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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
of pancreatic cancer at the early stage.

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

,a high-density reverse-phase protein microarray.

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

Conclusions: We identified a significant decrease of the plasma CXCL? level in patients with pancreatic
cancer, and combination of CA19-9 with CXCL?7 improved the discriminatory power of the former for
pancreatic cancer.

Impact: The present findings may provide a new diagnostic option for pancreatic cancer and facilitate early
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detection of the disease. Cancer Epidemiol Biomarkers Prev; 20(1); 160~71. ©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
pancreatic cancer, but their median survival period still
remains about 6 months (9-11). These statistics
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demonstrate that early detection is essential for improv-
ing the outcome of patients with pancreatic cancer.

Computed tomography (CT), magnetic resonance ima-
ging (MRI), and positron emission tomography (PET) are
not cost-effective for the screening of pancreatic 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 sig-
nificantly facilitate the early detection of pancreatic can-
cer. However, no biomarker suitable for screening of
pancreatic cancer is currently available (12). CA19-9 is
an established biomarker useful for the follow-up of
pancreatic cancer patients receiving treatment, but has
not been recommended for cancer screening because of
its insufficient sensitivity and specificity (7, 13). Thére-
fore, 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). Itis 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 (CXCL?7), 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 individualsincluding patients
with untreated pancreatic cancer at NCCH (n = 19) and
TMUH (n=5),and healthy controlsatNCCH (n =2), TMUH
(n=9),0OMC (n=6),and ONH (1 =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.

Depleti
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. 1) and lyophilized.

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.

hich 1, 1 Bk 1
of high ght p
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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
Industry) and searched against the SwissProt database
(downloaded on April 22, 2009) using the Mascot soft-
ware package (version 2.2.1; Matrix Science). The search
parameters 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 pro-
teins, the protein name with the highest Mascot score
was selected.

Western blot analysis

Primary antibodies used were a rabbit polyclonal
antibody against platelet basic protein (PBP) precursor
(Sigma) and a mouse monoclonal antibody against
human complement C3b-oc (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 difluor-
ide (PVDF) membrane. The membrane was then incu-
bated 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
chemiluminescence (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 Genegs). 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

IgG (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 Il
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 ¢ 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 iated with p tic cancer
A plasma sample from 1 healthy volunteer was pro-
cessed 3 times using the HFM filtration technique. The
concentration of B2-microglobulin before and after HFM
treatment was measured. The recovery rates were
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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 d that distingui 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-a (loading control) by Western
blotting. Multiple bands for CXCL7 indicate the presence of proteolytic products.

25.11%, 25.73%, and 29.16%, respectively. Although the Twenty-five MS/MS spectra acquired from those 140
rates were seemingly low, the HFM treatment was highly - peaks were recurrently matched to 10 proteins in the
reproducible with a CV of 0.081 and the amount of p2- database with a Mascot score of greater than 30 (Supple-
microglobulin relative to total protein was increased 150 mentary Table S1). Notably, one MS peak (ID 54) matched
to 200-fold after HFM treatment. the amino acid sequence of the CXCL7 gene product
To identify a diagnostic biomarker for pancreatic can- (Swiss-Prot_P02775) with the highest score of 99.6 (Sup-
cer, we compared the plasma LMW proteome between 24 plementary Fig. S2). Figure 1B shows the CXCL7-derived
patients with pancreatic cancer and 21 healthy controls MS peak (ID 54, at 863 m/z and 50.2 minutes) that
(training cohort) using 2DICAL. Among a total of 53,009 appeared in a representative pancreatic cancer patient
independent MS peaks detected within the range 250 to and a healthy individual. Figure 1C demonstrates the
1,600 m/z and within a time range of 20 to 70 minutes, we distribution of the MS peak (ID 54) in patients with
found that 140 peaks had discriminatory ability with pancreatic cancer (red) and healthy controls (blue) in
a AUC of above 0.800. Figure 1A is a representative the training cohort (AUC = 0.839; P = 454 x 1075
2-dimensional view of all the MS peaks displayed with Mann-Whitney U test). The differential expression and
m/z along the x-axis and the retention time (RT) of LC identification of CXCL7 was confirmed by immunoblot-
along the y-axis. . ting (Fig. 1D).
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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 CXCL?7 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. 53). 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 1075; 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 107%; Fig. 3C and AUC value of
0.850, 95% CIL: 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
CXCLY7 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
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 I (<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,
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 (n = 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).

