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Background : The CREST syndrome is an indolent form of progressive systemic sclerosis. Although its clinical
progress is indolent, pulmonary hypertension(PH) associated with CREST syndrome have grave prognosis
with over 40 percent mortality rate at 2 year follow-up. But the pathogenesis of pulmonary hypertension in
this disease is not known, and classified as either primary or secondary PH. Clonality of endothelial cell prolife-
ration in plexiform lesion is a molecular marker which allows distinction between primary and secondary PH.
We performed this study to know whether the PH associated with CREST syndrome is a variant of primary
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PH or is a secondary PH.

Methods : We assessed the X-chromosome inactivation based on the methylation pattern of the human andro-
gen-receptor gene by PCR(HUMARA). Endothelial cells in plexiform lesions from female patients(n=3) with
PH associated with CREST syndrome were microdissected from paraffin blocks. Vascular smooth muscle cells
and lung parenchyma were also microdissected for clonality studies.

Results ; The proliferating endothelial cells in 14 plexiform lesions were all polyclonal. Similarly proliferated
smooth muscle cells from 5 vessels with medial hypertrophy were also polyclonal.

Conclusion : These results suggest that the pulmonary hypertension associated with CREST syndrome has dif-
ferent pathogenesis from primary PH and to be classified as secondary PH. (Tuberculosis and Respiratory

Diseases 1999, 47 : 150-160)
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CREST &% (calcinosis, Raynaud’s phenome-
non, esophageal dysmotility, sclerodactyly,
telangiectasias) 32+e] F 50% oA st A AR
o) 27 glo] Mnygte] W, olF FAE
old BEEL 40% = HnPe] sl Bl vl
&) %7} ¢ w4 28y CREST %2l &
viEls wlmagte] 1w Halrde diside Ay
oaix vt glown utds) iy sk (primary
pulmonary hypertension)2] ©]%¥ (variant form)
oz 2axw glus 4 (plexiform lesion)2
Qldb HnEe Bxe) 80% oM BEHE FHHY
zAWee 2702, 37 300 um oldte] FHE
288 Zohle] UM E (endothelial cell) e} 4
o o FusNe Yo AP LAT AT
i HmEgelA EaEEde] WoHE S0
tel2 24 (monoclonal) @& A wh AU &
azgs 24 AYE(neoplasm) A4l MY =
7] Wzloln, {237 WA (genetic alteration)o] 1
Be7|A9e At $8 AR AR o
olaty HmELlA FPHEu WsidEs FHE
thZ 24 (polyclonal) 2.2 #AFHACH. 15 AL

A3} olatA HnEge] TR HoEYE FLY
Y= NNAAP] FFo| oFshs YA Aol
1}, olale il WIME 2o B4R
QoA ol E ABHe2 TR F A =HA
t}. CREST &%l Futd dudgels sgse
oy B ESA 0] S84 248 1 37
AL olaidki=tl 24 BAE AT o] F
A 2Py WAZ S20] GdFEA olztd o
Age Qi Hnygs 2L fAF Hd 4T
guSAA Ao o F & Utk EY I AR
T prostacyclin 5 €¥A vln¥ste] AudE
Ags E 5 ok o] WHAE F2o] tEeAd
A AS o] AP oA Wn¥Yes BHEH 2
JHe EE @24 o% duudMEe] &3
(endothelialitis) o] F Walr|dog z&31a 8
= ge olal4 Hudgelre Az dddd
o] AN|rh FAo] @ Aeg AgEt. dATAE
CREST 2% 3o FurEle sjaggle] 24 i
Hela) e 47 MAe Pelr|des e 8RS
24 Azelr}, oflH A= (connective tis-
sue disease)o)] 2gt o|xtd HIPYHE AR
ozM o] Ae) Hel7| AL olFetn EHEE N
el weo] Hluat B A7 & AdsiA
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1. kol Hoats Widoll cht Jie

