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ABSTRACT

Kallikrein was identified immunohistochemically and biochem
ically in a transplantable pancreatic acinar cell carcinoma of the
rat. The concentration of immunoreactive kallikrein in tumor
homogenates was the same as in the pancreas. Kallikrein in
tumor cells exists as a proenzyme and is released into blood in
high concentrations.

The impact of the presence of a kallikrein-producing tumor on
other kallikrein-containing organs and other possibly interrelated

systems was investigated. The concentration of kallikrein in the
submandibular gland and pancreas of host rats was not signifi
cantly different from that of control rats. Urinary kallikrein secre
tion was significantly increased, although this may be a result of
the high plasma glandular kallikrein concentration combined with
kidney damage. The plasma concentration of kininogen, kininase,
and renin was not significantly different from control rats.

Rats with tumor had significantly lower blood pressure than
did control animals, and blood pressure was inversely related to
the concentration of glandular kallikrein in plasma. However, it
was not proven that the low blood pressure was due to the high
concentration of kallikrein. Nephrectomized tumor rats gave a
smaller hypotensive response to kininase inhibition than was
expected from their high concentration of circulating kallikrein.
This may be explained by the absence of the "free kallikrein"

fraction in plasma of host rats.

INTRODUCTION

In humans, most pancreatic carcinomas are of ductal cell origin
(20). However, a transplantable pancreatic acinar cell carcinoma
has been developed in the rat (18). These tumor cells have been
shown to function as pancreatic acinar cells in the capability to
synthesize enzymes like amylase and lipase (7, 17, 19). The
exocrine pancreas has been shown to contain glandular kallikrein
in rats (2, 6, 25) and humans (26). It therefore seems reasonable
to assume that the tumor should also contain kallikrein.

In rats with acinar cell carcinoma, the circulating levels of lipase
are higher than in control rats (18), indicating that enzymes of
the pancreatic tumor are released into the circulation. An ele
vated concentration of glandular kallikrein in plasma may there
fore be expected.

The purpose of this study was to show whether the transplant-

able pancreatic carcinoma contains kallikrein and whether the
enzyme could be detected in blood. We also wanted to study
the effect of the presence of a kallikrein-producing tumor on the

concentration of kallikrein in other organs, on other components
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of the system like kallikrein substrate and inhibitors, and kininase,
as well as on a possibly interrelated system like the renin-
angiotensin system. Since glandular kallikreins have been
thought to play a role in blood pressure homeostasis, we mea
sured blood pressure and the hypotensive response to kininase
inhibition in tumor-carrying rats.

MATERIALS AND METHODS

A pancreatic acinar carcinoma was produced and transplanted onto
weanling male F344 rats as described previously (17, 18). The tumors
used in this study were of the 33rd to 35th transplant generation. The
experiments were performed in 2.5- to 3.5-month-old rats carrying
tumors weighing 20 to 30 g. Age- and sex-matched normal rats without

tumors were used as control animals.

Identification of Kallikrein in the Tumor

Kallikrein was identified in the tumor by immunohistochemistry and
biochemically in tissue homogenates. Tumor tissue was extirpated during
Nembutal anesthesia (60 mg/kg body weight) and processed for immu
nohistochemistry or frozen (-20Â°) for later analysis.

Immunohistochemistry. Immunohistochemical detection of kallikrein
in the tumor cells was done after ethanol fixation and paraffin embedding
as described previously (25). Tissue sections (6 urn) were stained by
direct and indirect immunofluorescence technique (22, 25, 30) or by the
peroxidase-antiperoxidase method (30). The anti-kallikrein antiserum

applied in the first layer, was raised in rabbits against rat submandibular
gland kallikrein and characterized as in a previous study (30). For direct
immunofluorescence technique, a rhodamine conjugate of the IgG frac
tion of the anti-kallikrein antiserum (22) was used in a 0.3 g/liter dilution.
For the indirect immunofluorescence technique, the anti-kallikrein IgG
fraction was used at 0.3 g/liter. In addition, monospecific anti-kallikrein
antiserum, preabsorbed with cross-reacting submandibular gland ester
ase (30), was used in the primary layer (1:10 dilution). For the peroxidase-
antiperoxidase method, the IgG fraction was used at a 0.1 -g/liter dilution.

