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Protein C deficiency as the major cause of thrombophilias
in childhood

Shouichi Ohga,"* Akira Ishiguro,’ Yukihiro Takahashi,® Midori Shima,” Masashi Taki,? Masatoki Kaneko,’
Kotaro Fukushima,® Dongchon Kang* and Toshiro Hara® on behalf of the Japan Childhood Thrombophilia Study Group

Departments of 'Perinatal and Pediatric Medicine, *Pediatrics and *Obstetrics and Gynecology, Graduate School of Medical
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Absiract Genetic predisposition of thromboembolism depends on the racial background. Factor V Leiden (G1691A) and factor II
mutation (G20210A) are the leading causes of inherited thrombophilias in Caucasians, but are not found in Asian
ancestries. Protein S (PS), protein C (PC) and antithrombin (AT) activity are reportedly low in 65% of adult Japanese
patients with deep vein thrombosis. Approximately half of the patients with each deficiency carry the heterozygous
mutation of PS (PROSI; 20%), PC (PROC; 10%), and AT genes (SERPINCI: 5%). Recently, several studies have
revealed an outline of inherited thrombophilias in Japanese children. Congenital thrombophilias in 48 patients less than
age 20 years consisted of 45% PC deficiency, 15% PS deficiency and 10% AT deficiency, along with other causes. All
PS- and AT-deficient patients had a heterozygous mutation of the respective gene. On the other hand, PC-deficient
patients were considered to carry the homozygous or compound heterozygous mutation in 50%, the heterozygous
mutation in 25%, and unknown causes in the remaining 25% of patients. Half of unrelated patients with homozygous or
compound heterozygous PROC mutations carried PC-nagoya (1362delG), while their parents with its heterozygous
mutation were asymptomatic. Most of the PC-deficient patients developed intracranial lesion and/or purpura fulminans
within 2 weeks after birth. Non-inherited PC deficiency also conveyed thromboembolic events in early infancy. The
molecular epidemiology of thrombosis in Asian children would provide a clue to establish the early intervention and
optimal anticoagulant therapy in pediatric PC deficiency.

Key words intracranial thrombosis, intracranial hemorrhage, purpura fulminans, protein C deficiency.

Introduction occurrences are considered to be associated with decreased
intrinsic fibrinolytic activity of the blood during these periods.
The higher prevalence of adult thromboses in the West than that
seen in the East might result from the difference in dietary habits
and races. The modern lifestyle is being globally Westernized,
but genetic backgrounds are hard-wired to change among races.
Factor (F) V Leiden (G1691A) and FII mutation (G20210A) are
the major thrombophilic predispositions in Caucasians but not in
Asian ancestries.” In Japan, two major studies revealed that 65%
of adult VTE patients had a low activity of protein S (PS), protein
C (PC) or antithrombin (AT), and half of them carried the het-
erozygous mutation of the respective genes.** On the other hand,
the clinical features and genetic backgrounds of pediatric throm-
bosis have not been clarified in Japan.

Correspondence: Shouichi Ohga, MD PhD, Department of Perinatal In this review, we first draw an outline of inherited throm-

and Pediatric Medicine, Graduate School of Medical Sciences, Kyushu bophilias in Japanese children, based on the recent indepen-

University, 3-1-1 Maidashi, Higashi-ku, Fukuoka 812-8582, Japan. . . . . .
Email: ohgas @pediatrmed kyushu-u.ac.jp dent studies. Then, we discuss the problems in the diagnosis

Received 21 December 2012; revised 7 March 2013; accepted 18~ and treatment of pediatric thromboembolism focusing on PC
* March 2013. deficiency.

Thromboembolic events less commonly occur in children than in
adults. The life-threatening conditions are driven by a wide range
of triggers, including infection, trauma and surgery, on a back-
ground of individual predispositions. Pediatric thrombosis is
being recognized with increasing frequency, although the cause
remains elusive. The national registry data from North America,
Europe and Australia revealed an incidence of 5-8 venous throm-
boembolic events (VTE)/10 000 hospital admissions, or 0.05-14/
10000 children.! Under 20 years of age, VIE occurs at the
highest incidence in neonates and infants, and then at the second
peak of incidence during puberty and adolescence. Both peak

© 2013 The Authors
Pediatrics International © 2013 Japan Pediatric Society
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Table 1 Definition of the severity of PC deficiency

Subjects Plasma PC activity
IU/mL %
Healthy adults 0.65-1.35 64-135%, 146}
PC deficiency
Mild >0.2 >20
Moderately severe 0.01-0.2 1-20
Severe <0.01 <1

Standard values of PC activity were obtained from the reference;’
*Medical and Biological Laboratories, Tokyo, Japan; and Special Ref-
erence Laboratories, Tokyo, Japan. The levels are determined by clot-
based assays. PC, protein C.

PC and PC levels in children

PC is a vitamin-K-dependent serine protease, which is synthe-
sized in the liver and circulates at a low concentration in plasma.
The anti-coagulant zymogen is activated by the complex forma-
tion with thrombin on the endothelial cell receptor thrombo-
modulin, and more effectively by binding to the endothelial PC
receptor. Activated PC cleaves critical sites in the activated pro-
coagulant factor V (FV) and FVIII, and inactivates the two fac-
tors.” This process is augmented by protein S (PS), FV and lipid
cofactors of lipoproteins and phospholipids. PC-deficient indi-
viduals have a decreased capacity to control the propagation of
thrombin generation by FVa and FVIIIa after the activation of
coagulation cascade, according to the circulating amounts
of functional PC molecules regardless of the decreased produc-
tion or increased consumption.

