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1. MRSA X245 Tht - RERRS

O THEEEERORKRED+BARHKE, A
XA, BEERKFED SHRICHTLE.,

B0 (F 12) B ECBRAENS 0, BRAE

FEKC L 2B A (mPEFRF)2FT 5 AS00
BORNBEUTH L. HTHIXT TITYIEHIWIT
SHhTHB MRA L, iR KRBEROMAE, i
FEBEK - FBEHIROMAEL MRSA B+ 58
THBEW TR - REISBRESHFEL - (13).
EFH® ABI 120.48, TCO,i320mmHg T - 7=.
Z DEHIIC 2 RO FHEERBRBEELTV,
ABI 120.60, TCO,i344mmHg I2¥EL, TH -
RESREIEELSITORELE TR, 20O
X CEERMTEA~OFHEEZRMABEIIHE
BTEEBC2uRERBEERCIZ250 AL ED no op-
tion Bl FRE CE L L BENIEEL BTV 3,

bhbhp T > TV AL EREEN TR~ OMEH

2. WRBHE NFAGOTDLEE

3. 2B BH%, ABl, TCO.NX M BEGEBRBIUEIEE

4. MEHrSKRELE (943) 109

EFEOBICEEYRT.

Okt mELE (BHEAESBRBELE -
)8— Z ¥ — %) : Fontaine 7 HEUEB LI UNVNE
(ABI<0.6% BER), LEE T -3 BMERE -
WL ET »BETC, NEY - SRec T ER
WOREHL <, FRUEHTFHINDEE.

O - BiEs L Ul (RS B X UTRD
EEoH s ZH ) A

QER : BRI E L T208% L L8OELLT

ORCRIFE

BE3I» BURICT AL I— b L TEYRE
DRENHHBE, ENHLPWEATHIEEBE
U3ELRIZZDEREDH 5 EH, JIRBEDE
BRECLVERBEOTRES,SH S LHE S
BE, RGEOBRRMTEBELATIEE, 1
YIA—ALF-IVEY I EBORALRVESR, £
D, EHEEHITREL E BT L-BE
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A+R3A=
FREH®

BFHERLCLINTEREELDBHBEO

FEMARESRICE, SR HMERBRERYGEE
na. mMEREMARIEDLR - HERREIRBOWN
GEREALAMMETERE Sha. AR - MERR
AMRZEUEMEBRBMIIEM TR OHICH
WTHIEHELHET LY, FEMFOTTH
BHE MM S k4 L7 (vasculogenesis) b @
TR%{, BREARDY H4W E5 VEGF, bFGF
7z & o> I B R R B T A% M0 B 4 (angiogene-
sis) ICKALBRWERALLTV S, BlITHEAD

* K. Iscdono, 3. Asada, T. hWhL T. Tatsumi, H. Matsubara
M2 | BB ALIERXFEREAME.
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F BRI & 5 MG &M OB
EEMIIRB IR, KBLETCLRHERPICB
WTEREShTWAY,
BRENRERERS OO OHARMIE, BE
TREESN TS, TRICBBSALELTY
BRECHHABLOBEBERTHA . FHMER
EMIAIZ 1 MAPC LFEIZ N B S EtE R EEAt
FEL, OpMRICHETTRE sha, BEPIC
FET A L Sh 3 HMERSERERMR (MAPC) D
EABoBSvEZHE, RIBYOGHHEEOMD
2R LGHEEAMD NOFHEERBHEIZL 5
LAY 7TREBEOUEDRIELOHHEILILID
LixEZIC L, BiMRL S 0 MEFEBERA
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BM-Cells infusion via the central lumen of an
OTW-balloon catheter into the infarct artery
several days after primary PC}

E \" .
\ 4o LCX
RCA S -OTW Balloon Catheter

) _~Infarct

+ 4-5 Infusions
- Occlusion : 2.5-4 min
- Reperfusion : 3 min

Fig. 1. AMI ADOKIBMEBERBN
PCl < CRAEEEHEICRIIL S, ST LA AMI ERERRET S, BHRAL -EHRIS/ OV~ 2 HA
L, &5 BEORMMABEFELEERES 2 V- ML 3BT T2 42T CEAT S,

FRUGRERFOSURLOMELEZ L DN
ELVWTHAH.

AMI (CHY S RMBERERAL cnEHLE
MO

AMI DB 4~7TBERE—-2 L LT
BEY>SREMICHBERARTRARI BRSNS
Z &%, @M O homing factor T2 % stromal
cell-derived factor 1(SDF-1) #5058 B L,
SDF-1 *HAL/-REFEREBHEL T L

BEEOICRHEAH D homing MRE S, ME

FASE L LCBREREDRIMBESIND T LAUR
ThTWBY,

B, ST LRE AMI @ PCI BRIy BICF
B ML A% FRAR AR T 72 03 KA i P9 BE B SRR AR & BREL
L, SSICHEXETHIRL W EE/ OV — YR
AF—TFEREDEABHET S (Fig. 1)L T,
FMF SR, TTF WA ERH D 10% §
BHESND L) EED DERIBE SN
BUOOHETIE 67 BHROCHIUGEREOEELR

530 M# Vol. 100 No. 3(2007)

B (10% WHitk, p<0.001) HREZ 49, #R
FOEEMHT Y, EFBE I L T randomized
BfgedssErl S L7z (Table 1).

Z?H B, double-blind (FERELZ £HICERK
LAk - 4 ARES LA BER 2 7—4)13,
Frankfurt X% (F 4 v, REPAIR-AMI #%)7,
Leuven X% (V¥ —, ASTAMI Bf%)¥ D =20
BEWAEIITH A, WHEEHEELLBLT
2.5% O EF ¥ (EEZETHME), BERFEE
7z L (MRI M) & #& L T 5. /=72 L, REPAIR-
AMI Ciz PCI 5 H B A\RDOBH L EF<49% ®
EMT 7.5% @ EF #Me Zo%HREHL T
ZIerESh, LREBEETACLHY 7Y
v VBB~ OBHEIELTH D I LIZRKE
v,

ASTAMI #F%ei3 PCI B B HIRRBH 2 1To T
WADT, REPAIR-AMI DB Y 4 2 Y X D5 —
YrEaET A, —HERTIEVAS, randomized
trial YA ¥ Tl Shi-FBOBEKRARTE, A
#2% L(MRI 86) L s ShTwa?. BHH
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Table 1. AMI NDTRIRE ST L 7o B 56 M UEER IS 1E 0D A SR MEE R AL N

study ... improved .nﬁuag;?°t""ﬁkwed:ﬁf?ﬁ?5[  'deﬂgn
Dusseldorf regional LV-function LVEDV
(Strauer et al) infarct size
Frankfurt regional LV-function tveov T
(TOPCARE) global EF Infarct size
Hannover regional LV-function L VEDV réndomize& .....
(BOOST-1) global EF Infarct size
Spain regional LV-function LvVEDV

global EF

Belgium infarct size regional LV-function** r_a“r.m-c-i.omized
gq_aqssms et al) o global EF LVEDV double-blind
Frankfurt global EF+2.5%* LVEDV " randomized
(REPAIR-MI) (better Tx>5 days, EF<499%) _double-blind
Norway(ASTAMI) global EF Infarct size LVEDV** randomized

*positive, **negative,

BIRDOFEH A REPAIR-AMI L3872 H, H
PRI OBAERDZ VD, FERERDR
WEHEATIE VWb TWA. .
AMIICHT ARG =DDEBERIABROEEY
FFTRESNL editorial 2 A >~ M, BAEH
IZBBAE77FL AW _EERABOREN
Bru—X7yrashicltt bic, AMI ~OFH
BEREM- - mEFEERROEDHEICIBEEY
LERMBOGNATWBO, L Liis, 8
12 PC1 #0 OB R FEMA~O#E 2OV TH,
HRE BRI SN IRETREVHILELTY
5, AREBEL DY 3 v 7HEHMEZ, choo
BERARTCERINTVE., FEIZ, ThH0E
FE AMI FEBEAS, BEERONRIC L LD Tihwn
MEFEZTWE, CRLZONRBROBRLBE
LT, BERREERLL AMI IO 5, &8
BRI % M o 78 7 % BRER BRSO & oL
ATV 5 (BOOST-2 Trial).

