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Abstract

Introduction: Cholestatic liver disease may be caused by abnormality of bile formation by
hepatocytes or of bile flow through both intrahepatic and extrahepatic bile ducts. Villin is an
actin binding, bundling, and severing protein needed for maintenance of structural integrity
of canalicular microvilli.

Objectives: To compare the abnormalities of villin in children with cholestatic liver diseases
and to correlate the expression of villin with prognostic outcome of biliary atresia.

Methods: Stored liver specimens of 20 children with biliary atresia, 11 children with other
cholestatic liver diseases (5 neonatal hepatitis and 6 choledochal cyst), and 10 donors of
liver transplantation or persons with normal liver who underwent autopsy as the control
group were stained with monoclonal antibody of villin. Vilin mRNA analyses were
undertaken on liver homogenates with real time PCR technique and were correlated with
the severity of biliary atresia patients. The severity was classified into favorable outcome
(total bilirubin < 2 mg/dl at 1 year post Kasai’'s operation) and unfavorable outcome (total
bilirubin > 2 mg/dl at 1 year post Kasai’s operation or death at enroliment). Amounts of villin
PCR product (villin mRNA relative to concentrations of GAPDH product) were expressed as
median and interquartile range.

Results: Villin staining of 20/20 biliary atresia patients, 11/11 patients with other cholestatic
liver diseases, and 6/10 normal controls were positive. Villin mRNA to GAPDH ratio in
patients with other cholestatic liver diseases were significantly lower than those in biliary
atresia patients and normal controls (p<0.0001 and p=0.03, respectively). However, villin
mRNA to GAPDH ratio in biliary atresia patients were not different from those in normal
controls. In addition, there was no difference of villin mRNA expression in biliary atresia
patients with unfavorable outcome (n=10) and favorable outcome (n=10).

Conclusion: Villin staining in liver tissue is not helpful in the differential diagnosis of biliary
aresia from other cholestatic liver diseases. Patients with biliary atresia have higher villin
expression than patients with other cholestatic liver diseases. Expression of villin does not

correlate with prognostic outcome of biliary atresia.

Keywords:  Villin, cholestatic liver disease
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dugiuidan g}”a"]ua"l,aﬁfﬂﬂ&imwumﬁﬁaﬁﬂkﬂmaﬂaﬁﬂ snwasnamsaniduun
Aafaw vilin Gefluiinanausiaas bile canaliculi via apical membrane 284 bile ductular

cell é’mamlugﬂﬁ 2 uay 3

-

a

4' [ v a a A : J o C ' 3’ a A o A ¥ a A
g'ij‘ﬂ 2. aﬂﬂmmammammaauluﬁumamumaa;ﬁlﬂwi‘iﬂmm@@m@u PILDUANINNU

WusiaanaIn apical waz 58U cell membrane 284 bile ductular cell (Qﬂﬂiﬁ@i”l)
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s

a a

{ v a ﬂq, ¥ Qs 1 Y A Qs A v A
Ellﬁ 3. ﬂ‘.l:#mzﬂ’]iﬂﬂ&l@l@nﬂﬂ%l%‘ﬁuLﬁa@lUﬁl@dﬂi}ﬁJﬂiUﬂ&l (E\Jllli'i]’]ﬂﬂll) SINHREL]

& P

AadwduFinananuTImEIw apical membrane 284 bile ductular cell (3NeT&eN)

- 2 & oo i .
2.3 M39323 vilin mMRNA lugulitaduse primers NI exon VLI human
villin gene
: ; e . (20
e RNA extraction, first-strand cDNA synthesis LLag ampllflcatlon( )

YNITaNa RNA aNTutia@uNLAY freeze MIubwlasianiyiad 28 QIAGEN kit

first-strand cDNA Qﬂﬁuﬂi’]:ﬁﬁ’m total cellular RNA 1 |lg, random primers 6 Llg,

superscript Il RNase H reverse transcriptase preamplification system LAz RNasin

ribonuclease inhibitor (Promega) 14 total reaction volume 50 L mﬂﬁf'uﬁ"lmﬂﬁmﬁmu
Tasmilaaw @lF PGEM-T easy vector avragaumslaanlagmiasiasiaufinnalalng
(direct sequencing method) LijoaTiagouuUTaLEIFINNIYN serial dilution tielHidu
standard lwnsvndSanouues villin gene Tu sample ﬁ'm'mﬁuﬂ%mmmiﬁ'uqﬂﬁu (PCR)
@28 real time PCR @18 villin specific primers 18z GAPDH (glyceraldehydes-3-phosphate
dehydrogenase) lael% villin primer it

Exon 2 forward primer — 5TGTTCCTTCCAGCACCTTTG &

Exon 5 reverse primer — 5 CCTGAGTCTCTCCATACGGG 3

14



e PCR amplification 984 villin
1ol real time PCR lu reaction volume 25 UL %dﬂimauﬁw 1x Eppendorf
MasterMix 10 L (Magnesium 1.5 mM, dNTPs 200 UM, Taq DNA polymerase 1.25 U),
forward primer 0.5 LLM WR2 reverse primer 0.5 UM @8 reaction L%.aJﬁ 95°C w1 15 Jud
ﬁnﬂ‘lfuﬁﬁzu@lau denaturation 919 extension W1 40 cycles, denaturation ﬁ 95°C W 15

317, annealing 7 58°C Ww 15 37 uaz extension 71 72°C W 20 37 Tan39 real
time PCR a4 sample ﬁazﬁwmugﬂﬂﬁu serial dilution 284 standard A ladmslaauly
e PCR amplification 983 GAPDH

M3¥i1  amplification U89 GAPDH (house keeping gene) las@addimsvinidu
standard 13 lasnmslaauuazyiniu serial dilution 1iwdaafuAletu vilin gene Waldlums
aT13aUsINmas RNA fafalandnsiaswulsadn cDNA uan Tagld GAPDH primers
Tugu exon il

Exon 2 forward primer -F85 -5 GTGAAGGTCGGAGTCAACGG 3’

Exon 3 reverse primer -R191- 5 TCAATGAAGGGGTCATTGATGG 3’

PCR ampilification Ifmilauluauaannsvingas villin primer 1a8 reaction 15u7)
95°C W 15 Fufi NBUNIUAL denaturation 1§19 extension W1 40 cycles,

denaturation 7 94°C w1t 15 W19, annealing Laz extension # 60°C w1 30 ST uazay
¥AIUENY serial dilution U84 standard AMesnslaauly

