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Fig. 3. Correlation of u-PA (A) and t-PA (B) mRNA levels in HCC and in thÃ©correspondent peritumoral tissues. Correlation of u-PA levels in HCC and u-PAR in peritumoral tissues
(C) and between u-PA and t-PA levels in HCC (D). rs. Spearman's rank correlation.

examined for several pathological characteristics, but none of those considered
(i.e., size of the tumor, its differentiation degree, and the presence of pseudo-
capsule invasion) was related to the mRNA expression of PAs and u-PAR in

HCC.
Oligonucleotide Synthesis. An Applied Biosystems 391 PCR-Mate DNA

synthesizer was used to prepare the oligonucleotide primers for PCR analysis.
We used uPA-1 and uPA-2 to amplify the region of uPA mRNA coding for a

portion spanning the connecting segment and a sequence of the catalytic
domain. uPAR-1 and uPAR-2 were used for a segment of the COOH fragment
of uPAR. t-PA-1 and tPA-2 were used for a portion of pro segment and the
finger domain of t-PA. FN-1 and FN-2 were used to amplify the III-9 type

homology. a constant region of all FN molecules (i.e.. a region of FN mRNA
that does not undergo alternative splicing). Primers were selected from two
exons separated by one or more long intronic sequence, which allowed
identification of amplified, contaminating genomic DNA. The oligonucleo-
tides used (according to the u-PA. uPAR, and t-PA cDNA sequences deposited
at the EMBL data bank) were as follows: uPA-1 sense, 5'-GCCCTCCTCTC-
CTCCAGAAGAA-3' (positions 649-671) and uPA-2 antisense. 5'-GTA-
GACGATGTAGTCCTCCTTC-3' (positions 1115-1094); uPAR-1 sense, 5'-
ATGGATGCTCCTCTGAAGAG-3' (positions 720-739) and uPAR-2
antisense, 5'-CACAGTCTGGCAGTCATTAG-3' (positions 1029-1010);
tPA-1 sense, 5'ATGCCCGATTCAGAAGAGGA-3' (positions 164-183)
and tPA-2 antisense. 5'-GACAGGCACTGAGTGGCACT-3' (positions 314-
333); and FN-I sense, 5'-GCCTGGTACAGAATATGTAGTG-3' (positions
3908-3929) and FN-2 antisense. 5'-ATCCCAGCTGATCAGTAGGCTG-
GTG-3' (positions 4327-4303).

The sizes of the amplified cDNA fragments were 246 bp for u-PA. 310 bp
for u-PAR, 169 bp for t-PA. and 419 bp for II1-9 FN region.

Comparative Evaluation of u-PA, t-PA, and u-PAR Gene Expression
Levels Determined by RT-PCR in Human Liver Biopsies. We previously
showed by RT-PCR (18) that the amount of fibronectin mRNA template was

similar in the RNA preparations derived from liver biopsy specimens. This was

verified by the amplification of the III-9 region, common to all FN mRNAs.

Here for each biopsy specimen examined, we considered the amount of the
III-9 amplification product as a reference standard for the variable RT-PCR
expression levels of u-PA, u-PAR, and t-PA mRNAs.

The accuracy of this comparative evaluation system implied the application
of several criteria in the various steps of the whole procedure, which included:
(a) the control of the quality and the amount of total RNA submitted for
reverse transcription: (/>) the constant amount of cDNA used for the amplifi
cation reactions with each set of primers (for the III-9. u-PA. t-PA. and u-PAR

detection): (c) the use of the same reference sample in all of the experiments
of amplification for a given gene; (d) the scanning of the amounts of the
amplified products by a digital system and expression in pixels: and (?)
normalization of the pixel value corresponding to the amount of amplification
product by a given gene (u-PA, u-PAR, and t-PA) versus the III-9 FN mRNA

amount expressed in the same biopsy specimen.
Furthermore, the amplification reactions for a given gene (III-9. u-PA,

u-PAR, and t-PA) were performed using a limited number of PCR cycles in a

range far from plateau values, which were preliminarly determined for each
marker (data not shown).

