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The content of urokinase- and tissue-type plasminogen activators and plasminogen activator
inhibitor PAI-1 in the cytosol of primary and metastatic melanomas and benign skin pigment
neoplasms was estimated by enzyme immunoassay. It was shown that local growth and inva-
sion of melanomas are related to suppressed expression of tissue plasminogen activator. The
content of urokinase plasminogen activator increases in patients with distant metastases and

large thickness of the primary tumor.
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Skin melanoma is malignant human tumor, which of-
ten metastasizes. Melanoma results from neoplastic
transformation of melanoblasts, melanocytes, and ne-
vus cells and is the first local manifestation of the
general disease of human melanocytic system. Evalu-
ation of the invasive and metastatic potentials of me-
lanoma, particularly at the early stage of tumor deve-
lopment, and the search for specific signs characteri-
zing the risk for malignant transformation of benign
pigment neoplasms (BPN) are important for the choice
of therapy.

Recent studies showed that proteolytic cascade of
plasminogen activation, which leads to the formation
of plasmin, and a key agent of these reactions uroki-
nase plasminogen activator (uPA) play an important
role in metastatic growth and invasion of various ma-
lignant tumors [1,9,13]. uPA activity is regulated by
various mechanisms, e.g., this enzyme is inhibited by
two protein serpin inhibitors PAI-1 and PAI-2 [3].
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In vitro experiments showed that plasmin forma-
tion on the cell surface induced by uPA is the major
biochemical event, which promotes invasion of mela-
noma cells [11,12]. Expression of uPA and PAI-1 in
human melanoma cells correlates with their ability to
metastasize into the lungs after transplantation to athy-
mic nude mice [14]. As differentiated from the major-
ity of malignant tumors, melanoma cells are charac-
terized by intensive expression and secretion of tissue
plasminogen activator (tPA) [4,5,7]. tPA is usually
produced by endothelial cells and possesses protective
functions during various tumors. It remains unclear
whether tPA plays a particular role during melanoma.

The levels and the ratio between various com-
ponents of the plasminogen activation system in tumor
tissues reflect their metastatic and invasive potentials
and, therefore, can be used as prognostic criteria [1,2,
9]. There are ambiguous data on the expression of var-
ious components of the plasminogen activation system
in human melanoma tissues [6,10].

Here we measured the content of uPA, tPA, and
PAI-1 in primary and metastatic melanomas and skin
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TABLE 1. Concentrations of tPA, uPA, and PAI-1 (ng/mg Protein) in Cytosol of Skin Pigment Neoplasms

Parameter

Pigment nevus (n=19)

Melanoma

primary (n=24) metastasis (n=20)

uPA extreme values (median) 0.10-2.35 (0.26)
M+m 0.49+0.14

tPA extreme values (median) 0.00-0.37 (0.61)
M+m 1.17+£0.32

PAI-1 extreme values (median) 0.26-9.51 (1.29)
M+m 1.93+0.52

0.00-1.31 (0.23) 0.00-1.35 (0.33)

0.34+0.07 0.43+0.09
0.00-0.33 (0.00) 0.00-0.84 (0.01)

0.50+0.27 0.51+0.22
0.00-5.72 (2.45) 0.46-6.60 (2.70)

2.33+0.36 2.79+0.40

BPN and evaluated the relationship between their ex-
pression in malignant melanomas and clinical and
morphological characteristics of the tumor process.

MATERIALS AND METHODS

We examined 24 patients (11 men and 13 women)
aging 22-85 years (average 53.4+£3.1 years) with pri-
mary skin melanomas, 20 patients with metastatic me-
lanomas, and 19 patients with skin BPN, including
pigment nevi (n=11), seborrheic keratosis (n=5), and
papillomas (n=3). In all patients, clinical diagnosis
was confirmed by histological examination.

Tumor fragments (200-500 mg) were taken from
each patient and stored at -70°C. We measured uPA,
tPA, and PAI-1 concentrations in cytosols, which were
prepared routinely [2] and 10-fold diluted with K ,Na-
phosphate buffer (14 mM NaCl, 2.7 mM KCl, 1.5 mM
KH,PO,, and 8.1 mM Na,HPO,, pH 7.4) containing
0.1% Tween 20 and 1% bovine serum albumin. Enzyme
immunoassay kits were obtained at the Catholic Univer-
sity Nijmegen (Netherlands) [2,8]. Quantitative analyses
were performed on an ELX800 universal microplate
reader (Bio-Tek Instruments) at 490/630 nm. Protein
concentrations were expressed in ng/mg cytosol protein.
Protein content was measured by the method of Lowry.