MINATIEANAVDI real ime PCR ﬁLﬁﬂﬁuLﬁa@miLLa@aaaﬂmaq villin gene laug
ANAEINIZNIIUTUN VDI villin gene ez GAPDH
n3ANzidaya

Toyauaadidu median uaz interquartile range iagaLﬂ%amﬁmmwhﬂmﬁaﬁwa
AU Isaé’umﬁ@ﬁﬁﬁwaﬁhmﬂmm@;'é"u6] uaznguaIuQy 14 Mann-Whitney test ua:
Kruskal-Wallis test n13aiamzvidayalildsunsy SPSs 13 lanen p<0.05 fladfiudany

NNRDA

15



HAN1IINARDI
e NISANBIIAAWAIYIS immunohistochemistry
iuiiady (paraffin embedded) ¥1¥iNN1I@T298IDNGIE monoclonal antibody Va4
Saaudsutodiu Tsavioihafuauduwam 20 an, Iiﬂﬁumﬁ@ﬁﬁﬁwﬁﬁ;ﬂmmm@;%‘lus] U
11 @% (neonatal hepatitis 5 A%, choledochal cyst 6 A) LLa:ﬂ@;wmuQu‘?‘i"l,ﬁmn;ju%mﬂé'u
%%a@%'m%%ﬁﬁé’uﬂﬂaﬁﬁmu 10 A% wmw%mf:aﬁwmgﬂaﬂimiaﬁwﬁaué’u 20/20 A
(Fasaz  100), Eé’ﬂ’aEliiﬂél'u%ﬁ@ﬁﬁﬁ’la&dﬁ]’]ﬂﬁﬁmqé%G] 1111 a% (38uaz 100) UAZNEY
AILAN 6/10 Aw (Fasaz 60) Anamsdaniaduiuuan
e n3@N®N villin expression @8 real time PCR
mMIUSoufioy villin mRNA/GAPDH expression ’Lmjﬂwﬁg\imumjmmmlugﬂﬁ 4
LLazmswﬁ 1 g}”ﬁm’m"l,aiwu villin mRNA §d1%47% 5 auwdaidu neonatal hepatitis 1 A,
choledochal cyst 2 ﬂuLLazﬂ’sjllmi_lan 2 At
@1 vilin mRNA ¢ia GAPDH Iu;jﬂfazﬂiﬂviaﬁwﬁﬁué’ugan*jﬂugﬁaUISﬂé'wﬁ@ﬁﬁ
ﬁwaﬁ'\amﬂmm@ﬁ‘iuq adIlnpdIAyAawinny 13.06 (2.13-93.66) Waz 0.002 (0-0.006)
ANEIAY, p<0.0001
@1 vilin mRNA ¢@a GAPDH Iu;jﬂfamiirﬂviaﬁwﬁﬁué’uuazmjumuquvbjﬁmm
uaneINuaNtIEALNIIEAAAaYINNLY 13.06 (2.13-93.66) uaz 0.75 (0.004-91.07)
ANEAY, p=0.2

2
o

@1 vilin mRNA ¢a GAPDH lu;jﬂ'smiiﬂé'wﬁ@ﬁﬁmﬁ%mnmmeﬁiuG] dnilu
nguALaNat k@A YAaLYiAL 0.002 (0-0.006) waz 0.75 (0.004-91.07) @W&1GL,
p=0.03

Lﬁaimw:ﬁmmmé’uﬁufmaammgumwaﬂmﬂaﬁwaauﬁuﬁum villin mRNA 68
GAPDH WU’i’]ﬂij&Jﬁﬁ unfavorable outcome (31K 10 A) LLas favorable outcome (UK
10 au) lifianuuandnuwagnalivefmauneaianeinny 9.68 (0.19-326.24) uaz 18.89
(6.14-63.50) aNAAU, p=0.6

@1 villin mRNA ¢ia GAPDH 1%§§ﬂ’mﬂi§wﬁﬁ unfavorable outcome LLazmjumUQu"L&i
Januuaneasnuwagslinedaunest@nayininu 9.68 (0.19-326.24) uaz 0.75 (0.004-
91.07) MNUSAL, p=0.41

@ villin mRNA ¢a GAPDH ’Lugﬂfwmjwﬁﬁ favorable outcome waznguAILAY L4l

mna

ANNLANANNWaENIN LA ATINIETAALYINNL 18.89 (6.14-63.50) uaz 0.75 (0.004-91.07)

AURIAL, p=0.17
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@ villin mRNA 68 GAPDH lugﬂmﬂ'gjwﬁﬁNamsﬁau%aﬁmﬂumﬂLLa:auVLw'ﬁmm
uaANEINwaENIRIRIANIRRAAaLIYIIAY  2.85 (0.003-35.09) uaz 0.37 (0.004-0.76)
ANRAY, p=0.25

14.00—
13.06 (2.13-93.66)

12.00—

10.00—

8.00—

6.00—

Villin mRNA expression

4.00

2,00

0.75 (0.004-91.07)

0.002 (0-0.006)
0.00
| | |

BA Non-BA Control

sUN 4. maSouifiey vilin mMRNA/GAPDH expression lugthansmangy (Tayauaad
1 median waz interquartile range; BA=I§ﬂViaﬁ’laaU§fu; non-BA=I§ﬂ€ﬁ.l°1iﬁ@]“7]ﬁ

1NAAINELAGDU; control=NFUAILA)
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= - v A a
AN 1. LFAINANITIAIIR villin mMRNA LLRZNANITUBNIRRY

