The 282 plasma samples were split into 2 study sets
(referred to as the training and validation cohorts). The
training cohort comprised 45 individuals including patients
with untreated pancreatic cancer at NCCH (n = 19) and
TMUH (1=5),and healthy controlsatNCCH (n =2), TMUH
(n=9),OMC (n =6),and ONH (11 =4). The validation cohort
comprised 237 individuals including 140 patients with pan-
creatic cancer, 10 patients with chronic pancreatitis, and 87
healthy controls. All patients diagnosed as having pancrea-
tic cancer had histologically or cytologically proven ductal
adenocarcinoma. Demographic and laboratory data are
summarized in Table 1. The staging of pancreatic cancer
was in accordance with the TNM classification of the Inter-
national Union against Cancer (UICC).

Blood was collected in a tube with EDTA at the time of
diagnosis. The plasma was separated by centrifugation
and frozen at —80°C until analysis. Samples showing mac-
roscopic evidence of hemolysis were excluded from the
current analysis. Written informed consent was obtained
from every subject before blood collection. The protocol of
this study was reviewed and approved by the institutional
ethics committee boards of each participating institution.

Depletion of high-molecul ight pl
proteins

The plasma samples of the training cohort were filtered
through a 0.22-um pore size filter. Five hundred microliters
of the sample was diluted by adding 3.5 mL of 25 mmol /L
of ammonium bicarbonate buffer (pH 8.0). The total 4 mL of
the diluted plasma was processed as previously described
(22). After 1 hour of fully automated operation, LMW
proteins with molecular weights smaller than 60 kDa were
recovered (Supplementary Fig. S1) and lyophilized.
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Reduction of CXCL7 in Pancreatic Cancer
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The concentration of B2-microglobulin before and after
HFM treatment was measured using an ELISA kit
(Human Beta-2 Microglobulin ELISA Kit: Alpha Diag-
nostic Intl. Inc.) to ensure consistent recovery.

Liquid chromatography/mass spectrometry

The HFM-treated samples were digested with sequen-
cing grade-modified trypsin (Promega) and analyzed in
duplicate using a nano-flow high-performance liquid
chromatography (HPLC; NanoFrontier nLC, Hitachi
High-technologies) connected to an electrospray ioniza-
tion quadrupole time-of-flight (ESI-Q-TOF) mass spectro-
meter (Q-Tof Ultima, Waters).

MS peaks were detected, normalized, and quantified
using the in-house 2DICAL software package, as
described previously (17). A serial identification (ID)
number was applied to each of the MS peaks detected
(1 to 53,009). The stability of LC-MS was monitored by
calculating the correlation coefficient (CC) and coefficient
of variance (CV) of every measurement. The mean CC +
SD and CV + SD for all 53,009 peaks observed in the 45
duplicate runs were as high as 0.946 + 0.042 and as low as
0.053 £ 0.010, respectively.

Protein identification by tandem MS (MS/MS)

Peak lists were generated using the Mass Navigator
software package (version 1.2; Mitsui Knowledge Indus-
try) and searched against the SwissProt database (down-
loaded on April 22, 2009) using the Mascot software
package (version 2.2.1; Matrix Science). The search para-
meters used were as follows. A database of human
proteins was selected. Trypsin was designated as the
enzyme, and up to 1 missed cleavage was allowed. Mass
tolerances for precursor and fragment ions were + 0.6 Da
and + 0.2 Da, respectively. The score threshold was set to
P < 0.05 based on the size of the database used in the
search. If a peptide was matched to multiple proteins, the
protein name with the highest Mascot score was selected.

Western blot analysis

Primary antibodies used were a rabbit polyclonal anti-
body against platelet basic protein (PBP) precursor
(Sigma) and a mouse monoclonal antibody against
human complement C3b-o. (PROGEN). The anti-PBP
antibody recognizes all the known cleaved forms of
PBP including CTAP-III and NAP-2. Six microliters of
1:10 diluted plasma sample was separated by SDS-PAGE
and electroblotted onto a polyvinylidene difluoride
(PVDF) membrane. The membrane was then incubated
with the primary antibody and subsequently with the
relevant horseradish peroxidase (HRP)-conjugated anti-
rabbit or anti-mouse IgG, as described previously (26, 27).
Blots were developed using an enhanced chemilumines-
cence (ECL) detection system (GE Healthcare).

Reverse-phase protein microarray

The plasma samples were passed through IgY microbe-
ads (Seppro-IgY12, Sigma-Aldrich) using an automated
Magtration System SA-1 (Precision System Science) in

accordance with the manufacturer’s instructions to
reduce the 12 most abundant plasma proteins. The
flow-through portion was serially diluted 1:50, 1:100,
1:200, and 1:400 using a Biomek 2000 Laboratory Auto-
mation Robot (Beckman Coulter) and randomly plotted
onto ProteoChip glass slides (Proteogen) in quadrupli-
cate in a 6,144-spot/slide format using a Protein Micro-
arrayer Robot (Kaken Geneqs). The spotted slides were
incubated overnight with the anti-PBP precursor anti-
body and then with biotinylated anti-rabbit IgG (Vector
Laboratories) and subsequently with streptavidin-HRP
conjugate (GE Healthcare). The peroxidase activity was
detected using the Tyramide Signal Amplification (TSA)
Cyanine 5 System (PerkinElmer). The slides were coun-
terstained with Alexa Fluor 546-labeled goat anti-human
1gG (Invitrogen; spotting control).