The results were analyzed by Student’s ¢ test and
nonparametric median test. Correlation analyses were
performed using Pearson (r) and Spearman (R) tests.

TABLE 2. Concentrations of tPA, uPA, and PAI-1 (ng/mg
Protein) in Cytosol of Primary Melanomas from Male and
Female Patients

Parameter Women (n=13) Men (n=11)

uPA

extreme values

(median) 0.10-1.31 (0.28)|0.03-0.55 (0.18)

M+m 0.41%+0.12 0.25+0.05
tPA

extreme values

(median) 0.00-1.30 (0.00)|0.00-6.33 (0.00)

M+m 0.34+0.14 0.69+0.57
PAI-1

extreme values

(median) 0.00-5.72 (2.78)|0.00-3.49 (0.98)

M+m 3.19+0.49 1.32+0.34*

Note. *p<0.01 compared to women.

RESULTS

tPA was detected in 9 of 24 primary melanomas
(37.5%), 17 of 19 skin BPN (89%), and 10 of 20 mel-
anoma metastases (50%). uPA was found in 92, 100,
and 95% tumors, respectively. PAI-1 was revealed in
95% BPN, 92% primary melanomas, and 100% meta-
static melanomas. Thus, only benign and malignant

TABLE 3. Concentrations of tPA, uPA, and PAI-1 (ng/mg Protein) in Cytosol of Primary Melanomas Depending on Tumor Stage

Parameter St?,?ffo;-” Sta(gne_s;il)l-lv Melanor(r:7a:£8<)atastasis
UPA extreme values (median) 0.00-0.49 (0.09) 0.13-1.31 (0.28) 0.00-1.35 (0.33)
M=m 0.15+0.05 0.47+0.11 0.43+0.09
TPA extreme values (median) 0.00-6.33 (0.11) 0.00-1.30 (0.00) 0.00-3.84 (0.01)
Mtm 0.99+0.62 0.19+0.10 0.51+£0.22
PAI-1 extreme values (median) 0.00-3.70 (1.23) 0.40-5.72 (2.53) 0.46-6.60 (2.70)
M=m 1.63%£0.44 2.84+0.54 2.79+0.40
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pigment neoplasms significantly differed in the inci- . _ .
dence of tPA. & 3 R

tPA content in BPN was much higher than in pri- ® Ship s 3 S
mary and metastatic melanomas (median test, Table ¢ bl 29 N F
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. . . AN o O o O o
1 did not differ between various tumors. Nonparamet- S o <
ric Spearman test showed that PAI-1 concentration in ° © e
metastatic melanomas was higher than in BPN (R=0.25,
p<0.05). ® g i @ @

A positive correlation was found between uPA and | | c 2 s Q - 8
PAI-1 contents in primary melanomas (+=0.73, p<0.001) & § £ 10 e © 9 @ u
and skin BPN (»=0.97, p<0.001). In patients with BPN Elg|w c & o & o 8
we revealed a positive correlation between plasminogen '; 2| © o 8 ° 8
activator concentrations (r=0.88, p<0.001) and tPA and g7 S S o
PAI-1 concentrations (=0.86, p<0.001). These correla- bg_ — — —
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not revealed in patients with metastatic melanomas. £ g ~ S 29 @ q

Thus, correlations between all studied parameters 5 ® o = © 2 © &
were found in patients with BPN, which probably main- & v 8 ° 8 8~
tains an equilibrium between oppositely directed pro- a e e e
teolytic processes and prevents cell invasion. The cor- g
relation between uPA and tPA concentrations in pa- 9 @ )
tients with primary melanomas probably contributes to 2 S c 8 S o
suppression of local melanoma growth. However, there = £ 5 R Q| ©
are no correlations between the expression of plasmi- g 0 s & 3 a8
nogen activators and their inhibitor in patients with £ I ~ e e 5T
metastatic melanomas. It should be emphasized that as o S S
differentiated from malignant tumors [1], uPA expres- ‘_;
sion in primary and metastatic melanomas does not 2 _ S =
surpass that in benign neoplasms. Changes in the in- 5 ‘f:l’ o = = = Q
vasive potential are most likely associated with the c - © e S | =
decrease in tPA content and relative increase in PAI-1 = o o5 <3 6 2
concentration. According to current notions about the 'g g g 5 e Q-
role of proteins, these changes protect tumor cells x| o S S
from self-destruction. > 2

