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Genetic Risk Factors for Ischemic Cerebrovascular Disease
—Analysis on Fifteen Candidate Prothrombotic Gene Polymorphisms

in the Japanese Population—

Keiko ISHII*, Mitsuru MURATA, MD*2, Shupi OGUCHI*?, Etko TAKESHITA*,
Daisuke ITO, MD*5, Norio TANAHASHI, MD*$, Yasuo FUKUUCHI, MD*7,
Tkuo SAITOU, MD*8, Yasuo IKEDA, MD*? and Kiyoaki WATANABE, MD*10

Accumulating evidence suggests that several polymorphisms in factors regulating blood coagulation, plate-
let function, and lipid metabolism are relevant for susceptibility to ischemic cerebrovascular diseases (CVD).
The present study analyzed 15 genetic polymorphisms possibly associated with atherosclerosis and thrombo-
sis in a case-control study involving a total of 200 genetically unrelated Japanese patients with ischemic
CVD (mean age 58.3+7.6y) and 281 age- and gender-matched control subjects (59.0+4.1y). Control sub-
jects were randomly selected from unrelated donors with no history of documented CVD or any type of car-
diovascular disease with normal resting electrocardiograms. Among the factors genotyped, two factors,
platelet glycoprotein(GP) Iba (Thr145Met) and NADPH oxidase p22phox (His72Tyr), were significantly
associated with CVD after adjustment for acquired risk factors including hypertension, diabetes mellitus,
hyperlipidemia, and smoking. For those with age <60y, 10.6% of the CVD patients and 2.9% of the control
subjects had both of the two risk genotypes (GPIba 145Met and p22phox 72Tyr, p<0.05). The mean on-
set-age of CVD was 58.6 7.7y for those having no or only one risk genotype, while 53.3+5.5y for those
having both of the risk genotypes(p<0.05). Thus, GPIba 145Met and p22phox 72 Tyr are the genetic fac-
tors associated with the risk of ischemic CVD in the Japanese. Carrying both of the two mutations might be

associated with developing CVD at a younger age.
[Rinsho Byori 52 : 22~27, 2004}

*1Departments of Laboratory Medicine, Keio University, Shinjuku-ku, Tokyo 160~-8582

(Key Words] CVD (BMM#H%), genetic polymorphism GR=#9% %), candidate gene approach (G {EF
T7a—F)
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p22phox DWMEFEROPTCVD RIEQY A7 %
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RTOBEIZOVTHOCT A ¥y £ MR %
{7v», NINDS(National Institute of Neurological Dis-
orders and Stroke) {Z & AR EEIC BT AL
Too BV PO —NMRBIEREHIRE ORERZMEE
EF284A£THD, CVDBE, avbu—nELY
(2, TRTERICXBA v 74—AFarter b
Bz, TR ROEES Table 11273, CVD BF
DEBIZ OV TIHELIF TR REFOERTH
%, WFEHAME 140mmHg, PR5REIM/E 90mmHg L4
E, XIEERBRBYORELEMLEE, LR
7T e—A220mgdl, PV ZVETFA F 150mg/di B
L, FREDSFROBREEBIEME, EEE
PEMAE140mg/dl LA E £/ XIBh 2 ERFH Y & L
foo BB, APET IS OBEFEHENRE L
AEMIETH DN, FoxBLioBE Lo
b o= /U RBEIC R E Lo @R OB (7 SR ~10
L RESR—Th B,

Table 1 Clinical characteristics of CVD patients and control subjects

CvVD control "
(n=200) (n=281) P

Age y) 58.3+7.6 59.0%4.1 NS
Male (%) 78.5 76.2 NS
Smoking (%) 531 27.0 <0.0001
Hypertension {%) 57.3 30.0 <0.0001
Hyperlipidemia (%) 64.3 35.7 <0.0001
Diabetes mellitus (%) 26.7 9.6 <0.0001
BMI {(kg/m?) 23.8%26 229427 0.0016
Total cholesterol (mg/dl)  206.7%42.4 205.4+29.6 NS
Triglycerides (mg/dl)  168.7+84.6 118.9%£105.5 <0.0001
HDL cholesterol  {mg/dl) 48.6+17.8 56.8+15.0 <0.0001
Glucose {mg/dl)  108.1%35.0 99.6x14.0 0.0004

Data were shown as mean®SD. BMI: body mass index.
*»? tests were used to compare the CVD patients and the controls for the frequencies of Male, Smoking,

Hypertension, Hyperlipidemia and Diabetes mellitus,

Age, BMI, Total cholesterol, Triglycerides, HDL cholesterol and Glucose were compared with the use of

the Student ¢t test.
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1. Fibrinogen gchain(Fib #; G-455A),

2. Coagulation factor XI[(F-XII ; C46T),

3. Plasminogen activator Inhibitor-1(PAI-1 ;
promoter, 4G/5G),
Platelet glycoprotein 1ba{GFPlba ; Thrld5Met),
Atrial natriuretic peptide (ANP ; G664A},
Nitric-oxide synthase (NOS ; 4repeat/Srepeat),
Angiotensin-converting enzyme (ACE ; insertion
/deletion),
Serotonin receptor 5SHT2A (T102C),
9. Apolipoprotein E(APO-E ; £2, €3, £4),
10. Cholesterylester transfer protein (CETP ; Taql

genotype of intron 1),
11. Paraoxonase(PON ; GInl92Arg),
12. Methylentetrahydrofolate reductase (MTHFR ;
Ce77T),

13. NADPH oxidase p22phox (His72Tyr),
14. Monocyte CD14 antigen (promotor C-260T) ,
15. Mitochondrial DNA 5178 (m-5178 ; C5178A)

