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Abstract

It has been more and more clear that the
plasminogen activation system (mainly including
uPA, uPAR, PAI-1 and PAI-2) plays a very im-
portant role aggressiveness of cancer in recent
decade. Using immunohistochemistry and EL-
[SA, we analyzed the expression of these four
components of the system in cancer and no-can-
cer tissues of 19 cases for hepatocellular carci-
noma. The positive rates of uPA, uPAR, PAI-1
and PAI-2 for immunohistochemical staining in
cancer tissues are 78.9%, 68.4%, 57.9% and
31.6%, respectively. Positive staining mainly lo-
cates in cytoplasm of cancer and stromal cells
and appears granular pattern. Moreover, the
strong staining is chiefly in invasive front. No
specific staining was detected in non-cancer tis-
sues. In ELISA, we found that there are signifi-
cant differences between cancer and non-cancer
tissues in concentration of uPA, uPAR and PAI-
1 (P=0.0003, 0.0041 and 0.0042, respective-
ly), but there is not similar significant differ-
ence in PAI-2 (P - 0.9234). These results sug-

gest that uPA, vPAR and PAI-1 are related to
invasion of HCC. But PAI-2 is different, it may

be a real inhibitor of plasminogen activation.

Key words : uPA, uPAR, PAI-1, PAI-2, hepa-

tocellular carcinoma

INTRODUCTION

The main models of cancer progress are inva-
sion and metastasis. In the progress. plasmi-
nogen activation system plays a important role.
It has already been described in some kinds of
cancer, such as breast, colon and lung

)4

cancer ¥ Urokinase-type plasminogen activa-

tor (uPA) is a serine protease produced and re-

56 1t can

leased by cancer and stromal cells
transform the zymogen plasminogen into the ac-
tive proteinase plasmin to accumulate the break-
ing of basement membrane and degradation of
extracellular matrix (ECM)”® | So it contributes
to invasion and metastasis of cancer. The speci-
fic receptor of uPA (uPAR) is a important pro-

tein on cell membrane. It can bind and anchore



uPA on cell surface and enhance plasmin

9)10)

production . And it has already been re-

ported to take part in the process of cancer in-

1) There are two inhibitors to

vasion to ECM
plasminogen activation, e.g. PAI-l and PAIL-2,
mainly. PAI-1 is regarded as a physiological in-
hibitor of the two forms of plasminogen activa-
tion (UPA and tPA)’ % The possible mechanism
is that PA-1 protect extracellular matrix (ECM)
from degradaticnlg). But there are still argu-
ments about function of PAI-1. Someone re-
ported that high expression of PAI-1 in cancer
tissue relate to poor prognosis of the patients
and suggested that PAI.1 is not a real

D14) PAIL.2 is seen as an inhibitor of

inhibitor
cellular uPA, generallyls) 18 1t is reported that
PAI-2 can inhibit uPA activity truly in malig-
nant cell line and is associated with good prog-
nosis in some cancer patientsm 719 Al these
indicate that PA system has close relation to
cancer, especially in invasion and metastasis.

In our study, we evaluated the expression of
uPA, uPAR, PAI-1 and PAI-2 in hepatocellular
carcinoma. We aimed to research the character-

istic of plasminogen activation system in HCC.

MATERIALS AND METHODS
Samples

There are 19 samples of cancer tissue and
14 samples of non-cancer tissue of hepatocellu-
lar carcinoma in our study at all, including 17
cases underwent partial hepatectomy and 2
cases for autopsy. Among them 18 cases are
Chinese and the rest is Japanese. All samples
are stored in liquid nitrogen and then in —

80°C freezer till use.

Immunchistochemistry

The monoclonal antibodies against uPA,
uPAR, PAI-1 and PAI-2 are gotten from Amer-
ican Diagnostica Inc. (Greenwich CT, US.A.).

The product numbers of these antibodies are
shown in Table 1. DAKO.LSAB Kit (Dako Co.
CA, US.A) is used in immunchistochemical
staining according to the instructions of manu-
facturer. The frozen slides are put into acetone
for 10 minutes. After drying and washing with
Tris-buffer, incubating with blocking solution
and primary monoclonal antibodies for 30 and
60 minutes in room temperature, respectively.
The primary antibodies are diluted 50 folds in
diluting solution in advance. Then wash with
Tris-buffer and incubate with link-antibody and
streptoavidin  in room temperature, also.
Visualization are performed with aminoethyl-
carbazole chromogen plus hydrogen peroxide.
The sections are counter-stained with haema-
toxyline and mounted. Microscopic examinations

are performed by Three observers.

ELISA

Using Enzyme Linked immunosorbent Assay
(ELISA), we checked protein level of uPA,
uPAR, PAI-1 and PAI-2 in cancer and non-can-
cer tissues of hepatocellular carcinoma. ELISA
Kit for uPA, PAI-1 and PAI-2 are obtained
from Biopool inc. (product numbers are H#
111120, # 210221 and # 220220). To check
uPAR expression, we use IMUBIND Total uPAR
ELISA Kit (product # 983, American Diagnosti-
ca Inc. Greenwich CT, US.A). Firstly, protein
samples are prepared and content amounts are
measured on 280nm. According to the manufac-
turer’s instructions, diluted samples, antibedies
and cnzyme conjugates are put into the wells of
boards sequencely and incubate in room temper-
ature. Within these steps, wash the wells with
wash buffer more than 10 times. Then use sub-
strate solution to appear the color. The last step
is to read the absorbance at proper wavelength

timely.
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Statistics

To evaluate the results of ELISA, t-test was
used and P-value was calculated. P-value less
than 0.05 was considered significant differ-

€nces.