Immunospecificity of the staining reaction was confirmed by absorption
controls adding an excess of purified kallikrein (0.4 and 0.1 g/liter for the
fluorescence and peroxidase-antiperoxidase methods, respectively), or
the cross-reacting submandibular gland esterases tonin (0.5 and 0.2 g/
liter) and antigen 7 (0.4 and 0.2 g/liter) (30) to the anti-kallikrein antiserum.

Biochemical Analysis. Tumor homogenates were prepared in phos
phate-buffered saline (0.01 M sodium phosphate, pH 7.4:0.15 M NaCI,
1:10, w/v) in a Potter-Elvehjem homogenizer (4Â°, 20 strokes). After
centrifugation (10,000 x g, 4Â°,30 min), the supernatant was collected
and frozen (-20Â°). The supernatant was later assayed for its concentra

tion of glandular kallikrein as described below. For comparison, the
concentrations of trypsin-like and amylase activity and protein were

measured.

Glandular Kallikrein System of Other Kallikrein-containing Organs

To study the excretion of kallikrein into urine, host and age- and sex-
matched control rats were placed in metabolic cages. Twenty-four-hr

urine was collected using toluene to prevent bacterial growth. The
submandibular glands, the pancreas, and the kidneys were extirpated
under ether anesthesia, homogenized in phosphate-buffered saline (1:10,
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w/v), and assayed similar to the method for the tumor tissue.
The kidneys were also examined histologically after in vivo fixation

with ethanol (23). Tissue sections were stained for kallikrein by the
peroxidase-antiperoxidase method as described previously (28). Sec

tions were also stained with hematoxylin and eosin and were examined
in the microscope under regular tungsten light and for fluorescence using
the same conditions as for fluorescein (24). This allowed detection of
fluorescing eosinophilic structures like the basal membrane which were
not easily seen under tungsten light.

Gel Filtration of Tumor Homogenate, Pancreas, Plasma, and Urine

Blood was drawn from the heart into a heparinized syringe during
ether anesthesia, and plasma was collected after centrifugation. Tumor
homogenate (58 mg protein), urine (1 ml), and plasma (1 ml) from host
and normal rats were gel filtered on an ACA22 column (1.2 x 90 cm, 4Â°)

equilibrated in phosphate buffer (0.01 M sodium phosphate, 0.1 M NaCI,
pH 6.0) as described previously (10). The elution pattern of the glandular
kallikrein-inhibitor complexes was followed by absorbance at 280 nm
and by testing for kallikrein-like amidolytic activity, and glandular kallikrein

by the immunoradiometric and immunoenzymometric method as de
scribed below.

BP3 Measurements and Collection of Blood Samples

BP in Awake Animals. BP was measured intraarterially by a catheter
(P10) placed in the abdominal aorta through the femoral artery in host
and normal rats. This was done under ether anesthesia. The animals
were subsequently placed in restraining cages to wake up. About 3 hr
later, the catheter was connected to the BP recorder (Hewlett-Packard

recorder with a Statham strain gauge transducer). The rats were left
undisturbed for another 15 min, and BP was then recorded for 10 min.

BP in Anesthetized Rats. BP was recorded as above in pentobarbital-

anesthetized host and control rats (Nembutal, 40 mg/kg i.V.). Blood was
drawn from the femoral artery into heparinized tubes, and plasma was
collected after centrifugation. A first sample was used for measurements
of plasma renin activity, and a second was used for the determination of
glandular kallikrein, kininogen, and kininase activity (see below).

BP after Angiotensin Converting Enzyme/Kininase II Inhibition by
Captopril. Captopril has been shown previously to induce a kinin-

dependent hypotension in nephrectomized male rats when the concen
tration of circulating glandular kallikrein was higher than normal (27).
Similar experiments were performed on host and control rats. Twenty-
four-hr binephrectomized rats were used to avoid a hypotensive re
sponse to captopril due to inhibition of angiotensin II formation. Nephrec-

tomy was performed under ether anesthesia by bilateral flank incisions.
The following day, the rats were anesthetized with Nembutal (40 mg/
kg), and blood pressure was recorded intraarterially as above. After a
control period of 10 min, captopril was administered (10 mg/rat, dissolved
in 0.5 ml 0.45% NaCI solution, i.v. bolus injection). Thirty min later, 1 ml
of arterial blood was collected from the femoral artery for measurements
of glandular kallikrein and plasma renin activity.

