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Severe dysplasminogenem
ia due to homozygous
PLG Ala620Thr variant in a Korean woman without
a history of venous thromboembolism
A case report and literature review
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Abstract
Rationale: Plasminogen plays an important role in fibrinolysis and is encoded by the PLG gene. The missense variant PLG
Ala620Thr is the major cause of dysplasminogenemia in East Asian countries, including Korea. Although dysplasminogenemia was
first reported in a Japanese patient with recurrent venous thromboembolism (VTE), subsequent studies have not demonstrated any
clear association between the PLG Ala620Thr variant and the risk of VTE. To the best of our knowledge, this is the first report of a
homozygous PLG Ala620Thr variant case from Korea.

Patient concerns: Here, we report a Korean family with PLG Ala620Thr mutation. The proband was a 34-year-old man who
presented with multiple thrombotic arterial embolism and cardiac myxoma.

Interventions:Laboratory workup, including coagulation profile and PLG gene sequencing, was carried out for the affected family.

Diagnosis andOutcome: The proband carried a heterozygous PLG Ala620Thr variant with decreased plasminogen activity of
65%. His 53-year-old mother, who had no reported history of VTE, was homozygous for the PLG Ala620Thr variant with decreased
plasminogen activity of just 25%. Decreased plasminogen activity indicates dysplasminogenemia.

Lessons:We believe that this clinically silent homozygous case supports the previous findings that isolated PLG Ala620Thr variant
does not confer a significant risk of VTE.

Abbreviation: VTE = venous thromboembolism.
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1. Introduction
Plasminogen, encoded by the PLG gene on chromosome band
6q26, is the precursor of plasmin, a serine protease that plays an
important role in fibrinolysis. Plasminogen deficiency is classified
into 2 categories: hypoplasminogenemia (type I) and dysplasmi-
nogenemia (type II). Dysplasminogenemia (type II plasminogen
Editor: Maya Saranathan.

This study was approved by the Institutional Review Board (IRB) of the Samsung Med
all subjects.

The authors have no conflicts of interests to disclose.

The datasets generated during and/or analyzed during the current study are available
a Department of Laboratory Medicine and Genetics, Samsung Medical Center, Sungky
Yonsei University College of Medicine, Seoul, Korea, c Department of Thoracic and Ca
of Medicine, Seoul, Korea, d Division of Cardiology, Department of Medicine, Heart Va
School of Medicine, Seoul, Korea.
∗
Correspondence: Hee-Jin Kim, Department of Laboratory Medicine and Genetics, Sa

ro, Gangnam-gu, Seoul 06351, Korea (e-mail: heejinkim@skku.edu).

Copyright © 2022 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the Creative Commons Attribution Lic
any medium, provided the original work is properly cited.

How to cite this article: Lee B, Kim S, Lee JJ, Heo SH, Chung S, Jang SY, Kim SH, K
Ala620Thr variant in a Korean woman without a history of venous thromboembolism:

Received: 7 January 2022 / Received in final form: 16 February 2022 / Accepted: 17

http://dx.doi.org/10.1097/MD.0000000000029013

1

deficiency) is a rare genetic condition in which plasminogen
activity is reduced, despite a normal level of plasminogen antigen,
whereas hypoplasminogenemia (type I plasminogen deficiency)
demonstrates decrease in both plasminogen antigen level and
activity.[1] There are several known causes for dysplasminoge-
nemia, but one of the most common causes is a genetic variant of
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Table 1

Reported cases with suspected or genetically confirmed homozygous PLG Ala620Thr variant.

No. References Subjects Venous thromboembolism Plasminogen activity PLG sequencing Age at diagnosis

1 Aoki et al[4]

Sakata et al[5]
1 None 5.7% NA 5 yr

2 Kazama et al[3] 1 Recurrent thrombophlebitis 18.7% NA 40 yr
3 Shinmyozu et al[7]

Ichinose et al[8]
1 None 8.1% c.1858G>A (Hom) NA

4 Tsutsumi et al[2] 10 NA NA c.1858G>A (Hom) NA
5 Okamoto et al[6] 21 None

∗
1.5%–26.2% NA 6–85 yr

6 Current case 1 None 25% c.1858G>A (Hom) 53 yr
∗
While none had experienced deep vein thrombosis, three had stroke, four had myocardial infarction, and four had angina pectoris.

