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ABSTRACT

Hereditary natural anticoagulant deficiencies are the major cause of genetic thrombophilia in Asia. Given the growing
acknowledgment of the risk of venous thromboembolism in Asian populations, we investigated the frequency and
mutation spectrums of natural anticoagulant deficiency in Korea. The group of patients consisted of consecutive
patients with venous thromboembolism screened for thrombophilia. Genetic tests were performed on suspicion of
natural anticoagulant deficiency. For the population group, >3,000 individuals were screened from routine check-ups,
and those with a low level (<1* percentile) of natural anticoagulant underwent genetic tests. Mutations were detected
by direct sequencing of PROC, PROS1, and SERPINC1, followed by additional multiplex ligation-dependent probe
amplification for PROS71 and SERPINC1 for dosage mutations. Among 500 patients screened, 127 were suspected of
having a natural anticoagulant deficiency, and this was genetically confirmed in 71: protein C deficiency in 36
(50.7%), antithrombin deficiency in 21 (29.6%), and protein S deficiency in 14 (19.7%). Among 3,129 individuals
from the population who were screened, the frequency of natural anticoagulant deficiency was ~1.0%: antithrombin
deficiency 0.49%, protein C deficiency 0.35%, and protein S deficiency 0.16%. Two PROC mutations causing type
[ protein C deficiency were prevalent (Arg211Trp and Met406lle in patients and Arg211Trp in the population). Two
SERPINC1 mutations causing type II antithrombin deficiency, Arg79Cys and Ser158Pro, were prevalent in the pop-
ulation group. This is the first study on the genetic epidemiology of natural anticoagulant deficiencies in Korea. The
results demonstrated that the frequencies and spectrum of mutations underlying genetic thrombophilia in Korea are

different not only from those in Caucasians but also those in other Asian populations.

Introduction

Thrombophilia is a condition that makes an individual
more susceptible to develop thromboembolism. The well-
established backgrounds of thrombophilia of genetic origin
(genetic or hereditary thrombophilia) are either increased pro-
coagulant activity or hereditary deficiency of natural antico-
agulants.'” The former includes activated protein C resistance
(factor V Leiden mutation) and prothrombin G20210A muta-
tion, both of which are restricted to Western populations. The
latter condition includes deficiencies of protein C (PC), pro-
tein S (PS) and antithrombin (AT), and is the major culprit of
thrombophilia in Asian populations. Of note, thrombophilia
from natural anticoagulant deficiency confers a higher risk of
venous thromboembolism (VTE) than that from increased
procoagulant activity.** In particular, AT deficiency is the first
genetic risk factor for VTE identified in humans and confers
the highest risk.*** Thus, diversity in genetic backgrounds is
believed to be the major factor accounting for the different
risks of VTE in different ethnic groups. Understanding geno-
type-phenotype correlations and structure-function relation-

ships by identifying causative genetic defects is important for
risk assessment in VTE patients and also in the general popu-
lation.® Recently, there has been growing acknowledgment of
the risk of VTE and the associated socioeconomic burden in
Asian countries, spurring research on the genetic risk fac-
tors.”® There have been several studies on the prevalence of
genetic thrombophilia in Asia; however, the laboratory strat-
egy to detect hereditary thrombophilia has varied across stud-
ies. Before the wide-spread availability of molecular genetic
tests, the strategy was typically dependent on coagulation
test results. Recent studies are trying to incorporate molecular
genetic tests to confirm the coagulation defect by direct iden-
tification of causative mutations with or without screening by
coagulation tests. This is particularly because the coagulation
test results can be affected by a variety of factors such as
underlying disease and medication, leading to false diagnoses
of hereditary deficiency.” However, there are still limited stud-
ies showing the prevalence and mutation spectrum of all
three types of natural anticoagulants, particularly simultane-
ously in both patients with VTE and in the general population
of a given ethnicity.
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In this regard, we investigated the molecular genetic
defects of natural anticoagulant deficiencies (PC, PS, and
AT) in a large number of consecutive VTE patients and in
the general population in Korea screened by coagulation
tests. The results revealed unique frequencies and muta-
tion spectrums of natural anticoagulant deficiencies in the
group of VTE patients and in the general population.
These frequencies and the mutation spectrums in Korea
were not only distinct from those in Caucasian popula-
tions but also from those in other Asian countries.

