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Expression of inter-g-trypsin inhibitor light chain (ITI-LC, also known as bikunin or
urinary trypsin inhibitor) was examined in various human tissues. By reverse-transcrip-
tion polymerase chain reaction, the mRNA was detected not only in the liver, a known site
of ITI-LC production, but also in the kidney, heart, lung, and pancreas. By RNA blot
analysis, the mRNA was also detected in the pancreas and liver, but not in the kidney, heart,
or lung. The ITI-LC protein was immunohistochemically detected along the surface of
pancreatic acinar cells. These results indicate the apparent expression of the gene for
ITI-LC in the pancreas. ITI-LC protein on the surface of pancreatic acinar cells may play an
important role in preventing autodigestion by exocrine enzymes such as trypsinogen and
chymotrypsinogen.
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Inter- @ -trypsin inhibitor (ITI) protein family (ITI, pre-«
inhibitor, and inter-«-like inhibitor) consists of unique
plasma proteinase inhibitors composed of combinations of
one or two heavy chains (HCs) and/or one common light
chain (LC) associated with chondroitin sulfate. The com-
mon LC (ITI-LC), also known as bikunin or urinary trypsin
inhibitor (UTI), has two active Kunitz-type proteinase
inhibitor domains (1-4) and the inhibitory activity of the
ITI protein family entirely depends on ITI-LC. ITI-L.C is
co-produced with a1-microglobulin (¢1mG), another
plasma protein belonging to the lipocalin superfamily (5),
by translation from the common AMBP gene followed by
proteolytic processing (6). Liver has been thought to be
their only source, because they were produced and secreted
into conditioned media as an active form by human he-
patoma HepG2 cells (2, 4, 7, 8) and rat primary cultured
hepatocytes (9, 10). In addition, a1mG/ITI-LC ¢cDNAs
were cloned from livers of human and some other animal
species, and the mRNAs were abundantly detected in this
organ (6, 11-14). However, other possible production sites
of the components of the ITI protein family have not been
examined in detail. We examined the expression of human
AMBP gene in various human tissues, and found that the
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pancreas could be an additional site of ITI-LC production.

MATERIALS AND METHODS

Tissues—Human tissues (skin, tongue, lung, liver,
spleen, kidney, small intestine, pancreas, and heart)
without apparent pathological changes taken from two
autopsy cases (case 1: acute myocardial infarction; case 2:
chronic myelocytic leukemia) were supplied by the 1st and
2nd Department of Pathology, Miyazaki Medical College.
They were divided into two portions. One was used for
extraction of total RNA by TRIZOL™ (Life Technologies,
Gaithersburg, MD). The other was fixed in Zamboni solu-
tion (15) at 4°C overnight and then dehydrated in an
ascending series of ethanol. After dehydration, the tissues
were cleared in Lemosol (Wako Pure Chemical, Osaka) and
embedded in paraffin wax for the following immuno-histo-
chemical analysis.

RT-PCR Analysis—Five micrograms of total RNA was
reverse-transcribed with random hexamer (pd(N),] and
SuperScript reverse transcriptase (Life Technologies). The
resulting cDNA was divided into two parts and each part
was subjected to PCR for 30 cycles with the following
primer sets: ITI-LC sense (5'-AAGAAAGAAGACTCCTG-
CCAGCT-3) and antisense (5-TCACCAGGGACACCGC-
AGTA-3’) or control S-actin sense (5 -GACTACCTCATG-
AAGATCCT-3’) and antisense (5-GTGGCCATCTCTTG-
CTCGAA-3'). The cDNA sequences of human a1mG/
ITI-LC and S-actin were taken from Refs. 6 and 16,
respectively. The thermal cycle profile was 1 min at 94°C,
1 min at 60°C, and 2 min at 72°C. The PCR products were
electrophoresed in 2% agarose gel and stained with ethid-
ium bromide.

RNA Blot Analysis—Twenty micrograms of total RNA
was electrophoresed on 1% formaldehyde agarose gel and
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transblotted onto Hybond-N nylon membrane (Amersham,
Buckinghamshire, UK). Hybridization was performed
under a high stringency condition using *?P-labeled probes
as described (17). The specificity of the probe used
[corresponding to the nucleotide positions 928-1097 of
human «1mG/ITI-LC (6)] has been confirmed (17). The
control human glyceraldehyde 3-phosphate dehydrogenase
(G3PDH) probe was purchased from Clontech (Palo Alto,
CA). After hybridization, the membranes were washed
with 0.1 Xstandard saline citrate (SSC)/0.1% sodium
dodecyl sulfate (SDS) at 65°C for 30 min X 2 times and then
exposed to Kodak XRP-5 films at —70°C for 3 days.
Alternatively, the intensities of mRNA signals in pancreas
and liver were directly compared by using a Bioimaging
Analyzer, Fujix BAS 2000 system (Fuji Photo Film, Tokyo)
(18, 19).

