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Abstract Hereditary antithrombin (AT) deficiency is an
autosomal dominant thrombophilic disorder caused by
SERPINCI abnormality. In the present study, we analyzed
SERPINCI in a Japanese patient with AT deficiency and
autoimmune disease-like symptoms. Direct sequencing and
multiplex ligation-dependent probe amplification revealed
that the patient was hemizygous for the entire SERPINC]
deletion. Single nucleotide polymorphism genotyping,
gene dose measurement, and long-range polymerase chain
reaction (PCR) followed by mapping PCR and direct
sequencing of the long-range PCR products revealed that
the patient had an approximately 111-kb gene deletion
from exon 2 of ZBTB37 to intron 5 of RC3HI, including
the entire SERPINCI in chromosome 1. We also found a
7-bp insertion of an unknown origin in the breakpoint,
which may be a combination of three parts with a few base-
pair microhomologies, resulting from a replication-based
process known as ‘fork stalling and template 'switching’.
Because RC3HI, which encodes the protein roquin is

Electronic supplementary material The online version of this
article (doi:10.1007/s12185-014-1596-9) contains supplementary
material, which is available to authorized users.

1. Kato - Y. Takagi - Y. Ando - Y. Nakamura - M, Murata

A. Takagi - T. Murate - T. Kojima (X))

Department of Pathophysiological Laboratory Sciences, Nagoya
University Graduate School of Medicine, 1-1-20 Daiko-Minami,
Higashi-ku, Nagoya 461-8673, Japan

e-mail: kojima@met.nagoya-u.ac.jp

T. Matsushita
Department of Transfusion Medicine, Nagoya University
Hospital, Nagoya, Japan

T. Nakashima

Department of Cardiology, Tokuyama Central Hospital, Shunan,
Japan

@ Springer

involved in the repression of self-immune responses, the
autoimmune disease-like symptoms of the patient may
have resulted from this gene defect. In conclusion, we
identified an entire SERPINCI deletion together with a
large deletion of RC3HI in an AT-deficient patient with
autoimmune disease-like symptoms.

Keywords Genome rearrangement - Antithrombin
deficiency - SEPINC!I - RC3H]I

Introduction

Antithrombin (AT), a member of the serine protease
inhibitor superfamily, functions as a major physiological
anticoagulant molecule [1, 2]. AT forms a complex with
serine protease type coagulation factors such as thrombin
and factor Xa and, inactivates them. When heparin binds to
AT, AT undergoes conformational changes and accelerates
the anticoagulant efficacy by more than a 1000-fold.
Congenital AT deficiency caused by abnormality in the
AT gene (SERPINCI) is inherited as an autosomal domi-
nant disorder associated with predisposition to recurrent
venous thromboembolism. In 1965, Egeberg described the
first case of inherited AT deficiency, the incidence of
which is estimated to be 1 in 500 to 1 in 5000 with no racial
or sexual differences worldwide [3, 4]. It has been reported
that homozygous AT-null mice result in' embryonic
lethality [5] and assumed that complete AT deficiency in
humans could be fatal. Indeed, causative mutations in
inherited AT deficiencies have usually been determined to
be heterozygous .[6]. Till date, extensive gene analyses in
patients with AT deficiency have revealed many distinct
SERPINCI defects such as missense, nonsense, deletion
and insertion mutations. It is rare to find a large deletion
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(>20 bp) in SERPINCI, and very few cases have been
analyzed with regard to the deletion region in detail [7-10].
One of the reasons is that a large heterozygous gene
deletion on an autosomal chromosome may result in nor-
mal findings by polymerase chain reaction (PCR)-mediated
direct sequencing analysis. :

Here, we report a large deletion of more than 100 kb in
chromosome 1 involving SERPINCI in a Japanese patient
who suffered from autoimmune disease-like symptoms
associated with venous thromboembolism and was diag-
nosed with AT deficiency.

Materials and methods
Patient and DNA sample

The patient was a Japanese female who had a first episode
of deep vein thrombosis (DVT) with pulmonary embolism
(PE) at the age of 41 years. Since then, she had been
treated with warfarin in another hospital. One year later,
she was admitted to Yamaguchi University Hospital to be
surveyed for autoimmune disease because she had auto-
immune-like symptoms such as joint pain and mild fever
with a positive rheumatoid arthritis (RA) test. However,
she was not diagnosed with a definitive autoimmune dis-
ease. Two years later, she was readmitted to Yamaguchi
University Hospital for further examination because of
recurrent DVT despite warfarin treatment. Finally, she was
diagnosed with AT deficiency and treated with plasma-
derived AT concentrate. She was also referred to Nagoya
University for examination of DNA abnormalities. She had

no family history of thrombosis at that time. The study was -

approved by the ethics committee of each university. A
genomic DNA sample was isolated from peripheral blood
leukocytes of the patient after a written informed consent
was obtained.

Direct sequencing and multiplex ligation-dependent
probe amplification (MLPA) analysis of SERPINCI

All exons and intron-exon junctions were amplified by
PCR and sequenced as described previously [11]. MLPA
analysis of SERPINCI was performed using the SALSA
MLPA P227 SerpinCl kit (MRC-Holland, Amsterdam,
The Netherlands) according to the manufacturer’s instruc-
tions to search for intragenic deletions or duplications [12].

Identification of deletion region and breakpoint
To assess the extent of the deletion, PCR-mediated single

nucleotide polymorphism (SNP) genotyping, real-time PCR,
and long-range PCR were performed with primer pairs

designed on the basis of the NCBI Reference Sequence
(NT_004487.19) containing SERPINCI at chromosome 1
(Supplemental Table 1). PCRs for SNP genotyping were
performed under the same conditions as SERPINCI
sequencing, except for the annealing temperature of 55 to
68 °C. In a range covering 21-27.7 Mb of NT_004487.19,
SNP genotyping and real-time PCR were performed to assess
the ploidy in a certain part of the genome.

Real-time PCR was performed using SYBR Premix Ex
Taq and the Thermal Cycler Dice Real Time System I7
(Takara Bio Inc., Otsu, Japan): Relative values of the
interested gene dosages were calculated using the delta—
delta C; method, in which the C; was defined by each
second derivative maximum (SDM) point of the amplifi-
cation curves. All relative gene dosages were revised using
that of F11 exon 15 as a reference.

Long-range PCR was performed with KOD FX Neo
DNA polymerase (Toyobo Co. Ltd.) in a touch-down PCR,
which involved 25 cycles of a temperature profile similar to
that of SERPINCI sequencing, with the exception that the
annealing temperature was 74 °C in the first cycle and
decreased by 2 °C every 5 cycles to reach 68 °C and that
the extension time was 10 min. Nested PCR following
long-range PCR was performed for 25 cycles with KOD
FX Neo DNA polymerase. The products were analyzed by
mapping PCR and by digested patterns with some restric-
tion enzymes, such as Smal, EcoRI, Scal, and Sacl (New
England Biolab Japan).