Methods

Patients and population

The group of patients consisted of consecutive VIE patients
screened for thrombophilia including PC, PS, and AT deficiencies
at Samsung Medical Center, Seoul, Korea, from January 2005 to
December 2012. For the population group, at least 3,000 individu-
als visiting the institution for routine check-ups were screened
from September 2005 to January 2006 using the same coagulation
tests for natural anticoagulant deficiency as those used in the
patients. In each group, those suspected of having a natural anti-
coagulant deficiency underwent molecular genetic tests to confirm
the deficiency. In both groups, we excluded those with low levels
of multiple (2 or more) natural anticoagulants, especially in associ-
ation with underlying liver disease or other extrinsic factors.
Written informed consent was obtained from the patients in the
study, which was approved by the Institutional Review Board of
the Samsung Medical Center, Seoul, Korea.

Coagulation tests

The thrombophilia profile tests for VIE patients included
screening for genetic thrombophilia: PC activity (Stachrom®
Protein C, Diagnostica Stago, Asnieres-Sur-Seine, France), PS free
antigen (Liatest® Free Protein S, Diagnostica Stago), and AT activi-
ty (Stachrom® ATIII, Diagnostica Stago). All coagulation tests were
performed on the STA® coagulation analyzer (Diagnostica Stago).
The local reference intervals were determined according to the
guidelines from the Clinical and Laboratory Standards Institute
(http://www.clsi.org/) as the 2.5-97.5 percentiles (PC activity, 85.6-
167.2%; PS free antigen, 69.3-148.2% for males and 56.0-132.6%
for females; and AT activity, 81.5-119.3%)." Tests for PC antigen,
PS total antigen and activity, and AT antigen were additionally per-
formed when indicated. Natural anticoagulant deficiency was sus-
pected in VTE patients when the result was below the lower limit
of the reference interval (2.5 percentile). Screening for natural anti-
coagulant deficiency in the population group was performed using
the same coagulation tests as those used in the VIE patients.
Individuals with levels of PC, PS, or AT below the 1% percentile
were selected for molecular genetic tests.

Molecular genetic analyses

Genomic DNA was extracted from peripheral blood leuko-
cytes using the Wizard Genomic DNA Purification kit following
the standard protocols (Promega, Madison, WI, USA). Molecular
genetic diagnosis of natural anticoagulant deficiency was per-
formed by detecting causative mutations of the PROC gene (PC
deficiency), PROS1 (PS deficiency), and SERPINC1 (AT deficien-
cy). Point mutations were detected by direct sequencing of all
coding exons and flanking intronic sequences of each gene on an
ABI Prism 3100 Genetic Analyzer (Applied Biosystems, Foster
City, CA, USA) using a BigDye Terminator Cycle Sequencing
Ready Reaction kit (Applied Biosystems). Multiplex ligation-
dependent probe amplification (MLPA) experiments were addi-

tionally performed to detect large dosage mutations when no
point mutations had been detected (SALSA MLPA kit P112
PROS1 and P227 SERPINC1; MRC Holland, Amsterdam, the
Netherlands), as previously described." Mutations identified are
described following the recommendations from the Human
Genome Variation Society (http://wwi.hgys.org/mutnomen/), along
with the conventional numbering. For validation of novel muta-
tions, population frequencies were obtained by targeted
sequencing involving 100 control chromosomes of Korean
descent. For novel missense mutations, functional predictions
were also performed using PolyPhen-2 (hitp://genetics.bwh.hat-
vard.edu/pph2/) and SIFT algorithms (http://sift.bii.a-star.edu.sg/),
and the degree of conservation was determined by aligning
amino acid sequences across different species using Clustal

Omega (hitp://www.ebi.ac.uk/Tools/msa/clustalo/).

