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Rackground: Cytokines and chemolkines during pevinatal period may involve the nesrologics] development of

newbnrns,

Abmisr We investigated the association of dronlating chemakings during neonatal pertod with the outcome of
pramatece infants,

Study design: The prospestive study envolled 29 very low birdh weight (<1500 g} and appropriate-for-thare

Aveicle hixiore;
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3;2;'?:223“& il vt infanes having nounderlying Siseases. Serutn concentrations of chemokines (CXCLE, CHCLY, OXCLI0 and
Ch&éﬁ?xkine B £C12}) and cytokines ab birth and 4 wepks postnatal age were measared, Developmental guintients (G at
xete 3 years of age by the Kyoto Scale of Psychological Development were studied for the assochation with
e chemokine/cytoking Jevels and clinical varfables ncluding chorioampionitls, Apgar scores, ventiator
DRt eatment arad supplemental exygen.

Resudrss CXCLS lovels av birth and days of ventiiator reaiment were negavively, CCL2 levels &1 4 weeks alter
Birth and S-ninute Apgar scorss were positively coirelited With the DO of postural-moter [P-M} aréa at
Byears of age, respectively (CXCLB: oovrelation coalficlent [C0]= ~0394, p==0037, ventilation: (L=
0518, pi= 0008, L2 CC== 0328, p=0013, and Apgar scorer LC=0.521, p=0.005}. Infariis showing
both %50 pg/od of CLCES at birth and =250 Pe/mlbFECL2 4 weeks aiter birth had Iower D¢ of P-M than thise
whodid not {30001 Multhvariste analyses indicated that CCI levels a4 weeks of age were higher in
infants who attsined norral DQ of P (285 Ladjusted mean, 338.4 [958 confidencs interval, 225,5-507.81)
thin in those who dig not (<85} {1590, [1082-233,7]) (o= 00185

Conclusion: Cirenlating patterns ol IXCLE (IL-8) and CCL2 EMCE-1) during the neonatal period might affect the
neursiogicsl development of prateny Infants,

Ly R0 Blaevier beland Ludo Al righes reserved,

o bean independent risk factur for sevare neonatal morbldity {141,
ot only dre the dirget effects of such nflammiatory cytoldnes, imt also
the pro-fanit-inflanmiatory balance critical for the organogenesis.
Inappropriate produsction of IL-10, anti-inflammatory cytokine, in the
fetug and newbor colld contribiite 1o the posthatal evolution of
chronic fung diseates 154 i%écani%g increased concentrations of
inflanmmatory cyzs}sines in the fetal plasma have been Emgﬁ‘catccﬁ in
the fmmatwn ofwhite matterlesions and subsequent cerebral palsy
{CPY 1144 Excessive production of cytekines inthe mimheca space
ACLO mﬁs fl:'}x the brain damages of infanis with central pervous system
(CNS) Infection 1574 Several lines of tlinical studies reported fhe
: assoeiation between hagﬁ levels of T-16, 116 and TNF-e in the fetal

1. intreduction

Feto-maternal responses to inflampmation alter the cutcomes of
pregnancy ranging from the abortion to the intrautering growih
retardation and premature birth. Fetal inflanmivatory - response
syscrome (FIRSY is defined a5 the it wgero cytokine storm repiesented
by the elevation of inflammmatory cytokines such as interievidn (1136,
1-1p and twnor secrosis factor (TNF)- fn amndotic fluids andjor
cord bloods {1 L Increased Jevelsof thess tytokines bave been reported

Abbreviodens FIRS, Paeal inBlamratory Tospasse syndromi 3L, intetisulting T,
o mecrosts Bactory OF, covelent pabeys UNS cantbral servons systen; T4 torrelation
cgefficient; 0P, monosine chemantirciant proteing VLI, verd low birth welght;
AGA, apprasrisie-f-gessational age; RDS, tespivatory distress svadsoii; KEPD Kyt
Seate of Povchilogiont Gevelogniest 1O, Develnpnntal guotiat,
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and pewbern circulations and the neurslogical outcome of pretesm
infants Lk Delicate balance of cytokings and growth factors could
affect the dwe?opmg brain of premature infants over the perinatal
pur fotls, The effects of inflammatory medistors on the neurslogical
sutcomes of preterm infants have not feached a conclusion,
Chemakine primarily serves a8 o chemotactis factor i the traf
fcking of leukoeyies lato the sites of Inflammation, by inducing the
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adhesion to endothelial cells and transendothelial migration, The
chemokine and its-receptor system has been implicated in the unique
immuneresponses elicited in (NS diseases including trauma, ischemia
and multiple sclerosis. Activations of CCligand 2 (CCL2)/CCreceptor 2
{CCR2), and CXCLS/CXCR2 promote macrophage and neutrophil
infiltration, respectively, into the lesioned parenchyma after brain
injury [8~10]..On the other hand, constitutive brain expression of
chemokines and their receptors might modulate neuroprotection,
nevrogenesis and neurotransemission {111 CXCLS (JL-8) is one of the
main players in FIRS {11, CCLZ (monocyte chemoattractant protein-1;
MCP-1) productions increase during pregnancy, suggesting the lotal
modulation of immune system [12}. However, chemokines have been
scarcely reparted toinvolve the fetal and neonatal brain damages. Only
two studies indicated the association of cord blood CXCLS levels with
the development of CP in preterm infants 1341

I the present study, we prospectively determined chemokineg/
cytokine levels at birth (acute phase) and 4 weeks postnatal age
{stabilized phase) of pretermy infants having no underlying diseases,
and then assessed the development scores. Changing pattern of CXCLS
and CCL2 Jevels was associated with the outcome at 3 years of age.The
role of chemokines in the brain development of premature infants
was discussed.

2. Materials and methods

2.1, Subjects

The study subjects consisted of 29 Hve-born infants with <1500 g
birth weight {very low birth weight, VIBW) and appropriate-for-
gestational age [AGA) who were admitted to Kyushu University
Hospital between fanuary 2002 and December 2007, Sixty six-of 84
VLBW and AGA survivors were followed at 3years of age. Exclusion
criteria were infants under 24 gestational weeks and having chro-
mosomal aberrations, congenital anomalies, severs bronchopulmorniary
dyspiasxa CNS infections, and underlying inherited diseases. To mini-
inize the effects on cytokine and chemoking productions, infants who
received steroid therapy within 4 weeks after birth were excluded.
Informed consents were obiained from all parents. having normal
mentality. The Ethics Committee of Kvushu University approved the
study.

2.2, Anteriatal and nevnatal clinical data

Clinical characteristics of 29 infants (male/female=16/13) are
shown In Table 1. Median gestational age and birth weight were
276 weeks and 1038 g, respectively, Chorioamnionitis was clinically
or histologically determined {13} Antenatal steroid use, cesargan
detivery, chorioammnionitis, Apgar scores, respiratory distress syn-
drome (RDSY, ventilator treatment. and supplemental oxygen were
used asclinical variablesfor statistical analyses, Four infants deveia;;ed
CP, and two of them had penvemn;ufar leukomalacia. Twenty six
infants showed no abnormal brain echograms.

2.3, Measurement of seruni concentrations of cheniokines and cytokines

Arterial or venous peripheral blood was collected from 29 infants
at birth and 23 out of them at 4 weeks postnatal age. Serum was
separated’ from blood samples and stored at — 30 °Cuntil the analysis:
Concentrations of chemokines {CXCLB, CXCLY, CXCLI0 and CCL2) and
cytokines (1L-13, 1-6, IL-10, TNF-xx and 1L-12p70) in serum samples
were determined by cylometric bead array {Becton Dickinson, San
jose, CA, USA) and flow cytometry according to manufacturer's
protocol. Each detection limit was 4 pg/iml

Table 1
Avitenatal and neonatal ciinical dats of subjects studied.

Mumber 28
Maleiferale 16:13
Gestationa) age, weeks 218 [24a~326)

Birth weight, ¢ 1038 {556+1486)°
Antenatal stergids 101345
Cesarean delivery 13 {45%)
Choinansionitis 10.{248)
Apizar score ot 1 min ERREETA
a5 min 7i3-9p
Respiratory distress synd 18 {85%)
\famﬁamr srzatment, davs 410671
Suppiemental oxygen, days 28 {807
Sepsis 3 {108
Patent ductus arterinsus® 31083

* Median irangel
® tigation-required patients.

2.4, Developmental outcome

Developmental oatcome was assessed in all infants at 3 years of age,
by trained psychologists using the Kyoto Scale of Psychological
Development {KSPD) that is a standardized developmental test for
japanese children {1415} Developmental performance on KSPD is
expressed as the developmental age for three behavior areas {postural~
motor [P-M], cognitive-adaptive [C- ﬂ;} and language-social {L-§]) and
for all areas. Developmental quotients {DQ) were caleulated; the
developmental age divided by the corrected age was merz multiphied
by 100, Developmental outcome was dlassed as normal for DO of
KSPB2z 83,

2.5, Statistical analysis

Statistical analyses were ‘performed using STATA Statistical Soft-
ware 10,0 version {Stata: Corporation, College Station, TX, L}SA)
Correlations between contintious variables were assessed with the
Spearman’s correlation coefficient. Chemokine/cytokine 1evels at birth
and 4 weeks after birth were compared by Wilcoxon signed- rank test,
Relations between clinical variables or chemokines and the catego-
tized developmental outcome were examined with Wilcoxon rank-
surn fest. The optimal cut-off points of CXCLY levels at birth and CCL2
levels at 4 weeks postnatal age to preélct the developinental outcome
were defermined by the anafyszs of receiver operating characteristics
(ROC}eurve, Multiple linearregression analyses were used toeiamine
the relations between serum levels of chemokines and developmental
outzome, A p-value <0.05 was considered statistically significant.

