At the Focal Point

A 53-year-old man with melena and anemia was referred
for double-balloon endoscopy (DBE). A previous EGD,
colonoscopy, and small-bowel enteroclysis examination
revealed no specific findings. Transabdominal US and
abdominal CTs were negative. Laboratory tests on admis-
sion revealed a Hb level of 6.3 g/dL (normal: 11.3-15.2 g/dL).
After transfusion of two units of blood, DBE was performed
and revealed an ulcerated and excavated mass, with
a diameter of approximately 6 cm, in the proximal ileum
(A). Gastrografin (Nihon Schering, Osaka, Japan) was
infused into the proximal side of the tumor through
the DBE, with its distal balloon inflated (arrow), blocking
the back flow of the contrast to enhance visualization of the
segment. Radiography demonstrated an ulcerated mass
(B). The involved segment of ileum was surgically resected

(C). Pathologic examination showed that it was a GI stromal
tumor (GIST) with a number of mitotic nuclei (arrows),
which suggests malignancy. Immunohistochemistry showed
that the cells were kit positive (D; Immunohistochemical
stain for c-kit, orig. mag. x200) but did not express Desmin
and S-100.
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Commentary

Two recently developed techniques to visualize the entire small bowel are videocapsule enteroscopy (VCE) and double-
balloon endoscopy (DBE). VCE is purely diagnostic, whereas DBE also has therapeutic capability. The present case illustrates
the use of DBE to provide a roentgen image of a segment of tumor-bearing small bowel and entices us to imagine its

therapeutic potential were the lesion to have been removable.
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Contamination with Hepatitis B Virus DNA in Gastroin-
testinal Endoscope Channels: Risk of Infection on Reuse

after On-Site Cleaning

Y. Ishino
o K Ido
> K. Sugano

Abstract

Background and Study Aims: The incidence of viral contamina-
tion in the air, water and suction/accessory channels of gastroin-
testinal endoscopes was examined in order to evaluate the risk of
infection.

Materials and Methods: After endoscopic examinations, includ-
ing biopsy procedures, in 17 patients who were positive for hepa-
titis B virus surface antigen and eight patients who were positive
for hepatitis C virus antibody, the endoscopes were cleaned on
site by suctioning and flushing the air and water channels with
an enzyme detergent. First samples were then collected by flush-
ing 5 ml of sterile water through each channel. After mechanical
reprocessing, second samples were collected in the same way.

Virological studies were carried out with real-time polymerase
chain reactions for hepatitis B virus DNA and hepatitis C virus
RNA. .

Results: Hepatitis B virus DNA was detected in five of the first
samples recovered from the suction/accessory channels of the
endoscopes (titers of 1.3 x 10* to 2.5 x 105 copies/ml), while no
contamination was detected after reprocessing (P =0.0445). The
first samples from one water channel and three air channels
were also positive for hepatitis B virus DNA, but were negative
after reprocessing (P> 0.5, P=0.227, respectively). No hepatitis C
virus RNA was detected in any of the samples.

Conclusions: These results indicate that all of the channels were
potential sources of viral infection.

fntroduction

Endoscopic transmission of infectious agents continues to be a
serious problem. Previous studies have drawn attention to defi-
ciencies in endoscope reprocessing procedures, and more effec-
tive methods of achieving high-level disinfection have been pro-
posed [1-6]. On the basis of these data, a number of guidelines
on endoscope disinfection have been published [7-11], and ef-
forts to revise and improve these guidelines have continued
with revisions and improvements as awareness of the risk of
transmitting infection through incorrect reprocessing proce-
dures has increased. Although several reports have found that re-
processing procedures following the present guidelines are ade-
quate for high-level disinfection [12,13}, reports of nosocomial
infection via endoscopic procedures continue to appear, includ-

ing transmission of hepatitis B virus (HBV) [14,15], hepatitis C
virus (HCV) [16], and Helicobacter pylori [17,18].

One suggested cause of endoscopic infection is inadequate clean-
ing procedures, and in particular failure to carry out brush clean-
ing. The guidelines all emphasize the importance of meticulous
cleaning of channels, especially the suction/accessory channel,
before disinfection [7-9]. In a previous report, our group dem-
onstrated contamination of both the air and water channels of
used upper gastrointestinal endoscopes by measuring residual
protein volumes in the lumen and by microbial surveillance [6].
The study emphasized that the air and water channels should be
brushed before disinfection. After contact with disinfectants, or-
ganic soiling in the channels can form an adhesive substance,
which can then harbor infectious agents, and even a single con-
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taminated channel can be a source of infection. In most endo-
scopes, the only way of cleaning the air and water channels is
by flushing them with air and water [7]. Regrettably, the majority
of endoscope manufacturers have not changed the complex
structure of the air and water channels, which therefore remain
inaccessible to brushing. Experimental studies on virally con-
taminated endoscopes have suggested that the suction/acces-
sory channels were a potential source of viral infection [19,20].
The present study evaluated viral contamination separately for
each of the air, water, and suctionfaccessory channels of endo-
scopes that had been used to examine patients with HBV and
HCV.

Materials and Methods

Following upper gastrointestinal examinations, including biopsy
procedures, in patients who were positive for hepatitis B surface
antigen (HBsAg) or HCV antibody, the endoscopes used (Pentax
EG-2940, Pentax, Tokyo, Japan) were immediately cleaned on
site by suctioning 200 ml tap water with a detergent (Cidezyme,
Johnson and Johnson, Inc., Sherman, Texas, USA) and then flush-
ing air and water through the air and water channels, respective-
ly, for 2 min. The suction/accessory channel was similarly flush-
ed with an air-filled syringe after water had been suctioned with
the detergents. The suiface of the insertion tube was wiped three
times with wet gauze. After on-site cleaning, samples were taken
(first samples) by flushing 5 ml aliquots of sterile water through
each suction/accessory, air, and water channel. Residual fluid
was purged from the channels with an air-filled syringe. The en-
doscopes were then washed manually with tap water and the de-
tergent. The endoscopes used in this study have air and water
channels wide enough for direct brushing, Each channel was
brushed three times with the appropriate brushes (Pentax CS-
5021 and CS-3025, Pentax, Tokyo, Japan), and then washed and
disinfected by automatic endoscopic reprocessors (Pyser System
83, Custom Ultrasonics, Ivyland, Pennsylvania, USA), with disin-
fection using 2% glutaraldehyde for 20 min. The reprocessing
procedures were carried out in accordance with the guidelines
of the Association for Professionals in Infection Control and Epi-
demiology [7]. After cleaning, samples from the three respective
channels were taken again as before (second samples).

