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Hereditary Deficiencies of Antithrombin lll, Protein S, and
the Protein C Pathway in Jordanian Thrombosis Patients
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Hereditary thrombophilia is caused by various inherited disorders.
Most lead to a familial tendency to recurrent venous, not arterial,
thrombosis, usually at a young age, and with spontaneous onset.
Most of the genetic defects known today affect the function of natural
anticoagulant pathways, in particular, the protein C system.

In this study, 602 (265 female, 337 male) patients with suspected
thrombosis, arterial or venous, were referred to King Hussein
Medical Center in Amman, Jordan. The prevalence of hereditary
deficiencies of antithrombin (AT), protein S (PS), and protein C
(PC) were studied over a seven-year period (1993-2000). Acti-
vated protein C (APC-R) resistance subjects were studied over four
years (1996-2000). The mean age was 30 years in females and 42
years in males. A diagnosis was established in 22.4% (n = 135) of
the subjects (20.3% venous, 2.1% arterial). Protein C deficiency
was found in 3.8%, protein S deficiency in 2.3% and antithrom-
bin deficiency in 1.4% of our sample group. An APC-R problem
was seen in 23.0% (n = 89) of the surveyed population. Out of the
APC-R patients, 75.0% had the DNA analysis of a factor V Leiden
mutation present. Of the subjects found to have the mutation
87.0% were heterozygous and 13.0% were homozygous. These
results confirm that APC-R, as a result of factor V Leiden muta-
tion, is the most prevalent cause of thrombosis, and thrombophilia
is related to venous, not arterial, thrombosis.

ABBREVIATIONS: APC-R = activated protein C resistance;
ASPCR = allele specific polymerase chain reaction; AT = antithrom-
bin; CVA = cerebral vascular accident; DVT = deep vein throm-
bosis; FVL = factor V Lieden; N-APC-R = normalized activated
protein C ratio; PC = protein C; PCR = polymerase chain reac-
tion; PE = pulmonary embolism; PS = protein S.

INDEX TERMS: coagulation; thrombosis.
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Thrombophilia is the tendency toward recurrent venous throm-
boembolism usually occurring in young age. In recent years, im-
portant advances have been made in understanding the complex-
ity of laboratory abnormalities and clinical conditions associated
with an increased risk of thrombosis.! The term inherited throm-
bophilia acknowledges the presence of an inherited factor that by
itself predisposes towards thrombosis. However, due to the epi-
sodic nature of thrombosis, interaction with components is re-
quired before onset of the clinical disorder. The concept of inher-
ited thrombophilia is an operational one. After the discovery of
AT, genetic disorders of PC anticoagulant pathway, namely defi-
ciencies in PC or PS, have been demonstrated to be associated
with thrombophilia.? Also the discovery of the inherited activated
PC resistance (APC-R), due to a single point mutation in Factor
V gene (1691 G-A in exon 10 leading to 506 Arg to Glu) is asso-
ciated with a significant increase in venous thrombotic risk.>> The
presence of APC-R and anticoagulant protein deficiencies does
not seem to be a significant risk factor for arterial thrombosis.*”

Progress in the molecular basis of thrombosis has enabled a more
genetically based definition to be formulated: inherited thrombo-
philia is a genetically determined tendency toward venous throm-
boembolism. Dominant abnormalities, combinations, or less se-
vere defects may be clinically apparent from early age of onset, or
a frequent recurrence with a family history. Milder traits may be
discovered only by further laboratory investigation. All genetic
influences and their interaction are not yet understood.®

In previous studies, the prevalence of hereditary thrombophilia
among patients with venous thrombosis was found to be greatly
dependent on criteria for selection of patients. The aim of this
study was to estimate the prevalence of hereditary thrombophilia,
and to estimate the prevalence of arterial thrombosis in compari-
son to venous thrombosis (where it can be shown that thrombo-
philia is related to venous thrombosis and not arterial thrombosis)
in 602 consecutive Jordanian patients referred for evaluation to
the hematology department/coagulation section of King Hussein
Medical Center.

MATERIALS & METHODS

Patient selection

Of the 602 patients (265 female, 337 male) evaluated in our study,
150 had arterial thrombosis, and 452 had venous thrombosis. These
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patients were studied from 1993-2000, for inherited PC, PS, and
AT deficiency. Three hundred seventy-nine patients were studied
for APC-R from 1996-2000. Of the 379 patients, DNA analysis
for FVL mutation was performed for 197 patients.

Patients with malignant disorders were excluded. None of the pa-
tients had received heparin or oral anticoagulant for at least three
months prior to our investigation. Lupus anticoagulants were excluded.
The deficient anticoagulant proteins or APC-R had to be consistently
below 2SD of the normal mean on repeated samples. Three months
was the period between repeats of the sample analysis.