Results

PCR-mediated sequencing revealed no causative mutation
in SERPINCI in the patient (data not shown). However,
MLPA analysis for SERPINCI revealed that the relative
gene dosage values in all exons were ~50 % of normal
values, suggesting that the patient had a complete SERP-
INC] deletion (Fig. 1).
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Fig. 1 Multiplex ligation-dependent probe amplification (MLPA)
analysis for SERPINCI. MLPA analysis revealed that the relative
gene dosage values in all SERPINCI exons of the patient were
~50 % of normal values, suggesting a complete SERPINCI deletion
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Table 1 Locations and results Gene Reference SNP, Genotype Location (bp) Distance from
of SNP genotyping and real- real-time PCR of patient (NT_004487.19) SERPINCI (kb)
time PCR
FS 156022 T/G 21,018,468 —4,357
FS 156029 G/A 21,018,615 —4,356
FASLG 1510458360 G/C 24,122,617 ~1,252
SLC9ALI 157516544 GIA 24,980,073 ~395
SLC9AII 1512565753 G/A 24,980,247 ~395
KLHL20 152273366 A/G 25,213,584 ~161
DARS2 152295366 T/G 25,314,334 —61
DARS?2 Real-time PCR (A1) 2n 25,315,440 —60
5'-breakpoint 25,326,758 —48
ZBTB37 151322774 C 25,327,882 —47
ZBTB37 159286895 A 25,331,109 —44
ZBTB37 Real-time PCR (A2) 1n 25,344,011 -31
SERPINC]I Real-time PCR 1n 25,367,296 -8
SERPINCI c.1 25,375,039 0
RC3HI 159425780 G 25,391,942 17
RC3HI 1512566651 A 25,393,879 19
RC3HI Real-time PCR (A3) 1n 25,396,451 21
RC3HI 1512066153 T 25,426,057 51
3'-breakpoint ‘ 25,437,835 . 63
RC3HI 151884994 (Ad) T/IC 25,438,924 64
RC3HI 156686083 T/A 25,441,181 66
RABGAPIL 15727279 GlA 25,953,806 579
CACYBP 151046439 T/C 26,457,913 1,083
: RFWD2 1510913112 GIA 27,402,470 2,027
Al, A2, A3, and A4 are PCRs RFWD2 15670143 cIT 27,665,137 2,290

shown in Fig. 2A

We evaluated whether certain parts of the genome were

lost on 1 allele by SNP genotyping or real-time PCR in
21-27.7 Mb of NT_004487.19. Locations and results of
SNP genotyping and real-time PCR are shown in Tables 1,
2. In Fig. 2A, DARS2 (Al) was diploid and ZBTB37 (A2)
was monoploid, suggesting that the breakpoint might locate
between them on the centromere side. On the telomere
side, the breakpoint may be located on RC3HI (A3-A4),
next to SERPINCI.,
- We then performed nested PCR for long-range ampli-
fication over the deleted portion (Fig. 2B). We obtained an
approximately 13-kb PCR product from the patient’s gen-
ome; however, we did not obtain any product from the
normal control (B-1). The 13-kb amplicons were purified
and used as templates for mapping PCRs targeting parts of
uncertain deletion regions (B-2). On the centromere side of
the 13-kb mutant PCR product, mapping PCR at Bl
revealed a positive signal; however, a positive signal was
not revealed at B2 located on ZBTB37 intron 3. On the
telomere side, mapping PCR at A4 located on intron 4 of
RC3HI revealed a positive signal; however, a positive
signal was not revealed at B3 on intron 5. '

@ Springer

We performed another PCR targeted from F3 to R3
(115 kb in size from the normal control), and obtained an
aberrant 4-kb product from the patient; however, no
product was obtained from the normal control (Fig. 2C).
To assess an unknown region of the deletion, PCR products
from the patient were digested with several restriction
enzymes that recognize a single site in the PCR product
from the normal control (C-1). The PCR products digested
with either Smal or EcoRI changed to the expected sizes,
indicating that these positions were not deleted. On the
other hand, those digested with either Scal or Sacl did not
change, thereby indicating that these positions were deleted
(C-2).

Finally, we performed gene walking analysis for
amplicons from mutant allele and found a breakpoint at
both sides of the deletion (Fig. 3). The mutant allele of the
patient lost an 111-kb region from ZBTB37 exon 2 to
RC3H]I intron 5, and had a small inserted sequence of 7 bp
inside the breakpoint. We searched for the origin of the
7-bp insertion on the GenBank database and found that the
same sequence existed in more than 900 positions on
chromosome 1. However, the same alignment as a 15-bp
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Tgble 2 Location and name of Gene Name of Location (bp)* Distance from cf. Short PCR
primers in Fig. 2 primer (set) (NT_004487.19) SERPINCI (kb) result
DARS2int16  Fl 25,314,224 —60.8 Fig. 2B
DARS2 ex 18 F2 25,315,428 —59.6 Fig. 2B
DARS2 ex 18 Al 25,315,440 —59.6 Fig. 2A
GAS5 int 5 F3 25,323,895 -51.1 Fig. 2C
GASS int 1 B1 25,324,990 —50.0 Fig. 2B +
ZBTB371int1  seq 25,326,325 —48.7 Fig. 2C
ZBTB37ex4 B2 25,327,667 —474 Fig.2B =~ -
ZBTB37 ex 6 A2 25,344,011 —-31.0 Fig. 2A
SERPINCI c.1 25,375,039 0.0
RC3HI ex19 A3 25,396,451 214 Fig. 2A
RC3HI int 5 B3 25,437,502 62.5 Fig. 2B -
, RC3HI int 4 Ad 25,438,717 63.7 Fig.2A,B  +
Al-A4 and B1-B3 are PCR RC3HI int 4 R3 25,439,134 64.1 Fig. 2C
primer sets RC3HI int4  R2 25,439,413 64.4 Fig. 2B
* Position of the centromere RC3HI int4  RI 25,439,479 64.4 Fig. 2B

side

sequence, corresponding to the breakpoint and including a
7-bp insertion, was only found 1.2-kb downstream of the
breakpoint on the centromere side in the reverse direction.

Discussion

Here, we reported a case with a large deletion of more than
100 kb on chromosome 1 involving the entire SERPINCI
and most part of RC3H! in a Japanese patient with AT
deficiency who also suffered from autoimmune disease-like
symptoms. The breakpoint of the deletion would be caused
by a complicated rearrangement with a 7-bp insertion,
which could be explained by the Fork Stalling and Tem-
plate Switching (FoSTeS) model [13, 14]. Lee et al. [15]
proposed a model based on a DNA replication stage to
explain the microhomology of the junctions, the putative
mechanism of which is the switching of a nascent strand
during DNA replication. According to this model, during
DNA replication, the replication fork stalls at one position,
following which the nascent lagging strand disengages
from the original template, transfers, and anneals to another
replication fork in physical proximity. It then “primes” and
- restarts the DNA synthesis. These steps could occur mul-
tiple times in series; therefore, the eventual replicated DNA
sequence results in the complicated alignment. The gen-
erated alignments are characterized by the sequences at the
junction juxtaposed to some sequences derived from dif-
ferent origins with microhomologies. These features could
account for the complicated gene rearrangement that was
simply and successfully determined in this case.
The observed gene rearrangement also resulted in losses
of the entire coding sequence of ZBTB37 and two-thirds

sequence of RC3H]1. ZBTB37 encodes a protein known as

., “Zinc finger and BTB domain-containing protein 37”, but

its function remains unknown. Meanwhile, RC3HI encodes
a protein termed “RING finger and CCCH-type zinc finger
domain-containing protein 1 (Roquin-1)”. Roquin-1 is an
intracellular protein that is highly conserved across its full
length from mammals to invertebrates, and it limits
inducible T cell co-stimulator (ICOS) expression by pro-
moting the degradation of ICOS mRNA.

