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od=5lo|HH(Alzheimer disease, AD)2] ®We]7| Ao, &
3 W7t FHeka wahrh A Kol ofd Aor
L FEE T QITHL, 21 AD A1 KA HoflA] mA|F o]
L7b aEal, dito] YIS HAY, Fehe] A7} =3
59 Haph WL SEAA = Y BR] Holivt &
71 geH2-4], 292, 245 A8 AR dAES AD
o] SAMARE 2 A QUeH5], whebA, A9 -sle}
& ADS] Aol Xjo] ol Zlow FAHC
| SEHA|EY] 3= - H(Blood-Brain
Barrier)& &3 oFd 20| = WEHamyloid B) HEFO|=2] AA
7150l s fEste], U ofdzo|= HEke] Ak 2
4 SlTh2l,

g 3 Yulhl 2 E &of fkshe Fadin] AA)
3 (endothelial progenitor cells)oll 23l 71 7]%50] G-AEaL,
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Analysis of Circulating CD34-positive Cells in Alzheimer’s

Soon-Tae Lee, M.D., Kon Chu, M.D., Keun-Hwa Jung, M.D.,Ji-Young Sim, B.S.,
Min-Jeong Oh, B.S., Myoung Hee Park, M.D.*, Manho Kim, M.D.

Departments of Neurology and Laboratory Medicine*, Seoul National University Hospital, Seoul, Korea

Background: Circulating CD34-positive cells constitute the endothelial progenitor cell popu-
lation, differentiate into endothelial cells, and contribute to mammalian brain regeneration.
Given the vascular endothelial pathogenesis of Alzheimer's disease (AD), we investigated the
levels of CD34+ cells in AD patients. Methods: Sixty-six consecutive patients with probable AD
(clinical dementia rating scale 1) and 22 age-matched control subjects were enrolled. CD34+
cells were counted in their peripheral blood samples and analyzed in comparison with their
clinical characteristics. Results: The AD patients had significantly lower numbers of CD34-posi-
tive cells than control subjects. However, the number of CD34-positive cells was not correlated
with clinical characteristics of AD patients, including Mini Mental State Examination (MMSE)
score, Framingham risk score, body-mass index, and changes in MMSE during 3 months.
Conclusions: AD patients have diminished circulating CD34-positive cells, suggesting the
reduced regenerative support from the peripheral blood in AD patients.
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(6], E¥hlin] HA2= 1997
Sh= CD34 3 Al=7F EyflA = 723t

A AG7E AR AT, 0] F AT-E Fl
CD34 00“394 £/ 9lo|= KDR (vascular endothelial growth
factor receptor 2), CD133 59 F7H4Ql A2 3x|2=0] A|
QrE|loH6], CD34 Al 28 HAERAY] 75 <o,
A7 =3y ’.‘a]—‘jroﬂ*i A AlEE HE E3Htransdifferentia—
tion) & 4 QAL G5 O] 22 Ao 7]ofshe Ao
UHAHA, CD34= N W AL 7P F83F FAAE
aHE I glom AFAIE Aolu FAAY A w0 =2 Bt
7oz AZE L JIeH8, 91,

AD $HellA] CD34 2] 2] sto] thsfjAl= EH oA 4
I Aol skl Al=E ST Ty 5Y A 5

ollA WY o5 AT AfollM= AD Aol A 5 CD34 Al
EO| A A 1AL SIS Sk 5 YREA] o2
A7S JeRfQIeH10-12), 9 Aot doEs] geoan

A o) 45} 271 A Alo]) Eeo]
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2 AD 2x}e] Tz gl dall-H(peripheral blood mononu-
clear cells, PBMC)E ®i%sto] 224 = Ag}+= circu—
lating angiogenic cell& £33t A& st Ho
AD #A}o| A angiogenic cello] HAE O] Ql= g B 13} v}

QITHAD=55 patients)[13]. wWatA] AD EEx}ollA] HAIA QI 3
o T A 7)e2 Astd AL ® HAu CD34
3 Alzzel glojAls 1 A7 Ao g AW 714S
A, of i W7oz FTbE o] Ql=Alel el £t A
of 2] o1 Qlrt. whebA ol A-tollAl= B W 429 gt
ol AD 32} T15-S o]-83to] CD34 %A M7 EAltoll A &
7VSFREA] A= AIE A Elstar, 1 HIke| ol
ou|7} ke =] gelstarat skgiet,
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1. CHA

AL a4 o] AA Y efjoll Wlste 2AF FollA
NINCDS-ADRDA #&7]5=0] uh probable AD o #3}5k=
4421 FAE HAek 2 [14], Clinical dementia rating
scale (CDR)°| 18¢] A& oz siglth dxatoss
2 Qlefoll WHsh= Ab
ezl A== AD

2o AlAEHA o|Ato] Q= AoR

A7 e
AT} Lol & o] (Lo|ate] 4
Al o) Bsteich U] Ao B4 Aol gl o
Zat 239 oA F-& alefsto] 2w AD
B BAS3ITE AD o @fof thE A7 A Ao ] U= A2
FollAf AlLjetelet, e RS Atitolol s AW
OJEFYIL, i At A A&7|He] At 28] HYE S
Eileg