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% ClI: 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 CXCL? 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-
nificanit decrease of the plasma CXCL? 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
a larger 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 I and II disease (Table 2). CXCL7 did not

www.aacrjournals.org

Cancer Epidemiol Biomarkers Prev; 20(1) January 2011
6 —

165



166

Matsubara et al.

Healthy control

#1

#2

#3

e

Pancreatic cancer

#o (SR
-
. PR
|

Figure 2. Image of a repi i phase protein r slide stained with anti-PBP antibody (left). Samples were randomly assigned, and
quadi spots from rep ive patients with high and low levels of CXCL7 were extracted (right).

surpass the sensitivity of CA19-9, but was able to supple-
ment it. Combination with CXCL? 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
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1 Table 2. Plasma CXCL7 level according to clinical stage of pancreatic cancer

Pancreatic cancer patients

—

|
i
Healthy controls |

Stage | Stage Il Stage Il Stage IV 1

|

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) 414 (0.18) |

| P (vs. healthy controls) 0.01 0.01 . <0.001 <0.001 |

| Validation cohort i l

! 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

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

®Measured using reverse-phase protein microarrays.

®Two patients whose samples were not available for reverse-phase protein microarrays were excluded.

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-
pleinterindividual 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. CXCL?7, 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 CXCL? 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 CXCL?7 is
detectable several months before diagnosis of lung
cancer (36). We observed a reduction of CXCL7 in 10
patients with chronic pancreatitis; but, examination of a
larger number of patients will be needed before any
definite conclusion can be reached.

CXCL?7 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 IIl (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 CXCL?7 in
patients with pancreatic cancer remained unexplained.

Because the process of pancreatic carcinogenesis is
probably mediated by various molecular pathways (42),
the diagnosis of pancreatic cancer using a single bio-
marker 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

www.aacrjournals.org
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Figure 3. Aand C, plasma levels (in arbitrary units) of CXCLY7 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.

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 indepen-
dent validation by other investigators is still man-
datory before its clinical application can be warranted
(15, 29-31, 43).
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The primary goal of the present study was to dis-
cover new biomarkers useful for the early detection of
pancreatic cancer in an asymptomatic population.
Aberrations of circulating CXCL7 have also been
reported in other premalignant 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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Hepatocellular carcinomas can develop in
simple fatty livers in the setting of
oxidative stress

Sir,

It is doubtless that non-alcoholic fatty liver disease (NAFLD)
has become a critical public health issue in most developed
countries.! In addition to its close association with metabolic
disorders and cardiovascular events, NAFLD itself can pro-
gress to life-threatening liver diseases, cirrhosis and hepato-
cellular carcinoma (HCC).»? Surprisingly, recent clinical
observations have revealed that HCC can develop in non-
cirrhotic, but steatotic livers without significant fibrosis.>*
In the reports, authors emphasised the importance of underlying
metabolic disorders and oxidative stress in hepatocarcinogen-
esis in such NAFLD cases.

We herein report a case of NAFLD complicated by HCC, in
which the potential contribution of oxidative stress to hepato-
carcinogenesis in NAFLD has teen further strongly suggested.

In May 2006, a 72-year-old obese Japanese man was
admitted to the National Hospital Organization Osaka National
Hospital, Japan, because of a hepatic nodule. The patient had a
5 year medical history of hypertension and fatty liver. He
underwent an operation for abdominal aortic aneurysm in April
2004, and had since been an outpatient. Follow-up abdominal
ultrasonography showed, in addition to hepatic steatosis, a
nodular lesion approximately 2 cm in diameter in the left lobe
of the liver. The hepatic nodule had been growing larger, and
findings of computed tomography (CT) strongly suggested that
it was HCC (Fig. 1).