Vinuesa et al. [16] identified that a methionine residue at
position 199 is substituted by arginine (M199R) in Roquin-
1 of mice, termed “the sanroque strain”. In sanroque-
female mice, homozygous M199R mutation of Roquin-1
increased ICOS expression on T cells, causing the accu-
mulation of lymphocytes typically associated with lupus-
like autoimmune symptoms [17]. On the other hand, a
recent study reported that tissue-specific knockout of Ro-
quin-1 in the hematopoietic system did not cause autoim-
munity but caused defined changes in immune
homeostasis, dominated by the expansion of eosinophilic
granulocytes, macrophages, and CD8 effector-like T cells
[18]. Leppek et al. [19] demonstrated that Roquin-1 rec-
ognizes the constitutive decay elements (CDEs) folded into
an RNA stem-loop motif and that Roquin-1 proteins pro-
mote mRNA degradation. Through genome-wide investi-
gation, it was revealed that Roquin-1 targets several
immunity- and inflammation-related mRNAs. These data
suggest that Roquin-1 plays an important role in the
immune system. ‘

Meanwhile, no human RC3HI mutation has been
reported till date, and the influence of RC3HI mutation in
humans is not clear. We do not have any evidence to
explain autoimmune disease-like symptoms of this patient
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Fig. 2 Strategy to assess deletion region. Strategy schemes to assess
the extent of deletion region are shown. Closed bars indicate no
deletion regions, whereas dashed white bars indicate obvious 1-allele
deleted regions. Striped bars indicate uncertain regions. Up-pointing
arrows indicate tested regions of deletion assessment. Horizontal
arrows (F1-3, R1-3) indicate primer sites for respective polymerase
chain reactions (PCRs) and sequencing (cf. Table 2). A Summarized
results of single nucleotide polymorphism (SNP) genotyping and real-

Fig. 3 DNA sequence of
breakpoint junction. The
sequence was connected
ZBTB37 exon 2 to RC3H1
intron 5 with an insert of 7 bp.
‘The bottom column indicates a
schema of genome around
SERPINCI. The numbers in

A
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time PCR. B Ranges of nested long-range PCR from DARSZ2 to
RC3HI (F1-R1 and F2-R2). Inserted B-1 and B-2 are results of
nested long-range PCR (N, normal; P, patient) and mapping PCR (B1,
B2, B3, and A4) for nested PCR products, respectively. C Another
long-range PCR targeting GASS5 to RC3H! (F3-R3). Inserted C-1 and
C-2 are results of second long-range PCR (N, normal; P, patient) and
digestion patterns by restriction enzymes, respectively
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with AT deficiency; however, we identified a large deletion

including the entire SERPINC] together with most part of

RC3HI. These data suggest that the RC3HI defect may
have some effect on the immune responses of the patient.

In summary, we identified a complex genome rear-
rangement on chromosome 1 involving deletion of the
entire SERPINCI and most part of RC3H1, which may be
associated with the autoimmune disease-like symptoms
together with AT deficiency in this patient.
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Discovery and prospects of a novel thrombophilia: antithrombin resistance
Yuki Takagi, Tetsuhito Kojima
Department of Pathophysiological Laboratory Sciences,

Nagoya University Graduate School of Medicine

Abstract
Pathogenesis of venous thromboembolism (VTE) known to be complex and multifactor-

ial process involves the interaction of acquired factors and genetic predisposing conditions.

Deficiency of natural anticoagulant factors such as antithrombin (AT), protein C and pro-

tein S increases the risk of a VIE. Recently, we have reported novel mechanism of heredi-

tary thrombosis in a Japanese family, in which AT resistance was associated with a mis-

sense mutation (p. Arg596Leu) in the prothrombin gene named prothrombin Yukuhashi.

The mutant thrombin showed a low clotting activity, but a severely impaired inactivation
by AT, resulting in a susceptibility to thrombosis. We have developed a new laboratory test

to evaluate AT resistance in plasma. Prothrombin mutation causing AT resistance has

found in Caucasian, not only in Japanese.

Key words: VTE, DVT, PE, AT resistance, thrombophilia
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F2
c.1787G>T
(p.Argh96Leu)

Cys Asp Arg Asp Gly
mE®M TGEGT GAC CGG GAT GGG
82 TGT GAC CTG GAT GGG

Leu

1 ATERMZETS7O0MO0>E >
BETFEE
FEmFEOTH Oy ErEETFEFE)ICBWT—iEE
BRAEFEZEENE 7rFba syt oFeaiiciig
TAHATUNF U0 Y VCBRTAI AR AER
(c.1787G>A, p.Arg596Leu: Prothrombin Yukuhashi).
(CHRY X b 2e%s)

I EEHR 2 L2 RERIR 72 & OIEBIER L TOFE
FEDNZ N &L BEYTH D, T, RIEEKA
bNBEZENEL, FORERE LTEIZEIT
A= PRAY I s [ BELIE B F O BARFRE AR E S
NTwab. Lal, WEZEREAREZEEERL
T b #Z , FIEER D 2 MARE 255
PEifefE & L CHRERBO—DICBE S L TW
B, ZHLT7kd, EELOIV-TEELL
JREARHTH - 725 IRMARER R B W g
FEFIERR & %% 2 B FER L GERFTH S
JuburerEEFICEEL, #ikmsett
ERELCHE LAY

2. 7rF MAOrECEGHE (antithrom-
bin resistance: ATR)

1) ZOMACEVEGETFEE

FEimE T HARAAZETHY, 11RO & X
DVT #5E L7z, ZHORRTIE S HAICHI
> T8 ADOHIRMEELREZENTBY, 553 A
BEICTEL o Tz, RERICBWTIE, #HE
HEOBIRIMASTENA SN, FIERSLIZoN
TXDFEERENEL 2 2EIDH o7z P bEh
BRI bz 7-0, 2001 4
L, RFRTOEMOGEREMREZERERIZD
WTHEN SN2, §RTOIBFEEINLY. Z

1321

3 L7277, 2009 4E ISTH Boston 128\ T, %
BEEHEIBERZDY ) 574 REEFRT A5
578 ba Ve VBETREEOFEEIHRE SN
72V Fh e EREOTO ha v Y VEE
FERBITLI2EZA, TObhoreroiEEEk
Moy R B A B E IR R AT
EDOREREBICMBET S 596 F T IVF=raiaA
UICERT A I A AEE(c. 1787TG>A,
p.Argh96Lew) 7%, ~NFREESEKETHRE SN
(F1). 72, ZOIZALVAERIIRARRERA
Do MisEEE T B Shi-Z L2b, &
RHMEEDORK CTH 5 2 &5 Hbiie
2) IMiEFERIERRF

2009 £ ISTH Boston Gl 7w hu v ¥ v &
ETFEEOFAANRE S N2 MARREICE 55
FRETEsnTtBsd, EELO7V—71EH
AKNEBE T O MAREFRERF 120V CREINIC 7
L7

BE7O N VY TERPALNIT VY
=V (Argh96)id b v ¥ ¥ D EELEIL,
ATHF DT A235 5 2 (Asn265) & DFEA I
BEELRKEBEEBRL TS Z &0 5%
Arg596Leu B ATIC L A 1 v ¥V ANEL
eI THiEIRIES N LarLl, M
REREIEEOTDICTINT7 7 ) v EREL
TEYBEFLFERETOT O b o v ik
WIEHREECH - 72720, #EEFLFFEZ AV
TYaryery NBER/EEM SO bo ¥
VEEELT b u Y Y yAOERLEIRE, E
LB ORE(LENRE % HLIHeEs L 72,

a. ZEBIOMNOCEOEME{LEIRE
Jubur¥rRZMEZYVaryEFr b7
ThrorEreRmLcENmiEE L, Sa b
Ty yhs oy r~A0EEbe: 74 7Y
7B EEMS BT BB E B, T
EHiEL2 vy Ero7 479 7 75T
BHEETEEDO A % W 28 E _KRE, tav
YR RN A S RAE S-2238 1T
BT LT 5B EED 3R Vv T
EM/ERM T b uy Yy OB % 1
EL7z FOMR, WAMSEMNMEITILO
HE T IEFMEE L Rk EET R LD, &

