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Assessment of Plasma Protein S FunctioRal Activity and

                       Patients with Liver Cirrhosis
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   Abstract: Protein S functional activity, free an(l total protein S antigen as well as C4b binding

   protein antigen were assayed in })atients with liver cirrhosis 2ind the an]otints of {'ree proteiil S ancl

   protein S bound to C4b binding protein in normal subjects ancl in patients with Eiver cirrhosis were

   also calculated froni the area of two-dimensional immunoeEectrophoresis. Cholinesterase activity

   correlated well with total pretein S, C4b bindiRg protein and pr()tein S bouncl to C4b l)indir)g

   protein but not with the ftmctional activity of pro{ein S nor with free protein S antigei}. The ratio

   of free protein S to protein S beund to C4b binding pi'otein was 68±39t, in normaE subjects and

   127±69% in patients with liver cirrhosis. C4b binding protein hacl an inverse correlation with tlae

   ratio of free proteii/i S to proteiil S bound to C`il) binding protein. I?roi/n these clata, we can

   conclude that protein S bound to C4b binding protein btit not free prot,ein S reflects the level of

   }iver ftmction of macromolecular synthesis in liver cirrhosis and that the binding condition

   between C4b binding protein and protein S in patien{s with liver cirrhosis is different from thatin

   normal subjects.

   Key words: Protein S functional activity, Total and free protein S antigen, Protein S bound to

              C4b binding protein, C4b binding protein, Liver cirrhosis

INTRODUCTION

  The Aaturally occurring aRticoagulant pro-

teins, protein C and S, fuRctioi} to iRhibit blood

clotting. Protein S is a plasma protein pro-

duced vitamin K-dependently in the liver aRd

inhibits the procoagulant cofactors Va and

VIIIa by stimtilatiRg the proteolysis of facto}-s

Vi) and VIII2), and by serving as a cofactor for

activated protein Ci)-3). Persons with congenit-

al deficiency of protein C are subject to severe

recurrent venous thrombosis4)m6) because of

their inability to regulate iRtravascular

coagulation. Congenital protein S deficiency
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has also been known to be associated with
recui-reRt thrombosis7)m9), because protein S is

required for the expression of the ar}ticoagu-

lant activity of activated protein C. Protein S

exists in two forms in hu}nan plasma, as free

and bouncl form with C4b--binding proteiR

(C4bp) which participates in the }-egulatioR of

the classical pathway of cornplement
activationiO). Free protein S has a cofactor

activity for protein C, whereas C4bp botmd-
protein S has no functioRal activity{O)･ii). The

two forms of protein S are balanced in human

plasma by the level of C4bp i2)･i3)-

  In liver disease, protein S and C4bp are

reported to decrease because they are pro-
duced iR liver cellsi4)mi7) but there is no report

regarding precise analysis of changes of pro-

tein S and C4bp uRtil now. We have already
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reported a new technique to assay protein S
functional activityi8). In this study, using our

new techRique, we assayed changes of two

forms of proteiR S aRd C4bp and evalgated

their relationship to liver fuRction of macro-

molecular synthesis in patients with liver cirrh-

osis precisely in order to elucidate the

pathophysioloy of protein S in liver disease.

         MATERIALS AND MET}-IODS

Materials

  Purified venom activator "Protac", one vial

contains 3 units of activity), goat IgG against

human ProteiR S, and purified human proteiR

C were obtained from American Diagnostica,

Greenwich, CT. One unit of Protac activates all

the protein C in l ml of normal plasma.
Protein S-deficient plasma and antihumaR C4b

binding protein (C4bp) goat serum were
obtained from Diagnostica Stago, Asnieres

France. The concentration of protein S an£i-

geR in protein S-deficient plasma was lesswothan

2% of that in normal plasma as determined by

enzyme-linked immunosorbent assay (ELISA).