Inherited PC deficiency is an autosomal recessive throm-
bophilia. Bialellic (homozygous or compound heterozygous) PC
gene (PROC) mutants incite purpura fulminans (PF) as a conse-
quence of “severe” PC deficiency in the newborn.® Heterozygous
PROC mutants are at risk of venous thromboembolism as “mod-
erately severe” or “mild” PC deficiency in young adults. The
severity of PC deficiency is defined according to the levels of
activity assessed by chromogenic (amidolytic) or coagulometric
(clotting) assay (Table 1).” The plasma PC activity in healthy
adults ranges from 0.65 to 1.35 TU/mL, corresponding to the %
interval of references used in Japan. “Mild,” “moderately severe”
and “severe” PC deficiencies are defined as the range of >20%
(>0.2 IU/mL), 1-20% (0.01-0.2 IU/mL), and <1% (<0.01 IU/
mL), respectively. However, the distinction of inherited (herit-
able) or non-inherited (acquired) PC deficiency is challenging in
children who developed acute thrombosis for the following
reasons. First, plasma PC activity is physiologically low until
adolescence. Second, two major conditions affecting plasma PC
levels, vitamin K deficiency and infection, are not rarely found in
early infancy. Third, young parents with heterozygous PROC
mutation are healthy, and the history of the grandparents may be
less informative. Fourth, in critically ill children with thrombotic
events, the genetic tests are time-consuming in guiding the man-
agement, and the constitutional hypercoagulability is hard to
assess by functional assays during the treatment course.

Neonatal PC and PS levels are much lower than the adult
reference levels. The mean plasma activities of PC and PS in
healthy term infants are approximately 35%.* Preterm infants

© 2013 The Authors
Pediatrics International © 2013 Japan Pediatric Society

show much lower levels than term infants because of immaturity
of the liver. Both PC and PS levels increase after birth, and reach
the lower limit of adult references (~50 IU/dL) during 6 months
to 1 year of age (Fig. 1).5% As PC activity often remains below
the adult reference ranges until puberty, PC levels in childhood
are hard to screen for inherited thrombophilias."

Several factors affect the physiological levels of PC and PS
throughout childhood.? Both activities are low in the presence of
vitamin K antagonist. Vitamin K deficiency precipitates bleeding
(i.e. hemorrhagic diseases of the newborn, vitamin K deficiency
bleeding in infancy), and also thrombosis (i.e. warfarin-induced
skin necrosis/ paradoxical thrombosis). Infection lowers the
plasma concentration of PC and PS. The mechanisms of “infec-
tious PF” are involved in antibody-mediated consumption (i.e.
post-varicella PF) or toxic effects (i.e. meningococcemia PF)."
PC/PS deficiency arises from the loss or consumption in patients
with nephrotic syndrome, sepsis and/or disseminated intravascu-
lar coagulation, and from the impaired synthesis in those with
liver dysfunction. The half-life of plasma PC (6-8 h) is shorter
than that of PS and other procoagulant vitamin K dependent
factors. The true enzymatic activity of PS depends on free PS
concentration. However, the interpretation of PS activity in new-
borns is not complicated because the binding C4b is at very low
levels at birth. Acute inflammation reduces PS activity due to
binding with C4b. For the diagnosis of PC deficiency in infants,
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Fig. 1 Changes in the plasma activity of protein C (PC), protein S
(PS) and antithrombin (AT) of healthy full-term Japanese infants
from birth to 1 year of age. Each bar represents the mean = SD
revised from the data of reference 8.
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Fig. 2 Proportion of protein S (PS) (black), protein C (PC) (gray)
and antithrombin (AT) deficiency (light gray) in adult patients with
deep vein thrombosis (DVT) and pediatric patients diagnosed as
having congenital thrombophilia in Japan. The hatched column rep-
resents patients who carry the heterozygous mutation of the PS, PS
or AT gene. Upper columns are based on the data from references 3
and 4, and the lower ones are revised from the data of reference 16.
USS (dotted column), Upshaw-Schulman syndrome. Each super-
script in the figure refers to the number of reference.

plasma PC activity should be monitored concurrently with PS
activity, protein induced by vitamin K absence or antagonists,
D-dimer, anti-phospholipid antibodies, and FVII activity. Unex-
plained dissociation between PC and PS activity may portend a
diagnosis of inherited PC deficiency.

Genetic backgrounds of PC deficiency in Japan

Recent reviews by the experts in the UK" and North America®
described only eight and 12 survivors with long-term therapy,
respectively. The nationwide survey of pediatric thrombosis in
Japan first collected 301 patients from 2006 to 2010.' Forty-
eight patients (15%) were diagnosed as having congenital throm-
bophilia due to PC (n = 22; 46%), PS (n =7, 15%), AT (n = 5;

First presentation

ICTH 19 (70%)

ICTH == PF

concurrently
10 (37%)

