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Abstract Pancreatic digestive enzymes have rarely be@RNA showed specific signals in the normal stomach,
reported in human nonpancreatic organs. We examired not in the normal colon. Reverse transcriptase poly-
their expression in the epithelial cells of the nonpancreaterase chain reaction analysis for pancreataamylase

ic gastrointestinal organs, looking for pancreatiamy- mMRNA revealed specific signals in the normal stomach.
lase, trypsin, chymotrypsin and pancreatic lipase. WeBtizyme assay revealed that the stomach and gall bladder
ern blotting, enzyme assay and pancreatiamylase showed these activities. The data suggest that pancreatic
MRNA were also used in selected specimens. In norrdaestive enzymes are produced by several epithelial cell
tissues, immunoreactivity of one or more of these egypes of the nonpancreatic gastrointestinal organs, that
zymes was frequently noted in cells of the salivatile organs positive for pancreatic enzyme have a com-
glands, stomach, duodenum, large pancreatic ducts, rexn cell lineage, and that neoplasms continue to express
trahepatic bile ducts and gall bladder. The epithelium @f neoexpress these enzymes after neoplastic transforma-
the normal oesophagus, small intestine and colon wéoa.

consistently negative for these enzymes. In pathologic

tissues, immunoreactivity for one or more enzymes wksy words Pancreatic digestive enzymes -

present in epithelial cells of pleomorphic adenomas lafimunohistochemistry - In situ hybridization - RT-PCR -
the salivary glands, oesophageal squamous cell carciBozyme asse:y

ma, gastric adenoma and adenocarcinoma, pancreatic ad-

enocarcinoma, cholecystitis, adenocarcinoma of the gall

bladder and extrahepatic bile duct, and colon adenomtroduction

and adenocarcinoma. Western blotting showed a specific

band of each enzyme in some specimens of norrrajested foods are digested by enzymes located in the
stomach. In situ hybridization for pancreaticamylase epithelial cells of the digestive organs. The pancreas is
the major site of such digestive enzymes; it produces and
T. Terada []) - V. Kitamura - K. Ashida - Y. Matsunaga - M. KatoSecretes enzymes that digest proteins, peptides, saccha-

Second Department of Pathology, n _ rides, lipids and nucleotides [23]. These include pancre-
Tottori University Faculty of Medicine, Nihimachi 86, atic a-amylase (EC 3.2.1.1.), trypsin (EC 3.4.2.1.4.)
Yonago 683, Japan ; AN TR
ot ?81) 20948548 chymotrypsin (EC 3.4.2.1.1.) and pancreatic lipase (EC

K Harada - T. Morita - Y. Nakanuma 3.1.1.3.) [23]. The enzymes have been considered to be
Second Department of Pathology, present exclusively in the pancreas [37], although lipase

Kanazawa University School of Medicine, Kanazawa, Japan ~ activity (nonpancreatic lipase) is present in several or-
T Ohta gans including the liver, adipose tissue and stomach [16,

Second Department of Surgery, 17, 25, 34]. ) .
Kanazawa University School of Medicine, Kanazawa, Japan Recently, however, it has been revealed that intrahe-

Abbreviations mRNA messenger ribonucleic acid, 19G immunopatIC large bile ducts, septal bile ducts and peribiliary

globulin G, DNA deoxyribonucleic acid, dUTP deoxyuridine tripglfa‘nc_IS express pancreadxeamy!a_lse, trypS|_n and_ pancre-

hophate, dATP deoxyadenine triphosphate, dGTP deoxyguar@i€ lipase under normal conditions and in various hepa-
triphosphate, dTTP deoxythymidine triphosphate, dCTP deoxydpbiliary diseases [26—30, 32]. Hepatocytes are negative
tosine triphosphate, EDTA ethylenediaminetetraacetic acid, R§y the three pancreatic enzymes [26—29, 32]. These ob-

PCR reverse transcriptase polymerase chain reaction, PBS phQs:,..;: . : . )
phate-buffered saline, PFA paraformaldehyde, DIG digoxigent EHvations suggest that these pancreatic digestive en

TE Tris-HCI-EDTA, SSC sodium chloridesodium citrate sollZymes are present in the epithelial cells of gastrointesti-
tion, TNE Tris-HCI-NaCI-EDTA, kDa kilodalton, bp base :air  nal organs other than the pancreas and intrahepatic bile
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ducts. We therefore investigated the expression of faarm “expression” was used for the expression of immu-
pancreatic digestive enzymes (pancreati@amylase, noreactive pancreatic digestive enzymes’ proteins when
trypsin, chymotrypsin, and pancreatic lipase) immunoet otherwise specified.

histochemically in various normal and pathologic epithe-

lial cells of human gastrointestinal organs other than the

liver and intrahepatic bile ducts. We also studied the dvlaterials and methods

zymes proteins by the Western blot technique in selected _

specimens of normal stomach. Moreover, we evalual& obtained normal (86 cases; age range 25-72 years; mean age

. . . years; male 48, female 38) and pathologic tissues (103 cases;
the pancreatic-amylase mRNA expression in selectegl,s range, 36—77 years; mean age 65 years; male 54, female 49)

specimens by in situ hybridization and reverse transcrifgm the human gastrointestinal organs (other than the liver) from
tase polymerase chain reaction (RT-PCR) techniquis, recent surgical files (1993-1994) at our laboratory (Tables 1,
and examined the enzymatic activity or concentration3h Material obtained at surgery was immediately fixed in 10%

selected specimens by biochemical methods. With regaf
to terminology, although the term “expression” is genéfzem

ally used for the expression of mMRNA, in this study themical staining.