Real-time polymerase chain reaction (PCR) was used to detect
HBV DNA in samples taken from endoscopes used in HBV pa-
tients [21] and HCV RNA in samples from endoscopes used in
HCV patients [22]. The incidence of positive findings for HBV
DNA or HCV RNA in the endoscopes was compared between the
first and second samples for each channel, The results were ana-
lyzed using Fisher's exact test.

Results

Seventeen HBsAg-positive patients (Table 1) underwent en-
doscopy with biopsy during the study period. The first samples
from five suction/accessory endoscope channels were
contaminated, while contamination was not observed in any of
the second samples from suction/accessory channels. The suc-
tion/accessory channel was thus significantly decontaminated
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Table1 Data on serum hepatitis B e antigen (HBeAg) and antibody
(HBeAb) in patients undergoing endoscopy with the en-
doscopes studied
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+: Positive; ~: negative: NE: not examined. Endoscope no. 3 was used in a patient
with hepatitis B virus liver cirrhosis.

by the brushing/automatic endoscopic reprocessor procedure
(P=0.0445). The first samples from three air channels and one
water channel were also positive for HBV DNA; HBV DNA titers
as assessed by PCR for the positive endoscopes are shown in Ta-
ble2. The second samples from the air and water channels
showed no contamination (P=0.227, P> 0.5, respectively).

Eight patients who were positive for HCV antibody underwent
endoscopy with biopsy during the study period. None of the en-
doscopes were positive for HCV RNA in either the first or second
samples.

Discussion

While detection of viral DNA does not necessarily mean that in-
fective viral particles are present, these results still imply a po-
tential risk of viral transmission via contaminated channels. The
present study was a preliminary investigation, although the re-
sults show that some air and water channels were still contami-
nated with HBV DNA after on-site cleaning, as were some suc-
tion/accessory channels - so that cleaning by flushing with air
and water alone was insufficient to prevent HBV contamination.
This is consistent with the findings of a study by Deva et al. [23]
in which laparoscopes contaminated with duck hepatitis B virus
were investigated. Viral transmission occurred after the instru-
ments were rinsed with water alone. Although laparoscopes are
easier to clean, as they do not have internal channels, viral con-
tamination persisted.

Ishino Y et al. Hepatitis B Virus Contamination and Endoscope Cleaning - Endoscopy 2005; 37: 548 -551

— 241 —




Table 2 Titers (copies/ml) of hepatitis B virus DNA on polymerase
chain reaction testing in endoscopes that were positive
after on-site cleaning

Endoscope no. Suction/accessory Air Water
channel channel channel
4 1.1%10°
3 2.5%10° 1.1 %10
A . - 8.8x107 - 4.9%102 5.0%70%: .
10 1.8x 104
12 T S 5.6% 10
16 1.3x 104

Several studies have documented the contamination of endo-
scope channels in clinical settings [6,14,24,25]. Vesley et al. in-

" vestigated the microbial bioburden of each channel of in-use en-
doscopes [24], and showed that every channel could be contami-
nated with bacteria after an endoscopic procedure. Birnie et al.
reported on the possible transmission of HBV during endoscopy
[14]; the authors suspected that the air and water channels were
involved in the infection. Reports of HBV endoscopic transmis-
sion in Japan have suggested similar findings [15]. Since the air
and water channels were probably not cleaned or even flushed
with glutaraldehyde, infections occurred. Deva et al. also docu-
mented viral contamination of the biopsy/suction channels of
endoscopes used in HBV patients [25}, and reported that the
channels were contaminated with HBV after disinfection with-
out brushing. Also, since patients undergo insufflation during
the examination, it is intuitively clear that the resulting positive
pressure may contribute to the retrograde movement of fluids
from the patient, including blood, up all of the instrument’s hol-
low-bore channels. To our knowledge, this is the first study dem-
onstrating postendoscopic HBV contamination of all channels,
including the air and water channels, of upper gastrointestinal
endoscopes, even after immediate flushing with water and a de-
tergent.

Chanzy et al. studied the experimental HCV contamination of all
gastrointestinal endoscope channels [20] and found that HCV
RNA was not detected by PCR after disinfection. The results of
the present study also showed that contamination was undetect-

able in any of the channels after endoscopic examinations in pa--

tients who were positive for HCV antibody. There are several pos-
sible explanations for these findings. Firstly, as HCV RNA is rela-
tively fragile, it may be damaged during the sampling procedure.
Secondly, sample titers may be below detectable levels; HCV
RNA might have been detected if the brushing and flushing solu-
tions had been combined [26]. Alternatively, on-site cleaning
may have been sufficient to wash out the virus completely.

The reprocessing of endoscopes is a serious issue requiring inter-
national attention. Although guidelines for endoscope reproces-
sing have been formulated by endoscopic societies all over the
world, endoscopic transmission of infectious agents still occurs
~ mostly due to failure to comply with the recommended guide-
lines, and in particular a lack of brushing [27]. In an Italian na-
tional survey, only 69.7% of the endoscopic units used brushing
to clean the biopsy/suction channels [28]. Cheung et al. analyzed

reprocessing procedures in the United States [29] and found that
suctioning detergent through the biopsy channels, followed by
brushing of the channels and valves, was carried out by 90.7% of
the respondents. In Japan, a questionnaire survey showed that
only two-thirds of the respondents observed the guidelines
[30]. In a case of HCV transmission via colonoscopy, the biopsy/
suction channel was reused without being cleaned with a brush
[16]. On-site cleaning merely assists the subsequent washing and
disinfection procedure and does not achieve disinfection on its
own. As the present study shows, all three channels may remain
contaminated with pathogens such as viruses after on-site clean-
ing. Reusing endoscopes after on-site cleaning alone can there-
fore be hazardous and should be avoided.

The samples were taken after on-site cleaning and after auto-
matic reprocessing with meticulous brushing. Samples were not
collected after brushing. The results do not show that brushing
alone or automatic reprocessing alone was effective. The guide-
lines recommend an endoscopic reprocessing procedure invol-
ving meticulous brushing and automatic reprocessing. The pres-
ent findings suggest that the recommended procedure is effec-
tive.