Others

Estimated
inheritance

Others

Pediatric protein C deficiency 269

10%), or ADAMTS13 (n = 5; 10%) deficiency and other causes
(n=9; 19%). This proportion differed from that of adult Japanese
deep vein thrombosis cases (Fig. 2). There were no homozygous
or compound heterozygous mutations of PROSI, PROC or SER-
PINCI in adult patients. PS deficiency was the most frequent
genetic predisposition of adult thrombosis in Japan. It may reflect
the higher frequency of heterozygous PROS! mutants in Japa-
nese (1.12-1.8%) than in Caucasians (0.03-0.13%), accounting
for the founder effects of PS-tokushima."” On the other hand,
approximately half of pediatric patients with congenital throm-
bophilia had PC deficiency. Half of them carried homozygous or
compound heterozygous PROC mutations, in contrast to no PS or
AT-deficient patients with biallelic mutations. Homozygous PS
or AT-deficient mice result in fetal loss. Only a few patients with
homozygous or compound heterozygous mutations of PROSI or
SERPINCI have ever been reported. The true frequency of Japa-
nese carriers of heterozygous PROC mutation may be higher than
the prevalence of PC deficiency of 1/700 screened by amidolytic
activity.” These studies corroborated that PROC mutants are the
leading cause of inherited thrombophilia in Japanese children.
Another study has recently reported the presentation and
genotype of pediatric PC deficiency in Japan, based on the com-
bined data with genetic study, post-marketing survey of plasma-
derived activated PC concentrate (AnactC, Kaketsuken & Teijin,
Kumamoto, Japan), and literature review.” Between 1985 and
2010, this study determined 27 Japanese patients with congenital
PC deficiency in Japan. These included one pair of twins, and a
pair of cousins. Two patients had died. These patients might
appreciably cover the 22 patients reported in the aforementioned
nationwide survey.'® Twenty-four (89%) patients presented
within 14 days after birth, including three prenatal hydro-
cephalies. Of the 27 patients, the first presentation was intracra-
nial lesions (thrombosis, hemorrhage, and/or fetal hydrocephaly)
in 19, PF in 16, and both in 10 patients (Fig. 3). Intracranial

Genotype of mutation

ompound .
eterozygote 73%
Heterozygote
9%

[ No mutation: 2 J 18%

Fig. 3 First presentation at diagnosis, estimated inheritance, and genotype of pediatric patients with protein C (PC) deficiency in Japan. The
major form of the disease onset is intracranial thrombosis and hemorrhage (ICTH) and/or purpura fulminans (PF) until 2 weeks of age.
Three-quarters of patients were born to healthy parent(s) having low PC activity. Four unrelated patients carried PC-nagoya among 11 patients

who received genetic study.

© 2013 The Authors
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thrombosis/infarction and hemorrhage (ICTH) preceded or con-
currently occurred with PF in both affected patients. Low PC
activities of 18 mothers and/or 12 fathers indicated 20 heritable
PC-deficiencies (two homozygotes, 11 compound heterozygotes,
and seven heterozygotes) and seven unidentified causes of PC
deficiency. Nine of 11 patients had PROC mutations, and
four unrelated patients carried PC-nagoya (1362delG). No
PC-deficient parents experienced VTE. Of the 18 patients treated
with activated PC concentrate, two died and eight evaluable sur-
vivors had neurological sequelae. According to a different survey
on neonatal thrombosis in Japan between 1999 and 2009, six
newborn infants were diagnosed with inherited thrombophilia
(all PC deficiency) of 105 patients with neonatal thrombosis.
These studies outlined the features of inherited thrombophilia in
Japanese children: (i) PC deficiency is the leading cause of inher-
ited thrombophilia; (ii) the first presentation is preceding ICTH
and/or PF within the first 2 weeks of life; (ii) PC-nagoya may be
prevalent in pediatric but not adult patients with PC deficiency;
and (iv) many survivors with PC deficiency have neurological
sequelae, visual impairments and amputated extremities.

Neonatal non-inherited PC deficiency

The important observation was that 25% of patients diagnosed
with congenital PC deficiency were born to healthy parents with
normal PC activity. Their presentations were indistinguishable
from those of patients with PROC mutations. However, the low
PC activity gradually increased and attained the normal range,
but did not convey any recurrent VTE by the age of 1 year. In this
setting, such patients could be diagnosed as having “neonatal
non-inherited PC deficiency.”

Manco-Johnson et al.*'? first reported 11 newborn infants
with undetectable PC activity and/or antigen, which proved on
subsequent follow up to be acquired. Five of them developed
renal, aortic and cerebral thrombosis. Severe to moderately
severe PC activity (<0.1 U/mL or <10%) could occur and often
led to thrombosis in the stressed newborns as non-inherited PC
deficiency. Matsunaga et al.*® recently described a case of neo-
natal asphyxia and acute renal failure associated with isolated PC
deficiency. The term infant had 6% of PC activity, 61% of PS
activity, but no mutations in the promoter and coding regions of
PROC. The hypercoagulability and dissociated PC and PS levels
were unexplained by high p-dimer levels, normal FVII activity
and absent vitamin K deficiency. During the early neonatal
period, plasma PC activity shows prominent wide range com-
pared with PS or AT activity (Fig. 1). The “transient PC defi-
ciency in infancy” should be noticed as a critical thrombophilia
showing a mimicking feature of inherited PC deficiency. Further
studies are needed to clarify the mechanisms of delayed PC
maturation, focusing on the genetic and epigenetic factors regu-
lating PC concentrations. ™

Future directions

Severe or moderately severe PC deficiency occurs in newborn
infants, and results in serious conditions. Activated PC products
may be limitedly used for the treatment of inherited PC defi-
ciency but not sepsis.?® However, the clinical dilemma resides in

© 2013 The Authors
Pediatrics International © 2013 Japan Pediatric Society

the difficulty in discerning “inherited” from “acquired” PC defi-
ciency at the first presentation. The phenotype and genotype of
PC deficiency in Asian children should be clarified more to estab-
lish the screening methods, diagnostic guidelines, and optimal
managements using PC agents.
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INBHAICFAE T B 2 IiesE

DA

~T7O0F4Y COEEE~

RMRFER A PR EWIE IR R

K
FJe K AR tEEE, BEOE,
FHEIAR AR 22 E
3@%
L .
8

i3 T OBHE 2 B B 5 4K IS
THBH, TOEFE, BB B AR R AEAEH
B THIRBEREELED S EEREMMEREE
BEFIC IS LI AP S v, FhROMIE
b 5 v 7 (neutrophil extracellular traps : NETs) %
BPERIBICEEEN L7 4TI ) Xy bhA v
W, RELEEESESBETH S MR, BEL
Pk T 5 AR L, MHh0EBIC
DINEPICIER S, Bk BEOERBET LR
WinAehSs 5. BEBIHICBY S o L B
IS RS ROM & BSRTREDY, ERUSAOEH
TSR EH RS S O i mAR T % ik L
w5,