RNA Extraction and RT-PCR. The total RNA was purified with the

guanidinium thiocyanate method (20) from semiconfluent cells and from
50-mg tissue specimens of adult nontumorous livers and livers with different

tumor pathologies. The amount, the purity, and the integrity of the RNA
extracted were evaluated by spectrophotometric measurements (A = 260 nm)

and by 1% agarose gel electrophoresis.
One microgram of total RNA was reverse transcribed using random hex-

amer primers, and the enzymatic reaction was performed essentially as de
scribed (21) in 50 /Â¿Iof reaction solution containing 75 mM KG. 50 mM
Tris-HCl. pH 8.3. 3 mM MgCU. 1.6 mM total dNTPs (a 0.4 mM concentration

of each one). 0.5 /*g of hexamers. 400 units of Moloney murine leukemia virus
reverse transcriptase. 20 units of RNasin. and 0.4 mM DTT. After the addition
of RNA and water, each sample was incubated at 37Â°Cfor l h and at 95Â°Cfor
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5 min and then chilled on ice for 10 min. Five microliters of the RT reaction
were diluted with the PCR buffer (50 HIM KC1. 10 mM Tris-HCl, and 2 HIM

MgCl,) to a final volume of 50 pii. which contained 50 pmol for each primer
and for each reaction, additional dNTPs (final concentration. 0.8 mM). and 2
units of Taq DNA polymerase.

For each experiment, the cDNA samples were submitted to 26 rounds of
amplification made on a Violet Biostar DNA-RNA amplifier with the follow
ing cycle profile: denaturation at 94Â°Cfor 5 min. annealing at 56Â°for 30 s, and
extension at 72Â°Cfor 60 s for the first round; denaturation at 94Â°Cfor 30 s,
annealing at 56Â°Cfor 30 s, and extension at 72Â°Cfor 60 s for 23 cycles; and
denaturation at 94Â°C for 30 s, annealing at 56Â°C for 30 s. and terminal
extension at 72Â°Cfor 5 min for the last cycle. These conditions were used to

avoid reaching PCR plateau values for any of the mRNAs studied. The
accuracy of the amplification reaction for each set of primers was determined
amplifying several dilutions of the same cDNA with the same cycling profile
and amplifying the same cDNA dilution with different cycling profiles (data
not shown). The specificity of the reaction was tested by appropriate restriction
site analysis with EcoK.1 (for u-PA), AM (for u-PAR), Pst\ (for t-PA), and

BiiwHI (for FN) (data not shown).
The PCR products were analyzed on 2% agarose gel electrophoresis. They

were scanned by a Magiscan Image Analysis System directly from the pho
tographs of the agarose gels. For each band a relative value of integrated
density was determined and expressed in pixels.

All of the values related to the expression of a certain gene were normalized
against a reference sample, considered as 100%, which was included in each
set of amplification reactions. This normalization was made to compare the
data obtained from different samples and gels. The reference samples used
were the amplification products obtained from the following human cell lines:
(a) AB2 fibroblasts for the III-9 FN amplification, (b) HT1080 fibrosarcoma
cells for u-PA and u-PAR amplification, and (r) G361 melanoma cells for
t-PA. Furthermore, for each biopsy specimen, the pixel value corresponding to
the relative amount of u-PA. u-PAR, and t-PA expression level was normalized
versus the III-9 FN mRNA amount detected in the same biopsy specimen.

Statistics. All data were analyzed using the statistical program Stat Work
2 (Macinthosh LCII). Spearman's rank correlation analysis was used to deter

mine the rs coefficients, and the data were considered to be significant when
P < 0.05. In particular. Spearman's rank correlation analysis (22) was used for

three purposes: to compare the expression of a given gene (u-PA. t-PA. and
u-PAR) in HCC tissues and in the peritumoral tissues, to compare the expres
sion levels of two genes (i.e., u-PA and t-PA) in the same class of specimens

(HCC), and to determine the correlation between the expression level of a
given gene (u-PA, t-PA, and u-PAR) and the survival months of HCC patients.