-379 -



1322

. (ng/mL)
40

TAT

0 50 ()

HARRIR 72 % 7 5 (2014-7)

DO
[e}

20 40

B P
H2 ZTERMNDEDOTATEESHEHEE
JarveyFryhrororyYrEErn Y e AT & OMESEE(TAT HAKIE
) & ELISAKIC TR URER, (@~ YIEFET T, ZTER (596Leu) i
U AT (596 Arg) 125 L C TAT HEKIERANIEE A EA ST, W)~/ VEE

TTHEEZRL
(SCHk Y & ) BZE)

B TIE 3 00T COWEECTHER % FHEH
D, BEE—BEETHRLE (EERD 15%), D
WCHEE B (R 32%), A k2 3 (7 66
%) DIETHEBEPKEL hofz. ThHOFFR
Iy, ZEMIoborEridbuorEram
BRMAHSBIE L, 747V /75y REEE L
EEHOIEKT A LRSI F72, S-
2238137 4 7 VLRI L THFEND
VDI EREEETRERM b oy ErD
HEPH T VET LRI

—F, 9VHEOFXa-FVadt ) VIRE, &
WG hAF bbb Taobarr—¥%n
Hw, FJobhorerhrs borv Aokt
IbDOBF 2 BEEICY 2 Ay T ay METL
ol A, BEMEERITIZILALENHD
Nhirol YzA¥r7ay MEFT o
VEUADOIRHIZE L - REREE 00 EER
CEBMEAOZELY IS 5 BEEIC X AR
TR RE ol &, Gk Uz GtE—BE
% ZERETCORKE-RAFETLHIIICAZ
LBEREZZ b/

b. ZER MOV E L OFRE({LENEE
7y s e aIlEE L LRI A
RYREIE T AT & UG 28, TAT HEE IR EE

(ha v ¥V AT DA R IR L L Z
B, ~XNY VIEFET T, AR TIZBENI
TAT EEROBEMAIA STz 0s, ERITILIE
BRERE 30 4 F THHIERERMTH Y, 600%
WhTPICHB ENLZTTH o 72 (K 2-a).
AR VAFFET TIRERR TS AU 2%
BrEG 7% TAT AR LA 2R L7225 145
e S N7 TAT EEHRIZT AR O 5B E
e LT o(E2-b). ITNHEDHERERDIS,
ZEAM IO VYV TRATICES PRV E VR
EALRIGS B BESIN TS Z e FHES
7.

HiZ, JuborE¥ryrRZmiEC) oY
VINERBM O M VY YRR B SR
MAEICBIT A b r ¥y ERKEE (thrombin
generation assay: TGA) Ti, BAM o o
V¥ VRN AFEBEUIE R ML B 7 — IV ISE
CHBLTES PO v UEERSPRPEVD D
D, NELOFELVEBENSA S, FERICH
FEBERTOB MO v UEEE EEEORE
BB O ) 23 L R LTz (B 3).
Tabb, BEMFEFOLZERB o by
g, BEEHEIZEVD O, Wwolz AEELE
NAHEATICE AREILZIZE AEZITT (AT
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(nM)
00T —— I
250 E
g
200
5 %=
I
v 150
v
v
100
50
0 =i B b
0 10 20 40 50 60 (4)
B
K3 7OrMOYECERSRUMBETO M2 E > EREER(TGA)
JuboreryRZoFECy a7 i\ Oy EMARYEFME(ERERA T
0) T, SEMIERME(EFEE)ICHNRE e Y VBl R REND ODORELAE LB

, #RELTH PO HEE (EERE L HEEHOBSE) OF LR ERD 72

(3CHRY & 0 2%E)

IR, BENEEE R DT A L AURE S
n, IhPBEELRECEK TH S & HH
L7

3) RV =2 THREELEDRE
%é%m,an/TET~#ﬁETT@
ATIZE B b B Y ORNELEIRE2 BET 2
L TATHIUEZ BB T 2 RREE EE
L, &L ZoRERHRERETe bo v
Y EMEALH, ho v UANEHE, BN

Y EVIEEEMD D % 5. RRAEIZB VT,

EERETIEANY VIEFAET CIFIRE 5 5
B0 ATHEMD» S 3045 T, o v¥ A5EH2%
0BICETHESINLIDOIIHL, ZER b~
¥ U TIE3045#1290% DL EFRTE L T v i (X
4-a). ~oN) YT CHEEREIE 30
ETI0O%UTETHESINLIDIIHL, EE
B 30 #2128 50 % @ b 1 v ¥ iR DTHRLE
LTWwbZenbh, ATEMEEZHFITEX 5.
E7, WBRBEERE8EL, Y77 ) Ul
BRI RIS T RE Ll LR, XL
FeAEBE T VT 7 U VIR o o F IR A AE
BEOBRETH ATEREI T TH - 72

(B 4-b). KpEEZHNT EEAHTH-
7o E IR IMAS ZERREE B 2 T+ 5 2 &2k D,
ERIR MACZEMAE I BT A FT e EER & LT
DATEHEOBREOERKHL N E R LT &
R EE R N

4) ATHEIME SwEH

BAE, BAREWIZBW TIE ERER U OH
EF R, 013 FEICEERLIRELZ bO®
VETFTAN2RRCTATEREZ RS 7o by
VU BIETFER (c.1787G>A, p.Arg596Gln) ¢
EIND T, TOBREFEICL VR
ANEBECHESNHRESN DO LRELERL
BEbiz® Inhoso®mErs, ZoFfms
HEREROFERIE, BARANZT TR BKRAZIE
U, Mo AFETOBEEMSECBWTHH
TR RRE R DA A T E RTINS,

B b

BEIEMIREOKRERE & LT, BIEE TICiEs
ZEEEHIERFORGFEFEFRAEIN TS
25, W E L RENE 2 R IR MARE b #Z .
FH bR, BESORETRHIMERNZ RS
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a. b.
(%) ~
T 120
596Leu
100 dew 100
h
o 301 80
Vg
v o60Ff 60
% 40
& 40 -
&2 596 AT
20+ g 20 -
0 ] 1 1 0
0 10 20 30(5) 0 10 20 30 (%)
RIE{LEER

4 RYU—ZTHREERTO AT EH ST

a. ~NY VIEFET T BAER (596Arg) IXMMHFEESEEAT L ORM3045 Tk
O UEEAN 10 % BEICE CHESNADICH LT, ZE(596Leu) iE 90 % LA L
BRENA SN

b. ~"ARYVIEFLETT TR M YEVICEFEDOZVWINT 7 VIR B
@O 2, O ¥y AmiE Q) L AEOREEZRL, 7o ba Yy Yuku-
hashi BED TV 7 7 YIRABOME (@, 4) TRATOHEEZ ZIFIZ WHEEER
L 7= (** p<0.001).

(SCHR® X b gg7s)

BEEET - Toba Y OREFERD, B AADAKRTR CHFRFTORREAHZFREL
Bt DEFIRILARTE DJRE & 7% 2 56/ 2 0 FRE BRIEOREERDERIC O S Z L HHFS
2L, FHmedEERATELEZERT W 4% ATERAWBRERICOWTE R H0%
MOTHRE L2, ZomeEREOFERIE, H BROEEIFEING.
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5) Li W, et al: Structure of the antithrombin —thrombin ~heparin ternary complex reveals the
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ity KAf KAEBEE S R PE Rl S IBIAT 2 il e /IR A

jwﬁw

BANYELME (NNUJAR) EiE, AN EEPL AEEEEE D O E<
BEBDPFDOANSUHBOETHB.