AMI (EXT S RBMREREAAL 7-MEME
amo '

AMI DBHCIR AWM 4~7 HEEY -2 & L
T, B O AWM i E AR AR A B A &

NEZLEHFBRETOINVN—ThoHEEH
722, bhbhid7 & OBIER.LIEE 7V IZKEE
MR BEERE, »F—F NV CLONBEMD 608
A~BRT 2L, RFFMEIEET DL L b,
BEFLACHERAHIRBE T2 HREL

W,

CRHDOREE L LIC, bhbhiZERNTREK
LAD BB L7 ST L RA AMI @ PCl K
Thtkic, FABMe kB L KETRRA HEA
THOEREDEETARY, HRDIERNKEL
DHFEFRICT 2004 £ 2 ALV FAKL - (Fig.
2). HRBHBFE AMI % 3 HEAATH 528,
FEHIR TR LB L T (4.5% EF &%), Kifm
BEROEATTIE 12% LD EF OF B E
HH 6TV, REPAIR-AMI SR L R, B
HETDLEREO LS WEMDIT ) HRBEESS
{, BEEADBRMLELEZOLNS.

PClLICTHZERFHAZOSH CHEEICH L
THHCKBMBEEROBHE1T) Z L TLHREE
MBI LB AHN=XAL LT, BiEMARY 5K
H 3 h 3 VEGF, FGF, IGF, PDGF % L OHEF
(Fhpfloxm@BF )ik b, EmOHERLT
DI EFERE R BE-OHAR~OHT K b — ¥

WE Vol. 100 No. 3(2007) 531
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Fig. 2. AMI AOFB IR D IR
RBELBEXBRBIRE Y BRNRL (), EHRSELMRIMBIZTHET 2 0), FoRLATHRIZ SV—>
AL, 95 BEAOEBRLBEERBE S V- ERXDBR%E 3EQ E2 SMEA, 2780 v—CEXR
E) i TEAT S, d). FEEALLTBRHZI» A, 62 AROLBESR, VG, MRL, LI 3—THH
+5.

ARHRAE LR, LHOREIREND,
MEFHFEREFHRDI 60T~ VEEIE
ZEH D expansion XM T HZ & T, EELDY
EF) 2 ZHEH S RAABEISE T SRR
FExH6hTWwEY, BHEWEERD S OLHEE
OFEEIZOVTRVELHOI TR 2V, &
B ERRMAN A S O trans-differentiation
fusion DML L b2, SERBISRITHIETER
SRVBENR->TVHEWVES.

OMI ([CHY 3 BHMEBE RO

7y e R AW RERREICEIEY, bh
bhizoih: T, BT 4 BIOERFHEL

532 Py# Vol. 100 No. 3(2007)

EOBEIINFINA AR LA L2V ERIA RS
BAOGHARBHOADERET 72, BT
BHEERIL 64 ROBYET, HHEERER 8 £%
BBL, 41 AFH 2@, SBIRFE# S @x
FF T 5. CCSclassNDEFEHRAETH Y, &
BEROEFARL, LA 15 ERES= O YY)
Y VATV -2 FERL TV, MBAIRIZT
NOGA mapping ¥ R 7 & TRE S 7= A IRL
Bz, LB L ) BREFHEBIRY 302 FRICE
L7 895 —7 VAR GHICHFREER
PBHELARME, FLCERHETHUSREL
7z. 14 BUORIZRLHIZE - (IHK L, 49
AR, 3818 24 B4 Holter L BRI 7+ 0—L 1z
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2nR%

stress

rest

Fig. 3. SPECT-sestamibi DY > F K & SROEEAN O BRRUZRBSEDRONE
E2TREMEOAFEENSRM(GH) Iz, FHABEBEO 3» ARICEHELTVS

2%, FEROBBITEZD &b o 7z, CPK, toroponin
THHE NI LHBERIRABRTHY, 4BUA
WEEBRICERLL. AZIUBEIR 3% 256
529% ~e¥mLs:. LY v FCRAFRES N
Blguiayk i, SEIRARIX 3 /ML TEL (Fe.
3). TOMOENLRBEOME, LEBEOHREH
ALNTVAE. BRULZBERIHRL T,

S nE TIHE SR ARnECREICHT 59
RS T A 3 %, Table 2 (Z7R7. Stamm 530
HEERER 3y AUAD 6 ADBEIZ, 1LOMH
BADNANAEFHEGALT 15%10ED
ACI HRGTHEEREREERAEARICE
HL, LOoEsfe b iESRHBILLLO
BROEBEVALNI S EFHEELLY.

¥ 7- Tse S i, 8 AOKLEREIC NOGA map-
ping Y AT AERVTEANT—T VI HEXB
BRM BRI BH L, bhbhl FRICROM
OB, MRI T L 7= 08 fH 245 2 R rae%
BHORELWMELTWVIHY,

*¥ETRRELLBYF—FVRCEEORIY
OASRE 21 A2, BREHEBRELBHET
“wEfTbN, Bt L HICENBNRHERL
LRENHESEZDLNTWVEY, ZORSY
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~O HREHEEIRO OB AR O BER IS
% 2004 SEICHFT L. B, NOGA + ¥~V =
YO ETH MYOSTAR # 7 —F VERWET
EERBARBIKETERIN TV 2.

OHERICHT 3 RUERBIEAROREEIO

TOPCARE 7% ¥ O DREREA? & 18, HH
® PCIL 12 10% & DL EBEROHY €T ¥
THREDRIBON, V-V T3 VERE
BLEEROMAS bEDT LWIRERELE 25T
MR AN, HRPOBRBARENEB %
- oA

£D1, —O0 randomized, double-blind &R
HEMSK, BARESKALTY. Z0&KRIH
BLIETALDTHY, HHTHoLTH
2~5% D EF XBETHH, MEROEND, VET
Yy IEHBRLAS L, FREMOBRELE
25 LBigERE LTHATARAA D VE
Bbhas,

—%, BSOS R R~ OF A
BoLERBEIE, ROEOBRLEHT, L8]
EREOSTRIEREABHLOREN SV, LA
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Table 2. OMI ANORBHBERO LHERBHIC & 5AARBERRR

& | sEpr | BEER | 5¥|smon| R [ REEX
Strauer BE et al intracoronary BEESHIR AMt  5~9 8 WA, D#  Circulation
transplantation (BMCs) BEDCEE 106 : 1913, 2002
Assmus BAetal intracoronary BMCs AMI 438 SRR O  Ciculation
transplantation gEOXE 106 : 3009, 2002
PernEC etal  catheter(NOGA)- BMCs iCM  — s3mj i  Circulation
based geDXE 107 1 2294, 2003
transplantation
StammCetal transplantation BMCs M 108~ IR, oM Lancet
_______________ WIthCABG ~3nA8 REDE 361 : 45, 2003
Tse HF et al catheter(NOGA) - BMCs AP — RIR. M Lancet
. based OMI BEDTE 361 : 47,2003
transpiantation
Kang H. et al intracoronary peripheral blood AMI 6 BLl#& MR, D8 Lancet
transplantation stem cells oMl - BEDexE  363:751,2004
mobilized with
G-CSF
Wollert C et al intracoronary BMCs AMI 488 DMEsEDWE Lancei '
transplantation 364 : 141, 2004

Lz e, BERBBENSE V2D, randomized,
double-blind SRERIZEREE L E % &5 n/zAht, 2005 F
SHIDKETERINTEY, TOERNRF
ns.