Several guidelines have noted that the major problem with infec-
tion control in relation to endoscope reprocessing is the instru-
ments’ design [7-9]. There have been relatively few improve-
ments in the design to facilitate thorough cleaning and disinfec-
tion. Reports have pointed out the risk of infection due to the
complicated design of endoscope channels [6,19,20]. Pentax is
the only manufacturer to have developed new products with
brushable channels. These products have been available for sev-
eral years, but other manufacturers have not yet followed suit.
The findings of the present study underline the importance of
cleaning the air and water channels by brushing,. It would be de-
sirable for all endoscope manufacturers to make the air and wa-
ter channels accessible for brush cleaning.

Conclusions
The reprocessing of endoscopes should involve every channel,

including the air and water channels, as all of the channels are
potential sources of confamination after use. Manufacturers

~should develop endoscopes that have improved access to all oc-

cluded areas and allow verifiably effective cleaning.
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Pancreatic ductal carcinoma (PDC) remains one of the most intractable
human malignancies, mainly because of the lack of sensitive detection
methods. Although gene expression profiling by DNA microarray
analysis is a promising tool for the development of such detection
systems, a simple comparison of pancreatic tissues may yield
misleading data that reflect only differences in cellular composition.
To directly compare PDC cells with normal pancreatic ductal cells, we
purified MUC1-positive epithelial cells from the pancreatic juices of
25 individuals with a normal pancreas and 24 patients with PDC, The
gene expression profiles of these 49 specimens were determined
with DNA microarrays containing >44 000 probe sets. Application of
both Welch’s analysis of variance and effect size-based selection to
the expression data resulted in the identification of 21 probe sets
corresponding to 20 genes whose expression was highly associated
with clinical diagnosis. Furthermore, correspondence analysis and
3-D projection with these probe sets resuited in separation of the
transcriptomes of pancreatic ductal cells into distinct but over-
lapping spaces corresponding to the two clinical classes. To establish
an accurate transcriptome-based diagnosis system for PDC, we
applied supervised class prediction algorithms to our large data set.
With the expression profiles of only five predictor genes, the
weighted vote method diagnosed the class of samples with an
accuracy of 81.6%. Microarray analysis with purified pancreatic
ductal cells has thus provided a basis for the development of a
sensitive method for the detection of PDC. (Cancer Sci 2005; 96:
387-393)

Pancreatic ductal carcinoma (PDC), arising from the
pancreatic ductal cells, accounts for more than 85% of all
pancreatic malignancies, and is one of the most intractable
malignancies in humans.'? Effective therapy for PDC is
hampered by the lack of specific clinical symptoms, with a 5-year
survival rate of only 20 to 30%. An increase in the serum
concentration of the protein CA19-9 is a reliable marker for
PDC, but such an increase is only apparent in the advanced
stages of disease.®) Furthermore, although activating mutations
of the KRAS oncogene have been detected in PDC cells, such
mutations are also associated with other conditions, including
chronic pancreatitis.®%

DNA microarray analysis allows the simultaneous mon-
itoring of the expression level of thousands of genes®?
and is therefore a potentially suitable approach for the iden-
tification of novel molecular markers for detection of the early
stages of PDC. However, caution is warranted in simple com-
parisons between normal and cancerous pancreatic tissues.
Because normal pancreatic tissue is composed mostly of
exocrine and endocrine cells, and cancerous pancreatic
tissue consists mostly of tumor cells that arise from ductal
epithelial cells, a simple comparison between these two

© Japanese Cancer Association doi;10.1111/.1349-7006.2005.00064.x

tissues tends to identify cell lineage-dependent gene expression
differences.®

To minimize such misleading data that are attributable to
population-shift effects, we have set up a depository for pan-
creatic ductal cells.purified from pancreatic juice collected from
patients during endoscopic retrograde cholangiopancreatography
(ERCP). Comparison of such pancreatic ductal cell preparations
between control individuals and PDC patients by DNA micro-
array analysis has the potential to identify specific gene markers
for the latter. Indeed, an initial screening of a limited number of
samples (from three individuals with a normal pancreas and six
with PDC) with a DNA microarray of 3456 genes yielded candidates
for new PDC marker genes.®

We have now expanded this project by using a larger number
of specimens: 25 from individuals with a normal pancreas and
24 from PDC patients. Each purified preparation of pancreatic
ductal cells was subjected to microarray experiments with
Affymetrix HGU133 A&B GeneChips, which contain >44 000
probe sets corresponding to ~33 000 human genes. The applica-
tion of sophisticated bioinformatics techniques to this large data
set (a total of 2 156 000 data points) resulted in the establish-
ment of an algorithm to differentiate transformed ductal cells
from normal ones.

Materials and Methods

Preparation of pancreatic ductal cells. The study subjects comprised
individuals who underwent ERCP and collection of pancreatic
juice for cytological examination. The subjects gave informed
consent and the study was approved by the institutional review
board of Jichi Medical School. Diagnosis of patients was
confirmed on the basis of the combination of results obtained
by ERCP, cytological examination of pancreatic juice, abdominal
computed tomography, and measurement of the serum
concentration of CA19-9, as well as of follow-up observations.
Approximately one-third of each specimen of pancreatic juice
was used to purify MUC1* ductal cells,®

Cells were collected from the pancreatic juice by centrifuga-
tion and were resuspended in 1 mL of MACS binding buffer
(150 mM NaCl, 20 mM sodium phosphate [pH 7.4], 3% fetal
bovine serum, 2 mM ethylenediamine tetraacetic acid). They
were then incubated for 30 min at 4°C with 0.5 pg of a mouse

5To whom correspondence should be addressed. E-mail: hmano@jichi.ac.jp
Abbreviations: ACTB, B-actin; EPPK1, epiplakin 1; ERCP, endoscopic retrograde
cholangiopancreatography; H2BFB, H2B histone family, member B; KNN, k nearest
neighbor; NRCAM, neuronal cell adhesion molecule; PCR, polymerase chain reac-
tion; PDC, pancreatic ductal carcinoma; PLOD2, procollagen-lysine, 2-oxoglutarate
5-dioxygenase 2; RASAL2, RAS protein activator-like 2; SCGB3A1, secretoglobin,
family 3A, member 1; SST, somatostatin; WV, weighted vote.
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monoclonal antibody to MUC1 (Novocastra Laboratories, New-
castle upon Tyne, UK), washed with MACS binding buffer, and
mixed with MACS MicroBeads conjugated with antibodies to
mouse immunoglobulin G (Miltenyi Biotec, Auburn, CA, USA).
The resulting mixture was subjected to chromatography on a
miniMACS magnetic cell separation column (Miltenyi Biotec),
and the eluted MUCL"* cells were divided into portions and
stored at —80°C. Portions of the unfractionated cells as well as
the isolated MUC1* cells of each individual were stained with
Wright—Giemsa solution to examine the purity of the ductal
cell-enriched fractions.