B ANUEEUME (NSO 2ERFETIHREEEE - FFAOCFF U
L (FIWHZ®) #, HATIEDIC £EISEICERAENTVS.

B &F/NO040 FOHXa/di hA2EFEEEE, RGBEANY REFFEAN/NY
ICEEANXKZ L, HMERMEROLD ZVWZ EPHFEI ATV S,

BAF/NO4KIE, HETEHBERESAZ>TWAEWVWDY, TEHT CTORMBEEZFEELT
8th ACCP # 1 K>« > Cld Grade 1B EHE N TS,

BXEUHARTIZEIGEE &> TWWaEWDY, BERTE HIT &6 RE COMmMiEE (23X
LTHHF/NOA FIEBEDHLREFEFHELU MO TS,

ANISUDEE ESESOTIN?

AR VERPE (~SU A R) &iE, ST Vil (heparan
sulfate : HS) DT & T, ~8U Ve, Mg DT EDHEE

ERZT LT, HINapEss, MIaRIGE, mikis/a 218 % W= 2
REF TV, A5 UTRIEIE, ~ U v EELIL 2 HEBINEE R B o TV
FIH, "RV EREARENEaATEALNELD, £ DFISFTT.
~NRT UTRIBNE, ~RU TV ERRCY Vg (T a i/ A a2
ETNaAYIED 2 EEOKED R UMERIARGRICE D, BL DR
BT O-Wilg{k, 7oy I o N-Figk, 507 FIEZZITE
ITHA ED?, SV EIEERRD, 2HHADRVIRLIEEDS B, Tn
VEBELTONVIurBEEL EH, O-MB{bo VoY X 2D N-ihg
{EBEE MRV D O 5.

UL, ™S5 UFREBICE A A0 VSRR E D 7 S5 X 2 — (Gt
i) BAHALN, TNEOEMIE~NY VICELIUMEERE > TWVE
T, DX BN VIRBOERB(/LERICE, TyFrnEY

#= - A vol 26 no.5-6 2014
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CH,0OR CH-OR
0] 0

B B

H H H H
OR H/Lo OR H/L-0o"

H OR H  NHR H OR H NHR’

D~Glucuronic acid D-Glucosamine L~Iduronic acid D-Glucosamine
(GlcA) (GIcNH5) (IdoA) (GlcNH,)

ANIND UTER VAR

1 ANISSUBEE, AN/SUZOREYEL 2 FEEAL
vl (D-GlcA 721k L-IdoA) &7 X /¥ (D-GlcNHz) H 574 5.
R & R DEfIE, WIBEE NS BEAIC, RIZH ERIZ S0s7, R'IZ H, COCHs E7=1d SO=".
ANRU HNZE GlcA Db 3hICIEEL, ¥, ~ 3T VIREHIZE IdoA BTEET 5.
AR OB T VTR IC L E .

Gk 2 & o31HD
H.COSO3~ CoO~ H.COSOs™ HCOSOs3~
0 0 ) 0]

COO
0 .
0] OH OH OH
HNAC OH ~ HNSOs™ HNSOs
GlcNAc GlcA GIcNS IdA GIcNS
60 SO; 3,60 SO3 20 SOs 60 SO3
3.7~4.1 Kcal ‘OKcal 5.1Kcal 1.7 Kcal 2.8Kcal
(40~43%) (0%) (~50%) (~16%) (~27%)
I I '
either/or

K2 ANUOFPFROACE SR X1 88
BB OIS EEIEE, ThPhT vF bar ey LoaTRLTE.
OTHE - 7z O-FiliEiZ 7 > F h o v B USSR E S h 5.
' (zifik 3 ZBEUTIER -

(antithrombin : AT) & #& LT AT OFUBEEEEE®RT 5, ~/3U
ICHRF# 7% 5 1% (pentasaccharide) #i& (K 2)¥ &5, ATHAE R AL
VR LU THWETD.

iz, "N VEBEEMERPICIEEELUEEAD, 3T URBISER
PO M PRI T8 S S TR T O 54 7D h o b LR S, [
PRZ_ECOIMBEERISHIE, 3 kb b mimeiEERRcmoTcns &
ZENTWVET.

HARTIE, TONSS VRIEEERD &T 53 /o RELE| - 253
OA RFPUTL (VAT VES AT VR 84%, TV X Tk
12%, I FOAF 2wl 4%) H (disseminated intravascular coagu-
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lation (DIC) : REEMEIME NEEEEMREE) OBBICHAVWLNTHERT.

—7, BCKTIR DX /304 RO mMEREWER D RV HUSEEE
L UT IFESEIRMASTED TR &5 Wid [ R/ Mg
f£ (heparin induced thrombocytopenia : HIT) TOIMRED TR - 1G5
CHWHNTNET.

WBREMER OIS v EDEWIETTHN?

1 ST URREE (~NSY 1 B/ARY EPED &, a7
| X312, 7vF oy ey en L CHBEEE R S TIEA Y
YERUTTH, ~SUMNTHANTH ha v e U EEC A S ERE(L
B DI Tes, FiXa/fA bk y EUiEEIEDARENT RSN T
9.

ZFuaA4 RoFXaEEEHF ha v E U EEoiE 22/1 LLET, R
FHEANSY D 1/1, B FENRY D 2~4/1 I HAERICE L, X
D ERANIC Xa {BEERIIHIT 5 C MWD ONTVETE DY, Lizh’o
T, BERRENICIE, HXF800 RTESRSEARY URESFEANSY V&
OHMOBHWERAMNDZL 22 EHARFTEET. EEICT Yy hoHME
TINCENT, BEREOHIMEREZRTREEOTIXa EEER LIRS
&, XS04 RidRGHEAN/RY >0 5~10 % i&ru1< TixbHb, [EH

MXaEEAZETE, ¥F/381 RTCOHMERIERMERICDTNT
EARERENTWVWET. Fik, FHEFHEEHRSRETOMPHXa EEFEGEA
3R 21 B &, SROEAN/RD 2D 0.7 BRI RS TFEAN/RY D 1.7 B
Fﬁ}:tm’“ﬁ‘abfé< HERREICB N TIXRE 5 HE TIREERIRREICEL,

FEELERD DN TR EA.

T AN ERE O RO E

~AINY PR 5!&'53‘1_1’\/\ U b 1&%?@’\/\ ') b «/\7/1-]1{%2
B9 /\/\U/ /\/\‘}/’&63\@?; *ii: EC ’\/\7/5"‘@«
T 5,000~20,000 #1 5,000 #1 5,500
WXa/laiEkEk 1 2~4 22
e A £ 0.5~1 IFE #9 2 BERE # 20 1EE
MmO BN gL B TEW
T RSAE DIC DIC DIC
MREEE DL FIMEREBFERRO
MmigERFEDRE - T my&sEF5h
FOMERESFERARBED
I SEE 15
DIC i&¥F : A% - i 5,000~10,000 Efi/day | 75 Efi/kg/day 1,250 B X 2 [B]/day
CZiik 4 2B L TERD
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QPEHTﬁWtw&%ﬁWWM?

PUBESEE LTS U ERE LZICEhhD BT, EELXMELE
| (hotdze, BRseiefE, EESEIRIGIES &) &LES /MY (I
BHIT ZEkdTehHoET.