HuE¢E Fuke CREST 37 A3z A &
2 #Z39] gl blockg AM-3H microdissec-
tion WHo 2 AUl Fald W EE B

gt} 34 3L X-94A9 methylation pat-
terng o] &3t} M= glopPday 279 differ-
ential methylationd] oja z} M ¥ F 7] X-4
AAZF shutte] B4=7t {359 (Lyon hypothe-
sis) ©]#% methylation patterng o]% HTEY
HxFo| dAsA FA=c). Human androgen re-
ceptor 2= X-FGAH Aol EASH methyla-
tiond] o] w]&Ast=Ert. Methylation® F2kgl2
JYgeo] AL whe ol 2HE We A}
methylation® 7 x| 3ke ojnlgiE e &
H2p7t methylation €t} wabr EE24 2394
£ AlEe] ¥he onjy {7217} methylation S| at 1}
Hz] A Ee] Bk ol A} §7 X7} methylation® &
T FIE B vhE GdAEN fAE gYE
B4 2FL oo R o] o & fHz}o)
methylation pattern 9H-& Ho)A Hr}. B ¢dto) A
+ human androgen-receptor gene methylation
assay(HUMARA) #ijoz 224 A4 3y
Human androgen-receptor #-d2= (CAG)n se-
quence (n=11-31)2] short tandem repeat& 7}
A3 U3 90% oA T4 (polymorphism) & X1
). Trinucleotide®] 100 bp upstreamo] % 7]l
Hhal site7} £A3 o]F9] methylation Ae]l=
XggAe] £843} (inactivation)9} @@= gl
t}. Methylation-sensitive endonuclease Hhal o
2 genomic DNAE Aelsld S8Ad3te XA
49} human androgen-receptor A= £ 5 %)
o} g4 XEA4te] human androgen-recep-
tor Az Hhalol o E3fislo] o139 =35

4d44ke (polymerase chain reaction, PCR)d

s FEHA Fer)h ol Yelz ddFEA 2
A %3 DNAE Hhal 02 HE)std ooy
FE= ofMA]F §%o] methylated human andro-
gen-receptor f-AxRto] PCRE ZZ5]o] AA 7|
T4 9 U=E P v oEEY 23|
M= Hhal A%l opz)9} ojrjUz R e feidt
% androgen-receptor Sz} A3 o] A

PCR3} 271958 5 7he) We=g g4ahA Ho.

2. gty

1) ZZ|2} microdissection

CREST 333l gute Audg oz} a2} 499
M AFARZ (2e0) F= 24 (24) Al FolA
o] x93y wetd block g o] &slgch. Hel
AHE-E 2 E 2l blocke Dr. Rubin Tuder (De-
partment of pathology, University of Colorado)
25H 7% LUtk o] #AEY d4 HHE
(Table 1) 3 2t} 2} gkl A 2-870 (T 47)) 9
block & ARE3HET. shte] mhalw block o2 HE]
10 um FAIZ 50709 A4 27 HHL de
T olEF W AR EBo|=E hematoxyline
and eosin P& dtod Fgdo] e EBL
I o]E Ao s ATAstdnt. o] 120 um o
o] FEHThe B4 gz syt 4wl
UAE Eebo]=F shh= factor VIir.Ago s gy
Aste] Fauvivie] W E34e skt A
ge AW Hole ynix] &Folme R
eosing¥-& 3lu Zzbe] &alo|=2EE] microdis-
sectionZ| o2 FAE FHHIAHEE Megygor
e8] 2% shte] TR =skth. Microdissection
< 40x dissecting microscope& AR 30 Alo]x]
2 WIMEE 2asln FeAEWd 28AA
324 vyoz REATES B} 2L dho
2 FEdol Sle g9y vled 7)) duE 3
HHFE Hole ¥He HdsE 100 umo] AA ¥
HHETL microdissection SHITH E3F z} Sx}of| A
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Table 1. Selected clinical and clonality data of four women with pulmonary hypertension associ-

ated with CREST syndrome

. Pulmonary arterial
Patient No. Age

Number of plexiform Unbalanced

Allele inactivation ratio?

pressure* lesions studied  methylation®
yr mmHg
1 48 79/25/48 0.91 5(4)” 0
2 37 87/37/56 1.18 4 0
3 53 40/15/28 0.97 6 0
4 59 65/20/35 Homozygous HUMARA alleles 0

*Systolic/diastolic/mean. *Of lung parenchyma (refer to Methods) ; the average allele inacti-
vation ratio was 1.02, excluding the possibility of unequal lyonization. *Number of plexiform
lesions with clonality ratio<0.25 (refer to Methods), suggestive of monoclonality. “Of the five
plexiform lesions analyzed, PCR amplification was successful in four. HUMARA, Human an-

drogen receptor.

human androgen-receptor F3%} o|¥{-F-& Yo}
1] 93 4 A-E microdissection 3kt

2) 22M 2A(Analysis of clonality)
Z 24822 human androgen-receptor gene me-

thylation assay(HUMARA) & o]8-3l%ct.