Results

Natural anticoagulant deficiency and causative
mutations among the patients with venous
thromboembolism

A total of 500 patients were diagnosed with VTE and
screened for thrombophilia during the study period.
Among them, 127 patients (25.4%) were suspected of
having a specific natural anticoagulant deficiency (PC defi-
ciency in 62 patients, PS deficiency in 37, and AT deficien-
cy in 28 patients) and underwent molecular genetic tests
to confirm the deficiency. As a result, molecular genetic
tests identified causative mutations in 71 patients of a total
of 500 (14.2%) with VTE: PROC mutations (PC deficien-
cy) in 36 patients, PROS1 mutations (PS deficiency) in 14
patients, and SERPINC1 mutations (AT deficiency) in 21
patients. The mutation detection rate was 58.1% in PC
deficiency (36/62), 37.8% in PS deficiency (14/37), and
75% in AT deficiency (21/28), with an overall mutation
detection rate of 55.9%. Overall 43 mutations (18 unique
mutations) were detected in PROC in 36 patients, all in a
heterozygous state (Figure 1A). Seven patients (19.4%)
had two (double) mutations (Table 2). Among the PROC
mutations, two were novel (Arg264Gly and Gly266Arg)
(Table 1 and Figure 1A). Two missense mutations,
Arg211Trp and Met406lle, accounted for 53.5% of all
mutations (32.6% and 20.9%, respectively). A total of 14
mutations (12 unique mutations) were detected in PROS?
in 14 patients, all in a heterozygous state (Figure 1B). No
patient had two mutations. Among the PROS mutations,
six were novel (Ser194GlInfs*14, Arg316His, Ala325Gluy,
GIn548His, GIn572%, and Lys591*) (Table 1 and Figure 1B).
Overall, 22 mutations (20 different mutations) were
detected in SERPINC1 in 21 patients, all in a heterozygous
state (Figure 1C). One patient (4.8%) had two mutations
(Table 2). Among the SERPINC1 mutations, seven were
novel [Alal26Asp, Met284Arg, Leu331Profs*16,
Pro353Ala, c.1154-2A>G, c.1153+5G>T, and
c.(¢_1)_(1895+_¢)dup (duplication of all 1-7 exons)] (Table
1 and Figure 1C). No predominant mutations were
observed in PROS1 or in SERPINC1. The distribution of
mutations by type in the patient group demonstrated a
predominance of missense mutations in PROC (81.4%)
(Figure 2). Large deletions/duplications were not observed
in PROC, while they accounted for 14.3% and 18.2% of
mutations in PROS1 and SERPINCH, respectively. The fre-
quency of all the novel mutations was 0% in the general
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population. Among the eight novel missense mutations,
all mutated residues were highly conserved across species,
and all mutations were predicted to be damaging except
for Arg316His (Table 1 and Ounline Supplementary Figures).
Among the eight patients with double mutations, four
were considered to have severe PC deficiency from com-
pound heterozygous PROC mutations based on coagula-
tion test results with or without family studies (Table 2).

Natural anticoagulant deficiency and causative
mutations in the population group

A total of 3,129 individuals from the general population
were screened for PC, PS, or AT deficiency by coagulation
tests. This population group consisted of 1,873 males and
1,256 females (male-to-female ratio, 1.49:1) with a mean
age [+ standard deviation (SD)] of 52.5 years (£9.5). The
values of PC activity, PS free antigen, and AT activity were
successfully obtained in 2,953, 3,033, and 3,046 individu-
als with the mean + SD being 120.7+20.3, 101.0+22.2, and
102.8+10.2, respectively. We selected individuals with a
level of any one of the three measurements below the 1*

N

percentile of the normal population. For PC deficiency, 31
individuals had PC activity below the 1* percentile
(<75%). Molecular genetic tests were performed in 21
individuals and seven had a single heterozygous mutation
of PROC: Arg211Trp in six out the seven cases (85.7%)
and a frameshift mutation in the other case (Figure 1A).
For PS deficiency, 32 individuals had a level of free PS anti-
gen below the 1* percentile (<60% in males and <51% in
females). Molecular genetic tests were performed in 13
individuals and two each had a single mutation in PROS1
(Figure 1B). For AT deficiency, 30 individuals had AT activ-
ities below the 1* percentile (<74%). Molecular genetic
tests were performed in 26 individuals and 13 had a single
heterozygous mutation of SERPINC1 (50%, 13/26). All
SERPINC1 mutations in the population group were mis-
sense mutations, with two predominant mutations
(Arg79Cys in 7 individuals and Ser148Pro in 5) (Figure 1C
and Figure 2). None had double mutations or large dosage
mutations on MLPA in the population group. In the popu-
lation group, one novel mutation was detected in PROS?
(Ser587del), with a population frequency of 0% (Table 1).

Table 1. Novel mutations causing hereditary thrombophilia from natural anticoagulant deficiency identified in 19 study subjects.