Microarray experiments. Total RNA was extracted from the
MUCTI* cell preparations with the use of an RNeasy Mini
column and RNase-free DNase (Qiagen, Valencia, CA, USA)
and was subjected to two rounds of mRNA amplification with
T7 RNA polymerase.!'? The high fidelity of the amplification
step has been demonstrated previously.'? One microgram of the
amplified cRNA was then converted to double-stranded cDNA
by PowerScript reverse franscriptase (BD Biosciences Clontech,
Palo Alto, CA, USA), and the cDNA was used to prepare biotin-
labeled cRNA with an ENZO BioArray Transcript Labeling Kit
(Affymetrix, Santa Clara, CA, USA). Hybridization of the
labeled cRNA with GeneChip HGU133 A&B microarrays,
which. contain >44 000 probe sets, was performed with the
GeneChip system (Affymetrix). The mean expression intensity
of the internal positive control probe sets'? was set to 500
arbitrary units (U) in each hybridization, and the fluorescence
intensity of each test gene was normalized accordingly. All
normalized array data are available at the Gene Expression
Omnibus web site (http://www.ncbi.nlm.nih.gov/geo) under the
accession number GSE1542.

Statistical analysis. Hierarchical clustering of the data set,
Welch’s analysis of variance (ANOVA), and k& nearest neighbor
(KNN) method-based class prediction were performed with
GeneSpring 6.2 software (Silicon Genetics, Redwood, CA).
The weighted vote (WV) method"® was performed with
GeneCluster 2.1.7.4% Correspondence analysis!™ for all genes
showing a significant difference in expression was performed by
using ViSta software.!® Each sample was plotted in three
dimensions based on the coordinates obtained from the
correspondence analysis. With the exception of the effect-size
selection, in which linear values were used for calculation, all
normalized expression values were transformed to logarithms
prior to analyses.

Real-time PCR analysis. Portions of nonamplified cDNA were
subjected to PCR with a QuantiTect SYBR Green PCR Kit
(Qiagen). The amplification protocol comprised incubations at
94°C for 15 s, 57°C for 30 s, and 72°C for 60 s. Incorporation
of the SYBR Green dye into PCR products was monitored in
real time with an ABI PRISM 7900 HT sequence detection
system (PE Applied Biosystems, Foster City, CA, USA),
thereby allowing determination of the threshold cycle (C;) at
which exponential amplification of products begins. The C;
values for cDNA corresponding to the B-actin gene (ACTB)
and to the target genes were used to calculate the abund-
ance of target gene mRNA relative to that of ACTB
mRNA. The oligonucleotide primers for PCR were as follows:
5-CCATCATGAAGTGTGACGTGG-3' and 5'-GTCCGCCTAG-
AAGCATTTGCG-3" for ACTB, 5'-CCCGTGAACCACC-
TCATAG-3" and 5-AGCGTCTTGTCCTCAGGTGTA-3 for the
secretoglobin, family 3A, member 1 gene (SCGB3AI), and
5’-GATGAAATGAGGCTTGAGCTG-3' and 5-GTTTCTAA-
TGCAAGGGTCTCG-3’ for the somatostatin gene (SST).

Results

Transcriptome of pancreatic ductal cells. As demonstrated previ-
ously, affinity purification with antibodies to MUC1 yielded an
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Table 1. Clinical characteristics of patients with PDC
Patient Age Sex Cytollogi?al Atypical' cell  Clinical
(years) examination  proportion* stage’
D073 74 Male \ H IVa
ID086 72 Female v M IVa
1D088 65 Male \ L IVb
1D089 70 Female i L I
1D090 72 Male m L IVa
1D095 85 Female 1]l L 0
ID0%6 76 Female v L IVa
ID098 61 Female v L IVa
ID103 65 Male \ H Vb
D117 76 Female Y L Va
ID119 73 Female \ L IVa
D120 70 Female il M 0
ID125 75 Male I L |
D131 67 Female 1] L IVa
D142 69 Male 11 H 1
D147 51 Male \ L Vb
1D202 56 Female 1] M IVa
1D203 73 Male It M I
D218 51 Male I L 0
ID224 71 Male \ L Va
D225 50 Female 10 L IVa
D227 65 Male I L n
D229 60 Female v M IVa
D234 71 Male il L IVa

*Isolated ductal cells contained <20% (L), 20-40% (M) or = 40% (H) of
atypical cells. "Clinical stage was determined according to the proposal
of Isaji et al.®®

apparently homogeneous preparation of pancreatic ductal cells.®
With this approach, we purified pancreatic ductal cell specimens
from 25 individuals with a normal pancreas and 24 patients
with PDC. Clinical characteristics for the latter individuals are
summarized in Table 1. All 49 specimens were each subjected
to DNA microarray analysis with Affymetrix HGU133 A&B
GeneChips, which contain >44 000 probe sets.

For analysis of the gene expression data, we first set the con-
dition that the expression level of a given probe set should
receive the ‘Present call’ (from Microarray Suite 5.0 software)
in at least 30% (n = 15) of the samples in order to exclude tran-
scriptionally silent genes from the analysis. A total of 7778
probe sets fulfilled this selection criterion. Unsupervised two-way
hierarchical clustering analysis"” was then applied to the 49
specimens based on the expression profiles of these 7778 probe
sets, generating a dendrogram in which the samples are clustered
according to the similarity in expression pattern of the probe sets
(Fig. 1). Although this dendrogram contained a large branch
consisting mostly of PDC patients, normal and cancer specimens
did not form separate, diagnosis-dependent branches. The transcrip-
tome of virtually all expressed genes thus did not differ sufficiently
between normal and cancerous ductal cells to allow diagnosis.

