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Isolated antiplasmin deficiency presenting as a spontaneous
bleeding disorder in a 63-year-old man
Vallathucherry C. Harish, Lin Zhang, Jason D. Huff, Heather Lawson
and John Owen
Spontaneous bleeding in adults is a major problem, and in a

significant number of these patients no cause is found. A

63-year-old Caucasian man presented to our hematology

clinic with a large hematoma of his left thigh. Initial

investigations did not show any conclusive abnormalities of

primary or secondary hemostasis. Subsequent tests

demonstrated a type 1 deficiency of antiplasmin. Treatment

with low doses of e-aminocaproic acid resulted in resolution

of the hematoma and control of bleeding. We sought to

determine the cause of the patient’s isolated antiplasmin

deficiency but no explanation was found. Three

heterozygous polymorphisms were identified in his

antiplasmin gene, ruling out major gene deletions. Each of

these three polymorphisms has been previously reported in

healthy blood donors. Finally, since response to

antifibrinolytics can be dramatic, deficiencies of antiplasmin
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Introduction
Spontaneous bleeding in adults is not an uncommon

clinical presentation. In a majority of patients, an under-

lying cause for the bleeding is found. These include

disorders of primary and secondary hemostasis such as

inhibitors to coagulation factors, chronic liver disease and

disseminated intravascular coagulation. There still is a

minority of patients, however, in whom, despite extensive

evaluation, no clear cause for the bleeding is identified.

We were faced with such a situation when a 63-year-old

white man presented with a 1 week history of spon-

taneous bruising of his right flank and left thigh. Initial

investigations did not reveal any platelet abnormalities.

The prothrombin time and activated partial thrombo-

plastin time were prolonged but there were no consistent

coagulation factor abnormalities. We therefore went on to

investigate the fibrinolytic system, which revealed anti-

plasmin deficiency [1]. The following presentation

details the series of investigations undertaken to deter-

mine the cause of the patient’s bleeding disorder.

Case report
Our patient, a 63-year-old white man, presented to our

hematology clinic with complaints of spontaneous bruis-

ing for 1 week. He had no history of trauma, previous

bleeding episodes or a family history of bleeding dis-

orders. Physical examination revealed bruises in his right

flank and a 0.15� 0.2 m2 left inner-thigh hematoma.

Initial laboratory studies, presented in Table 1, demon-
strated a hemoglobin level of 98 g/l and a normal platelet

count. The prothrombin time and activated partial

thromboplastin time were prolonged at 17.1 and 38.9 s,

respectively. A mixing study failed to fully correct, but

did not give the typical pattern of a coagulation factor

inhibitor. A lupus inhibitor screen was negative. Coagu-

lation factor assays did not reveal any conclusive abnorm-

alities. The patient’s antiplasmin activity, however, was

at 35% of normal. A type-1 defect was identified when a

Laurell immunoassay showed that his antigen was pro-

portionately decreased at 30%.

The patient was treated with low doses of e-aminocaproic

acid for his antiplasmin deficiency. This resulted in

resolution of the hematomas, normalization of his hemo-

globin and no further bleeding episodes. To better

characterize his type-1 antiplasmin deficiency we pro-

ceeded to sequence his antiplasmin gene.

Fifteen months from original presentation, the patient

was admitted to our institution with anasarca and new-

onset nephrotic range proteinuria. Treatment with

e-aminocaproic acid was continued but his hospitalization

was complicated by a sepsis syndrome, multi-organ

failure and death. At the request of his family no autopsy

was performed.