3. Results
3.1. Clinical variables and the outcome at 3 years of age

Apgar scoves both 1 and 5 min correlated positively, while the
duration of ventilator treatment (days) did negatively with the DQ of
all three areas (Table 2). Days of supplemental oxygen treatrment
correlated inversely with the DQ of P-M marginally, and 1-5 area,
Infants with RDS had significantly Jower DQ of C-A-area than those
without RDS (p==0.045). There were positive associations between
Apiar scores at 1 min and at'5 min, orventilator treatment and sup-
plemerital oxygen {days), respectively (Apgar scores at 1ain and at
5 min: correlation coefficient [CC] = 0,871, p<0.001, ventilator treat-
ment and supplemental oxvgen: (C=0.761, p<0.001); Both days of
ventilator treatment and supplemental oxygen vorrelated negatively
with Apgar scores at 5 min, respectively {ventilator treatmient: (=
- 0,724, p=0.001, supplement oxygen: {C=~ 05606, p=0001). No
other variables were associated with the DO of any areas at 3 yeays of
age.
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Tabie 2
Corretation betwesn clirdeal variables and developmental sulcome {n=38}
1y 21 3 years ofage
PN area C-A ared L Area
Apgar score at Tmin 0,016 {0454)° 0.005 {0.530)° 0022 {MK(}}”
at 5§ min 0005 {0.521)° 0,008 {0.486)° 0,003 (0.522)°
Yenillator bearment 0006 {~0518)°  0.001 {~0583) 0,003 (0546}
{days)
Supplemerntal oxygen 0049 (—0.372) 0118 (~0.204)° 0028 (~0415)°
(days)

3 povalug (coreelation coefficient), Spearman’s correlation coefficient.

3.2, Chemokine and cytokine levels during the neonatal period

Serum concentrations of all 4 chemokines and 3 of 5 cytokines (11-8,
{1-10, H-12p70) at birth were significantly higher than those at 4 weeks
of postnatal age (Table 33,

3.3, Chemaokine and cytokine levels ab birth and the outcome af Iyears
of nge

CXCL8 levels correlated inversely with the DQ of all area (P-M
area; (Ce==—0.394, p==0037, Fig., 1a, C=A area; CC=—0448, p=
0017, 1-S area: (Cs=--0403, p=0032), Serum levels of IL-1p
correlated negatively with the DQ.of P-M and C-A area, respectively
(P-M area; CC= —0.382, p==0.043, C-A area: (Cw== 0427, p==
0.023). 1L-6 levels correlated negat;vely with the DQ of C-A atea
{(CC == — (465, p==0.013). Serum levels of IL<1j3. and 1L-6 correlated
positively with CXCLE levels, tespectively (IL-1p: CC=0465, p=
0,013, I1-6; CC==0.513, p==0.006). Five out of 6 infants with <50 pg/m!
of CRCLS at birth showed normal DQ.(=85) of P-M area (Fig. 14, open
circles). No other correlations were found between the levels of
chesnokinegs (CXCLY, CXCLI0 and CCL2) or cytokines {1L-10, THP-o
and IL-12p70) at birth and any area of KSPD {data not shown).

34, Chemokine levels at 4 weeks of age and the vutcome at 3 years of

age

As for the associations between chemokines/cvtokines 4 weeks
after birth and KSPD at 3 years of age, only CCLZ levels correlated
positively with the DQ of P-M area (CC=0.528, p=0.013, Fig. 1h).
Seven out of & infarits showing 2250 pg/ml of €C12 had normal DQ of
£-M area. The DQ scorés of P-M area in‘infarits showing =250 pg/ml
of CCE2 at a month of age were higher than in those showing less than
the level (p=0.002). Among 15 infants with <250 pg/ml of CCL2 at
4weeks of age, 10 out of 11 infants who had low DQ showed high
CXCLS levels at birth (50 pg/ml). Infants who showed both 250 pg/
mi of CXCL8 at birth and <250 pg/ml of CCL2 at 4 weeks of age had

fower DQ of P-M than those who did not {p<0.601, Fig. 2}. On the
other hand, among infants with 250 pg/mi of CXCLE at birth, infants

Taple 3
Chemoline and cytokine lovels at birth and at 4 weeks postnatal age (=23}
At birth 4 weeks after birth pevalup

CRCE8ipe/mly  « 1187 [<4-10,000P <[4~ 7288.10° aany®
CXCLS (pgiml} 393.0[148-46851F 4727 BL-TLILAP poesd
CHOLTD (/) 1163 - 10,0008 4737 IS0 oot
€012 {pg/mal) 609.2 {746-10000) 1994 {528-6532) o.006°
118 {pg/mb) w4 [54-30,000 <4 <4675} 0068
16 (pe/ml) 13.7 {<4-20,000) <4 [<4-510.2P o.001>
1L-10 {pg/ral) 55 [<4-192.3)° <4 J<4-14.6) 0003
L1270 (pg/ml) <4 [<4-349,2]° <4 [<4-300} 0.018"
THF-g¢ (pg/ml) <4 [«4-7448] <4 [<4-15.0{" o1rst

A Median frangel.
Y wilcoxan signed-rank test
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Fig. 1. Corrslations with the developmiental quotients (DQ) of B-M area ar Iyéars of
age. {a) OB Tevels at birth {CC== ~ 0384, p = 0.037% Six infanty having only the data
at birth were amitted. (b} C0L2 levels at 4 weeks postnatal age (CC== 0,528, p=0.013).

The ventical awes ate logarithmic scales. Closed squares (8} represent cerebral palsy
{CP} infants. Open cirdles (O} represent infants whi showed <50 pg/mi of CACLE at
hirth, Closed tiangles {4} represent nfants who showed 250 pgimd of CXCLE at birth
with normal DO{285) of P-M area at 3 vears of nge Five of 6 infanty with <50 pe/mi of
CXCLS st birth showed normal DQ of PoM area, Among 15 infants with <250 pgiint of
COL2 at 4 weeks of age, 10 but of 17 cases withlow DQlad 2 50 pg/ml of OCIR st birth,

having normal DQ of P-M area at 3years of age {Fg. 1, dosed
triangles) showed higher CCL2 levels & month after birth than infants
having low DQ of P-M area at 3 years of age (p=0.015).

3.5, Multiveriate analysis

Multiple linear regression was used to obtain adjusted means of
CXCE8 levels at birth and CCL2 levels at 4 weeks postrnatal age
according to categotized DQ of P-M area at 3 years of age allowing for
Apgar scores at 5 min and serum levels of these two chemokines. Log-
transformed values of CXCL8, CCL2, Apgar score at 5 miin were ¢cal-
culated for the skewed distributions. CCL2 levels at 4 weeks postnatal
age and Apgar scores at 5 min were higher in the infants with normal
DQ of P-M aréa than in fhose with low DO even for the adjusted
{Table 4},

4, Discussion

The notable finding of this study was that serum CCL2 levels at

4 weeks of age correlated positively with the 3-year-old DQ of P-M
area in VIBW infants. The CCL2 levels were indicated as an inde-
pendent factor for achieving normal DQ of P-M area. High CXCL8
levels at birth were associated with low DQ of P-M area at 3 years of
age. The combination of high CXCLS levels at birth and low CCL2 Jevels

4 weeks after birth was at risk of the low DQ. Whereas, infants
showing high CXCL8 levels at birth and sustained high CCL2 levels

attained normal DQ of P-M area at 3 years -of age. These results

_42_



a4 E finje o ol Borly Human Uevelopimens 87 {307

. b
2 y204 U '
: ; %ﬁ-’@
£ osod e o
MR T e —m—"
w0 & LB
=
£ 80 ® o°
Z O
o
T Gpd 0
s H ¥
0 yus
[EE {wai 1y