On admission, he appeared to be healthy except for obesity,
and the laboratory test results showed normal serum levels of
transaminases and negativity for hepatitis B and C viruses.
After the examinations, under the tentative diagnosis of HCC,
a surgical operation was performed to remove the left lobe of
the liver. The cut surface of the liver sample was smooth and
yellowish-brown, and demonstrated the clearly circumscribed
nodule Scm in diameter (Fig. 2). Histological examination
revealed that the nodular lesion was well-differentiated
HCC (Fig. 3A), and the background hepatic disorder was
simple steatosis without inflammation and fibrosis

CORRESPONDENCE 167

Fig. 1 Findings of computed tomography. A hypervascular nodule is seen in
the left lobe of the liver (asterisk).

Fig. 2 The cut-surface of the liver sample. A well-circumscribed nodular
lesion 5cm in diameter is present.

(Fig. 3B). Routine pathological examination couldn’t detect
any causative factors in hepatocarcinogenesis, such as iron
overload. However, an immunohistochemical analysis
revealed that as well as tumour cells, a few non-tumourous
hepatocytes showed immunoreactivity for anti-oxidised
phosphatidylcholine (oxPC; Fig. 3A,B insets), a marker of

L RN Y

Fig.3 Microscopic findings of the liver sample. (A) The hepatic nodule consists of well-differentiated HCC (H&E). (B) A background liver condition is simple steatosis
without fibrosis (Azan-Mallory stain for collagen). Insets: steatotic liver cells of both tumourous and non-tumourous portions are positive for oxPC (immunoperoxidase

with anti-oxPC).
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oxidative cellular injury.” The immunoreactivity was found
restrictively in steatotic cells in both tumourous and non-
tumourous portions. It suggested that the steatosis-related
oxidative hepatocellular injury had persisted and had played
a certain role in the development of HCC. His postoperative
course was uneventful and he was discharged. Follow-up
examinations have been done every 3 months, resulting in
no evidence of tumour recurrence. When last seen, in Decem-
ber 2009, he was well.

Like the present case, HCC can develop in non-inflamma-
tory, non-fibrotic, but steatotic livers. A previous case report of
HCC arising in the absence of advanced NAFLD emphasised
the potential roles for metabolic factors (diabetes, hypertension,
obesity and dyslipidaemia) and oxidative stress in hepatocar-
cinogenesis.* Oxidative stress is generallg’ recognised as an
important factor in hepatocarcinogenesis. ¢ Our immunohis-
tochemical results showed oxPC-positive steatotic hepatocytes
in the background liver tissue of HCC. OxPC, one of the lipid
peroxides, is a highly specific marker of oxidative damage. In
our previous observation, its immunoreactivity was seen
mainly in steatotic or degenerated hepatocytes in NAFLD,
and only in some Kupffer cells in normal liver tissues.”
Hence, the present result suggested that the fatty liver had
chronically been exposed to oxidative stress, which was
probably initiated prior to hepatocarcinogenesis. To our
knowledge, this is the first direct evidence of oxidative
hepatocellular injury occurring in simple fatty livers compli-
cated by HCC. Excess fat accumulation itself, even in the
absence of inflammation, can be a source of oxidative stress
that induces hepatocarcinogenesis. In conclusion, simple
steatosis-related oxidative stress should be considered as
one of the risk factors of HCC.
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Benign prostatic glands as a tissue
component of testicular teratoma: an
uncommon histological finding

Sir,

The occurrence of benign prostatic tissue as a component of
testicular teratoma has only been described as a single case
report.1 This may be due to its rare occurrence, as well as the
failure of the diagnostic pathologist to recognise glands as
prostatic on routine sections and to subsequently confirm this
by immunohistochemistry. In our laboratory we utilise Solufix
(Tissugen, Australia), a glutaraldehyde-based tissue fixative for
routine histology. This agent preserves the spermine content of
prostatic secretory granules (PSG) which stain intensely with
eosin on routine stains allowing easy recognition of prostatic
epithelium.>

We present two cases of benign prostatic glandular tissue
occurring in two patients with primary testicular tumours; a
mature teratoma in a 35-year-old male and a mixed germ cell
tumour (30% mature teratoma) in a 39-year-old male. Each
patient underwent routine inguinal orchidectomy for a clini-
cally detected testicular mass.