CHEANNY VOEELREWER E LTHISNTHED, EEbMEhr 5
B E N5 /M E 4 A5 (platelet factor 4 : PF4) &, ~/3U & D&
BHRZEFUR & Lizfifk (HIT i) OHIRIC X % mE#efReETd. HIT
WfRE, EoICi/IMREEE(L T, m/WkisE - /MR EfRC L,
A TMEWNE EDON/RT VEiER & PF4 & OIEEMICE KIS L TR
fazBE GHMETFRE) U, SiFfiRicneEzZEST 2HERHRETT.

NN S A FEEITH B X304 FiE, EE, FIY, 7520R%E
DN TIE T2 HIT EEEREIRMASE (DVD) icxf U TREIGHRRD 51N,
ZFOERMESE < FLH (8th ACCP H K5+ > Tld Grade 1B L #E52)¥
ENTVWEYT. L, —HIC, HITHEEBECAWLNIZX /301 FEE
BN TEIVMROBINDNAH 53, HIT HFiiENX /801 R ERZER S
ERLIEEDIRELHD EITY. oD, HECENTIE, A EDE
BEELT I~y R M MRIBAE DBEEED B D, ~SU VHifke
AHFN & DRRZR S HIT OBFFERELSH 0, ~/S8U UHifk &AL DOx5=
KIS Ob%#E ] CIRRIZESRLEENTVET.

¥ EEYDPINE

| N SUELIE - RS UERIEE ARG & T B TUREE - AR
O+ FOofHiXa/fiba Bk, 22/1 E~S) o 1/1 1
Erbsd TREL, EOFEA/N) VEEBIC, APTTOEESIZEAL
HRENIZNT E XD, HE, FOELRY VIMERITONELA. L
LU, IKFIC HIT OEFED H % & 7% £ oMk 0, @aRs
I KO HIMARIRAD N 2 BN 0B 5 DT, MRS, EinFries (APTT
ZEL), EHRNEST 1 Vin EOEHIMENHEEE N THETD.

AN prime L0y S v ERENTTD?

T VR ICIRFRIEEE LT R I AB 0, IR D
| B e LT & 2 UBIRIBSICE D, ~-) VO %
FfIT A ENTERT. T3 ik, ATEREFLTNSU VEES
HEBRT 2T LT, ~) YOFUREIER (AT a7 7 7 2—1&H) %
ML ES. 98010 RE~SUZERUEL, ATaT 7 7 Z—EMIC
EBPUREERZRLET. LA L7TO&X I iCXB5HPRFERIE~NY
WEEANTHE L, oI 100mgREIC XD X /801 FEREDH

890 #E - EdE%E vol.26 no.5-6 2014

- 386 —



Xa{EHIEH 17%, Flh o2 EiEEITH 60%HEE Nz DT — &)
HOETH, BEEOTOXI VT +HHICIZFHITEERA.

E

ZFsvA ROEIRFRFIC B 2 EHIE, HRICBN TR EREGL L
| moTwEEA. LAL, T—0 v/ STl < OUEIRrERE 2R
DEEENTIBY, AT EZDT)IV—"THh5, HIT oY AR
REPTRERER 83 EBI - 91 AR T D, X F /5104 ROFHREBRLEHE
ENTVETD.

COMEFICKBD L, EFHERNERIZ04% L EERT, BIEALHE
i TH D, HIT & FENNRY > THESTMEIRES T OREFURERE
iz, ZF/0A FREDNTELETHS LW/ESNTVET. TOHFTH
F8mo RigFiXaEEE LT, 1,000~7,500U/day ik, &LL<
FEIRARES SN, RO mEFHiXaEkE 0.1~1.20/mL, BFICE
0~0.07U/mL EHEENE LD, R - FFEmciEedmEiEnty
FHA. THUX, EMEBROT—-2LE—HTEHEDT, ¥F/38817 RFD
el Eld, ERICDTVEDEEZEZLNET. 25 LT —&Fh b,
HATEHER LOERLE LT MBAAOmMANDRSIX, B ET EANE
EF LW, RTEEITRET HHEEICIE, BALBIIZIEAI L] LEH
TNTVET.

HAICHBN TS, BEREENM TS 2T, iV VIEBETUAEREE
(antiphospholipid syndrome : APS) FBEICHIF 3 FEERES /Y~
HMER T &7 VRS MR IS LT, XF/3mo RAEGE BT &
MNEENTVET.

BHEEEEROE—IE?

| #Fma RiE, EREHEEOD 2 BE TEEERSVBET,
Y2 L7 F = 0 2mg/dL LU EDBEIE I, BEREMD T

PEEMFEZIER T, HE2VEREDOHIEZERT 5 EHHIESN, &

FEE TSR R>TVET.

LA L, BNARET, &F8ma REASU oD i, HIT BED
B 2~3 EOBHICEDLN, EHORENZEICEBTEZ T EHNELD
MHRTRENTEHY, BRBREAOREIL 48 B OB EEREZ B U
HEETH B & BbNnEd®.

F7z, X0 ROMAEEN FEL, APTT A 50 ML EICEET
B LG, HMXATBEKRTBDT, X304 Fic ks APTT DIEE
DN BB, BEEFILTZXRENRBOET. AP, X304
RoMmAEEE= Z2—c DOV TIE, mHFXa EERIET 2 56EHH D

& - EEfF vol 26 no.5-6 2014
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FIH, BATEHTEDSRRICE>TOETA.

[32
D)

2)

3)

4)

5)

6

7)

8)

892

Hik]

ANEEA - MEREERANRT VEB T T4 S A2, “Annual Review MR 1993”7 BAEE f . FIES
#t, ppl94-200, 1993

BERE-F . JVOYI /S Uh a7 RN BEORBE LEBOBELZHNE. Glyco Word/Proteoglycan,
1998

http://www.glycoforum.grjp/science/word/proteoglycan/PGA06].html

Oosta GM, Gardner WT, Beeler DL et al : Multiple functional domains of the heparin molecule. Proc Natl Acad Sci
USA 78 : 829-833, 1981

/IMBEE A DIC D¥EHE - 7V F P v VBHERE LAY VB R UANR VELWE. EX0oH0H (B
206 : 87-91, 2003

Warkentin TE, Greinacher A, Koster A et al : Treatment and Prevention of Heparin-Induced Thrombocytopenia
American College of Chest Physicians Evidence-Based Clinical Practice Guidelines (8th Edition). Chest 133 :
340S5-3808S, 2008

Tardy-Poncet B, Wolf M, Lasne D et al : Danaparoid cross-reactivity with heparininduced thrombocytopenia
antibodies : reportof 12 cases. Intensive Care Med 35 ' 1449-1453, 2009

Magnani HN: An analysis of clinical outcomes of 91 pregnancies in 83 women treated withdanaparoid (Orgaran®) .
Thromb Res 125 @ 297-302, 2010

Magnani HN : A review of 122 published outcomes of danaparoid anticoagulation for intermittent haemodialysis.
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Antithrombin-resistant prothrombin Yukuhashi mutation also causes
thrombomodulin resistance in fibrinogen clotting but not in protein
C activation
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Introduction: Prothrombin Yukuhashi (p.Arg596Leu) mutation can result in thrombophilia associated with anti-
thrombin (AT) resistance. Mutant thrombin, an active form of prothrombin Yukuhashi, demonstrated moderate-
ly lower clotting activity than the wild-type but substantially impaired the formation of the complex with AT.
However, the effects of the mutation on the thrombomodulin (TM)-protein C (PC) anticoagulant system have
not been previously elucidated.