IR S

15

105 3 OBEFIRmAEEEE, 413/ hMREERED
BiET D, 520 8iXMAENE, 9. 10 3FEE{UA,

1155 MRLAFOMBEECHLIEFTHY,
15 EFTFBETHLINHE, OTHBRFNTLE L DR
WATFRRESHhEEFTH S,
C. ZRRUAX
CVDEBEraryito—LEEEThTFROShE2E
VY, EEPCREWVICTERET &I8IRE, HIREEE
s Lo TREEBFRHERE L,
D. HERRIAE
& 45T — & OFELIE O LLERIZ i Student t test 12
rAtREY, &0 T -7 OMBHAEOLEICIT
YIERELRTV, WTFNLERFESLUTEZHE
L L. ThbTToHaHARTI, Statview (ver-
sion 5.0 for Windows ; SAS Institute) IZT{To 7=,

II, #% *=

() FEHT L7 CVD BE & 5> b o — N BEORRERH
2% Table 1127 L7, WRERCTEER, BRHCH
HBEIADENoT, LM LRE, BR/E, SiE0
fE, PERFEGE, BMI, RV S VYUEFA K, HDL =
LAFu—A, MEEECSWTIEICVDEBaE L2 Y
FPo— A TREEZREO,

)15 PHEFSHTATROHBREEL, HR
EFSEoP CRITSHFREEF I H>WT, CVD
BHF Lo bo—BTHEE L (Table 2), 2

Table 2 Genotype frequencies of the fifteen polymorphisms in CVD patients and control subjects

genotype CVD(n=200) control{n=281) p*

1 Fib-p H1/H1, HI/H2, H2/H2 152 41 4 158 49 4 0.8406
2 FXII cc, ¢t tt 24 92 83 25 124 110 (.7028
3 PAI-1 4G/G, 4G/5G, 5G/5G 83 95 20 97 128 32 (.5742
4 GPlba Met/Met, Thr/Met, Thr/Thr 2 51 147 4 49 228 (.0956

Met/Met + Thr/Met, Thr/Thr 53 147 53 228 0.0464
5 ANP aa, ag, gg 0 26 138 0 8§ 65 03210
6 NOS a/a, a/b, b/b 5 3@ 149 2 31 106 0.3593
7 ACE D/D, /D, 111 34 76 89 32 98 129 03070
8 BHT2A  ccct, tt 46 100 53 54 145 75 0.6654
9 APCG-E £2,£3,64 18 140 40 6 133 33 0.0801

with £2, without g2 18 180 6 166 0.0291
10 CETP B1/Bl1, B1/B2, B2/B2 64 100 31 84 134 41 0.9950
11 PON Arg/Arg, Gln/Arg, GIn/Gln 77 W00 23 99 128 32 0.9614
12 MTHFR cc, ct, tt 65 96 39 80 128 48 0.9438
13 p22phox tt,ct, cc 2 39 159 2 34 245 0.0760

tt+ct, cc 41 159 36 245 0.0234
14 CDi4 cc, ct, tt 49 102 49 64 142 75 0.8310
15 m-5178 aallele, callele 78 122 54 85 0.9776

* 42 tests were used to compare genotype frequencies between controls and all CVD patients.

— 1234 —



be— g, CVD BEM TG TR HBEEIIED
Hoh, y ZRBRETHEBRBpMNOLIUTHE 2D
GPIba(p=0.0956), APO-E(p=0.0801), p22phox(p
=00760) D 3 {IEF DL THoi, Thbh,
GPlba Tit A F4 =2 (Met), APO-E TiIE2 7V
A2}, p22phox TIZt 7 UNAEHTHEAL H
CVD BETHERIIALN, &56iZ, 3 -0iR
Fi, VAZEMUnFEE I —FLEi-ns
N=TD28E LHEIERSNTL, y ZTERREXIT-
fé A, TOXy XL GPlba Tik 155(p=
0.0464), APO-E ik 2.77(p=0.0291), p22phox T
i 1L.75(p=00234) THH, CVDBET LY R
IRIBEFABEOENFEELE N1, o 121
EFIZ20TRSEDOEN THEar be—A LD
MicHBEECFEZRED -1,
RV®Iz, FhFho CVD BENLHY X7 H
BEFEREBETL, VABHETHES CVDO
RECKREE PO L H>REAERLINERFTLE

—52:1-2004—

(Table 3), 7L, SEOBINTIHEEDNDARZLN
3 0DBEFEEARTRYAZBRTHSLEVD
il CVDEE, o be—nBonrTlHlbizl,
¥ 7=, APO-E iEFIEA D222 IR D2 B h
524 L, GPlba & p22phox @ U R 7 B@EF 0
e bWIZOWTET 2 M 7o, GPlba 4% Met %4
T5H5547, p22phox Bt T Y NEHTEHF AT,
Thbb Y R I7AREFE2OHTHHEIT<TO
CVD BF T 1L #(55%), EHoLMh—FnY A5
BMEFEHTIERT~TOCVD BE T 72§
(36.0%) TH Y, 3> bo—ELITEBRE 00120
TEOHRBEILAFEZ42R O, CVD OFEEL
THT7 7 HHE, TIA CREREISLLTOREEZS
R, RRAT L7 fIEs i ia s, FHEERIC K
BEEMLBIIH R T,

QCVD BETY 2/ BBETFE2LO0BEFD, =
vie—ABIxT A4y XA Fd L7 (Table
4), T_TOCVDRBFLT_TOar bao—NEf

Table 3 Number of “risk genotypes” present in each individual

number of risk

genotypes in each subject®

n 2 1 0 pr
Al CVD patients 200  11(5.5) 72(36.0) 117(58.5) 0.0120
Atherothrombotic 52 3 17 32 0.2609
Lacunar 126 7 44 75 0.0488
TiA 22 1 11 10 0.0465
7(25)  75(26.7) 199(70.8)

Controls 281

*number of risk genotypes

(%)

2: GPIba genotype is Met/Met or Met/Thr and p22phox genotype is tt or ct.