RESULTS

RT-PCR Expression of u-PA, t-PA, and u-PAR in Tissues of

Human Liver with Different Diseases. To assess the expression of
u-PA, u-PAR, and t-PA in human liver and in human HCC, the
RT-PCR expression of these molecules was examined in nontumorous

livers with normal parenchyma, steatosis, and chronic hepatitis (Fig.
1, Lanes 3-7) and in livers with HCC (Fig. 1, Lanes 8-12). As shown
in Fig. 1, A-C, u-PA was only found in HCC samples. u-PAR and
t-PA mRNAs were expressed at variable levels in the nontumorous
specimens compared with those with HCC; the III-9 region of FN

mRNA was expressed at comparable levels in all cDNA preparations
analyzed (see Fig. ID). In particular, the experiment reported in Fig.
1 shows that u-PA mRNA is undetectable in nontumorous livers (Fig.
IA, Lanes 3-7), whereas it is expressed at variable levels in all HCCs
tested (Fig. \A, Lanes 8-12). Similarly, u-PAR and t-PA mRNAs

were barely detectable in some cases of nontumorous livers (for
u-PAR see Fig. IÃŸ,Lanes 3, 5, and 7; for t-PA see Fig. 1C, Lanes
3-7), whereas it was present at higher levels in all HCCs (for u-PAR
see Fig. IÃŸ,Lanes 8-12; for t-PA see Fig. 1C, Lanes 8-12).

This analysis was extended to 67 liver specimens: 25 HCCs, 14
nontumorous livers, 3 cirrhotic livers without tumors, and 25 peritu
moral livers, 17 with cirrhosis and eight with chronic hepatitis. The
levels of expression in the various samples examined were determined

by the comparative evaluation system described in "Materials and
Methods."

As shown in Fig. 2, u-PA, u-PAR, and t-PA mRNAs were ex

pressed at variable levels in all 25 HCCs with relative amounts
ranging between 3 and 90% for u-PA, 2 and 140<7cfor u-PAR, and 2
and 136% for t-PA. The expression of these mRNAs in HCC (u-PA,
t-PA, and u-PAR) was not related to the size of the tumor, to its

differentiation degree, or to the presence of pseudocapsule invasion
and the serum a-fetoprotein level. In nontumorous livers, u-PAR

mRNA was detectable in 7 of 14 samples (relative values between 1
and 20%), whereas t-PA mRNA was found in all of the 14 cases
analyzed (relative values between 1 and 45% for t-PA). On the
contrary, u-PA mRNA gave a negative response in all 14 samples.

In the three cases of cirrhosis without a diagnosed tumor, only t-PA
was detectable (24-41%). In the cirrhotic peritumoral tissues (see
Fig. 2), u-PA and t-PA mRNAs were both detectable in most samples

(in 13 and 15 of 17 cases, respectively, with relative values between
5 and 29% for u-PA and 2 and 104% for u-PAR). t-PA mRNA was

present in all 17 samples, with relative values between 1 and 104%. In
hepatic peritumoral tissues, u-PA was expressed only in some cases
(three of eight with very low values between 4 and 8%), but u-PAR
and t-PA were expressed in most samples (six and seven of eight,

respectively, with relative values between 2 and 9 and 5 and 20%).
Relationships between the Expression Levels of u-PA, u-PAR,

and t-PA in HCC and in the Surrounding Peritumoral Tissues.