Table 1 Immunoreactive pan-

tral formalin, and embedded in paraffin. Sevenafr8sections
e obtained from each paraffin block, and one was stained with
atoxylin and eosin. The rest were subjected to immunohisto-

creatic digestive enzymes in Epithelial cells n Number (%) of cases positive for pancreatic digestive enzymes
normal epithelial cells of the . . . .
gastrointestinal tra 't Pancreatic Trypsin Chymotrypsin  Lipase
N a-amylase
Salivary glands 5
Duct cells 0 (0%) 5 (100%) 0 (0%) 0 (0%)
Acinar cells 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Oesophagus 10 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Stomach 16 7 (44%) 11 (69%) 12 (75%) 13 (81%)
Duodenum 8 3 (38%) 7 (88%) 5 (63%) 8 (100%)
Pancreas 5
Large duct cells 5 (100%) 5 (100%) 5 (100%) 5 (100%)
Acinar cells 5 (100%) 5 (100%) 5 (100%) 5 (100%)
Gall bladder 12 4 (33%) 7 (58%) 5 (42%) 8 (67%)
Extrahepatic bile duct 5 2 (40%) 5 (100%) 5 (100%) 4 (80%)
Small intestine 12 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Colon 13 0 (0%) 0 (0%) 0 (0%) 0 (0%)
I?eballt:,iCZdIignerr;H\?eoreer?zc;%ZSp%n- Epithelial cells n Number (%) of cases positive for pancreatic digestive enzymes
athologic epithelial cells of . . .
Fhe gas?roint?estinal trect Pancreas Trypsin Chymotrypsin  Lipase
a-amylase
Salivary glands
Sialoadenitis 3 0 (0%) 3 (100%) 0 (0%) 0 (0%)
Pleomorphic adenoma 5 0 (0%) 5 (100%) 0 (0%) 0 (0%)
Acinic cell tumour 1 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Oesophagus
Squamous cell carcinoma 6 0 (0%) 1(17%) 0 (0%) 0 (0%)
Stomach
Adenoma 10 1 (10%) 4 (40%) 2 (20%) 5 (50%)
Adenocarcinoma 11 2 (18%) 4 (36%) 3 (27%) 6 (55%)
Pancreas
Pancreatitis 4 4 (100%) 4 (100%) 4 (100%) 4 (100%)
Adenocarcinoma 8 3 (38%) 7 (88%) 3 (38%) 4 (50%)
Gall bladder
Cholecystitis 17 5 (29%) 12 (71%) 8 (47%) 10 (59%)
Adenoma 2 0 (0%) 0 (0%) 1 (50%) 1 (50%)
Adenocarcinoma 7 2 (29%) 6 (86%) 3 (43%) 3 (43%)
Extrahepatic bile duct
Adenocarcinoma 3 1 (33%) 3 (100%) 2 (67%) 2 (67%)
Colon
Adenoma 15 0 (0%) 7 (47%) 0 (0%) 1 (7%)
Adenocarcinoma 10 0 (0%) 7 (70%) 0 (0%) 6 (60%)
Carcinoid tumour 1 0 (0%) 0 (0%) 0 (0%) 0 (0%)
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Fresh specimens of the normal stomaeh5), normal colon (n=5), all obtained at surgery for cancer; serial frozen sections
(n=5) and normal pancreas=(5) were obtained at surgery, snapvere made. They were fixed in 4% paraformaldehyde (PFA) in
frozen, and embedded in OTC compound. Sevenam6frozen PBS for 15 min, incubated for 15 min at 37° C with 2.5 g/ml pro-
sections were briefly fixed with acetone, followed by the immunéeinase K in 10 mM Tris-HCIl and 2 mM CaCind treated with
histochemical examination for the pancreatic digestive enzymes0.2 N HCI for 10 min. After postfixation for 10 min in 4% PFA in