1: GPlba genotype is Met/Met or Met/Thr, or p22phox genotype is tt or ct.

0: GPlba genotype is Thr/Thr and p22phox genotype is cc.
** 42 tests were used to compare the number of risk factors between controls and each
subgroup of CVD patients (2 X 3 contingency table).

Table 4 Qdds ratios for the risk genotypes in CVD patients vs controls

Subtype Qdds ratio

all CVD patients vs all controls 2 risk genotypes 2.67
(n=200vs 281) 1 risk genotype 1.63

(0 risk genotype 1.00

patients {age < 60) vs controls (age <60) 2 risk genotypes 4.68
{n=104 vs 138) 1 risk genotype 1.58

0 risk genotype 1.00

Hypertension 4.90

Smoking 4.22
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EDOLB TRV RS EE20HTHET267, 10
HTAHETI6I Tholotl, 0BRIGOBEL o
Yho—ARBoTHTTR E, VAZEEETE
2O THEIITDF v X 468 LHEILEL,
BHRIZ 60 BR K TARAT L TR D 7= EME (4.90) D
Em, BEU2) bWy AEETHoT,
RIIR E WA, 60 AW T, JAJERETFE
2O OHIZCVD BAEFETCL6%THHIOILXL, =
v he— AT 29%0R Tho (p<0.05),

(5) VAT HBEGEFE2O8TIEL, 129H50
H1obEkhnELolkk#ir L, SFESTH3
WS R L EME p 2% LT (Table 5),
FTORER, HRIME, SL/E, SSMiE, HERO
HERPEMFET—FILRKELAEETH LN Do
foo LL, FHRESEHTHSBOELRYD, i
B 0.0254 TY R BBEEFE2 2208 THHOR
EERAFEICE VL EBBIFORENLSHE L,

L. % 4

MBEDOBEABREBFIZ OV TIECED b2
HESINTWES, REHLB/EFELETHS
Factor V Leiden, 7o b b’ 202104, I #KEEE
XIII A5 *Lew/Val, H1/}~E GPIIb/IIla *LewPro i3 H
AEATCREELRZVWOED THTHEY, E£-80
Erbi, BEBET7 e —FrBWEXEIE,
WEN, LHBEEZEHLTREIRTWAA, M
MEEECS2NTIRFAALZELEL, BEBED
2, £B, a2 IEAREELLHMRM AR LE & BEE A
BEWEERTW? 15 ERIR OV TORGFLRIAR
W&frTold 25, GPba, APO-E, p22phox @ 3
DOBREFTCVD BE L2 be— L ORICH
HHEOHFEZELZEH T, GPlba & p22phox 2L
T, CVDBETY A7 BRGEFOMBEENEW
LV BEREICZINTINS X, FET_EIT,
GPlba, p22phox HEFOELL LY R 2B ETF
EROFEE, arhe-ABICEULAERICEE
B, HC 60 5K CVD BE T, Y A 23

Table 5 Clinical characteristics of CVD patients in relation to number of risk genotypes

number of risk genotypes*

p**
2(n=11) 10z 0(n=189)
Onset age {») 53.3+5.5 58677 0.0254
Male (%) 72,7 78.8 0.6316
Smoking (%) 44.4 53.5 0.5946
Hypertension (%) 60.0 57.1 0.8587
Hyperlipidemia (%) 50.0 64.5 0.4563
Diabetes mellitus (%) 30.0 26.4 0.8048
BMI {kg/m?) 233+23 23.9+27 0.5897
Total cholesterol {mg/dl) 221.5+38.8 205.8+£42.6 0.2368
Trglycerides {mg/dl) 2292+1154  165.8%82.3 0.0731
HDL cholesterol {mg/dl) 63+0 48.4+17.9 0.4201
Glucose {mg/dl) 110.9+29.0 107.9+35.5 0.8045
CETP (g/mi) 2.56%1.08 2422066  0.5619
PAI-1 (ng/ml) 8.59+5.84 11981273  0.4042
tHey {ng/ml} 12.04£3.80 10.87%3.97 0.3624

Data were shown as mean®5D. BMI: body mass index. CETP: cholesteryl ester transfer protein.

PAI-1: plasminogen activator inhibitor 1.
*number of risk genotypes

tHcy: total homocystein.

2: GPIba genotype is Met/Met or Met/Thr and p22phox genotype is tt or ct.
1: GPIbe genotype is Met/Met or Met/Thr, or p22phox genotype is tt or ct.
0: GPIba genotype is Thy/Thr and p22phox genotype is cc.
**»? tests were used to compare the values for 2 risk genotypes and lor 0 risk genotypes for Male, Smoking, Hy-

pertension, Hyperlipidemia and Diabetes mellitus.

Age, BMI, Total cholesterol, Triglycerides, HDL cholesterol,

Glucose, CETP, PAI-1 and tHcy were compared with the use of the Student t test.
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" Circulating CD34-Positive Cells Provide an Index of
~ Cerebrovascular Function

Akihiko Taguchi, MD; Tomohiro Matsuyama, MD; Hiroshi Moriwaki, MD; Takuya Hayashi, MD;
Kohei Hayashida, MD; Kazuyuki Nagatsuka, MD; Kenichi Todo, MD;
Katsushi Mort; David M. Stern, MD; Toshihiro Soma, MD; Hiroaki Naritomi, MD

Background—Increasing evidence points to a role for circulating endothelial progenitar cells, including populations of
CD34- and CD133-positive cells present in peripheral blood, in maintenance of the vasculature and neovascularization.
Immature populations, including CD34-positive cells, have been shown to confribute to vascular homeostasis, not only
as a pool of endothelial progenitor cells but also as a source of growth/angiogenesis factors at ischemic loci. We
hypothesized that diminished numbers of circulating immature cells might impair such physiological and reparative
processes, potentially contributing to cerebrovascular dysfunction,

Methods and Results—The level of circulating immature cells, CD34-, CD133-, CD117-, and CDI135-positive cells, in
patients with a histery of atherothrombotic cerebral ischemic events was analyzed to assess possible correlations with
the degree of carotid atherosclerosis and number of cerebral infarctions. There was a strong inverse correlation between
numbers of circulating CD34- and CD133-positive cells and cerebral infarction. In contrast, there was no correlation
between the degree of atherosclerosis and populations of circulating immature cells. Analysis of patients with cerebral
artery occlusion revealed a significant positive correlation between circulating CD34- and CD133-positive cells and
regional blood flow in areas of chronic hypoperfusion.