For this study, thrombophilia was characterized as congenital and
not acquired when the deficient protein was constantly below nor-
mal levels and when the same deficiency was confirmed in at least
one family member. Members of the patients’ families who were
found deficient in one protein or had APCR, were not included in
this study.

Laboratory evaluation

Blood samples were collected in a 9:1 blood to anticoagulant ratio
with 0.13 M trisodium citrate. Platelet poor plasma was prepared
by centrifugation for 15 minutes at 2500g. Plasma samples were
frozen and stored at -85 °C until assayed.

In all patients, antigenic AT, PC, PS were evaluated using laurel
rocket immunoelectrophoresis, immunoturbidometry, and ELISA
techniques (Assera-plate, Assera-chrome Liatest, Diagnostica
Stago). Functional PC and AT were evaluated using colorometric
methods (chromostrate AT, Organon Teknica, Stachrom protein
C, Diagnostica Stago) according to manufacturer directions.

All plasmas were diluted in a ratio of 1:5 (1 part plasma: 4 parts
FV deficient plasma) and APC-resistance was performed as de-
scribed previously (APC deficient plasma was purchased from
Diagnostica Stago).’

Genomic DNA was prepared from EDTA blood. Determination
of the FV Leiden mutation (G to A at position 1691) which causes
APC resistance, was performed using two PCR methods. The first
PCR method was a restriction enzyme method.* The second was a
multiplex allele-specific PCR method."

Controls

Normal plasma was obtained from 30 normal donors for the vari-
ous assays. Commercial reference plasmas (Dade-Behring,
Diagnostica Stago) were used to confirm the assay results. Refer-
ence ranges were established for all anticoagulant proteins and APC-
R for healthy controls. The results are as follows: free, total PS,
54% to 140%; PC functional 62% to 138%; antigenic PC 60%
to 145%; antigenic AT assay was 82% to 120%; functional AT
was 80% to 122%; and for normalized APC ratio: ratio >0.75.

RESULTS

602 patients met the criteria of this study, 337 were males, 265 were
females. Mean age in females was 30 years (2 to 60). The mean age
in males was 42 years (2 to 60). The most predisposing factors in
females were pregnancy and oral contraceptives. The sites of throm-
bosis and the number of patients are shown in Table 1.

Detection of anticoagulant protein deficiency, and/or APC-R was
established in 22.4% (n = 135), 122 with venous thrombosis
(20.3%), 13(2.1%) with arterial thrombosis, while no abnormal-
ity was detected in 79% (n = 476) of the cases. Deficiencies of PS,
PC, or AT were found in 7.5%. Thus AT deficiency was found in
1.4% (n = 9): 1.3% were type I, 0.16 were type II; 3.8% (n = 23)
had PC deficiency: 3.1% were type I, 0.7% were type I1; and 2.3%
(n = 14) had PS deficiency, all were type 1.

Out of the 379 patients studied from 1996-2000, 23% (n = 89)
were found to have APC-R; DNA analysis could only be performed
for 75% of the patients. 65 patients proved to be positive for FVL
mutation, (87% were heterozygous, 13% were homozygous). In
two patients no FVL mutation was detected. Two patients were
found to have both PC deficiency type I, and were heterozygous
for FVL mutation. Both patients had recurrent DVT, one with
PE, the other with a CVA.

After investigation the mean age of patients found to have PC, PS,
or AT deficiency was 30.2 years; the mean age of patients found to
have APC-R was 32.3 years. Three patients, one displaying a PC

Table 1. Sites of thrombosis, and type of deficiency in 135
patients found to have hereditary thrombosis

VTH PC PS AT APC—R Total
DVT 13 11 3 65 92

PE 4 — 1 9 14

RA 1 1 — 8 10

Others 1 — 3 2 6

TOTAL 19 12 7 84 122

ATH

MI — — 2 1 3

CVA 4 2 — 4 10

TOTAL 4 2 2 5 13

ATH = arterial thrombosis; CVA = cerebral vascular accident;
DVT = deep vein thrombosis; MI = myocardial infarction; PE =
pulmonary embolism; RA = recurrent abortion; VIH = venous
thrombosis.

Orthers: all the rest of the clinical presentations are shown in Table 2.
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deficiency, and two with heterozygous FVL
mutation, had a first thromboembolic
event at ages 60, 58, and 60 respectively.

Table 2 shows the number of patients
and the site of thrombosis for each pro-
tein deficiency.