Four paraffin or frozen sections from each case were staifi®8lS, the slides were acetylated with 0.25% acetic anhydrate in 0.1
immunohistochemically for pancreaticamylase, trypsin, chymo- M triethanol amine for 10 min. The slides were dehydrated in
trypsin and pancreatic lipase, using the avidin-biotin-peroxidageaded ethanol and air-dried.
complex method of Hsu et al. [10]. In brief, after deparaffinization Three oligonucleotide antisense probes against exons 1, 5, and
and elimination of endogenous peroxidase activity, the sectidhsf pancreatici-amylase DNA [9] were synthesized by DNA au-
were treated with normal serum for 20 min. Then, the sectiosnatic synthesizer (exon 1;5GTTGTGTATTTGGGGAATAC-
were incubated at 4° C overnight with the monoclonal antibodiE&AGCCCAGCAGAACCC-3, exon 5, 5CCGAGTTTTGCAC-
to human pancreatico-amylase (mouse 1gG1l class, diluCATACTTGAATTCTGTCACCCGGCC-3 exon 6, 5TGTCAG-
tion=1:320; approximate IgG concentrationzg/ml; Chemicon AAGGTACGAAACCCCAACCTTCTCCCCAGTTC-3. These
Inc., Tomecula, USA), the monoclonal antibody to human trypgimobes were mixed and used for in situ hybridization. Oligonucle-
(mouse IgG1 class, dilution=1:400; IgG concentratiopghnl; otide sense probes were also synthesized, and they were also
Chemicon), the monoclonal antibody to human chymotrypsinixed and used as negative controls. These oligonucleotides were
(mouse IgG1 class, dilution=1:400, IgG concentratiopghnl, labelled with the digoxigenin (DIG) Oligonucleotides Tailing Kit
Chemicon), and the monoclonal antibody to human pancreatic(Boehringer Mannheim Biochemica, Indianapolis, Ind.). Briefly,
pase (mouse IgG1l class, dilution=1:500, IgG concentration@0 pmol oligonucleotides, tailing buffer, CagClsolution,
pum/ml, Chemicon). These monoclonal antibodies are IgG obtG-dUTP solution, dATP solution and terminal transferase were
tained from ascites derived from hybridoma lines according to timixed in a microfuge tube and incubated at 37° C for 60 min. The
manufacturer’s instruction. The antipancreatiamylase antibody DIG-tailed oligonucleotides were precipitated by LiCl and ice-
does not react with salivary-amylase [26]. The dilution or con- cold ethanol for 2 h at80° C, and then spun by centrifugation at
centration of each antibody solution was determined using th2000g for 10 min at 4° C. The probes were further washed with
control pancreatic specimens. That is, variously diluted antibo@d®% ethanol, dried under vacuum, and dissolved ipl S buff-
solutions were applied and the dilution showing the best reswts(10 mM Tris-HCI, 1 mM EDTA).
with no background staining was determined. The sections wereThe slides were prehybridized for 1 h at 37° C with hybridiza-
then treated for one hour with biotinylated anti-mouse IgG (Vectiion solution containing 50% deionized formamide, 10 mM Tris-
Lab, Burlingame, Calif.) followed by treatment with the avidin-biHCI (pH 7.6), 20Qug/ml yeast tRNA, 1xDenhardt’s solution, 10%
otin-peroxidase complex (Vectastain ABC Kit, Vector Lab) fodextran sulfate and 25@/ml salmon sperm DNA. Then the slides
1 h. Reaction products were developed by-8i@8minobenzidine were incubated with hybridization solution containing 100 ng/ml
tetrahydrochloride solution containing 0.03% hydrogen peroxidelG-tailed oligonucleotide probes in moist chamber at 37° C for
Nuclei were lightly counterstained with haematoxylin. 16 h. The sections were washed in 2xSSC containing 50% form-

Since the immunoreactivity was homogeneously negative amide for 30 min at 37° C, then in TNE buffer (10 mM Tris—HCI,
heterogenously positive, the immunohistochemical results w&@0 mM NaCl, 1 mM EDTA) for 10 min at 37° C, and twice in
subjectively semiquantitated and classified into negatyeand 0.2xSSC for 20 min at 37° C.
+, ++, and +++, in which the percentage of positive cells was The slides were washed with DIG buffer 1 (100 mM Tris-HCI
1-33%, 34—66%, and 67%—-100%, respectively. pH 7.6, 150 mM NacCl) briefly, blocked with 1.5% blocking re-