PDC-specific molecular signature. To capture a PDC-specific
molecular signature, we next identified genes whose expression
level differed significantly between the normal and cancerous
ductal cells. Application of Welch’s aNova (P < 0.001) for this
purpose yielded 26 out of the 7778 probe sets examined.
However, some of the probe sets thus identified had low
absolute expression levels throughout the samples, even though
the ratio of the expression levels between the two classes was
relatively large. To eliminate such ‘nearly silent’ genes and to
enrich genes whose expression level was markedly increased in
at least one of the classes, we further selected those whose effect
size (absolute difference in mean expression intensities)"®
between the two classes was = 50 U.
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100 1000

Fig. 1. Gene expression profiles of the purified pancreatic ductal cells.
Hierarchical two-way clustering of the study subjects (normal ductal
cell specimens [green] and PDC specimens [red]) was performed on the
basis of the expression profiles of 7778 probe sets. Each column
corresponds to a single probe set, and each row corresponds to a
separate subject. The expression level of probe sets is color-coded
according to the indicated scale.

With this approach, we identified 21 probe sets (correspond-
ing to 20 independent genes) whose expression levels differed
significantly between the two clinical conditions. Construction
of a dendrogram for the expression profiles of these 21 probe
sets revealed that the subjects were grouped into two major

Ishikawa et al.

branches (Fig. 2a). Although each branch corresponded approx-
imately to the two clinical classes, a few subjects were still mis-
classified in both branches. It was not clear, however, whether
this failure to clearly separate the two clinical classes was due
to an inadequacy of the separation power of the clustering
method or to the heterogeneity of the samples within each clin-
ical class. Furthermore, these results did not address whether
normal and cancerous ductal cells are truly distinct from each
other from the point of view of gene expression profiles.

To address these issues, we attempted to visualize the similar-
ity or difference between the two classes. Correspondence ana-
lysis is a relatively new approach to the decomposition of
multidimensional data.!"¥ It allows not only a low-dimensional
projection of expression profiles for numerous genes, but also
measurement both of the contribution of each gene to a given
extracted dimension and of the contribution of each extracted
dimension to the total complexity. Correspondence analysis of
the expression data of the 21 probe sets shown in Fig. 2a
reduced the number of dimensions from 21 to three. On the
basis of the calculated 3-D coordinates for each sample, the
specimens were then projected into a virtual space (Fig.2b).
Although most of the normal samples were positioned in a
region of the space distant from that occupied by the PDC spec-
imens, the two groups were not separated completely. Decom-
position of the data set was thus not sufficiently effective to
achieve a high accuracy in differential diagnosis.

Supervised class prediction. We next attempted class prediction
by using two supervised algorithms. The WV method was
recently developed to assign binary classes based on gene
expression profiles.'® A defined number of ‘class predictor’
genes whose expression confrasts the two classes most
effectively are first selected in a training data set. A weight-
ing factor, which reflects how well a gene is correlated with
the class distinction, is also calculated for each gene. The
expression levels of the class predictors are then quantitated
in the test data set, and the ‘prediction strength’ is determined
on the basis of the expression intensities and weighting factors
of the predictors. The WV method has been successfully used
to differentiate acute myeloid leukemia from acute lymphoid
leukemia,* as well as diffuse large B cell lymphoma with poor
prognosis from that with good prognosis.t®

The KNN method, like the WV method, first involves the
selection of a defined number of predictor genes. It then finds
nearest neighbors to the classes based on a distance function for
pairs of observations. The KNN method predicts the class of a
given test sample based on the majority of votes among the
nearest neighbors. 2

To measure precisely the class prediction ability of these two
methods, we performed a cross-validation trial for each with our
data set: One sample was therefore set aside and the program
was trained with the remaining 48 samples; the class of the
withheld test sample was then predicted by the program, and
the trial was repeated for each of the 49 samples to calculate the
overall accuracy of the program.

For both WV and KNN methods, the cross-validation was
performed with the 49 specimens and with different numbers of
class predictor genes (n =1 to 20, 30, 40, 50, 60, 70, 80, 90, or
100). Both methods had similar error rates, with the WV method
having a slightly lower error rate than the KNN method
(Fig. 3a). The best prediction accuracy (81.6%) was obtained by
the WV method with five class predictor genes. In this cross-
validation, different sets of five predictors were selected for each
leave-one-out trial, with a total of 11 probe sets (corresponding
to 10 genes) used as predictors. Two-way clustering of the
expression profiles of these 11 probe sets yielded the dendro-
gram shown in Fig. 3b. It should be noted that two probe sets
(DKFZp56411922 and EPPK1) were selected as the predictors
in all 49 leave-one-out trials.
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Fig. 2. Isolation of a PDC-specific molecular signature. (a) Dendrogram of the 21 probe sets whose expression level differed significantly (Welch's
ANOVA, P < 0.001) with an effect size of = 50 U between normal and cancerous specimens. Each row corresponds to a separaie subject, and each
column to a probe set whose expression is color-coded according to the scale in 1. Gene symbols are shown at the top; 229860 x_at, 228088 _at,
214036_at, 230296_at, and 240770_at are expressed sequence tag IDs designated by Affymetrix. Detailed information on the genes and their
expression levels is provided in Supplementary Information at the Cancer Science web site. (b) Correspondence analysis of the 21 probe sets
identified three major dimensions in their expression profiles. Projection of the specimens into a virtual space with these three dimensions revealed
that those from individuals with a normal pancreas and those from patients with PDC were partially separated.
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Fig. 3. Supervised class prediction. (a) Cross-
validation trials for class prediction of normal or
PDC specimens based on various numbers of
predictor genes were performed with the WV or
KNN methods. Correct prediction rate (%) is plotted
for each trial. (b) Expression profiles of 11 probe
sets identified by the WV method with five
predictors. Samples are clustered according to the
similarity in the expression pattern of the 11 probe
sets. Asterisks indicate the two probe sets selected
in all trials. Detailed information on the genes and
their expression levels is provided in Supplementary
Information at the Cancer Science web site.
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Fig. 4. Validation by reverse transcription and real-time PCR analysis
of gene expression profiles obtained by microarray analysis. The
relative amounts of mRNA corresponding to SST, SCGB3A1, KIAA1324
or EPPKT in the MUC1* cells derived from (O) healthy individuals or
(®) patients with PDC were determined by reverse transcription and
real-time PCR with ACTB transcripts as the internal standard. The
resulting values are plotted against those obtained by microarray
analysis. Pearson’s correlation coefficient (r) values are provided for
each comparison.