DHBEAOOGHEFEEM(E M OBEROHER
HRORRELHBLEENO

HREBOHBERE AT 50HEER LHRED
EAZOBETE, OHAROBHE - BFI0H
IUREORBIBLETHL. LHAEEREZER
Wi B 7-0icid, e MOEY SO BRI R
B - AR EREOHABHET 2 LENHS. L
B~ — A — & LT c-kit, sca-1, isl-1 2%t
E=xnTWw3., bhbhREEGCHT B8, F
#HICB SRz MUOE, BRIREGSC OHER
A L8y O~V REROBECE L.

Z ORI, EMiFEHRT T sphere LI
LHERBRHMROERRLERL BT HEROM
RREBRL, BVEHEEERLL. RERNEER
RFOFETHSEM, LR, RUMRICS
LT HERBROS BIERMRTSH 2. B
SEBFERICORBOHLERLA 4 &R - &8
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Bt b, OHBHBICI connectin-43 & &
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Local implantétion of autologous mononuclear cells from bone
marrow and peripheral blood for treatment of ischaemic digits
in patients with connective tissue diseases

Y. Kamata', Y. Takahashi', M. Iwamoto', K. Matsui’, Y. Murakami’, K. Muroi’, U. Ikeda?,
K. Shimada?, T. Yoshio', H. Okazaki' and S. Minota'

Objective. CD34-positive bone marrow mononuclear cells (MNCs) have been successfully used for regeneration of small arteries in
Buerger's disease. The objective of this study is to examine the angiogenetic potential of autologous MNCs from bone marrow and peripheral
blood implanted into the ischaemic digits from patients with connective tissue diseases.

Methods. Three patients with systemic sclerosis, two with mixed connective tissue disease, and one with CREST syndrome were enrolled
who had painful ischaemic digits with necrosis refractory to several vasodilators including intravenous prostaglandins. MNCs obtained from
7 ml/kg bone marrow blood and 400 m! peripheral blood were implanted into 20 different sites in palms and/or soles. The study was performed
open-labelled.

Results. Pain in the numeric rating scale improved remarkably up to 1 month after implantation of bone marrow or peripheral MNCs to the
same extent, although no significant differences were found in transcutaneous oxygen pressure and thermogram before and after the
implantation. Bone marrow MNCs increased blood flow of the hand determined by intra-arterial digital subtraction angiography, while
peripheral MNCs did not.

Conclusions. Implantation of autologous MNCs from peripheral and bone marrow into the ischaemic digits was so effective in pain-relief and
more clinical trials would be warranted to see whether this could be a new treatment modality for angiogenesis in connective tissue diseases

as in Buerger's disease.

Kev wrops: Connective tissue disease, Bone marrow mononuclear cell, Peripheral mononuclear cell, CD34-positive cell, Angiogenesis.

Introduction

Damage to the vascular endothelium leading to arteriolar stenosis
and occlusion are observed in hands and feet from patients with
connective tissue diseases. Without successful treatment, ulcera-
tion and necrosis often ensue and a mandatory amputation is not
infrequent [1]. Vasodilators such as calcium channel blockers and
prostaglandins have been used most frequently for their
treatment, although with very limited effects, especially in severe
cases [2—4].

A group of angiogenic growth factors, such as basic fibroblast
growth factor, angiogenic growth factor, and endothelial growth
factor were isolated and their amino acid sequences were
determined in the 1980s. In the 1990s, therapeutic trials using
these angiogenic factors were performed with great success in
experimental models of ischaemic heart disecase and limb
ischaemia [5-7). Tt was shown, subsequently, that functional
vascular endothelial growth factor (VEGF) was secreted along
with angiogenesis in myocardium and skeletal muscles of rats after
implantation of adeno-associated virus incorporated with the
VEGF gene {8, 9]. On the other hand, autologous bone marrow-
derived mononuclear cells implanted locally were shown very
efficacious in improvement of limb ischaemia of Buerger’s disease
in the human clinical trial, termed the TACT study [10].
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We performed a therapeutic trial on six patients with
connective tissue diseases who had severe ischaemia and necrosis
in their fingers and/or toes to examine the angiogenic potential of
mononuclear cells (MNCs) from their bone marrow and
peripheral blood. The results of 1-yr follow-up are reported here.

Patients and methods

Six Japanese patients were ensolled in this trial: case 1, 49-yr-old
woman with systemic sclerosis for 27 yrs; case 2, 64-yr-old man
with systemic sclerosis for 9 yrs; case 3, 60-yr-old man with mixed
connective tissue disease for 4 yrs; case 4, 51-yr-old woman with
systemic sclerosis for 18 yrs; case 5, 47-yr-old woman with mixed
connective tissue disease for 11 yrs; and case 6, 72-yr-old man with
CREST syndrome for 14 yrs. They all had long-standing
intractable digital ulcers and finger necrosis with severe pain
despite use of vasodilators including intravenous prostaglandins.
According to their previous histories, amputation of the ischaemic
digits was highly probable if left untreated.

Under general anaesthesia, 7 ml/kg bone marrow blood was
aspirated from iliac bones and MNCs were purified by
centrifugation on Ficoll-Hypaque (Axis Shield, Oslo, Norway)
as reported previously [I1]. Purified MNCs were suspended in
20ml of RPMII640 and aliquots of 0.5ml were implanted
intramuscularly at 20 different sites in palms and/or soles. Red
cells were recovered and returned to the patients.

Peripheral blood of 400ml was withdrawn from individual
patients and MNCs were puritied and implanted in the same
manner as for MNCs from bone marrow. MNCs from bone
marrow and those from peripheral blood were implanted on the
opposite side to compare the difference in effectiveness. The side
with more severe lesion received bone marrow MNCs, although
the patients were blinded on this.
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Fig. 1. Changes in clinical parameters between pretreatment and up to 12 months

after the local implantation of bone marrow mononuclear cells. (A) Data on the pain

scale. (B) Data on the transcutaneous oxygen pressure. (C) Data on the skin
surface temperature. Abbreviations: w, week; m, month; y, year.

The evaluation of effectiveness included: (1) numeric rating
scale for evaluating the improvement in pain made in |1 levels
from 0 to 10 [12]; (2) transcutaneous oxygen pressure (TcPO-) by
PO-850 (Sumitomo-Hightechs, Tokyo, Japan) for the assessment
of peripheral blood flow; (3) thermography by TH3106 ME (NEC
San-ei Instruments, Tokyo, Japan) to measure the skin surface
temperature on hands and feet; and (4) intra-arterial digital
subtraction angiography (IADSA) before and 2 months after the
implantation. Ttems (1)«3) were performed pretreatment, | week,
2 weeks, | month, 6 months and | yr after the implantation. The
assessor was different from the implanter, although the blindness
between the two was not complete.

This study design was deliberated and accepted by the Jichi
Medical University Ethics Committee. Every patient gave a
written consent on the purpose of this clinical trial.

Results

An average of 7.7x 10% (5.0 x 10® to 10.8 x 10%) MNCs was
isolated from 7 ml/kg bone marrow blood with an average
recovery of 3.5x 10% (2.85 x 10° to 5.33 x 109 CD34-positive-
cells. Likewise, an average of 3.5 x 108 (1.0 x 108 to 4.8 x 10%)
MNCs was isolated from 400ml peripheral blood with an

average recovery of 0.14 x 10% (0.01 x 10° to 0.37 x 10%) CD34-
positive cells.

