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Distribution of plasminogen activator inhibitor in
normal liver, cirrhotic liver, and liver with
metastases

P Fitch, B Bennett, N A Booth, A Croll, S W B Ewen

Abstract
Aims-To examine the distribution of
PAI-i antigen in normal and cirrhotic
liver and liver with metastases.
Methods-Sections of normal and cir-
rhotic liver and liver with metastases
were stained using the alkaline phospha-
tase antialkaline phosphatase (APAAP)
technique and monoclonal antibody spe-
cific for plasminogen activator inhibitor
(PAI-1).
Results-PAI-i antigen was identified as
discrete granules in the cytoplasm of
hepatocytes in normal liver, particularly
around portal tracts and central veins of
the liver lobule. In cirrhotic liver a
striking reduction of PAI-i antigen was
noted. In liver with metastases increased
amounts of PAI-i antigen were concen-
trated in hepatocytes around the margins
ofmalignant deposits.
Conclusions-Cirrhotic liver contains
considerably less PAI-I antigen than does
normal liver, despite raised plasma con-
centrations of PAI-1. This may reflect
release of hepatic PAI-i into the circula-
tion or decreased clearance of PAI-i
from the plasma. Secondary malignant
deposits in the liver seem to stimulate
production of PAI-i in adjacent hepato-
cytes. This may influence the invasive
process and may contribute to the throm-
botic tendency associated with malig-
nancy.

(7 Clin Pathol 1994;47:218-221)

Department of
Medicine and
Therapeutics,
University of
Aberdeen
P Fitch
B Bennett
A Croll
Department of
Molecular and Celil
Biology
N A Booth
Department of
Pathology
S W B Ewen
Correspondence to:
Dr B Bennett, Department
of Medicine and
Therapeutics, Polwarth
Building, Foresterhill,
Aberdeen AB9 22D.

Accepted for publication
7 October 1993.

Tissue plasminogen activator (t-PA) is the
principal circulating activator of the fibri-
nolytic system. t-PA is absorbed along with
plasminogen on to fibrin; thus juxtaposed,
they generate plasmin, which lyses the fibrin
deposit.

Control of t-PA in the circulation is secured
by two main mechanisms. Firstly t-PA is
inhibited directly and, secondly, it is cleared
from the circulation by the liver. In both
processes plasminogen activator inhibitor
(PAI-1) has an important role. It is the pri-
mary plasma protein inhibiting t-PA, other
inhibitors such as C I-esterase inhibitor and a2
macroglobulin having a secondary role.' PAI-I
also participates in clearance of t-PA by the
liver; t-PA in complex with PAI-I clears more
rapidly than free t-PA.2 A specific hepatic
receptor for t-PA-PAI-I complex has been
shown,' in addition to the mannose and galac-

tose receptors that clear free t-PA.48
The liver contains PAI-19 and hepatocytes

in culture release PAI-1.10 In situ hybridisa-
tion using a PAI-1 probe failed to show PAI-1
mRNA in rat hepatocytes,"1 but PAI-1 mRNA
has been shown in rat liver regenerating after
injury to the liver.'2 13 The role of hepatic PAI-
1 is presently undefined and its relation to
plasma PAI-1 and direct inhibition of t-PA or
to clearance of t-PA from plasma remains to
be established. The location and distribution
of PAI-I in normal liver is not known.

In hepatic cirrhosis "overall plasma fibri-
nolytic activity" is increased suggesting that t-
PA concentrations are raised. 1416 t-PA and
PAI-I antigen concentrations are in fact both
strikingly raised in cirrhosis,'7 18 but these
observations do not distinguish between free
(active) or complexed (inactive) forms of
these molecules. The enhanced fibrinolytic
activity in cirrhosis has been shown to be due
in part to reduced clearance of t-PA."
Patients with disseminated carcinoma fre-
quently have reduced plasma fibrinolytic
activity and raised plasma concentrations of
PAI-1.920 Such patients additionally show a
reduced fibrinolytic response to stimuli such
as nicotinic acid. '5

Methods
Liver sections fixed in 10% neutral buffered
formalin and 4 iim in thickness were obtained
from the pathology department of the
University of Aberdeen. In addition, portions
of fresh liver biopsy specimens were obtained
before fixation. Normal liver and liver affected
by alcoholic cirrhosis (n = 10), primary biliary
cirrhosis (n = 5), metastatic carcinoma (n = 10),
and primary hepatocellular carcinoma (n = 5)
were studied. The diagnoses were based on
the biopsy result and the results of liver func-
tion tests at the time of biopsy.