Measurement of Immunoreactive Glandular Kallikrein

Kallikrein in plasma was measured immunologically by the immuno
radiometric assay (10). RSK was used as standard, nonabsorbed anti-

RSK antiserum was used in the solid phase, and preabsorbed antiserum
monospecific for rat urinary kallikrein was used as the radiolabeled tracer.
Amidolytic activity of the immunoreactive kallikrein was determined by
the immunoenzymometric assay using the chromogenic substrate S-

2266 for glandular kallikrein as substrate (9, 10) and with preabsorbed
monospecific antibody against RSK bound to the solid phase (8). Specific
activity of the immunoreactive kallikrein was calculated from simultane
ous immunological and enzyme activity measurements. Degree of inhi-

3The abbreviations used are: BP, blood pressure; RSK, rat submandibular gland

kallikrein; SBTI, soybean trypsin inhibitor; AU, amidolytic activity unit(s).

bition of enzyme activity by inhibitors present in plasma was calculated
by comparing measured specific activity with that of purified RSK bound
to the solid-phase antibody. Recovery of kallikrein added to plasma or

plasma fractions (50 ng/ml) was between 90 and 100%. The results
given were adjusted to 100% recovery. Plasma samples and fractions
from the gel filtration column were tested as described above.

The concentration of immunoreactive glandular kallikrein in tumor
tissue, pancreas, and submandibular gland homogenates, as well as
urine, was determined by the "all-in-one" variant of the immunoradiome

tric assay with simultaneous addition of sample, immobilized, and labeled

antibody (9).

Demonstration of Prokallikrein in Tumor Tissue

Tumor tissue homogenate was reacted with immobilized antibody
overnight and assayed subsequently for amidolytic activity (9). One set
of sample duplicates was tested for amidolytic activity directly, whereas
another set was incubated with trypsin (0.05 g/liter; 30 min, 22Â°),
followed by SBTI (2 g/liter final concentration, 30 min, 22Â°). Immuno

reactive kallikrein was tested in both samples by subsequent addition of
radiolabeled antibody (9).

Measurement of Kallikrein-like Amidolytic Activity

Amidolytic activity was measured in urine, tumor, kidney, pancreas,
and submandibular gland homogenates and in column fractions using
the chromogenic substrate for glandular kallikrein, S-2266, as described
previously (1). The samples were preincubated (30 min, 22Â°)with SBTI

(10 g/liter final concentration) (25). SBTI and Trasylol (500 IKU/ml) were
added to a substrate-sample blank. One AU was equal to the amount of

enzyme that split 1.0 ^mol of substrate per min. Pancreatic prokallikrein
was activated by leaving the homogenate at room temperature for 24 hr
prior to addition of SBTI.

Measurement of Plasma Kininogen and Kininase Concentration

For measurements of the concentration of kininogen in plasma, a
limited amount of plasma (20 Â¿il)was incubated (30 min, 37Â°)with an

excess of submandibular gland kallikrein (0.59 g/liter) in buffer (0.1 M
sodium phosphate, pH 8.5) containing phenanthroline (108 g/liter) and
EDTA (2%). Released kinin was assayed by radioimmunoassay (4). The
concentration of kininogen was expressed as the amount of kinin re
leased per ml of plasma. Kininase activity was determined by incubating
10 Â¿tlof plasma (15 min, 37Â°)with bradykinin (90 g/liter) as substrate

using the same buffer as above but without phenanthroline or EDTA.
Recovery of kinin in the assay was tested by incubation of bradykinin
without the addition of plasma. The concentration of total kininase activity
was expressed as the amount of bradykinin degraded per min per ml of
plasma.

Measurement of Trypsin, Amylase, and Renin Activity

Trypsin activity of tumor and pancreatic homogenates was assayed
by caseinolytic activity (11). One caseinolytic unit (CU) was defined as
the amount of enzyme that increased the OD422â„¢nby 1 unit in 1 min. In
addition, trypsin activity was assayed by the chromogenic substrate for
glandular kallikrein as described above but without the preincubation
with SBTI. Trypsinogen of tumor and pancreatic homogenates were
autoactivated by leaving the homogenate at room temperature for 24 hr.