Relief of pain as judged by the pain scale was achieved in all but
one patient in a week, and continued up to one month in four
patients. However. pain continued at the baseline level throughout
the study period in one patient (case 5). Bone marrow and
peripheral MNCs brought about the similar level of pain-relief’
Fig. 1A depicts changes in pain level on the side of the body where
bone marrow MNCs were implanted. Pain-relief remained
satisfactory in three patients (case 2, 4 and 6) until 1 yr; however,
pain gradually returned to the pretreatment level in two patients
(case | and 3).

As shown in Fig. 1B, TcPO, slightly increased in two patients
(cases 4 and 6) before 2 weeks after implantation of bone marrow
MNCs, although the courses thereafter were not obtained. Case 2
gained a gradual increase in TcPO, beyond 1 month, and kept
increased levels until 1 yr. This might be responsible for the perfect
pain control observed in him. TcPO> measurement on the side
implanted with peripheral blood MNCs showed an increase
similar to that of bone marrow MNCs (data not shown).

Skin surface temperature judged by thermography did not
change remarkably throughout the study period except in one
patient (case 4). It decreased and stayed lower than before up to
1 yr in the patient (case 2) who completely lost pain by the end of
1 yr. Fig. 1C shows the thermogram on the side of bone marrow
MNCs. The peripheral blood MNCs’ side showed similar
improvements (data not shown).

TADSA performed before and 2 months after the lmplantatlon
did not change significantly in five patients. In the remaining one
patient (case 6), however, IADSA imaged an increased arterial
flow up to the tip of fingers (Fig. 2B) on the bone marrow MNCs’
side, where the arterial blood flow was recognized only slightly
distal to the arcuate artery before the implantation (Fig. 2A). In
case 6, implantation of the peripheral blood MNCs did not
increase arterial blood flow to the level that could be visualized in
IADSA (data not shown).

Discussion

Remarkable pain-relief was obtained in case 4 immediately after
the implantation and pain-relief in satisfactory levels was obtained
in the remaining four patients within 2 weeks. However, no
changes in the pain level were observed throughout the study
period in case 5. The difference between bone marrow and
peripheral blood MNCs was not appreciable. TcPO, did not show
any constant trends after the implantation. It was kept at a slightly
increased level in case 2 whose pain was dramatically improved,
while it fluctuated and became even lower than the pre-
implantation level 6 months after the procedure in case 6; his
finger pain remained in satisfactory levels.

The surface temperature of fingers and/or toes measured by
thermography did not increase significantly; it decreased even in
the patient in case 2 who gained remarkable reduction in pain.

A point which came as a surprise to us was no difference in the
pain scale, TcPO,, or thermography achieved between MNCs
from bone marrow and peripheral blood, in sharp contrast to the
results in Buerger's disease in the TACT study. The implantation
of CD34-positive bone marrow cells was quite effective in pain-
relief and recovery of circulation detected by IADSA in Buerger’s
disease in comparison with MNCs from peripheral blood [10].
Because the number of CD34-positive cells from bone marrow
blood was much higher than that of those from peripheral blood,
they did not seem to be the muain cell population effective in
rebuilding the vasculature of ischaemic digits in patients with
connective tissue diseases. The number of circulating endothelial
progenitor cells increases in the early stage of systemic sclerosis,
although their number in bone marrow decreases and they are
functionally impaired [13]. This could be another possibility and
needs to be clarified in the future trial.
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Fic. 2. Images by the intra-arterial digital subtraction angiography (A) before
and (B) 2 months after the local implantation of bone marrow mononuclear cells in
case 6. o

In this study, only one patient accomplished an increased
vasculature with collateral vessels detectable by IADSA in the
hand of the side where bone marrow MNCs were implanted.
However, it was not clear whether collateral vessels were newly
developed or merely re-opened to recover from a collapsed state.
Tateishi-Yuyama er al. [10] reported in the TACT study that
collateral vessels were visualized by TADSA in 27 of the 45 (60%)
patients with Buerger’s disease; we followed the similar procedure,
although the implanted cell number was a little lower in this study.
New vascular formation and its maintenance would be more
difficult in the arterial obstruction due to connective tissue
diseases than Buerger's disease.

Pain-relief was not apparently accompanied by concomitant
increase in TcPO, or surface skin temperature. Although the
precise mechanism remains to be clarified, it is conjectured that
" even a small increase in microvasculature around nerve endings
might be effective for reduction of the pain induced by ischaemia.
Such an increase would be too small to be detected by
thermography or arteriography, because a visible increase in
IADSA was observed in only one patient (case 6). Such newly
developed microvasculature may soon be obliterated, since pain
returned to the pretreatment level in two patients 1yr after the
implantation. This contrasted sharply with the results of
the TACT study, in which pain-relief lasted much longer and
re-vascularization was clearly visible in more than half of the
patients [10].

The importance of CD34-positive cells in angiogenesis was not
ascertained in patients with connective tissue diseases in the
present study. MNCs from bone marrow contained more than 20
times higher number of CD34-positive cells than those from
peripheral blood. Despite this fact, pain-relief obtained by the

Y. Kamata er al.

implantation of peripheral blood MNCs was almost in the same
level as that of bone marrow MNCs. Hence, CD34-positive cells
from peripheral blood might be more efficacious than those from
bone marrow. We have not obtained the evidence that the
implanted cells were functioning at the site of injection or they
were involved in new angiogenesis as endothelial progenitors. It is
possible that not cells but various cytokines or pro-inflammatory
substrates, released by the implantation of CD34-positive and
CD34-negative MNCs, might contribute to pain-relief as well as
the generation of microvasculature.

This study was performed in the small number of patients and
was not blinded in a strict sense. The data obtained were not
necessarily uniform. However, clinical effectiveness of pain-relief
was satisfactory and a new clinical trial is now under way in our
division to examine the effectiveness of repeated implantations
of MNCs.

Rheumatology key messages

‘s Mononuclear cells from patients’ own bone marrow and peripheral
blood were locally implanted to facilitate angiogenesis in ischae-
mic digits.

e The pain-relief was satisfactory, although thermogram and
angiogram showed inconsistency.
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Angiopoietin-1, Angiopoietin-2 and Tie-2 in the Coronary
Circulation of Patients With and Without
Coronary Collateral Vessels

Wataru Mitsuma, MD; Makoto Kodama, MD; Satoru Hirono, MD; Masahiro Ito, MD;
Mahmoud M. Ramadan, MD; Komei Tanaka, MD; Makoto Hoyano, MD;
Takashi Saigawa, MD; Takeshi Kashimura, MD; Koichi Fuse, MD;

Yuji Okura, MD; Yoshifusa Aizawa, MD

Background The role of the angiopoietin (Ang)/Tie-2 system in coronary collateral growth is not well under-
stood, so the purpose of this study was to investigate and clucidate the relationship of this system to coronary
collateral formation in patients with coronary artery disease (CAD).