Coagulation results  Gene Exon Mutation description Type of Conservation  Bioinformatics
/IVS Nucleotide Protein (HGVS) Protein (MP)  mutation of affected prediction
residue
SMC-Pt-PC15 PC act 50% PROC E8 ¢.790A>G p.Arg264Gly p-Arg222Gly Missense  Highly conserved ~ Damaging/NT
SMC-Pt-PC19 PC act 11% PROC E8 ¢.790A>G p-Arg264Gly p-Arg222Gly Missense ~ Highly conserved ~ Damaging/NT
PC Ag 19%
SMC-Pt-PC35 PC act 48% PROC E8 €.796G>C p.Gly266Arg p.Gly224Arg Missense  Highly conserved ~ Damaging/NT
PC Ag 23%
SMC-Pt-PS01 PS f Ag 9%/ PROSI E13 ¢.1644G>C p.GIn548His p.GIn507His Missense  Highly conserved ~ Damaging/NT
PS act 10%
SMC-Pt-PS02  PSf/tAg 14%/61%  PROSI E6 ¢.580delT p.Ser194GInfs*14  p.Ser153GInfs*14  Small del NA NA
SMC-Pt-PS03 ~ PS ft Ag 19%/80%  PROSI El4 c.1771AST p.Lys591* p.Lys550* Nonsense NA NA
PS act 16%
SMC-Pt-PS04  PS f/t Ag 30%/86%  PROSI E9 c.947G>A p-Arg316His p-Arg275His Missense  Highly conserved Benign/T
PS act 64%
SMC-Pt-PS08  PS ft Ag 11%/63%  PROSI E14 c.1714C>T p.GIn572* p.GIn531* Nonsense NA NA
PS act 5%
SMC-Pt-PS09  PS f/t Ag 18%/46%  PROS!I El4 c17T14C>T p.Gln572* p.Gln531* Nonsense NA NA
PSact 11%
SMC-Pt-PS13 PS fAg 22% PROSI E10 c.974C>A p-Ala325Glu p-Ala284Glu Missense  Highly conserved ~ Damaging/T
SMC-Pn-PS01 PS fAg 29% PROSI El4 ¢.1759_1761delTCG Ser587del Sers45del Small del NA NA
SMC-Pt-AT01 AT act 62% SERPINCI VS5 c.1153+5G>T NA NA Splicing NA NA
SMC-Pt-AT(2 AT act 63% SERPINCI  IVS5 c.1154-2A>G NA NA Splicing NA NA
SMC-Pt-AT03 AT act 63% SERPINCI VS5 c.1153+5G>T NA NA Splicing NA NA
AG Ag 64%
SMC-Pt-AT06 AT act 64% SERPINCI ~ E5 ¢.1057C>G p.Pro3b3Ala p.Pro321Ala Missense  Highly conserved ~ Damaging/NT
AT Ag 93%
SMC-Pt-AT12 AT act 43% SERPINCI ~ E5 ¢.992delT p.Leu331Profs*16 p.Leu299Profs*16 ~ Small del NA NA
SMC-Pt-AT15 AT act 28% SERPINCI ~ E2 c.37T7C>A p.Alal26Asp p.Ala94Asp Missense  Highly conserved ~ Damaging/NT
AT Ag 55%
SMC-Pt-AT16 AT act 65% SERPINCI  E1-ET  c.(?_1)_(1395+_?)dup NA NA Large dup NA NA
AT Ag 65%
SMC-Pt-AT17 AT act 41% SERPINCI ~ E5 c851T>G p-Met284Arg p.Met252Arg Missense  Highly conserved ~ Damaging/NT
AT Ag 39%

HGVS: Human Genome Variation Society; MP: mature protein; Pt: patient; Po: population; act, activity; Ag: antigen,; f: free; t: total; NT: not tolerated; T: tolerated; del: deletion; dup: duplication; NA: not appli-
cable; IVS: intervening sequence. 'Prediction by PolyPhen-2/SIFT algorithms. “Test results under warfarin therapy. The father of the proband carrying the same mutation but without warfarin therapy
had PC act 55% and PC Ag52%.