Clinical signs of skin melanomas differed between > 5§ _ < < %)
men and women. The mean concentration of PAI-1 in S8 |7 S ) S ~ s Q
primary melanomas in women 2.4-fold surpassed that ‘<_)T: f; - S - S ~ o
in men (p<0.01, Table.Z). The mean content of .uPA o N S S o3 = o
in primary melanomas in women was 1.6 times higher 2 < o o o - < o
than in men (insignificant). Moreover, tumor tPA con- © T 3 S 2
centration in women was 2-fold lower than in men (in- &
significant). :, = s s

The mean uPA concentration at the early stages o © ~ o © . @ 4
of skin melanomas (I-1I) was 3-fold lower than that in 5 S <o g’ S S
stages III-IV tumors (p<0.05). tPA concentration ten- @ < © 3 @ & b &
ded to increase at the early stage of tumor growth (Ta- % v 2 i 2 2 2 Z
ble 3). During tumor invasion, the tPA/uPA ratio de- = S p S
creased from 10.04 to 0.58 (p<0.01). A positive corre- 3 m m m
lation was found between uPA concentration in prima- é 5 E 3 E
ry melanoma and the stage of tumor growth (R=0.45, < ] g g g
p=0.0196). uPA and PAI-1 contents in melanoma me- w g 23 g8 28
tastases were similar to those in primary invasive mel- ) g < 28§ £ EL 2% &
anomas. However, tPA content and tPA/uPA ratio X T FEST SEST FES




673
et al.

S. V. Medvedeva

tein, S.