On microscopy, benign gland structures were recognised
which were lined by two cell types and bore some resemblance
to prostatic acini. These glands were highlighted by their
intense eosinophilic PSG (Fig. 1 and 2), and were distributed
either singularly or as clusters separated by bland stroma.
Lining epithelium showed variable morphology ranging from
bland epithelial cells consistent with benign prostatic glands
(Fig. 1) to epithelial cells with larger nuclei and prominent
nucleoli (Fig. 2), consistent with prostatic intraepithelial neo-
plasia (PIN). The prostatic nature of the glands was sub-
sequently confirmed by strong diffuse cytoplasmic reactivity
with immunohistochemistry for PSA (Dako, USA; Fig. 1 inset)
and prostatic acid phosphatase (Dako; not shown). Basal cells
were confirmed with immunostaining for high molecular
weight cytokeratin 34BE12 (Dako; Fig. 2 inset).

Recognition of the first case prompted a histological review
of all testicular teratomas over a 10 year period which included
20 testicular tumours comprising pure teratomas (n= 10) and
mixed germ cell tumours with a mature teratoma component
of >10% (n=10). This review identified the second case,

Fig.1 Benign prostatic glands withina testicular germ cell tumour surrounded
by bland stroma. Small eosinophilic granules (prostate secretory granules) are
seen in the apical cytoplasm confirming prostatic epithelial differentiation.
Inset: These cells are strongly labelled with PSA immunostaining.
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Sulfation represents an essential modification for various

lecules and regul many biological pr The
sulfation of glycans requires a specific transporter for 3'-
phosphoad ine 5'-phosphosulfate (PAPS) on the Golgi
apparatus. This study investigated the expression of PAPS
transporter genes in colorectal carcinomas and the signifi-
cance of Golgi-specific sulfation in the proliferation of col-
orectal carcinoma cells. The relative amount of PAPSTI
transcripts was found to be higher than those of PAPST2
in colorectal cancerous tissues. I histochemically,

carcinoma cells. Silencing the PAPS transporter genes
reduced fibroblast growth factor signaling in DLD-1 cells.
These findings indicate that PAPS transporters play a role
in the proliferation of colorectal carcinoma cells them-
selves and take part in a desmoplastic reaction to support
cancer growth by controlling their sulfation status.

Keywords: colorectal carcinoma/heparan sulfate/PAPST1/
PAPS transporter/sulfation

Introduction

In malignant transformation, specific carbohydrate antigens
are expressed on glycoproteins or glycolipids on the surface
of cancer cells. Appearance of these carbohydrate epitopes is
associated with alterations in the expression of several glyco-
syltransferases. These carbohydrate epitopes play important
roles in the progression and metastasis of cancer cells and are
used as typical tumor markers for the diagnosis of various
human cancers. In addition, it has been reported that certain
nucleotide sugar transporters are involved in the expression of
carbohydrate epitopes in cancer. Nucleotide sugar transporters
are proteins that are localized on membranes of the endoplas-
mic reticulum or the Golgi apparatus. These proteins provide
substrates for glycosyltransferases in the lumen. Kumamoto
et al. (2001) reported that the expression of uridine dipho-
sphate (UDP)-galactose transporter (solute carrier family 35,
member A2; SCL35A2) is increased in human colon carci-
noma and is responsible for the synthesis of the Thomsen—
Friedenreich antigen and sialyl Lewis A (Le%) and X (Le%)
epitopes. Moriwaki ct al. (2007) reported that guanidine
diphosphate (GDP)-fucose transporter (SLC35C1) expression

the enhanced expression of PAPST1 was observed in fibro-
blasts in the vicinity of invasive cancer cells, whereas the
expression of PAPST2 was decreased in the epithelial cells.
RNA interference of either of the two PAPS transporter
genes reduced the extent of sulfation of cellular proteins
and cellular proliferation of DLD-1 human colorectal
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is upregulated in hepatocellular carcinoma and plays a role in
an increased rate of fucosylation. These reports suggest that
the expression of nucleotide sugar transporters is a key factor
for regulating the synthesis of carbohydrate epitopes in cancer
cells.

