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Abstract. Another family with protein-S deficiency is described here. The defect is characterized by a re-
duced level of total protein-S antigen; in addition, a markedly reduced level of free protein-S antigen was
found. We have studied 20 family members. Ten of them showed reduced levels of protein-S antigen. Five of
the affected patients manifested ‘thrombophilia’. All the symptomatic patients developed the first thrombotic
event at a young age. Heparin and oral anticoagulants were useful for the treatment of the acute phase of the
thrombotic events, and in 1 symptomatic patient, the life-long oral anticoagulation treatment was effective in
preventing relapses. On the other hand, all the symptomatic but untreated family members developed several

recurrent thrombotic episodes.

Introduction

Since the first reports in 1984 on families with con-
genital protein-S deficiency [1-3], a great number of
papers have clearly demonstrated that patients lack-
ing in protein S are predisposed to recurrent throm-
botic manifestations [4-6] which usually but not al-
ways occur at a relatively young age, with or without
the presence of a predisposing or triggering factor. As
a matter of fact, protein S acts as an anticoagulant in
vivo, since it serves as a cofactor of activated protein
C (APC) in the inactivation of FVa and VIIla [7]. Pro-
tein S is a vitamin-K-dependent protein present in
plasma in a free and in a C4bBP complex form. The
former is functionally active [8] and seems to increase
the affinity of APC for phospholipids [9]. Therefore,
when low levels of free protein-S antigen are found in
patient plasma, it is likely that low plasma protein-S
activity will be detected as well.

At present, there is only one report of protein-S ab-
normality [10] as described for protein C [11, 12] and
antithrombin I11 (AT III) [13], so that the congenital
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protein-S defects reported could be considered
mainly as quantitative defects. Moreover, as reported
for other coagulation inhibitors [14, 15], there seems
to be no correlation between the severity of the defect
and the importance of clinical manifestations.

Here, we describe another Italian family with con-
genital protein-S deficiency. As already known, the
defect is inherited as an autosomal dominant disorder
[1-4).

Case Report

We have studied 20 patients belonging to a large family (fig. 1),
but not related by consanguinity. The propositus (11-2) is a 38-year-
old man. When he came under our observation, he was recovering
from a deep-vein thrombophlebitis (DVT) of one leg. He had a pos-
itive history of recurrent thrombotic manifestations. In fact, he had
suffered the first DVT at the age of 19, apparently without any trig-
gering factors: he had been admitted to the hospital for pain and
swelling of the left leg, left DVT had been diagnosed, and he had
been put on oral anticoagulant therapy (OAT) with progressive im-
provement of the clinical findings, but 2 days after oral anticoagu-
lant had been stopped. he had shown an unaccountable dyspnea
and cyanosis. A diagnosis of pulmonary embolism (PE) had been
made by arteriography. He had been put first on heparin treatment
and aftcrwards, OAT had been prescribed for 2 months.

After the first DVT, the patient developed two or more throm-
botic events every year. When he was 26, he underwent successful
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Fig. 1. Family pedigree; the propositus is indicated by the arrow. Nine other family members on the maternal side were affected.

saphenectomy of the left leg, but in spite of this, he developed
several thrombotic incidents, either superficial thrombophlebitis or
DVT of the left leg. The patient was not subjected to saphenectomy
of the right leg, previously proposed. It has been brought to our at-
tention that the patient showed at least 35 thrombotic events. One
third of them were confirmed by Doppler echography and/or
venography. The others were clinically detected.

The family history was remarkable for thrombotic manifesta-
tions. The mother (I-1) of the propositus had developed several
DVT, the first of these in a post-partum period (10 days after deliv-
ery); in addition, she had had recurrences every year. At the age of
50 she had suffered a stroke that had caused hemiparesis. Later on,
the patient had suffered from several other DVT manifestations.
She had never been put on OAT.

Two aunts (on the maternal side) (I-2; I-3) had a peculiar his-
tory of recurrent thrombotic manifestations (DVT), the first of
which developed in one case at 30, and in the other at 32 years of
age. At present, one of the aunts (1-2) is an OAT. A first cousin of
the propositus (daughter of a symptomatic maternal aunt; 11-8) de-
veloped DVT at the age of 30 in the post-partum period (2 weeks af-
ter delivery). Afterwards, she did not present further thrombotic
events.