Jus4 v C(PC) 1, Fur4 S (PS) BLU
FrFhurEy (AT) & & bIC 3k EAMSEERREF
TH 5. PCORKHRED B EBRBREN D,
IR R B R B BB E R R R E T A2
PCEH IV REF2Y Y (TM) 2 buvEr (Fac-
tor Ila : Flla) DBEHIC L o TIEMILENE. EE,
EEAL PC (APC) WEEBEH OB, ZOHEHER
RHINBBRETE RS, TM OB RTSEER L & b i
FEHENB LS R o2Y PIEERETHEERA (AT,
APC, TM % &) OBERS 5 v 7 R LR+ 26
RREREOFTMIMEL WS, AR - P RFIRTo
WHBBELHMSho0d 5,

AEOBHERREAL D ENRTH LY, HEELE

WA LR (T812-8587) BETHRBMITAIFL
&
FMRE K RES IR B -

&

NBESR
KA E-

" E

MEESE

EUESRTEA, MRS E, PREPHHIR mARAE,

FHCBEF®SL 25, BE BERST 2O
MENTEL, IBERERHETDH Y, BURTE/LOHE
R ED W 5 H A (noncommunicable dis-
ease) &R MRS 5. A (thrombophilia) &
> %%, 1965 41T Egeberg 7% AT RIBFEDHFFRIC
utﬁfﬁwtﬁﬁfﬁé.ﬁff@,%%ﬁ&%m
REEEIMAE & S h T BB ICEETERY
R sn, MEELRECHEDHICE PP HmL
Twa, BARSBIT 3 IMEOMEWE R MR
LS B—BETHRTCEE2{, FHLOKERREDOD
5 [maMER] Tb2. —7F, MNRETE, BT
POBREOMELZTHRMERE LCoMRERRE] %
BT ERTERW,

FRTR, ARRREOMEHERICONT, Bk,
SFIELREFBEDPPD YRS, & RHFHER - FIBK
BB PCREQEERICOWTHHT 5.

§
L IAE & AR

MRHE & 43, Tk AR ASBRENIEE) L TR S ke
MR X iR E | L EHE D, T Mm%
WL TWiwnas, S LRd vaBBEmE O &R
EEFMBER TS 5. EE OB HER S
Ao T, MBIEFRET 5. MBI, HILE
% Virchow @ 3 8, Om&EE @Mzl BLU
CEMEAMEIERT 5. BIRIMBROTEEIC N
BE & M OZELD, FABRLZEOBRICITE Mg
ELBET A, FmBRERILSTW B
BAEREAL) 1, mARBEOHE X ET O S T
5. BEiCERZL, mRMEr2SBIEBRELeTY
ZR (BR, BT AHES L CEERR) TonT
BEZBREXWICRLIICT 2o

AR &M EE, MARRED A HE—ORBRINTH
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SEH: ME. B (LAATR, MEER B CBOENRFHET, BEAT
FRIECMOIE IR72&) | Ry FRRR L—b. BREYEE (HUS, SIRS - BXULYE, BRI B,
[ RERE, HIV, A, BS4E) ok, BEEE. ¥ 7R BILTEERE.
LG, FH (FEORNTEE, L-asparaginase, 784/ SRELHIR L)

CREAC HUN ¥ WER:

P EREALEE . BIEIAE. TO/E R, IR, OFe ) RE. IREEE
1R EE, BRIRTEEES (BNK A SBRA. K70 B, BEBRA.
PRI/ RN, BERE ., BIFEER | —UERE, 8RR, I
BRRE, MEX. A—FrobE, SLE  REM, H51 | RRUVIEEKE
FEORRERS, Migthi/EEdE (87 FEETE

SRR RALOAC AR

S

b
1=
&1

LH—BEFHE IR T, PC, PSBIT
AT BETFRBIC X HVEEEF/RIGE (ki) 2
IRICHET A, W7 LVAVERPREICK AEER
LCRBIREFRIEZTH 5. BIE - PEEOENE
BT 2RI ~FOEREEER, HFERARRoTTF
I DB HHIR IARHE (deep vein thrombosis : DVT) %
i AR e 2 L O IR AR 2848 4E  (venous throm-
boembolism : VTE) &5 L2 [MsgMRE] %
BETH M7 UNREICL A AT & PS RIEBEIREK
L Ehn, BIEOREIED THSNTH S, SR
FBEOMME T (tissue factor : TF)/FVHa, 71 b
Ty ¥y ok F D E K protease activated receptor
(PAR)-1 I BOBBIALEATH L. HEFET T
IRHERRICAT R C, PC, PS RO AT RIBEOEE LIE
VAR / A EEOWRE & 7o, ik BB RMEIR
OFFLFIZTNTH T UV BE O TEE PC RIBIES
B, FOHEBIZE S TR,

SERE T O RFEIC X B REE (BREES) 1K, APC
ICIEHME % D Factor V Leiden (FVL) #%% 5. FVL
BECR AR S SE OBV R ERLRERE T, Bk
MARZERIERED 20~60% 2 Lo A7, ZONFaf
EROBEEER T =% 2 AR H O 5~8% IR U,
VTE OFIEY R 7 1% 4~7 . FVL RT3 0.18%
EENZW,VTEY A7 8048 % 2 5. Bk CRICH
EomwitEtnagERR e bar ey (PT) #
TR DR G2210A T, ZOAF nERDREE
BVTEYAZ2~38 <, RETRELILERET

MASEERE 2 B¢ HE (g

TTP : thrombotic thrombocytopenic purpura, ECMO ! extracorporeal membrane oxy-
genation, TAFL : thrombin-activatable fibrinolysis inhibitor, TFPI : tissue factor path-
way inhibitor

L, — K BALREBRT7T V7 AREFEVLE
PTG20210A i2AH 2 539, HETH PCRENEE
ZIARMEETH Y. BAP LT AT BHMEZ R
T M#RER TR PT-Yukuhashi PSR & S &4, &
7 ARG E DI RER/GHERET A THA
3. MARREDY A7 IonwTit, IRLBEROTN
B WTh, PCRUAT REHFDIEHHREVL 2 PT
SGUWEHRTHZELIVPOEH (E1D. Z0X) 2HEN
&, MHEEDOE WERICBT % %K% thrombophilia
LW EAE, BARATR—RICHBEEISEL RSN
5DTHDD.