The analysis of the relative values of mRNAs in HCC and in the
peritumoral tissues (see Materials and Methods, Figs. 2 and 3. and
Table 1) allowed us to show that the u-PA and t-PA levels detected in
HCC were related to those expressed in peritumoral tissue (for u-PA
rs = 0.68 !;/Â»< 0.05; for t-PA rs = 0.598; P< 0.05). On the contrary,

no correlation was found between u-PAR level in HCC and in the
peritumoral tissues (rs = 0.357; P = 0.080; Table 1). The expression
of u-PA and t-PA was not related either in HCC or in the peritumoral
tissues (HCC, rs = 0.121; not significant; PT. rs = 0.219; not
significant), whereas that of the u-PAR was related to those of u-PA
and t-PA in HCC (rs = 0.532; P < 0.05; rs = 0.511 P; < 0.05), as
well as in the peritumoral tissues (rs = 0.708; P < 0.001; rs = 0.558;

P < 0.05; Table 1).
Furthermore, the HCC u-PA level was related to the u-PAR level

expressed in the peritumoral tissues. This was also observed for HCC
t-PA expression and u-PAR in the peritumoral tissues.

To support the assumption that u-PA and t-PA might play a differ

ent biological role in HCC development, we also evaluated the rela
tionship between gene expression levels of u-PA, t-PA, and u-PAR in
HCC with the patients' survival time. In this analysis, all of the male

patients who died were included, and the relative levels of mRNA
expressed at the time of the biopsy were analyzed as a function of the
time of survival (Fig. 4). We observed a significant inverse correlation
between HCC u-PA level and patient survival (rs = -0.550;
P < 0.05). For u-PAR we also obtained an inverse but not significant
correlation (rs = -0.465; P = 0.070). We obtained a slightly positive
nonsignificant correlation (rs = 0.106) for t-PA.

DISCUSSION

The HCC diagnosis is usually performed using instrumental data
(mainly obtained by ultrasound) coupled with the levels of serum
a-fetoprotein (23). Different approaches have been developed to

identify HCC markers in circulation and also in liver tissues. There are
several reports for the circulating molecules on the plusmatic levels of
u-PA as a tumor marker of HCC (24-27). From these reports, the
plasma u-PA level could serve as one of the quantitative indicators of

relatively severe liver dysfunction. These results suggest that plasma
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u-PA mainly increases in cirrhotic patients at the most severe stage.

The general interpretation is that the progressive loss of liver function
may be a factor contributing to the increase of plasma levels of u-PA
antigen as well as of t-PA antigen, and the tissue source of these
circulating molecules is still unknown. Because u-PA is produced in

vitro by human hepatic tumor cell lines (28, 29), it is possible that, in
the presence of cirrhosis and/or tumor, the liver itself might contribute
to the increase of circulating levels of PAs.

Indeed the role of u-PA, t-PA, and u-PAR in tumor invasion and
metastasis (6-8, 17, 30) is well documented. However, little is known
at a tissue level about the function of PAs and u-PAR in human

hepatocarcinogenesis, as well as in other hepatic diseases (e.g.,
chronic hepatitis and cirrhosis).

Furthermore, it should be taken into account that in developing
tumors in nude mice in vivo, it is possible to show not only the

presence of PAs of tumor origin in circulation but also the activation
and/or induction of the circulating forms of PAs (31). Therefore, the
evaluation of the circulating levels of PAs in patients with tumors
might be attributable to a combination of these two processes, that is.
production of PAs by the tumor cells and modulation of the plasma
levels of PAs in relationship with tumor development. For these
reasons we also decided to analyze the levels of PAs directly in liver
tumor biopsies from control and pathological tissues to verify the
possible modulation of these genes in relationship with tumor devel
opment. After normalization of all samples analyzed using the level of
the 111-9FN mRNA (19, 30) as an internal standard, we showed that
u-PA, t-PA, and u-PAR mRNAs were variably expressed depending

on the pathological state of the liver biopsy analyzed. We found that
these three genes are generally repressed, or expressed at low levels,
in nonmalignant hepatic tissues (i.e., in livers with normal paren
chyma, with steatosis, and with nonspecific reactive and chronic
hepatitis). On the contrary, the expression of these genes was up-

regulated in all HCC samples tested and, to a lesser extent, in most of
the peritumoral tissues analyzed.

Although a positive correlation was found between the levels of the
PA mRNAs in the tumoral compared with the peritumoral tissue and
between the levels of u-PA and u-PAR mRNAs in tumoral and

peritumoral tissue, no correlation was found between the level of
u-PA and that of t-PA mRNAs in HCC.