Cephalin (Actin) aRd Owren's barbital buffer

(50 mmol!l, pH 7.35) were purchased from

American Dade, Miami, FL. BIood was col-
lected into 38gl} trisodium citrate solution, in a

9:} ratio ef blood to aRtigoagulant. Platelet-

poor plasma (PPP) was prepared by centri-

fugation at 40C (2,OOO xg for 20 min), and was

then stored at -700C until it was used. Normal

plasma pooled from 20 ostensibly healthy

normal subjects who had Rot been taking any

drugs was used as standard plasma. Because

£here is Rot yet a generally recognizeCl refer-

ence standard for protein S, the activity in

Rormal plasma i.e., the amoun£ of activity in l

ml of average normal plasma is usually used to

define the unit of biological and immunologic-

al activity of protein S. The protein S activity in

kormal plasma is stable for a montb at -700C,

and the coefficient of variation (CV) for pro-

tein S ac£ivity under these conditions is less

than 5%. We a}so used citrated p}asma samp}es

,

from 15 patients (olte case was compensated

and the others were decompensated) whose

diagnosis of postnecrotic or postviral liver

cirrhosis was based on liver biopsies and on

anamnesis and ciiRical signs, such as sple-

Rornegaly, jaundice, esophageal varices,
ascites, serum albumin, low serum level of non

specific cholinesterase activity (ChE), high

sertim level of ALT and AST, alkaline phos-

phatase and virus antigen and antibody of

hepatitis B or Ron-A, non-B hepatitis when
needle biopsy was impossiblei9). In these cases,

alcohol, biliary, cardiac, metabolic and iBher-

ited etiologies were excluded and complicatioR

of hepatocellular carcinoma was also excluded.

Methods

  Protein S functlonal activity was measured as

cofactor activity for activated protein C ai3d

was cletermined by tke activated partial throm-

boplastin time method using an automated KC

10 coagulometer (Heinrich Amelung GmbH,

Lieme, F.R.G.) which we previously
reportedi8). We assayed total p}'oteilt S antigeR

with an ELISA method (Asserachrom ProteiR

S; Diagnostica Stago, Francoville, France). Pro-

tein S complexed with C4bp (protein S-C4bp)

was precipitated with 3.75% polyethylene gly-

col 8,OOO according to the method reported by

Comp et al.iO) aBd free protein S aRtigen in the

supernatant was also assayed by ELISA
method. C4bp aRtigeR was measured by the
Laurell rocket technique20). Total aRd free

protein S antigens were also assayed by two-

dimensioltal immunoelectrophoresis accord-
ing to the method reported by Comp et al.iO)

ChE activity was measured by the method of
Michel HOL'O) and Aormotest (NT) was assayed

by the method of Blomback M using chro-
mogeRlc substrate22). Linear regression analy-

sis was carried out in accorclaRce with F-test.

  MeaR values (mean±SD) and raRge of
values of all assay systems iR normal subjects

(n =20) were shown in Table 1. The units of

these parameters except ChE activity aRd

pi"otein S-C4bp were indicated by the percen-
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Table 1. Mean values (mean±SD) and range of
   values of assay systems in normal subjects.

   ChE; non specific cholinesterase activity,

   NT; normotest, ATIII; antithrombin III
   activity, PS act; protein S functioRal activity,

   PS TAg; protein S total antigen, PS FAg;

   protein S free antigen, C4bp; C4b binding

   protein, PS-C4bp; protein S complexed with

   C4bp, PSfree/PS-C4bp; ratio of free protein

   S to proteiR S complexed with C4bp

Normal Subject (n--20)

unit mean±SD range

REsuLTs

ChE
NT
ATIII

APH 1.00±O.22

 % 84±9
 % 100±15

O.6-l.45

68-105
70-134

PS act

PS TAg
PSFAg

%
%
%

102±21

106±25

106±20

68-143
60-115
74-145

C4bp
PS-C4bp
PS-free/PS-C4bp

 % 93±16
rnm"' O.86±O.l6

 % 68±3

 65-140
O.67-1.08

 64-72

tile change of

prepared f}-om

subjects.

staRdard plasma which was

mixed plasmas of 20 normal

  Normotest and antithrombin III activity in

patients with liver cirrhosis were compared

with ChE activity, which yeflected the liver

function of macrorr}olecular syntkesis. As

shown in Fig. I, normotest and ATIII activity

correlated well with ChE activity (r=O.5826

aAd O.8513, P<O.05 and O.OOI, respectively).