Confirmation of expression data. To confirm the gene expression
profiles obtained by microarray analysis, we measured the mRNA
levels of some genes by reverse transcription and quantitative real-
time PCR analysis. The relative amounts of mRNA derived from
the SST (GenBank accession number NM_001048) or SCGB3A1
(GenBank accession number AA742697) genes, for example,
determined by this latter approach were highly correlated with
those quantitated by microarray analysis (Fig. 4).

Discussion

In the present study, we constructed the largest gene expression
database available to date for pancreatic ductal cells. Our
statistical approach to identify genes associated with a diagnosis
of PDC resulted in the extraction of 21 probe sets, three of
which were preferentially expressed in normal ductal cells
and the remaining 18 were preferentially expressed in
cancerous ductal cells. The latter group contained the genes
for H2B histone family member B (H2BFB; GenBank
accession number BC002842), RAS protein activator-like 2
(RASALZ; GenBank accession number NM_004841), procollagen-
lysine, 2-oxoglutarate 5-dioxygenase 2 (PLOD2; GenBank
accession number NM_000935), adlican (DKFZp56411922;
GenBank accession number AF245505), and epiplakin 1
(EPPKI; GenBank accession number AL137725). H2BFB
functions as a linker histone in nucleosome compaction.®V The
increased expression of H2BFB in PDC cells therefore
probably reflects the increased proliferation rate of these cells.
RASAL2 shares a GTPase-activating protein (GAP)-related
domain with members of the RAS-GAP family of proteins
and is thought to contribute to the regulation of small GTP-
binding proteins. RASAL2 is localized within the prostate
cancer susceptibility locus at chromosome 1¢25%?, so an
altered activity of the encoded protein might thus be directly
linked to carcinogenesis.
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The expression profile of these disease-associated genes was
not, however, sufficient to separate the specimens into the
normal or cancer class with a high accuracy. We therefore applied
sophisticated algorithms in the supervised mode in an attempt to
achieve this goal. In our trials of the WV and KNN methods
with various numbers of predictor genes, the WV method
trained with five genes gave the best result. The accuracy of cor-
rect diagnosis achieved (81.6%) is higher than that obtained by
cytological examination of pancreatic juice.®

In the ‘leave-one-out’ trials for all 49 samples, a total of 11
probe sets were chosen by the WV algorithm as the class
predictors. These probe sets corresponded to 10 genes, includ-
ing those for EPPK1, DKFZp56411922, PLOD2, SCGB3Al,
SST, and neuronal cell adhesion molecule (NRCAM; GenBank
accession number NM_005010). NRCAM belongs to the immuno-
globulin (Ig) superfamily of proteins, contains multiple repeats
of the Ig domain in its extracellular region, and is expressed at
the surface of neuronal cells. The DKFZp56411922 protein also
contains 12 repeats of the Ig domain.®® Increased expression
of these Ig domain-containing proteins may thus be a specific
property and a novel molecular marker of PDC.

Among the 10 genes used in the WV analysis, only two
(those for EPPK1 and DKFZp56411922) were chosen as predic-
tors in all 49 trials. In addition, the Welch’s ANOVA strategy and
the WV method selected five probe sets in common, including
two sets for EPPK1, one for SCGB3A1, one for PLOD2, and
one for DKFZp56411922.

Cytological examination revealed that, among the individuals
with PDC in our study, 16 patients had <20% of atypical cells
in the purified ductal cell specimens (‘L’ in Table 1), three
patients had = 40% of such cells (‘H’), and the other five
patients had 20-40% of such cells (‘M”). We thus examined
whether the proportion of atypical cells in the specimens
affected the expression intensities of the selected genes. The
expression levels of the genes in Fig. 2a was, for instance, com-
pared by Student’s #-test between the individuals in the L and M
groups, and between those in the M and H groups. Surprisingly,
none of the genes in Fig. 2a were differentially expressed in
a significant manner between these groups (data not shown).
Therefore, our microarray-based prediction scheme should be of
clinical importance even for patients with pancreatic juice
containing small amounts of cancer cells.

Our strategy to identify a PDC-specific gene expression
profile for purified pancreatic ductal cells should provide the
basis for several possible scenarios for the early detection of
PDC in the clinical setting. One scenario would be a microarray-
based diagnosis of PDC with a sophisticated algorithm for
analysis of the expression of a limited number of genes (as
demonstrated in the present study). A second scenario would
require an extension of our project to isolate single gene markers
specific to PDC; the expression of such genes should be negli-
gible in non-cancerous cells but would be markedly increased in
cancerous cells. Such PDC-specific single gene markers would
be good candidates for the construction of a sensitive PCR-
based detection system for PDC. A third scenario may involve
the identification of soluble proteins among the products of
PDC-specific genes that could be detected in the serum of
patients. Further expansion of our gene expression database
would probably facilitate the development of such detection
systems for PDC, which would improve the long-term prognosis
of individuals with this intractable disease.
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Figure 3. ZSEMHEAM L EF30 : OBM, 0k, 2%
IR EREARE A dml RO 3B EFNL LD 24 & TlX
EF30, EF60 & b iCHBEMFR Oz (Edicp=<
0.0001).

EF30 & EF60 (2 iZAHBE4R%2 0.81 & 5@\ AH B 2%38
»uhi: (Figured).
v Z B
PR 2 1 % o 72 IR ZEGHE Be i E AR . (ellip-

soid ) TOZeiERBEAR L FH 103mI P H» 5

24ml®, EF30 1% 48%, EF60 (% 70%° & O#EH
BB, GEDbIVDIOMRE T 2R IEEER R
P 135ml TH Y, FEME A TH o7z, EER
JREFARRIRELHELH /2. BRETHEEE
BROENLD, REEZOREBIELZONS (Ta-
ble 2, Figure 2). &\ TIZBHEDO BT A58
EMAH D, ellipsoid #:CIZHEEZ FHAE LWk
LERELTERELTWS 20, HERREISB/NE

(38)

Figure 4. EF30 & EF60 OBMREME + DLAL | —B 4,
-4k, BF30 & EF60 I3 A B4 < (p=057), B+
NENO EF30 & EF60 i34 B4R 5 081 & iiWARR D
B shi: (p<00001).

g n7-aEEd H 5.