Subject Diagnosis Villin GAPDH Villin/GAPDH | Villin staining
1 BA 70900.00 652.00 108.74 Positive
2 BA 432000.00 1610.00 268.32 Positive
3 BA 22400.00 1020.00 21.96 Positive
4 BA 171000.00 10800.00 15.83 Positive
5 BA 18600.00 6530.00 2.85 Positive
6 BA 35300.00 729.00 48.42 Positive
7 BA 251000.00 1780.00 141.01 Positive
8 BA 6280.00 175.80 35.72 Positive
9 BA 9670.00 940.30 10.28 Positive
10 BA 18900.00 2612.00 7.24 Positive
11 BA 14100.00 1486.00 9.49 Positive
12 BA 39500.00 1146.00 34.47 Positive
13 BA 6390.00 703.40 9.08 Positive
14 BA 789000.00 1578.00 500.00 Positive
15 BA 37700000.00 4760.00 7920.17 Positive
16 BA 1560.00 6253.00 0.25 Positive
17 BA 1.38 7095.00 0.00 Positive
18 BA 20300.00 31550.00 0.64 Positive
19 BA 366.00 15120.00 0.02 Positive
20 BA 60000.00 31770.00 1.89 Positive
21 Neonatal hepatitis 4.04 1646.00 0.00 Positive
22 Neonatal hepatitis 180.00 942.00 0.19 Positive
23 Choledochal cyst 5.63 3489.00 0.00 Positive
24 Neonatal hepatitis 4.50 43800.00 0.00 Positive
25 Choledochal cyst 229.00 38400.00 0.01 Positive
26 Choledochal cyst 25.50 723.00 0.04 Positive
27 Neonatal hepatitis 233.00 39500.00 0.01 Positive
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A17197 1. UEAINANITATID villin mMRNA LazHan1TgauIaa (da)

Subject Diagnosis Villin GAPDH Villin/GAPDH | Villin staining
28 Neonatal hepatitis 0.00 8740.00 0.00 Positive
29 Choledochal cyst 0.00 21800.00 0.00 Positive
30 Choledochal cyst 0.00 13100.00 0.00 Positive
31 Choledochal cyst 8.69 24400.00 0.00 Positive
32 CONTROL 634000.00 2380.00 266.39 Positive
33 CONTROL 7880.00 11000.00 0.72 Negative
34 CONTROL 3600.00 4626.00 0.78 Negative
35 CONTROL 19300.00 591.40 32.63 Positive
36 CONTROL 110000.00 4942.00 22.26 Positive
37 CONTROL 79.20 4961.00 0.02 Negative
38 CONTROL 0.00 3120.00 0.00 Negative
39 CONTROL 36.60 7800.00 0.00 Positive
40 CONTROL 0.00 7590.00 0.00 Positive
41 CONTROL 61100000000.00 30700.00 1990228.01 Positive
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IsakHanIINAaDY

ﬂ’]i’ﬁsﬁﬁ]ﬁﬂﬁ’]a’]m@ﬂugﬂﬁULaﬂﬂ’liﬂiiﬂé’Wﬁﬁ@ﬁﬁg’]aﬁLﬂ (cholestatic liver disease)
fanudadgan lasndasminnussdulunsinmdiaiu ﬂdwaﬁagﬂaﬂlsﬂﬁaﬁﬂﬁﬁu
ausndudassumsenaa Kasai's operation Lﬁas:mm{ﬂ6'1*71'@"1"\1ﬁﬂﬂuﬁulﬂmadgéﬂéﬁﬁﬂ
muluaty 60 Tu Faaztanlasnunisraaauagnannivannasduduud sugiholen
é’umﬁ@ﬁﬁﬁwﬁﬁ;@mﬂmm@ﬁw) Tisdudasiumsnidnagrerasuazdrnwlngidums

¥

g = A A o = & o Y ] 3/ aAa 0/ L o
INBIAILYN 'i]"lﬂNaﬂ’]iﬂﬂ‘]&’]%L&la%’W‘ﬁ%L%a@U‘ﬂE]x‘laﬂ’)UIiﬂﬂa%’]@@m@]uLLaZEﬂ’]Eliiﬂ@]‘]_l

v '
o

Thanfihdainangang anviinsday monoclonal antibody vasiadunuImIgthele

©

£ v

\ aa | Y A dad ad A a @ &
na ’]@]@]U@]uLLﬂ$§dﬂ'ﬂUI?ﬂ@]UT%@]V\N%’]@ﬂ\‘]'ﬁ]"lﬂﬁql,ﬁ@lau6] QZNNﬂﬂqiﬂaNLﬂuUQﬂnﬂiqU

e o

a9nn Mydandadwludwitaa laisunsaltidu diagnostic test lunsitansusnlsaszning

2
o

T,Sﬂviamﬁaué’uuaﬂméfnmﬁ@ﬁﬁﬁwﬁﬁamnmmq?iuej asha"hﬁmulumjumuquﬁﬁ%u
daduuUnfsmunitanduiinanatenisfuiuag fuflsgwioaduvnndussulunafu
nuau%mf:aﬁuvl,&immmuﬁdﬁﬂﬁﬁaaugﬂﬁﬁmﬂvl,ﬂ

msAnsey Philips uazane” SsdnsainufaUndvas vilin gene Tugthedn
progressive cholestatic liver disease 1w 2 Tafida1nsugaswiaulsariasinddudi Tag
aTaBwiitadudenssan  immunohistochemistry ’Lu;jﬂw“[mﬁaﬁwﬁﬁué’u, Athalen
progressive cholestasis and liver failure, ;jﬂfmisﬂﬁumnmm@ﬁuﬂ (primary sclerosing
cholangitis, Alagille’s syndrome, total parenteral nutrition induced cholestasis) LLazn@:u
AIUAN (normal liver tissue) WUIMFNAIVAW, Qﬂ’miiﬂﬁaﬁwaauﬁu LLﬂz%ﬂ’JﬂIﬁﬂﬁUﬁﬂﬂ
mm@;'é"uq fnan1sdanfadadufiu3iim bile canaliculi \{ludnwmue chicken-wire network of
fine channels Lwﬂu;&’ﬂ’miiﬂ progressive cholestasis and liver failure zfau3aaulida 39
fuftwgruinenadungulsalnidalaiiiadui canalicular microvill yinlsifannufiadnduas
bile secretion 34 cholestasis wazduudsluionsniniionlsavioihdduen Salud
nmﬁmﬁ'u’h;jﬂwﬁ villin expression aaadn3e hidlasLiluain primary genetic defect luns
Fnaeiiaduviollu acquired defect fitinann environmental factor (EunsaaLTelA5s)
w3aiilu consequence 189 cholestasis Lo azhdvl,iﬁmumﬂmiﬁﬂmfm&iwmjﬂaUﬁﬁau
Saanlidany  oadumwserimsdnenludsannssiwawies  unnsanendliny
AMNRNNUTIZHING villin expression AU outcome maaﬁﬂw‘[saﬁaﬁwﬁauﬁu ﬂdnﬁag}’ﬂmﬁ
f19A98 cholestatic jaundice bail@d villin expression aA&9 ﬁdvlaiﬁﬁfumguauuag’mﬁ’i’m’nz
cholestasis 813vN 14 villin expression 8AK\