These results were the saine as those previous-

ly reported23)-25). Protein S fuRctional activity,

measured by our newly developed method,

aRd free aRd total protein S antigens were

compared (Fig 2). Protein S functional activity

had a good correlation with free protein S

antigen (r=O.8363, P<O.OOI) but had no cor-

relation with total protein S aBtigen assayed by

ELISA. C4bp which complexes with protein S

and iRhibits its function, ,was compared with

fyee aRd total proteiR S antigens(Fig. 3). C4bp

had no correla{ion with free proteln S aRtigen

but correlated well with total protein S antigen

(r :O.9159, P<O.OOI). ChE activity aRd free

and totai protein S antigeBs were compared

(Fig. 4). ChE activity had no cerrelation with

free but correlated weli with total protein S

antigen (r=e.2994 and O.6691, P<O.3 and
O.Ol, respectively). Protein S functional activity

also had no correlation with ChE activity (data
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Table 2. Mean values (mean±SD) and raRge of
values of assay systems in patients with liver

cirrhosis. ChE; noR specific cholinesterase

activity, NT; norrnotest, ATIII; antithrom-

bin III activity, PS act; protein S functioAal

activity, PS TAg; protein S total aRtigen, PS

FAg; protein S free antigen, C4bp; C4b
binding protein, PS-C4pb; protein S com-

plexecl with C4b binding protein, PS-
free/PS-C4bp; ratio of free protein S to

protein S complexed with C4b bincling

proteln

       Liver Cirrhosis

Fig. 5. URit mean±SD range

ChE
NT
ATIII

AP}-I

 %
 %

O.33*O.17

 48±14
 46 ± 15

O.14-O.72
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Correlation between C4b binding protein

(C4bp) and the ratio of free protein S to

protein S comp}exed with C4bp (PS-
freelPS-C4bp) iR patients with liver cirrho-

sis. Solid cii"cles are decoinpensated cases

and open circle is compensated case.

not shown). C4bp had a good correlation with

ChE activity (r=:O.7770, P<O.OOI Fig. 5). Mean

values (mean±SD) and range of values of all

assay systems in patieRts with }iver cirrhosis

were shown in Table 2. Normotest, ATHI
activity, pro£ein S functional activity and free

foi'm of protein S antigen were moderately

decreasecl. To evaluate the relationship be-

tween free protein S and protein S-C4bp

aRtigen in patients with liver cirrhosis, we

analyzed these two proteins by two-
dimensional immtmoelectrophoresis as showR

iii Fig. 6. Liver cirrhesis and normal plasma

were applied to separated wel} on the same gel

plate fo}" two-dimensional immunoelecti"o-

phoresis. After stainiBg, two peaks of free

protein S (fast moving) ai}d protein S-C4bp

(slow moving) were clearly detected. The areas

of these two peaks were calculated with a

planimetei" and the percent ratio of free

protein S to proteiR S-C4bp in normal subjects

and patieiats "rith liver cirrhosis was deter-

mined. The mean value of the ratio of free
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pyotein S to protein S-C4bp was 68±S% in

normal subjects and l27±69% in patieRts with

liver cirrhosis. The inverse correlation between

C4bp and the ratio of free protein S to protein

S-C4bp was statistically significant (r=:O.6581,

P<O.Ol, Fig. 7). In addition, C4bp co}-related

well with protein S-C4bp but not with free

protein S as shown in Fig. 8 and protein
S--C4bp also correlated well with ChE activity

(Fig. 9). Total ancl free protein S measu}'d by

ELISA correlated well xNrith those measured by

IEP (r== O.79e6 and O.6264, P<O.OOI and O.Ol

respectively).