Immunohistochemistry— Antiserum against highly puri-
fied ITI-LC derived from normal human urine, which was
kindly supplied by Mochida Pharmaceutical (Tokyo), was
raised in a rabbit. Secondary antibody (peroxidase-labeled
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Fig. 1. RT-PCR analysis of ¢1mG/ITI-LC in various human
tissues.The mRNA was detected not only in the liver, a known
producing site of ITI-LC, but also in the kidney, heart, lung, and
pancreas. f-Actin primers were used as a control of total RNAs
applied.

Fig. 2. RNA blot analysis of a1mG/ITI-LC in various human
tissues. The mRNA was detected in the pancreas and liver, but not in
other tissues. The 28S ribosomal RNA is shown as a control for the
amount of total RNA.
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swine anti rabbit IgG) and peroxidase-anti-peroxidase
(PAP) rabbit polyclonal antibody were purchased from
DAKOPATTS (Glostrup, Denmark). Serial 4-uxm-thick
sections were deparaffinized and rehydrated before stain-
ing. For immunohistochemistry, the sections were im-
mersed in methanol containing 0.6% H,0, for 20 min at
room temperature to block the endogenous peroxidase
activity. After incubation with 3% bovine serum albumin
for an hour at 37°C to block non-specific protein binding, the
sections were incubated with the primary antiserum
against human ITI-LC (1:500) at 4°C overnight. Subse-
quently, sections were incubated with the secondary anti-
body (1:500) for an hour and thereafter with PAP complex-
es for 30 min at room temperature. The sections were
visualized with the DAB/Metal Concentration (10X ) and
Stable Peroxide Substrate Buffer (1X) system (Pierce,
Rockford, IL). They were washed with water, and counter-
stained with hematoxylin.

RESULTS

By sensitive RT-PCR analysis (Fig. 1), «1mG/ITI-LC
mRNA was detected in the liver, pancreas, kidney, heart,
and lung, but not in other tissues. By RNA blot analysis
(Fig. 2), the mRNA was detected only in the liver and
pancreas with predominance in the liver at a size of 1.2 kb,
but not in other tissues even after a long exposure (2
weeks). The a1mG/ITI-LC mRNA was consistently de-

Fig. 3. RNA blot analysis of a1mG/ITI-LC in human liver and
pancreas of two autopsy cases. In case 2, total RNAs were derived
from three distinct portions of human pancreas. Note that the a1mG/
ITI-LC mRNA was consistently detected in pancreatic tissues from
two autopsy cases and the levels were comparable among three
portions (head, body, and tail) of the pancreas. The amount of the
mRNA in the pancreas was approximately 7% of that in liver based on
simple quantification by a Bioimaging Analyzer BAS 2000 using
G3PDH as a control.
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Fig. 4. Specificity of the antiserum to human ITI-LC confirmed
by Western blot analysis. The antiserum used specifically recog-
nized human purified ITI-LC and human serum ITI (225 kDa), pre-a
inhibitor (125 kDa), and ITI-related derivatives (2).

tected in pancreatic tissues from two autopsy cases and the
levels were comparable among three portions (head, body,
and tail) of the pancreas (Fig. 3). The relative amount of the
a1mG/ITI-LC mRNA with respect to G3PDH mRNA in
the pancreas was approximately 7% of that in the liver from
simple quantification by the Bioimaging Analyzer BAS
2000. These results indicate that the ITI-L.C mRNA is in
fact transcribed from the gene in human pancreas, as well
as the liver. "

To examine the distribution of ITI-LC protein in various
human tissues, we developed rabbit polyclonal antibody
against human purified ITI-L.C protein. Specificity of the
antibody was examined by Western blot analysis of the
purified ITI-LC protein and normal human serum (Fig. 4).
The results show that the antiserum used specifically
recognized human purified ITI-LC and human serum ITI
(225 kDa), pre-a inhibitor (125 kDa), and ITI-related
derivatives (2). The broad band of the purified ITI-LC was
thought to reflect a high degree of glycosylation of this
peptide (20). By immunohistochemical staining with this
antiserum (Fig. 5), positive reaction was observed along the
surfaces of pancreatic acinar cells, while no reaction was
seen in islet cells or in ductal cells. A positive reaction was
also seen in the blood vessels, but not in pancreatic ducts.
Pre-immunization sera from the same rabbit did not show
positive staining and the positive staining with the primary
antiserum was completely abolished after absorption with
an excess amount of purified ITI-LC protein.