-m haematologica | 2014; 99(3)




The mutation detection rates were 33.3% in PC deficiency
(7/21), 15.4% in PS deficiency (2/18), and 50% in AT defi-
ciency (13/26). Collectively, 22 individuals were found to
have genetically proven natural anticoagulant deficiencies
in our sample of the Korean population. The population
frequencies of PC, PS, and AT deficiencies were thought to
be at least 0.24% (7/2,953), 0.066% (2/3,033), and 0.43%
(13/3,046), respectively. Taking into consideration the
individuals without samples available for genetic analyses,
the extrapolated frequencies were approximately 0.35%,
0.16%, and 0.49% for PC, PS, and AT deficiencies, respec-
tively (1.0% when all 3 natural anticoagulants were com-
bined). According to a review of the medical records of
those 22 individuals with genetically proven hereditary
natural anticoagulant deficiency, none had a relevant clin-
ical history of thromboembolism.

Discussion

In this study, we determined the frequencies and muta-
tion spectrums of genetically confirmed natural anticoag-
ulant deficiencies underlying genetic thrombophilia in
Korea. The results demonstrated that AT deficiency is fre-
quent both in VTE patients and in the general population
in Korea. In particular, the frequency of AT deficiency in
the population group was higher (0.49%) than that in pre-
vious population studies.””** In the group of patients with
VTE, the frequency of genetically confirmed natural anti-
coagulant deficiency was 14.2% (71/500). PC deficiency
was most frequent (50.7%), followed by AT deficiency
(29.6%) and PS deficiency (19.7%). Among the 43 PROC
mutations in the group of patients, two missense muta-
tions, Arg211Trp and Met406lle, accounted for more than

Pt Pn Pt Pn Pt Pn
100% 7
90%
80%
70% = Large del/dup
60% - m Splicing
50% ® Small del, in-frame
40% - = Small in/del, frameshift
30% - ® Nonsense
20% - ® Missense
10% 1 Figure 2. The distribution of mutation types in each
0% gene in the patient (Pt) and population (Pn) groups.

PROC PROS1

SERPINCT

The numbers at the top of each bar represent the num-
ber of mutations observed.

Table 2. Genetic and coagulation test results in eight patients with double mutations.

Genetic thrombophilia in Korea -

Age'/sex Diagnosis  Coagulation  Gene Exon (s) Mutation description Comment
results Nucleotide Protein (HGVS) Protein (MP)
SMC-Pt-PC10 27(22)M  BCS with hepatic PCact2%  PROC 99 ¢.[889G>C]; p.[Asp297His]; p.[Asp255His]; Compound
vein thrombosis PC Ag 12% [1218G>A] [Met406lle] [Met364lle] heterozygous*
SMC-Pt-PC11 51(19)M DVT with PTE PCact4%  PROC 7 ¢.[629C>T); p.[Pro210Leu]; p.[Prol68Leu]; Compound
PC Ag 13% [631C>T] [Arg211Trp] [Arg169Trp] heterozygous
SMC-Pt-PC14 33/M PE PCact47%  PROC 79 c.[577_579delAAG(;)  p.[Lys193del(;) p.[Lys151del(;) Phase
1218G>A] Met406lle] Met364lle] ambiguous®
SMC-Pt-PC18 5T/F DVT PCact41%  PROC 7 ¢.[565C>T(;) p-[Arg189Trp(;) p.[Argl47Trp(;) Phase
577_579delAAG] Lys193del] Lys151del] ambiguous®
SMC-Pt-PC21 4424)/F DVT PCact7  PROC 949 ¢.[901G>A() p.[Ala301Thr () p.[Ala259Thr ;) Compound
1218G>A] [Metd06lle] [Met364lle] heterozygous?'
SMC-Pt-PC27 56/F DVT PCact 62%,  PROC 78 c.[577_579delAAG()  p.[Lys193del(;) p.[Lys151del(;) Phase
PC Ag 55% T15G>A] Gly239Arg] Gly197Arg] ambiguous®
SMC-Pt-PC36 4021)/F DVT PCact5%,  PROC 949 ¢.[983G>A(;) p.[Arg328His(;) p.[Arg286His(;) Compound
PC Ag 12% 1218G>A] Met4061le] Met364lle] heterozygous?*
SMC-Pt-AT21 33(30)M DVT AT act43% SERPINCI 3 c.[442T>C(;) p.[Ser148Pro(;) p.[Serl16Pro(;)  Same allele?*
13706>C] Argd57Thr] Argd25Thr]