The stained slides were scanned on a microarray scan-
ner (InnoScan 700AL; Innopsys). Fluorescence intensity,
determined as the mean value of quadruplicate samples,
was determined using the Mapix software package
(Innopsys). All determined intensity values were trans-
formed into logarithmic variables.

The reproducibility of the reverse-phase protein micro-
array assay was determined by repeating the same
experiment, as reported previously (28). A plasma sam-
ple after reduction of the 12 most abundant plasma
proteins was serially diluted within a range of 25- to
6,400-fold. Each diluted sample was spotted in quadru-
plicate onto glass slides and blotted with the anti-PBP
antibody. In a representative quality control experiment,
the CC value was 0.980 between days and the median CV
was 0.047 among the quadruplicates.

Multiplex assay

The levels of CXCL7 in plasma samples were measured
using a Milliplex Human Cytokine/Chemokine panel III
kit (Millipore) in accordance with the manufacturer’s
instructions.

Statistical analysis

Statistical significance of intergroup differences was
assessed with the Wilcoxon test, Mann-Whitney U test,
Welch'’s t test, or Fisher's exact test, as appropriate. The
area under the curve (AUC) of the receiver-operating
characteristic (ROC) was calculated for each marker to
evaluate its diagnostic significance. A composite index of
2 markers was generated using the results of multivariate
logistic regression analysis, which also enabled the cal-
culation of sensitivity, specificity, and the ROC curve.
Statistical analyses were performed using an open-source
statistical language R (version 2.7.0) with the optional
module Design package.

Results

Plasma proteins associated with pancreatic cancer
A plasma sample from 1 healthy volunteer was pro-

cessed 3 times using the HFM filtration technique. The

concentration of p2-microglobulin before and after HFM
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Figure 1. A, 2-dimensional display of all (~53,000) the MS peaks with m/z values along the x-axis and RT of LC along the y-axis. The peaks are displayed with a
bin size of 1.0 m/z. The 140 MS peaks whose mean intensity of duplicates that distinguished pancreatic cancer patients from healthy controls with AUC values
of greater than 0.800 are highlighted in red. B, CXCL7-derived MS peak (ID 54, at 863 m/z and 50.2 minutes) in representative patients from the cancer and
control groups. C, CXCL7-derived MS peak (ID 54) in 45 duplicate LC-MS runs [patients with pancreatic cancer (red) and healthy controls (blue)] aligned along
the RT of LC. Columns represent the mean intensity of duplicates (bottom). D, detection of CXCL7 and complement C3b-o: (loading control) by Western
blotting. Multiple bands for CXCL7 indicate the presence of proteolytic products.

treatment was measured. The recovery rates were
25.11%, 25.73%, and 29.16%, respectively. Although the
rates were seemingly low, the HFM treatment was highly
reproducible with a CV of 0.081 and the amount of p2-
microglobulin relative to total protein was increased 150
to 200-fold after HFM treatment.

To identify a diagnostic biomarker for pancreatic cancer,
we compared the plasma LMW proteome between 24
patients with pancreatic cancer and 21 healthy controls
(training cohort) using 2DICAL. Among a total of 53,009
independent MS peaks detected within the range 250 to 1,600
m/z and within a time range of 20 to 70 minutes, we found
that 140 peaks had discriminatory ability with a AUC of
above 0.800. Figure 1A is a representative 2-dimensional
view of all the MS peaks displayed with n/z along the x-axis
and the retention time (RT) of LC along the y-axis.

Twenty-five MS/MS spectra acquired from those 140
peaks were recurrently matched to 10 proteins in the
database with a Mascot score of greater than 30 (Supple-
mentary Table S1). Notably, one MS peak (ID 54) matched
the amino acid sequence of the CXCL7 gene product
(Swiss-Prot_P02775) with the highest score of 99.6 (Sup-
plementary Fig. 52). Figure 1B shows the CXCL7-derived
MS peak (ID 54, at 863 m/z and 50.2 minutes) that
appeared in a representative pancreatic cancer patient
and a healthy individual. Figure 1C demonstrates the
distribution of the MS peak (ID 54) in patients with
pancreatic cancer (red) and healthy controls (blue) in
the training cohort (AUC = 0.839; P = 4.54 x 1075
Mann-Whitney U test). The differential expression and
identification of CXCL7 was confirmed by immunoblot-
ting (Fig. 1D).

www.aacrjournals.org
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Validation of reduced CXCL?7 in pancreatic cancer
patients

Thelevel of plasma CXCL7 was quantified in 12 patients
with pancreatic cancer and 12 healthy individuals in the
training cohort using multiplex assay. Consistent with
2DICAL, CXCL7 was found to be significantly decreased
in patients with pancreatic cancer (mean + SD, 744 + 182
ng/mL) in comparison with healthy controls (1,355 + 386
ng/mL; P = 0.0003). To further verify and validate the
reduction of plasma CXCL7 in pancreatic cancer patients,
280 plasma samples [including 43 samples from the train-
ing cohort and new 237 samples (validation cohort)] were
randomly plotted into a reverse-phase protein microarray
and blotted with anti-PBP antibody (Fig. 2). Two samples
from healthy controls in the training cohort were excluded
due to an insufficient sample volume. Quadruplicate
spots for representative cases and controls with high
and low levels of CXCL7 are shown in the right panels
of Figure 2.