diosnls@ufiandmwang lu microvili Usznaudas actin uaz actin-binding

proteins an 3 vhade villin, fimbrin tLaz&13U32N0U calmodulin-brush border myosin | faual
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a aAa o o ' N . oy ! oy -l
mawaxﬁuwmwmmyma morphogenesis LLAxN1T growth a3y microvilli Wl  villin
knockout mice HIWUIN ultrastructure Ba93aAwluA lFAN &1 ldlra) lauas bile canaliculi
& (16,22 ' @ Aa a . . . ' a a { A '
Hudnd"®* usasinfawiazlid3adn m3 bundling 84 actin filament ma:uiﬁs@uﬁumg
. . [} . . o v dl a Aa v v o =S Jd‘ 1 U
Tu gelsolin family 1% fimbrin ¥inwdAunuiaaule gaanaaINuMIFNBIRNNUILie
i o , - o a - \ o
neonatal hepatitis 31870323 lWU villin MRNA #1831N8INNTANARBILRSTNANIVINUGL
\udn@iliaay 6 \@aw dugle choledochal cyst 2 T18faT9 laiwy vilin MRNA Snan13
Mnudududndnasinga wenamnigsfinguaiugy 2 1efiasraliny vilin mRNA @
INMIANEI AN villin mRNA expression lupjﬂmiimiaﬁﬁaﬁué’ugaﬂdﬂugﬂw
Liadurfianfindasanaungdug ednealubdany Isdwdudiudsznouras hepatocyte-
. A { o @
growth-factor-dependent cytoskeleton-remodeling pathway GﬁdLﬂuﬂlU)umiﬁﬁUﬂmﬂmmy
gﬁ . s 1 gj &V 1 :/ 17 a A <) 1 o s
1u2% morphogenesis 18383876 gTINNIGULAZYBUING Inauwdusindsznausnay
489 microvilli 1 bile canaliculi NNHANENTINVBILIATIBINAFUAURUNLINLS I portal
tract UaNHMLAL AD fibrosis, edema, inflammatory cell infiltration LLa& ductular proliferation
o & { a . . a . e I J e
AInuLiaLtia ductular proliferation UIN14w8d microvilli gauunUn INU villin MRNA
. X y Y Aaa W g ' N o A da ad
expression lu;dﬂaﬂiiﬂﬂauﬁﬂmumugdmu fuNanenFIngvaslsaduaiaiiiansann
a o . . - . 1A . .
§LRQaKE UNWU giant cell Was inflammatory cell infiltration lag/'lif ductular proliferation
2 1A . oI ' 1 g’ aaAa o o > =
F9WU villin MRNA expression d1ni113a7103@ALAK §aAARBINUNANTANENVEY Chung WAz
(23) A e L . & o S A o A a
Ame NWUIELIE cholestatic liver diseases ‘le‘l%’]ﬂIiﬂ@lfULLﬂ::Iiﬂ‘YlE]‘l«ﬂ(ﬂQ@@lWﬂ’mu’J i
microvilli  AAAIRIDANWMUSAAUNG  (distortion)  NNNTATIVTWLHEAUG I electron
microscopy N1Ig@AUBRIviath@lulIArathAdudwhazuandaIINMIgaauTariainGly
A L A A - = A . S A <
Tsnduzuialurain umiﬂnmlu%kmgﬂ ligate viav@dluszoziian 6 T2 lu9ATWU
. . . . = . . a(24) 2 & o A
dilatation 984 bile canaliculi LLazd partial loss Va3 microvilli ~ LANITANBIWNRIUNUINNUNIT

L A = ! . e oa X @y R >
express villin T3t wRIMUTZNAVUDI microvilli waulu;dmﬂsﬂmmmmu

GRS
9

mifeudaaulutwiiasulitslumsdiesousnlsanatindauduannlsadusiasi
ﬁwaﬁ'\amnmmqéuﬂ gﬂaﬂiiﬂﬁaﬁwaauéfuﬁ villin expression mnniwﬁﬂadsaé’mﬁ@ﬁﬁ
ﬁwﬁﬁamnmmqéuﬂ agnalshanulinuaAMURNAUTVRS villin expression MU prognostic
outcome ’Lupjﬂwiiﬂﬁaﬁwa@uﬁu
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AMAAWIN

Lﬁaamﬂvlﬂﬁmmné’lL%Eﬂﬁ%m%'unﬁmaﬁﬁaaulu serum ¢ R131300529308u b6
izl tissues lagdd blotting %38 immunohistochemistry L‘Yi’l‘lfu Lﬁa\‘]ﬁ]”m serum Vvillin
aws‘iﬁmn%%ahLaqamaﬁaﬁulu serum 81361991N1%  tissues Lﬁaammﬁaiﬂsﬁugﬂ%é’ﬁ
dhanlunszumden  anefimadAsuudaslagauinms proteolytic ~ cleavage 38
glycosylation maasuulasdanananarild monoclonal antibody laigu13n recognize
uaudanle ;ﬁ%’a%ﬂﬁmﬁ'ymmumulumsmaﬁ] serum vilin {J  serum vascular
endothelial growth factor (VEGF) uni

wé’nmmazm@;Namaamsmn serum VEGF

LIARG (hepatocyte) fanwuin polarized epithelial cells %dﬁamauiﬂﬂ
membrane 3 THaAAD

(1) Sinusoidal %38 basolateral membrane LTJunNTITad sinusoidal space %dtﬂu
capillaries qu@T’JEI endothelium ‘ﬁﬁ open fenestrae, 1aidd diaphragm LLa:vl,&iﬁ%y’u basal lamina

(2) Apical %38 canalicular membrane ag.jsauq bile canaliculi %dﬁ microvilli 11w
Lma'wadiﬂiauﬁﬁmméﬁﬁmﬁa bile secretion (membrane transporters) @A bile-salt
export-pump BSEP, phospholipid translocator MDR3 LLa2 organic-anion-transporting protein
MRP2 ¢35t disruption 284 microvilli 3z¥i1#lAaN13L cholestasis

(3) Lateral hepatic membrane a%iizwj’mlfﬁaﬁéﬁ_l lasd tight junction complexes
LL19Len sinusoidal space 88nan bile canaliculi uaﬂﬁl’m‘ﬁﬁdﬁ nonparenchymal cells luay
vt ffiswAeaTasiu hepatic response @i injury uaz inflammation 175

® Macrophage-derived Kupffer cells a%ﬂu sinusoidal space ﬁﬂ%ﬁﬁ‘ﬁlﬂu phagocytic

cells WATAI mediators ADUFWAIFANIL inflammation VBIAU

® Stellate cell (lipocyte, fat storage cell, Ito cell) LﬂuLmaﬁﬁﬁﬁ%ﬁﬁﬁwam extracellular
collagen W&z fibrogenic response 68 liver injury N7 activate stellate cells 1ag cytokines I
nanedu myofibroblast-like state JanuFNNUTAY collagen gene expression, NIRARIVB
intracellular vitamin A content, LLaz profound morphologic changes luay n1INILANNIT
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Abstract

Aim: To investigate the level of serum vascular endothelial growth factor (VEGF) and
serum VEGF per platelet count in patients with biliary atresia (BA) and its relation to clinical
characteristics.