HGVS: Human Genome Variation Society; MP: mature protein; Pt: patient; Po: population; BCS: Budd-Chiari syndrome; DVT: deep vein thrombosis; PTE: pulmonary thromboembolism; PC: protein C; AT:
antithrombin. 'The age of onset given in parentheses when different from the age at the ascertainment for the present studly. *Previously reported based on family study along with coagulation tests.”
’Based on the previous report that Lys193del does not result in a significant decrease of the amidolytic activity of PC.* ‘Based on coagulation test results.
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* half (53.5%) of all mutations (Figure 1A). In the corre-

sponding population group, Arg211Trp was more pre-
dominant (accounting for 85.7%), while Met406Ile was
not observed. Both Arg211Trp and Met406lle (or
Arg169Trp and Met364lle) were first reported in Japanese
patients with VTE and cause type I PC deficiency.”"
Arg211Trp is a recurrent mutation occurring at a CpG
hotspot at the o thrombin cleavage site of the heavy
chain. It was reported to account for ~10% of PROC
mutations in Japan and has also been described in
Caucasian patients with VTE."”" Met406llle occurs at a
non-CpG site of the trypsin-like serine protease domain
and has been described exclusively in Japan, accounting
for ~8% of PROC mutations in Japanese VTE patients.”
Thus, both Arg211Trp and Met406lle of PROC are recur-
rent in Korea and Japan, but much enriched in Korea
(32% and 21% in Korea versus 10% and 8% in Japan,
respectively). The unusually high frequency of AT defi-
ciency in our population group was due to two prevalent
missense mutations, Arg79Cys and Ser148Pro of SER-
PINC1 (Figure 1C). By contrast, these mutations were
observed in only three of the group of patients. Both
Arg79Cys and Ser148Pro (or Arg47Cys and Serl16Pro),
which were first described in Japan, result in loss of the
heparin binding ability of the AT molecule and cause type
IIb deficiency (a qualitative defect).”” Arg79Cys occurs at
a CpG hotspot and has been reported to be recurrent,
while Ser148Pro does not involve a CpG hotspot, and no
other patient has been described to carry this mutation in
the literature since the first report.” Type II AT deficiency
is further divided into three types based on the location of
the molecular defect: Ila (thrombin-binding site), IIb
(heparin-binding site), and Ilc (pleiotropic). Among these,
type IIb AT deficiency is known to be less thrombogenic
and is less common in patients with VTE than in the gen-

N

eral population.” Our results, revealing a striking differ-
ence in the proportion of type IIb mutations between the
patients and the population group [13.6% (3/22) versus
100% (18/13), respectively], are in line with the previous
observations. In our study, PS deficiency was the least fre-
quent natural anticoagulant deficiency both in the
patients and in the population group and there were no
predominant mutations (Figure 1B). As for the popula-
tion-specific prevalent mutations, frequent Lys196Glu
(K196E) of PROS1 in Japan results in PS deficiency being
most frequent in both VTE patients and the general pop-
ulation (Table 3).*** Although the sensitivity of coagula-
tion tests for detecting heterozygous Lys196Glu mutation
is limited,”** earlier studies involving only coagulation
tests also demonstrated a high frequency of PS deficiency
in the Japan population."**" Lys196Glu was not observed
in our study or in other previous studies, indicating that it
is a unique mutation in Japan. In China, two recent stud-
ies found two predominant mutations of PROC,
Lys173del and Arg189Trp, both in VTE patients and in
the general population (Table 3).** In our study,
Lys173del and Arg189Trp were observed in three and one
patients, respectively, but not in the population group
(Figure 1A). Of note, all three patients with heterozygous
Lys173del also had another PROC mutation (Table 2).
Since Lys173del does not result in a significant decrease of
the amidolytic activity of PC, it is plausible that any het-
erozygous carriers of Lys173del in the patient or popula-
tion group would have been missed in this study.”
Studies from Western countries have shown that PC defi-
ciency is the most frequent natural anticoagulant deficien-
cies in VTE patients, followed by PS and AT deficiency,
with limited reports on predominant mutations.”
Ala416Ser (or Ala384Ser) of SERPINC1 (antithrombin
Cambridge II) was reported to be frequent both in VTE

Table 3. Population frequencies of natural anticoagulant deficiencies in Asian countries.