38 pghwlald
A pointof ¢

1.8 st Bivth and
2wt b wonthefsge

Fig 2, The DO scars of Pabd aeea 2t 3 years of dge secording o Uie chasnoling pattent,
lanits who showed both 250 pa/ad 6f OXCLE ar bituand = 250 pefoi of COLE 4 weeks
afier b had Hower DO OF B8 arepat 3 yearsotagethon thise whoedid dat {(p<0001 L
*Wileonan ranke-dum s

suggested that the chémokine balance doring the first month of life
might contribute fo the newslogical development of preternvinfants,
There is iimited tnformiation about the nvelveinent of chemokines
infetal gud neonatal bratn damages. Huang etal, 13 st reported that
cordt biood levels of CXCLB {11-8), 3 mediator fror monocytes, butnot
¥ sg‘i.*iﬁ;}m’m:iﬁ&ﬁﬁ another mediator from granulnoyies, wag corrglat
ed w (P In promature infants, They speculated *:haﬁéa‘t'iv;zti;ms of hoth
prefoature me}fzfswm ;msi granulovyies were fyvolved i preterm
glivery, burenly monacyte activation was correlated with premature
hifants’ OF. Recently, Hansen-Pupp stal. 141 reported thal incieased
concenirations of cord blood CXCIR, low Ag;gsr seore f<7 at S minl,
and severe cerebral damage {grade 1 intraventricular hemorthage
and/orwhite matier damage) was the mostpredictive. z,mnbmamsn nf
variables for theevoluton of CP. Increased concentrations of 18,1
5 and THE-ccin amniotic Huid antfor tord blood have bren ;ezngmaé to
he gt risk of developing (1 and/or witite matter fesions 1145 1 the
cuyent study ;& seruny CXCLS fevels at birth correlated mg&tr«zr:%y with
the D6 of &l dues arean Although serom B-13 levels ar birth

T a
Apgar georts ventilator treatmant, CXIL8 Tovels ot birth and (012 devels 3t dwesks
pesieial age sovording to the Seveluvenind quotionts 1RO of B0 aren ot B vears of
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correlated inversely with the DU of P-M and C-A area, and sevum -6
levels ot birth correlared foversely with the BOof C-A area 20 3 years
of age, no other cytokines (TP, {1- 10 and Hs 33;33&} correlated
with the neurclogical outcome at 3 vears of age. L1 lovels were
undetectable {Tabie %) This discrepancy might be explained by the
dife Terence in clinjeal severity of subjecs. Al infants in this study
attainied stable conditions within the first g thof i:s’ey ag.showitin
the decline of cytokine and chemnkine levels. No inifants Had minde-

rate to $evere white matter lesions although Tour infangs developed
CPH-6 and CHCLS (11-8) are significantly produced from neonatel
mnonuclear cells & I the Targe study using covd blood sam-
ples, {12, mxwgh&% inflammatory protein (MIP1B and CNCLE
feveds were mg‘wr than the levels of other cyiokines snd growth
factors (H-18 102, Hed, He B He B-7, 010, HA12p70, 1413, 11T,

inrerferon-y, TNF, grandloeyte: w‘imy stimulating factor and
granulotyte-macrophage-colony stimulating factor], OF all inflamme-
wry tytokines, 16 fovels were ab the highest, and wive closely
correlated with CXCELB and COLZ Tevels P8 Lt vhis Boe, the magnitude
ol inflammation in the subjects might have statistical power to detect
the assochation between chemokines and subnormal DO, Pertnatal
chemwkines may poriend the development of VIBW infants.

Howas of note that high CCL2 Jevels st 4 weeks of age was dn
independent predictor of aciiaving normal P-M :“wei&pmm* in pre-
watie Infants. There was no report on (£ 6% ceszzaemmg the deve-
fopmental outcome of preterm Infants, COLZ {MCP-1) s one of (C
chemoldnes, engaging in the recruitment of monooyies 1o the site of
inflamymation. ftis a mediator of the nevrginflammatory processes such
as neyronal degeneration ocodrring in CNS diseases, Astroghial and/or
wcraglial €012 ex;}réssxom were incressed in Alzhelmer's diseases,
experimental autolnmune msw;}hammyei; is, maltiple sclerasis and
travma and ischemia of the brain 15+ 113, Doring the tourse of ischemis
and reperfusion, various chemokines are produced in the brain
frcloding CXCLS, £CL2, €013, T4, !..Qt‘? CX3CLT and OXCLY
the stroke models in-rodents, boty CCLZ mRNA and proteln were
exprossed in the frdured cortex 1204 CCL2-ovarexpressed trasgonic
smice showed {arger infarcts and more chemoattraction of monocytes
and maciophages inty Ischenie area than the miﬁ«:yps. mies {21 L By
contrast, CCL2 and its scmgz{(}a“ (CCRZ) deficiency attenuated infarct
yolusme in toice 119 224 These changes octurred within 24 o 48 8 and
fasted upto 3 ﬁxys in the present study, Tour CF infahes showierd high
fevels of CXCL8 and CCL2 at birth (CXCLY: #1212 closed sequares, CCLL
10,000 p/mi fthe highest], 71359 ;}g,m fthe second highest],
17525 pe/ml and 1117 pg/ml). CCLZ levels 2t birth porrelated posi-
el with CXCiB levels achirth {CC= 0490, p==0.008), as shown inthe
correlation between CCLZ and CXCL8 Incord blood | 165 The carly L3
production could then be detvimental to CNS Tesions i the sewborn,
On the other hand, 0CL2 promotes: the migration of new §y formed
neuroblasts fmm the neurogenic. sowtes within the braln 1o the

damaged-areas {23 €02 Hag a pivotal role in migration and differ
eptfation of neura% pmmemmr cells-on hypoxiadschemia o neufoins
flammation 7 (& B3 wkccwes}y upreguiates astrogy
differentation in m%zsam} hunan brain-derived progenitor celis 177
In hisman fetus, neural precussor colls interacted with blood-bral
Barrier endorhelium and differentiated i the subendothelial niche fofs
astrocyles, neurons aﬂci cligodendrocytes under the nfuence of 0012
{2 Chemokine and i3 rece;}mr system atso modulate nesrgprotection
and neur oteansmission [ 114 Nosadrenalinaugmented €012 expression
in astrocyies, exering newoprotective effects on the tyrotosic-
dependent domage 109, Consttutive exprossions nf CCL2 are plwerved
m t:ﬁe NT2 neuronal colt s, ret brains, and-developing buonan brains
ek dn'the current study, amang infants with 250 pe/miof X8
95 birth and sormal DO of P-M area {852 2 closed triangles, serum
CCL2 lovels atd weeks ;;s%maiam? maintained the saroe tevels as those
at birth (date notshown. tmay faise the possibility that sustained high
tevels of CCLZ within 1 month afrer bisth had a beneficial effect on the
inswieed brains at Birt, Dexamethasone Tihibited COL2 expression in

_.,43__



T Kivijr ot gl § Envly Fromon Development 87 (2011} 439-443 443

activated rat microglial cells [33L Postnatal dexamethasone therapy for
lung disease of pgemammy oy raise the tisk of neuro-developmental
impairment, particalardy In neuromeotor one [3435], Taken together,
CCLY production during the first month of e could have the time-
deperdent effects on the brain development of premature infants.

The limitations in this study were the small number of samples,
and no divect analysis of cerebrospinal Auids or brain dssues, How-
gver, the present cohort recrvited only appropriate-for-gestational
age, VIBW infants having no underlying diseases. The management
profocol was uniformed in the single tertiary center. All subjectsled to
a chindeal reliefwithin s wonth after birth. We are then conwvincing that
the careful observation clearly disclosed the chemokine effect on the
neuroiogical outcomes (CL2 expression was necessary for (he recnt-
mentof bismi»bs)mes cells to the injury site of cevebral ischemia [35]
The localization of CCL2 in nerve terminals-in the posterior pituitary
stggests the divect release of the chemokine into the g&rxpheraf blood
{31}, Circulating CCL2 Jevels might reflect the action beth iy and
gutside the CNS,

In conclusion: changing patterns of serum CXCL8 and CCL2 fevels
during the neonatal period might portend the development of preterm
infants 3t 3 years of age. Later exprassion of CCLY may have a nepro-
piutective effect on the brain damage, Furthey studies are needed to
understand the distinet effect of chemokines on the neurological
development throughout the parinatal period,
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Interactions between residues 2228-2240 within factor Villa
C2 domain and factor IXa Gla domain contribute to propagation

of clot formation*

Tetsuhiro Soeda; Keiji Nogami; Kenichi Ogiwara; Midori Shima
Department of Pediatrics, Nara Medical University, Kashihara, Nara, Japon

Summary » |

Factor {FVill functions as a cofactor in the tenase complex responsible
for phospholipid (PL)-dependent FXa generation by FiXa, We have re-
cently reported that the FVilla C2 domain (residues 2228~2240) inter-
acts with the FiXa Gla domain in this complex, We examined the role of
this interaction in the generation of tenase activity during the process
of clot formation, using a synthetic peptide corvesponding to residues
2228—2242) The peptide 2228-2240 inhibited FVlla/FiXa-mediated FX
activation dose-dependently in the presence of PL by >95% {IC; ~10
M), This effect was significantly greater than that obtained by peptide
1804-1818 {ICs,; ~180 sM) which corresponds to another FiXa-inter-
active site in the light chain that provides the majority of binding ener-
oy for FiXa interaction. Peptide 2228~2240 had fittle effect on the pro-
thrombin time and did not inhibit FIX activation in the coagulation pro-
cess mediated by FVilaftissue factor or FXla, suggesting specific in-
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introduction