Hom = homozygous, NA = not available.
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the PLG gene, Ala620Thr.[1,2] This missense variant, which is
caused by a single nucleotide change, NM_000301.3(PLG):
c.1858G>A, leads to dysplasminogenemia whose association
with thrombosis is still controversial.
In the previous studies, several presumed homozygous cases of

the PLG Ala620Thr variant have been identified based on the
reduced level and activity of plasminogen (Table 1). In one such
study, 10 homozygotes were identified, however, whether these
individuals developed thrombosis was not addressed.[2] Two
previous reports of presumed homozygotes with reduced
plasminogen activity identified a 40-year-old man with multiple
events of thrombophlebitis after contusion,[3] and a 5-year-old
boy without any previous thrombotic event.[4,5] Another study
from Japan reported 2 and 19 suspected homozygote cases with
unusually low plasminogen activity among healthy populations
and patients with comorbidity, respectively.[6] However, there
has been only 1 case that demonstrated that the genetically
proven homozygous Ala620Thr variant does not associate with
venous thromboembolism.[7,8] Therefore, to validate the previous
finding of dysplasminogenemia nonpredisposition to thrombosis,
we hereby report this incidentally found case of a homozygous
variant, who did not have any previous history of thrombosis.
2. Case report

A 34-year-old male proband visited the emergency room of
another hospital due to sudden dizziness and lower limb
weakness. Since contrast-enhanced computed tomography
showed renal infarction, splenic infarction, and occlusion of
Figure 1. The pedigree of the proband family. The arrow indicates the proband an
combination of amino acids and the percentage of the plasminogen activity are
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both common femoral arteries, the patient was referred to our
institute for emergency surgery. After emergent thromboembo-
lectomy of the bilateral superficial femoral arteries, left common
femoral artery, and fasciotomy of the left lower leg, the patient
was admitted and underwent additional operations, including
removal of cardiac myxoma in the left atrium. During admission,
further analysis for the proband’s underlying cause of thrombo-
embolism was performed. To measure the coagulation profile, an
STA-R analyzer (Diagnostica Stago, Asnieres, France) was used
according to the manual instructions. The proband demonstrated
decreased plasminogen activity at 65% (reference range 75%–

112%) and was otherwise not remarkable. However, in a
subsequent familial study, plasminogen activity decreased to
25% in the proband’s 53-year-old mother and 71% in the
proband’s 33-year-old younger sister, which indicated plasmin-
ogen deficiency. Since the proband’s mother showed an even
greater decrease in plasminogen activity compared to other
family members, we suspected her to be the case of either
homozygous or compound heterozygous PLG genetic variants
(Fig. 1). Therefore, to confirm the underlying genetic cause of
reduced plasminogen activity, we sequenced the PLG gene from
the proband and his family members.
DNA was extracted from whole blood using a Roche MagNA

Pure 96 DNA isolation kit (Roche Applied Science, Manheim,
Germany). All 19 exons of the PLG gene were evaluated by
polymerase chain reaction (PCR) and full sequencing using an
ABI Prism 3730XL DNA sequencer (Applied Biosystems, Foster
City, CA, USA). The forward and reverse PCR primers for exons
1 to 19 were designed by the authors and are available upon
d the filled symbol indicates subject with thrombosis. Below each symbol, the
presented. A = alanine, T = threonine.



Figure 2. Sequencing analysis of the PLG gene. The proband and his sister
were heterozygous whereas his mother was homozygous for c.1858G>A (p.
Ala620Thr).
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request. The sequencing results revealed that the proband carries
heterozygous PLG Ala620Thr. The proband’s mother and
younger sister had homozygote and heterozygote PLG
Ala620Thr variants, respectively, but both did not have any
history of thrombotic events. Unfortunately, the proband’s father
was deceased and could not be assessed in this study (Fig. 2).
The proband recovered after emergent thromboembolectomy

and cardiac myxoma removal and was treated with warfarin.
However, 10 months after the first thrombotic incidence, the
proband presented with a newly appearing mass in the right
atrium, suggestive of reoccurrence of cardiac myxoma, which
was also surgically removed. Nonetheless, the proband’s mother
carrying homozygous Ala620Thr variant did not have any
thrombotic events to present at all.
3. Discussion