Methods: Peripheral blood samples were taken from 70 BA patients and 15 healthy control
children. Serum VEGF was measured by enzyme-linked immunosorbent assay. We
compared serum VEGF and serum VEGF per platelet count in BA patients with the
respective results obtained in healthy control children. The relation of serum VEGF per
platelet count with clinical variables of BA patients was investigated.

Results: Serum VEGF levels and serum VEGF per platelet count in BA patients were not
significantly different from those in normal controls (289.64+27.49 vs 312.36+48.81 pg/mi;
p=0.72 and 1.72+0.15 vs 1.57+0.25 ><106, p=0.66). Significant differences were observed
when VEGF per platelet count was categorized by the presence of esophageal varice
(p=0.006). Only in BA patients was the serum level of VEGF correlated with the number of
platelets (r= 0.526, p<0.001).

Conclusion: A high serum VEGF per platelet count is a useful marker for the development
of portal hypertension in BA patients, especially for esophageal varice. Serum VEGF per
platelet count may be useful for monitoring disease course in BA after hepatic

portoenterostomy.
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Introduction

Biliary atresia (BA) is a progressive, scleroing, inflammatory process resulting in
complete obliteration of the extrahepatic bile ducts. The obstruction of bile flow engenders
worsening cholestasis, hepatic fibrosis, and cirrhosis, which lead to portal hypertension and
a decline in hepatic synthetic function. Successful restoration of bile flow by
hepatoportoenterostomy can be achieved in 60 to 90% of patients, although 75% of them
will progress to cirrhosis and eventually end-stage liver disease requiring liver
transplantation.1 The etiology of BA has so far remained unknown. Several hypotheses
refer to infections, congenital factors, toxic agents, and immune-related causes.2 Various
genes involved in cell signaling, transcription regulation, hepatic development,
morphogenesis, and fibrogenesis are altered in BA.3 Previous reports on BA patients who
had undergone hepatic portoenterostomy revealed that a number of cytokines, such as
endothelin-1, hyaluronan, hepatocyte growth factor, interleukin-8, and tissue inhibitors of
metalloproteinase-1, were significantly elevated in patients with persistent jaundice,
abnormal transaminases and/or portal hypertension than in those free from those
c:omplications.ﬂ"8 These results suggest that numerous cytokines are involved in hepatic
inflammation and fibrogenesis in BA.

Hepatic stellate cells (HSCs), located in Disse’s space, have been strongly
implicated in the generation of liver fibrogenesis. Activated HSCs produce transforming
growth factor (TGF)-3 and extracellular matrix (ECM) components, which induce fibrosis.”
Furthermore, increased ECM components impair blood flow and oxygen delivery, resulting
in hypoxia.11 Hepatic vascular cell proliferation or “vascular remodeling” is also closely
associated with liver fibrosis.m’13 Progression of liver fibrosis has been linked with injuries
associated with hypoxia and neovascularization.m Neovascularization comprises
angiogenesis, the formation of new blood vessels by sprouting of preexisting mature
endothelial cells, and vasculogenesis, the formation of blood vessels by differentiation of
endothelial progenitor cells.15'17 Activated HSCs are harmful due to unbalanced expression
and secretion of growth factors that enhance fibrogenesis and neovascularization.18

Vascular endothelial growth factor (VEGF) is a well known, potent angiogenic factor
which enhances vascular permeability, promoting the extravasation of protein to form a

stromal matrix and tumor invasion.19 VEGF has proven a potent, diffusable and specific
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endothelial growth factor. In recent years, several members of the VEGF family have been
described, namely placenta growth factor (PIGF), VEGF-A, VEGF-B, VEGF-C and VEGF-
D.20 Serum VEGF can be influenced by VEGF released from platelets during clotting.21’22 In
a recent study, serum VEGF per platelet count has been applied to correct variations of
serum VEGF levels in patients with different platelet c:ounts.23 It has been shown that
serum VEGF per platelet count correlates with advanced stage colorectal cancer,
suggesting its role as a standard measure of circulating VEGF. DNA array analysis
conducted on livers of patients with chronic hepatitis C, autoimmune hepatitis, primary
biliary cirrhosis, primary sclerosing cholangitis, and nonalcoholic steatohepatitis has
demonstrated overexpression of genes essential for fibrogenesis and neovascularization
including those encoding growth factors such as hepatocyte growth factor (HGF) and
VEGF, their receptors, adhesion molecules, and matrix remodeling molecules.24’25
Nonetheless, data on the role of VEGF in patients with BA is still scarce. The aim of this
study has been to determine the relationship of serum VEGF and serum VEGF per platelet
count, calculated by dividing serum VEGF concentration by the platelet count, with clinical

parameters in patients with BA.

Materials and methods

The study protocol has been approved by the ethical committee of the Faculty of
Medicine, Chulalongkorn University. Likewise, the parents of all participating children have

provided their consent to the study.

Subjects
The study included 70 patients with BA who attended the liver clinic at King

Chulalongkorn Memorial Hospital. Fifteen healthy children served as controls.

Clinical data

Physical examination, liver function test, and complete blood count were performed
on each patient. Splenomegaly was diagnosed based on physical examination whereas
esophageal varice was recognized by endoscopy. Patients with total bilirubin > 2 mg/dl

were classified as jaundiced.
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Blood sampling and enzyme immunoassay of serum VEGF concentration

Serum samples were stored at -70°C until tested. Serum VEGF was measured in
duplicate by commercially available ELISA kits (Quantikine human VEGF, R&D System,
Minneapolis, MN, USA). According to the manufacturer's specifications, the minimal
detectable dose of VEGF was <5.0 pg/ml, the intra-assay and the inter-assay variables
were 6.7-5.1% and 8.8-6.2%, respectively. Absorbance was determined using a microplate
reader 3550 (Bio-Rad, Hercules, CA, USA) at 450 nm. Serum VEGF per platelet count was

calculated by dividing serum VEGF concentration by the platelet count.