Methods and Results Fifty-nine patients with CAD were recruited. Blood samples from the left ventricle
(LV) and coronary sinus (CS) were obtained during cardiac catheterization, and serum concentrations of Ang-1,
Ang-2, and Tie-2 were measured by enzyme-linked immunosorbent assay. Patients were then classified as mild
CAD (n=30), defined as <90% stenosis of the coronary arterial luminal diameter, or severe CAD (n=29), which
was total (or near total) coronary occlusion requiring coronary collateral growth. Ang-1, Ang-2, and Tie-2 in the
LV and CS sera were not significantly different between groups. In the severe CAD group, spillover of Tie-2
(CS-LYV value) from the coronary circulation was found in comparison with the mild CAD group (3.43+2.22 vs
-3.29+1.54 ng/ml, p=0.01), whereas the CS-LV values of Ang-1 and Ang-2 did not differ between groups. Tie-2
production was markedly increased in patients with well-developed collaterals. A positive and significant corre-
lation was found between coronary Ang-2 and Tie-2 levels (r=0.44, p<0.001). *

Conclusions Tie-2 is probably produced in the coronary circulation and may induce the development or main-
tenance of coronary collaterals in CAD patients. Furthermore, the role of Ang-2 in the formation of coronary
collaterals may be more important than that of Ang-1.  (Circ J 2007; 71: 343-347)

Key Words: Angiopoietin/Tie-2 system; Coronary artery disease; Coronary circulation; Coronary collaterals

ral and useful adaptation to coronary arterial nar-

D evelopment of coronary collateral vessels is a natu-

rowing and/or occlusion, and it is able to preserve
the function of ischemic myocardium! Growth of coronary
" collateral vessels is usually believed to depend on the trans-
formation of pre-existing arteriolar connections to mature
vasculature (arteriogenesis) and occasionally on sprouting
of new vessels from neighboring blood vessels (angiogene-
sis)!-? Several angiogenic growth factors, such as vascular
endothelial growth factor (VEGF), basic fibroblast growth
factor and placenta growth factor, are closely associated
with coronary collateral growth!-34 but as coronary collat-
eral vessels disappear immediately after revascularization,
the maintenance mechanism of these collaterals is also
important in chronic coronary artery discase (CAD). Main-
tenance of collateral vessels seems to depend on elevated
shear stress as well as some growth factors!S A relationship
between serum levels of VEGF in the coronary circulation
and the growth of coronary collateral vessels has previ-
ously been reported®=3 but it is not an exclusive one. Other
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growth factors and/or the cooperation of several growth
factors may regulate the development and maintenance of
coronary collateral vessels.

Recently, angiopoietin-1 (Ang-1), angiopoietin-2 (Ang-
2), and their receptor Tie-2' have been identified®-!! and
it appears that the Ang/Tie-2 system regulates the growth,
formation, and maturation of new blood vessels. In cardio-
vascular diseases, upregulation of these factors in paticnts
with acute coronary syndrome (ACS) has been reported|!3
and in experimental models, the system has been shown to
relate to postnatal neovascularization!*15 However, the
dynamics of Ang-1, Ang-2, and Tie-2 in the coronary cir-
culation and their relation to coronary collateralization are
uncertain, so we examined their production or consumption
within the coronary circulation of chronic CAD patients
with or without coronary collateral vessels.

Methods

Selection of Subjects

We recruited 59 patients who had undergone coronary
artcriography (CAG) for suspected or already diagnosed
CAD. Patients with ACS, previous coronary arlery bypass
grafting (CABG), congestive heart failure, valvular heart
disease, and nonischemic cardiomyopathy were excluded to
avoid the possible influence of growth factors released from
the coronary circulation under these conditions. All patients
received standard medical treatment for their clinical con-
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Table & Clinical Characteristics and Group Comparisons
of the Study Population

Mild CAD  Severe CAD
group group p value
(n=30) (n=29)
CAD risk factors
Age (years) 66.40£1.77  68.27+1.73 0.45
Muale gender 26 (86%) 24 (82%) 0.95
Obesity (BMI 225 kg/m?) 5(16%) 9(31%) 0.32
Smoker 23 (76%) 23 (79%) 0.94
Hypertension 18 (60%) 23(79%) 0.18
Diabetes mellitus 9(30%) 11(37%) 0.71
Dyslipidemia 13 (43%) 18 (62%) 0.29
Medications
Statins 15 (50%) 9(31%) 0.22
ACEIs/ARBs 15 (50%) 12 (41%} 0.68
3-blockers 6 (20%) 10(34%) 0.33
Laboratory data
Hemoglobin Alc (%) 6.0+0.32 6.1£0.34 0.30
Total cholesterol (mg/dl) 191.616.72  192.2+7.49 0.95
CAD status
Previous MI 9 (30%) 10(34%) 0.92
Ejection fraction (%) 57.0611.97  59.03£2.56 0.54
No. of narrowed coronary 14(47%) 21(73%) 0.08

. arteries 22 vessels

Values are mean standard error of the mean or number of subjects (%).
CAD, coronary artery disease; BMI. body mass index; ACEls, angiotensin
converting enzyme inhibitors; ARBs. angivtensin-receptor blockers; MI,
myocardial infarction.

ditions and clinical data were collected by chart review.
The study protocol was reviewed and accepted by the local
ethical committee of Niigata University Graduate School
of Medical and Dental Sciences, and informed consent was
given by all patients before cardiac catheterization.

Cardiac Catheterization and Blood Sampling Procedures
CAG was performed by the Judkins or percutaneous radi-
al artery technique. Coronary artery lesions were character-
ized by 3 experienced interventional cardiologists according
to the American College of Cardiology/American Heart
Association lesion classification scheme!6 If total or near
total occlusion was observed on CAG, the Rentrop grade
was also assessed!’ Grading of collateral filling was as fol-
lows: O=none, 1=filling of side branches only, 2=partial
filling of the epicardial segment, 3=complete filling of the
epicardial segment. Blood samples from the left ventricle
(LV) and coronary sinus (CS) were taken during the cathe-
terization session from all patients. LV samples were
obtained with a pigtail catheter. For samples from the CS,
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we recorded tmages of CS during the venous phase of left
CAG, and then a right Judkins catheter was inserted into
the CS via the right jugular vein. Positioning was verified by
frontal and lateral fluoroscopy views. All samples were col-
lected into test tubes, centrifuged for 10min at 3,000 rpm.
divided into aliquots, and stored at —80°C until analysis.

Study Groups

CAD was defined as 275% coronary stenosis on CAG
with chest pain on'exertion and included patients who had
undergone percutaneous coronary intervention (PCI) at
least 6 months carlier. Patients were then classified accord-
ing to their CAG findings into mild and severe CAD groups.
Mild CAD was defined as <90% coronary stenosis without
coronary collaterals, whereas severe CAD group was de-
fined as 299% stenosis and coronary collaterals, requiring
PCI or CABG.

Laboratory Measurements

Ang-1, Ang-2, and Tie-2 in both the LV and CS samples
were measured by enzyme-linked immunosorbent assay kits
according to the manufacturer’s instructions (R&D system,
Minneapolis, MN, USA). The absorbance was measured by
optical densitometry with a 450-nm filter.

Statistical Analysis

Normality of distribution of the values of different varia-
bles was checked by 1-sample Kolmogorov-Smimov test.
Values are expressed as mean +standard error of the mean
for normally distributed variables, or medians with inter-
quartile range for skewed data. Comparisons between
groups across a nominal grouping variable with 2 levels
were performed by the Student’s t-test or Mann-Whitney
U-test for normal and skewed data, respectively. Compari-
sons among 3 groups were performed using the l-way
ANOVA with Tukey's post hoc test or the Kruskal-Wallis
test for normal and skewed data, respectively. Comparisons
of proportions were performed by chi-square test. Corre-
lations between continuous variables were checked by
Pearson’s or Spearman’s correlation coefficients for normal
and skewed data, respectively. Two-sided p-value <0.05
was considered statistically significant. All statistical
analyses were performed with SPSS for Windows version
13 (SPSS Inc, Chicago, IL, USA).

Results

The clinical characteristics of the study population at

Table 2 Comparisons of Serum Levels of Growth Factors From the 2 Sampling Sites

Growth factor Sampling site Mild (S:?oﬁmup Sever(;"C:Azg )group p value
Tie-2 (ng/ml) Lv 28.30+2.28 24.54%2.49 0.27
cs 25.01£1.70 27.97+1.96 0.25
CS-LV ~3.29%1.54 3434222 0.0t
Ang-1 (ng/ml) Lv 22.00(12.64:26.13) 15.29(9.32:21.29) 0.09*
. CS 15.87(7.63:21.68) 13.14(6.73:18.23) 0.40°
CS-LV -5.13(-9.69:-0.60) -2.24(-5.90:4.28) 0.09°
Ang-2 (pg/mli) LV 321.8%40.91 411.7£70.64 0.27
(& 327.6246.01 425.4%£78.9 0.28
CS-Lv 3.77£16.05 13.66128.91 0.81

Values are mean ¥ standard error of the mean or mediun (interguartile range).
'Mann-Whitney U-test, and otherwise Student’s t-test.