(1) Microdissectiono.2 Q-2 Z=]2] A&
Microdissection®. @ 9& =32 proteinase K
buffer(0.2 mg/ml proteinase K, 1mM EDTA,
50mM Tris HCl, pH 8.4, 0.5% Tween) 20u¢ 2
Bes 37°CE overnight 3-& ¥hgd F 98Tl
887 BgA3} 3ttt

(2) Restriction endonuclease Hhal digestion
of active X-chromosome
(1)9]4} && DNA preparation mixture& 5 7§¢]
EHo 10 ¢ ¥ ol BT 8 FHdE 20U
Hhal 3 1.0x PCR buffer(20mM Tris HCI, pH 8.
4, 50mM KCl, 1.5 mM MgCl,, GIBCO BRL) =
Zgoere 2540 2 3t 37°CoA 1247 & ¥
2 A7t} o|% Hhal 20U& F718le) 2412051t 5
W5 digestiong wHAFE 70°ColA 2083 &L v

=

gatod BRAS siglch. & shue] REE Hhal
glol 2& whg-& JYPA A

(3) FHEaAAHE (PCR)

PCR ZZ¢| wiz=s}l Sol=& ¥ol7] A3l hot
start protocol& ©]83} two step ‘nested’ primer
approach" & Alslel. ¥3 PCRE primer 1
(5'-GCTGT GAAGGTTGCTGTTCCTCAT-3")3}
primer 3 (5'-CGTCCAAGACCTACCG AGGA-
GCTT-3")& o|&3l91 o]z} PCRel= primer 2
(5'-TCCAGAATCTGTT CCAGAGCGTGC-3")
9} primer 4 (5-ATGGGCTTGGGGAGAACCA-
TCCTC-3") 2 ol&3tycH. dx PCR2 dNTPs
(50 uM), primers 1,3(ZZ 10nM), MgCl(1.
5mM), Tris-HC], pH 8.4(20mM), KCI(50mM),
Taq polymerase(0.25U), 0.01% gelatinat Hhal
digest 10 u¢ 2 #FE%F 5010 2 3t} 94°Col
A 387} initial denaturation¥ 323 FZ31
(thermal profile : 1 min at 94°C, 1 min at 60°C,
2 min at 72°C) 72°C 2 1083t final extension &}
at}. ojz PCR& ¢zt PCR¥} Z-2 thermal pro-
files AMg-3lgoem, ¥Uat PCR product 1.0u,
primer 2,4(Z+2t 500nM), dNTPs(200 M), 0.1 ué
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of [@-*P]deoxycytidine triphosphate(3000 Ci per
millimole), MgCl(1.5mM), Tris-HCl, pH 8.4
(20mM), KCI(50mM), Tag polymerase(0.25U),
0.01% gelatino.2 #F&%F 50uf 2 3} 4
9] PCR& PCR gem(Perkin Elmer, Norwalk,
CT)& AFE-& hot start protocol & ©)&3}5ic}.

(4) Electrophoretic analysis of human androgen

receptor gene STR amplification products :
PCR producte= 6% denaturing polyacrylamide
sequencing gel2 A|9%%F autoradiography =
EA43HAtH. PCR producte] AEAe ARAG
=Z2733 SigmaGel™(Jandel Corporation, San
Rafael, CA)E o]g3}o densitometric analysis
3%t Polyacrylamide 271954 Hhal diges-
tion 3}#] @& PCR product® 5 71¢] band& H
ole 2t2} ohul|e} ojolUz 2] e alleled Lie}
Wt Hhal digestion ¥ w224 z3l9] PCR
producte & 7§¢] band2 UElhly ddEax =
Zl9] PCR productE 8hte] band& FAdskc}. zt
sampled)] tha] Hhal digested sample 9] allele
amplification ratio(allele 1/allele 2)& Hhal non
-digested sampleo] allele amplification ratio
(allele 1/allele 2) 2.2 1}Fo] ‘allele inactivation
ratio’E& T3t} Allele inactivation ratios= %
alleles] Zolo] Be Aol g W 42 + e
preferential amplificationg wAs}7] 98 o] 85
At} 39 AAkxzz) 9 allele inactivation ratio®
o]8-3] unequal lyonizationo] 2|3+ aberrant X-
chromosome inactivation®& wA&F4t}. Clonality
ratio= sample®] allele inactivation ratiog #4
49 allele inactivation ratio® o] 353t}
olZ3og tFEA ZAJAME T allele o] bal
anced mathylation=o] Q12 me}A clonality ratio
E 1] ok wwe] guzed zde s
allele©] selective methylation=}¢] o] clonality
ratiox 0o] Ht}.