Specificity of immunostaining was tested by several methodsents in DIG buffer 1 for 1 h, and further incubated in 500x dilut-
First, adult pancreasi{5) was used as a positive control in eachd anti-DIG polyclonal antibody conjugated with alkaline phos-
immunohistochemical run. Secondly, nonimmune mouse serunpbatase (Boeringer Mannheim Biochemica) for 2 h. The slides
phosphate-buffered saline (PBS) was substituted for the primamre washed twice in DIG buffer 1 for 15 min each, equilibrated
antibody solution, followed by the immunostaining. Thirdly, awith DIG buffer 3 (100 mM Tris-HCI pH 8.0, 100 mM NaCl, 50
absorption test was performed in each immunostaining. Each ami MgCl,) for 3 min, and incubated with colour substrate solu-
body solution was mixed with human pancreatiamylase (Ath- tion containing nitroblue tetrazolium salt (1jd§/ml) and lev-
ens Inc., Athens, Ga.), trypsin (Athens), chymotrypsin (Athens) @amizole (1 mM) in DIG buffer 3. The colour reaction was devel-
pancreatic lipase (Elastin Products, Owensville, Mich.). Tlmped for 6-10 h in a darkroom, and stopped in DIG buffer 4 (10
mixed solutions were incubated at 4° C overnight with agitatiomM Tris-HCI, 1 mM EDTA).
followed by centrifugation at 6,000 rpm for 10 min. The superna- To carry out RT-PCR analysis, total cellular RNA was extract-
tant was collected and used as the primary antibody in each immdifrom10um fresh-frozen sections from two cases of normal gas-
nostaining. Fourthly, five irrelevant mouse monoclonal antibodiesc tissue positive for immunoreactive pancreatiamylase by
(MB-1 and MT-1, Bio-Science, Switzerland; anti-type IV collathe guanidine thiocynate/phenol method using Isogen (Nippon
gen, Shiseido, Japan; anti-actin, Amersham, UK; MIB-1, Inmun@ene, Toyama, Japan), and g of total cellular RNA was con-
tech, France) which were developed in ascites and were atvbeged into complementary DNA by reverse transcriptase (Strate-
same immunoglobulin concentration as the antibodies against geee, La Jolla, Calif.).
pancreatic enzymes, were used as primary antibodies, followed byFour oligonucleotide primers of pancreaticamylase DNA
the immunostaining. Finally, Western blot analysis was performegre made by DNA automatic synthesizer, with reference to exons
using normal pancreas+3) obtained from autopsy, as describedf pancreatiax-amylase DNA sequence [9]. The sequence of the
later. four primers was as follows: primer :AAGTTCTTTCTGTTG-

For Western blot analysis, normal pancreas3f was obtained CTTTT-3; primer 2,5GTAATTGATCTGGGTGGTGA-3; Prim-
from autopsy, and the normal part of gastric mucosa was obtaiee®,3-GATGTTAATGATTGGGTTGG-3; primer 4,5CAATTT-
from surgically resected stomachs=6). They were immediately AGATTCAGCATGAA-3'. The PCR procedure was performed
snap-frozen and stored &80° C until analysis. Proteins were exwith the following three combinations of the primers: primer 1 and
tracted from these specimens by homogenization with lysis buffgimer 2, whose amplified product size is 1,436 bp; primer 1 and
and centrifugation. Western blot procedure was performed as gmémer 3, whose amplified product size is 780 bp; and primer 1
viously described [33]. Detection of signals was performed by eamd primer 4, whose amplified product size is 148 bp.
hanced chemiluminescent technique using ECL kit (Amersham, The PCR reaction was carried out in a total volume ofil20
Bucks., UK). Protein loads of 14y or 1500ug were applied to containing 1.5 mM MgCl 50 mM Tris-HCI (pH 8.3), 20@M
the analysis. The antibodies employed were the same as themeh of dATP, dGTP, dTTP and dCTP (Amersham, Arlington
used in immunohistochemistry. Heights, IIl.), 1uM of each primer set, and 1 U of Taq DNA poly-