LV, left ventricle; CS. coronary sins; CS~LV, CS minus LV value; Ang, angiopoietin. Other abbreviation see in Table 1.
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Ang/ Tie-2 System in the Coronary Circulation
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baseline before CAG are summarized in Table 1. There was
a high prevalence of coronary risk factors in both groups.
No signilicant differences in patients’ characteristics or
laboratory data were observed between groups, nor were no
significant diffcrences regarding the history of previous
myocardial infarction or left ventricular ejection fraction.

Table 2 shows the serum concentration of the angiogenic
growth factors from each sampling site. There were no sig-
nificant differences between groups in the serum levels of
Ang-1, Ang-2, and Tie-2 in either the CS or LV sample. The
mean subtraction value (CS-LV) for Tie-2 was significant-
ly higher in the severe CAD group than in the mild CAD
group (p=0.01). However, the mean (median) subtraction
values for Ang-1 and Ang-2 were not significantly different
between both groups.

Fig1 is a comparison of the mean (median) CS—-LV
valucs of the angiogenic growth factors according to coro-
nary collateral flow grade. Mean CS-LV values of Tie-2 in
patients with grade 0 or 1 (n=12) collaterals and grade 2 or
3 (n=17) collaterals were 1.45+5.11 and 4.82+1.32ng/ml,
respectively. In patients with grade 2 or 3 collaterals, the
CS-LV mean value ol Tie-2 was higher than in those with
mild CAD (p=0.03).

Bivariate corrclations betwcen growth factors are shown
in Table3. A moderate and significant correlation existed
between coronary Tie-2 and Ang-2 (r=0.44, p=0.0008), but
other correlations were not significant.

Discussion

We have demonstrated a significant clevation of Tic-2,
but not Ang-1 or Ang-2, in the coronary circulation of CAD
patients with coronary collaterals, as well as a significant
positive correlation between coronary Tie-2 and Ang-2. It
has been recently shown that the peripheral plasma levels
of Tie-2 and Ang-2 are significantly higher in patients with
ACS than in healthy subjects;!213 however, the relation of

Circulation Journal - Vol 71, March 2007
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Figl. Error bar graphs showing the compari-
son of mean (median) subtraction values (CS—
LV) of Tie-2 (A), angiopoietin-1 (B), and angio-
poietin-2 (C) according to collateral flow grade.
LV, left venuicle; CS, coronary- sinus; CAD,
coronary artery disease; CS-LV, CS minus LV
value; O or 1, Rentrop grade 0 or 1; 2 or 3,
Rentrop grade 2 or 3. The bar spins and the
black circle within the bar represent mean+
standard error of the mean in the CS-LV values
of Tie-2 and angiopoietin-2. The bar spins
through the 25% and 75t percentiles, whereas
the black circle within the bar represents the 50th
percentile (median) in the CS-LV values of
angiopoietin-1. *Significant at p<0.05.

Table 3 Bivariate Correlations Between the Serum Levels
of Growth Factors (n=59)

Comparison r p value
© Tie-2 LV & Ang-1 LV 0.08 0.51
Tie-2 LV & Ang-2 LV 0.08 0.53
Ang-1 LV & Ang-2 LV -0.11 0.38
Tie-2 CS & Ang-1CS 0.08 0.51
Tie-2 CS & Ang-2 CS 0.441 <0.001
Ang-1 CS & Ang-2 CS -0.14 0.29

fPearson’s correlation coefficient or otherwise, Spearman’s correlation
coefficient.
Abbreviations see in Table 2.

these growth lactors (o the presence of coronary collaterals
remains unclear. Moreover, that data could not precisely in-
dicate whether production or consumption of these factors
occurred across the coronary circulation, because peripheral
blood samples were assayed. In the present study, we
obtained site-specific samples from the CS and LV which
would be representative of the actual dynamics of the
growth factors in the coronary circulation. We have previ-
ously reported- significant changes in the levels of some
inflammatory markers within the local coronary milicu in
relation to the use of PCI in CAD patients! and to our
knowledge, this is the first investigation the dynamics of
the angiopoietins and Tie-2 within the coronary circulation,
and their relation to coronary collateralization.

Dynamics of Ang/Tie-2 System in the Coronary
Circulation

Ang-1 and Ang-2 affect blood vessel formation differ-
ently. Ang-1 is an important regulator of endothelial cell
survival, and its absence leads to defects in vascular remod-
eling]® whereas Ang-2 promotes the migration of endo-
thelial cells and instability of capillaries!! Both Ang-1 and
Ang-2 are considered to be essential for postnatal blood
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vessel formation!0!! Furthermore, Ang-1 and Ang-2 exert
their biological effects by binding to the same tyrosine
kinase receptor Tie-2. Ang-2 can act as a partial antagonist
of Ang-1, especially in hypoxic conditions;'%19-20 however,
the regulatory mechanisms for the expression of both Ang-1
and Ang-2 have not yet been completely elucidated.

In our study, we measured the soluble form of Tie-2.
The mechanism leading to the formation of soluble Tie-2 is
essentially a shedding reaction, which involves limited pro-
teolysis of the extracellular domain of the membrane-bound
receptor?! It has been shown experimentally in rats that
Tie-2 mRNA expression is upregulated in endothelial cells
by hypoxia and myocardial ischemia!*2?> At present,
however, the physiological role of this soluble receptor is
unknown. It has been previously shown that recombinant
soluble Tie-2 protein has a inhibitory action on tumor
angiogenesis?3 so further studies are needed to discover if
soluble Tie-2 can bind angiopoietins and develop biologi-
cal activities. In our study, the CS and LV levels of Ang-1,
Ang-2, and Tie-2 were not significantly different between
the mild and severe CAD groups. It is known that athe-
rosclerosis is a systemic vascular disease and the serum
concentrations of growth factors may be influenced by sys-
temic vascular lesions or coincidental complications of
neoplasms or chronic inflammatory disorders. Therefore,
we calculated the differcnce between CS and LV (ie,
CS-LV), which represents the production or consumption
of these factors across the coronary circulation. Although
the CS-LV values of both Ang-1 and Ang-2 were not sig-
nificantly different between patient groups, the mean CS—
LV value of Tie-2 was significantly higher in the severe
CAD group than in the mild one (as well as being posi-
tively signed). In addition, we found that well-dcveloped
coronary collateral vessels led to more production of Tie-2
within the coronary circulation. These results imply that
soluble Tie-2 may be produced from the coronary circula-
tion, accompanied by an increase in Tie-2 expression, and
it may act on the development or maintenance of coronary
collateral vessels in severe CAD. Several genetic and envi-
ronmental factors may regulate the expression of Tie-2 in
the heart. Furthermore, it may be possible that the stages of
blood vessel formation inducted by Ang-1 and Ang-2 dif-
ferent among patients.