Materials and Methods: We prepared recombinant wild-type and mutant prothrombins, converted to thrombins
using Oxyuranus scutellatus venom, and performed fibrinogen-clotting assays with or without recombinant sol-
uble TM (rTM). We also evaluated activated PC (APC) generation activity of recombinant thrombins by measur-
ing APC activity after incubation with human PC in the presence or absence of ITM.

Result and Conclusions: rTM treatment reduced the relative fibrinogen-clotting activity of the wild-type down to
8.4% in a concentration-dependent manner, whereas the activity of the mutant was only decreased to 44%. In the
absence of rTM, APC generation activity (AA/min at 405 nm) was fairly low (0.0089 for the wild-type and 0.0039
for the mutant). In the presence of 1'TM, however, APC generation activity was enhanced to 0.0907 (10.2-fold) for
the wild-type and to 0.0492 (12.6-fold) for the mutant, and the relative activity of the mutant with rTM was 54%
of that of the wild-type. These data suggested that the prothrombin Yukuhashi mutation may cause TM resis-~
tance in terms of inhibition of fibrinogen clotting; this may contribute to susceptibility to thrombosis, although
the enhancing effect of APC generation can be maintained.

Keywords:

prothrombin Yukuhashi
antithrombin resistance
thrombomodulin
fibrinogen

protein C

© 2014 Elsevier Ltd. All rights reserved.

Introduction Serbian families with thrombophilia and is a different mutation at the

same position (¢.1787G > A, p.R596Q) [5]. AT-resistant thrombin may

Hemostatic disequilibrium is a pivotal mechanism in all types of
thromboses. Deficiency of natural anticoagulants such as antithrombin
(AT), protein C (PC), and protein S (PS) increases the risk of venous
thromboembolism. Factor V Leiden and prothrombin G20210A muta-
tions are widely known as the most frequent causes of inherited
thrombophilia in Caucasians but not in Asians [1,2].

Recently, AT resistance was reported to be associated with mutant
thrombin from prothrombin Yukuhashi (¢.1787G > T, p.R596L) that
was found in a Japanese family with inherited thrombophilia [3,4]. Mu-
tant thrombin derived from prothrombin Yukuhashi showed moderate-
ly lower procoagulant function than the wild-type and substantially
impaired inhibition by AT. The other prothrombin mutation that confers
AT resistance, prothrombin Belgrade, has also been reported in 2
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have prolonged procoagulant activity in vivo, resulting in predisposed
thrombosis; however, the effects of the prothrombin Yukuhashi muta-
tion on the thrombomodulin (TM)-PC anticoagulant system have not
yet been analyzed.

TM, an endothelial cell receptor of thrombin, converts thrombin
from a procoagulant enzyme to an anticoagulant. Thrombin bound to
TM promotes rapid conversion of PC zymogen to activated PC (APC)
that binds to PS and inactivates factors Va and VIlla; it also inhibits the
conversion of fibrinogen to fibrin as well as the activation of platelets
[6,7]. Thus, the TM-PC system contributes to natural anticoagulant
mechanisms, inhibiting fibrin clot formation and preventing excess gen-
eration of thrombin. In mice, it has been reported that the loss of TM
function in endothelial cells causes spontaneous and fatal thrombosis
in arterial and venous circulations, which results from unfettered activa-
tion of the coagulation system [8].

In this study, we evaluated the effects of the prothrombin Yukuhashi
mutation on the TM-PC anticoagulation system.
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Materials and Methods
Materials

Purified human prothrombin, PC, and fibrinogen from fresh frozen
plasma were obtained from Haematologic Technologies Inc. (Essex
Junction, VT, USA) and from Wako (Osaka, Japan). PTT-Reagent RD
was purchased from Roche Diagnostics KK (Tokyo, Japan). Oxyuranus
scutellatus (Ox) venom, also known as Taipan venom, a high-
molecular-weight (approximately 250 kDa) prothrombin activator,
was obtained from Sigma-Aldrich (St. Louis, MO, USA). Recomodulin
(ART-123), a recombinant soluble TM (rTM), was generously gifted by
Asahi Kasei Pharma Co. (Tokyo, Japan). Pefabloc-TH (NAPAP), a selec-
tive inhibitor of thrombin, was purchased from Pentapharm Ltd.
(Basel, Switzerland). Synthetic chromogenic substrates H-D-Phe-Pip-
Arg-p-nitroanilide (S-2238) and Glu-Pro-Arg-p-nitroanilide (5-2366)
were obtained from Sekisui Medical Co. (Tokyo, Japan).

Recombinant Prothrombins

We prepared recombinant prothrombins, because the proband’s
plasma would not be suitable for evaluation on account of warfarin
treatment. We established stable transformants of the HEK293 cells
that expressed wild-type and mutant recombinant prothrombins, as de-
scribed previously [3]. Stable transformants were cultured for 24 h in
serum-free medium including 5 pg/mL of vitamin K1 (Isei, Yamagata,
Japan). The medium was collected and concentrated using Vivaspin
Turbo 15 (Sartorius Stedim Biotech GmbH, Goettingen, Germany) that
contained a polyethersulfone membrane with a molecular weight cut-
off of 30 kDa. The concentrated medium was stored at — 80 °C until
use. We determined the antigen levels of prothrombin in the condi-
tioned medium using enzyme-linked immunosorbent assay (ELISA; En-
zyme Research Laboratories, South Bend, IN, USA).

Procoagulant Functional Assays for Recombinant Prothrombins

To test the procoagulant functions of recombinant prothrombins, we
performed chromogenic and fibrinogen-clotting assays.

In the chromogenic assay, recombinant prothrombins were diluted
to 1% of the plasma prothrombin concentration in the dilution buffer
[50 mmol/L Tris-HCl (pH 8.1) with 300 mmol/L NaCl], and 500-pL ali-
quots of the dilutions were incubated with 100 pL of the prothrombin
activator (150 pg/mL Ox venom in saline) and 100 pL of the Ca-
phospholipid mixture [15 mmol/L CaCl, and 50% phospholipid (PTT-
Reagent RD)]at 37 °C for 2 min to allow sufficient conversion to throm-
bin. We used PTT-Reagent RD dissolved in 2 mL of distilled water for the
100% phospholipid solution. Thrombin activity was measured as chang-
es in absorbance/min (AA/min) at 405 nm with the spectrophotometer
TBA-180 (Toshiba Medical Systems Co, Tokyo, Japan) using 200 pL of the
chromogenic substrate S-2238 (0.5 mmol/L in distilled water).