We were told of an uncle of the propositus (on the maternal
side) (1-5) who died at the age of 63 of massive PE (post mortem di-
agnosis by autopsy). Three years before, a diagnosis of urinary-
bladder malignancy had been made. His life was dramatically
marked by nearly 50 thrombotic incidents, either DVT or superfi-
cial venous thrombosis. The first of these appeared at the age of 26
after thyroid surgery. Moreover, at the age of 42 and 52 he had de-
veloped PE after DVT. On both occasions, the diagnosis was made
by angiography and lung scintiscan. His relatives called our atten-
tion to the fact that the patient had developed a significant venous
insufficiency in the legs with varices and untreatable recurrent dys-
trophic ulcers. During the last 12 years of life, the patient had been
placed on discontinuous OAT, but whenever he had stopped it, had
developed recurrences. His daughter (11-9) developed several ep-
isodes of DVT, the first of these at the age of 11 during recovery
from measles.

Materials and Methods

Routine coagulation tests were performed using the materials
and methods as referred to in previous papers [6, 14, 16, 17].

To prepare pooled normal plasma, blood of 45 healthy individ-
uals aged 10-70 years of both sexes was collected in |:10 volumes
of 3.8% sodium citrate, and centrifuged at 3,000 rpm for 10 min.
Plasma was then separated and stored in 0.5-ml aliquots at -40°C
until use. Patients plasmas were collected and stored until use in the
same way. All tests were made within 10 days after blood collec-
tion, except for factor-V and -VIII activity that was measured on
fresh plasmas.

AT-11I heparin cofactor activity was detected in plasma using
the chromogenic substrate Chromozym Th supplied by Boehringer
(Mannheim, FRG). AT-111 antigen was evaluated according to the
method of Laurell [18] using antiserum supplied by Behringwerke
(Marburg, FRG) at a concentration of 2.5%.

Plasminogen antigen was measured according to the method of
Laurell using Na barbital buffer pH 8.6, and antiplasminogen an-
tiserum at a concentration of 1.5% supplied by Behringwerke. Plas-
minogen activity was measured in plasma using the chromogenic
substrate Chromozym P1 supplied by Boehringer.

Protein C activity was measured using the reagents provided by
Behringwerke, both with an aPTT system as well as with a chromo-
genic substrate (pGlu-Pro-Arg-mNA) in a photometric method.
The concentration of protein-C antigen was evaluated according to
the method of Laurell [18] using agarose 1% in Na barbital buffer
pH 8.8 containing anti-protein-C antiserum at a concentration of
1.2% supplied by Stago, Asnieres, France. Wells were stamped with
a diameter of 4 mm and filled with 15 pl of plasma. Migration was
obtained by applying a difference of potential of 4 V/cm for 8 h.

Heparin-cofactor-I11 (HC-II) antigen was evaluated according
to the method of Laurell [18] using antiserum anti-HC-11 supplied
by Stago at a concentration of 1%. Migration was obtained by ap-
plying a potential difference of 4 mA/cm for 8 h.

HC-II activity was measured using Stachrom HC-II provided
by Stago. The method was mainly based on the inhibition of throm-
bin by HC-11 after dilution of plasma samples in a dermatan sulfate
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solution. The remaining activity of thrombin in plasma was then
detected by determining its amidolytic effect on a chromogenic
substrate.

Protein-S Assays

The levels of total and free protein-S antigen were measured us-
ing rocket electrophoresis according to the method of Laurell [18].
The criteria under consideration for the laboratory diagnosis of
protein-S deficiency were the following: the plasma concentration
of total protein S should be lower than the lower limit of the range
as established for healthy volunteers (< 70%). Plasma of 35 normal
individuals aged 20-60 years of both sexes was used to establish the
normal range (70-130%). All the other coagulation tests had to be
within the normal ranges.