In situ hybridization for pancreatir-amylase mRNA was per- merase (Perkin-Elmer, Foster City, Calif.). PCR amplifications
formed on fresh normal stomach=5), pancreasnES) and colon were for 30 cycles consisting of denaturation at 92° C for 30 s, an-
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nealing at 54° C for 90 s, and extension at 72° C for 150 s. The (ig.1C). The ratio of positive cases in such organs was
ag}'ocr(‘)rf’tgg#ftsowgr?m?”;%%?gm% Sﬁq‘?ggpr%%fsigeg{i‘fyltﬁ)f adafgiger in pancreatici-amylase than in the other three en-
I%CR productsg was g(]:onfirmed by their predicted size in agarose ‘ge| es (Table 1). Histologically, the_)se enzyme-_-pOSIftlve
electrophoresis. pithelial cells were not heterotopic pancreatic acinar
Fresh specimens of normal stomanhX), normal colonr{=5) cells.
gﬂg ]grzléhblgdgg%iﬁ)s Vgifthngr?]ﬂaftogﬁzré\lgl %Jet?;nggt;tnzlér%?ry The frozen sections of normal stomach and normal
autopsy. Thgse were used for asgay of enzyme activity or conc{%ﬂpcreag Showec.j th"?t the. epithelium was immunoreac-
tration. In brief, the mucosae of the stomach, gall bladder and B¥& for pancreatic digestive enzymes heterogeneously
lon were stripped. The mucosa and pancreas were homogen(zet) and homogeneously (+++), respectively (Fig. 3C).
with lysis buffer (Tris-HCI pH 7.4, 1 mM EDTA). The homoge-n contrast, the epithelial cells of normal colon never ex-
nate was centrifuged at 20,000 rpm for_15 min, and_ the S”perﬁ?éssed the pancreatic digestive enzymes.
tant was collected. Activity of pancreaticamylase, lipase and . . L. .
chymotrypsin was assayed according to the method of our preyi-1 N€ €xpression of the enzymes in pathologic tissues is
ous study [33]. Concentration of trypsinogen was measured by $80wn in Table 2. In sialoadenitis of the salivary glands,
dioimmunoassay according to the method of our previous stuglypression of trypsin was heterogeneously (++) noted in
[S3i3]-_f.':'5hte|r'3 ?X%‘D?iéegé was used for statistical analysis, withj@ct cells, but not in acinar cells. Trypsin expression was
ghificant fevet ofF<L.55. also heterogeneously positive (++) in tumour cells (duct
cells) of pleomorphic adenomas, but negative i an
acinic cell tumour. One case of oesophageal squamous
Results cell carcinoma expressed trypsin heterogeneously (+). In
the stomach, adenoma (Fig. 1E) and adenocarcinoma
The epithelial expression of the pancreatic digestive €Rrig. 1F) expressed the four pancreatic digestive en-
zymes determined immunohistochemically in normal tigymes relatively frequently and the immunoreactivity
sues is summarized in Table 1. Immunoreactivities whs heterogeneously positive (++) in positive cases. In
pancreatic-amylase, trypsin, chymotrypsin and pancréhe pancreas, ductal adenocarcinoma freququently ex-
atic lipase were homogeneously negativi it all epi- pressed the four enzymes, and the expression was heter-
thelial cell types of the oesophagus, small intestine asgenously positive (+) in positive cases. In the gall blad-
colon. The four enzyme immunoreactivities were homder, expression of the four enzymes was frequent in
geneously strongly positive (+++) in the exocrine panhronic cholecystitis, adenoma and adenocarcinoma, and
creatic acinar cells (Fig. 1C). was heterogeneously positive (++) in positive cases. The
In the salivary glands, duct cells were heterogeneofmdr pancreatic digestive enzymes were frequently ex-
ly positive (++) for trypsin but homogenously negativeressed in adenocarcinoma of the extrahepatic bile duct
(=) for other enzymes. The acinar cells of the salivaflyig. 1G), and the expression was heterogeneously posi-
glands were consistently negative) (for the four en- tive (++). In the colon, adenoma (Fig. 1H) and adenocar-
zymes. In the stomach, expression of the pancreatic alitoma occasionally expressed these enzymes, and the
gestive enzymes was observed in 44-75% of casesexXpression was heterogeneously positive (++) in positive
positive cases, these enzymes were located in the glaved®s. Immunoreactivities of the four enzymes were
(fundic and pyloric glands) and also in the foveolae agcanular. The location of the immunoreactivity was the
surface epithelium (Fig. 1A). Intestinal metaplastic epupranuclear cytoplasm, corresponding to Golgi appara-
thelia in the stomach also expressed these enzymes. tlekdn adenoma and well-differentiated carcinoma, while
immunoreactivity was heterogeneously positive (++) in
positive cases. In the duodenum, immunoreactive pan-
creatic digestive enzymes were noted in 38-100% Fd§. LA-H Expression of pancreatic digestive enzymes in normal
cases. They were expressed in crypts and in Brunn@pg abnormal epitheliun® Pancreatic lipase is expressed weakly

; - he supranuclear cytoplasm of the normal stomach. Immuno-
glands, and the immunoreactivity was hetemgeneougxning for pancreatic lipase, x288 .Serial section oA. Immu-

positive (++) in positive cases. In the pancreas, larg&eactivity of pancreatic lipase in the normal stomach is abol-
pancreatic ducts were heterogeneously positive (+++) idted by the absorption test. Inmunostaining using anti-pancreatic
the four enzymes (Fig. 1C), while small pancreatic dudigase antibody absorbed by pancreatic lipase, x@8ancreatic

were negative). In the gall bladder, immunoreactiv ipase is present in the normal large pancreatic ducts. Pancreatic
. ! inar cells strongly express pancreatic lipase with granular pat-

> . . . Cl
pancreatic digestive enzymes were present in 33_670/%4? @bove. Immunostaining for pancreatic lipase, x280Pan-
cases (Fig. 1D), and their expression was heterogeneetsitica-amylase is expressed in the epithelium of the normal gall
ly positive (+) in positive cases. The extrahepatic biléadder. Inmunostaining for pancreaticamylase, x230E Tubu-
duct also expressed these enzymes in 40-100% of cdaeadenoma cells of the stomach express pancreatic lipase with a

p . i, ranllar pattern in the supranuclear cytoplasm. Immunostaining
and their expression was heterogeneously positive H%"Spancreatic lipase, x23@. Adenocarcinoma cells of the stom-

in pO_SitiVe cases. In any _p_OSitive specimens of NONPABh express trypsin with a granular pattern in the supranuclear cy-
creatic organs, the reactivity of the four enzymes waglasm. Immunostaining for trypsin, x23G. Adenocarcinoma
weak and granular and located in the supranuclear cyi@ls of the extrahepatic bile duct express trypsin with a granular