Statistical analysis

The results were expressed as the mean + standard error of mean (SEM). To
investigate the relationships between serum levels of VEGF, VEGF per platelet count and
other variables, t test, correlation coefficient (r) and Spearman’s rank correlation were used
when appropriate. P<0.05 based on a two-tailed test was considered statistically significant.
All the statistical analyses were performed using a statistical software package (SPSS,

Version 11.5, Inc., Chicago, IL).

RESULTS

Serum VEGEF in patients with biliary atresia and healthy controls
The baseline characteristics of the patients with BA and healthy controls are shown
in Table 1. There was no significant difference in serum VEGF levels between the patients

with BA and healthy controls.

Correlation of serum VEGF level and platelet count

In the patients with BA, there was a statistically significant correlation between
serum VEGF level and platelet count (r=0.53, p<0.001) (Figure 1). Increase in serum VEGF
level was directly related to the increase in platelet count. On the other hand, there was no

correlation between serum VEGF levels and platelet count in healthy controls (p=0.06).
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Correlation between serum VEGF and serum VEGF per platelet count and clinical
features in patients with biliary atresia

There was no significant association between serum VEGF levels and various
clinical variables, including esophageal varice and jaundice except for splenomegaly (Table
2). Serum VEGF levels in BA patients with jaundice, splenomegaly, or esophageal varice
were not different from those in the control group. Patients without splenomegaly had
higher platelet counts than those with splenomegaly (268.17+20.47 vs 138.43+11.80
X10°/ml, p<0.001).

Serum VEGF per platelet count in patients with BA was not significantly different
from that in healthy controls (1.72+0.15 vs 1.57+0.25 ><106, p=0.66). In patients with BA, the

serum VEGF per platelet count was higher in the group with esophageal varice than in

those without esophageal varice (1.98+0.21 vs 1.29+0.16 ><106, p=0.036) (Figure 2).
However, there was no correlation between serum VEGF per platelet count and other

clinical features including jaundice and splenomegaly (Table 2).

Discussion

Hepatic stellate cells (HSCs) are an important source of inflammatory mediators in
the injured liver, assuring autocrine and paracrine regulation of proliferation and activation
of neighboring cells and HSCs. Under a hypoxic atmosphere mimicking a microenvironment
of injured liver, HSCs were activated to produce VEGF protein to participate in hepatic
angiogenesis and fibrogenesis.zs_28 VEGF is up-regulated by hypoxia and a number of
cytokines including epidermal growth factor (EGF), TGF-B, IL-1 and IL-6.29 Cellular hypoxia
is known to occur in alcoholic liver injury, hepatic fibrosis and in tumors, three conditions in
which HSCs play an important role. Activated HSCs produce cyclooxygenase-2 (COX-2)
protein to induce VEGF production which is believed to play a key role in angiogenesis and
fibrogenesis in the injured Iiver.26 Previous reports have shown that VEGF protein derived
from HSCs is involved in the proliferation of sinusoidal endothelial cells.ao'31 Hepatocellular
hypoxia and angiogenesis have been associated with fibrogenesis in experimental
cirrhosis.zm2 Hypoxic tissue injury is frequently due to microvascular disruption, which
causes cessation of blood flow while hypoxia simultaneously enhances the production of

angiogenic factors such as VEGF protein.
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Portal hypertension is a frequent and severe complication of chronic liver diseases
including biliary atresia. It is characterized by a pathological increase in portal venous
pressure, by the subsequent formation of an extensive network of portosystemic collateral
vessels (PSC), including gastroesophageal varices, splenomegaly, and by the development
of hyperdynamic circulatory syndrome.33'34 It has been recently demonstrated that the
expression of VEGF is increased in experimental models of portal hypertension, and that
the formation of PSC is, in part, a VEGF-dependent angiogenic process.ss'36 Both
circulating and tissue bound VEGF tend to increase in acute and chronic hepatitis and to
decrease in cirrhosis.”’ However, in this study there has been no significant difference
between serum VEGF levels of BA patients with portal hypertension (either splenomegaly
or esophageal varice) and normal controls. According to this study, serum VEGF levels in
BA patients did not correlate with the jaundice status, consistent with the study by Aw et al
which has shown that there is no correlation between serum VEGF levels and aspartate
aminotransferase or bilirubin in children with acute liver failure.38

Principally, serum VEGF is a combination of both VEGF released from platelets on
coagulation and the circulating plasma VEGF. Platelets may normally contain a certain
amount of VEGF in their granules. Therefore, serum VEGF level can be influenced by
platelet count. A direct correlation between platelet counts and serum VEGF has also been
reported.sg’41 In addition, platelets have been reported to engulf and store various
angiogenic factors such as VEGF and platelet-derived growth factor (PDGF) in their
granules, and these molecules are secreted immediately after platelet activation.””™ In this
study, serum VEGF levels significantly correlated with platelet counts in BA patients (=
0.526, p<0.01), but there was no such correlation in healthy controls. These facts would
imply increased amounts of VEGF in platelets of the BA patients.

Serum VEGF per platelet count is an indirect theoretical estimate of VEGF in
platelets. In this study, serum VEGF levels and platelet counts were higher in BA patients
without splenomegaly than in those with splenomegaly, but serum VEGF per platelet count
was not different in those with or without splenomegaly. In contrast, BA patients with
esophageal varice showed higher serum VEGF per platelet count than those without
esophageal varice. Accordingly, serum VEGF per platelet count can predict the
development of serious complications such as esophageal varice in patients with BA who

undergo portoenterostomy.
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Conclusion

In conclusion, this study demonstrates the possible role of serum VEGF per platelet
count as an indicator of the development of esophageal varice in patients with BA.
Therefore, serum VEGF per platelet count could be a useful clinical parameter for BA
patients’ follow-up. Further studies conducted on a larger patient population will be required

in order to elucidate its value in clinical application.