Total protein-S antigen was determined by Laurell rocket elec-
trophoresis [18], carried out using the Assera plates supplied by
Stago: plasma samples of 7 ul were used and electrophoresed at
2 mA/cm for 4 h with the cooling bath set at 10°C.

Free protein-S antigen was quantified after precipitation of the
C4bBP-protein-S complex. Plasma samples were then treated with
polyethylene glycol (PEG) 6000 at a final concentration of 3.75%,
incubated at 4°C for 30 min and centrifuged for 10 min at
3,000 rpm. The supernatant was analyzed by Laurell rocket electro-
phoresis under the same conditions as described for total protein-S
antigen. The normal range (70-130%) was also obtained as previ-
ously reported for total protein S.

Crossed immunoelectrophoresis for the evaluation of total pro-
tein S [6, 19] was carried out using agarose 1% in Na barbital buffer
pH 8.8. The first migration was carried out at 10°C, at 8 mA/cm for
90 min. The second migration was obtained in agarose 1% contain-
ing 2% PEG 6000 and protein-S antiserum (supplied by Stago) at a
concentration of 1%, applying a current of | mA/cm for 20 h.

Crossed immunoelectrophoresis for the demonstration of free
protein-S antigen (6, 19} was performed on PEG-treated plasma as
previously described for crossed immunoelectrophoresis for total
protein S. The level of C4bBP antigen was evaluated by rocket elec-
trophoresis [18] using agarose 1% in Na barbital buffer pH 8.8 con-
taining anti-C4bBP antiserum, supplied by Stago, at a concentra-
tion of 1%; 2.5-mm diameter wells were stamped out and filled with
S pl of plasma diluted 1:2. Migration was obtained by applying a
difference of potential of 1.5 mA/cm for 16 h with the cooling bath
setat 18°C.

Results

The propositus (11-2) and his family members
(fig. 1), except 1, were studied when they were not tak-
ing any anticoagulants. An aunt (I-2) of the proposi-
tus on the maternal side was under carefully moni-
tored anticoagulation treatment.

The levels of protein S and C4bBP antigen are
shown in table 1. The propositus (II-2) showed re-
duced levels both of total (32%; fig. 2) as well as free
(32%) protein-S antigen, while C4bBP antigen was
normal (135%). The peaks of total protein-S antigen,
in the Laurell system, show a flattened contour as

Table 1. Main features of the members of the family investi-
gated

Pa- Age Sex Symp- Total PSA Free PSA C4bBP-A
tient to- % Laurell % Laurell % Laurell
matic (NV= (NV= (NV =

70-130%) 70-130%)  70-140%)

I1-2* 38 M + 32 32 135

I-1* 80 F + 38 35 140

1-2#* 8l F + 27 <125 72

I-3* 72 F + 32 21 135

1-4 66 F - 100 98 135

1-6 70 F - 104 92 89

-1 35 F . 112 107 94

11-3 50 M - 98 95 112

11-4 45 M . 120 115 135

11-5 55 M - 110 100 125

11-6 50 M - 113 80 125

-7 48 M . 102 94 110

11-8* 45 F + 42 32 107

11-9* 38 F + 25 21 83

f1-10* 32 F - 42 20 83

-1+ 28 M - 39 32 100

[r-1* 10 F = 27 35 138

111-2 6 M - 92 80 140

In-3* 22 M - 40 17 92

I11-4 20 M = 98 86 100

PSA = Protein-S antigen; NV = normal value; A = anti-
gen: * affected, symptomatic or asymptomatic; ** affected, symp-
tomatic, OAT.

compared to normal plasma (fig. 2). The distribution
of free and complex protein S in the plasma of the
propositus is clearly evident by crossed immunoelec-
trophoresis (fig. 3, 4); it shows a normal aspect of the
peak of the protein-S complex in the plasma of the
propositus although its area seems to be reduced
when compared with that of pooled normal plasma.
However, the peak of free protein S in the patients
plasma is markedly reduced, so that it looks as if the
patient were lacking mainly in free protein-S antigen.

We have studied 19 other family members (fig. 1).
Nine of them showed reduced levels of both total and
free protein-S antigen. In addition, the crossed immu-
noelectrophoretic study of affected family members
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