; : ; ttern in the cytoplasm. Immunostaining for trypsinogen, x280.
plasm, corresponding to Golgi apparatus (Fig. 1A, C, Tubular adenoma cells of the colon express trypsin with a gran-

while in the pancreatic acinar cells it was strong agfr pattern in the supranuclear cytoplasm. Immunostaining for
granular and located diffusely in the entire cytoplasigpsin, x28(:
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a-Amylase a-Amylase _ Table 3 Activity and concentration of pancreatic digestive en-
E= zymes in the normal pancreas, normal stomach, normal colon and
54kD — * — 54kD — —— — gall bladder with cholecystitis
Case no. Pancreatic Trypsin Chymo- Lipase

Trypsin Trypsin a-amylase trypsin

23kD — == s . 23kD — Bl B Normal pancreas

1. 1.51U/g 545 ng/g 8.2U/lg 26.5U/g
- ; 2. 1.2 1U/g 323 ngl/g 7.7 Ulg 16.5 U/g
Chymotrypsin Chymotrypsin 3 211Ulg 639ngly  9.2U/g 30.3Ulg
43kD — W ~ 43kD — | . 1.31Ulg  256nglg 11.3U/g 17.8 U/g
5. 3.21U/g 221 ngl/g 58U/lg 20.4U/g
Lipase Hpase Tormal Stomoa((:)g U/ 27.2 ng/ 0.05 U/ 0.12 U/
: : g .2 nglg : g : g
52kD — @B -~ @ 52D - 2. 0021U/g 153ng/g 0 U/g 0.06 U/g
3. 0.081U/g 18.4ng/g 0.04U/g 0.09 Ulg
A B 4, 0.06 IU/g 32.6ng/g 0.09U/g 0.11 U/g
5. 0.021U/g 289ng/g 0.06U/g 0.04 Ulg
Fig. 2 Western blotting oA normal pancreas ariglnormal stom- I col
ach.A When 10Qug protein is applied, a distinct band of each ed¥ormal colon
zyme is recognizableB When 150Qug protein is applied, a dis- 1. 0.01 1U/g 2.4 nglg 0 U/g <0.01 U/g
crete band of each enzyme is szen 2. <0.01 1U/g 2.8 ng/g 0 U/g 0.01 U/g
3. 0.01 1U/g 1.1ng/lg 0U/g <0.01 U/g
4. <0.01 1U/g 5.4ng/g <0.01U/g 0.02 Ulg
) ) ] ) 5. 0.02 1U/g 3.3 ng/g 0.01U/g 0.03U/g
L’;\évas all the cytoplasm in poorly differentiated Carcings . v iadder with cholecystiis
Pancreatic acinar cells were consistently and strongly 8'8% :B;g %g'g ﬂg;g <8'gé 8;8 885 bjfg
positive for the four pancreatic digestive enzymes in the 0.05 1U/g 21.1ng/g 002U/g 0.16 Ulg
entire cytoplasm (Fig. 1C). The immunoreactivity in the 0.06 IU/g 9.6ng/g 0U/g 0.12 U/g

pancreas was much stronger and more diffuse than tiat
in the nonpancreatic tissues (Figs. 1C). No staining was
seen when nonimmune mouse serum or PBS was substi-
tuted for the primary antibodies. Immunostaining using
antibody solution absorbed by the pancreatic digestsfeemistry of the frozen serial sections revealed the pres-
enzymes consistently resulted in no staining (Fig. 1&nce of immunoreactive pancreatieamylase in the cy-
B). Immunostaining using the irrelevant mouse monoclwplasm of foveolar and glandular epithelium (Fig. 3C).
nal antibodies at the same protein concentration as t@vever, no signals were found in the epithelium of the
antibodies against pancreatic digestive enzymes cone@mal colon. In the normal pancreas, a large number of
tently resulted in no staining. Western blot analysis gpecific signals using antisense probes were found in the
normal pancreas showed specific band of each pancregfioplasm of the acinar cells, and negative control sec-
enzyme at both 10Ag and 150Qug protein applications; tions using sense probes showed no signals. The signals
at 54 kDa fora-amylase, at 23 kDa for trypsin, at 43n the pancreas were much more numerous than those in
kDa for chymotrypsin, and at 52 kDa for pancreatic lihe stomach.
pase (Fig. 2A). Figure 4 shows the results of RT-PCR for pancreatic
When 100ug protein was applied for Western bloti-amylase mRNA in two cases of normal gastric tissue.
analysis of the normal stomach no bands were obtainedboth cases, three complementary DNA fragments of
However, when 150Qg protein was applied, a specifi@pproximate sizes of 1.5 kbp, 0.8 kbp and 150 bp were
band ofa-amylase (54 kDa), trypsin (23 kDa), chymoamplified. The sizes of these fragments were compatible
trypsin (43 kDa) or lipase (52 kDa) was obtained (Figvith their predicted sizes. These results suggest that
2B). The band ofi-amylase was observed in all specmRNA of pancreatic-amylase is expressed in normal
mens (6/6, 100%), that of trypsin in 2/6 (33%), that gastric tissue.
chymotrypsin in 3/6 (50%), and that of pancreatic lipase In normal stomach, normal pancreas and gall bladder
in 1/6 (17%). with cholecystitis, enzyme activity or concentration was
In the normal stomach, specific signals for pancreaficesent in all cases (Table 3). Activity and concentration
a-amylase in mMRNA using antisense probes were fie-the pancreas were much higher than in the stomach
guently found in the cytoplasm, the foveolar epitheliuand gall bladderR<0.01). In contrast, there was little or
and, occasionally, the cytoplasm of the glandular epithe enzyme activity or protein in the normal colon com-
lium (Fig. 3A, D). Signals were also found in the fovegarted with that in the normal stomach and gall bladder
lar lumen and in the secretory area of the surface epitivith cholecystitis P<0.05). There was no statistical dif-
lial cells (Fig. 3A, D). Negative control sections usinfgrence in their activity between normal stomach and
sense probes showed no signals (Fig. 3B). Immunohiggall bladder with cholecystiti60.05).