Another essential modification is sulfation which is fre-
quently found on the glycans of proteoglycans, glycolipids,
and glycoproteins, and on tyrosine residues of proteins.
Sulfation is catalyzed by various sulfotransferases, and it mod-
ifies the properties of molecules by imparting a negative
charge. Heparan sulfate (HS) and chondroitin sulfate (CS) pro-
teoglycans are well-characterized macromolecules that have
highly sulfated glycosaminoglycan (GAG) chains and play sig-
nificant roles in many biological processes. Inhibition of
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sulfation using chlorate, an inhibitor of 3’-phosphoadenosine
5'-phosphosulfate (PAPS) sulfurylase, reduces the signaling of
various growth factors such as the fibroblast growth factor
(FGF) (Rapraeger et al. 1991; Yayon et al. 1991) and Wnt
(Reichsman et al. 1996). Analysis of Drosophila mutants with
defects in sulfotransferases revealed the importance of sulfation
of GAGs on growth factor signaling during development
(Lin and Perrimon 1999; Lin ‘et al. 1999; Kamimura et al.
2001, 2006).

On the other hand, it has been reported that some sulfated
structures alter the expression of molecules associated with
the progression of cancer. Sulfated sialyl Le* epitopes have
been identified as ligands for L-selectin (Mitsuoka et al.
1998), which plays a crucial role in the leukocyte homing
process in high endothelial venules. It is known that the risk
of malignancy in colorectal cancer is associated with an
increase in sialylation (Nakamori et al. 1993; Matsushita et al.
1995; Nakayama et al. 1995) and a decrease in sulfation of
carbohydrate epitopes (Yamori et al. 1989; Irimura et al.
1991; Matsushita et al. 1995; Izawa et al. 2000).
Immunohistochemical studies have revealed that the goblet
cells of human colonic epithelia of Lewis-positive individuals
show a strong signal for sulfated mucins (Tsuiji et al. 1998b).
The expression of sulfomucins is much lower in colon adeno-
carcinomas than in the normal mucosa due to the decreased
expression of specific sulfotransferases (Seko et al. 2002b).

Two PAPS transporter genes have been previously ident-
ified in both humans and Drosophila (Kamiyama et al. 2003,
2006; Goda et al. 2006). Liiders et al. (2003) independently
reported that slalom is a PAPS transporter gene in Drosophila.
These PAPS transporters are required for the sulfation of cel-
lular proteins and normal development in Drosophila
(Kamiyama-et al. 2003; Liiders et al. 2003; Goda et al. 2006).
Additionally, both human PAPST1 (SLC35B2) and PAPST2
(SLC35B3) were found to be involved in the sulfation of the
6-sulfolactosamine epitope in a human colorectal carcinoma
cell line (Kamiyama et al. 2006). Huopaniemi et al. (2004)
reported that the CMP-sialic acid transporter (SLC35A1), the
GDP-fucose transporter (SLC35C1) and the PAPS transporter
(SLC35B2) are involved in coordinated transcriptional regu-
lation during induction of sialyl sulfo-Le* glycan biosynthesis
during acute inflammation. These studies indicate that PAPS
transporters regulate the sulfation process in addition to sulfo-
transferases; however, studies have not been conducted on the
expression status of PAPS transporter genes in cancer.
Therefore, in the present study, we investigated the expression
of PAPS transporter genes in colorectal carcinomas and their
role in the regulation of sulfation in colorectal carcinoma
cells. The significance of Golgi-specific sulfation in prolifer-
ation of colorectal carcinoma cells is also discussed.