Gersh

E. S.

in pri-
those in p
iffer from
. t diffe e). 4.5
d no stag 0.5
iate and di on the as was . not
' ediat dently lanom was
rmedi n e A
ere inte s (indepe imary m 2 cm). tP Table 4).
W tum(?r ter of pr median 1arger’ n pa-
e e
ary or e
~ m The dlam()j;O.25 Cm’()_3.5 cm iffer betw tients
2 an 2.3 ors (2. id not di N. In pa S
o & N m (me e tum tPA di nd BP tion wa
_ 8 o [ e C din 1arg nt of omas a. correla . eter
Q S 3 Qg foun ean cOntetatic melan negative tumor dlamb ..
- 5 b o O ; € mez tas , @ N d ions
< R = 0 8 i © 2 Th ts with me elanomas ntration an: correlatio entra-
7] > - 3 © g 3_ tlf?n rimary mP A conce ealed no AlI-1 conc
|| i3 gs g found bemmern We revealed no .
2 - ¥ o o found 58 p<0‘01)'ter and uP hat the me;
E 5 =-0.5s8, p<0. me tha The
§ o | = © ~ (R=-0 tumor dia ol. ion showed 30 mm)~' ot
5 % S <3 tween the cytos Xaminatl(l) 63 mm (I-PAI-I did ni
0y 7 = S = N D sto as uPA, kne ed
_§ g 7) S 3 ~ T o S ;;Ilthicknesstizvns of tp_ﬁl’ various tgrlf[ration ger\l,;lith
© 2| v P TS > -~ m tra . w1 onc e
I v Q - A 8 tu oncen tients PA ¢ ecreas .
§ o 3 & SI ° S me?I; ;etween I;a HOVVQV?[r’nltl slightly (Ilnas (Ta].j}-ec:lgt
@ 5 =) ; iffe as. nte lano ionifi
o 3 o o di elanom A co me sig
£ . tP of led 5 for
S = S %) mary m e, and ickness t revea <0.0
o = 9~ increas 7> the thi ion tes 2 and p A ra-
to i atio =0.4 /uP
b — e 2 increaslngnk correl eters (R=0 The tPA to 0.16
S ) Q =" an n ra ram tPA). as
£ g = S & Spearmar these Pa<001 for melanom
. TH g AR 5 and ‘04 in . p-0.001) ses with an
c S © ; 1=-0. : a S.
5 N NS = PA; R d from =-0.66, decre lanoma
! S 0 . u ase s (R ation f melanom: h
o < LS io decre oma entr ) wit
c = 10 tio melan concentral knes lates
> N in 5-mm m PA thic orre rm
5 © o mn 51{1;1115 Ussuzi;meter a.n(lldless als(f)«rfdings COnf'zion
[ - t r . u ce .
p 5 S x e inermnse i t“ffentra“"“;eoin romoting mvasion
%) @ S inc co ca 0
@ : © o ™~ © The in in uPA decr rom
£ c o — [ee] + L(:) < : m u, the . ctor p d
E = @ 9 38 g« the rise thesis .tha}tle major fa tumors. undamaglele
> 2 ? NER g oS S the hypoomas 15t f primary levated OVerted over t d
E T @ S ' anomas 1 0 a e
= 5| 5 °© S in meletastaslzmlgnomas R, ele‘; All studi -
% % B o N and g;.imary me ats melan(s)niz:tl.z?’ n}:ﬁltﬁmor pfonsl)
S o] —_ © o i patlen ean J. ients wi Table ;
= = . n . , .
L3 i ] @ N S skin. én"‘i 20 mmh.(gler in Pat(liensignlﬁcan;rommence
u— o . - 1 or
S N o =z S 0 & kin by ere mm tum
E =% 8% g a Zaramet?feii s foumd concentrations
2 ) o & a2 = ce of le: was 1 conce inva layer,
= i : nen tion Al- oma mva lar laye
1l © | b= S ela dP elan is. reticu n
p S g° 8 RV 5 Stages of n;pidefmf’ - growth in
— = g > e : the 1 lay > subc
£ = = " There ar 1S lmo the epiden jon Info subeuta-
ko) — 2~ or ce ticular invasio ied par
° ) Tw| . . f tum d re nd in studi no-
g - sg = Z18  sion papillary an e, A masio imary melano-
g ” s N g =2 °| ~ 2 .g and pticular derrgnd medlanstage of prSpCarman r in
o I = S F @ e 3 he re ean the tric ith an in-
22 S =3 88 STE | ot Mean and me ' decreaser wit 42,
= . < = us depe onp ase =-(.
= o % & o = neous 1 not 5). N decre ion (R
TS e e« 8 ° 3 rs did Table ntent invasion inva-
g o 3o = £ efers asion ( tPA co cell in lanomas
s E| o - S a v that tumor in 2 me
o - > . m ed of in
25| € 3 b 3 2 test Sh(.):/ the degferfot detected The mean uPAt
- 5 © — 1 A . . an
s 3 § —~ 8 Te) < % Creases) tPA was eous fat'. 9 patlenFS' ts with dist e-
& 5|2 ¥ = S g ~ o S p=0.0 t.() Subcutane found in in patlent without IBA
5o ¢ - 5 — | = ing in eri as ; ients t
> E | S = el © e ding ses Wi lanom ati tases
e S s 2 > @ tastase me ninp etas e
< o °l = - % © © 8 @ Me mary me’ her tha istant m S wer
o 5 o N “ 6 S o < o t in prt ch hlg ith dis lanoma es.
5 3 p; & 3 § ° 8 Contesrtlases was 51;1 uIn patients V;])rimary -Igleout metastas
a 0 eta €)J). ions in . w1
g © 5 g ) % 8 my tases (Tabl centration in patlents
= [ o} © g tas I-1 cOn_ 1 than
o © a o 3 > = 2 and PA tly highe
5. i 3 I Sgnifcan
5 = o Q g T o3 g1 % n;
SZ| 3 T fxEcdls
M °% & f3EsE
0 G e < 5 E s o =
w I 3 3E
- o)) =]
Qg
< -
= &



674 Bulletin of Experimental Biology and Medicine, No. 1, 2001 ONCOLOGY

Our study of the relationship between expression
of various components of the plasminogen activation
system and clinical and morphological characteristics
of primary melanomas and comparative analysis of
benign and malignant skin pigment neoplasms indicate
that local growth and invasion of these tumors are as-
sociated with decreased tPA expression, which pro-
motes lysis of tumor cells. tPA is not found in large
tumors growing into the deep dermal layer. Expression
of uPA and, particularly, PAI-1 insignificantly corre-
lates with the development of primary melanomas.
However, uPA content considerably increases in pa-
tients with distant metastases and large thickness of
the primary tumors.
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