Ha) — A A ME®200ml DIREEEEI 44g
THH, MI A4 A0PEE 2 EFY 11gT <3
LA (Tablel). LarL, 300kcal & L7z2 1)
Z3—0° (JBH939g) L vy —1® (JgE
054g) DWHETAVVA M= VORELA, B
BOABUEFRESNRTBYY, SEbhbh
FRHWZZAT ) — X4 MEOCTH FEOER D
HRonatFHTcEs. 0 —X 4 ME®R AW
7= EF30 31 53%, EF60 1%¥% 62% &%
AW BE a0 WHEBIGERR O —
75, B E RS Tl EF60 2% EF30 12
KEL ERLADOHL, SRORETIERED
BMICHAEESR SN Do 7z (Figure 4) . T3
B a—7oREREA LSS, MiFaL Y
APFZVIZI00BPLERICER, 3098%IC
TH{E 42pmol/l & 72 1), THEEIL 40 45310 B R UK
BRLEOBE?DRD LD, BROBETIELY
EnLLEZONS. H—FHICLEZ7 =3
Ve (400kcal, FBH 125g) % &G L2 HET
i, MEILYAMEFS VIS OBRMSERICL
5., 20 I TEAE 23.3pmol/1 & & b, IHEEL 30
DBICERARIGEEZRLIZERELTWA, SHED
hhhdEHwE ) —44 MMEPL 2 1) =3 —
VORIRRIZHARTH ) IREBIUC AT 8RB
OWHEB X ORIREE N DAV YA MF= v
RELTAEE 2 Y BB R KR /o5
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We usually use yolks to assess gallbladder mo
type CalorieMate® as a simple oral stimulus i1
sonography before, 30 min after, and 60min afte
the ejection fraction were measured by, ellipsoid
tion fraction, and 60-min one were 13.5ml, 53%, 2
vious reports by yolks. If the fasting volume is lo
fast to reduce the influence of the dinner the day
useful stimulus to assess gallbla- der motility.
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PSCs. Activated PSCs secrete
function, In this study, we ha

PSCs by TGF- Bl-neutrahzmg
from PSCs. Exogenous TGF-
secretion by PSCs in a dose-dep
expression of dominant-negative:
both basal and TGF-B-stimulated

secretion by PSCs. 1L-18 acﬁvated ERK, and PD
inhibitor, blocked IL-1f enhancement of TGF-B,
secretion by PSCs. We propose that an autocrine loop exists
TGF-B, and IL-1f in activated PSCs through Smad3- and ERK-
dependent pathways.

pancreatic fibrosis; cytokine; chronic pancreatitis

PANCREATIC STELLATE CELLS (PSCs) were recently identified,
isolated, and characterized (4, 6). In the normal pancreas, PSCs
possess fat droplets containing vitamin A, are quiescent, and
can be defined by desmin-positive but a-smooth muscle actin
(a-SMA)-negative staining (4). When cultured in vitro, PSCs
are autoactivated (autotransformed) and change their morpho-
logical and functional features (6). PSCs commence losing
vitamin A-containing lipid droplets, highly proliferating, in-
creasing expression of o-SMA, and producing and secreting

ECM components such as collagen and fibronectin. Namely,

PSCs are autotransformed to myofibroblast-like cells. In vivo

o activated durmg both human and experimental

major proﬁbrogenic cytokines in
‘GF-B has been implicated in the
e It activates PSCs and promotes
-B1 intracellular signaling is
ily by the mothers against

genes. Thus dual Smad2/3-
GE-B intracellular signaling.

; thus their overexpression

n cell functions result from competitive inhi-
ition rather than from enhanced Smad2 and Smad3 activity
due to their overexpression. To exclude this possibility, we
developed a novel method to analyze the independent roles of
Smad2 and Smad3 in TGF-B; signal transduction by coex-
pressing dominant-negative (dn)Smad2/3 with either Smad2 or
Smad3 (25). The dnSmad2/3 mutant was generated by substi-

tuting Glu for Asp407 of smad3, which renders smad3 defec- 4Q:3
tive in TGF-B receptor-dependent phosphorylation. Neverthe- AQ:4

less, this mutant possesses a dominant-negative effect on both
Smad2 and Smad3 (12). The expression of dnSmad2/3 blocks

both endogenous Smad2 and Smad3 functions at the TGF-f AqQ:s

receptor-dependent phosphorylation step. Coexpression of either
Smad2 or Smad3 with dnSmad?2/3 rescues only the Smad2- or
Smad3-dependent pathway, respectively, permitting the separa-
tion of the Smad2- and Smad3-specific signaling pathways (25).
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IL-18 is a potent proinflammatory cytokine and is known to
play major roles in the progression of acute pancreatitis leading
to chronic pancreatitis with fibrosis (8). Furthermore, IL-18
was recently shown to enhance PSC activation and is thought
to promote pancreatic fibrosis by activating PSCs (19).

Activated PSCs have been shown to secrete cytokines that
modulate PSC function, such as activin A (24) and IL-6 (31).
Our working hypothesis states that activated PSCs express and
secrete IL-1f. Because TGF-B; is central to the regulation of
PSC function (5, 19), we assume that TGF-; may regulate
IL-1B expression and secretion of activated PSCs. We thus
conducted this study to assess the regulatory mechanism of
IL-1B production in culture-activated PSCs. We report herein
that TGF-B; enhances IL-18 mRNA expression and peptide
secretion by activated PSCs in an autocrine manner. We have
further shown, using the adenovirus-mediated double-expres-
sion method described above, that a Smad3-depende

- in activated PSCs.

MATERIALS AND METHODS

Materials. TGF-8,, Nycode
were purchased from Sigma (
anti-TGF-f, antibodies were
don, UK). DNase I was purch
Collagenase P was obtained fr
Germany). Anti-ERK antibody
technology (Santa Cruz, CA). Antiph
obtained from Cell Signaling Tec
peroxidase (HRP)-conjugated do
gated donkey anti-mouse I1gG, al
rabbit 1gG antibodies were purchased Tt
(West Grove, PA). PD-98059 was obt
Diego, CA). .

Isolation and culture of rat PSCs. Rat

described previously (4). Briefly, rat pancreas i
balanced salt solution supplemented with 0.05% enas
pronase, and 0.1% DNase 1. After filtration through nylon“mesh;
_ were centrifuged in a 13.2% Nycodenz gradient at 1,400 g for 20 min
PSCs in the band just above the interface of the Nycodenz solution
and the aqueous solution were collected, washed, and resuspended in
Iscove’s modified DMEM containing 10% FCS, 100 U/ml penicillin,
and 100 pg/ml streptomycin. PSCs were cultured in a 5% CO2
atmosphere at 37°C. All experiments were performed using culture-
activated PSCs between passages 2 and 3.