Amylase activity of tumor and pancreatic homogenates was assayed
by the Phadebas Amylase Test. Angiotensin converting-enzyme activity

of kidney homogenates was measured by the method of Cushman and
Cheung (5). Protein was measured by the method of Lowry ef al. (13)
using bovine serum albumin as standard. Plasma renin activity was
measured by the antibody trapping method (14).
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Statistical Analysis

The results are given as mean Â±S.E. Statistical analysis was done
by Wilcoxon's method for nonparametric data (21).

RESULTS

Identification of Kallikrein in the Pancreatic Acinar Carci
noma. Immunohistochemistry revealed the presence of kallikrein
in the cytoplasm of the pancreatic acinar carcinoma cells (Fig.
1). The immunospecificity of this staining reaction was confirmed
by the absorption controls; the staining was abolished by addition
of purified kallikrein to the primary antibody but not by addition
of the cross-reacting submandibular gland antigens.

The presence of kallikrein in the pancreatic tumor cells was
confirmed by measurements of tissue homogenates by the im-
munoradiometric assay with a dose-response curve that paral

leled the standard curve (Chart 1). The immunoreactive kallikrein
of tumor and pancreatic tissue both eluted from the column in
the same position as kallikrein-like amidolytic activity and as

purified submandibular gland kallikrein (Chart 2). The specific
activity of tumor immunoreactive kallikrein after gel filtration was
297 AU/mg, only 37% of that of submandibular gland kallikrein.
Kallikrein absorbed directly from tumor tissue homogenates to
immobilized antibody did not show enzymatic activity unless
activated by trypsin. The activated enzyme had a specific activity
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Chart 1. Dose-response curve for immunoreactive glandular kallikrein in tumor

homogenate (A) was parallel to that of the purified submandibular gland kallikrein
standard (O). This was measured by the immunoradiometric method, the "all-in-
one" variant. The homogenate contained 7.4 mg protein and 1.17 ^g kallikrein per

ml.

of 685 Â±60 (S.E.) AU/mg. These results indicate that kallikrein
in tumor tissue was present as a proenzyme.

The concentration of kallikrein and other pancreatic enzymes
(amylase and trypsin-like activity) in tumor and pancreatic ho
mogenates is shown in Table 1. The concentration of kallikrein
per mg protein measured in tumor tissue was not significantly
different (p > 0.05) from that of the pancreas of host or control
rats. The concentration of trypsin (caseinolytic) and amylase
activity per mg protein was, on the other hand, significantly lower
in tumor tissue than in the pancreas of host and control rats.

Effect of the Tumor on Other Kallikrein-containing Organs.

In host rats, the concentration of immunoreactive kallikrein in the
pancreas or the submandibular gland was not significantly differ
ent from that of the control group (p > 0.05; Table 1). In the
submandibular gland, kallikrein-like and trypsin-like amidolytic

activity was, however, significantly lower in the host than in the
control group both per mg protein and per gland (Table 1). If the
amount of kallikrein was calculated using the kallikrein-like ami

dolytic activity and the specific activity of submandibular gland
kallikrein (694 AU/mg), the concentration was 29.0 and 49.4 mg/
mg protein for the host and control group, much higher than that
measured immunologically (Table 1). Since the recovery of the
immunological measurements in the submandibular gland was
close to 100%, these results show that, in the submandibular
gland, the amidolytic assay was not specific for kallikrein only,
even after addition of SBTI. Measurements of kallikrein immu-

noreactivity was positively correlated to measurements of kalli
krein-like amidolytic activity (PR, 0.64; p < 0.05).

The kidneys of the host rats had undergone hypertrophie
changes with an increase in kidney weight but with no significant
change in the concentration of protein per g, wet weight (Table
2). Histochemistry of the kidney of the tumor rats revealed
interstitial glomerulonephritis with atrophie changes, particularly
in the proximal tubules, and with a thickening of the basal
membrane (Fig. 2). The concentration of kallikrein in the kidney
was significantly increased (p < 0.005) in the tumor group, both
per kidney and per mg protein (Table 2). However, immunohis-

tochemistry revealed no increase in kallikrein in tubular cells of
the host kidney but seemed to be rather less than in the control
group. The renal concentration of amidolytic activity both without
or with SBTI was significantly higher in the host than in the
control group (Table 2).