Factor/gene Population Detection of deficiency Frequency Predominant mutation  Reference
PCPROC
Japanese (N=392) PC activity < -25D 0.5% NA 14
Japanese (N=4,517) PC activity < -35D and AT activity/PC activity ratio >+3SD 0.13% NA 15
Chinese (N=1,031) Arg189Trp (+) 0.87% Arg189Trp 32
Chinese (N=1,031) Lys173del mutation (+) 2.36% Lys193del 33
Chinese (N=3493) PC activity < 1*-percentile and mutation (+) 0.29% None 16
Korean (N=2,953) PC activity < 1*-percentile and mutation (+) 0.40% Arg211Trp This study
PS/PROST
Japanese (N=392) PS activity < -25D 2.02% NA 14
Japanese (N=2,690) PS activity < -2SD and AT activity/PS activity ratio > +2SD 1.12% NA 31
Japanese (N=3,651) Lys196Glu mutation (PS Tokushima) (+) 0.9% Lys196Glu 26
Japanese (N=1,862) Lys196Glu mutation (PS Tokushima) (+) 1.8% Lys196Glu 27
Chinese (N=3,493) PS free Ag < 1*-percentile and mutation (+) 0.057% None 16
Korean (N=3,033) PS free Ag < 1*-percentile and mutation (+) 0.16% None This study
AT/SERPINCI
Japanese (N=392) AT Ag <-25D 0% NA 14
Japanese (N=4,517) AT activity < -3SD and PC activity/AT activity ratio >+3SD 0.15% NA 15
Chinese (N=3493) AT activity < 1*-percentile and mutation (+) 0.086% None 16
Korean (N=3,046) AT activity < 1°-percentile and mutation (+) 0.48% Arg79Cys and Ser148Pro  This study

+2SD (or +3SD) value. The results from this study are shown in bold.

PC: protein C; PS: protein S; AT: antithrombin; SD: standard deviation; NA: not applicable. < -2SD (or -3SD) indicates below the mean -2SD (or -3SD) value. >+2SD (or +3SD) indicates above the mean
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patients and in the general population in Britain, while it
was not detected in China.**® Collectively, the frequency
and mutation spectrum underlying genetic thrombophilia
were different among Asian countries due to the presence
of population-specific prevalent mutations possibly from
founder effects.

The frequency of genetically confirmed natural antico-
agulant deficiency in consecutive (unselected) VTE
patients in our series was 14.2%. The frequency of natural
anticoagulant deficiency in VTE patients of Western eth-
nicity was reported to be ~8%.*’ In Asian countries, the
frequency had been reported to be 28.3% in Japan, based
on coagulation tests, which was similar to the 25.4% with
suspected natural anticoagulant deficiency in our study."
In a recent study by Miyata et al., in which natural antico-
agulant deficiency was detected by molecular genetic
analyses without screening by coagulation tests, 32% of
VTE patients had genetically confirmed natural anticoagu-
lant deficiency.” In addition to the presence of prevalent
Lys196Glu of PROS1 in Japan, it was suggested that this
high frequency could have been due to a selection bias in
patient recruitment which had possibly enriched the study
population with patients with natural anticoagulant defi-
ciency. Likewise, the 14.4% frequency in the present
study was lower than the frequency of 24.1% in our pre-
vious study on selected patients with (idiopathic) pul-
monary embolism.* The population frequencies of natural
anticoagulant deficiency in Western ethnic populations
have been described as 0.2-0.45% for PC deficiency, 0.03-
1.3% for PS deficiency, and 0.02-0.25% for AT deficien-
cy.””* The differences in the methodological strategy
used to screen for and confirm the deficiency (e.g.,
type/frequency of tests, family study, and cutoffs) could
also have affected the figures. In particular, earlier studies
were based only on coagulation tests, while recent studies
tend to involve molecular genetic tests to confirm the
hereditary nature of the deficiency.