Conclusions—These results suggest a possible contribution of circulating C34- and CD133-positive cells in maintenance
of the cerebral circulation in settings of ischemic stress. Qur data demonstrate the utility of a simple and precise method
to quantify circulating CD34-positive cells, the fatter providing a marker of cerebrovascular function. (Circulation.
2004;109:2972-2975.)

Key Words: cerebral infarction ® cerebral ischemia m antigens, CD34 m stem cells

lthough it had traditionally been assumed that replace- the resilience of the cerebral circulation to ischemic stress; ie,

ment of damaged endothelium resulted only from out-
growth of preexisting vasculature, recent studies have iden-
tifled endothelial progenitor cells (EPCs) that appear lo
contribute to vascular homeostasis and repair.! Clinical trials
to assess the therapeutic potential of bone marrow—derived
mouonuclear cells, a rich source of immature cells including
EPCs, in hind-limb?? and cardiac ischemia* have been
initiated and have, thus far, provided promising results.
Furthermore, immature cells, including CD34-positive
(CD34%) cells, have been shown to contribute to maintenance
of the vasculature, not coly as a pool of EPCs but also as the
soutce of growih/angiogenesis factors.> Bone marrow-de-
rived immature cells have also been shown to participate in
neovascularization of ischemic brain after experimental
stroke,S On the basis of these results, we hypothesized that
levels of circulating immature cells might be proportional to

lower numbers of circulating immature cells might be asso-
ciated with cerebral ischemia and infarction,

Methods

The institutional review board of the National Cardiovascular Center
approved this study. All subjects provided informed consent. Cireu-
tating CD34* cells in 50 uL of peripheral blood were quantified
according to the manufacturer’s protocol (ProCOUNT, Becton Diick-
inson Biosciences). To minimize intersample variation for measure-
ments of CD34™ cells, several methods were used: A nucleic acid
dye was added as a threshold reagent; a no-wash technique was
performed to eliminate cell loss, and reverse pipetting was used; an
internal reference particle was added for determination of absolute
cell numbers; and an isotype control, matched for the concentration
of anti-CD34 antibody and fluorochrome-to-protein ratio, was in-
cluded. All measurements were performed in triplicate (Figure 1A,
control; Figure 1B, CD34). To quantify other stem cell populations
(besides CD34* cells), immature mononuclear cells were enriched
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Figure 1. Quantification of circulating immature cells in patients with stroke. Nucleic acid dye versus CD34 PE dot plot was gated on
lymphocytes and CD45 dim leukocytes. A, Results with an isotype-matched control antibody. B, Results with anti-CD34 antibody.
Enriched immature mononuclear cells were double stained with PerCP-conjugated CD34 antibody (D} and PE-conjugated CD133 (F),
CD117 {G), or CD135 (H) antibody. The number of cells in a region including brightly stained cells was counted. C and E, Staining with

isotype nonimmune control antibody.

from 2 mL of peripheral blood by antibody-mediated depletion of
mature ceils according to the manufacturer’s protocol (StemCell
Technologies) using depletion cocktail, including antibodies to CD2,
CD3, CD14, CDI6, CDI9, CD24, CD36, and CD66b. Enriched
immature mononuclear cells were double-stained with peridinin
chlorophy!! protein (PerCP)-conjugated CD34 antibody (Figure 1D)
and phycoerythrin (PE)-conjugated CDI33 (Figure 1F), CD117
(Figure 1G), or CD135 (Figure 1H) antibody. The number of cells in
a region including brightly stained cells was counted, and immature
cells were quantified using CD34* cells as an internal control. The
cumulative intra-assay coefficient of variation was 14%, 13%, 14%,
and 15%, with CD34°, CDI133*, CD117*, and CD135" cell mea-
surements, respectively, from 5 stroke patients. }

Atherosclerosis in the common and internal carotid arteries was
analyzed by ultrasonography to determine plague score as described
previously.” Cerebral infarcts (diameter >5 mm) were counted
independently by a neurologist blinded to other parameters under
study (number of circulating CD34°, etc) using Tl-weighted, T2-
weighted, and fluid-attenuated inversion-recovery MRI obtained
with a 1.5-Tesla MRI scanner. The diagnosis of hypoperfusion was
made angiographically. Regional cerebral blood flow {CBF), cere-
bral blood volume, oxygen extraction fraction {OEF), and cerebral
metabolic rate of oxygen (CMRO;) were quantified by conventional
steady-state *O PET using a PET scanner (Shimadzu) as described.?
Cerebrovascular function was evaluated in patients with chronic
hypoperfuston caused by major cerebral artery (carotid artery or M1
portion of the middle cerebral artery) occlusion or severe stenoses
(>>90%) without a major stroke. Twelve patients with 15 major
arterial occlusions or stenoses had PET examinations.