The concentration and 24-hr secretion of immunoreactive kal

likrein into urine was significantly higher in the host group than
in the control group (Table 3). The specific amidolytic activity of
immunoreactive kallikrein in urine was 726 and 652 AU/mg for
the host and the control group, respectively. An increase was
also observed in kallikrein-like amidolytic activity (Table 3). The

immunoreactive kallikrein in urine of both groups eluted similarly
as submandibular gland, pancreatic, and tumor kallikrein on the
ACA22 column (Charts 2 and 3). Unlike the pancreatic and tumor
kallikrein, the specific activity of the urinary kallikrein-peak was

1228 and 768 AU/mg, for the host and the control group,
respectively. Since purified submandibular gland kallikrein has a
specific activity of 694 AU/mg, these results indicate that the
kallikrein extracted from urine was fully active. The peak of
kallikrein in urine of host rats was 10 times higher than in the
control urine.

Amidolytic activity in urine was significantly higher (p < 0.005)
without the presence of SBTI than with, and the difference
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Chart 2. Gelfiltration on Ultrogel ACA22 of
tumor (a) and pancreatic (Â£>)tissue homoge-

nates. â€¢,absorbance at 280 nm; D, amidolytic
kallikrein-like activity; A, immunoreactive kalli-

krein; O, enzymatic activity of the immunoreac
tive kallikrein. The kallikrem in tumor tissue
eluted in the same position as that of pancreatic
tissue and as purified submandibular gland kal
likrein (arrow).
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between the host and the control group was more pronounced
for trypsin-like than for kallikrein-like amidolytic urinary concen
tration and 24-hr secretion (Table 3).

Glandular Kallikrein in Plasma. The concentration of immu
noreactive kallikrein and enzyme activity and the degree of
enzyme inhibition of glandular kallikrein in plasma of host and
normal rats is given in Table 4. The concentration of immuno
reactive kallikrein and kallikrein enzyme activity was, respec
tively, 147 and 159 times higher in host than in control rats. The
specific amidolytic activity or degree of inhibition of kallikrein in
plasma from host rats was not significantly different from that of
control rats (p > 0.05). These observations were confirmed by
gel filtration of host and normal plasma (Chart 4). The molecular
weight range of kallikrein-inhibitor complexes was comparable

for the 2 plasmas, the peaks being largely elevated in the tumor
plasma compared to that of control animals. However, some
differences were observed in the pattern of enzymatic activity;
the peak which may represent free glandular kallikrein in normal
plasma (Chart 4b) was not observed in host plasma but, in the
latter, one small additional peak of residual enzymatic activity
was observed (Chart 4a). Recovery of immunoreactive kallikrein

100 120

Fraction number

140

from the column was 76 and 97% for host and normal plasma,
respectively and, for enzymatic activity, it was 59 and 68%.

The concentration of glandular kallikrein in plasma was posi
tively correlated to tumor wet weight (PR, 0.70; p < 0.05).

Effect of the Tumor on Other Enzymes, Possibly Related
to Blood Pressure Regulation. Table 5 shows the concentration
of renin, total kininase activity, and kininogen in plasma and the
concentration of angiotensin converting enzyme in the kidney.
Plasma renin and kininase activity and kininogen concentration
was not significantly different in the 2 groups (p > 0.05). How
ever, the concentration of angiotensin-converting enzyme was

significantly elevated in the kidney of the host group compared
to the control group (p < 0.025).

Effect of the Tumor on Arterial Blood Pressure. Arterial
blood pressure was significantly lower in the host than in the
control group, both for anesthetized (p < 0.025) and awake (p
< 0.005) animals (Table 6). The BP of host rats was inversely
related to the concentration of glandular kallikrein in plasma (PR,
0.87 and 0.87; p < 0.05 for anesthetized and awake rats). In 24-

hr nephrectomized male rats, captopril induced a hypertensive
response in host rats, whereas the response was practically
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Table 1

Concentration of kallikrein, trypsin, and amy/ase activity in homogenates of tumor, pancreas, and submandibular gland tissue in host and control
animals

Amidolytic activity with SBTI represents kallikrein-like amidolytic activity whereas, without SBTI, it indicates trypsin-like activity. Enzymatic
activity is expressed in units/mg protein. Statistical significanceis indicated on the brace between the 2 groups compared