DISCUSSION

ITI-LC has two active Kunitz-type proteinase inhibitor
domains, is produced in liver and is present in plasma alone
or in combination with one or two heavy chains, forming a
unique plasma proteinase inhibitor family (I1-4). The
present results show that, in addition to liver, the pancreas
also produces ITI-LC. Besides ITI-LC, two other protein-
ase inhibitors are known to be produced in the pancreas:
one is pancreatic secretory trypsin inhibitor (PSTI) (21)
and the other is basic pancreatic trypsin inhibitor (BPTI)
(22). PSTI is a Kazal-type inhibitor and is abundantly
expressed in pancreatic acinar cells and mainly secreted
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Fig. 5. Immunohistochemistry of ITI-LC protein in human
pancreas. Positive staining with anti ITI-LC antiserum was observed
along the surface of the pancreatic acinar cells. A positive reaction was
also seen in the blood vessels (arrowhead) but not in pancreatic duct
(=) (A). Positive staining was completely abolished after absorption
with an excess amount of purified ITI-L.C protein (B). High power
view showing positive staining on acinar cell surfaces and no staining
in islet cells or in ductal cells (C). (A: xX120, B: x120, C: x500;
counterstained with hematoxylin)

into pancreatic juice (23, 24). Although BPTI, which is also
known as aprotinin, is a Kunitz-type inhibitor, it has only a
single inhibitor domain and has been found only in bovine
pancreas, but not in the pancreas of other animals, includ-
ing humans (25). Thus, ours is the first report of the
expression of a Kunitz-type proteinase inhibitor in human
pancreas. ’

ITI-LC protein and its derivatives were also found in
gastrointestinal tract, kidney, brain, and liver as well as in
some tumor cells and tissues, plasma, urine (UTI), lymph,
and bile (20, 26-29), mainly by immunohistochemical
analysis. However, in the present study, a1mG/ITI-LC
mRNAs were detected in the liver and pancreas, but not in
other tissues (except for the brain and hepatoma cells) by
RNA blot analysis, although the mRNA was detected in the
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kidney by sensitive RT-PCR analysis. The discrepancy
between the immunohistochemical and RNA blot analyses
in this tissue might be due to uptake of ITI-LC from the
serum. Concerning this matter, we recently reported that
rat mast cell proteinase inhibitor, trypstatin, is a fragment
of ITI-LC, and «1mG/ITI-LC mRNA was not detected in
mast cells even by RT-PCR analysis, suggesting that ITI-
LC protein is taken up into various cells, including mast
cells, from the plasma and lymph (17).

In the present study, the amount of ITI.LC mRNA
detected in pancreas was far lower than that in liver. Thus,
though the size of the organs must also be taken into
account, ITI-LC produced in pancreas may make little
contribution to the plasma level of ITI-LC. Since immuno-
histochemical study revealed that ITI-LC protein was
present on the surface of the pancreatic acinar cells but not
in the pancreatic ducts, it may play a role in local regulation
of exocrine enzymes and/or protection of acinar cells
themselves from secreted and activated enzymes by linking
with its specific receptor on the surfaces (30). In contrast to
ITI-LC, PSTI is secreted into pancreatic juice (23, 24).
Furthermore, ITI-LC can inhibit both trypsin and chymo-
trypsin (I), whereas PSTI can inhibit trypsin but not
chymotrypsin (23). Therefore, the physiological roles and
functions of ITI-LC in human pancreas may be different
from those of PSTI. Conversely, since both ITI-LC and
PSTI have a growth-promoting effect on endothelial cells
(7), they may act synergistically as acute phase reactants
during various pathological conditions, such as pancreatitis
and malignant tumor (31, 32). In connection with this,
ITI-LC protein, named urinastatin (Miraclid™), has been
used for the treatment of acute pancreatitis. In this respect,
the present results will increase our understanding of the
pathophysiological function of the pancreas and facilitate
further investigation on the biological roles of ITI-LC
protein.

The authors wish to thank Professors A. Sumiyoshi and M. Koono, 1st
and 2nd Department of Pathology, Miyazaki Medical College, for
supplying surgical and autopsy specimens. We also wish to thank Mrs.
E. Ohno for her skillful technical assistance and Mr. S. Gilbert for his
critical reading of the manuscript.