In the fibrinogen-clotting assay, recombinant prothrombins were di-
luted to 10% of the plasma prothrombin concentration in the dilution
buffer [50 mmol/L Tris-HCl (pH 7.4) without NaCl], and 10-pL aliquots
of the dilutions were incubated with 10 pL of the prothrombin activator
mix (50 yg/mL Ox venom in saline) and 10 L of the Ca-phospholipid
mixture [30 mmol/L CaCl; and 25% phospholipid (PTT-Reagent RD)] at
37 °C for 2 min to allow sufficient conversion to thrombin. We mea-
sured the clotting time by adding 30 pL of fibrinogen (420 mg/dL in sa-
line). The relative residual thrombin activity was determined on the
basis of the standard curve of thrombin derived from purified human
prothrombin,

Inhibition of Fibrinogen-clotting Activity by TM

We performed the fibrinogen-clotting assay as described above with
or without rTM. First, recombinant prothrombins were converted to

thrombins using Ox venom with phospholipid and CaCl,, as described
above, Second, we added 10 pL of rTM solution at 3 different final con-
centrations (0, 50, and 100 pg/mL), and incubated each for 1 min to in-
hibit thrombin activity. Finally, the clotting time was measured after
adding 40 L of fibrinogen (420 mg/dL in saline). The relative residual
thrombin activity was determined on the basis of the standard curve
of thrombin derived from purified human prothrombin,

APC Generation Assay

To evaluate APC generation activity of mutant thrombin, we mea-
sured APC activity after incubation with human PC in the presence or
absence of rTM. We performed a chromogenic assay using S-2366 spe-
cific for APC. In this assay, recombinant prothrombins were diluted to
1% of the plasma prothrombin concentration in the dilution buffer
[50 mmol/L Tris—HCI (pH 8.1) and 300 mmol/L NaCl}, and 500-pL ali-
quots of the dilutions were incubated with 100 pL of the prothrombin
activator (150 pg/mL Ox venom in saline) and 100 plL of the Ca-
phospholipid mixture [15 mmol/L CaCl, and 50% phospholipid (PTT-
Reagent RD)] at 37 °C for 2 min to allow sufficient conversion to throm-
bin. Then, 100 pL of rTM (200 pg/ml in saline) and 10 pL of purified
human PC (100 pg/mL in distilled water) were added and incubation
was continued for 60 min at 37 °C to generate APC. We added 100 pL
of Pefabloc-TH (5 pmol/L in distilled water) to the reaction solution
30 s before measuring APC activity in order to prevent nonspecific
cleavage of the S-2366 chromogenic substrate by thrombin. APC activity
was measured at 405 nm with TBA-180 by adding 200 pL of S-2366
(0.5 mmol/L in distilled water). We expressed APC generation activity
as changes in absorbance/min (AA/min). Based on the data of a time-
course experiment, the incubation time required for APC generation
was selected as 60 min (Fig. 1).

Results

Procoagulant Functional Assays of Recombinant Mutant Prothrombins
We measured procoagulant activities of thrombins derived from re-

combinant wild-type and mutant prothrombins. Mutant thrombin

showed relatively lower activities both in the clotting assay using fibrin-

ogen (37% -+ 3.3% of the wild-type) and in the chrormogenic assay using
S-2238 (57% -+ 16% of the wild-type) (n = 3, mean = SE) (Fig. 2).
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Fig. 1. Time-course of protein C (PC) activation by thrombin in the presence of
thrombomodulin (TM). After wild-type prothrombin was sufficiently activated to throm-
bin using Oxyuranus scutellatus (Ox) venom, human PC was added and incubated for 0, 30,
60, 90, and 120 min in the presence of recombinant soluble TM (rTM). After the residual
thrombin activity was blocked by Pefabloc-TH, activated PC (APC) activities were mea-
sured using S-2366 and expressed as AA/min at 405 nm.
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Fig. 2. Relative thrombin activity determined by 2 methods. After recombinant wild-type
and mutant prothrombins were sufficiently activated to thrombins using Ox venom,
thrombin activities were measured using $-2238 or human fibrinogen without thrombin
inhibitor. Experiments were performed in triplicate, and data were presented as the
mean =+ SE.

Inhibition of Fibrinogen-clotting Activity by TM

To assess procoagulant activities of thrombins derived from
recombinant prothrombins after the addition of rTM, we compared
fibrinogen-clotting activities of wild-type and mutant thrombins in
the absence or presence of rTM. In the presence of 50 pg/mL of rTM,
fibrinogen-clotting activity of wild-type thrombin decreased by
27% 4 1.1% of the activity in the absence of r'TM, and that in the pres-
ence of 100 pg/mL of ITM decreased by 8.4% + 2.5% (n = 3, mean =+ SE)
(Fig. 3). On the other hand, fibrinogen-clotting activity of the mutant in
the presence of 50 pg/mL of rTM decreased by 52% 4 4.9% of the activity
in the absence of 1'TM, and that in the presence of 100 pg/mL of rTM
decreased by 44% + 7.6% (n = 3, mean 4 SE) (Fig. 3). Thus, rTM treat-
ment reduced the relative fibrinogen-clotting activity of wild-type
thrombin to 8.4% in a concentration-dependent manner, whereas this
treatment decreased the activity of the mutant only to 44%.

APC Generation Assay

In the absence of rTM, APC generation activities (AA/min at 405 nm)
were 0.0089 + 0.0024 for the wild-type and 0.0039 + 0.0003 for the
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Fig. 3. Effects of r'TM on fibrinogen-clotting activity of recombinant thrombins. Wild-type
and mutant thrombins were incubated with rTM (0, 50, and 100 pg/mL) for a minute, and
relative residual fibrinogen-clotting activities were measured. Experiments were per-
formed in triplicate, and data were presented as the mean = SE.

mutant (Fig. 4). However, in the presence of rTM, APC generation activ-
ities were enhanced to 0.0907 + 0.0210 (10.2-fold) for the wild-type
and 0.0492 + 0.0076 (12.6-fold) for the mutant (n = 3, mean =+ SE).
We confirmed a linear relationship between APC activity and 0-0.2
AA/min at 405 nm in the assay using human APC donated from the
Chemo-Sero-Therapeutic Research Institute (Kumamoto, Japan) (data
not shown). The relative APC generation activity of the mutant with
rTM was 54% of that of the wild-type.

Discussion

Thrombin plays a critical role not only in blood coagulation but also
in anticoagulation, because TV, an endothelial cell receptor of thrombin,
converts thrombin from a procoagulant enzyme to an anticoagulant.
Thrombin bound to TM promotes rapid conversion of PC to APC that
cleaves and inactivates factors Va and Vllia together with PS [6,7]. It
has been reported that the prothrombin Yukuhashi mutation, which in-
volves substitution of arginine for leucine at position 596 (p.Arg596Leu),
can result in thrombophilia associated with AT resistance [3]; however,
the effects of this mutation on the TM-PC anticoagulation system were
not previously analyzed [4]. Therefore, we evaluated influences of the
prothrombin Yukuhashi mutation on the TM-PC system in this study.

We demonstrated that rTM treatment reduced the relative
fibrinogen-clotting activity more effectively in wild-type thrombin
than in mutant thrombin. r'TM (ART-123: recombinant human soluble
TM) is composed of the active extracellular domain of TM. Similar to
membrane-bound TM, ART-123 binds to thrombin and this complex
converts PC into the natural anticoagulant APC [9]. Assuming that
there are 100,000 copies of TM per endothelial cell, a reasonable esti-
mate of the TM concentration in the capillaries is in the range of
100~500 nmol/L [6], which corresponds to the range of 6.4-32 pg/mL
of rTM (MW: 64,000). Therefore, the rTM concentration of 50 pg/mL
in this assay was slightly higher than the human TM concentration in
the capillaries. Higher concentrations of rTM are needed to prolong
plasma clotting time, but rTM (ART-123) is highly effective to inhibit
thrombin generation at a lower dosage [10]. However, it has been
suggested that at high concentrations of rTM, the prothrombin
Yukuhashi mutation may cause TM resistance in terms of inhibition of
fibrinogen-clotting activity of thrombin.
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Fig. 4. APC generation assay. Recombinant prothrombins were sufficiently activated to
thrombins using Ox venom, human PC was then added, and the combination was incubat-
ed for 60 min in the absence or presence of rTM. After the residual thrombin activity was
blocked by Pefabloc-TH, APC activities were measured using S-2366 and expressed as
AA/min at 405 nm. Experiments were performed in triplicate, and data were present-
ed as the mean + SE.
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