Results

Expression status of PAPS transporter genes in colorectal
carcinomas

Previously, we identified two human PAPS transporter genes:
PAPSTI and PAPST2 (Kamiyama et al. 2003, 2006). In
normal colon tissue, PAPST] was expressed at substantially
lower level than P4PST2 (Kamiyama et al. 2006). In the
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present study, the expression of these PAPS transporter genes
in human colorectal carcinomas was investigated. Initially, the
expression levels of these transcripts in colorectal carcinoma
cell lines were quantified using real-time polymerase chain
reaction (PCR). The relative expression level of PAPST] tran-
scripts. was higher than that of PAPST2 in all of the 22 color-
ectal carcinoma cell lines tested (Figure 1A).

Subsequently, the expression levels of PAPST/I and PAPST?
were determined in human colorectal tissues. Figure 1B indi-
cates the expression levels of PAPST] and PAPST2 transcripts
in cancerous and noncancerous colorectal tissues obtained from
seven specimens. Consistent with the result from the cell lines,
the relative amount of PAPST/ transcripts was higher than that
of PAPST2 in colorectal cancerous tissues. Meanwhile, a con-
siderable amount of PAPST/ transcripts was detected in non-
cancerous colorectal tissues. In the previous study, we used
only one sample for the determination of PAPST/ and PAPST2
expression in human colon tissue (Kamiyama et al. 2006).
Therefore, the difference might be due to the individual and/or
position-specific differences. The expression of PAPST? was
found to be decreased in colorectal cancerous tissues.

The expression of PAPST/ mRNA in colorectal carcinoma
was confirmed through in sifu hybridization. As shown in
Figure 2A, PAPSTI mRNA was detected in both adenocarci-
noma cells and the stromal cells. To further characterize the
distribution of PAPSTI in colorectal tissues, we prepared an
antibody against a C-terminal peptide of mouse PAPSTI. The
immunoreactivity of the anti-PAPSTI antibody to human
PAPST1 protein was confirmed by western blot analysis
against c-myc-tagged human PAPSTI protein, which was
expressed in HEK293 cells (Figure 2C). The anti-PAPSTI
antibody specifically recognized both endogenous (Figure 2D,
left and middle lanes) and c-myc-tagged human PAPST1
protein (Figure 2D, right lane). Immunohistochemical analysis
identified that the predominant expression of PAPSTI is on
epithelial cells rather than on stromal cells in both noncancer-
ous (Figure 2E and E’) and cancerous (Figure 2F and F’) col-
orectal tissues. The expression levels of PAPSTI protein in
epithelial cells were similar in cancerous and noncancerous
tissues, whereas the observed levels of stromal cells were
region-specific and dispersed (Figure 2G, G’ and 1, arrows).
Moreover, enhanced expression of PAPST] was also observed
in fibroblasts in the vicinity of invasive cancer cells
(Figure 21, asterisks), This suggests that the desmoplastic reac-
tion is associated with elevated levels of PAPST1 in cancer-
ous tissue. PAPST1 protein was detected in all cancerous and
noncancerous sections tested in the perinuclear region (Golgi
apparatus) of the cells (Figure 2G, G’ and H, arrowheads).

On the other hand, PAPST2 protein was predominantly
detected in epithelial cells in noncancerous colorectal tissues
(Figure 2J). However, the expression of PAPST2 protein in
epithelial cells was faintly detectable in cancerous colorectal
tissues (Figure 2K). Strong expression of PAPST2 protein was
observed in cells of hematopoietic lineage in both noncancer-
ous and cancerous tissues (Figure 2J and K, diamond arrows).
These results indicate that colorectal cancerous tissue
increases the expression of PAPST] in fibroblasts in the vicin-
ity of the desmoplastic reaction and decreases the expression
of PAPST2 in epithelial carcinoma cells.
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Fig. 1. Quantitative analysis of PAPST/ and PAPST2 transcripts in colorectal carcinoma cell lines (A) and
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and human

| tissues

(B). The amounts of PAPSTI and PAPST? transcripts were determined using real-time PCR. The obtained values were normalized with respect to the amount of
GAPDH transcripts in the same cDNA. Sample information is described in Table . Left panel, noncancerous tissue, right panel, cancerous tissue.