ARANETRADPS, PCEBLIUAT OANFRESR
BABREZ LTS &, PCE AT ROV, —
B LA DVT B, Winicd REMTER v,
—7, B Al PS-Tokushima #5872, PS 84
DEEWE, —BHEE, BADVT OwFhic B THE
FAEDE. HREAORADVT BE 8 Flo T
SETEHREAZ Y —= v T 5 L 65% i
DETRD Y, HERFRZENOKIFICAT TR
PHERE I, &0 33% FREMIREORESE L 2
BV AFuZERBEHEOBEUEIHHEELZ D
H5HE, BADVTI?I 8O 3 BT 2 EEET T L
CTHERFI32% & Bbopn?,

bR EEFT 2REEERID . B
FVII fofEtd 10% O RS VIE OREV A 7 %
10% FREER LI TH BN, BEFEREIELSHE
ENRTwWhwy, 74 7Y 0 Y BEEGHRE Mg
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1540-(12)
=1 WEHIREEESET ANEICBY 2 R ERERE DR BRS
el (v Ak [05% EIREM]
#HiEEmettHR
fRizmit ISR (OE) | SRSHIRILES: (OE, F5)
Protein C KIiRjE 9.3 [48180] 7.7 [44-134), 24 [1.2-44]
Protein S &IBIHE 32 (1284] 58 [30-11.03, 31 [1565]
Antithrombin KIBgE 7.1 [24-2243 9.4 [33-26.71, 30 [1463]
Factor V G1691A 33 [264.1] 36 [3848], 14 [04-1.2]
Factor I G20210A 24 [1.7.35] 26 [16-44], 21 [10-35]
Lipoprotein {(a) 65 [458.7] 45 [3362), 08 [0514]
LA/aPL 66 [35-124] 49 {22091,
o oRRERRE 119 [5923.7] 95 [49-184], 45 [45-69]
LA/aPL : lupus anticoagulants/antiphospholipid antibodies (3Ciik 4 & b Hoke)
PSIET PCIETF ATIET FCHL A TR Doz, AR LEARF T TUNE
) AT BT A 2 EFA R TV, 2006~10 £ 5 FM
AR 1220 SR RIS RAE L n e Rk i A 48 Bl SR L
FREADRHIRIASAE 7z, FORIT0% A DVT X FHIC 3 AP EE T
BEFRR RECHo (2). Lal, TORFERELY, %
PN PC B HET, PS 2% 15%, AT B¥ 10% &
/pR Feoze. RIS OREREELERLES L UG
EFPEMSE ‘

15% 45% 10%
L ‘Q' t
MAATOER AR FW
weEE  FEUR0w oes  2mes
2 HAEAOBRALARIZEY Aii#iERE
(k11,120 17 K hEes)

WAEBIT. TIRAI S VEEE (Tochigi 2 &)
AN & LTEE S b, FXIIRIBIE, T™
REECOWTHIAERL LTHELTWw W,
ADAMTSI3 RIBERBUFRE TTP L LT, B%
FAERHREOBNE FETRET 525, IED
SEIEN B EE - PUEE - SBRETORBMAC,
MAFEAG IR & R 2 ARERMERETD 5.
BB E Y AT v MG EVERESRIC X 5 B E A ElIR
MiEEHRT S, AF LTI FOERETRES
BEFELE (MTHFR C677T) DEEZ HAACHE S

REVAFVIGEE & 72 LINEE L OMEIRRE R
Tnwh FRMA7u-EhmieEr &84 5. IL-
1Ra 2 EUHBOREBAEREIC X 554 R E OREYE
BT L IR S Ny, BYeth Mint R
SERNBITIERS TR CIRIE S B 4 bk,
REMEIEERBEROTLEHRS 4 Yol 27 IR
ETHENEROSERI RIS THAY,

o
&

.

ANRIIE O 5T % L IR

Ve

S

HANDRICSEE Y 2 @EHIREO2FRII I

EOPERMSEOSEREYOHEREZ LWL Tn
B, KM PC RIBHE & B & /MBI L T, H
{LPC B (7 97 FOC, {LMAT/3 A) oW RERE,
JUM KSR TR 20 SEHESE L C & 2o AR VESR R AT
DNRE, B SICERHGE R L Ok E TR L,
ERIC 2382 25910 PC REEZHERT 5 2 &45C

E729 11WNCEETRAF LN 7R PC /BT
(PROC) ®F&T (14 TLdBae~ruEE 64)
Thotz. TEO PCIHEMER S, BIRO 20% 13 PROC
ANFOERCE A PCREZLEEERLD, BEOR
W B RESE S 7. ARSI ARE DR ERE DT & A
THholebDiL25% T EY, 75% ©0BRORES
BWETEmBELRES L Cnikwv PCERETH T
Bon BEXY, R PC RIBE LB S iz/hE
DA PROC BEPBEENT LR, 26% HAF 1
ER BYSPERRHELGEES NS (H2). W7 LV
BEEAETHEBEOPET PCNagoya (1362delG) #
BB L Twvieds, ZINFEBREWE LITEADVT 4
RIEBEAERDDP L2V =2 L3R AMEE
Tt PC-Nagoya DHF SR E { v s, ARIAgdE
BOWTRINPEEPCREEZ BITHEERERT
BHBIEIRBEND,