To investigate the mobilization of immature cells after acute
cerebral infarction, peripheral blood was quantified at 6 hours and 3,
7. 14, and 30 days after the onset of stroke. The episodes of acute
cerebral infarction were confirmed by the diffusion image of brain
MRI. Age-matched volunteers who had no history of cerebrovascu-
lar diseases and no neuronal deficiency were enrolled as controls
(mean age, 67%4 yecars). Test-retest intraclass correlations were
0.88. 0.75, 0.86, and 0.86 for CD34, CD133, CDI117, and CD135,

respectively, obtained from 5 volunteers tested twice with an interval
of at least 10 days between samples. )

Univariant correlations were performed using Pearson’s correla-
tion coefficient and Spearman’s correlation coefficient. Statistical
comparisons among groups were detetmined using analysis of
variance. Individual comparisons were performed using Students’ ¢
test. In all experiments, mean®SE is reported.

Results
First, we investigated mobilization of immature cells after
acute cerebral infarction (n=5), focusing on CD34" cells.
The level of CD34" cells gradually increased to day 7 and
remained significantly above the prestroke baseline on days 7
and 14, returning to baseline levels by day 30 (Figure 2A}). On
the basis of these data, we enrolled 25 patients with a history
of atherothrombotic cerebral ischemic events, excluding
those who bhad suffered cerebrovascular or cardiovascular
acute ischemic episodes in the 30 days before study, as well
as premenopausal females. In this group (>30 days after
stroke), no correlation was observed between the interval
after stroke and the level of circulating CD34% cells
{r=0.009, P=0.97). Characteristics of this group included
mean age of 68+2 years, 20 men and 5 women, 23 patients

" receiving antiplatelet therapy, 11 patients receiving antihy-

pertensive therapy, 6 patients receiving therapy for hyperlip-
idemia, 5 patients receiving therapy for diabetes mellitus
(DM). and 16 patients with a current or past history of
smoking. ’

Several factors swere found to influence the number of
circulating CD34* cells. Statistical analysis revealed a signif-
icant decrease in circulating CD34" cells in patients with DM
(0.5+0.1; non-DM, 1.220.1 cells/uL; P=0.01). In contrast,
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Figure 2. Levels of circulating CD34™* cells and stroke. Circulating CD34™ cells increased after the onset of stroke and peaked on day
7. A significant increase In circulating CD34' cefls was observed on days 7 and 14 (A). A decrease of circulating CD34* cell was
observed with aging in the control group (B), but no such correlation was observed in the stroke patient group (C). No correlation was
observed between the number of circulating CD34" cells and the degree of arteriosclerosis in major cerebral arteries (D). However,
there was a correlation between cerebral infarctions and circulating CD34* (E) and CD133* cells (F). in contrast, there was no correla-
tion between cerebral infarction and CD117* (G} or CD135" cells (H). Correlation between circulating CD34* {l) and CD133* (J} cells
and CBF in areas of chronic hypoperfusion was observed. Lower levels of circulating CD34 cells were correlated with a decrease in
CMRO; (K} but not with a change in OEF {1). "P<0.05 compared with day 0 (based on 2-way ANOVA).

no change was observed in patients with hypertension
(P=0.61), with hyperlipidemia (P=0.81), with smoking
(P=0.64), or based on gender (P=0.36). In addition, treat~
ment with HMG-CoA reductase inhibitors (P=0.81), com-
pared with patients without hyperlipidemia, did not impact
the number of CD34"* cells. In the contro!l patient group, a
decrease of circulating CD34" cells was observed with aging
(Figure 2B), although this was not observed in the patient
group (Figure 2C). Comparing baseline levels of circulating
CD34* cells, there was a significant decrease in the patient
group compared with age-matched controls (stroke, 1.120.1;
control, 1.6=0.2 cells/nl; £=0.02).

We sought a possible correlation between circulating imma-
ture cells and the degree of arteriosclerosis of the common and

internal carotid arteries in the patients with atherolirombotic
cerebral ischemic events. However, there was no significant
correlation between arteriosclerosis and circulating CD34* (Fig-
ure 2D). This result was net surprising, because multiple risk
factors and cell types contribute to progression of vascular
lesions in major arleries. In contrast, because distuption of
vascular homeostasis and repair are associated with cerebral
infarction, we reasoned that a history of cerebral infarction might
correlate with circulating immature cefls. A strong correlation
was observed between the number of infarcts and the absolute
number of circulating CD34"* cells (Figure 2E) and CD133"
cells (Figure 2F). However, no significant cormelation with
regard o cerebral infarcts was observed with circulating
CDIL7* cells (Figure 2G) and CD135* cells (Figure 2H).
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In view of the critical role of endothelivm in maintaining
CBF, we evaluated cerebrovascular function in patients with
chronic hypoperfusion. Direct correlations were observed
between CBF (in the chronically hypoperfused area) and
circulating CD34" cells (Figure 2T) and CD133* cells (Figure
21). In addition, lower numbers of circulating CD34™ cells
(Figure 2K) correlated with diminished CMRO,, although
there was no significant increase in the OEF (Figure 2L).
These observations suggest a contribution of CD34" cells in
homeostasis and repair of the cerebral circulation and main-
tenance of brain metabolism. No correlation was observed
with the above parameters of vascular function and circulat-
ing CD117* and CD135" cells. Measurement of angiogenic
growth factors in patient plasma, vascular endothelial growth
factor, basic fibroblast growth factor, hemopoietic growth
facter, and insulin-like growth factor-1 also demonstrated no
correlation with indices of cerebrovascular function or the
number of CD34* cells (not shown).

Discussion

We have found that circulating immature cell populations,
especially CD34% and CDI33* cells, are associated with
maintenance and repair of the cerebral vasculature. In our
study, we used a simple and precise method to count the
absolute number of eirculating CD34" cells in a small sample
of peripheral blood. Our resulis indicate that the level of
CD34* cells serves as an index/marker for cerebrovascular
function. Analysis of CD133%, CDI117*, and CD135* cells,
which identify other populations of immature cells, demon-
strated that only CD133* cells correlated with cerebrovascu-
lar function in a manner paralleling CD34* cells.