The results of reverse-phase protein microarray were
well correlated with those of multiplex assay (Pearson’s r
= 0.65; P = 0.0006; Supplementary Fig. S3). Microarray
analysis also showed a significant reduction of the
plasma CXCL7 level in the pancreatic cancer patients
of the training cohort (P = 5.96 x 10 ° Welch's ¢ test;
Fig. 3A and Table 1) with an AUC value of 0.872 (95% CI:
0.732-0.951; Fig. 3B). The reduction of plasma CXCL7 was
further validated in a larger independent cohort (valida-
tion cohort; P = 1.40 x 10 '°; Fig. 3C and AUC value of
0.850, 95% CI: 0.792-0.895; Fig. 3B). Because there was a
difference in age distribution between the cancer patients
and healthy controls of the validation cohort (Table 1), we
performed a subgroup analysis of 79 pancreatic cancer
patients (median age, 61) and 20 healthy controls (median
age, 60) aged 50 to 70 years. The reduction of plasma
CXCL7 in patients with pancreatic cancer was statistically
significant even in this subgroup (P = 0.0001), indicating
that the decrease of the CXCL?7 level was not merely due

Table 2. Plasma CXCL7 level according to clinical stage of pancreatic cancer

o
rEYE

#
#!
#:
#

Pancreatic cancer
¥

#7
#3

7’1_

#10

Figure 2. Image of a representative reverse-phase protein microarray slide
stained with anti-PBP antibody (left). Samples were randomly assigned,
and quadruplicate spots from representative patients with high and low
levels of CXCL7 were extracted (right).

to the difference of age distribution between the pancrea-
tic cancer patients and controls.

CXCL7 was significantly reduced in patients with any
stage of pancreatic cancer (Table 2), including those with
stage 1 (<0.001) and II (<0.001) disease. The significant
alteration evident in early-stage patients indicated that
the reduction of plasma CXCL7 is an early event in
pancreatic carcinogenesis and may precede the develop-
ment of cancer. The persistent presence of inflammation
is known to promote carcinogenesis in various organs,

Pancreatic cancer patients Healthy controls
Stage | Stage Il Stage Il Stage IV
Training cohort
No. of cases 1 6 4 13 19°
CXCL7% mean (SD) 3.67 () 3.93 (0.24) 3.75 (0.17) 3.82 (0.33) 4.14 (0.18)
P (vs. healthy controls) 0.01 0.01 <0.001 <0.001
Validation cohort
No. of cases 5 25 40 70 87
CXCL7%, mean (SD) 3.89 (0.34) 3.96 (0.25) 4.02 (0.18) 3.86 (0.32) 4.18 (0.14)
P (vs. healthy controls) <0.001 <0.001 <0.001 <0.001

“Measured using reverse-phase protein microarrays.

NOTE. Welch's t test was applied to assess differences in values.

“Two patients whose samples were not available for reverse-phase protein microarrays were excluded.
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Figure 3. Aand C, plasma levels (in arbitrary units) of CXCL7 in healthy controls, patients with pancreatic cancer, and patients with chronic pancreatitis in the
training (A) and validation (C) cohorts. Horizontal lines represent the average levels of CXCL7. B, ROC analyses for the discriminatory value of CXCL7 in the
training (dotted line) and validation (solid line) cohorts. D, ROC analyses for the discriminatory value of CA19-9 and the composite index of CA19-9 and CXCL7

in the training and validation cohorts.

and chronic pancreatitis is suspected to be one a pre-
cancerous condition for pancreatic cancer, although opi-
nions on this issue vary. We measured the plasma level of
CXCL7 in a small number of patients diagnosed as having
chronic pancreatitis (# = 10) using the reverse-phase

protein microarray (Table 1). The CXCL7 levels in
patients with chronic pancreatitis were significantly
lower than those in healthy controls (P = 0.0002), but
slightly higher than those in patients with pancreatic
cancer (P = 0.095; Fig. 3C).

www.aacrjournals.org

467

Cancer Epidemiol Biomarkers Prev; 20(1) January 2011

428
429
430
431
432



464
465

466

467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486

488
489
490

Matsubara et al.

Complementation of CA19-9 by CXCL7

CA19-9 is an established biomarker that has long been
used for the diagnosis of pancreatic cancer. We found that
the levels of CXCL7 and CA19-9 were not mutually
correlated (Pearson’s r = 0.289) and that combination
with CXCL7 significantly improved the ability of
CA19-9 to distinguish patients with pancreatic cancer
from healthy controls: the AUC value improved to
0.965 (95% CI: 0.865-0.994) in the training cohort (P =
0.026) and to 0.961 (0.932-0.979) in the validation cohort
(P = 0.002; Fig. 3D). The AUC values of CA19-9 in the 2
cohorts (Fig. 3D) were comparable with those reported
previously (29-31).

Even among individuals with normal levels of CA19-9
(<37 U/mL; a cutoff value widely used in clinical prac-
tice), CXCL7 was significantly reduced in pancreatic
cancer patients in both the training [P = 0.014 and
AUC = 0.853 (95% CI: 0.650-0.957; Fig. 4A and B)] and
validation [P < 0.0001 and AUC = 0.834 (95% CI: 0.747—
0.899; Fig. 4B and C)] cohorts.