AR PCRBIEOHRIGE LT, BEAEPER]
2B SIS P /B (FERR 33 B~A 15 H)
PEBUEEFCRIET AL, 60% XHEEL AN
L, BEERRENETTLC L, BRETREAER
ORBWFD B, EIRGENCRE R KEEE £ i
ENTVEHFEH B L, TENREFEETEINTIE
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Protein C and
Protein S pathway

COAGULATION

# Yhyombin
ganeralion

smennd

Encothwlian

1541~(13)

Anticoagulant effect

Pieiotropic effects
cytoprotective,
antiinflammatory,
anti-apoptotic

F3 7usdy ComiaEks £ ok
(3CHk 3 B UF Anderson JA et al. Can ] Cardiol. 2013 ; 20 @ 75-88 & b &Z)

EAEEMERMETHE L, REPEHLpE
T 72 & B, PCHROBIMEEIC D P b 53,
BROZWHAREREOEMN DR E LD, PC
RIBIE I Direct sequencing DA TR FHETE 2\
RREDHESRTWE, LiL, Blbliz kR
PR SNz o BN, PCHEMOW L PR
LA EEBAHEAL TV A, FXI & PAL OhEIC
X A EE ORI, agerelated stability element
(ASE) & agerelated increase element (AIE) DFEH
PHHEBEEN, PCREOREMICH ASE XN T
B9 R, 47 AT A PR S MEE PC BREICRE
T HPWE PC Z44 (BPCR) SR 2 EA LM -
7P AR BN PC BT R 2 R 3 HAER
—EB¥EPC RERE] FLroBRELRRECHST 20
A, BEEEPREERD, ELTEOL) ZEHE
HWHREG P EE4BHOP T ILEND 5,

DI KEEAE, B BRI - A2, MERIRIA M
BIE, WREdhn HALE, BREERRHALC S
F¥ PCRIBIELRIFEHETH 5. HIETRIRITHE
9 BN R B IC BN PC RIBEARRN T AW HE
Hhsdy 5%, FHa:lEd HILRBER I PC R,
2 BAMEE PS RIBRE & AT RIBIE® & 2 CilndePhsk
HERT Y~V 7T 500EHTHS).

L FuF4 v Co(PC) OBkl L IEEALEM

PCHIFECEEENELY ¥ 7O 57 —F¥ (ser
pin) OEEFAEEAT, € 3 v K BKERRBEREF T
HBH (F3E), BEOEELS b ¥y () g

FHEUT 2L, @R U Y AR R
Lic TMICAET 2, TMICSELAE My v
PR L T, BEEAGEVER £ 50w PC R
[EMALT A, EPCR W PC &AL T, TM 4 Ila
L BIIFBHAEPC (APC) ~E Efosd b, APC
EEHAL LAm/MRICHES L, PSEMEBRL LT,
FVa & FVIIa 2 BROIARE LT 2o itk b b o
VAR L CHSEEVER & BT 5. T
i APC 1 PAL] 2 REIL L CHEERVER £ b 72 6
T, IOEIAPCIZ by U VARG TEE
ENBOT, EENEHICES LT PC/PS HIEIR AN
&b, o T, PC L PSIAEDRIRMIET I
NHBEEEZ 25, Wt EPCRILMIZ APC B4 &
BEREPEELCARBEELET S CoMET
PROCR variant (Ser219Gly) 7% PC BB o iftkibz i
WL, MBMRETH 2T EPRREHE SR,
PC % 20— F4 5 #ET PROC {3 Beth 4k 2q13-q14
KRIET 5 000 exon 7 b 7% A, #{E PC KIBHEIX
PCHIFHE -HHLDIET TS Typel EHEEIT
EHRTHEEOAET T2 Type LKA E NS, 250
P EomEREICHEE T 5 ERPFE E L OEME
ARLTWAEY, FVL 1, APC OEEMFMOER
Argh06GIn Iz & h RiF{bE &k { 2 5. APCEPC
3 EPCR (A& O 26T 5 ¢, APC I EPCR
»o—IIWHE L TYER T A, EPCR 458 L7z APC
IZPAR-L 240 L ¢, MERICEBEMIBREER gk
EHTRI-V ) Db, APCRIFHRIR, <7
07 7Y, BHRANE L EofEE MBI, T
AR DS R ZAE (LRPS, SIPL 2 E) AL T
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A RREaME #1178 H105

2 TOF4vCBLIUITOTS ¥ SIEHEECHETAER

R FaF 4 C Ja5 48
HERY ‘
iR iR 22 BE CHEHICER WA
BECIVEEEE - R E S fRE — &4l
R EEE EDIChA (PCEPS & AT L DAL AA~OEREIGERS)
=] — A Al
BENREZ
WY ¥ 3 v Kk & B4
Y2V KRE EAqu {EAE
FIRIB it A
FreEis EAtE Al
M (DIC, HMERMUE, MulsE, VTE) R Al
WkMBE (SLE, K&, EfHEw Hfi Bl

Y SEI T, BRI, R 5RH% LT Protein CB &L U Protein S AT RAET AT EF/MRELINTVS,
% Lupus anticoagulant DFE T Tit. i b Clotting assay ORI M 5. (rik 23, 24 X Y HE)

PIEER 2 BT 5 (W34A)Y. TM $ HMGB-1
ENHUHAEAE HEO P LY, BERIKBT2E
BEEFEBE RN CW D, WS TM RERICBAT L2
WY, APC i EPCR KEMICIEHR % BBB 8 L
WA /ER T 5. APCIC 2 PARL, EPCR B U°
PAR-3 2 /- L - RUEREREICH T 5 REEH D
BEEZLNLTNS,