TumorTissueHost

pancreasControl

pancreasHost

submandibularglandControl

submandibularglandKallikrein

concentration Trypsin activityAmylasp
rnnAmidolytic

with Caseinolytic Amidolytic without tration x K
IRMA (/iUa/mg) SBTI (AU/mg) (CU/mg) SBTI (AU/mg)(U/mg)0.29

Â±0.04*(11)cNS0.29

Â±0.04(6)NS0.22

Â±0.03(5)0.11

Â±0.02(11)NS0.09

Â±0.03h
NS (7)NS0.07

Â±0.02(5)1.3

+ 0.3'(7)<i6.1

Â±1.4>
NS (7)NS6.5

Â±2.0(5)0.21

Â±0.19'(1.1)e1.31

Â±0.59â€¢*
(7)NS0.73

+0.42(5)2.4

Â±0.5(7)l5.0

+1.4NS
(6)NS8.6

+3.7(5)cen-

r3.017.7

Â±2.0 20.1 Â±1.3 Not done 29.8 Â±2.2 Notdone(7)
(7)(7)NS
0o23.9

+ 1.4 34.3+1.5 Not done 44.6 Â±2.5 Notdone(6)
(6) (6)

a U, amylase activity; CU, caseinolytic activity; NS, not significant (p > 0.05).
0 Mean Â±S.E.
0 Numbers in parentheses, number of animals.
0 p < 0.005.
"p< 0.025.
'p < 0.05.
'p<0.01.

Table 2
Wei weight, concentration of protein, immunoreactive kallikrein, and kallikrein-like

and trypsin-like amidolytic activity in the kidney of host (n = 6,)and control
(n = 6) rats

g, wet wt/kidney
mg protein/g, wet wt
Kallikrein(ng/mg protein)S-2266 (AU/mg protein x 10~3)

Kallikrein-like
Trypsin-likeHost

rats1.58
+ 0.19a

55.5 + 7.1
74.0 Â±8.977

Â±17
140 Â±30P<0.005

NS6

<0.005<0.005

<0.005Control

rats0.92

Â±0.04
61.7 Â±1.2
3.8 Â±0.31.3

Â±0.2
3.7 Â±0.4

a Mean + S.E.
6 NS, not significant (p > 0.05).

Table 3
Diuresis, concentration, and secretion of kallikrein, trypsin-like enzymes, and

protein in urine of 6 host and 6 control rats

Host rats Control rats

Diuresis (ml/24 hr)
Kallikreinconcentration dig/ml)
Kallikreinexcretion (ng/24 hr)
Amidolytic activity

With SBTI (AU/24 hr)
Without SBTI (AU/24 hr)

Protein (mg/ml)

31.6 Â±5.8a

7.3 Â±0.8
212.0 Â±25.3

108.5 Â±31.1
499.7 Â±286.5

28.5 Â±5.2

8.6 Â±1.5
2.3 Â±0.2

12.0 Â±2.0

12.0 Â±2.0
19.3 Â±2.4

7.5 + 1.6
a Mean Â±S.E. p < 0.005 for host rats versus control rats in all parameters.

absent in the control rats (Chart 5). The concentration of immu
noreactive kallikrein and enzyme activity was, respectively, 97
and 356 times higher, and the degree of inhibition was signifi
cantly lower in plasma of nephrectomized host rats than in
control rats (Table 4). Plasma renin concentration was below
detection limit (<5 x 10~5 GU/ml) in both groups of nephrecto

mized rats.

DISCUSSION

Kallikrein was demonstrated in a pancreatic acinar cell carci
noma, biochemically in tissue homogenates, and immunohisto-

chemically in the cytoplasm of the tumor cells. As in the normal
rat pancreas (15, 25), kallikrein in tumor cells exists as a proen-

zyme. The low specific activity of kallikrein in tumor tissue after
autoactivation compared to that of trypsin-activated tumor kalli

krein extracted by immobilized antibody and that of purified
submandibular gland kallikrein was probably due to incomplete
activation by the present procedure. The concentration of kalli
krein in tumor tissue was not significantly different from that of
both host and normal pancreas, whereas the concentration of
trypsin-like and amylase activity was significantly lower. The high

concentration of kallikrein in plasma of host rats indicated that
kallikrein was released from tumor cells into the vascular com
partment. An endocrine release of kallikrein is probably taking
place also in the pancreas, since a 1.5-times higher concentration

of glandular kallikrein was observed in plasma sampled from the
vena porta compared to that in arterial blood (3). The present
results show that a transplantable pancreatic acinar cell carci
noma resembles normal pancreatic acinar cells in that it contains
and secretes glandular kallikrein, as it also contains and secretes
other enzymes of the exocrine pancreas (18,19).