Acknowledgement

The authors are grateful to all the staff of the Center of Excellence in Viral Hepatitis
Research, at Chulalongkorn University, for their great assistance. This study received
financial support from the Thailand Research Fund. We also thank Ms. Petra Hirsch for

editing this manuscript.

33



Reference

1. Otte JB, de Ville de Goyet J, Reding R, Hausleithner V, Sokal E, Chardot C, Debande
B. Sequential treatment of biliary atresia with Kasai portoenterostomy and liver
transplantation: a review. Hepatology 1994;20:41S-48S.

2. Perimutter DH, Shepherd RW. Extrahepatic biliary atresia: a disease or a phenotype?
Hepatology 2002;35:1297-304.

3. Chen L, Goryachev A, Sun J, Kim P, Zhang H, Phillips MJ, Macgregor P, Lebel S,
Edwards AM, Cao Q, Furuya KN. Altered expression of genes involved in hepatic
morphogenesis and fibrogenesis are identified by cDNA microarray analysis in biliary
atresia. Hepatology 2003;38:567-76.

4, Chongsrisawat V, Chatchatee P, Samransamruajkit R, Vanapongtipagorn P,
Chottivittayatarakorn P, Poovorawan Y. Plasma endothelin-1 levels in patients with biliary
atresia: possible role in development of portal hypertension. Pediatr Surg Int 2003;19:478-
81.

5. Chongsrisawat V, Kongtawelert P, Tongsoongnoen W, Tangkijvanich P, Vejchapipat P,
Poovorawan Y. Serum hyaluronan as a marker reflecting the severity of cirrhosis and portal
hypertension in postoperative biliary atresia. Pediatr Surg Int 2004;20:773-7.

6. Vejchapipat P, Theamboonlers A, Chaokhonchai R, Chongsrisawat V, Chittmittrapap S,
Poovorawan Y. Serum hepatocyte growth factor and clinical outcome in biliary atresia. J
Pediatr Surg 2004;39:1045-9.

7. Honsawek S, Chongsrisawat V, Vejchapipat P, Thawornsuk N, Tangkijvanich P,
Poovorawan Y. Serum interleukin-8 in children with biliary atresia: relationship with disease
stage and biochemical parameters. Pediatr Surg Int 2005;21:73-7.

8. Honsawek S, Chongsrisawat V, Vejchapipat P, Thawornsuk N, Poovorawan Y.
Association of serum levels of tissue inhibitors of metalloproteinase-1 with clinical outcome
in children with biliary atresia. Asian Pac J Allergy Immunol 2006;24:161-6.

9. Friedman SL. Stellate cells: a moving target in hepatic fibrogenesis. Hepatology
2004;40:1041-3.

10. Friedman SL, Maher JJ, Bissell DM. Mechanisms and therapy of hepatic fibrosis:
report of the AASLD Single Topic Basic Research Conference. Hepatology 2000;32:1403-8.

34



11. Garcia-Monzon C, Sanchez-Madrid F, Garcia-Buey L, Garcia-Arroyo A, Garcia-Sanchez
A, Moreno-Otero R. Vascular adhesion molecule expression in viral chronic hepatitis:
evidence of neoangiogenesis in portal tracts. Gastroenterology 1995;108:231-41.

12. Medina J, Arroyo AG, Sanchez-Madrid F, Moreno-Otero R. Angiogenesis in chronic
inflammatory liver disease. Hepatology 2004; 39:1185-95.

13. El-Assal ON, Yamanoi A, Soda Y, Yamaguchi M, Igarashi M, Yamamoto A, Nabika T,
Nagasue N. Clinical significance of microvessel density and vascular endothelial growth
factor expression in hepatocellular carcinoma and surrounding liver: possible involvement of
vascular endothelial growth factor in the angiogenesis of cirrhotic liver. Hepatology
1998;27:1554-62.

14. Corpechot C, Barbu V, Wendum D, Kinnman N, Rey C, Poupon R, Housset C,
Rosmorduc O. Hypoxia-induced VEGF and collagen | expressions are associated with
angiogenesis and fibrogenesis in experimental cirrhosis. Hepatology 2002;35:1010-21.

15. Isner JM, Asahara T. Angiogenesis and vasculogenesis as therapeutic strategies for
postnatal neovascularization. J Clin Invest 1999;103:1231-6.

16. Folkman J. Angiogenesis in cancer, vascular, rheumatoid and other disease. Nat Med
1995;1:27-31.

17. Asahara T, Murohara T, Sullivan A, Silver M, van der Zee R, Li T, Witzenbichler B,
Schatteman G, Isner JM. Isolation of putative progenitor endothelial cells for angiogenesis.
Science 1997;275:964-7.

18. Rosmorduc O, Wendum D, Corpechot C, Galy B, Sebbagh N, Raleigh J, Housset C,
Poupon R. Hepatocellular hypoxia-induced vascular endothelial growth factor expression
and angiogenesis in experimental biliary cirrhosis. Am J Pathol 1999;155:1065-73.

19. Dvorak HF, Brown IF, Detmar M, Dvorak AM. Vascular permeability factor/vascular
endothelial growth factor, microvascular hypermeability, and angiogenesis. Am J Pathol
1995;146:1029-39.

20. Yancopoulos GD, Davis S, Gale NW, Rudge JS, Wiegand SJ, Holash J. Vascular-
specific growth factors and blood vessel formation. Nature 2000;407:242-8.

21. Banks RE, Forbes MA, Kinsey SE, Stanley A, Ingham E, Walters C, Selby PJ. Release
of the angiogenic cytokine vascular endothelial growth factor (VEGF) from platelets:

significance for VEGF measurements and cancer biology. Br J Cancer 1998;77:956-64.

35



22. Webb NJA, Bottomley MJ, Watson CJ, Brenchley PEC. Vascular endothelial growth
factor (VEGF) is released from platelets during blood clotting: implications for measurement
of circulating VEGF levels in clinical

disease. Clin Sci 1998;94:395-404.

23. George ML, Eccles SA, Tutton MG, Abulafi AM, Swift RI. Correlation of plasma and
serum vascular endothelial growth factor levels with platelet count in colorectal cancer:
Clinical evidence of platelet scavenging? Clin Cancer Res 2000;6:3147-52.

24. Shackel NA, McGuinness PH, Abbott CA, Gorrell MD, McCaughan GW. Identification
of novel molecules and pathogenic pathways in primary biliary cirrhosis: cDNA array
analysis of intrahepatic differential gene expression. Gut 2001;49:565-76.