Tissue sections were stained using the
APAAP technique, which was essentially the
method described by Cordell et al.21 The pri-
mary antibody, mouse antibody to human
PAI-1 monoclonal antibody,22 was applied to
the sections for 1 hour in a moist chamber at
room temperature. Optimal dilutions of anti-
body were found by experiment to be 1 in 200
and 1 in 400. Control sections were stained
with a monoclonal antibody of the same sub-
class (IgG,), raised against human neurofila-
ment protein. This antibody was used at a
dilution of 1 in 10.
The slides were then washed in 50 mM

TRIS-buffered saline (TBS) (pH 7 6), and
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Figure 1 Normal liver section stained with (A) monoclonal antibody to PAI-I; and (B)
control antibody.

the secondary antibody, rabbit antibody to
mouse IgG (dilution 1 in 20), applied at room
temperature. After several washes in TBS the
APAAP complex (dilution I in 40) was

applied for 30 minutes; slides were washed
again and developed for 20 minutes at room
temperature. Developing solution consisted of
0 05% (wlv) napthol AS-MX phosphate,
0-012% (w/v), levamisole, and 0-05% (w/v)
Fast Red TR salt, each dissolved in veronal
acetate buffer (29 mM barbitone, 29 mM

acetate, pH 9 2) in the order given above.
After further washing slides were counter-
stained in Harris' haematoxylin for 5 seconds
and mounted.
The stained liver sections were graded for

amount of specific staining of PAI-1 antigen
by an experienced pathologist who was not
involved in the project and was unaware of the
purpose of the study. Each slide was assigned a
grade between -, which signified no PAI-i
staining, and ++++, which signified intense
staining of PAI-1. Hepatocytes, fibrous tissue,
and tumour cells, where appropriate, were
graded separately.

Monoclonal antibody to neurofilament
protein, rabbit antibody to mouse polyclonal
antibody, and the APAAP complex anti-
bodies were obtained from Dakopatts, High
Wycombe, Buckinghamshire.

Results
PAI-1 antigen was abundant in normal
human liver. APAAP staining showed it to be
present in discrete granules in the cytoplasm
of hepatocytes particularly around portal
tracts and central veins in the liver lobule (fig
1A). PAI-1 was predictably found in vascular
endothelium and was most obvious in arteries
and veins that run in the portal tracts. PAI-1
was also found in the biliary epithelium, in
connective tissue of blood vessels, and in
Glisson's capsule of the liver surface. No
colour development was seen with the control
antibody (fig IB).

In the 10 cases of hepatic cirrhosis stained
using the APAAP technique most showed a
dramatic reduction in PAI-1 content of liver
parenchyma compared with the normal liver
sections (fig 2). Variable PAI-1 staining was
found in the fibrous tissue in cirrhotic liver, as
in the connective tissue of normal liver.

Sections of liver affected by primary biliary
cirrhosis showed a similar lack of PAI-1 stain-
ing, with a variable amount of staining of
fibrous tissue (not shown).

Livers with metastases showed a variable
amount of PAI-I staining, some with slightly
more than the normal, whereas others dis-
played a considerable increase above normal.
In these the PAI-1 staining was most intense
immediately adjacent to the tumour margin.
The granules of PAI-1 were more densely
packed in the hepatocytes and present in a
higher proportion of hepatocytes (fig 3).

In contrast, non-cirrhotic liver affected by
primary hepatocellular carcinoma contained
PAI-1 in similar quantities to those found in
the normal liver sections. In one case the pri-
mary carcinoma was superimposed on cirrhosis
and showed very little PAI-1 in the hepato-
cytes, which was consistent with the findings
in cirrhosis alone (not shown).