Eactor (F)VIH, a plasma protein deficient or defective in individu-
als with the severe wzz;,s:ﬁzt.;k bleeding disorder, %}dcmﬁ;shiha Ay
functions as s cofactor in the tenase complex, responsible for phos-
pholipid (PL)-dependent conversion of FX to FXa by FiXa (1),
FYI circulates as a complex with von Willebrand factor (VWE),a
magcromiolecle that protects and stabilises the cofuctor PV is
synthesised as 2 single chain zmimuie consisting of 2,332 amine
'se.zé residues with a molecalar mass of ~300 kDa, and is arranged
into three donwins, A1-A2-B-A3-C1-C2, based on amine acid
homelogy. FVII s processed into & series of metal fon-dependent
heterodimers by ¢l cleavage at the B-A3 junction, generating a heavy
chain (HCh) consisting of Al and A2 domains together with het-
erogeneous fragments of partially ;ms:w!x sed 13 domain linked 10
a light chain (LCh) consisting 2 of A3, C1, and C2domains €23,
FVIH is converted into an active form, FVILI, by limited pro-
teolysis by either thrombin or FXa (31 In the tenase complex,

hibition of the intrinsic tenase complex. Clot waveform analysis, a plas-

ma based-assay used to evaluate the process of intrinsic coagulation,

demonstrated that peptide 2228-2240 significantly depressed both
maximum coagulation velocity {min1]) and acceleration {min2}), re-
flecting the propagation of clot formation, although the dotting tims
was only marginally proloniged. Thromboelastegraphy, an altemative
while blood based-assay, demonstrated that the peptide inhibited clot
formation time, o-angle and maximal clot firmness, but had little effect
on the clotting time. Interactions of the FVilla €2 domain {residues
2228-2240) with the FiXa Gla domain in the tenase complex appeared
to contribute essentially to the propagation of clot formation.

Keywords
fFactor Villa €2 domain, Factor Xa Gla domain, peptide 2228-2240,
anticoagulant effect, propagation of clot formation
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F¥Y 1l binds 1o FIXa and increases the &, for FXa formation by

several orders of magnitude compared to FlXa atone (4), The A2

domain of BV interacts with the catalytic domain of FIXa, and
the A3 domain interacts with the fiest epzzismm’é growth factor do-
main {3), zii&%x{m;,h the affinity of isolated A2 for FIXa is low (K
~300 nM}, it amplifies the enzyme activity of FIXa by modulating
an active site in the catalytic dom:}zn, and this interaction defines
the vofictor activity of FVIla {6). Alternatively, the high affinity
(Ky~13nM)of the isolated FY il LCh for FIXa provides the mas
jority of the i’xxmfmg, energy for thisi interaction (7). A FIXa-inter-
active site has been localised in the A3 domain within residues
18041818 {8}, and we have recently identified a FIXa Gl domain-
binding site within the C2 domain of FVilla (9). We proposed that
this Tatter binding site was focalised within residues 2228-2240,
bused on the inhibitory effects of a specific synthetic peptide on the
activity of tenase complex and C2-FIXa interactions (9).
Naturally occurring mutations of residues 2228-2240 within
€3 domain (W2229C, W22295, Q2231H, V22324, V2I32E and

Thrombosis and Haemostasis 106.5/2011
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M2238V) are seen in mild/moderate haemophilia A, and haw
been well described in the hacmophilia A database (HA MSTeRS)
in addition, mutations of W2229 to C and V2232 to A are associ-
ated with development of an inhibitor (10, 11}, 1t scems possible
that these haemorchagic phonotypes mii, it be associated with the
dysfunction of interactions between the €2 domain and FIXa. A
ph}mmfayaﬁ role for thisrel mumﬁxpdurmg intrinsic coagulation
reaction remains unclear, however, and in the presemt study, there-
fore, we investigated the effects of the synthetic peptide 2228-2240
on coagulation using plsma clot waveform anmalysis and whole
blood thromboclastography. These techniques monitor global
clotting mechanisms and provide parameters that define both the
initiation and the subsequent progression of clot formation, Pep-
tide 22282240 significantly inhibited the later processes of clot
formation to a greater extemt than initiation, Interactions of resi-
dues 2228-2240 in the FVILa C2 domain with the FIXa Gla do-
main in the tenase complex seeo fikely to contribute o the averali
propagation of coagulation.

Materials and methods
Reagents

Purified recombinant FVHI (Kogenate F5*), FV1Ia {NovoSeven™}
and plasma-derived human FIX (Novagt M*) preparations were
generous gifts from Bayer Corp. Japan (Osaka, Japan), NovoNor-
disk {Bagsvard, Dezmmrk}, and Chfmu»&cm-[her&pguim Re-
search Institute (Kumamoto, Japan}, respectively. Human F{Xaand
FX {Hematologic Technologies, Inc., Essex Junction, VI, USA), FXa
and FXIa (Bnvyme Research Labaratorics, Ing, South Bend, IN,
USA), thrombin {Signsa, St Louds, MO, USA}, recombinant hirudin
{Calbiochem, San Diego, CA, USA}, recombinant human tissue
factor (TF} (Innovin®™; Dade Behring, Marburg, Germany), chro-
mogenic FXa substrate §-2222 {Chromogenix, Milano, Ialy), and
chromogenic FIXa substrate spectrozyme FIXa {American Diag-
nostica, Greenwich, CT, USA) were purchased commaercially, PLL
vesicles containing 10% phosphatidylserine, 60% phosphatidyl-
choline, and 30% phosphatidylethanolanine (Sigma) were pre-

_gmrtd using N-octylglucoside {12}, Synthetic FVII peplides con-

taining  residues 22282240 {Lwi OVDFOKTMEY)  and
1804-1818  (KNFVKPNETKTYFWK) and  control  peptide
{VKMTROF {)X’Qm’ﬁ} comprising the 22282240 tesidues in a
random sequence, were prepared by Biosynthesis (Lewisville, TX,
USAY Al peptides were purified by reversed-phase HPLC {purity
>95%) and were confirmed by mass spectronetry analysis.

Whole blood and plasma samples

Normal human whole blood was obtained by venipuncture from
four normal healthy individuals, into wubes containing a 1:9 vol-
unie of 3.8% (se/v) rrisodium citrate, Normal poaded husman plas-

Theombosis and Haemostasis 106.52011

i was prepared from platelet-poar plasma obtained by centrifu-
gation of ¢itrated whole blood from 10 normal healthy individuals
for 10 minues (min) at 1,500 g. Normal pooled plasma samples
were stored at -80°C and thaveed a1 37°C immediately prior to use,
Congenital FIX-deficient human plasma was obtained from
George King {Overland Park, KS, USA).

Chromogenic assays for FXa and FiXa generation

FXa generation

Activation of FX by FIXa/FVIIa was monitored by determining
the rate of conversion of FX to FXa in a purified system (13), FiXa
{1 nhi) was preincubated with synthetic peptides for 2 hour (h) at
37°C. PV {30 nM) was activated by thrombin {10 nM} in‘the
presence of PL (20 pM). Thrombin activity was terminated after
1 min by theaddition of hirudin, and FXa generation was initiated
by the addition of FX (200 nM) together with the FIXa-FVill pep-
tide mixture,

FiXa generation

Activation of FEX by FVIRVTF or FXIa was monitored by assessing
the rate of conversion of FIX 1o FIXa in a purified systern. FIX {200
nM} was preincubated with synthetic peptides for 2 b at 37°C. The
activation of FIX was initiated by the addition of FYHa/TF {1 nM) or
$X1a {1 nM) i the presence of PL{20 M), Both FXaand FiXaas-
says were performed at 22°C in 20 mM HEPES, pH 7.2, 150 mM
NaCl, 0.02% "Tween20, containing 5 mM CaCl, and 0.1% bovine
serun albumin, Aliquots were removed at appropriate times to as-
sess fnitial rines of product formation, and added totubes containing
EDTA (100 mM final concentration) 1o stop the reaction. Rates of
FXa or FIXa generation were determined at 405 om using a micro-
titer phate reader after the addition of chromogenic substrate, 5-2222
{0.46 mM final concentration) or spectrozyme FIXa (2 mM final
concentration) in the presence of 33% ethylene glycol, respectively.