" Palients with diabetes displayed a significant reduction in
the number of circulating CD34* cells. In view of the
microvascular dysfunction that is characteristic of diabetes,
this may not be surprising. Similarly, decreased circulating
CD34" cells with increasing age in healthy individuals may
be associated with ljmited vascular renewal in older individ-
uals. It was also of interest to note no change between levels
of CD34* cells in patients taking HMG-CoA reductase
inhibitors. The latter results might reflect the positive effect

Circulating CD34* Cells and Cerebrovascular Function 2975

of such drugs countering the negative effect of hyperlipid-
emia on circulating CD34" cells. Such conclusions, of course,
are. at best tentative, because in this first report we have
identified associations rather than proved a cause-effect
relationship.

These observations suggest that diminished numbers of
CD34* and CD133" cells impact maintenance and repair of
cerebral vasculature, Precise measurement of circulating
CD34" cells provides a marker for cerebrovascular function
in the setting of ischemic stress.
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Y Mo AEREREREIR, ThITEEFHESATE
LR EERMEEORAD 122 LT, AEFESH
Twd, FATRHOBREEDREOH b PFO XHEHIIA0
h, TEERNEETE LT IHNPFOI L SRR ER
ELENTWBE, Fi, ERERED I HPFOEAT S
HRMERIEL, 18~128% G EhTwnD D,

LAL, PROHEATLH 2-3#IZA LB LR, PFO
2T AMEEEMIBVT S, TOREBRFRITLLE
RUEREIHAE o 2WY, BRUEREORTHRSMIL
EELTHHRERTH 24, BIRADTEME b 5 { DM
ZERTWwAgERL2w £ C5EbRbRIL, PFO
EHTABEREMICSNT, EHRFRORIE (deep vein
thrombosis : DVT}OFEL, EHE, BREOMEIIDVT
BEZBC o0 THETS.

MEEFE

M1 19994F 6 HA 6 20014 12 BRI HRIC AR
L, REIIANAOKEEFOEIERIDERESE
»3 b, PFOMHASh, FHBELI—ICLh DVT OF
ELFML L -3 ATHL (Bl 404, 234, F
WE 631278, MiFge 046, —ANRELREE 14 7).

HHEBFORIUL, UTOLI LB hol. Tbh, @

e E LT 3 — @ (transesophageal echocardiography :
TEE) T PFO OFEFHAENL L, OERORETR,
FASCT H2wiE MRI LB A F R A FBER
SWMPEELE, NEEY LR TR, BRARS &, St
BIEMEEh D 2 &, QFEBEERO 50% L O
7, R OREFBATE S, D EO 3B T
boEgE L. O~C0EE RilifoyERtERFoEm
AR ATERE 64 BlP, TRMRT I—% T L 270163
#1TdH o 7. Rl venography TRVT &55Hlia A 18X, T
IERRBR L 2 — 2T TE Ao .

TEE iz, 7 3% Pro Sound $SD 5500 (SMHz multipla-
ne EREFIR L bV, BEY v ¥ MEEE, OETER (atrial
septal aneurysm : ASA), (A, EYEYZo—, BEEK
BRERECEREORSE A L2z, PFOORBENIME S
ORECRELTBIho% Thbh, O UDHIZ Valsalva
B RS, TOMBEROEE® AR L ORI 3 HIER
TohniZ2RAOEHEE LBy, £ M 2K 1m! %
kL O~ A 7 27V EERE L, Valsalva BE % 24,
ZORBETTA 20T N ER U EEE MRS L EHE
L, EEARATI ATl SR -HBCATLBRELTER
T L7 PFO OB I@oEREAKE 2 -3 3 LHE
MICHBL, TOEERPHREXOL Y BLIESWERELL
AR

TREREIR T 2 — 1%, HEH B Power Vision (7.5MHz linear
FT) 2L by, KEEREIRITINEAGL, BERSERIR IR LB 5
ViR, TRELLT (GUIR-BREAR, HIREHEIR, HRPENEIR, b
F A ERRR, BENRREAR) (XAfrcHZE LA, i), mitro—
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) Fig.1 Ultrascund detection of deep vein thrombosis
(A) : A thrombus is detected in the soleal vein as echogenic material locating within the lumen of the
vein,
(B)-(C) : The vein is scanned with compression technique. The compressibility of vein is 2ssessed by
pressing on the vein with the transducer probe. Results are judged to be either noncompressible or
fully complessible. The lack of compressibility indicates the presence of deep vein thrombosis (B).
Compressible vein without residual lumen indicates the absence of deep vein thrombosis (C).

A, artery; V, vein

DD, FTF TR EA L THRAOEER TG OF
T GRETLA (Fig 1),

FEEAEDAR, GHEBOEMICR, BT oRES: b |
SRR, BNFRET 21 MRA TEEASLED
FEE v, SRELTa—k 12 BRGER, LG
BRI 72 2HERBEBI 2o Th DA
L0, FASEPENRD 50% L Eoka i, SRt ORES
(OBEMED, CGFFRRE, OFREE, AL, LT L00
WE, DLOHEE) 259451Eby, HR-5BRAL-.

ZERFHE LTI, RIVMEE(TAY) », Foudidy,
YURFS—R), DT yAMER SN EREROR
0, BIVEBRSEIIOVWTH, EEREMSEE L. BIFEE
LT, 200243 QIR HGOMRE, FoEESICLAREA
WAL B Iy, EREENRNERTORR
ERLADTHhEHWELL.