Table 1. Histopathological characteristics of colorectal carcinomas

Sample no. ~ Site of Hi: thological di

1 Cecum Moderately dif i d

2 Right hemi-col Well-diffe iated adq

3 Ascending colon  Mucii d i

4 Sigmoid colon Moderately dif d ad

L1 Sigmoid colon Moderately dif d

6 Sigmoid colon Well-differentiated adenocarcinoma
7 Sigmoid colon Well-differentiated adenocarcinoma

Sulfated glycoconjugates in colorectal carcinoma cell lines

The sulfation status of cellular proteins in colorectal carci-
noma cell lines was investigated using three cell lines,
Omega, DLD-1 and LS174T, which were reported as posses-
sing sulfated glycoconjugates (Tsuiji et al. 1998a). These cell
lines were metabolically labeled with Nay[>*S]0, for 24 h and
the incorporation of radioactivity into cellular proteins was
analyzed (Figure 3A). In all three cell lines, a broad band

above 200 kDa was observed (Figure 3A, arrowhead). This
signal mostly disappeared when cells were treated with hepar-
itinase, indicating the presence of HS. Omega cells, but not
the other two cell lines, exhibited a band at a higher molecu-
lar range (Figure 3A, arrow). This signal was derived from
CS, as it disappeared upon treatment with chondroitinase
ABC. LS174T retained a dense band even after treatment with
heparitinase and chondroitinase ABC. Because LS174T is
known to have high levels of sulfated mucins (Tsuiji et al.
1998a), this signal was attributed to the sulfated mucins.

The ratio of sulfate incorporation into HS, CS and
N-glycans was determined in these cell lines. The levels of
sulfate incorporation into HS, CS and N-glycans were esti-
mated on the basis of the radioactivity released by the treat-
ment of cells or cellular proteins with heparitinase,
chondroitinase ABC and PNGase F (peptide:N-glycosidase
F), respectively. The level of total sulfate incorporation into
the proteins was determined from the radioactivity of proteins
precipitated with trichloroacetic acid (TCA). Figure 3B shows
the ratio of sulfate incorporation into HS, CS, N-glycans and
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Fig. 2. In situ hybridization of PAPSTI mRNA and immunohistochemical staining for PAPST1 and PAPST2 proteins in colorectal carcinoma. (A and B) Serial
frozen sections from rectal carcinoma were hybridized with either a digoxigenin-labeled antisense (A) or sense (B) riboprobe against PAPSTI mRNA. Hybridized
probes were detected with an alkaline phospt labeled anti-di in antibody. Bar scales are 50 pm. (C and D) The specificity of anti-PAPST1 antibody to
human PAPST] (hPAPST1) protein. A pCXN2-c-myc expression vector containing the #PAPST/ gene was transfected into HEK293 cells and the cell Iysate was
prepared. hPAPST1 protein was detected by western blotting using anti-c-myc (C) or anti-PAPST1 (D) antibodies. Arrows indicate the band of hPAPST1 protein.
None, intact cells; mock, cells treated with empty vector: myc-hPAPST], cells treated with pCXN2-c-myc-hPAPST1. IB, immunoblot; Ab, antibody. (E-F’)
Paraffi bedded sections were i d with anti-PAPST1 antibody using an automated Ventana system. Sections were counterstained with hematoxylin.
(E and E’) Noncancerous colorectal tissue and (F and F’) cancerous colorectal tissue. PAPSTI protein was pred ly detected as p dots in epithelial

i cells (F', arrowheads). In both (E and E’) and (F and F”) col | tissues, stromal cells were weakly stained, whereas epithelial
cells were strongly stained. Representative results from 19 (E) and 20 (F) stains are shown. Bar scales are 200 wm (E and F) and 50 pm (E’ and F’). (E and F), low
magnification; (E’ and F"), high magnification. (G-K) Frozen sections were immunostained with anti-PAPST1 (G-1) or anti-PAPST2 (J and K) antibody and
detected with anti-rabbit IgG conjugated Alexa Flour 488 (green). F-actin filaments and nuclei were ined with phall i j Alexa Fluor 594
(red) and with Hoechst 33342 (blue), respectively. (G, G’ and J) Noncancerous colorectal tissues and (H, 1 and K) cancerous colorectal tissues. In both