Primary and secondary carcinoma cells
infiltrating liver showed minimal PAI-1 stain-
ing. Fibrous tissue did contain some PAI-1, as
in normal and cirrhotic liver sections.
The table shows the grading for specific

PAI-I staining for normal and diseased liver
sections.
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Figure 2 Cirrhotic liver section stained with monoclonal antibody to PAI-1.

hE

MF

.'~~~tj

OV v~~~~~~

UP~ ~ ~

Figure 3 Liver section containing metastatic carcinoma stained with monoci

antibody to PAI-1.

Grading ofPAI-1 staining in normal liver, ci
and liver with metastases
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± = Traces only
= Dense staining

Discussion

t-PA is cleared by the liver and PAI-i partici-

pates in the process.233PMI-i may be synthe-

sised in the liver,'1024 but whether it is this

PMI-i that takes part in clearance is unknown.

We found PMI-I antigen in cytoplasmic gran-

ules, particularly in the centrilobular area and

around the portal tracts of the liver lobule. In

the centrilobular area the PAI-i granules were

of fairly uniform size and seemed to colocalise

with lipofuscin. This suggests that the PMI-i
4 here had been cleared from the circulation

and shifted into lysosomes for degradation.

Around the portal tracts these granules were

more variable in size and could be PMI-i in

the Golgi apparatus.

We found that cirrhotic liver contains con-

siderably less PMI-i antigen than normal liver.

There are three possible explanations for this:

(a) the synthesis of PMI-i is reduced; (b) the

release of PMI-i from hepatocytes is

increased; and (c) the clearance of PMI-i from

the circulation is reduced. This study cannot

distinguish which combination of these possi-

bilities takes place but the second and third

mechanisms seem likely. PMI-i concentra-

tions in the plasma are increased above

normal in cirrhotic patients,'1718 25 so excess

release may be contributing to the reduced

~amounts of PMI-i antigen in cirrhotic liver

parenchyma; in cirrhotic patients vascular

endothelium outside the liver may also be

releasing more PMI-i into the circulation.

Teincreased plasma concentration of

t-PA-PMI-1 complex in cirrhosis, together

with the reduced PMI-i antigen cirrhotic

liver, suggests that hepatic receptor activity for

1"i5LR54t-PA-PMI-i complex is reduced in cirrhosis.

APAAP staining of liver with metastases

showed that PMI-1was often increased in the

9 normal parenchyma surrounding the tumour.

~~This was particularly intense immediately

adjacent to the tumour margin and seemed to

diminish further away from the margin. This

suggests that clearance of PMI-i is not the

mechanism producing this pattern; it seems

more likely that either the tumour itself is pro-

L, ducing PMI-i and releasing it locally or that

the tumour stimulates the normal

pw;' arenchyma to produce more PMI-i. The

absence of staining in tumour cells suggests

that the tumour stimulates the production. If

it is correct this could represent a physiologi-
,lonal cal mechanism by which the liver responds to

local spread of the tumour. In support of this

-irhocivr,
Kircheimer et al have shown that plasma

urokinase activity is increased in hepatic

malignancy and that this is likely to be due to

with metastases tumour growth rather than reduced clearance

of u-PA26; local PMI-i synthesis might repre-

-+ sent the hepatic response to this. Both trans-

forming growth factor and epidermal

growth factor have also been shown to

4- + increase in vitro production of PMI-i from

+- Hep G2 cells."1127 Patients with metastatic

carcinoma are prone to venous thrombosis

and have various haemostatic abnormalities,

including fibrinolytic abnormalities with

raised plasma concentrations of PMI-i1.8

Our study provides evidence that increased
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PAI-1 content in the liver of these patients
stimulated by the presence of tumour might
be a mechanism contributing to these clinical
features. Local synthesis of PAI-1 might
therefore influence tumour spread within the
liver and contribute to the tendency for the
thrombosis seen in malignancy.

Lastly, the virtual absence of PAI-1 from
tumour cells of primary hepatocellular carci-
noma suggests that hepatoma cell lines may
not be ideal for studying physiological regula-
tion of PAI-1 in normal human liver.
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