Prothrombin time (PT)-based assay

Normal pooled plasma (45 pl) was mixed with serial dilutions of
peptide 2228-2240 {3 1) for 2 lyai 37°C. Prothrombin time (PT)
was measured using standard techniques,

Clot waveform analysis

Clot waveform axmiyﬂs was performed utilising the MDA-II® sys-
tem (Trinity Biotech ple, Dublin, Ireland) with 2 modified acti-
vated partial thromboplastin time (APTT) assay and four-fold di-
hwions of a commercially available APTT reagent (APTT-SLA;
Sysmex, Kobe, Japan) as previously described (14-16). Each
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samiple was prepared by the addition of peptide 2228-2240 (5 )
to a) normal pooled isiasm*t {45 h) or 10 b} reconstituted normal
plasma (45 1) (FIX-deficient plasma containing 100 [UA] FIX
{corresponding to 100% FIX activity)) and incubation for 2 hat
37°C. In experiments to assess inhibition using reconstituted not-
mal plasma, a standard curve was also prepared using FIX-defi-
cient plasmas with serial dilutions of FIX in theabsence of peptide.
The four-fold dilutions of APTT-SLA (30 ) were added to cach
sample, and assays commenced by adding 0.62 M CaCl, (50 ;ﬁ} at

37°C. The clot waveform obtained was computer-processed using
the commercial kinetic algorithm. The clotting time was defined as
the time mmE the start of coagulation, The rate of clotting and ac-
celeration of the clotting rate were computed respectively from the
first order and second order differentials of transmittance, The
minimum absolutevalue of the first order differenial, |miin 1{ rep-
resents the maximum coagulation rate, and Jmin 2/, the minimum
absolute value of the second order differential, represents the
maximum acceleration of cosgulation rate,

Rotational thromboelastography (ROTEM)

ROTEM was performed asing the Whole Blood Hemostasis

Analyser® (Pentapharm, Munich, Germany), After venipuncture,
citrated whole bloed was maintained for 30 min at room tempera-
ture and was used within'3 b, Whole blood (270 ul) was preincu-
batad with various congentrations of ;wptidﬂ 22282240 (30 pb)
for 30 min at 22°C. Blood samples were recaleified with 0.2 M
CaCl, {20 ;ﬁ} at 37°C, Clot formation was wonitored for { hand
assessed using the standard evaluation software provided by the

manufacturer. Analyses included a) the clotting time (CT; the time

128
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Figure 1: Effect of a €2 peptide 2228-2240 on the FVlila/FXa-
dependent FXa generation. Various amounts of synthetic peptides were

‘preincubated with F1Xa (1. nM} for 2 h at 37°C, and FXa generation was initi-

ated by the addition of thrombin-activated FVilla (30 aM) and FX {200 i}
as described in Methods. The amount of FXa gerierated in the absence of
peptide represents 100%. The percentage of FXa generated was plotted as a
function of peptide concentration. The symbols used are as follows; peptide
2228-2240; 3, control random peptide; @, peptide 1804-1818; ™ Experi-

ments were geﬁcrmeé atleast three separate times, and average values and
standard deviations are shown.

{fram the start of measurement untildetection of clot firmpess of 2

mm amplitude), b} clot formation time (CFT; the time from the
fnitiation of clotting until detection of clat firmness of 20 mm am-
plitude), ¢ o-angle: the measurement of clot éevciu;ﬁzmm kin-
etios, and d) maxinmm clot frmness (MCF; the maximum ampli-
tude indicating theclot stabilisation).
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o R —
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Figure 2: tffect of ;:e;mde 2228-2246 on the FiXa generation. A} Ac-
tivation of FIX by FYllafTF: Various amounts of peptide 2228-2240 were pre-
incubated with FIX (200 n#) for 2 b at 37°C, and FiXa generation was initi-

atedby the addition of FVHalTF {1 n) as described in Methods, By Activation

of FIX by FXta: Various amounts of peplide 2228-2240 were preincubated
with FIX (200 ndd) for 2 b at 37°C, and FiXa generation was initiated by the

© Schattauer 2011

addition of FXta {t aM) under the conditions described in Methods. The
amount of FiXa generated in the absence of peptide represents 100%. The
percentage of FiXa generated was plotted as a function of peptide concen-
tration. The symbols used are as follows; peptide 2228-2248; 3, control pep-
tide; @, Experiments were performed at least three separate times, and aver-
age values and standard deviations are shown.
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Results

Effect of peptide 2228-2240 on FIXa/FViila-
dependent FXa generation

QOur recent study demonstrated that the peptide corresponding to
FVHI residues 2228-2240 inhibited both FIXa binding to the
V112 €2 domain and FIX@/FY Hla-mediated FXa generation, in-
dependently of PL {9). In the present study, we further examined

20

45~

1S G e S

PT (s8¢}

& * + + ¥ K9
0 400 200 300 400 500
Peptide {ub)

Figure 3: Effect of peptide 2228~2240 on the PT-assay using normal
pooled plasma. Serial dilutions of peptide 2228-2240 were mixed with nor-
ma! pooled plasma, and PT values were measured. The symbols used are as
foliows; peptide 2228-2240; 13, control peplide; ®, Experiments were per-
{formed atleast three separate times, and average values and standard devi-
ations are shown,
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Figure 4: Effect of peptide 2228-2240 on dlot waveform analysis of
normal pooled plasma. Normal peoled plasma was mixed with serial dife-
tions of peptide 2228~2240, and the clot waveform analysis wes performed.
The figure Hlustrates representative data. The insets iffustrate the time course
betwesn 25-55 seconds, The lines used are as follows, no peptide; dashed
line, peplide 2228-2240 {100, 250, 500 uM, fines 13, respectively}; solid
fings.
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the inhibitory effect of peptide 2228-2240 on tenase activity. The
high affinity of the LCh of FVilIa for FIXa contributes the major-
ity of i)mdmg energy for FVIIa-FiXa interaction (7), and hence,
the potential of 2228-2240 was compared to the other known pep-
tide 18041818, that blacks the functional interaction of FV1ila
with FIXa in FXa generation (ICy; ~400 pM [8]). The peptide
2228-2240 completely inhibited the FXa generation at the mai-
mum concentration employed, in a dose-dependent manner. The
1Cq, was~10aM (B Fig. 1). A random peptide containing the same
amino acids had litde effect in this assay, The inhibitory effect of
peptide 2228-2240 was significantly greater than that of peptide
1804-1818 {I1C; ~ 180 pM), although the maximum inhibitory of-
fects of both peptides for the FXa generation svere by >80%. This
data suggested that the alfinity of peptide 2228-2240 for FiXa
might be higher than that of peptide 1804-1818. These results ia-
dicated that the 2228-2240 region in C2 as well as the 18041818
region in A3 contributed 1o the expression of tenase activity.

Effect of peptide 2228~2240 on FIX activation

Peptide 2228~2240 did not affect FXa generation using Gla do-
mainless-FiXa in place of FIXa, and we sszgg,eswd, therefore, that
this peptide specifically associated with the GI a domain of FIX{a)
{9). Aitmmwd}' since the Gla domain of FIX is involved in the
regulation of FIX activation by both FVI/TF (17} and by ¥XIa
{18}, peptide 2228-2240 might have affected these reactions. We
examined, therefore, the effects of this peptide on FIX activation by
FVIa/TE and FXia in functional chromogenic assays as described
in Methods. B Figure 2A and B illustrate that peptide 22282240
did not appreciably inhibit the FIX activation by FVIla/TF and by
FXIa {1y > 100 #M), respectively. These results indicated that the
sequence 2228-2240 was not involved in the activation of FIX,

Effect of peptide 2228-2240 on extrinsic coagulation
in a PT-hased assay

FV, is structurally homolagous, and has a similar function to FVIH
{19). Uniquely, however, FV is a cofactor in the prothrombinase
complex, responsible for PL-dependent conversion of prothrom-
bin to thrombin by FXa. The C2 domain of BV has a similar se-
quence to the 2228-2240 C2 reglon in FYHI, and we considered
that peptide 2228-2240 might inhibit theactivity of the prothrom-
binase complex (FVa/FXa/PL). We examined, therefore, the effect
of this peptide on prothronsbinase-dependent extrinsic coagu-
lation in a PT-hased assay. BFigure 3 shows that peptide
2228-2240 had little effect on the PT at concentrations up to 300
UM, suggesting that this peptide did not affect the process of ex-
trinsic coagulation.

© Schattauer 2011
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Effects of peptide 2228-2240 on intrinsic coagulation  Table 1 Effect of peptide 2228-2240 on the clot wavelorm analysis
using clot waveform analysis of normial paoled plasma.
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domain is refatively loosely docked to the rematuder of FVIH mal-
ecules (21, 24}, consequently the position of this domain within
active-form FVilla on the PL surface might change easily. These
can be supported by the case of residues 484-509 in A2 domain.
The model pm;xmd by Ngo showed that this region did notinter-
act with FiXa in spite of FXa-interactive site. Bajaj ot al. {25} also
demonstrated that residues 484-509 in A2 domain were not in
close proximity to one face which consist of residucs 558-565,
708-717, 1804-1818, and did not have contact with FIXa. Fur-
thermore, Stotlova-McPhie et al, (26) described that it was unable
to madify a FYHI-FIXa binding model including the 484-509 re-
gion, For this reason, they raised the following possibilities; the
conformational change in A2 domain upon binding of the cxta-
Iytic domain of FIXa, and different A2 donnain arrangement be-
tween FYHTand active-form FVHia. Therefore, it is ot so surpris-
ing that the 2228-2240 region in FVHa interacts with FIXa Gla do-
mdin.