The basic knowledge obtained from our study raised several issues
principally on the transcriptional regulatory mechanisms of PAs and
u-PAR, as well as on the biological role of PAs and u-PAR in human

liver under different pathophysiological conditions.
For cell types involved in the activation of u-PA, u-PAR, and t-PA

in HCC, as well as in liver with other diseases, all cell types in the
liver (hepatocytes, hepatic stellate cells, Kupffer cells, and endothelial
cells) are good candidates. Given that metastatic hepatic cells, (SK-
Hep-1 ) produce in vitro the mRNAs of u-PA, t-PA, and u-PAR (data

not shown), this would suggest that the activation of transcription
might occur in the malignant hepatocytes. In situ hybridization ex
periments on biopsy liver specimens are currently in progress in our
laboratory. Preliminary data clearly indicate that the hepatocytes are
the major source of the mRNAs under study.

Concerning the mechanisms of activation of u-PA gene transcrip

tion in HCC. the only preliminary information we have available is the
possible activation of c-jun (data not shown). This is likely because
the u-PA gene contains a transcriptional enhancer with two sites for
AP-1 transcription factors (32).

The data on activation of u-PA gene transcription in HCC strongly
indicate that u-PA may be involved in malignant hepatocyte prolifer
ation, as a growth factor (19) together with insulin-like growth factor
II (33). Furthermore, the comparable derepression of u-PA and u-PAR

mRNA in HCC may suggest that tumorigenic liver cells are in a
condition to transform the inactive single-chain hepatocyte growth

factor (HGF) to its active form HGF. Indeed it has been shown that
this activation requires the binding of u-PA to u-PAR without which

no active HGF is produced (33, 34).
The availability of data on the survival of the male patients showed

that the relative u-PA mRNA level, present at the time of the biopsy,
was significantly inversely correlated with their survival (P = 0.027);
this was not the case for t-PA mRNA, the relative levels of which

were slightly (but not significantly) positively correlated with sur
vival. These results might be in line with those obtained at the protein
level in the case of breast carcinoma (35), in which high levels of t-PA

have been found to be a favorable prognostic factor likely related to
the inhibition of tumor cell emboli by its fibrinolytic activity. On the
contrary, the u-PA level was an unfavorable factor. This could prob
ably be explained by the u-PA (plasmin)-collagenase-activated cas-
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Table 1 Spearman's rank correlation coefficients (rsl of gene expression values of u-

PA. u-PAR. and t-PA in HCC unii in the correspondent peritumoral tissues

u-PA/HCCu-PA/PTu-PAR/HCCu-PAR/PTt-PA/HCCt-PA/PT's"0.6810.5320.5560.1210.258P"0.0000.0060.0040.5650.212u-PA/PT's"0.5420.7080.4040.219f0.0050.0000.0450.294u-PAR/HCC's"0.3570.5110.357f0.0800.0090.080u-PAR/PTrs"

/"0.522

0.0070.558
0.004t-PA/HCCrs"

P"0.598

0.002
a The rs correlation values were considered to be significant when P ^ 0.05.

cade and by the signal transduction mediated by the u-PA-uPAR

complex, which are known to play an important role in facilitating
cancer cell invasion, tumor angiogenesis, and metastasis, as demon
strated by many authors (7, 8, 10, 11).

The data on the inverse relationship between u-PA mRNA level and

survival are limited and should be verified on a larger number of
cases; the results obtained suggest that the evaluation of the relative
level of u-PA mRNA levels, as well as u-PAR mRNA, in liver

biopsies might give valuable information as a prognostic factor in
HCC patients. The extension of the analysis of these markers is
presently in progress, as well as that of extra type III domain A+ FN

mRNA (18), in liver samples obtained by ultrasound-guided, fine-

needle cytoaspirates to evaluate whether the analysis of these markers
might give indications of the possible evolution of liver cirrhosis
and/or hepatitis to HCC.
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