(5) %49 9 |4 di=X(positive and negative con-
trol)

A3 e 9S ¥ HEC-1-A(American Type
Culture Collection, Rockville, MD)ojjA] &%
DNAE ¥4 dizz Agsdn. o MEF:
human androgen-receptor STRej| th&Ale ztm
AgEs HAFE shte] alleleo] A AL
PCR producte)] 23t 248 7Alsl7] 48 target
DNA7} gl reagent control& &4 thzg AR-3}
k.

#

CREST Z%7o %ube Audget a8zl 499
H23g A7 AR 89t} ©F ld= human
androgen receptor -Z2}2] homozygosity wj&oj]
A A=At yeiz] 3ddA  HzZ9)
allele inactivation ratiox 0.91, 0.97, 1.18 2 bal-
anced methylation& 21 (Table 1) wa}A un-
even lyonization®] 7FsA-& WA E 4 UUc).

1. SYYHN HIME 340 F=M M

3 2RE 2T 15709 F4wdd) dis ‘249 U
A E’ 9] 84 248 A¥gsgs HUMARAS
ol% 14719 FAEWAA 7Hsstgct. 1478 2408
Ho] clonality ratios 0.69 +0.20(mean+S.D.)
(range : 0.38-0.95)2 unbalanced methylation
(clonality ratio<<0.25)& 9l o+ glo] 2% t}&
£4 I3k (Fig. 1-3).

2. S5} U T2 HSWoIM BUTHE F4
o @B £M

T3} AT 5709 288 dFoA Py
ME F2e] FEAHE EAsch 571 #de
clonality ratio= 0.81 + 0.13(mean + S.D.)(range:
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Fig. 1. (A) Morphology of one plexiform lesion from patient #1 with pulmonary hypertension associated
with CREST syndrome, showing prominent intravascular proliferation of endothelial cells,
(a) H&E staining ( x 400) and (b) immunostaining for factor VIir.Ag ( X 400)
(B) HUMARA data of the plexiform lesion of panel (A), proliferated smooth muscle cells and
lung parenchymal cells from patient # 1. Presence of one band after restriction endonuclease
Hha I digestion(Hha I+ column) represents monoclonality and presence of two bands after
Hha I digestion represents polyclonality. The plexiform lesion showed two bands after Hnha |
digestion, which indicates the proliferating endothelial cells in this plexiform lesion is
polyclonal. Similarly proliferated smooth muscle cells were also polyclonal. On the other hand
in the analysis of HEC-1-A cells we can see only one band after Hha I digestion, which indi-

cates these cells are monoclonal.
062-092)2 25 thZ&4 o UrhFig. 1-3).
o
CREST %72 234 ANA 7433 (progres-
sive systemic sclerosis : o]%& PSS2 #g)<] o]y

(variant form)© 2 calcinosis, Raynaud’s phe-

nomenon, esophageal dysmotility, sclerodactyly

¢} telangiectasias& EA o2 31, PSSol= e
He] o] &2 Aog U3y gty CREST &%
T fAlel A FREE o] =ity Wl 1)
HEAEE 2) R3S} 3) AV=48 2 4) Ae
T A7EA R £ B uvix] fEes FRY
o o]F HEIEHL ¥t 60% ool BEE
= 71 &8 2ol &3 Ay oz= PSS A
H Bxbe] 9% A HuEto] FABEE= A v,
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Fig. 2. HUMARA of representative examples of polyclonal plexiform lesions, polyclonal pulmo-
nary artery smooth muscle cell and lung samples in patients (#1, #2, #3) with pulmo-
nary hypertension associated with CREST syndrome.