Prior to evaluating interactions between the C2 domain of
FVIITa and F1Xa during the process of coagulation in plasma and
whole bload, we examined the specific activity of the 2228-2240
region for this interaction: The Gia domain of FIX is required for
both PL binding (27) and activation of FIX by FVII/TF (17) and
FXEa (18), and the binding site of peptide 22282240 was located
within the Gla domain of FIX(a) (9}, Hence, the effect of this pep-
tide on reactions with other coagulation proteins associated with
the Gla domain of FIX(a) was first investigated. The peptide did
not interfere with PL binding (9), and furthermore did not inhibit
the activation of FIX by both FVHa/TF and FXIa in the present
study, Although it is unclear at present which residues within the
Gla domain of FIX are related 1o these activation mechanisms, the
2228-2240 peptide interactive-site(s) in the Gla domain of FIXa
seem uniikely be essential for both activation. The €2 domain of
FV is known to be structurally homologous to residues 2228-2240
within the FVHI molecule, and therefore, theetfect of the synthetic
peptide on the prothrombinase activity was also examined. The
peptide did notaffect the PT, however, and overall, the daw suggest
that peptide 22282240 is an inhibitor of tenase activity, .i‘ﬁu;hw
cally inhibiting the binding of FIXa to the analogous sequences in
the FV1lta C2 domain,

Physiclogical clot formation s widely considered to involve two
reaction phases;a) an initintion phase, representing the beginning
of coagulation; and b) a propagation phase, corresponding to the
period between the beginning of coagulation and the growth and
maturation of the clot. Conventional APTT-based assays princip-
ally measure the initiation phase of clotting, whilst dlot waveform
analyses and ROTEM assays directly provide parameters that re-
flect both reaction phases of clot formation. Peptide 2228-2240
stightly prolonged the clotting time in waveform and ROTEM as-
says. The clotting times were independent of the down-regulation
of tenase activity mediated by peptide 2228--2240, indicating that
the initial clotting stimuhis was less sensitive to specific inhibition
of FIXa interactions. The clot waveform parameters {jminif and
[min2}) and the ROTEM measurements (CFT, a-angle, and MCF)
prinmarily reflect qualitative and quantitative aspects of cot devel
opment, and peptide 2228-2240 significantly inhibited these pa-

© Schattaver 2011

rameters. The findings indicated that these parameters were more
sensitive to the specific inhibition of FVIa-FIXa assembly com-
pared with the initial clotting time,
Qur citrrent results appearto be in Lu.pi;;g, with earlier seports
on the stability of recombinant FVHT varfams, For example,
Radike ot al (28) reported that a disulfide bond-stabilised FVIII
variant {with an A2-A3 domainal interaction), had prolonged
FVIHa activity and enbanced the ROTEM parameters CFT and
e-angle but not CT, Pipe et al, (29) reported that the FVHIR531H
variant with a disturbed A1-A2 donwainal interactive surface, had a
shortened duration of FVIla activity mediated by the rapid A2
dissociation from FVHIa, and showed lower FVH activity in two-
stage cletting assay, based on chromogenic assay, compared with
one-stage clotting assay which is based on the APT Tprineiple, This
discrepancy was dug to the pre-incubation step of FVIH activation
by thrombin in two-stage clotting assay. deai)a}'ashi ctal. {26}
have reparted that a one-stage clotting assay showed the activity of
the C2-deleted FVIIL, which reflected defects in a variety of inter-
molecular interactions as well as colactor stability, possessed ap-
proximately oné-third the wild type-FVIH, whereas o thrombin
pencration assay revealed an ~68-fold reduction in activity of this
variant wmparzd with wild type-FVIL It may be, therefore, that
the duration of stability of FVIlIa-FIXa assembly on the tenase
complex significantly contributes to the propagation of <ot
formation, and that conventional APTF-bused assays are not sen-
sitive to this reaction. In our current studies, the peptide
2228-2240 inhibited the formation of FVIHa-FiXa complex, po-
tentially leading o a significantly shortened half-life this complex.

What is known about this topic?

e Factor {FVilla functions as a cofactor in the tenase complex re-
sponsible for phospholipid {PL}-dependent FXa generation by FiXa.

& Wehave reporied that the Fvilia C2 domain {residues 22282240}
interacts with the FiXa Gla domain in this complex,

» This site did not overdap with the £1- and VWF-interactive sitels) on
the C2 domain, and a synthetic peptide {peptide 2228-2240) cor-
responding to this sequence, significantly diminished tenase activ-
ity by interfering with FVilia-FiXa assodiation.

What does this paper add?

e In the present study, we investigated the effects of the synthetic
peptide 2228-2240 an cozgulstion using plasma clot waveform
analysis and whole blcod thromboelastography.

o The peptide 2228-2240 significantly inhibited FVllafFiXa-me-
diated FX activation dose-dependently {{Cso; ~10 pM). This effect
weas greater than that obtained by peptide 1804~1818 (G, ~180
M) which corresponds to another FiXa-interactive site in the light
chain,

e The peptide 2228-2240 significantly inhibited the later processes
of dlot formatien to a greater extent than initiation.

¢ Interactions of residues 2228-2240 in the FVilla €2 domain with
the FiXa Gla domain intenasecomplex seem likely to contribute to
the overall propagation of coagulation.
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Under these circumstances it could be expected that peptide
2228-2240 would predominantly inhibit the parameters related to
the propagation phase of clot formation.

Our present investigations also demonstrated that péptide
18041818 did not inhibit clot waveform parameters. The results
of our FXa generation assays were highly-reproducible compared
to those previously reported (8), and potential variations in the

«quality of the 18041818 peptide were notapparent. The optimum

inhibitory concentration of this peptide might be higher than we
utilised in our expmmems {up to 750 uM), but the use of higher
concentrations in plasma-based assays was restricted by non-spe-
<ificity, low solubility and high viscosity. Furthermore, the only
mutation within residues 1804-1818 in the A3 domain identified
in the HAMSTeRS database is the substitution of W1817 to a stop
codan, Although the effects mediated by peptides mvightassume an
ensembleof conformations o which a Himited set might mimic the
fold in the native protein, the physiological role of these residues in
the activity of the tenase complex during the intrinsic coagulation
remains to be fully defined.

I conclusion, our findings have provided strong evidence that
interactions between the FVIHa C2 domain (residues 2228-2240)
and the FIXa Gla domain in the tepase complex contribuies to
physiological clot propagation.
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Cervical length predicts placental adherence and massive
hemorrhage in placenta previa
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Abstract

Aim: To evaluate the relationship between cervical length (CL) and obstetrical outcome in women with
placenta previa.

Material and Methods: Eighty uncomplicated, singleton pregnancies with an antenatally diagnosed previa
were categorized based on CL of over 30 mm (n = 60) or 30 mm or less (n =20). A retrospective chart review
was then performed for these cases to investigate the relationship between CL and maternal adverse outcomes.

Resulis: The mean CL was 38.5 = 5.4 mm and 26.9 = 3.2 mm and the mean gestational age at measurement
was 292 £ 2.7 and 285 * 2.7 weeks of gestation for the longer and shorter CL groups, respectively. The
median estimated blood loss at cesarean section (CS) was significantly higher in the shorter CL group (1302 mL
vs 2139 ml, P=0.023) as was the percentage of patients with massive intraoperative hemorrhage (60.0 vs
18.3%, P=0.001). In the shorter versus longer CL patients, emergent CS before 37 weeks (23.3 vs 50.0%,
P =0.046) and the percentage of patients with placental adherence (6.7 vs 35.0%, P = 0.004) were both signifi-
cantly more frequent in the shorter CL group. The shorter CL was a risk factor both for massive estimated blood
loss (2000 mL) (odds ratio 6.34, 95% confidence interval 1.91-21.02, P = 0.01) and placental adherence (odds
ratio 6.26, 95% confidence interval 1.23-31.87, P = 0.05) in the multivariate analysis.

Conclusion: CL should be included in the assessment of a placenta previa given its relationship to emergent
CS, cesarean hysterectomy, intraoperative blood loss and placental adherence.

Key words: cervical length, cesarean section, massive bleeding, placental adherence.

Introduction

Placenta previa complicates only 0.5% of pregnancies;!
however, it is one of the leading causes of maternal
morbidity and mortality due to antepartum and intra-
partum hemorrhage. Hemorrhage typically occurs in
the third trimester as the lower uterine segment
becomes more defined and the internal os dilates.
These changes result in tearing of the placental ves-
sels,”® which often cannot be controlled by contraction
of the relatively underdeveloped myometrial layer.

This can lead to massive and unpredictable hemor-
rhage and an emergent preterm delivery.

It is now widely accepted that an association exists
between decreased cervical length (CL) and preterm
labor, with a CL of less than 30 mm being associated
with a relative risk for preterm birth of 3.84% A few
studies have also reported an association between
decreased CL and antepartum or post-partum hemor-
rhage requiring delivery by emergency cesarean
section (CS).”® However its clinical significance is still
controversial.
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Here we report the findings of a retrospective chart
review of pregnancies complicated by placenta previa
in which we evaluate the relationship between CL and
maternal adverse outcome.