Tablel. Product numbers of antibodies

uPA uPAR PAI-1 PAI-2
#3689 #3937 #3785 #3750
Results

Immunohistochemistry

All samples are studied immunohistochemical-
ly. Positive rates of uPA, uPAR, PAI-1 and PAI-
2 in cancer tissues are 78.9%, 68.4%, 57.9%
and 31.6%, respectively. (Table 2.) There are
obvious differences between positive rates of
uPA, uPAR and PAI-1 and that of PAI-2, No
specific staining is observed in non-cancer tis-
sues, Positive staining locates in cytoplasm of
cancer and S{romal cells predominantly and
appears granular patten. And strong staining
focuses on the front of invasion and infiltration
of neoplasm, especially in uPA, uPAR and PAI-
1. The positive staining of PAI-2 is much weak.

Table 2. Positive rates of immunchistochemistry

(n=19)
uPA uPAR PAI-1 PAI-2
78.9% 68.4% 57.9% 31.6%
(15/19) | (13/19) | {11/19) | (6/19)
ELISA

The levels of protein of uPA, uPAR, PAI-1
and PAI-Z in cancer and non-cancer tissues are
measured by ELISA. There are significant dif-
ferences between cancer and non-cancer tissues
in uPA, uPAR uPAR and PAI-1 (P = 0.0003,
0.0041 and 0.0042, respectively). But to be

contrast, no such difference appears in PAI-2 (P

5143 100R4F

= 0.9234).

Discussion

In the process of cancer development, direct
invasion is one of the important manner (the
athers including distant metastasis and adjacent
lymph node metastasis). This process can make
the mass larger to cause many severe complica-
tions, for example, dysfunction of organs and
rupture of tumor. So its mechanism must be
understood. Recently, many papers were pub-
lished about destruction of basement membrane
and degradation of extracellular matrix (ECM)
mediated by plasminogen activation system in

720 But there are less

many kinds of cancer
data about this data in hepatocellular carcino-
ma. In our study, we research the expression
and role of urokinase plasminogen activator, its
specific receptor and inhibiters (PAI-1 and PAI-
2) in HCC initially. Our immunohistochemical
data appears high positive rates in uPA, uPAR
and PAI-1. And the positive staining of them
are strong in cancer and stromal cells, especial-
ly in invasion fronts. These findings suggest
that uPA, uPAR and PAI-1 play important role
in invasion of hepatocellular carcinoma. The
uPA and uPAR expressions have been demons-
trated to closely relate to cancer invasion in
many published paper”'“). Our results confirm
the conclusion. But about PAI-1, there are some
agruments. Some reports find that PAI-1 is a
poor prognostic marker in some kinds of
cancer’ ™ 2V About the mechanism of that,
there is a hypothesis. Because PAI-1 is express-
ed by stromal cells in cancer tissue, so it can
inhibit proteolytic activity of uPA inside mass
to protect tumor itself from self—proteolysisgz'] ]
That is why PAI-1 contributes to cancer inva-
sion and cause poor prognosis. Our data sup-
ports this hypothesis. In our study, the staining

of PAI-1 is strong in cancer and stromal cells



and its positive regions are almost same as
those in uPA and uPAR. Such distribution of
PAI-1 makes its inhibition against internal uPA
activity more effectively. The other confirma-
tion is that someone reported that co-expression
of uPA, uPAR and PAI-1 is necessary for opti-
mum invasiveness of cultured lung cancer
cells?. There is obvious difference between
PAI-Z and above three components of plasmi-
nogen activation system. Its positive rate in can-
cer tissue is low in our study and even positive,
staining is weak (Fig. 1D). This data appears
low expression of PAIL-2 in HCC tissue, con-
trasting with high expression of uPA, uPAR
and PAl-1. This finding indicates that PAI-2 is
a real inhibitor of uPA activity. The possible
mechanism is that lack of specific inhibitor in
cancer tissue cause the increase of uPA activity
and promote invasion of tumor. It has already
been verified by many papers which reported
that PAI-2 can inhibit uPA activity in cell lines
and its high expression concern with favorable
prognosis of cancer patient 17)-19. 250 =21) e
mechanism of inhibition may be decrease of de-
gradation of extracellular matrix (ECM) caused
by uPA?” . But it is not recognized generally.

Using ELISA, we investigate the protein
levels of these components of plasminogen
activation system. There are significant differ-
ences between cancer and non-cancer tissues in
uPA, uPAR and PAI-1,. But in PAI-2, there is
not such difference existed. These results indi-
cate high expression of uPA, uPAR and PAI-1
and low expression of PAI-2 in hepatccellular
carcinoma. They can confirm our data of im-
munostaining wholely.

In conclusion, uPA, uPAR and PAI-1 appear
high expression in HCC tissues and contribute
to its invasion. To be reverse, PAI-2 exhibit
low expression and be a real inhibitor of plas:

minogen activation and then invasion of HCC.
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