DIscusSIoN

  Protein S, a vitamin K-dependent protein
syRthesized in the liveri), which complexes on

the surface of membranes. This complex
appears to be important in the expression of

the anticoagulant activity of activated protein

C26). Protein S has beeR observed to stimulate

the proteolysis of factor V.i), factor VIII.2),

and plasminogeR activator inhibitor3) by acti-

vated protein C, but is not the zymogeA of a

serine protease27). In plasma, protein S is

presentin two forms: free and bound to a high

molecular weight p}"otein known as C4bp28).

When protein S complexes with this proteiR, it

can not act as a cofactor for activated pro£eiR
C29). IR plasma, about 40% of protein S exists

iR the free form and the remainder exists as a

C4bp cornplex28). Acquired protein S deficien-

cy occurs during anticoagulation, in nephrotic

SYitdrome aRd duriRg pregnaRcyi"i)･30)ww32).

There have beeR several reports of proteiR S

reductieR in liver diseasei4)mi7) but the precise

relationship between liver function, protein S

iR free and C4bp complex form,and C4bp has

not yet been identified. From our data, ChE
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activity correlated well with ATIII activity aRd

normotest, in addition to vitarr}in K-dependent

coagulation factor and prothrombln time, and

these factors have already been recogRized as

good parameters for the evaluation of liver

function of macromolecular synthesis23)'25).

With regard to protein S, total protein S

antigen had a better co}'relation with ChE

activity than with free proteiR S antigen and

activity aRd C4bp also correlated well positively

with protein S-C4bp and to£al protein S but not

with free protein S as well as correlating

inversely with the ratio of free protek} S to

protein S-C4bp (pS freelpS-C4bp). Additional-

ly, protein S-C4bp correlated well with ChE

activity. Until now, free and total protein S,

protein S-C4bp and C4bp leveis have been

reported to decrease in patients with livei'

diseasei5)･i6)･S3>. Our data were in agreement

with these results, however ChE ac£ivity corre-

lated well only with total protein S, C4bp and

protein S-C4bp. IR addition, ChE activity

correlated well with protein S ac£ivity aRd

aRtigen (free and total), C4bp and protein

S-C4bp in normal subjec£s. Therefore, these
data indicate that in liver cirrhosis, the major

portioR of protein S reduced according to the

grade of liver dysfLmction is not free protein S

but proteiB S-C4bp and which may reflect the

liver function of macromolecular syRthesis.

Because C4bp is produced oltly in the Iiver but

protein S is a vitamin K-dependent plasma

protein synthesized in the liver aRd the pre-

seRce of protein S in platelets ancl the produc-

tioR of protein S in endothelia} cells have also

been reportedS6>'37). The ratio of free protein S

to protein S-C4bp in plasma of patients with

liver cirrhosis was also different from that in

normal plasma. This implies some alterations

in the relatioRship between protein S aRd

C4bp. C4bp is preselttin two different melecu-

lar weight forms in plasma (570,OOO and
5lO,OOO)28). The high rr}olecular weight form is

composed of seven elongated subunits and a
short subunit which binds to pyotein Si2). The

rs-chain of C4bp is protein S binding region34).

IR liver cirrhosis, ftmctioRal activity o{' protein

S reduced to the same level as that of free

protein S antigeR. Therefore, there rnay be no

abnormal protein S like PIVKA but some
alteration of the domain in protein S which

binds with C4bp, as opposed to the domain

which coRtains r-carboxy-glutamic acid re-

sidues, siltce the two domains are present
separately in protein SS5). In this sttidy, we did

not fiRd aRy qualitative differences in protein S

between normal subjects and patients with
liver cirrhosis by two dirr}eRsional im munoelec--

trophoresis. Other methods are required to

analyze the qualitative diffe}"ence of connec-

tion between protein S and C4bp.

  Thus, the plasma protein S level aBd its

relatioRship to C4bp in various kinds of

pathoiogial states rRay be complicated. A much

more precise study of proteln S is needed to

c}arify its pathophysiological role ln various

diseases.
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