Because of the low prevalence of pancreatic cancer, any
screening biomarker must have high specificity (32). The
sensitivity /specificity of CA19-9 (cutoff: 37 U/mL) were
79%/89% in the training cohort and 79%/95% in the
validation cohort, consistent with previous reports (32).
If we defined the cutoff for CXCL7 as a level at which 95%
of healthy individuals would be excluded, 83% of pan-
creatic cancer patients in the training cohort and 84% in
the validation cohort would be detected using the com-
bination of CXCL7 and CA19-9 (Supplementary
Table S2).

Discussion

Early detection and subsequent radical surgical resec-
tion would most likely provide a chance of cure for
patients with pancreatic cancer (7). However, patients
with early-stage pancreatic cancer are generally asymp-
tomatic and have little opportunity to undergo imaging
and/or other diagnostic procedures until their disease
becomes advanced. If a sensitive, but minimally invasive
and cost-effective, plasma/serum test were available, it
would be effective for alerting patients with early pan-
creatic cancer and offer them a chance to receive prompt
and effective medical attention. In the present study, we
compared the plasma LMW proteome between patients
with pancreatic cancer and healthy controls using a new
proteome platform, 2DICAL (Fig. 1), and found a sig-
nificant decrease of the plasma CXCL7 level in patients
with pancreatic cancer (Fig. 1B and C). The result of
quantitative LC-MS was then verified using 3 different
methods: immunoblotting (Fig. 1D), multiplex, and
reverse-phase protein microarray (Figs. 2 and 3) assays.
We further validated the significant decrease of CXCL7 in
alarger independent cohort (validation cohort). The level
of plasma CXCL7 was confirmed to be decreased repro-
ducibly in patients with pancreatic cancer including those
with Stage 1 and IT disease (Table 2). CXCL7 did not

surpass the sensitivity of CA19-9, but was able to supple-
ment it. Combination with CXCL7 significantly improved
the sensitivity of CA19-9 (Fig. 3D and Supplementary
Table S2).

In addition to 2DICAL, we utilized 2 state-of-the-art
proteome technologies. The proteome analysis of
plasma/serum samples has been hampered by the pro-
minence of a handful of abundant proteins such as
albumin and immunoglobulin. It is anticipated that the
remaining proteins contain an unexplored archive of
disease-driven information, but account for only about
1% of the entire human plasma proteome (24). To reduce
the complexity of the plasma proteome, we used HFM
filtration technology. Our HFM devise can separate and
concentrate LMW plasma proteins in a fully automated
manner (22) and allows identification of any biomarker
candidate that is present at a level of 1 pg/mL. This
discovery justifies the future application of the HFM
system to more detailed proteome studies aimed at
plasma/serum biomarker discovery. The other technol-
ogy we employed is high-density reverse-phase protein
microarray. The protein content of any human sample
varies according to the individual, and therefore it is
essential to distinguish biomarker candidates from sim-
ple interindividual heterogeneity. However, such distinc-
tion is possible only by comparing a statistically sufficient
number of cases and controls. Our high-density protein
microarrays require a minimal sample volume of the
nanoliter order and make it possible to measure the
quantity of any candidate biomarker protein in a statis-
tically sufficient number of cases and controls (>300
samples; ref. 28) for judgment of its clinical potential in
a single experiment.

LMW chemotactic cytokines have been implicated in
various biological processes, such as leukocyte migration,
angiogenesis, hematopoiesis, atherosclerosis, and cancer
migration and metastasis. CXCL7, also known as PBP, is
one of the members of the angiogenic ELR* CXC che-
mokine family (33). It is reportedly produced and stored
in platelets, monocytes, neutrophils, and megakaryo-
cytes. Secreted CXCL7 binds to CXC chemokine receptor
2 (CXCR2) on endothelium and mediates angiogenesis
through activation of the Ras/Raf/mitogen-activated
protein kinase (MAPK) and PI3K/AKT/mTOR signaling
pathways (33, 34). The histology of pancreatic ductal
adenocarcinoma is often characterized by hypovascular-
ization. The reduction of circulating CXCL7 in patients
with pancreatic cancer may play a certain role in the
suppression of angiogenesis.

Recently, reduction in the level of serum CXCL7 has
been reported to be a biomarker for advanced myelo-
dysplastic syndrome (35). In contrast, CXCL7 is
increased in the pulmonary venous blood of lung cancer
patients and is significantly decreased after curative
surgical resection of the lung lesions. Of particular
interest is the fact that the increment of CXCL7 is
detectable several months before diagnosis of lung
cancer (36). We observed a reduction of CXCL7 in 10
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patients with chronic pancreatitis; but, examination ofa
larger number of patients will be needed before any
definite conclusion can be reached.

CXCL7 is N-terminally truncated by cathepsin G-like
enzymes and converted to other types of chemokines
with distinct functions such as connective tissue-activat-
ing peptide III (CTAP-III) and neutrophil-activating pep-
tide 2 (NAP-2; refs. 37, 38). One possible explanation for

the reduction of plasma CXCL7 in patients with pancrea-
tic cancer is degradation by certain exoproteases (39).
Matrix metalloproteinase-9 (MMP9) has been reported to
degrade CXC chemokines (40). MMP9 is often upregu-
lated in pancreatic cancer cells and secreted into plasma
(41). However, in this study, the precise molecular
mechanisms behind the reduction of plasma CXCL7 in
patients with pancreatic cancer remained unexplained.
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Because the process of pancreatic carcinogenesis is
probably mediated by various molecular pathways
(42), the diagnosis of pancreatic cancer using a single
biomarker may not be realistic, and a combination of
different biomarkers with distinct spectra would appear
to be a more realistic alternative. CA19-9 is the most
widely used serum biomarker for pancreatic cancer; but,
its sensitivity and specificity have been recognized to be
unsatisfactory for pancreatic cancer screening (7, 12). We
demonstrated that CXCL7 significantly improved the
discriminatory ability of CA19-9, and this improvement
was reproducibly validated in a large multi-institutional
cohort. However, further independent validation by
other investigators is still mandatory before its clinical
application can be warranted (15, 29-31, 43).