CREST #% $xb9] 50%0iA AHAze] FA
o] EPHoz #Hu¥e] WAEY, of e
old BEEL 40% 2, HuEto| gz Bl v
o F7} o9 vjmc}? CREST ¥+ v &
_Lg%% 011}011 #4531 Raynaud’s phenomenon
2 3= $xelM F sy HAdR8
Z‘i«‘l%@’ﬁr AEEAZE gl Eg Hla gt
anticentromere$} anti-Scl 70 A= AHA
o] glojt CREST Z3-3of Fhls|o] #AFsr|= )
29k PSSel= o Exp3A<] Her)de 7ie A
o= F&d4. 31%01 CREST 2% #xlollA &
g7 A8 Fof i Fo 3HE Hoj
DEITE HF E’ﬂ-ﬂ’q 9%;— & A A3
"}y ool AFde g CREST F3yd FdtHe
AT EYS PSS 2fgt ol Aoz B/
2 @ QA wadgte] ojFo g EREI|E 3

J

ol}l

=
T

flo ot me
v
L

==
T

t}s. gt & o A3 CREST F%o) Fibse
Hrudgold F4EEY dodE S22 U4 o
nEgIi= g gEFE4 oldlen o| o] Hio]
Aty dusgels & gelr)dE 7MAE ol
Hagetd & AlAtgct

CREST ¥ Fitsls #odgt &9 #H%F
do A gEEs 2WeEE A1 e (int-
ma) 2] AGEAIZ(fibroelastosis), F2H]3-(medi-
al hypertrophy) ¥ ZF/u] o3t Hd Kol
2 22379 258 % YW (muscular artery)ol A
=, A%9 fibroelastotic plaquetfol] H# 3
Tl 7o) Ago] TAHY olg AVMAY EE FF
o|% AN E2| $4(endothelialitis) o] #e]7]
doz Aeg sPsAS FEA . FEEe d
Hbd HnEUY 4R ox M s (AN E
%, HIV 74, schistosomiasis %) oA &&=,
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Fig. 3. Summary of clonality analysis by HUMARA of endothelial cell proliferation in the plexi-
form lesions and of hyperplastic smooth muscle cells in small pulmonary arteries with me-
dial hypertrophy in three patients with pulmonary hypertension associated with CREST
syndrome. All 14 plexiform lesions showed balanced methylatin by HUMARA (clonality
ratio>0.25), diagnostic of polyclonal composition of the proliferated endothelial cells.
Clonality of hyperplastic smooth muscle cells was analyzed in 5 small pulmonary arteries
with medial hypertrophy. Balanced methylation was found in all of these lesions.

H7tg A g@uisle] A golt}. FestH oz 4
He A& 50-300ume] AL 8P FY FUHF
(aneurysm) & BA3EL 21 Wi = A Ee
Fdoz wHaso] gloy Fad P EE &
< ¥ d7](plexus) & olF7Ix &}t EF o] ¥
WL malignant gliomaoA] #& %+ neovascular-
ization®} -§A}8le] angiogenic process®] 4 7}
A F5A I FEEe g HaEs ¥
2] 80% A TEER FAEHE] s B 9
HFHog Hrl F3 Z4E Ho|il ¥k oS U
Rog &=A v} ey F4Ede] 924 sa

MR ol R o)A HIEME BEEHE
He FEdol Haudgte] WerlddA dxby o
L r|EThE 9wd] AR 8] A% o)At
AAY PP A= AR 5 Ut HE a7 9
A HnESll A e MR F4o] ©Y
FEA4YE G GdEEA T AAE
A9 74 27] ¥sleln, 33 WAo] 1 Welr]
AYE AAFIT & GUA HoEgE fdd A
& HeEPPldoes = dESaA A4EAT(angi-
oproliferative neoplastic disorder) & UAIEA
ok 3 A ARG % o)A H L
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A EAEy AR F4 dERYeR #F
HATH. 25 A ol Hudeke] FE
Hogghe 88 5 UE 71AAGY F-Fo oE3)
= gaE wdelloy, oAle FAEEY HoHE
ZA9] 284 (clonality) 02 LA} 0243 E 7
#Ho g FRE 4 YA HUt. T4 Hu¥L =
At A7A4 RNIAE F2o] {59 e} 7
7o s 4 ek HAEA] ddds) Suy v
uhg ZHAA HAREEA slndele oA
£ 24 228 volx e, 4y AU, A
Wego] gl A4 AR CREST S
Zukg o 13 I A E Z2] 27AE HlrH