DISCUSSION

Congenital AT, PC, PS deficiencies and
APC-R (FVL) represent a group of het-
erogeneous genetic disorders commonly
associated with thromboembolic disease.
AT is a major protein with inhibitory func-
tion on serum proteases in blood coagula-
tion, mainly involving thrombin and fac-
tor Xa. PC is a vitamin K-dependent serine
protease which together with its cofactor
DS, serves as the cofactor of activated pro-
tein C (APC), which inactivates factor Va
and VIIla. With the exploration of the an-
ticoagulant protein C system in the 1970s
and 1980s, identification of protein C,
protein S, and AT deficiencies provided for
approximately 10% of cases of familial
thrombosis. The real breakthrough in
thrombotic diagnosis came in 1993 with
the discovery of resistance to activated pro-
tein C (APC-R) as a risk factor for throm-
bosis.? In 135 of the original 602 patients
(22.4 %), a cause of thrombosis was es-
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tablished as an inherited deficiency (20.3%
had venous thrombosis; 2.1% had arterial
thrombosis). Protein C, PS, AT deficiency
and FVL mutation have not been proven
to be a cause for arterial thrombosis.*”
These results support the fact that throm-
bophilia is related to venous thrombosis
and not arterial thrombosis.

The prevalence of inherited abnormalities
in thrombophilic patients has been investi-
gated in various epidemiological studies.
The most important are shown in Table 3.
The prevalence of PC and PS congenital
deficiencies in patients with a history of
thrombosis is slightly higher than the preva-
lence of AT as noticed in most of the pro-
tocols, including the current study. How-
ever, studies may vary greatly from one pro-
tocol to the other because of different se-
lection criteria and laboratory assays used.

In the current study 7.5% out of 602 pa-
tients studied from 1993-2000 were found
to have AT, PC, or PS deficiencies (1.4%
had AT deficiency 3.8% PC, and 2.3%
PS). These figures are close to the figures
found in different studies done on Euro-
pean and American populations. If we
compare this study with a previous study
done in Jordan, the percentages were

Table 2. Clinical presentation and numbers in patients referred for evaluation
Arterial thrombosis Venous thrombosis

Diagnosis # of patients Diagnosis # of patients

CVA 105 Budd-Chiari syndrome 2

MI 45 Hepatic, mesenteric thrombosis 3
Multiple thrombotic lesions 8
Retinal venous occlusion 8
Submandibular thrombosis 4
Portal vein thrombosis 18
Auxiliary thrombosis 5
DVT 289
PE 63
RA 52

Total 150 Total 452

Total ATH+VTH 602
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higher than this study.' However, there is
no defining number in any of the studies.

Most of our patients were from a young
age group. These results are very close to
the study accomplished by Awidi in Jor-
dan." A high proportion of our patients
were younger than 35 years when the first
thrombosis occurred, with mean ages of
30.2 year for PS, PC, and AT deficiencies
and 32.3 years for APC-R patients. How-
ever three patients, one displaying a PC
deficiency and two with heterozygous F V
Leiden had a first thromboembolic event
atage 60, 58, and 60 respectively. The first
one, the PC deficiency patient was diag-
nosed with portal vein thrombosis. The
two FVL mutation patients were diagnosed
with DVT. Ten of the females (20%) were
suffering from recurrent abortion and were
found to have a protein deficiency and
FVL mutation, which means that a pro-
tein deficiency and the presence of FVL
may be a risk factor for recurrent abortion.
Therefore all pregnant women with a his-
tory of thrombosis should be screened at
least for APC-R. Two Budd-Chiari Syn-
drome patients were found to have a FVL
mutation present.

The two most common defects found to
be a risk factor for thrombosis in this study
were APC-R and FVL mutation. Of the
379 patient studies from 1996-2000, 23%
were found to have APC-R. It was then
found that 75% of the 89 patients with
APC-R that were screened for FVL muta-
tion were found to be positive (87% were
heterozygous and 13% homozygous).
These results are close to the figures found

by the studies in Table 3.

This study shows clearly that hereditary
causes of thrombophilia are common in
young Jordanian patients with a positive
family history of venous thrombosis and
not arterial thrombosis. APC-R, FVL ac-

counts for most of these.

ACKNOWLEDGEMENT
I would like to acknowledge Mr David L
McGlasson, MS, CLS/NCA, for his edi-

torial support in preparing this manuscript

¥20Z T AelN uo /Biosjase: reulnolsio-jurewmy;/:dny wouy papeojumoqd


http://hwmaint.clsjournal.ascls.org/

CLINICAL PRACTICE: HEMOSTASIS

Table 3. Prevalence of hereditary thrombophilia in selected
studies

%PS %PC  %ATIII %APC-R
Gladson'? 5 43 — —
Griffin® — — — 52
Briet' 13 8 4 —
Heijboer® 22 32 1 —
Tabernero'” 1 1 0.5 20
Pabinger'® 23 33 5 —
Current study 23 3.8 1.4 23
Awidi" 69 78 4.6 —
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