The primary goal of the present study was to discover
new biomarkers useful for the early detection of pancrea-
tic cancer in an asymptomatic population. Aberrations of
circulating CXCL7 have also been reported in other pre-
malignant conditions. The present study has not only
explored the utility of CXCL7 as a biomarker, but also
provided a novel insight into the chemokine-mediated
reactions that occur during early carcinogenesis.
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cathepsin D and cathepsin B protnn.s by western blotting (F:gun

Lysosome-Like Organella within Mitochondria

mulu further support the role of Mieap in the maintenance of

S17). Moreover, the results also i d that the
weights of the intramitochondrial proteins of cathepsin D and
cathepunB(M lanes 1-10) are the same as those of the
lasmic proteins of cathepsin D and cathepsin B (C: lanes 11—
12), nnplymg that the intramitochondrial cathpsin D and
B are not synthesized within mitochondria, but the
cytoph.unm proteins are translocated into mitochondria (Figure

s17).
All these results mngly mdncaud :hat qup and lymwmal
within

hondrial integrity under normal condition (Figure 8D).
Collectively, the present results suggest that, in order to maintain
healthy mitochondria, Mieap-induced intramitochondrial lyso-
some-like lla plays an imp role in elimi g the
oxidized mitochondrial proteins.

Mieap repairs unhealthy mitochondria
Oxidized proteins have been reported to lose their normal
a.ctmty [14 33] Therefore, it is possible that accumulation of the

proteins are |
ol'

d proteins in mitochondria may impair the function of the

designated this phenomenon as Mnapanduced 2 lati
L lik lles within mitochondria (MALM).

Mieap-induced intramitochondrial lysosome-like
organella is involved in eliminating oxidized
mitochondrial proteins

hondria, leading to the accumulation of dysfunctional and

unhcaldxy xmtochondm in the Mieap ™ cells. The term “mbeallhy
g lly refers to mitochondria with dysfuncti

oxidative phosphorylation, which is manifested by reduced ATP

synthesis and the excess generation of ROS [7). In addition, the

oxidized form of the FIFO-ATP synthase B-subunit was actually

Since MALM is not related to ical h of lated in the Mieap cells (Figure 8C). Therefore, we
mitochondria, we speculated that MALM might be involved in  hypothesized that the dria in the Mieap™ cells might
d dation of the mitochondrial proteins. The exy levels of ihowredunedATPsyndlemandhlghkvekofROS
endogenous mitochondrial proteins were assessed in the Mieap* To investigate whether the mitochondria in the Mieap-defici
cells (Ad-Mieap-infected HCT116 and LS174T-control cells)and ~ cells are dysfunctional, the ATP thesi u:tivity of the

Mieap™ cells (Ad-LacZ~infected HCT116 and LS174-Mieap-KD
cells). I tingly, FIFO-ATP thase alpha-subunit (ATP
synthase «), beta-subunit (ATP synthase B), and mitochondrial
DNA-encoded NADH dehydrogenase subunit | (MTNDI), which
are located in mitochondrial matrix and i and are
cnm:al mcdmors for oxidative phosphorylation and energy
, sligh ; ‘nﬁa:rmmtthieap cells
(Fxgum 8A) However, no differences in mitofilin (intermembrane
space protein) and VDAC ( b protein) b the
Mieap” and Mieap ™ cells were observed (Figure 8A). These results
suggest that MALM may speuﬁmlly degrade some mitochondrial
proteins in mitochondrial matrix and innermembrane proteins,
Since mitochondria are the main source of ROS generation in
cdlsthctmtochondmlproumsmoﬂcn idized and d. d

mitochondria in the Mieap® (Ad-Mieap-infected HCT116 and
LS174T-cont) and Mieap~ (Ad-LacZ infected HCT116 and
LS174T-Mieap-KD) cells was assessed 2 previously dacribed
[34]. L ingly, the ATP synthesi of the mitoch

was significantly impaired in the Mieap™ cells even prior to the
induction of IR-mediated stress (data not shown). Moreover, the

ATP synthesis activity of the mitochondria in the Mieap™ cells was
severely d 1 follows pared to the
Mieap” cells (Figure 9A).

Further ination of the ROS d by mitochondria in

the Mieap-deficient oells, using the mitochondrial ROS indicator
MitoSOX-Red (red), i i that the mitochondrial ROS level
u:bathM:ap cell lines dramatically increased after IR stress in a

by ROS [7,8,12]. Thus, we speculated that the Micap-regulated

Iywsomesrrughtspccﬁca.llymrgﬂmddemdcd\c idized

pendent manner, whereas the Mieap* cells showed only a
sh,gh! increase (Figure QB) Additional experiments with another

proteins in mitochondria. To confirm this hypothesis, we analyzed

ROS i dihydrorhod: 123 (DHR123)
(green), further verified these ﬁndmgs (data not shown). Taken

the oxidized protein. together, these results suggest tlmt Mlea revems lhe accumu-
First, we examined the oxidative modification of carbonyl lation of unhealtt md*" e g

groups in protein side chains. Asshawnmﬁg\me idized the oxidized and d i drial proteins, including ATP

proteins markedly accumulated in LS174T— waKD cells symhm B»subumt theteby maintaining mitochondrial fun:non

following treatment with H0, in a time-dependent manner,  and g the g of mitochondrial ROS.

whereas no change in LS174T-control cells was observed.