Axol FUFEA F4L shte] Azt HAA &
A& W3l = A ESHWo] (somatic mutation)
o} e ofF =F FHA FAAWsl ol F919
tE FAA R vE) & A2 ¢ e 42E 2AE
o] A7t} Colonic gland hyperplasiadlA] ade-
nomaE AA colon cancerd] ol2+& d#e] A&
BN EE GUAFEA F4& AAE P49 TP =
AAde & 5 Akt W) A (wound
healing)sl #& ¥H34 ¥4 (reactive hyper-
plasia) 234 FAHE A2SHe FEA T
DAZEA FA L 08 £FY YoMz BEEHM Y
desmoid tumor!®t} H¥E (lelomyoma )7} 7L
mesenchymal tumord| A} o] ZZ o] AlKFEQIA]
= dhey BEAUXE ZEs] H8 FE'4E =
AVEl7I% gtk £ a7 A% CREST F3Fof &4
B Fudcels #RHE FPEEY JaESY
o] hEEAolghs AME S AV EE 435 o
oA o] E4bo] o] Ao F Weridd Ao
2 227 3o A5E g oA #HudYdAiet
vzl 2 4lAge] 287t F4lo] H HoE AR
Ao

FEAEA AEshe FAEE normal mono-
clonal patche] 7idelet. diol WaZ71e) ste] X
FAH 7} EZASE F o] MEE o|F TR F
A2 R A=kl monoclonal patch& AsA |

t}. 2d olgA 3AE normal monoclonal patch
7} 224N AMgE ZAEY Aok v A
A ZAE GAFEAe] A9E HY F Utk 53]
B &3t9} o] microdissection 7|HE& o] 83}
300um ®|gre] e 24g& EAME¥ s normal
monoclonal patche] A& wr=A] s Asol gl
Hrhx] ZA A& olv] normal monoclonal patch
o] &9t =7IF LA Y el W
o] zuh) HEZAEe] normal monoclonal patch
o dAME AFA}Ee] &HA vk T2t o
WA £oA normal monoclonal patche] &z)9}
A7) dsixe A8 i vt glok. d7ake A
HAZAAF) &3 ojxbA #HanEtellA 19709 24
WHe] B TEEAYE B 1g vl ok vk o
] H ool e vl mv]e 4 224%F
1770 (77%)7} SGLZFEA oAt o] A=
A FHnEsidid #EE ddFEAde] normal
monoclonal patchol] ¢j3k Zo] ol HFYFAE
o] 4] normal monoclonal patch®] =7 Fg¥d
v} Zrks A& 9ulgic). wetba B AFllA nor-

mal monoclonal patch®] #A4|4& ZE4 4= it}

2 o

AT el

CREST Z%3& AN ZH3Fe] ojgoz HAA
732 vlmale] Hel 2ol & HAom UA
et skxjwt CREST Z33¢ 8Ak9] oF 50% oA
Hu ARAge] 24 glo] dndge] LAsin, of
23 s od AFEL 40% 2 Hu¥ste] 9l
= 3ol v dF7} of ¢ vhect g2y CREST
237d SuEE du¥ge] 4zt ¥erldd o
HFHe AE gu v glon Bads] 9y Hnd
Qte] o]8 (variant form) T oA} o2
B2 oo, AW (plexiform lesion)W] 52
g yaH2e S84 45 dndchs e of
Adoz Wre ZFo] Hi ok o AAEE
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CREST F%7°] Fute Waudst #xte 244w
WaAMze 284¢ BMgoem CREST 2570l
T ko] ALARIA] o]RPAXE Yolr
32} 3kt

LA

H8etE FWg CREST 337 Az1gialoa o
2 #2329 ety blocks A3 microdissec-
tion YO F FH AU S4E WHNEE B
5 X-9AA9] methylation patterng o] &5t
FE8A4 48 AYsig. e wPoz 2 %
g Eolt ¥do ¥¥ AP A FEAE
A5t

o}

147 F4Hel ‘A WaH¥E'e 284L ve
OEEA oItk EF FUHIEI} A% 54 HE
o] TN E FEAE =5 tfF 24 ol

d B

ol’d¢] dil= CREST ZF¥o) Eulsl: sn¥gy
ol ¥y AT e W J)He RE o)
A HuEAAE AR
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