Materials and methods
Platelet aggregation studies and coagulation factor assays

were performed by standard techniques. Activatable
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Table 1 The levels of coagulation, hemostatic factors and other
variables at the time of presentation

Patient Normal range

Hemoglobin (g/l) 98 120–160
Platelets (�109/l) 300 160–360
Prothrombin time (s) 17.1 10.8–13.9
Activated partial thromboplastin time (s) 38.9 <34
Fibrinogen (g/l) 3.47 1.80–3.63
D-dimer (mg/ml) 2.0 <2.30
Lupus inhibitor Absent Absent
Factor II activity (%) 98 75–135
Factor V activity (%) 56 50–150
Factor VII activity (%) 101 65–135
Factor VIII activity (%) 78 50–200
Factor IX activity (%) 76 50–200
Factor X activity (%) 46 45–155
Factor XI activity (%) 80 65–135
Factor XII activity (%) 29 50–150
Factor XIII activity Normal
Platelet aggregation Normal
Ristocetin-induced platelet aggregation Normal
Euglobin clot lysis time (min) >200 >180
Plasminogen activity (%) 70 70–120
Plasmin-antiplasmin complex (ng/ml) 78 0–514
Tissue plasminogen activator (ng/ml) 3.12 2–8
Antiplasmin activity (%) 35% 85–135

Table 2 Polymerase chain reaction primer sequences used in the
amplification of 10 exons of the antiplasmin gene

Region amplified Size (base pairs) Primer sequence

Exon 1 232 50-agccatcacccctgctta-30

50-agaacatcgccatgagcaac-30

Exon 2 234 50-gggatgtgagatgggaacag-30

50-caggggagaactgtggagaa-30

Exons 3 and 4 293 50-gggacctcctatcctcatcc-30

50-ctagccccgcccactctt-30

Exon 5 286 50-gagctgaccccttgacctc-30

50-ctcccagctctcttggtctg-30

Exon 6 243 50-cagtgggggtgagaaaggac-30

50-acccagggcaggactgag-30

Exon 7 294 50-ctggagccctgggaacag-30

50-acgtcccagctcagcctac-30

Exon 8 299 50-aagctggtccccatcgac-30

50-ctccacagcctgtccactc-30

Exon 9 373 50-acttagcttcggggctttct-30

50-ggaaaagagcaggacacag-30

Exon 10A 395 50-gcagctctgaccagccatc-30

50-tttaagtcagggccgaaaag-30

Exon 10B 399 50-gcaacaaggacttcctccag-30

50-ctagaagcacctccctcctg-30

Exon 10C 389 50-cttccaaacaggctcagagg-30

50-gaggaaggaagggaaatgct-30

Exon 10D 294 50-cttgtcacgccagacttcc-30

50-ggttcctcagcacagtccac-30
plasminogen was measured by a chromogenic assay uti-

lizing streptokinase as the activator (Technoclone,

Vienna, Austria). Tissue plasminogen activator levels

and plasmin–antiplasmin levels were measured by sand-

wich enzyme-linked immunosorbent assay technique

(Technoclone). A chromogenic assay was used to deter-

mine antiplasmin function (Quest Labs, San Juan,

California, USA).

Antiplasmin was measured by electroimmunodiffusion

(Laurell technique) using polyclonal rabbit anti-human

antiplasmin (Nordic Labs, Tillburg, The Netherlands).

Pooled normal plasma obtained from 20 normal donors was

used as the 100% standard. The coding sequence of the

patient’s antiplasmin gene was determined using genomic

DNA extracted from whole blood using a QIAmp mini kit

(Qiagen, Valencia, California, USA). Polymerase chain

reaction primers were designed from the published geno-

mic sequence [2], using the Primer-3 program [3]. Primers

for exons 1–10, inclusive of the promoter region and splice

junctions, are detailed in Table 2.

Exons 1–10, splice junctions and the promoter region of

the antiplasmin gene were amplified by the polymeriz-

ation chain reaction method in a minicycler using a

touchdown program [4]. In this program denaturation

occurs at 928C for 1 min and amplification proceeds for

1 min at 728C during each cycle. During initial amplifica-

tion, annealing temperatures decrease from 70 to 558C
over 14 cycles. Subsequent amplification proceeds after

the products have been annealed at 558C for 25 cycles.