Furthermore, one of the oxidized proteins was identified as the Discussion

F1F0-ATP symhns B—subumt (P’lgum 8(!), which plays an essential

role in h tingly, prior to the Canonical agy of hondria, known as “mitophagy,”

application of u\ynras, the carbonylated form of the FIFO-ATP
tynd\mb-subunnwasalmdymmsedmﬂmMmap cells
(HgmeBC),sumngthnMALMﬁ:muomundernomxlbnal

is thought to phy a crmeal role in mitochondrial quality control

[10,11]. To date, studies on yeast have provided most of the

mfomuon on m:mphzgy Several yeast smdm have suggencd
i i by

to eliminate ROS-d: d proteins in h that phagy is phagy
Next, we exammed the other oxidative modification of  [11,35)], and studies on lian cells have supported this
ine antibody that allows for IF  finding [29,36]. In doubl braned autop-

andymaftheondmadpmwms As shown in Figure 8D, boththe

hagosomes engulf proteins and org:nclla along with a portion of

IR and H,0, treatment dramatically induced the of
ondxuvepmmnnmthzmchbondm,mdmpm,mthe
cymplasmoumdeohbcmnochondlumthemup cells (Ad-
LacZ infected HCT116 and LS174T-] KD). In contrast, the
Mieap* cells (Ad-Mieap-infected HCT116 and LS174T-cont)
revealed much smaller changes. Consistent with the results of
western blot analysis on carbonyl groups modification, even
without any stresses, the Mwap cells already revealed accumu-
lation of ni dized proteins in mitochondria. These

@ PL0S ONE | www.plosone.org

the cytoplasm [32]. Therefore, the process of macroautophagy is
generally considered non-specific to the target proteins and
organellu However, uhasbeensuggesledt!msome!ypeuf

phagy can be mediated by the selecti gy of
mitochondria. For example, NIX has been shown to phy an
essential role in the selective mitochondrial macroautophagy
observed during the maturation of erythroid cells [37,38]. In
cervical cancer and neuroblastoma cells, parkin and PINK1 have
also been shown to play a critical role in the selective

January 2011 | Volume 6 | Issue 1 | e16054
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The Ad-Mieap- or Ad-LacZ-infected HCT116 cells, or the LS174T cont and Mieap-KD cells were irradiated by 7 ray, and the cells were subjected to
western blot analysis at the indicated times on the indicated proteins. (8) Western blot analysis of the oxidized proteins. The total cell lysates isolated
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at the indicated times from the H,0,-treated cont and Mieap-KD cells of LS174T were labeled by DNPH, and then subjected
proteins. f-actin was used as a loading control (A) (B). (C) Westem blot analysis 0:::

with anti-DNP antibody in order to detect the carbon;

oxidized ATP synthase beta-subunit protein. ATP synthase beta-subunit protein was

Lysosome-Like Organella within Mitochondria

to western blot analysis

ipitated with mouse

ATP synthase beta-subunit antibody from the cell ysates isolated from the non-treated (3, H;0z-treated (H;0;), or y-imadiated () cont (C) and
Mieap-KD (K) cells of LS174T, and then the precipitated proteins in each group were subjected to DNPH labeling and the following western blot

analysis with anti-DNP antibody. Total ATP synthase beta-subunit protein in the stripped membrane was detected with

rabbit polyclonal anti-ATP

synthase beta-subunit antibody as the loading control. The band of ATP synthase beta-subunit protein was shown as the positive control of the size
(P). (D) IF analysis of the oxidized proteins. The Ad-Mieap- or Ad-LacZ-infected HCT116 cells, or the LS174T cont and Mieap-KD cells were irradiated by

7y ray, treated with

(Nitrotyrosine) in order to detect the xidized proteins.

with H;0,, or not treated, and 3 days after the treatment, me IF expemnem was carried out with anti-nitrotyrosine antibody

by the DsRed-mito protein signal (Mito). The

representative images were shown (upper panel).

statistically
doi:10.1371/journal.pone.0016054.g008

phagy of mitochondria (30,31]. In all these mecha-
nisms, doubl braned are essential for the
degradation of the entire structure of mitochondrion. In addition,
the process is very rapid and is completed within a few hours

analysis of
of the nitrotyrosin-oxidized proteins per cell are shown with error bars indicating 1

intemlty was carried out in 300-400 cells, Average intensities
standard deviation (SD; lower panel). p<0.01 (*) was considered

of proteins, such as ctheron-mcdmzd au!ophagy (CMA) [19], it
is much more difficult to d
because the lysosome does not contain any degraded contents of
some organellz :tructum Cnrremly, it is likely that only the

[29,36]. However, in the present study, MALM d for
uvu-:l dny;, and autophagosomes characterized by the double-
on electron mi py (EM) and the dot
signal of GFP-LC3 on immunofluorescence (IF) analysis were not
related to MALM at all. Moreover, we observed neither the
d ion of the mitochondrial on EM nor the loss of
mnochondm.l ugnal on IF analym these findings are usually
h itochondria. On the basis of
these fuu, we conclude d-m MALM is completely different from
degradation of the entire mitochondrion, which is also termed
mitophagy.