DVT fath & BEHFIE T, FHEm, 1, B0EE, BR
6, BREMIEDHFE, ASA &b, KBRS HEEREOHE,
A BB thrombin-antithrombin I complex (TAT), D-dimer,
antithrombin ITIT (ATIN) f#, A Bt BF Nationa! Institutes of
Health Stroke Scale (NIHSS), REEMF modified Rankin Scale
(m-RS} % HBARES L 2o, IS TATRY AN & iR Mt Ml i3
EBERLOMEESVWTRH R B o,

FETEEAEE T, VERI, EROLESE, B R, BASMLAE, ASA
&bk, KRS BEERROA L OLENT I test %, THE
3, TAT, D-dimer, ATHI, APZEF NIHSS, 8RR m-RS
OILEEIZ X, Mann-Whitney U test & d B\, Th T hfEkR®E
5% K boTHEEL LI

W&

1. TR IR
ARPLIREBTTOMBMIZ4~114 BT, Foflid 140

Table 1 Localization of venous thrombosis
in 26 stroke patients with patent foramen
ovale

Localization No. of patients (%)

Femoral vein 1 {4%)

Popliteal vein 1 (4%)

Peroneal vein 5 {19%)

Posteior tibial vein 2 (8%) o

Mascular vein 17 (65%)
Soleaf vein 16 (61%)
Sural vein 1 (4%)

Thoi. 63PIDIH 266 (41%) W DVT A L. [t
BOBE, KERHR 160 (%), BERRTRIR 1 60 (4%) B
FEAR 5 B (19%0), TERERER 26 (8%), v AR 1640
(61%6) , MERETEAR 140 (4%) Th o7z, 26 Frds 24 4, 92%
HTFERRIZERB LT Wiz (Table 1), KEAMRIZ M2 % & & i
1R T AT, THOERIE o ik A LD 26
#1eh 20 #1142 R venography 2 liiT LT 345 “d 9 b
DVT # I CE =0k 7THOATEH o 7.

2. BEERRAT (Table2)

DVT B, HEGUK (P 601108 vs 60+ 128,
p=0006) T, WAE I (58% vs 22%, p=0003). &
MIFEE (77% vs 57%), $ERF(31% vs 27%), B IIE (50%
vs 38%) OFH, ASA & (31% vs 16%), KERSIENE
FEEE (38% vs46%) A, AR NIHSS ({1 vs1)
MRHEEFA LD LR o, FEMNFENRETIHE, D
dimer X DVT MR THWHIRNIH o 7 27x43ug/ml vs
08=08ug/mi, p=007) #%, TAT (54%54ug/l vs53£109
ug/1), ATHI (942*184mg/dl vs 95.8 +126mg/dl) fEIZik
BELZ R >/ DVT BERIC B 5 Ddimer % fd
BHBIIIZAD &, HERRICIEEREDE 17H$ 3
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4.

Table 2 Clinical characteristics in the patiehts with and without deep vein

thrombosis
+ -
TR [y |

Age mean = 8D,y 685 £ 99 567 £ 124 0.006
Female, n (%) 15 (58) 8 (22) 0.003
Risk factors,n (%)

Hypertension 20 (77 21 (s7) ns.

Diabetes mellitus 8 (31 10 (27} ns.

Hyperlipidemia 13 (50 14 (38} ns.
Atrial septal aneurysm, n (%) 8 (31 6 (16) ns.
Complicated aortic arch lesions, n (%) 10 (38) .17 (48) ns.
NIESS score on admission, median 1 1 ns.
Blood-coagulation parameters, mean = SD '

D-dimer (y g/mi) 2.7 + 43 08 08 0.07

TAT (gD 54 = 54 53 £ 109 n.s

AT I (mg/d)) 942 + 184 | 958 % 126 ns.

DVT, deep vein thrombeosis; NIHSS, National Institutes of Health Stroke Scale; TAT.
thrombin-antithrombin [ complex; AT II, antithrombin II; n.s, not significant

Table 3 Preventive therapy in patients with and without deep vein thrombosis

DVT (+) (n =26

DVT (-) (n =37

No. of patients (%)

No. of patients (%)

Anticoagulat therapy
Antiplatelet therapy
Warfarin and Antiplatelet therapy

16 {62}
4 (15}
6 (23}

16 (43)
17 {46)
4 (10}

DVT, deep vein thrombosis

A1 (18%), MHAERERR & b PRI AR % & & A fEH 9 Fi
680 (67%) PEBEEELTEY, SHHHRE D gl i
B, GHNOKIIMEERED-FL DFHEIC
D-dimer #H{ET#H o7 (59+59ug/ml vs 0.9+ 1.0ug/mi,
p=001). BZE m-RS OHFRMEIIVThd 0T, DVT OF
HIZGRE CERVRIFOLOME ol

3. ZRFEBEH

DVT RS (26 A) OEBAUL, 077 168
(629%), Pm/MRERIM 4 15%), TA7 7 ) > EHIN
WEDPEH 6 8 (23%) ThHY, DVTEEEH (37 A) T,
TNz ) vEIIsH (432%), WM/ REBIRI7H
{459%), B 44 (102%) THoo- (Table3).

DVT 3RO aTd AT 7 Y 24 Lho B
LT, BEMEF LALLM 4, Ent.0ERO DI
AMEEER R TEY, TRAAARHLEMHEDY X7 DhA
Al ahz b1 fl, ARSBSIZ DVT M ERHEE
LTwifldt 2 BlTchorz.

INT ) FERFICOWTAL E, DVT BB 2
BERENEEhOTH INR 1, BMERE 103074, i
AIRHE OBERIEF 1932011 ChH o7, DVT BRFAICIE, 7
N7 or Y BMEF 189025, PERIRF 1702033 Th b, DVT
BEAEFEER Lo

PUHL/MESE DV T, DVT BB HI T i i /MRS B 13

TAEY M2, FAY ) v +F 208V VAt 1 H), 7AY
Vr+om AV —0VB1H, Jr77) sH#HRE7AEY)
YA, FrOo¥Y L2 ThH ol DVT BIEFITIET
MAEREMRIE7T A Y1346, Frud s m1f, 7
AN+ Fra PV UrRIE, TAYVY Y+ 0A sV —
AH2E, TNT 7 ) RERTAY) VA, Froey
YA 1P TH o 7.