The presence of an elevated concentration of glandular kalli
krein enzyme activity in plasma of host rats was also confirmed
by the hypotensive response to captopril. However, the hypoten-

sive response was not so great as could be expected from the
measured concentration of kallikrein in plasma. In a previous
study (27, 31), sympathetic stimulation of the submandibular
gland induced a rise in the concentration of glandular kallikrein
in plasma which was about one-tenth of that observed in the

host rats. Still, the hypotensive effect of kallikrein inhibition in
nephrectomized tumor rats was only 18.4 Â±4.2 mm Hg whereas,
after sympathetic nerve stimulation, a fall of 43 Â±8.3 mm Hg
was observed. This difference may be due to an altered binding
pattern to inhibitors, since plasma from host rats, unlike that
after submandibular gland stimulation," did not show kallikrein

* T. Berg and L. Johansen, unpublisheddata.
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Chart 3. Gelfiltration on Ultrogel ACA22 of
host (a) and normal (b) rat urine. â€¢,absorbance
at 280 nm; D, amidolytic kallikrein-like activity;
A, immunoreactive kallikrein; O, enzymatic ac
tivity of the immunoreactive kallikrein. The kal
likrein in urine eluted in the same position as
pancreatic kallikrein and as purified submandib-

ular gland kallikrein (arrow).
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Table 4

Determination of glandular kallikrein and its enzymatic activity in arterial plasma in host and control rats

The concentration of kallikrein was also measured in 24 hr binephrectomized rats, 30 min after administration of
captopril. Specific enzyme activity, expressed in AU, represents residual amidolytic activity per mg kallikrein adsorbed
from plasma to the solid-phase antibody. Percentage of inhibition was calculated by comparing this specific activity with
that of purified kallikrein standard in buffer adsorbed to the solid phase.

Not nephrectomized
Host rats
Control rats

24 hr nephrectomized
Host rats
Controlrats'

Mean Â±S.E.
6p < 0.005.
0 NS, not significant (pPlasma

kallikreincon
centration(ng/ml)3063.4

Â±1089.9" 1 u

20.9 Â±2.4f5667.6

Â±1010.4 lo
58.3 Â±6.8J>

0.05).Kallikrein

enzy
matic activity

(mAU/ml)380.5

Â±137.61 s
2.4 Â±0.6J890.2

Â±167.81 o
2.5 Â±0.4 JSpecific

enzyme ac
tivity(AU/mg)0.13

Â±0.02 1 â€že0.11 Â±0.02J"0.1

7 Â±0.031 o
0.04 Â±0.01 JInhibition

(%)84.1

Â±1.91
86.3 Â±2.3 /N77.3

Â±4.6 1 to
94.5 Â±1.1JRats

(n)10

659
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Chart4. Gelfiltration on Utrogel ACA22 of
host (a) and normal (Â£>)rat plasma. â€¢.absorb-
ance at 280 nm; A, immunoreactive kallikrein;
O, enzymatic activity of the immunoreactive
kallikrein. The percentage of total inhibition of
enzymaticactivity was not significantlydifferent
between the 2 plasmas but the peak of enzy
matic activity in normal plasma which may rep
resent free kallikrein (asterisk, b) was not de
tected in host plasma. On the other hand, in
host rat plasma, one additional peak of enzy
matic activity was observed in a higher-motec-
ular-weight region (asterisk,a).
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Tables
Concentrationof plasma renin and kininaseactivity, plasma kininogen,and renal

angiotensin-convertingenzyme in the host and the control groups

Plasma renin concentra
tion (GUx 1(r3/ml)

Plasma kininogen
(mg bradykinm/ml)

Plasma kininase activity
(ng bradykinin/ml/min)

Renal angiotensin-con
verting enzyme
(U/mg protein)Host

rats0.32
Â±0.07* (6)"

0.50 Â±0.09 (6)

261.5 Â±11.5 (12)

0.47 Â±0.08 (6)PNSC

NS

NS

<0.025Control

rats0.47

Â±0.06 (4)

0.98 Â±0.06 (6)

234.2 Â±14.0 (7)