25. Shackel NA, McGuinness PH, Abbott CA, Gorrell MD, McCaughan GW. Insights into
the pathobiology of hepatitis C virus-associated cirrhosis: analysis of intrahepatic differential
gene expression. Am J Pathol 2002; 160:641-54.

26. Yamamoto H, Kondo M, Nakamori S, Nagano H, Wakasa K, Sugita Y, Chang-De J,
Kobayashi S, Damdinsuren B, Dono K, Umeshita K, Sekimoto M, Sakon M, Matsuura N,
Monden M. JTE-522, a cyclooxygenase-2 inhibitor, is an effective chemopreventive agent
against rat experimental liver fibrosis. Gastroenterology 2003;125:556-71.

27. Corpechot C, Barbu V, Wendum D, Kinnman N, Rey C, Poupon R, Housset C,
Rosmorduc O. Hypoxia-induced VEGF and collagen | expressions are associated with
angiogenesis and fibrogenesis in experimental cirrhosis. Hepatology 2002;35:1010-2.

28. Ankoma-Sey V, Wang Y, Dai Z. Hypoxic stimulation of vascular endothelial growth
factor expression in activated rat hepatic stellate cells. Hepatology 2000;31:141-8.

29. Ferrara N. Molecular and biological properties of vascular endothelial growth factor. J
Mol Med 1999;77:527-43.

30. Mochida S, Ishikawa K, Toshima K, Inao M, lkeda H, Matsui A, Shibuya M, Fujiwara K.
The mechanisms of hepatic sinusoidal endothelial cell regeneration: a possible
communication system associated with vascular endothelial growth factor in liver cells. J
Gastroenterol Hepatol 1998;13 Suppl:S1-S5.

31. Ishikawa K, Mochida S, Mashiba S, Inao M, Matsui A, Ikeda H, Ohno A, Shibuya M,
Fujiwara K. Expressions of vascular endothelial growth factor in nonparenchymal as well
as parenchymal cells in rat liver after necrosis. Biochem Biophys Res Commun
1999;254:587-93.

36



32. Jones MK, Szabo IL, Kawanaka H, Husain SS, Tarnawski AS. von Hippel-Lindau
tumor suppressor and HIF-1alpha: new targets of NSAIDs inhibition of hypoxia-induced
angiogenesis. FASEB J 2002;16:264-6.

33. Bosch J, Garcia-Pagan JC. Complications of cirrhosis. Portal hypertension. J Hepatol
2000;32:141-56.

34. Bosch J, Pizcueta P, Feu F, Fernandez M, Garcia-Pagan JC. Pathophysiology of portal
hypertension. Gastroenterol Clin North Am 1992;21:1-14.

35. Fernandez M, Vizzutti F, Garcia-Pagan JC, Rodes J, Bosch J. Anti-VEGF receptor-2
monoclonal antibody prevents portal-systemic collateral vessel formation in portal
hypertensive mice. Gastroenterology 2004;126:886-94.

36. Fernandez M, Mejias M, Angermayr B, Garcia-Pagan JC, Rodes J, Bosch J. Inhibition
of VEGF receptor-2 decreases the development of hyperdynamic splanchnic circulation and
portal-systemic collateral vessels in portal hypertensive rats. J Hepatol 2005;43:98-103.

37. Shi B, Wang X, Yang Z.Vascular endothelial growth factors and liver diseases.
Hepatogastroenterology 2001;48:1145-8.

38. Aw MM, Mitry RR, Hughes RD, Dhawan A. Serum hepatocyte growth factor and
vascular endothelial growth factor in children with acute liver failure. J Pediatr Gastroenterol
Nutr 2007;44:224-7.

39. Salgado R, Vermeulen PB, Benoy I, Weytjens R, Huget P, Van Marck E, et al. Platelet
number and interleukin-6 correlate with VEGF but not with bFGF serum levels of advanced
cancer patients. Br J Cancer 1999;80:892-7.

40. George ML, Eccles SA, Tutton MG, Abulafi AM, Swift RI. Correlation of plasma and
serum vascular endothelial growth factor levels with platelet count in colorectal cancer:
Clinical evidence of platelet scavenging? Clin Cancer Res 2000;6:3147-52.

41. Verheul HM, Hoekman K, Luykx-de Bakker S, Eekman CA, Folman CC, Broxterman
HJ, Pinedo HM. Platelet: transporter of vascular endothelial growth factor. Clin Cancer Res
1997;3:2187-90.

42. Harrison P, Wilbourn B, Debili N, Vainchenker W, Breton-Gorius J, Lawrie AS, Masse
JM, Savidge GF, Cramer EM. Uptake of plasma fibrinogen into Ol granules of human

megakaryocytes and platelets. J Clin Invest 1989;84:1320-4.

37



43. Handagama PJ, George JN, Shuman MA, McEver RP, Bainton DF. Incorporation of a
circulating protein into megakaryocyte and platelet granules. Proc Natl Acad Sci USA

1987,84:861-5.

Table 1. The characteristics and serum vascular endothelial growth factor (VEGF) level of

the patients with biliary atresia and healthy controls

Healthy controls Biliary atresia
Number 15 70
Gender (M/F) 11/4 35/35
Age (year) 10.88+0.92 6.08+0.54
Serum VEGF (pg/ml)* 312.36+48.81 289.64+27.49

Data expressed as mean+SEM

*p=0.72
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Table 2. Serum vascular endothelial growth factor (VEGF) level of the patients with biliary atresia

Serum VEGEF level (pg/ml) P value VEGF/platelet (><106) P value
Jaundice 0.50 0.18
Yes (n=28) 266.90+46.98 1.97+0.26
No (n=42) 304.80+33.72 1.56+0.17
Splenomegaly 0.045 0.17
Yes (n=47) 251.30+31.35 1.86+0.19
No (n= 23) 367.99+ 50.99 1.43+0.23
Esophageal varice 0.27 0.036
Yes (n=42) 258.49+36.15 1.98+0.21
No (n=22) 323.60+41.26 1.29+0.16

Data expressed as mean+SEM
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Figure 1. Scatter plot shows the correlation between serum vascular endothelial growth

factor (VEGF) level and platelet count in the patients with biliary atresia (r=0.53, p<0.001)
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Figure 2. Mean serum vascular endothelial growth factor (VEGF) levels in patients

with biliary atresia with and without esophageal varice. Data represent mean+SEM.
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