201

Fig. 3A-D In situ hybridization for mRNA of pancreatic-amy- M Case 1 Case 2

lase using antisense probes shows many sigblaie) (n the cyto-
plasm of the foveolar and surface epithelia cells and also in the
cretory areas (foveolar lumina and gastric luminal surface) of t
stomach A), while that using sense probes shows no sigils (
Immunohistochemistry of a frozen serial section shows immunor
active pancreatia-amylase lfrown) in the cytoplasm of the fove-
olar epithelial cells €). A, B, C are semiserial sections of the
same area, x32M® Higher magnification shows that mRNA of
pancreatia-amylase lue) is located in the cytoplasm and in the
lumen of a foveola of the normal stomach. %250

«— 1.5Kbp

Discussion
<«— 0.8 Kbp

There have been few descriptions of pancreatic digest «— 150 bp

enzymes in nonpancreatic tissues. Our recent stud

have shown immunoreactive pancreatic digestive e

zymes in the intrahepatic biliary system [26-30, 32]. A

though lipase activity has been noted in several tissues,

including the stomach (gastric lipase) [1, 3, 16, 17, Z5g. 4 Reverse transcriptase polymerase chain reaction (RT-PCR)
34], pancreatic lipase has not been reported in non-p??ﬁ'ys's using three sets of primers specific for pancraaaicy-

. e DNA. Amplified complementary DNA fragments were detect-
creatic organs. Donaldson et al. [5] reported amylase by electrophoresis in 1% agarose gel. The complementary DNA

tivity in the human bile, and recently Doglioni et al. [4fragments amplified by RT-PCR using the combination of primers
reported that pancreatic acinar metaplasia in the stomaahd 2 (predicted size is 1436 bp), primers 1 and 3 (predicted size

was posiive for immunoresctive pancreiamylase = 9 b ant riers a4 e s 5 145 ) wers e
f""”d _Ilpase. The.re have been no sys_tematlc reports on[ﬁfé . The RT-PCR aﬁalysis shows three specific bands (épproxi-
in situ expression of pancreatic digestive enzymes pjfately 1.5 kbp, 0.8 kpb and 150 bp) in two cases of normal stom-
nonpancreatic tissues. ach M molecular marke’}
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In immunohistochemistry, the specificity of the imatic organs [1, 3-5] and some ultrastructural observa-
munorectivity examined must be defined. We appligidns of zymogen granules in these cells [6, 18]. Howev-
various methods to confirm the specificity, and it is veer, we find the presence of pancreatic digestive enzymes
likely that each immunostaining is specific for a particin several nonpancreatic gastrointestinal organs, albeit at
lar pancreatic digestive enzyme. Western blot analysisich lower levels than in the pancreas, confirming that
showed specific signals of the pancreatic digestive ¢he nonpancreatic organs produce much smaller quanti-
zymes in normal pancreas, thus confirming the specifiies of pancreatic digestive enzymes than does the pan-
ty of the antibodies. The antibody against pancreatic dreas. The secretory mechanism of the pancreatic diges-
pase recognizes a 52-kDa protein [33], suggesting ttie¢ enzymes may be different between nonpancreatic or-
the antibody reacts with pancreatic lipase but not wiglans and the pancreas: for example, pancreatic digestive
other lipases of different molecular weight. The antibodynzymes do not accumulate in the cytoplasm as zymogen
to pancreatic-amylase does not react with salivary granules, but may be directly secreted ino gut lumina via
amylase [32]. In situ hybridization and RT-PCR analysisembrane-bounded exocytosis in nonpancreatic tissues.
for pancreatica-amylase mMRNA and the assay of paretailed studies using immunoelectron microscopy may
creatic enzyme activities and concentration in the presbatnecessary to evaluate the secretory process. The acti-
study also strongly suggest that the immunoreactivityuvation mechanism of the pancreatic proenzymes in the
specific for each pancreatic digestive enzyme. nonpancreatic organs also remains to be elucidated.