Importance of Ang-2 in the Formation of Coronary
Collaterals

Our results also demonstrated a meaningful correlation
between the levels of Tie-2 and Ang-2 in the coronary cir-
culation. In human endothelial cells, the expression of Tie-2
has been shown o be stimulated by hypoxia?? and the same
observation has been made for Ang-2, which is expressed
only in sites of vascular remodeling!! In contrast, Ang-1 is
widely expressed by the quiescent vasculature, but not in
endothelial cells even if stimulated by hypoxia!® In an ex-
perimental ischemia—reperfusion model, Ang-2 and Tie-2
had a pivotal role in the formation of new capillaries!* Fur-
thermore, in the presence of VEGF, Ang-2 can stimulate
angiogenesis?*25 In a clinical study, plasma Ang-2 levels
were clevated in patients with ACS and correlated with
those of Tie-2!2 Taken together with these previous reports,
the correlation found in our study suggests that Ang-2
plays a more important role in the formation of coronary
collaterals than Ang-1.
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Study Limitations

First, we do not have direct evidence that Ang-2 and
Tie-2 play a role in the formation of coronary collaterals.
Second, the substances measured in our study are known to
be influenced by the time course of myocardial ischemia/ne-
crosis!? Third, we could not exclude the influence of plaque
neovascularization, even slightly, on our results.

Conclusions

We have demonstrated that Tie-2, the receptor for
angiopoictins, was significantly clevated within the coro-
nary circulation in CAD patients with coronary collaterals,
and that the level of coronary Tie-2 correlated with that of
Ang-2. These results suggest that Tie-2, which is produced
within the coronary circulation, may play a role in the
development or maintenance of coronary collateral vessels
and that Ang-2 has a more important role than Ang-1 in the
formation of coronary collaterais in CAD patients. In addi-
tion, the Ang/Tie-2 system may be a therapeutic target for
coronary angiogenesis.
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~ Serum Endostatin in the Coronary Circulation of Patients
With Coronary Heart Disease and Its Relation to Coronary
Collateral Formation

Wataru Mitsuma, MD**, Makoto Kodama, MD?, Haruo Hanawa, MD?*, Masahiro Ito, MD?,
Mahmoud M. Ramadan, MD?, Satoru Hirono, MD?, Hiroaki Obata, MD? Shinsuke Okada, MD?,
Fumihiro Sanada, MD?, Takao Yanagawa, MD?, Takeshi Kashimura, MD?, Koichi Fuse, MD?,

Naohito Tanabe, MD®, and Yoshifusa Aizawa, MD?

The role of endostatin in coronary heart disease (CHD) is not well known. This study aimed
to investigate the dynamics of endostatin, an antiangiogenic growth factor, within the
coronary circulation and to elucidate its relation to coronary collateral formation in
patients with CHD. We recruited 72 subjects with suspected or previously diagnosed CHD.
Blood samples from the left ventricular (LV) cavity and coronary sinus (CS) were obtained
during coronary angiography, and the serum concentration of endostatin was measured by
enzyme-linked immunosorbent assay Kits. Patients were then divided into 2 groups: the
normal group (n = 15) defined as patients with atypical chest pain and no evidence of
organic cardiac diseases and the CHD group (n = 57) defined as patients with =75%
coronary stenosis at coronary angiography and chest pain on exertion. Endostatin in CS
sera was significantly elevated in patients with CHD compared with normal subjects
(median 79.7 [interquartile range 46.2 to 130.3] vs median 49.6 [interquartile range 29.1 to
84.5] ng/ml, p = 0.02). Spillover of endostatin (CS — LV value) from the coronary
circulation in patients with CHD with severe stenosis was higher than in those with
moderate stenosis (28.2 {4.8 to 48.6] vs 7.3 [~37.0 to 25.6] ng/ml, p = 0.01). In addition,
endostatin production within the coronary circulation was higher in patients with poorly
developed collaterals than in those with well-developed collaterals. In conclusion, endosta-
tin is suggested to be produced from the coronary circulation in patients with CHD and
may play an important role in the regulation of the growth of coronary collateral
vessels. © 2007 Elsevier Inc. All rights reserved. (Am J Cardiol 2007;99:494-498)

Endostatin, a 20-kDa protcolytic fragment from the C-
terminal domain of collagen XVIII, was recently discov-
ered and shown to have an inhibitory effect on tumor
growth working as an antiangiogenic growth factor.! En-
dostatin induces antiangiogenesis to suppress endothelial
cell proliferation.! Collagen XVIII is a component of a
basement membrane with structural features of both col-
lagen and proteoglycan and is expressed in several types
of tissues, including the heart.2* The precise mechanism
of conversion from collagen XVIII to endostatin has not
yet been fully elucidated. In cardiovascular diseases, the
relation between pericardial fluid levels of endostatin and
coronary collaterals has becn reported,* but very little is
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known about the function and expression of endostatin in
the heart. In addition, the dynamics of endostatin in the
coronary circulation and its relation to coronary collat-
erals remain unclear. In this study, we investigated the
dynamics of endostatin (production, consumption, and
release) within the coronary circulation in patients with
coronary heart disease (CHD) in comparison with normal
subjects.

Methods

Selection of subjects: We recruited 72 subjects (57
men; average age 66 years, range 40 to 82 years) who
underwent coronary catheterization in our hospital be-
cause of suspected or previously diagnosed CHD. Pa-
tients with acute coronary syndrome, previous coronary
artery bypass grafting, congestive heart failure, valvular
heart disease, and nonischemic cardiomyopathy were ex-
cluded to avoid the possible influence of growth factors
released from the coronary circulation under these con-
ditions. All patients received standard medical treatment
for their clinical conditions, and clinical data were col-
lected by chart review. The study protocol was reviewed
and accepted by the local ethical committee of Niigata
University Graduate School of Medical and Dental Sci-
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Table 1
Clinical characteristics and group comparisons of the study population
(n=172) ’

Table 2
Comparisons of serum levels of endostatin in relation o the sampling
site

Variable Normal - CHD p Substance  Sampling Normal CHD p
(n =15) (n=57 Value Site (n=13) (n=57) Value

Age (yrs) 63.3*x24 67612 0.12 Endostatin LV 51.8 (36.3-86.8) 62.7 (38.4-131.2) 0.15
Men 9 (60%) 48 (84%) 0.03* (ng/mi)
Body mass index =25 kg/m? 4 (26%) 13 (22%) 0.75 CSs | . 49.6 (29.1-84.5) 79.7 (46.2-130.3)  0.02*
Smoker 7 (46%) 44 (717%) 0.02* CS—-LV  53(-295-17.4) 160(—14.5-354) 023
Hypertension 8 (53%) 39 (68%) 0.27 - - -
Diabetes mellitus 2 (13%) 20 (35%) 0.10 Values are expressed as median (interquartile range).
Dyslipidemia 7(46%) 30 (52%)  0.68 * Significant at p <0.05.
Angiotensin-converting enzyme 4 (26%) 26 (45%) 0.18

L':Z'Ct:;?/a"g'o‘e"s'" receplor dysfunction. The CHD group was defined as patients who
B blockers 2 (13%) 16 28%) 024 had 75% coronary stenosis at coronary arteriography with
HbAlc (%) s3+01 61+02 <001 chest pain on exertion, including those who underwent

Total cholestcrol (mg/dl) 202.4 £ 6.8 1913 £ 5.1 0.30

High-density lipoprotein cholesterol 532+ 45 478 *18 022
(mg/dl)

Low-density lipoprotein cholesterol 108.4 = 6.7 119.1 £4.7 031
(mg/dl)

Pulmonary capillary wedge 6.6 *0.6 76 06 038
pressure (mm Hg)

Ejection fraction (%) 668 *+24 578=*x16 001*

Values are expressed as mean + SEM and number of subjects (percent).
* Significant at p <0.05.
¥ Significant at p <0.01.

ences, and informed consent was obtained from all pa-
tients before cardiac cathcterization.