REFERENCES

1. Gebhard, W. and Hochstrasser, K. (1986) Inter-a-trypsin in-
hibitor and its close relatives in Proteinase Inhibitors (Barrett,
A.J. and Salvesen, G., eds.) pp. 389-401, Elsevier, Amsterdam

2. Enghild, J.J., Theégersen, L.B., Pizzo, S.V., and Salvesen, G.
(1989) Analysis of inter-a-trypsin inhibitor and a novel trypsin
inhibitor, pre-a-inhibitor, from human plasma. J. Biol. Chem.
264, 15976-15981

3. Salier, J.-P. (1990) Inter-a-trypsin inhibitor: Emergence of a
family within the Kunitz-type protease inhibitor superfamily.
Trends Biochem. Sci. 15, 435-439

4. Enghild, J.J., Salvesen, G., Thegersen, 1.B., Valnickova, Z.,
Pizzo, S.V., and Hefta, S.A. (1993) Presence of the protein-glyco-
saminoglycan-protein covalent cross-link in the inter-a-trypsin
inhibitor-related proteinase inhibitor heavy chain 2/bikunin. .
Biol. Chem. 268, 8711-8716

5. Akerstrom, B. and Ligdberg, L. (1990) An intriguing member of
the lipocalin protein family: a1-Microglobulin. Trends Biochem.
Sci. 16, 240-243

6. Kaumeyer, J.F., Polazzi, J.0., and Kotick, M.P. (1986) The
mRNA for a proteinase inhibitor related to the HI-30 domain of
inter- a -trypsin inhibitor also encodes a1-microglobulin (protein

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

H. Itoh et al.

HC). Nucleic Acids Res. 14, 7839-7850

. McKeehan, W.L., Sakagami, Y., Hoshi, H., and McKeehan, K.A.

(1986) Two apparent human endothelial cell growth factors from
human hepatoma cells are tumor-associated proteinase inhibi-
tors. J. Biol. Chem. 281, 5378-5383

Bourguignon, J., Sesboti¢, R., Diarra-Mehrpour, M., Daveau, M.,
and Martin, J.P. (1989) Human inter-a-trypsin inhibitor:
Synthesis and maturation in hepatoma HepG2 cells. Biochem. J.
261, 305-308

. Sjéberg, E.M. and Fries, E. (1992) Biosynthesis of bikunin

(urinary trypsin inhibitor) in rat hepatocytes. Arch. Biochem.
Biophys. 295, 217-222

Bratt, T., Olsson, H., Sjoberg, E.M., Jergil, B., and Akerstrém,
B. (1993) Cleavage of the @ 1-microglobulin-bikunin precursor is
localized to the Golgi apparatus of rat liver cells. Biochim.
Biophys. Acta 1157, 147-154

Tavakkol, A. (1991) Molecular cloning of porcine al-micro-
globulin/HI-30 reveals developmental and tissue-specific expres-
sion of two variant messenger ribonucleic acids. Biochim. Bio-
phys. Acta 1088, 47-56

Lindqvist, A., Bratt, T., Altiern, M., Kastern, W., and
Akerstrdm, B. (1992) Rat a1-microglobulin: Co-expression in
liver with the light chain of inter-a-trypsin inhibitor. Biochim.
Biophys. Acta 1130, 63-67

Itoh, H., Ide, H., Kataoka, H., Tomita, M., Yoshihara, H., and
Nawa, Y. (1994) cDNA sequencing of mouse a1-microglobulin/
inter-a-trypsin inhibitor light. chain and its expression in acute
inflammation. oJ. Biochem. 118,'767-772

Ide, H., Itoh, H., and Nawa, Y. (1994) Sequencing of cDNAs
encoding a1-microglobulin/bikunin of Mongolian gerbil and
Syrian golden hamster in comparison with man and the other
species. Biochim. Biophys. Acta 1209, 286-292

Zamboni, L. and DeMartino, C. (1967) Buffered picric acid-
formaldehyde: A new rapid fixation for electron microscopy. J.
Cell Biol. 35, 148A

Ponte, P., Ng, S.Y., Engel, J., Gunning, P., and Kedes, L. (1984)
Evolutionary conservation in the untranslated regions of actin
mRNAs: DNA sequence of a human beta-actin ¢cDNA. Nucleic
Acids Res. 12, 1687-1696°

Itoh, H., Ide, H., Ishikawa, N., and Nawa, Y. (1994) Mast cell
protease inhibitor, trypstatin, is a fragment of inter-a-trypsin
inhibitor light chain..J. Biol. Chem. 269, 3818-3822

Itoh, H., Hattori, Y., Sakamoto, H., Ishii, H., Kishi, T., Sasaki,
H., Yoshida, T., Koono, M., Sugimura, T., and Terada, M. (1994)
Preferential alternative splicing in cancer generates a K-sam
messenger RNA with higher transforming activity. Cancer Res.
b4, 3237-3241