We found that normal epithelial cells of the salivary The expression of these enzymes may have important
glands, stomach, duodenum, gall bladder, extrahepatiplications for the cell lineage. In the present study, im-
bile duct, and large pancreatic ducts expressed immumtoreactive pancreatic digestive enzymes were present
reactive pancreatia-amylase, trypsin, chymotrypsin andxclusively in organs arising from embryonic foregut,
pancreatic lipase. The immunoreactivities of these end the common cell lineage of the pancreas and the liv-
zymes were granular and located in the supranuclear ey-has been examined in experimental animals [13, 15,
toplasm corresponding to the Golgi apparatus. The @2] and in humans [31, 36]. The distribution pattern of
zyme-positive cells were not ectopic pancreatic acir@ancreatic digestive enzymes in the present study further
cells histologically. These findings show that epitheligbnfirms that the stomach, duodenum, gall bladder, ex-
cells of the salivary gland, stomach, duodenum, gathhepatic bile duct and large pancreatic ducts have a
bladder and large pancreatic ducts contain these eosmmon cell lineage with the exocrine pancreas.
zymes, and suggest that they produce them and secret®enign and malignant neoplasms arising from epithe-
them into the gut lumina. However, it is clear that, nohal cells normally expressing the pancreatic digestive en-
pancreatic organs produce and secrete much smalignes frequently contained immunoreactive pancreatic
guantitites of pancreatic enzymes than does the pancraaamylase, trypsin, chymotrypsin and pancreatic lipase.
Some cases were negative for the enzymes in the stbmeontrast, neoplastic epithelia deriving from pancreatic
ach, duodenum and gall bladder, and it is likely that tbagestive enzyme-negative normal epithelial cells, such
amount of pancreatic digestive enzymes was too smalat colon and oesophagus, only occasionally expressed
be detected by immunohistochemistry. these enzymes. This suggests that some epithelia neoex-

Western blotting showed a specific signal for eagiess pancreatic digestive enzymes after neoplastic trans-
pancreatic digestive enzyme in the normal stomadbrmation. In general, there are malignant tumours that
though the incidence varied with the enzymes. In situ labberrantly express digestive enzymes with serum eleva-
bridization showed the presence of mRNA of pancreation [2, 21, 37]. The majority of such cases produce sali-
a-amylase in the normal stomch, which was positive feary a-amylase [2, 21]. Only two cases with tumour
immunoreactive pancreatia-amylase. The mRNA of cells expressing pancreaticamylase with serum hyper-
pancreatici-amylase was absent from the normal coloamylasemia have been reported [11, 35]. The present
which was consistently negative for immunoreactivaudy revealed that benign and malignant neoplasms of
pancreatica-amylase. The RT-PCR analysis stronglthe gastrointestinal tract may contain immunoreactive
suggests the presence of pancreatamylase mRNA in pancreatic digestive enzymes. It seems that more neo-
the normal stomach positive for immunoreactive pancidasms produce pancreatic digestive enzymes than was
atica-amylase. It is therefore very likely that the gastr@reviously recognized. However, it is not clear that the
intestinal epithelial cells positive for immunoreactivpancreatic digestive enzymes will enter the bloodstream
pancreatic digestive enzymes do produce pancreaticatid cause elevation of the serum levels.
gestive enzymes. Assay of enzyme activity or concentra-Pancreatic digestive enzymes have been shown to be
tion revealed that the normal stomach, gall bladder go@sent in acinar cell carcinoma of the pancreas and pan-
pancreas possessed this enzyme activity or protergatoblastoma, but not in ductal adenocarcinoma [7, 8,
while the normal colon did not (or showed only a littlel4, 19, 24]. However, Kim et al. [12] demonstrated pan-
Our findings strongly suggest the presence of pancreatieatic digestive enzymes (lipase and trypsin) in about
digestive enzymes in epithelial cells positive by immd7% of pancreatic ductal carcinomas. In addition, Ohta
noreactivity and their absence in nondecorated cells. etal. [20] demonstrated immunoreactive pancreatic en-

There have been a few observations of the activity;zyfmes (pancreatia-amylase, trypsinogen and lipase) in
pancreatic enzymes in the epithelial cells of nonpancrermal human pancreatic ducts. The present study also
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showed immunoreactive pancreatic digestive enzymesl@ Moreau H, Bernadac A, Gargouri Y, Benkouka F, Laugier R,

the normal pancreatic ducts and in pancreatic ductal car-verger R (%19%9) 'Wmu?ot%ym:?c%'.'za“o“ of huﬂ?? gastric -
cinomas, supporting the findings of Kim etal. [12] and §3o19 453 o0 O e TUNCIc mucosa. Histoc emistry
Ohta et al. [20]. 19. Morohoshi T, Kanda M, Horie A, Chott A, Dreyer T, Klppel
G, Heitz PU (1987) Immunocytochemical markers of uncom-
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