0.21 Â±0.04 (6)

* Mean Â±S.E.
0 Numbers in parentheses, number of rats.
c NS, not significant (p > 0.05).

enzyme activity in the molecular weight region, which may rep
resent free kallikrein. It may also be due to the fact that binding
to inhibitors is a progressive process. When kallikrein is released
from the tumor, it is likely that this happens more slowly than

Table 6
Effect of the presence of the kallikrein-producing tumor on arterial blood pressure

Blood pressure (mm Hg)

Awake rats Anesthetized rats

Host rats

Control rats

107.8 Â±5.2" 1 (6)"

126.8 + 5.2 J(9)

77.4 Â±5.0 ÃŒ(12)

r
103.0 Â±4.4 J (11)

' Mean Â±S.E.
6 Numbers in parentheses,number of animals.
Â°p< 0.025.
" p < 0.005.

that after submandibular gland stimulation, thus allowing the
time for more efficient inhibition. It is also possible that the
constantly elevated concentration of kallikrein in host rats may
induce an increased production of inhibitors to kallikrein. Altera
tions at the level of kinin receptors is another possibility. Further
studies are needed to elucidate this problem.

The highly increased concentration of circulating glandular
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Captopril Control group:ABP--3.3Â±i.3mmHg<7> REFERENCES

x
6 100
Â£

I

Host group:aBP--i 8.4Â±4.2mmHg(5)

O io 20 30min

Time
Chart 5. Typical blood pressure curve after an i.v. administrationof captopril in

24 hr nephrectomized rats; one control and one host rat. The mean fall in BP in
the 2 groups is indicated.

kallikrein in host rats did not influence the concentration of
kallikrein in kallikrein-containing organs like the submandibular

gland and pancreas. This indicates that there is no direct feed
back mechanism between local kallikrein synthesis in these
organs and the concentration of kallikrein in plasma. On the other
hand, renal kallikrein concentration and urinary kallikrein secre
tion was 19 and 18 times higher than in the control rats, respec
tively. Since there was no indication of an increase of kallikrein
in kidney tissue sections, this elevated concentration of kallikrein
in tissue homogenates was probably due to a high concentration
of kallikrein in the preurine, filtered from the kallikrein-rich plasma.

The filtration of kallikrein may be unspecific and a result of the
proteinuria due to the interstitial glomerular nephritis in the host
rats. However, the increase in the concentration of circulating
kallikrein following nephrectomy in normal rats, as also observed
by others (12, 16), may indicate that filtration of circulating
glandular kallikrein is a normal physiological mechanism.

The high concentration of kallikrein and kallikrein enzyme
activity in plasma of host rats may induce a continuous formation
of kinins. This kinin formation may be responsible for the low
blood pressure observed in these animals, even though this was
not proven by the present experiments. BP was also inversely
related to the concentration of kallikrein in plasma. The higher
concentration of angiotensin-converting enzyme/kininase II in the

kidney of the host rats compared to normal rats may be a
protective response against an elevated plasma or renal kinin
formation. The concentration of plasma renin was, however, not
altered, suggesting that no direct feedback mechanisms exist
between the concentration of renin and glandular kallikrein in
plasma.

In conclusion, the present paper describes the demonstration
of kallikrein in a transplantable pancreatic acinar cell carcinoma
of the rat. The presence of a kallikrein-producing tumor did not
alter the concentration of kallikrein in other kallikrein-containing

organs or the concentration of other components of the system
like kininogen and kininase activity. Of components of possibly
interrelated systems, the plasma renin concentration was not
altered, whereas a minor elevation of renal angiotensin-convert

ing enzyme was observed. The high concentration of glandular
kallikrein released into the circulation may be responsible for the
hypotension in the host rats.
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Fig. 1. Demonstrationof glandularkallikrein in cells of a pancreatic acinar cell carcinoma by immunofluorescence.x 956.

Fig.2. Kidney from host rat (Â¿)and from control rat (B) fixed in ethanol and
stained with hematoxylin and eosin. The kidney of host rats showed interstitial
glomerulonephritiswith atrophie changes, particularly in the proximal tubules, with
hematuria, interstitial fibrosis, and a thickeningof the basalmembrane(arrow).This
basal membrane was easily visualized by its eosinophilic characteristics under
fluorescent microscopic conditions, x 485.
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