BAETOVTE OFRIESRE, HAER» SHLBER
ClRbEL, EEPICE Y, BHERCEVLEET
5. ZOMAEREBEHoRERICIE, BESEE
F o e WA EEEOET NS4 %, ki
MOBIIE- T, 3AMEERTRELERL LD
WK ERT 2% AT 2R FC, PC 35 & U hepa-
rin cofactor (HC)- I BERHBAT CIC LA T A, PS
13 C4BP Z 454 L %\ free PS NG % R T 4% B4k
RHAIE C4BP fEAME < free-PS BEEEAAH RO B\,
PC, PSR AT @3 bR DIBABANOIEEFEN S
OWRPCTH5H, AB2BHEETOPCERERE,
ECIBAZEPKRE ORI HNR v, AR CHER
LEOHERT ITEH S N T LD, WEEOK—
(B MR, amidolytic/clotting % &), ¥4 3 v K
RZOWMER, & 51T 3 KETORRYETOREIY
BeHAHH HERMICPC L PSESLTERSCL%E
KRHERZBEL 2Tl v (FE2)P. RBIRATIE,
PSZ ML 728, PS/AT b #fEtk PS RIBED
AZ Y= FICHA SRS ANRTI PC/PS I &
BB PCETORZEFS#EYE PC RIBEOBRICAH
Ha#d Lk,

| MR PC REEICHT B B LTI
s ~

MARSE DRI, PUEEEENE & MASHEARRRE 2 O
3% AEOEBEAEEREHLPRL, ZRIELTHR
RESRIC L 2ERTFH 2. SEERLEE BK
) THUNIEH AR MRED ET L BRoOGRME
&, PC, PS RUF AT RIFFED MAIE ) R 7 138z
®H, FVL % PTG20210A L 8% ), TOREEZHET
BRI ZDIEFOAL Y — =V I WEATHHE
RENTHED,

AWBPCRZMICL BIMEERBROBRERLES
WRT®, BEMME L HEE A I & 2 W Femk
DUHEHR L QCHAER - LR TEEND. MEO PC
RZCHT HEFHEE, BALVEBAINELEET
5. LW EHREHHTA2RERTORD
MG AR 20~30% BETH 5. HiEEomifE PC
ES IR ECES ., TMEH (Jaeyay
VO AR T 7 — ) BES R RET 51, T4
ZPCIENRLET LWEELLNRAY,

HEE R CHE— o PC AL miEH R APC T, R
% PC ZABFEIC & 2 MMIEO & FEREE & o T
B, WAMCH Y B EERIUEIC T 2 ABRA APC
WA APC) WX 2 KEM L EAERCHRKR AR
(PROWESS &, 10l 1b) T, APCEOHEER
EEROYEHMRE SN LAL, BEBAOEE
B & BindEYE S 5 v 2 1T 5 rAPC ORI
BESNRZEY, AR CRESEHBOSHEL: 2572
»H¥ HalE PC RILEANOEH IR R S LET
HhH, APC R TM B, AR (B HER) ik
REEERLC AT Al LR L HE
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E3 MEETOFA Y CREEC L HluRE DIC, BEMENN SO RMEERES &) ORRER

B8 pagss bl #E 2 45 DIREE
DIC, PF, PC H#w 100 U/kg 2OEE— 5 A1 PC ¥4k 50 TU/AL 5
B4 VTE : 50 Uskg % 6-12 h 48 (B e h ) D-dimer @A L EFILFET
FFP 10-15 mL/kg, 812 h4%; PC & >10 TU/dL ;
L, PCEHOMMET PCEHIOMM % ¢, D-dimer @
KFEERILET
B | RO V) 15-20 Uskg/h # PCHIFE L & b1 B Xa ¥4 0307 U/ml
BTty on | 1015 mg/kg 12 0% PCHiFE L L BIC | ¥ Xa ¥ 0510 U/mL
R ERAILE O PC B 100 Uskg BIER - 5 &1 PC M 2050 TU/dL ;
BOFH 3050 U/kg % 12-24 h 4% #1812 D-dimer ASREMAL E 7243
BHETFBRFET
Hedr PC &2 30-50 IU/kg % 1-3 Hig: D-dimer ik
MR 0.10.2 mg/kg B % &R INR 2545,
Wm%@f&t (PC B ORFER LOBA) %ﬁ%ggﬁm;@%meﬁ
& 2 i Y,
e ke B R PC PAIMA OB A1, INR 1525

O BATIRIGHAL PC OH 5N HACH 5. AR - FERCRERLMHBICH LT, HEEC T2y~ Ladh, 8

BRI UCHE T .

b ) O AR A RS DIC OMAIc IOy A2 51T 5703 EET 5, DIC : disseminated intravas-
cular coagulation, INR ! international normalized ratic, PF: purpura fulminans, VTE : venous thromboembolism. (3£
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Introduction

Automated coagulation analyzers can provide a wealth of
information in addition to that provided by conventional
clotting tests such as the prothrombin time (PT) and the
activated partial thromboplastin time (APTT), which are
often considered of limited use for clinical purposes [1].
One particular type of analysis, the clot waveform, which
was originally described using the Multichannel Discrete
Analyzer (MDA series; Organon, Technika, Durham,
NC, USA), defines changes in light transmittance that
occur during the process of clot formation. A number of
recent reports have described the use of this type of auto-
mated clotting instrument for clot waveform analysis
(CWA), and there appears to be significant advantages in
using this assay for the assessment of global coagulation
function. In this communication, we propose standardiza-
tion of methods for the CWA using currently available
clotting analyzers and overview the potential clinical
applications.