Exon 10 was amplified in four overlapping sections due to

its large size (1143 base pairs). Polymerase chain reaction

products were purified using the Promega Wizard DNA
opyright © Lippincott Williams & Wilkins. Unautho
purification system. Nucleotide sequencing was

performed by the Dye-deoxy method (ABI 377; PE

Biosystems, Foster City, California, USA).

Results
Hemostatic factors did not show any consistent defects

and are detailed in Table 1.

Antiplasmin levels in our patient were consistently

decreased at 30–35% of normal. Both the antigen and

activity of antiplasmin were proportionately decreased,

thus identifying a type-1 defect. The sequence of his

antiplasmin gene showed no candidate mutations that

would explain his deficiency. All splice junctions and

70 base pairs upstream of exon 1 were normal. Three

heterozygous polymorphisms were found. The first poly-

morphism, C to T, in exon 2 causes substitution of

alanine by valine at position �26 in the signal peptide

[5]. The next polymorphism, C to T, in exon 3 causes

substitution of arginine by tryptophan at position 6 and,

finally, G to A in exon 10 causes substitution of arginine

by lysine at position 407. These three polymorphisms

have been previously found in blood donors [6]. Their

presence in our patient ruled out major gene deletions.

Discussion
In this report we describe an older patient who presented

with a new spontaneous bleeding disorder. Investigations

demonstrated an isolated type-1 deficiency of antiplasmin

that was successfully treated with e-aminocaproic acid.

Antiplasmin, a serine protease inhibitor [7], is the most

important physiological inhibitor of plasmin [8]. It is

synthesized primarily in the liver [9] with a plasma
rized reproduction of this article is prohibited.
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concentration of 0.7 mg/l. The human gene for antiplasmin

was sequenced in 1988 [2] and has been mapped to human

chromosome 17 [10]. The gene contains 10 exons and nine

introns spanning approximately 16 kbases DNA [2].

The amino acid sequence of antiplasmin has been

deduced and the full-length mature protein is 464 amino

acids long [5] and contains three functional regions. The

464-amino-acid form (Met form) is converted by the

antiplasmin-cleaving enzyme [11] to the 452-amino-acid

form (Asn form) [5]. The Asn form is present in plasma as

60% of the total antiplasmin [5] and is physiologically

more active than the Met form [12].

Congenital deficiencies of antiplasmin leading to

bleeding are very rare and the real prevalence of these

disorders is not known [13]. Congenital antiplasmin

deficiency is inherited in an autosomal recessive fashion.

Homozygotes in general have a severe bleeding disorder,

while heterozygotes have a milder version [14]. Some

patients with heterozygotic mutations in the antiplasmin

gene have presented with clinically significant bleeding

late in life [15]. Based on these reports, we investigated

the possibility of a heterozygous mutation in the anti-

plasmin gene causing a bleeding disorder in our patient.

On sequencing, his antiplasmin gene was found to have

three heterozygous polymorphisms that have been ident-

ified in blood donors [6]. The polymorphisms are widely

distributed in the gene sequence, effectively ruling out a

major gene deletion. Small deletions were ruled out by

the sequence results.

This raises important questions about the patient’s

antiplasmin deficiency. Having ruled out a major

gene deletion, how might the lack of antiplasmin be

explained? Either epigenetic factors involved in the

regulation of gene transcription or translational factors

could be responsible for his deficiency. Although non-

neutralizing antibodies [16] to antiplasmin causing

increased clearance have not been reported in the litera-

ture, this could explain the patient’s type-1 deficiency.

Another important question is why do people with het-

erozygous deficiencies of antiplasmin present with bleed-

ing late in life? Age-related vascular or connective tissue

defects may unmask a dormant-inherited bleeding

disorder, although none was identified in our patient.

Unfortunately his demise due to the development of

nephrotic syndrome and sepsis leaves us without answers

to these questions. There is no documented case linking

nephrotic syndrome with the use of e-aminocaproic acid.

In conclusion, deficiency of antiplasmin must be

considered in the work-up of any patient who presents

with a spontaneous bleeding disorder [1], even in a older

patient, since the response to antifibrinolytics can be

dramatic.
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