Western blot analysis. Western blot analysis was performed as
described previously (23) using ECL reagent to visualize secondary
antibodies.

Adenoviral infection. Recombinant adenoviruses of Smads were
kindly provided by Dr. Kohei Miyazono (University of Tokyo, Tokyo,
Japan). For a single adenoviral infection, cells were infected with a
recombinant adenovirus at a dose of 10 plaque-forming units (PFU)
per cell in the culture media described above. In those experiments
using double adenovirus infection, cells were infected with dn-
Smad2/3 adenovirus (Ad-dnSmad?2/3) at a dose of 10 PFU/cell con-
comitantly with Smad2 (Ad-Smad2) or Smad3 (Ad-Smad3) adenovi-
rus at doses of 5 or 10 PFU/cell. Subsequent experiments were
performed 48 h after infection. An adenovirus expressing 3-galacto-
sidase (Ad-LacZ) was used as an infection control.

AUTOCRINE LOOP BETWEEN IL-1 AND TGF-B,

Measurement of IL-18 and TGF-B; peptide secretion. Secretion of
IL-18 and TGF-B; peptides was measured by determining their
concentration in the culture medium using commercially available
ELISA kits (Biosource International, Camarillo, CA, and DRG Inter-
national, Mountainside, NJ) according to the manufacturers’ instruc-
tions.

RT-PCR. Total RNA was isolated from PSCs using TRIzol reagent
(Life TechnologiesfGIBCO-BRL, Grand Island, NY). First-strand
¢DNA was made from total RNA using the ReverTra Ace system -
(Toyobo, Tokyo, Japan) according to the manufacturer’s instructions.
PCR for TGF-B; was performed using a PCR kit for rat TGF-$,
(Maximbio, San Francisco, CA) according to the manufacturer’s
instructions. PCR for rat IL-1B and GAPDH was performed using the
following primers: rat IL-1B sense, 5'-TCCTAGGAAACAGCAAT-
GGTCG-3', rat IL-1B antisense, 5'-TTCAT-CCCATACCACGGA-
CAAC-3'; and rat GAPDH sense, 5'-CATGACCAC-AGTCCATGC-
CATC-3’, rat GAPDH antisense, 5'-CACCCTGTTGCTGTAGC-
-3'. The reactions were conducted using the following

Non-immune IgG

Antl-TGF-B, antibody

0 I T I
0 041 1 10

Immunoglobulin G (pg/ml)

Fig. 1. Anti-TGF-$,-neutralizing antibody inhibited IL-1B secretion from AQ: 14

activated pancreatic stellate cells (PSCs). A: IL.-1P secretion from PSCs. IL-1B
concentration in culture medium was determined by ELISA 1-3 days after the
culture medium was changed. Values are means £ SE of 3 independent
experiments. *P < 0.0 vs. control (time 0). B: effect of anti-TGF-f,-
neutralizing antibody and nonimmune IgG on IL-1B secretion from PSCs.
Concentration of IL-1p secreted from PSCs into culture medium was deter-
mined by ELISA after 48-h incubation with indicated amounts of anti-TGF-f;
antibody (0} or nonimmune IgG (@). Values are means = SE of 3 independent
experiments. *P < 0.05 vs. coatrol.
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AUTOCRINE LOOP BETWEEN IL-13 AND TGF-B,

cycle conditions: denaturation at 94°C for 0.5 min, annealing at 45°C
for 1 min, and extension at 72°C for 1 min for 30 cycles.

Statistical analysis. The data were analyzed using ANOVA to
determine statistical significance, and P < 0.05 was considered
statistically significant.

RESULTS

IL-1B is secreted from PSCs. We first examined IL-1p
secretion from PSCs. As shown in Fig. 14, IL-1B peptide was
detected in PSC culture medium. In particular, IL-18 concen-
tration in PSC culture medium was markedly increased after
48-h incubation. No IL-18 activity was detected in fresh
culture medium. These data indicate that [L-1B is secreted
from PSCs.

Autocrine TGF-B; stimulates IL-1B secretion from PSCs.
Knowing that IL-1B is secreted from PSCs, we next attempted
to elucidate the mechanism that regulates IL-1B sccretion from

1L-1B
100 |
GAPDH | esms

g 0.02

Secreted IL-13

12 08 2
Added TGF-B, (ng/mi) =

0 002 02 08 15 2

C3

PSCs. Because TGF-B, regulates various functions of PSCs in
an autocrine manner (5, 15, 25), we examined the effect of
anti-TGF-B; antibody, which neutralizes TGF-B, bioactivity,
on IL-1B secretion from PSCs. As shown in Fig. 1B, anti-
TGF-B; antibody decreased IL-1B secretion from PSCs in a
dose-dependent manner, indicating that autocrine TGF-B, en-
hances IL-18 secretion from PSCs.

Exogenous TGF-; increased IL-1 expression and secretion
by PSCs. As an independent experiment to examine the effect
of TGF-B, on IL-1B secretion from PSCs, we added exoge-
nous TGF-B, to PSC culture medium and determined secreted
IL-1B from PSCs. Because maximal IL-1B secretion from
PSCs was observed in 48-h incubation, we first examined the
effect of TGF-B on IL-18 expression and secretion at this time
point. As shown in Fig. 2, exogenous TGF-B, enhanced IL-1p
1 sexpression in PSCs (Fig. 24). In addition, exogenous

it of exogenous TGF-B, on IL-1B

Added TGF-B, (ng/ml)

{pg/mi)

200
180,
IL-18
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o . 3 B 12

Time (hour)

Secreted IL-1B

o
<
i

##

g
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‘and secretion by PSCs. A and C:
NA expression was determined by

s of TGF-B, (A) or after incubation for
icated times with 2 ng/ml TGF-B, (C). B and
: concentration of IL-1B secreted into culture
medium from PSCs was quantified by ELISA
after 48-h incubation with indicated amounts of
TGF-By (B) or after incubation for indicated
times with (open bars) and without (solid bars)
2 ng/ml TGF-B. (D). Values are means = SE of
3 independent experiments, *P < 0.05, **P <
0.01 vs. control (B). #P < 0.05, ##P < 0.01 vs.
control without TGF-B, (D).

/L%

oﬂ'
6 12

24 48

Time (hour)

AJP-Cell Physiol  VOL 290 « APRIL 2006 - www.ajpcell.org

— 258 —

F2