Tomita, M., Itoh, H., Ishikawa, N., Higa, A., Ide, H., Murakumo,
Y., Maruyama, H., Koga, Y., and Nawa, Y. (1995) Molecular
cloning of mouse intestinal trefoil factor and its expression during
goblet cell changes. Biochem. J. 311, 293-297

Yoshida, E., Sumi, H., Tsushima, H., Maruyama, M., and
Mihara, H. (1991) Distribution and localization of inter-a -tryp-
gin inhibitor and its active component acid-stable proteinase
inhibitor: Comparative immunohistochemical study. Inflamma-
tion 16, 71-79

Greene, L.J., Pubols, M.H., and Bartelt, D.C. (1976) Human
pancreatic secretory trypsin inhibitor. Methods Enzymol. 45,
813-825

Huber, R., Kukla, D., Rithlman, A., Epp, O., and Formenek, H.
(1970) The basic trypsin inhibitor of bovine pancreas. 1. Struc-
ture analysis and conformation of the polypeptide chain. Natur-
wissenschaften 57, 389-392

Ogawa, M. (1988) Pancreatic secretory trypsin inhibitor as an
acute phase reactant. Clin. Biochem. 21, 19-25

Horii, A., Kobayashi, T., Tomita, N., Yamamoto, T., Fukushige,
S., Murotsu, T., Ogawa, M., Mori, T., and Matsubara, K. (1987)
Primary structure of human pancreatic secretory trypsin in-
hibitor (PSTI) gene. Biochem. Biophys. Res. Commun. 149, 635-
641 :

Anderson, S. and Kingston, I.B. (1983) Isolation of a genomic
clone for bovine pancreatic trypsin inhibitor by using a unique-

J. Biochem.

2T0Z ‘2 $8g0100 U0 feridsoH uensyD enybuey) e /Bio'seulnolpliosxoql//:dny wouy papeojumoq


http://jb.oxfordjournals.org/

Inter-a-Trypsin Inhibitor Light Chain in Human Pancreas

26.

217.

28.

sequence synthetic DNA probe. Proc. Natl. Acad. Sci. USA 80,
6838-6842

Yoshida, E., Maruyama, M., Sugiki, M., and Mihara, H. (1994)
Immunohistochemical demonstration of bikunin, a light chain of
inter- @ -trypsin inhibitor, in human brain tumors. Inflammation
18, 589-596

Borghi, H., Calle, A., Sesbolié, R., Bourguignon, J., Diarra-
Mehrpour, M., and Martin, J.P. (1994) Light microscopical
detection of inter-alpha-trypsin inhibitor and its different
mRNAS in cultured hepatoma Hep G2 cells using immunocyto-
chemical and in situ hybridization techniques. Histochem. J. 26,
252-261

Chan, P., Risler, J.L., Raguenez, G., and Salier, J.-P. (1995) The
three heavy-chain precursors for the inter- a-inhibitor family in
mouse: New members of the multicopper oxidase protein group
with differential transcription in liver and brain. Biochem. J. 308,

Vol. 120, No. 2, 1996

29.

30.

31.

32.

275

505-512

Slota, A., Sjiquist, M., Wolgast, M., Alston-Smith, J., and Fries,
E. (1994) Bikunin in rat plasma, lymph and bile. Biol. Chem.
Hoppe-Seyler 375, 127-133

Kobayashi, H., Gotoh, J., Fujie, M., and Terao, T. (1994)
Characterization of the cellular binding site for the urinary
trypsin inhibitor. J. Biol. Chem. 269, 20642-20647

Murata, A., Ogawa, M., Yasuda, T., Nighijima, J., Oka, Y.,
Ohmachi, Y., Hiraoka, N., Niinobu, T., Uda, K., and Mori, T.
(1990) Serum interleukin 6, C-reactive protein and pancreatic
secretory trypsin inhibitor (PSTI) as acute phase reactants after
major thoracoabdominal surgery. Immunol. Invest. 19, 271-278
Ogawa, M., Tsushima, T., Ohba, Y., Ogawa, N., Tanaka, S.,
Ishida, M., and Mori, T. (1985) Stimulation of DNA synthesis in
human fibroblasts by human pancreatic secretory trypsin in-
hibitor. Res. Commun. Chem. Pathol. Pharmacol. 50, 155-158

2T0Z ‘2 J800100 U0 [e1idsoH tensuyD enybuey) e /61o0'sjeulnolpioxorql//:dny wouy pspeojumoq


http://jb.oxfordjournals.org/