Methods

The patients included in the study were followed at or
referred to the Comprehensive Maternity and Perina-
tal Care Unit and Department of Obstetrics and Gyne-
cology, Kyushu University Hospital, between January
2006 and June 2010. All patients were Japanese
women. The gestational age (GA) was confirmed by
multiple sonographic fetal measurements during the
first trimester. The study was approved by Kyushu
University Hospital Ethical Review Board. The sub-
jects were all diagnosed with placenta previa by trans-
vaginal sonography before 34 weeks of gestation (106
cases). We excluded any patients with threatened
preterm labor at the time of CL measurement. Mul-
tiple gestation, ruptured membranes, evidence of
polyhydramnios, fetal growth restriction, fetal anoma-
lies or medical disorders complicating the pregnancy
were also excluded. Ultimately, 80 cases were included
in the review.

CL was transvaginally measured by the following
technique between 24 weeks and 33 weeks of gestation.
After bladder evacuation, a sagittal plane was obtained
to visualize the full length of the cervical canal. CL
was then measured three times and the shortest
measurement was recorded.

A CS was scheduled for approximately 37 weeks of
gestation following sonographic diagnosis of a com-
plete placental previa. If vaginal bleeding occurred
prior to the scheduled CS, the patient was admitted to
the hospital and delivery was decided in accordance
with her clinical condition. If indicated, betametha-
sone im. and tocolytic agents were administered for
the induction of fetal lung maturity. In cases of signifi-
cant, ongoing active bleeding, an emergency CS was
performed regardless of gestational age.

The patients were divided into two groups based on
a CL longer than 30 mm (longer CL) or 30 mm or less
(shorter CL). A retrospective chart review was then
performed to record maternal demographic character-
istics (age, gravidity, parity, prior CS, prior dilatation
and curettage, history of smoking); ultrasonographic
findings (CL, GA at measurement, interval to delivery,
antepartum hemorrhage [APH] before measurement,
placental location, type of placenta previa); and mater-
nal outcome (GA at delivery, number of preterm

labor, usage of tocolytic agents, history of APH, the
number of cases resulting in an emergent CS, esti-
mated blood loss [EBL] during CS [including amniotic
fluid], the number of the cases with an EBL over
2000 mL, and the number of cases with abnormal pla-
cental adherence). The diagnosis of placental adher-
ence included two categories, one in which the
pathologic diagnosis of accreta was established follow-
ing cesarean hysterectomy and the other in which the
placenta was left in situ following attempted extrac-
tion. The latter was permitted following preopera-
tive counseling in hemodynamically stable patients
desiring conservation.

Multivariate analysis and a receiver—operator charac-
teristics curve for CL in the prediction of massive
bleeding or placental adherence were calculated using
EXCELL Tokei 2010, in Japanese (Shakai Joho Service,
Tokyo, Japan). Statistical analysis was performed using
the Mann-Whitney test, chi-squared test, and the
unpaired t-test programmed in GraphPad Prism
(GraphPad Software, Inc., La Jolla, CA, USA). A P-value
of less than 0.05 was considered significant.

Results

Clinical profile

Eighty patients fulfilled the inclusion criteria out of 106
pregnancies with placenta previa referred to our center
and diagnosed before 34 weeks of gestation. The clini-
cal profile of each of the studied women is listed in
Table 1. The median age of the longer CL (longer than
30mm) group and the shorter CL (30 mm or less)
group was 34 (range 23-43) and 32 (range 25-40),
respectively. The median gravidity and parity in the
longer and shorter groups were 1 (range 0-6) and 0
(range 0-4), and 1 (range 0—4) and 0 (range 0-4), respec-
tively. The numbers of patients with history of prior CS
in the longer and shorter groups were 8 (13.3%) and 4
(20%), respectively. The numbers of patients with
history of prior dilatation and curettage in the longer
and shorter groups were 15 (25.0%) and 5 (25.0%),
respectively. There were no significant differences
between the groups.

Ultrasonographic findings

Table 2 summarizes the ultrasonographic findings.
The mean CL in the longer and shorter groups
was 385+ 54 and 269 * 3.2 mm, respectively. The
mean GA at measurement was 29.2 + 2.7 and 28.5 =
2.7 weeks of gestation, respectively. The numbers of
patients who had a history of unprovoked vaginal
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Table 1 Clinical profiles

Demographic profile Longer cervix Shorter cervix P-value
(n=160) (n=20)
Age 34 (23-43) 32 (25-40) 011
Gravidity 1 (0-6) 1 (0-8) 0.32
Parity 0 (0-4) 0 (0-4) 0.76
Prior CS (median [range]) 0 (0-2) 0 (0-3) 0.37
Prior CS (ratio) 8 (13.3%) 4 (20.0%) 048
Prior DC (median [range]) 0 (0-4) 0 (0-5) 0.68
Prior DC (ratio) 15 (25.0%) 5 {25.0%) >0.99
Smoker 8 (13.3%) 1 (5.0%) 0.44

Data are presented as median (range) or as a percentage of the total number of cases (ratio).
C8, cesarean section; DC, dilatation and curettage.

Table 2 Ultrasonographic findings

Ultrasonographic findings Longer cervix Shorter cervix P-value
(n=:60) (n=20)

CL (mm) 385+ 54 269 *+3.2 <0.001

GA at measurement (weeks) 292 =27 285 +22 0.32

CL measurement to delivery 6.6 (1.4-8.9) 4.1 (1.4-5.9) <0.001
interval (weeks)

History of APH before CL 5 (8.3%) 8 (40.0%) 0.29
measurements

Placental location (anterior) 2 (3.3%) 3 (15.0%) 0.10

Complete 36 (60.0%) 16 (80.0%) 0.18

Data are presented as the mean = standard deviation, median (range) or as a percentage of
the total number of cases (ratio). Values in bold are statistically significant. APH, antepartum
hemorrhage; CL, cervical length; GA, gestational age.

Table 3 Maternal outcome

Maternal outcome Longer cervix Shorter cervix P-value
(n=60) (n=20)
GA at delivery 371 (284-38.1) 367 (28.7-37.7)  <0.05
PTL before 34 weeks 2 (3.3%) 3 (15.0%) 0.10
Tocolytic agents 15 (25.0%) 8 (40.0%) 0.26
Antepartum hemorrhage 22 (36.7%) 11 (55.0%) 0.19
GW at initial bleeding 32.0 (18.0-37.0) 26.5 (20.0-36.0) 0.11
Emergent CS (<37 W) 14 (23.3%) 10 (50.0%) <0.05
Bleeding at CS (mL) 1302 (270-3576) 2139 (573-8000) <0.05
Massive hemorrhage 11 (18.3%) 12 (60.0%) <0.01
(>2000 mL including AF)

Placental adherence 4 (6.7%) 7 (35.0%) <0.01
Cesarean hysterectomy 0 (0.0%) 3 (15.0%) <0.05
Retained placenta 4 (6.7%) 4 (20.0%) 0.102

Data are presented as the mean = SD, median (range) or as a percentage of the total number
of cases (ratio). Values in bold are statistically significant. AF; amniotic fluid; CS, cesarean
section; GA, gestational age; GW, gestational weeks; PTL, preterm labor.

bleeding, anterior previa, and complete previa are
shown in Table2. There were no other significant
differences between the groups with the exception of
the interval between CL measurement and delivery
(P <0.001).

Maternal outcome
Table 3 summarizes maternal outcomes. The median

gestational week at delivery was 37.1 (range 28.4-38.1)
and 36.7 (range 28.7-37.7), the number of patients
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Table 4 Perinatal outcome

Perinatal outcome  Longer cervix (n=60)  Shorter cervix (n=20)  P-value
Birthweight 2662 (1302-3730) 2560 (1188-3675) 0.106
Apgar (1 min) 8 (1-9) 8 (1-9) 0.061
Apgar (5 min) 9 (4-10) 9 (4-10) 0.056
Umbilical pH 7.32 (7.01-7.41) 7.32 (6.89-7.41) 0.836

Data are presented as medians (range).

entering labor before 34 weeks was two (3.3%), and
three (15.0%), and the number of patients given toco-
lytic agents was 15 (25.0%) and eight (40.0%) for the
longer and shorter groups, respectively. The number of
patients with unprovoked vaginal bleeding, the GA at
initial bleeding, and the number of patients who
underwent emergent CS in both groups are shown in
Table 3. There were significant differences between the
groups with respect to gestational weeks at delivery
(P=0.02), and emergent CS before 37 weeks of gesta-
tion (P =< 0.05).

The median EBL at CS and the number of patients
who had an EBL over 2000mL were 1302 (range
270-3576) and 11 (18.3%), and 2139 (range 573-8000)
and 12 (60.0%), for the longer and shorter groups,
respectively, representing significant differences (EBL
P <0.05; number of patients EBL > 2000 mL P < 0.01)

The number of cases with placental adherence were
four (6.7%) and seven (35.0%), for histologically con-
firmed accreta and electively retained placentas,
respectively (P = 0.01).

The odds ratios for an emergent CS before 37 weeks,
massive hemorrhage, and placental adherence in
women with a shorter CL were 3.29 (95% confidential
interval [CI] 1.13-29.62), 6.68 (95% CI 2.201-20.24), and
7.54 (95% CI 1.92-29.623), respectively.