Plasminogen gets converted to plasmin by peptide bond cleavage
at Arg561-Val562 by tissue-type plasminogen activator or
urokinase-type plasminogen activator, which plays a crucial
role in fibrinolysis by preventing fibrin clot formation.[1]

However, dysplasminogenemia predisposition to thrombosis
has been debated, since there is only 1 genetically proven
homozygous Ala620Thr variant without thrombosis,[7,8] to date.
Although dysplasminogenemia was first identified in a patient
with recurrent thrombosis,[4] there have been several reports
suggesting that dysplasminogenemia itself may not be a risk
factor for thrombosis.[6,9,10] Furthermore, in the homozygous
PLG Ala620Thr mouse model, the risk of thrombotic diseases
was not increased despite decreased plasmin activity.[11]

In this report, during a familial study of a thrombosis patient
diagnosed with dysplasminogenemia due to PLG Ala620Thr
heterozygosity, a homozygous case was identified unexpectedly.
The 53-year-old proband’s mother, with PLG Ala620Thr
homozygosity, did not have any previous history of thrombosis.
The 33-year-old female proband’s sister, with heterozygous
Ala620Thr, also did not have any previous history of thrombosis.
These findings support the previous findings that dysplasmino-
genemia is not a risk factor for thrombosis. However, there may
be other coagulative defects leading to thrombosis with or
without a synergistic effect with dysplasminogenemia, which is
3

why some patients with heterozygous PLG Ala620Thr variant
present with thrombosis, like the proband in our report. These
mechanisms have yet to be elucidated, and further research is
warranted.
The PLG Ala620Thr variant is more prevalent in East Asian

countries. In the Korean population, the estimated allele
frequency is about 1.6%,[12] whereas Korean Reference Genome
Database suggested it to be 2.3312%. Applying the Hardy-
Weinberg principle, the prevalence of Ala620Thr homozygotes
was predicted to be 0.0256% to 0.0543%. Hence, with a Korean
population of 52 million, approximately 13,000–28,000 indi-
viduals are predicted to carry a homozygous Ala620Thr variant.
Despite this large number of estimated homozygote individuals,
the number of genetically confirmed cases of dysplasminogene-
mia in thrombosis patients remains limited, suggesting that the
homozygous PLG Ala620Thr variant is not related to an
increased risk of thrombosis. Given the function of plasmin in
clot degradation, dysplasminogenemia seems to be a plausible
risk factor for thrombosis, however, the finding of PLG
Ala620Thr homozygous case with no thrombosis in this report
further validates that dysplasminogenemia is not a predisposing
factor for thrombosis. It is speculated that decreased plasmin
activity may be sufficient for preventing thrombosis in vivo.[11]

Although there was only 1 case of genetically proven
Ala620Thr homozygote without thrombosis,[7,8] a population-
based study from Japan identified individuals with markedly
decreased plasminogen activity with some of them suspected to
be unrevealed homozygotes.[6] It has been shown that the extent
of decrease in the anticoagulant activity of a certain protein could
vary depending on the type of mutation and zygosity.[13]

According to this study, nonsense mutations showed a greater
decrease in anticoagulative activity compared to missense
mutations.[13] In addition, the extent of decrease in anti-
coagulative activity in double missense mutations was compara-
ble to that of nonsense mutations.[13] Similarly, in suspected
dysplasminogenemia homozygotes from Japanese study,[6] the
possibility of these subjects carrying compound heterozygote
variants cannot be ruled out. Since markedly reduced protein
activity could result from both homozygous and compound
heterozygous mutations, the evaluation of the underlying genetic
background is important in elucidating the genotype-phenotype
correlation and disease association. Therefore, the current case is
clinically significant, as it is only the second report of genetically
proven Ala620Thr homozygote without any thrombotic events.
This line of evidence further validates classifying this variant as a
variant of uncertain significance rather than a pathogenic or
likely pathogenic variant according to the ACMG/AMP variant
classification system.
In summary, this case is clinically significant since it is the

second genetically proven case of homozygous Ala620Thr with
no definite evidence of thrombosis. To our knowledge, this is the
first report of a homozygous Ala620Thr mutation in PLG in
Korea. Our report supports the previous findings that the isolated
PLG Ala620Thr variant does not confer a significant risk of
thromboembolism and thus contributes substantially to research
on dysplasminogenemia.
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