Principles of clot waveform analysis

Visualization of clot waveforms

Changes in light transmittance or absorbance are deter-
mined by continuous measurements during the APTT
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and are designated the clot waveform (CW) (Fig. 1). This
clotting process is categorized into three parts: the pre-
coagulation, coagulation and post-coagulation phases.
Pre-coagulation is described as the first segment of the
trace, from the beginning of the signal to the onset of
coagulation. After the onset of coagulation, light trans-
mittance is decreased or absorbance is increased by the
formation of fibrin, and this is defined by a slope in the
waveform. At the end of coagulation, light transmittance
or absorbance tends to stabilize and is characterized again
by a linear segment. If fibrinolysis is enhanced due to
acquired or congenital abnormalities of hemostasis, light
transmittance may increase or absorbance may decrease
again in the post-coagulation phase.

Coagulation analyzer

There are two types of clotting machines for CWA. One
utilizes a system to detect transmittance during the APTT
clotting reaction, and is represented by the MDA-II or
CS series. In this type, transmittance is decreased after
initiation of clotting (Fig. 1A). The other type monitors
the absorbance, and is represented by the ACL series. In
this type, 0% absorbance defines the pre-coagulation
phase, and the absorbance increases after the initiation of
clotting (Fig. 1B). Other analyzers having similar features
should also be able to provide CWA data easily, particu-
larly if manufacturers incorporate the relevant software.
Even if an automated CWA is not available, there are
several analyzers that are able to provide adequate raw
data (Table S1). CWA is possible using such analyzers by
statistical evaluation of this raw data of transmittance or
absorbance (Fig. S1).

Recommended method for standardization of CWA

APTT assay

Plasma should be prepared from fresh citrated whole blood
as for the standard APTT assay. Pooled plasma from nor-
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Fig. 1. APTT clot waveforms (A) Clot waveform of normal plasma by monitoring of transmittance (CS2000i). The upper trace shows the
changes in light transmittance observed during the performance of APTT with normal reference plasma by CS200i (Sysmex Kobe, Japan).
Point ‘A’ marks the beginning of the recording by the instrument, which occurs 8 s after the addition of CaCl2. Point ‘B’ indicates the initia-
tion of coagulation, namely fibrin formation. The clot waveform is separated into the pre-coagulation phase (A-B), the coagulation phase (B—
D) and the post-coagulation phase (D-E). (B) Clot waveform of normal plasma by monitoring of absorbance (ACL-Top). The upper blue col-
ored trace shows the changes in absorbance observed during the performance of APTT with normal reference plasma by ACL-Top (Instrumen-
tation Laboratory). The red colored curve is the first derivative of the absorbance corresponding to the coagulation velocity. The light blue
colored biphasic curve is the second derivative of the absorbance corresponding to the coagulation acceleration.

mal individuals or commercial normal plasma is available
as reference plasma. Colorless APTT reagents, without
opacity, are recommended to detect sensitive changes in
transmittance or absorbance, and for subsequent precise
measurements of the various parameters. Although any
APTT reagent that fulfills this criteria should be usable for
CWA, among the reagents tested so far (Table S1), Throm-
bocheck APTT-SLA/0.02M CaCl, is suitable for MDA-II
and CS series and HemosIL SynthASil for ACL-Top
series. Other instrument and reagent combinations should
also be possible to use but these need to be tested. APTT
reagents used for the detection of anti-phospholipid
antibodies are not recommended for the CWA because
their sensitivity for assessing low clotting function is not
sufficiently high. The APTT for CWA is performed in a
similar manner to that for the standard APTT assay.

CWA parameters

The first derivative of the transmittance reflects coagula-
tion velocity, and the second derivative reflects coagula-
tion acceleration. Clotting time (CT), maximum
coagulation velocity (Minl), maximum coagulation accel-
eration (Min2) and maximum coagulation deceleration
(Max2) are common basic parameters. Among these mea-
surements, Min2 has been reported to be correlated with
clotting function in hemophilia [2].

Clinical applications of CWA

Clotting function of various bleeding disorders

Initial evaluation of clotting function by CWA is under-
taken by qualitative assessment of the CW pattern. In

particular, two characteristic CW patterns are observed in
various coagulation abnormalities compared with normal
reference plasma (Fig. S2). In normal plasma, the pre-
coagulation phase is short and the slope, reflecting the
coagulation phase, is steep. In factor (F) XII, X, IX,
VIII, V and II deficiencies, the pre-coagulation phase is
prolonged but the changes in slope are different [1].
Changes in slope are more evident in FVIII and FIX defi-
ciencies than in other deficiencies. Thus, qualitative analy-
sis of CW may have diagnostic value in various clinical
settings of impaired clotting function.

Evaluation of clotting function in hemophilia A and B

While assays of FVIII:C and FIX:C are most important
for the clinical management of hemostasis in patients with
hemophilia, CWA provides a potentially widely available
platform for assessment of global hemostasis in these
patients [3] (Figs S3 and S4). This assay could then also
provide a novel method not only for diagnosis and corre-
lations with the bleeding phenotype but also for monitor-
ing of hemostasis in cases of replacement therapy for
serious hemorrhage or surgery.

Furthermore, the aPTT CWA is also useful for assess-
ing very low levels of FVIII or FIX, for example less than
1 TU dL™". Studies in a number of patients with severe
HA diagnosed by conventional clotting assays, demon-
strated that CWA patterns differed from patient to
patient. The APTT clotting time was prolonged in all
patients with severe HA, but there was variation in the
slope [2]. Using mixtures of severe HA plasma and exoge-
nous FVIII ranging from zero to 1.0 TU dL™", the slope
and the APTT clot time and the min2 appeared to change
in a dose-dependent manner. Similarly, in further studies
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