T2, AZMRP RO EOEENEEINTWER
i, BIMEELSIL 77 ) VEERE R 1AORT
Hoi:,

4. FREOHE

BRI 3AT6H (10%) iAo N?: (Tabled) . SED
BT, 2BRFRTSN/AN-ETHof. T/ ASA
OFEIERLTHRET 2 L, ASABHAD 14% (14 Hi9
280, BREFIO 8% 9Fb 4 8) IKERDSA LR T,

DVT BRHFIC BT 2 BRHIL, 2 FIVRIEE, 1682 TIA
THhote. BEEC >WTEH 2L IHENEREDERLE
EIOGRIFIELERERON 7T v Thotodt, BR
ORI 17TUTChot, 3FNSH, 2400 ASA
DEHFMHRLENTW:. BREAKMOERI, TIADL
Pl oEs, BIEARRL DELAL TN .

DVTRRUB B ABREN, 3ALHANKELETH-
oo BERERIFANOLT 7 Y, 2EMERII/MMIETS -
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Table 4 Clinical characteristics of the patients with recurrent stroke or TIA
. m-RS
AgerSex | ASA |A0rle areh | pregrment | INR # | CI/TIA Topography (15t hospitalization —
€s 2nd hospitalization)
DVT (+}
Case 1 7I/F (+) =) WF 156 Cl MCA cortical/subcortical 1—~4
Case 2 67/M (+) (~) WF 139 Cl MCA-PB ¢ 15¢cm 0—1
Case 3 70/M (- (+) WF 167 TIA 3—+3
DVT {-)
Case 4 71/M (=) (+) WF 196 CI PCA? not detected 1-—-1
Case 5 73/M (=) (+) AP CI MCAPE ¢ 10cm 1-1
Case 6 62/M (-) (+) AP CI MCA-PB ¢ 10c¢m 0—~1

TIA, transieat ischemic attack; ASA, atrial septal aneurysm; INR, international nomalized ratios; m-RS, modified Rankin scale; DVT,
deep vein thrombosis; WF, warfarin; AP, antiplatelet therapy; CI, cerebral infarct; MCA, middle cerebral artery; MCA-PB, perforating
branches of middle cerebral artery; PCA, posterior cerebral artery,
* INR values at the time of the recurrent events,

Table 5 Frequency of deep vein thrombosis in stroke patients with patent foramen ovale
reported by previous workers

References Prevalence of DVT Diagnostic strategies Day of examinations
Ranoux, et al 3% Venography/venous Doppler < 4 weeks
Gautier, et al 13% Venography 2 days—7 months
Stollberger, et al 57% Venography 1—90 days
Bogousslavsky, et al 55% Venography/vencus Daoppler ?
Hashimoto, et al 0% Rlvenography 2—23 days
Lethen, et al 95% Venography 1—15 days

DVT, deep vein thrombosis

7o, &1 ASA D&M, KBRS MIEARE (46mm~7.1
mm) A LD HRER, 2B MEE, 1R
TEAT, WAL RIFN 2.

5 =

AT, DVT AR 41% TH 0, TD 92% T,
0L 1% BEFEHOGBPMIEIMCEEL:. Chi TR
HTR, FRMENEREICSY S DVT ORHEE 10% BE
LD 60N L, FHELROBHEIIL 6VTHEWESR
RLTwE (Table 5)" ™, Th&o#H&id, Rivenography,
DLSHBRERECIARITTHY, ERRILLIoTEL R
REhF oAtk tonttoftis B tdbo o
AEDEEBEEZ LB, Labropoulos Hid, BEEMIZDVT
DY et AEMIBWT, RO R TiBREE &
N2 LS hmEd, FKiSOGRAREETFILET 262405 L
HWIEEEL, THROEII— I OHREECHEL S
ThHEIEEHRRALTwAEY, SEbhbhdBiiod:
TERHR— T—id, <y Fi44 FTHEICET T Z LMY
EEThHh, FRUEEREN) LIVDRIERIIBWTDVT
OFHEBILIEIVORA IV - FELLTHRLR
b,

FEFR TR, DVT iimEE, IS AED6RL &

TR o®mEL—F L Tw P, HER T, Ddimer
2 DVT BHEFATE WIS o 2225, TAT, ATHI T3z
A Ldbhihkdod, DVITOFEDRZ Y- EL
T, D-dimer b B bR EZWENHZ LN DA, KIFRDL S
WERRR RO Al it & A L BT 17 FidF 14 G D-dimer
HERTHDHZ i, KETCORIFET D,
DVT ORRIZBMBEREEREDATCRFTSTHLI LM
RS R, '
chiv, FREBEREOZATHELT, HERER
¥, ROUMEAE, SRS HE STV 5 (Table ).
HHBERTEDVT 2872 EbvwIRTIALTZ 7Y ¥
T AMEMERENEERE EATWA. DVTEHIREAL
Dhwviddyv, EDERELEOLMIEEO YL L EBIRT
A, RELREREALRTWREWSY Orgera Iz L B2
KFEHIZME 2 meta-analysis ThY, P07 7 ) R EEIMME
FHEID T CRTYE LTWA™, Homma bOWE T,
T rREFAEY VEBRE T, HE BCECFELR
ol LTWE™, Tk, ASASHFATCREROVAY
A HRLERERLEL T 5RENA LN, A
HELEW LT HEEL 52" AHMBEHEICO
W, PFO O H 7 — 7 VEBH LS BN ANH A5 Th -
EHEShTWwAY, +945 rFAhERRBRIRBE I 2
b Twhwt ™ RSz BT 5, DVTREETOBRS
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