and 1 I tissues, PAPST]1 protein was detected in the perinuclear region (Golgi apparatus) of epithelial cells (G, G’ and H,

arrowheads) and stromal cells (G, G’ and I, arrows). Fibroblasts were heavily stained with PAPST1 antibody in the vicinity of invasive cancer cells where the
desmoplastic reaction was observed (I, asterisks). PAPST2 protein was strongly detected in cells of hematopoietic lineage (diamond arrows) in both noncancerous
(J)and (K) col I tissues. Epithelial cells were stained with anti-PAPST2 antibody in noncancerous colorectal tissues (J), whereas they were only
faintly stained in cancerous colorectal tissues (K). Bar scales are 50 um. (G), low ion; (G'), high magnifi
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in the presence or absence of hep (HSase) or ct iti ABC
(CSase) for 2 h. Cellular proteins were separated by 2-15% gradient SDS—
PAGE. The arrowhead and arrow indicate signals that disappear upon
treatment with HSase and CSase, respectively. (B) The ratio of sulfate
incorporation into HS, CS and N-glycans in cellular proteins. The amounts of
sulfate incorporated into HS, CS and N-glycans were estimated on the basis
of the radioactivity released after treatment of cells or cellular proteins with
HSase, CSase and PNGase F, respectively. The amount of total sulfate
incorporation into proteins was determined by precipitation of the proteins in
the cell lysate with TCA.

di |

Fig. 3. Metaboli
A

other glycans. Consistent with the results of autoradiography,
Omega cells were found to contain high levels of HS and CS
and lower levels of sulfated N-glycans. DLD-1 and LS174T
cells had low levels of CS but high levels of HS and

PAPS transporters in colorectal carcinoma
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Fig. 4. Knockdown efficiency of each siRNA for PAPST/ (left panel) and
FAPST2 (right panel) transcripts. Relative amounts of each transcript were
quantified using real-time PCR and normalized with respect to the amount of
GAPDH. Values shown are means (SDs) obtained from three independent
experiments. No siRNA, cells treated with no siRNA; control (100 nM), cells
treated with 100 nM control siRNA; control (200 nM), cells treated with 200
nM control siRNA; PAPSTI, cells treated with 100 nM P4PSTI siRNA;
PAPST?2, cells treated with 100 nM PAPST2 siRNA; PAPST1 + PAPST?, cells
treated with 100.nM PAPST! siRNA and 100 nM PAPST2 siRNA.

N-glycans. LS174T contained a substantial amount of extra
sulfate, which was considered to be represented by sulfated
mucins and sulfated tyrosine residues of proteins.

Gene silencing of PAPS transporters reduces sulfation

in DLD-1 cells

To address whether the expression status of PAPS transporters
affects sulfation in colorectal carcinomas, the expression of
PAPS transporter genes in a colorectal carcinoma cell line was
reduced via RNA interference (RNAi). For the RNAi exper-
iments, PAPST! siRNA (small interfering RNA), PAPST2
siRNA and a control siRNA that did not match any human
gene were used. On the basis of knockdown efficiency,
DLD-1 was selected among the three cell lines. We decided
to introduce SiRNA in three separate sequential additions
because a single addition was found to have a slight effect on
the sulfation modification. On days 1, 4 and 7, each of these
siRNAs was repeatedly transfected into DLD-1 cells, and the
knockdown efficiency was determined by real-time PCR on
day 10 (ie. 3 days after the third transfection). Figure 4
shows the expression of PAPSTI and PAPST2 genes in
DLD-1 cells treated with each siRNA. Treatment with
PAPSTI and PAPST2 siRNAs was found to reduce the
expression level of the corresponding gene to <20% of the
original level. Double knockdown with PAPST/ and PAPST2
siRNAs reduced both transcripts in the DLD-1 cells. No sig-
nificant alteration was observed in the expression level of the
nontargeted gene.
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