Molecular genetic tests are critical not only to rule out
transient or acquired deficiency but also to understand the
structure-function relationship and precise molecular
pathophysiology (particularly relevant to thrombotic risk
assessment in AT deficiency). For example, when a
research group assessed the frequency of AT deficiency in
the same population, the frequency decreased from 0.25%
assessed only by coagulation tests to 0.17 % when further
molecular genetic confirmation was introduced.”* In our
study, we first screened for natural anticoagulant deficien-
cy by a panel of PC activity, PS free antigen, and AT activ-
ity tests, which are recommended as the first screening
assays with high sensitivity and reproducibility, and low
interference, despite the limitations regarding certain rare
types of mutant molecules.”* We then selected individu-
als with a value <1* percentile for molecular genetic tests.
For PS and AT deficiency, we additionally performed
MLPA experiments when no point mutations were detect-
ed on direct sequencing analyses, considering the signifi-
cant occurrence of large dosage mutations in PROS1 and
SERPINC1." The figures we obtained are, therefore, con-
servative estimations of population frequencies of natural
anticoagulant deficiency. A recent study from China
adopted the same strategy as in our study (below 1* per-
centile of coagulation tests followed by molecular confir-
mation) on 3,493 individuals from the general population,
and found that the frequency of natural anticoagulant defi-
ciency was 0.43% (PC deficiency 0.29%, AT deficiency
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0.086%, and PS deficiency 0.057 %) without any prevalent
mutations (Table 3).* Thus, our findings of a population
frequency of natural anticoagulant deficiency of ~0.49%
and of AT deficiency with three recurrent missense muta-
tions (Arg211Trp of PROC and Arg79Cys and Ser148Pro
of SERPINC1) are distinct from the findings in previous
studies in Asian countries as well as in those in Western
populations.

The mutation detection rate for confirmation of natural
anticoagulant deficiency in our study was 55.9% (71/127)
in the group of patients and 36.7 % (22/60) in the popula-
tion group. In both groups, the rate was highest in SER-
PINC1 (75% and 50% in patients and in the general pop-
ulation, respectively), followed by PROC (55.9% and
36.7%, respectively) and PROS?1 (37.8% and 15.4%,
respectively). The overall mutation detection rate (3 genes
combined) and the order were similar to those recently
reported in a large cohort of patients from Germany (over-
all 65.8%, with SERPINC1 84%, PROC 69.2%, and
PROS1 43.2%).* The overall mutation detection rate in
the population group in our study was lower than that in
the group of patients (36.7% versus 56.7%), but higher
than the 15.8% in a population study in China recently
reported by Zhu er al'® In addition, the results from the
study by Zhu et al. demonstrated the highest mutation
detection rate in PROC (31.3%), followed by SERPINC1
(9.7%) and PROS1 (6.3%). This striking difference was in
part due to the presence of two prevalent missense muta-
tions (Arg79Cys and Ser148Pro) in the Korean population.
Interestingly, however, two of three SERPINC1 mutations
in the Chinese population were also Arg79Cys and
Ser148Pro. Large dosage mutations were frequent in AT
deficiency and PS deficiency in our group of patients
(18.2% in SERPINC1 and 14.3% in PROS1) (Figure 2), and
they were more frequent than in previous studies (9.1%
and 6.4%, respectively).”* Although we did not perform
MLPA experiments for PROC, the number of cases with
large dosage mutations causing PC deficiency would have
been quite limited when considering the rarity of these
mutations in PROC (0.6%).”* None of the population
group had large dosage mutations. A total of 16 novel
mutations were identified in this study, two in PROC,
seven in PROS1, and seven in SERPINC1 (Table 1).” The
large duplication mutation involving all exons (1 through
7) of SERPINC1 was detected in Patient SMC-Pt-AT16
with type I AT deficiency. We could not delineate the
extent of the duplicated genomic segment in this case, but
it could have been large enough to involve a significant
extragenic region."

Eight patients had double mutations (7 with PC defi-
ciency and 1 with AT deficiency) (Table 2). Among seven
patients with two PROC mutations, four patients were
considered to have compound heterozygous mutations
(severe PC deficiency) based on coagulation test results
(PC activity 2-7 %) with or without family studies (SMC-
Pt-PC10, 11, 21, and 36). Three patients had Lys193del
plus a missense mutation (SMC-Pt-PC14, 18, and 27).
Although the PC activities of these three patients were 41-
62%, the phase of the two mutations could not be inferred
without testing their parents because of the minimal
decrease of the amidolytic activity of PC in Lys193del car-
riers.” The two SERPINC1 mutations in Patient SMC-Pt-
AT21 were inferred to be on the same allele (cis) consider-
ing the AT activity of 43%. Of note, the mean age of onset
of disease in four patients with severe deficiency from
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