From the t, a typical I | structure
in the cytoplasm is a membrane-surrounded vesicle, whose size
varies from less than 1 pum (~10 nm) to several microns and whose
content mvcals a heterogeneous and variable pattern, which

Fologieal

analysis carried out in this
s(udycln be used todcm the presence of intramitochondrial

lysosome-like organella.

The p of i itochondrial I like organell
raises many questions. One of the most important questions is how
the lles occur within mitochondria. We hypothesize that the
p of i itochondrial ly ik s can be
explained via two possible hani First, cytoplasmi
k or 1 ks lles are 1 d into

" h

without d ying the o M outer and

inner b Second, or |

are generated within mitochondria. We assume that the . former

mechanism is more plausible than the latter because the lysosomal

compartment consists of at least more than 50 proteins, as
Because hondrial DNA does not encode

other lles for digestion [16,39). On lymmal pratum, nll thc components of lysosomes must be
EM,wewcreunablctodemctmntypeoflymmﬂmcmm p i before bl Howcver,mneaf
the | 1 have mitochonds

within mitoch

mluosoopymthDABclearlyshowedthatMleapand‘ 1

proteins, including LAMP1, LAMP2, cathepsin D, and cathep

; that the proteins cannot be delivered into

b ondr:

B, are located within mitochondria. In addition, p beddi

Inaddmon,ttw«rgmelhusun'wndedbyamgle

"

immunoelectron microscopy with gold particles also showed the

Itappean almostimposﬁbktosupply or
the I within
Moreover,asslmwnmﬁgureSU the molecular weights of the

P of the Mieap, cathepsi DandLAMPlprotemsmlhm
mitochondria, Funbermore, the ruuhs of i Kp
assay with the fracti ndicated that d)c Micap,

cathepsin B, and cathepsin D proteins are present within
mitochondria. On the basis of these facts, we concluded that

I proteins of cathepsin D and cathepsin B in

MAIMmthcwncas!houofthccymphmucpmtemsof
th D and cath B, i g that the i i

cathpsm D and (mhepsm B are not synthesized within

atypical ly orl like organelles are localized within hondria, but the proteins are 1 d into
itochondria, without destroying the mitochondrial hondria. When cathepsin D and cathepsin B proteins are
Therefore, we speculate that the morphological of the  synthesized in cytoplasm, the proteins are targeted to lysosomes
Mieap-induced i sochondrial 1 like la is

different from the typical lysosomal structure.
The regular structure of lysosomes is difficult to describe. In
lemu of morphology, lysosomes are less clurly defined than other
lles [16,39]. The ly 1 structure is variable

and depends on the cel type and the actual conditions [16,39].
Even when lysosomes are visible on EM, their size varies from less
than 1 um(~10 nm)toseveralmxcrom [16,39). Inp

through ER-Golgi tﬂﬁchng pa!hway Dunng the process,
hepsin D and cath If the i

hondrial cath

p Dand hepsin B are synthesized within
the i drial proteins are not glycosylat-
ed, whose mokculxr-wclghn are different from those of the
cytoplasmic proteins. Therefore, taken together, we think that the
latter mechnm:m is unfeaslbl.e and very meﬁicxnt_ We speculate

s e

size of I These ﬁnchngs indicate
&md:eshapeandnppeamlcc oﬂysosomeshnvenotbecnclearly
defined thus far. Mitochondria contain a number of t

structures because of the presence of mitochondrial cristae and the
inner membrane. Therefore, it appears to be difficult to determine

, the that L g into
mnochondna
Even lf our hypotheus is true, it mmams to be determined how
I enter dria without breaki
down v.he hondrial Several channels of the

the h 1 ithin mitoch the

1 1 1+ In

‘mitochondrial outer and inner membrana, which regulate the
p of hondrial proteins [40] or the release of

y from the mitochondrial memb

b ¢ from the mitochondrial intermembrane

space
during apop [41], have been identified. None of these

Iy is involved i deoradati
when a is in a specific deg
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channels appear to explain the mechanism underlying MALM
because the protein transport i can allow the specific
transport of only individual proteins [40], and the pore of the
apoptosis machinery such as VDAC seems to open a hole in only
the mitochondrial outer membrane in order to release cytochrome
¢ [4]] Huwcver, wc speculate that a channel such as the

mel'P)maymcdxatc
the I of ly

lik

Lysosome-Like Organella within Mitochondria

motif via the interplay of LAMP2A and heu shock pmteln 70
(HSP70) [19]. If the entire of the orl
like organelles can enter and exist within the mitochondrion,
MALM may function as the intramitochondrial CMA-like
mechanism in order to eliminate and degrade oxidized proteins
(Figure 9C).