Perinatal outcome

Perinatal outcomes are shown in Table 4. The median
birthweight, Apgar scores at 1 min and 5 min and cord
blood pH were 2662 g (range 1302-3730), 8 (range 1-9),
9 (4-10), 7.32 (7.01-7.41), and 2560 g (range 1188-3675),
8 (range 1-9), 9 (4-10), 7.32 (6.89-7.41), respectively.
Nore of these differences was statistically significant.

Multivariate analysis

Since the number of patients with a prior cesarean,
anterior placenta, and complete previa were all higher
in the short cervix group, although there was no statis-
tical significance, we then performed a multivariate
analysis using these variables and CL to massive
EBL (more than 2000 mL). As shown in Table 5, the

Table 5 Multivariate analysis for massive estimated
blood loss (EBL) (=2000 mL) or placental adherence

QOdds 95% P-value
ratio Confidence
interval
Massive EBL (>2000 mL)
History of prior CS 451 1.03-19.73 <0.05
Complete 1.99 0.63-6.33 0.24
Anterior location 176 042-7.41 044

Shorter CL (30 mm or less) 6.34 1.91-21.02

Placental adherence

<0.01

History of prior CS 2.58 0.35-19.26 0.36
Complete 2.38 0.37-15.12 0.36
Anterior location 1096 2.09-57.54 <0.01
Shorter CL (30 mm or less) 6.26 1.23-31.87 <0.05

Values in bold are statistically significant. CL, cervical length; CS,
cesarean section.

odds ratio (95% CI) for history of prior CS, complete
previa, anterior location and shorter cervix were 4.51
(1.03-19.73), P =0.05; 1.99 (0.63-6.33), P=0.24; 1.76
(0.42-7.41), P=0.04; and 6.34 (1.23-31.87), P = 0.01),
respectively (Table5, upper panel). A multivariate
analysis using these four variables for placental adher-
ence is shown in Table 5, lower panel. The odds ratio
(95% CI) for history of prior CS, complete previa, ante-
rior location and shorter cervix were 2.58 (0.35-19.26),
P =0.36; 2.38 (0.37-15.12), P =0.36; 10.96 (2.09-57 45),
P = 0.01; and 6.26 (1.23-31.87), P = 0.05), respectively
(Table 5, lower panel).

Predictive values

Based on the receiver operating characteristic curve ata
cut-off point 30 mm for CL, the sensitivity, specificity,
positive predictive value (PPV) and negative predictive
value were 63.6, 81.2, 20.6, and 96.7%, respectively, for
predicting cases at high risk for placental adherence
with area under the curve of 0.680. The sensitivity,
specificity, PPV and negative predictive value were
52.2,86.0, 14.0, and 89.7%, respectively, for the predic-
tion of massive hemorrhage with an area under the
curve of 0.592 (Fig. 1).
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Figure 1 Receiver-operator characteristics curve for cervical length in the prediction of massive bleeding or placental

adherence. Arrow denotes a cervical length of 30 mm.

Discussion

Herein we present the retrospective investigation of
the relationship between CL and clinical outcomes in
cases of placenta previa. Women with placenta previa
and a CL of 30 mm or less were more likely to deliver
earlier and were at a higher risk for emergent preterm
CS than those with longer cervices, consistent with
prior reports.”® Moreover, a CL of 30 mm or less was a
significant risk factor for both of massive EBL and
placental adherence even in multivariate analysis
including history of a prior cesarean, anterior placenta,
and complete previa, which are conventional risk
factors!™? The risk for APH and preterm labor,
however, were not significantly higher in the shorter
CL group in our series. One possible explanation is that
preterm labor may have been reduced by our routine
use of tocolytic agents as more patients in the shorter
CL group received a tocolytic. It is plausible that the
usage of a tocolytic agent could also modify the timing
of delivery and other clinical outcomes.

The EBL at CS and the rate of cesarean hysterectomy
were significantly higher in the shorter CL group in
our study. While the inclusion and reporting criteria
and definitions for adherence are not uniform across

© 2011 The Authors

all studies, our findings are consistent with what has
been previously reported.”*

Our series included one case of a cervicoisthmic
pregnancy diagnosed at nine weeks of gestation. Fol-
lowing appropriate counseling, the patient opted to
continue the pregnancy. There are only two cases
describing the conservative management of this type of
pregnancy in the literature.** In these cases, marked
cervical shortening was noted, with a residual length of
only 17 mm at 14 weeks® and at 10 weeks.* In the
present case, ultrasonography at 28 weeks of preg-
nancy demonstrated findings consistent with a typical
placenta previa with a CL of 18 mm. Despite the short
cervix, this pregnancy was not complicated by preterm
labor. The placenta was implanted on the posterior
uterine wall, and was low-lying, extending to the cer-
vicoisthmic junction. Complete extraction of the pla-
centa was not possible at the time of CS, thus a portion
was left in situ. Conservative management of the
retained placenta was done as previously reported.’®

We excluded patients with a history of significant
uterine activity prior to the initial CL. measurement. In
addition, in the case of patients presenting with APH,
regardless of perceived contractions, uterine activity
was assessed with a tocogram. Only two cases of seven
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patients with placental adherence in the shorter CL had
an APH and only one case resulted in preterm delivery
at 30 weeks due to a massive APH. Taken together with
the findings from the case of cervicoisthmic pregnancy,
it is possible that some of the patients with shorter CL
at late 2nd or early 3rd trimester in placenta previa
implicate not cervical priming but placental insertion
to lower part of uterus, which causes APH or placental
adherence ®®

Sonographic findings suggestive of a placenta
accreta have been previously reported.**% The pres-
ence of both a myometrial thickness of 1 mm and less
accompanied by large placental lakes carries a PPV of
accreta of 72%.” Disruption of the placental-uterine
wall interface and the presence of vessels crossing
this area are the most valuable predictive criteria (89%
sensitivity and 98% specificity).®® The numbers of
patients with placental adherence included in these
studies, however, are small and there is not uniform
agreement regarding which factors are most accurate
in the diagnosis of placental adherence.*** The sensi-
tivity and specificity of CL in our series is similar to
other reports. The inclusion of other ultrasonographic
findings including placental lacuna and the loss of the
clear zone did not increase the PPV in our study over
what was obtained using CL alone as all cases with
these findings were already involved in the shorter
CL group. These sonographic markers, however, may
still be useful to survey for at the time of CL mea-
surement as they are easy to obtain and may direct
further workup. The combination of MRI findings
with sonographic markers also might elevate the
accuracy of predicting maternal outcomes.” In conclu-
sion, we have demonstrated that a shorter CL is asso-
ciated with an increased risk of emergent preterm CS
and increased intrapartum blood loss in the setting
of placenta previa. Thus CL should be an additional
assessment parameter in the evaluation of a placenta
previa.
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Case Report

Fabry Disease Superimposed on Overt Autoimmune
Hypothyroidism

Noriyuki Katsumata' 2, Akira Ishiguro®, and Hiroshi Watanabe?

'Department of Molecular Endocrinology, National Research Institute Jfor Child Health and Development,
Tokyo, Japan
‘Department of Pediatrics, Mizonokuchi Hospital, Teikyo University School of Medicine, Kawasaki, Japan

Abstract. Fabry disease (FD)is an X-linked recessive disorder caused by lysosomal o-galactosidase
A deficiency. FD is characterized by the systemic accumulation of globotriaosylceramide with
involvement of the heart, kidney, brain and gastrointestinal system. Recently, nonautoimmune
thyroid dysfunction was recognized as an additional clinical feature of ED. In the present study, we
describe a patient suffering from FD superimposed on overt autoimmune hypothyroidism. The patient
was an 11-yr-old boy who presented with goiter and stunted growth, and was diagnosed with primary
hypothyroidism due to autoimmune thyroiditis. During levothyroxine replacement therapy, the
patient complained of burning pain in his feet and was diagnosed as suffering from FD based on low
blood a-galactosidase A activity. In conclusion, we have described the first FD patient preceded by
overt autoimmune hypothyroidism.

Key words: Fabry disease, a-galactosidase A, globotriacsylceramide, autoimmune thyroiditis,
hypothyroidism

Introduction

Fabry disease (FD) is an X-linked recessive
disorder caused by lysosomal a-galactosidase A
deficiency and is characterized by the systemic
accumulation of globotrizosylceramide (1). FD
is recognized as a multiorgan disease with
involvement of the heart, kidney, brain and
gastrointestinal system (2). Recently, endocrine
dysfunctionsincluding subclinical hypothyroidism
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~add to the clinical picture of FD (3-6).

Inthe present study, wereport an FD patient
who first presented with overt autoimmune
hypothyroidism.

Case Report

The patient is a boy born to a healthy
Japanese father and a white American mother.
The mother was diagnosed with autoimmune
hypothyroidism at 30 yr of age and was started
on thyroid hormone replacement therapy. No
detailed maternal family history was available.
The patient has one sibling, a healthy younger
brother. The patient was a product of an
uncomplicated 42-wk gestation and delivery. His
birth weight was 3,230 g and his birth length