Cardiac catheterization and blood sampling proce-
dures: Coronary arteriography was performed using the
Judkins or percutaneous radial artery technique. Coronary
artery lesions were characterized by 3 experienced interven-
tional cardiologists according to the American College of
Cardiology/American Heart Association lesion classifica-
tion scheme.> If total or near-total occlusion was observed at
coronary arteriography, the Rentrop grade was also as-
sessed.® Grading of collateral filling was as follows: 0 =
none, 1 = filling of side branches only, 2 = partial filling of
the epicardial segment, and 3 = complete filling of the
epicardial segment. To record pulmonary capillary wedge
pressure, right-heart catheterization was performed using
the right jugular vein approach. Blood samples from the left
ventricle (L'V) and coronary sinus (CS) were taken during
the catheterization session from all subjects. LV samples
were obtained using a pigtail catheter. For samples from the
CS, we recorded images of the CS during the venous phase
of left coronary arteriography, and a right Judkins catheter
was inserted into the CS via the right jugular vein. Adequate
position was verified by fluoroscopy of frontal and lateral
views. All samples were collected into test tubes, centri-
fuged for 10 minutes at 3,000 rpm, divided into aliquots,
and stored at —80°C until analysis.

Study groups: Patients were divided into 2 groups, ac-
cording to their clinical status and catheterization data. The
normal group was defined as patients who underwent car-
diac catheterization due to atypical chest pain and had no
evidence of coronary artery narrowing (50%) or LV systolic

percutaneous coronary intervention =6 months earlier.

Measurement of endostatin: Endostatin of both LV and
CS samples was measured by enzyme-linked immunosor-
bent assay kits according to the manufacturer’s instructions
(R&D System, Minneapolis, Minnesota). The absorbance
was measured by optical densitometry at 450 nm filter.

Statistical analysis: All statistical analyses were per-
formed with SPSS for Windows version 13 (SPSS, Inc.,
Chicago, Illinois). Normality of distribution of the values of
different variables was checked by the 1-sample Kolmog-
orov-Smirnov test. Values are expressed as mean = SEM
for normally distributed variables or medians (interquartile
range) for skewed data. Comparisons among groups across
a nominal grouping variable with 2 levels were performed
by the Student’s ¢ test and Mann-Whitney U test for nor-
mally distributed data and skewed data, respectively. Com-
parisons among =3 groups were performed using the
Kruskal-Wallis test for skewed data. Comparisons of pro-
portions were performed by the chi-square test. Correlations
between continuous variables were checked by Spearman’s
correlation coefficients for skewed data. A 2-sided p value
<0.05 was considered statistically significant.

Results

Patient characteristics: The clinical characteristics of
the study population at baseline before cardiac catheter-
ization are listed in Table 1. As expected, a high preva-
lence of coronary risk factors was found in the CHD
group, such as male gender, smoking, and diabetes. In
addition, HbAlc levels of the CHD group were signifi-
cantly higher than those of the normal group. The pro-
portions of patients under medical treatment (such as
those being administered angiotensin-converting enzyme
inhibitors and/or angiotensin receptor blockers or f
blockers) were not significantly different between either
group. Ejection fraction was significantly lower in the
CHD group compared with the normal group (p = 0.01),
whereas pulmonary capillary wedge pressure did not
show a significant differencc.

Serum endostatin level and its relation to clinical
characteristics: Table 2 shows the serum concentration
of endostatin in relation to the sampling site. In the CHD
group, the CS levels of endostatin ‘were significantly
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Table 3

Catheterization data and serum concentrations of ¢ndostatin in paticnts with coronary heart discase (n = 57)

Endostatin (ng/ml)

LV p Value CS p Value CS - LV p Value

Degree of CS

<99% stcnosis (n = 27) 67.0 (44.7-155.7) 69.1 (44.5-134.5) 7.3 (—37.0-25.6)

=99% stenosis (n = 30) 48.4 (32.4-98.9) 0.08 85.9 (53.1-124.9) 0.76 28.2 (4.848.6) 0.01*
No. of narrowed coronary arteries

0(n=6) 63.4 (47.8-93.8) 85.9 (40.3-145.6) —5.4(—37.3-80.2)

1 (n=16) 50.8 (43.3-93.7) 68.8 (58.1-119.4) 28.0(11.0-42.0)

2(n=14) 130.5 (21.7-160.4) 61.3 (35.6-139.1) —6.0(—61.7-18.9)

3 or left main trunk discasc (n = 21) 74.5(37.3-122.3) 0.98 99.2 (51.0-160.4) 0.80 18.4(—4.7-61.2) 0.09
Ejection fraction <50% (n = 12) 113.4 (65.6-158.7) 106.1 (55.7-167.6) 11.9(—15.4-33.3)

=50% (n = 45) 49.0(33.3-123.5) 0.01* 68.4 (46.2-113.5) 0.15 164 (—17.1-39.3) 0.86

Values are expressed as median (interquartile range).
* Significant at p <0.05.
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Figure 1. Error bar graphs showing the comparison of median subtraction
values (CS — LV) of endostatin according to collateral flow grade. Bar. the
25th and 75th percentiles; black circle within the bar, the 50th percentile
(median). *Significant at p <0.05. <99 = patients with CHD with <99%
stenosis in major coronary arteries; 0 or 1 = Rentrop grade O or 1;20r3 =
Rentrop grade 2 or 3.

higher than those of the normal group. There was no
significant difference of serum endostatin levels in
LV samples between the 2 patient groups. Also, the
median subtraction value (CS — LV) for endostatin was
not significantly different between either group. A neg-
ative and significant correlation between the LV levels of
endostatin and e¢jection fraction was observed (Spear-
man’s r = —0.306, p = 0.009). However, the correlations
between endostatin levels and the other clinical data were
not significant.

Serum endostatin levels in patients with CHD: Cath-
eterization data and levels of endostatin in patients with
CHD are shown in Table 3. In patients with CHD with
severe stenosis, the CS — LV value of endostatin was
significantly higher than in those with moderate stenosis

(p = 0.01), whereas the number of narrowed coronary
arterics and EF did not affect the CS — LV value of
endostatin (p = 0.09 and p = 0.86, respectively). The CS —
LV value of endostatin was not influenced by gender (p =
0.45) or the presence of hypertension (p = 0.11), diabctes
(p = 0.30), dyslipidemia (p = 0.30), smoking (p = 0.25), or
obesity (p = 0.22) (data not shown).

Comparison of CS — LV values of endostatin using
collateral flow grade: Comparison of median subtraction
values (CS — LV) of endostatin according to coronary
collateral flow grade in patients with CHD is shown in
Figure 1. CS — LV median values of endostatin in patients
with grade 0 or 1 (n = 13) collaterals and grade 2 or 3 (n =
17) collaterals were 34.7 (16.9 to 65.6) and 18.4 (—9.1 to
35.2) ng/ml, respectively. In patients with grade O or 1
collaterals, the CS — LV median value of cndostatin was
higher than in those in the normal group and patients with
moderate coronary stenosis (p <<0.05 for both).

Discussion

In this study, we demonstrated that CS levels of endosta-
tin in patients with CHD were significantly increased
compared with normal subjects. Although the dynamics
of endostatin within the coronary circulation (CS — LV)
were not significantly different between normal subjects
and patients with CHD, in those with CHD with total (or
near total) coronary occlusion and poorly developed col-
laterals, the CS — LV median value of endostatin was
significantly elevated compared with patients without
such occlusions. In contrast, LV systolic dysfunction and
the number of narrowed major coronary arteries were not
associated with the levels of endostatin within the coro-
nary circulation,

Recently, Panchal et al* investigated endostatin levels
in the pericardial fluid of patients with CHD and reported
its negalive association with the presence of coronary
collaterals. Also, in patients with symptomatic intracra-
nial atherosclerosis, endostatin has been shown to be
associated with a greater extent of the disease and the risk
of its recurrence.” In most studies, the data obtained from
pericardial fluid or peripheral blood samples could not
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