P53 hns been reported to regulate aerobic respiration by the

M}"I’Pudmu@tmbeanompcaﬁcchannelthmspamﬁw
mitochondrial outer and inner mrmbnnuand creates a large hole

ip of p53 targets that are involved in the
h 1 electron sport chain, such as SCO2 (24). In
addition, p53R2 a p53 target, has been shown to regulate

between the cytoplasm and the mitochondrial matrix, leading to  mitochondrial DNA synthesis [45-47). These findings suggest that
equilibration of H* across the inner b and mitochond the i ofp53mhumanuncenladnoanmpamnemof
swelling due to water influx [42). Therefore, MPTP has been  aerobic resp and hondrial DNA h
suggested to play a role in atypical cell death such as necrosis.  downregulation of SCO2 and p53R2 mspccnvely In addmon,
However, the physiological role of MPTP remains unknown [42).  p53 ions cause the of

Because MPTP itself is permeable to solutes with a size of up o drial proteins via d I Mieap. M y Mieap
lskDa,chemofthepomscemnobcwomallmanowthe i ud.uecdy ‘by thylati ofnx 3

of Iy or This causes ; health chond;

we speculate that an unidentified MPTP-like channel may open a
large hole from the mitochondrial outer membrane to the inner
membrane under the regulation of Mieap and enable translocation
of lysosome-like organelles fmm the cywp].um into nnwdxondm

mgguungﬂmdwoemgmdlcsmmwoelht:ndmbcwmc
dysfunctional. This might explain, in part, why cancer cells
preferentially utilize aerobic glycolysis, as observed by Warburg
[20). Themfure, we suggest that cancer cells havc A pmduposmon
to and d

(Figure 9C). Further & is d to this
hypothesis.

Because mitochondria produce the majority of ROS within the
ce!l, proteins in the mitochondria are the primary targets for

Although there are many nnpomm questions that require
further scudy, the discovery of this unusual and important
mechanism in the cell may lead to a greater undemxndmg of
the underlyi d in various a and

hondrial ROS and oxidative damage [8,12). The oxidati
damaged proteins are thought to lose their normal function, wluch
can lead to the loss of normal mitochondrial funcuon [1433]
Thus, the mech of degradation of the oxidized proteins in
mmchondm appears to bc important for the ma.mtenance of

diseases that may be a result of defective mitochondrial quality
oonrml Moreover our discovery raises a number of important
g the well-established of cell biology.

1 quality. Ci ly, this quality control
of mitochondrial proteins has not been fully characterized and
only some p of the hanism of protein degrad:
within mitochondria have been identified. For cxample,
pmmsescanpkyammalmkmthumg\ﬂmnofpromm

dation within the mitochondria [13]. Among them, the LON
protease is an mpomnt ﬁcwr in :he degndanon of oxidized
proteins in the mitoct g A [14,43].
In addition to LON, AAApromses including i-AAA and m-
AAA,malsothoughtmbemvolvedmlhed:gndmnof
mitochondrial inner-membrane pmwns [44] Th\ls, these prote-
ases play a critical role in mitoch l protein degrad: in
order to maintain the quality of the mitochondria. If so, what is the
role of MALM? Since the protease activities of AAA and LON
primarily depend on ATP, they can function when ATP
concentration is sufficient [13]. Therefore, when the cell
experiences various stressful events leading to mitochondrial
damage, mitochondrial ATP production may be reduced. Such
conditions may result in the impairment of LON and i- or m-AAA
protease function. Therefore, it is possible that the MALM system
m mltochundm isa back-up :yx&m for stressful conditions, which
the d: d proteins within mitochondria

to lculenue the repair process of unhealthy mnlochond:u

Intheprumtmdy,wchaves}mwnm i drial

Cell lines

The following human cancer cell lines were purchased from the
American Typc Culture Collccnon LS174T, HCT116, HT29
and Lovo | ad (b bl
A549 and H1299 (lung cancer); MCF7 and T47D (mamm:ry
carcinoma); SKN-AS (neuroblastoma); U8S7MG, U138MG,
US73MG and T98G (glioblastoma); Hela (cervical cancer);
$2082 ( ); and Tera2 (mali embryonal carci-
noma). The TERT-immortalized normal cell line HFF2 (human
fibroblast cell) was provided by T. Kiyono (National Cancer
Centre R h Institute) and D.A. Galloway (Fred Hutchi
Cancer Research Centre). 'naeLC17Sedlhnc(lungcanc:r)wua
gift from T. Takahashi (Aichi Cancer Centre Research Institute),
Cells were cultured under the conditions recommended by their
depositors.

Semi-quantitative RT-PCR analysis

The RT-PCR exponential phase was determined on 18-28
cycles, to allow semi-quantitative comparisons among comple
mentary DNAs (cDNAS) developed from id
PCR regimen involved an m:lal denaturation step at 94°C for

and Method

g m"m'he dation of oxidized
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5 min followed by 18 cycles (82-MG), 19 cycles (p21/WAFI), 24
cycles (Mieap), 27 cycles (ATG5 and ATGI2) or 28 cycles (BECNI
and DRAM) at 55°C for 30 s, and at 72°C for 30 son a GeneAmp
PCR system 9700 (Applied Biosystems). Primer sequences were,
for p2-MG: forward, 5'-TAGCTGTGCTCGCGCTACT-3' and
reverse, 5'- GCGCTACTCTCTCTTCTG-3'; for p21/WAFI:
forward, 5'- TTGGCCTGCCCAAGCTCTA- 3’ and reverse, 5'-
TCCTCTTGGAGAAGATCAGC-3'; for Mieap: forward, 5'-CT-
TTGCAATGCAGGCCTTAGA-3' and reverse, 5’-CCGAC'IT—
CGAGACATCGTG-3'; for ATGS: forward, 5'- CTAAGGATG-
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