B A S-S QA e, A7 11E, MMSE 2 CDR
& 33 A7) AL, GEE BHHARE AlElaL, Fram—
ingham risk score A B8l AW 2 HHEE ALk

. AD &2 3714 F ol thA MMSE £ Al3st =% t3ir.
2. XM Uj CD34 YN ME =X

FNS EDTA (ethylenediaminetetraacetic acid) FE.l
g3t 5 100 uLe] ol 20 uL 2] Stem—Kit reagent
(Stem—Kit™ Reagents, Immunotech/Beckman Coulter,
France)E 718kt 2 mLe] 1X NH.Cl lysing solution &

Hrbskal AoA 1087 F-A18H% Tt Internal reference
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particles 4], 100 4L Stem—Count fluorospheresE 3
713t H, FACSCalibur (BD Biosciences, San Jose, CA, USA)
HH)E o]gsto], FAE ME =F Flow cytometry WA 02

A5}, CellQuest software (BD Biosciences)S 0|83}

=%
=
B Al

= Bt EE HAR FHsGT) F 1F 1 vlae] 9l
ojA= A M4 S Students t-testS, H]ESE] H4Y
74 chi—square testE& AME-13 EP. e FAoA= o
A EAS ARSI, A% HSE 1R BARAS fl8t
o] Pearson’s AWA4 ?o}%} SAEA SPSS 17.0
(SPSS Inc., Chicago, IL, USA)S AR5}, p7he] 0.05 ©]
&Rl A sAA R FORt Ao & Heskgit,

m{n
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1. ADOlAM CD34 ¥ MIZ2| x| Hz}

AT ool it 227 AD B 667 0] B = Sl
i dto] 5448 Table 10 2= o] U}, thxat2t AD 2t
o Atojoll= to], A A83 $131A}, Body—mass index
(BMI), Total cholesterol 4], oFg £-829] §-2]3t 2}o]7}
AT AD $Hto] tiwtoll BIs) MMSE7F WA Wbttt
(Table 1).

CD34 %4
H|3) S

Alzzo] 243k vlatollA] AD 3rto] izt
FAE Byt ulg R 2ds9S A9, gz

2 1.35%0.61 per uL, AD A2 0.97%0.54 per uLo
425 BtHp=0.006; Fig. 1A). PBMC ©J|A] 2}A|8}= CD34
G Al HIER BHSINS APolE, dE 0.058+
0.026%, AD A2 0.041£0.023%2] FAS HolA
(p=0.006: Fig. 1B), AD $HAto] WxEH 1 CD34 F/gHE
7F et W2 Ao = YERyTt

2. ADOIM CD34 M MIZQ| $R|2} 2IAE SNl
A

CD34 F/dAIe] 27} SAe] A 540 9d= +
I QlEA] goh 7] flsto], AD SRS tiAe R o 4
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7 249 Aslateltt. CD34 FAES] 223(% to PBMO)= o] &% ¥ (symptomatic stroke)¥e] ATAE UER}
o] MMSE, BMI, Framingham risk score®} 2|3+ A3 2| ket AD A= acetylcholine esterase inhibitor 7F
do Holx| Eopgit), oFE H-8eolu, A Ak 7Rt e 3 370§ skl thA] MMSE & HARIES )

At} oluf 6678] T} Foll 2370l fFaSHA HAFE I, ©]
Table 1. Characteristics of Alzheimer's disease (AD) patients and E 3RS0 A CD34 A AMEL £29} o] 37§Y 7]
ontrols subjects MMSE Hstefake] Agiabi Bhslx) gkt uebs CD34

>

Characteristics (i;)ﬂtzrgl)s AD(np_a(tSlg)n fs p value A AZ7F AD SRREIA AstElo] Qlot AF 2| 3Eele]
AT S - ATl 1S S giglet,
Age (yr) 619484 629+80 0676
Male gender-no. (%) 6(27.3) 18(27.3) 1.000
MMSE 272+1.7 21.0£36 <0.001
CDR 0.0+0.0 1.0£0.0 - 9 =
Medical history-no. (%) L =
Hypertension 2(9.1) 18 (15.0) 0.078
Diabetes mellitus 2(9.1) 6(9.1) 1.000 _ - _
A ) :
Hyperlipidernia 4(182) 5(7.6) 0.155 B ool A= AD SHAe] WM ) CD34 44 ATEA|
Current smoking 2(9.1) 7(10.6) 0.839 O] =217} HSE JE=RE A5, 2 A giztol H]3)
Coronary artery disease 2(9.1) 2(3.0) 0.237 o ol5l 71 _ 10,0 slol=lol = SlglE o 5
Previous symptomatic stroke 0 () 6(9.1) 0.143 e oA gol e IRlskait. o= AD =2 EF
Body-mass index 235+22 238+29 0712 Y CD34 s=x]8] AR Q3| 28, FIAAY, A A4
Total cholesterol 204+48 198+36 0.533
o] 7]0] 7FA 0lo sl o 5
Framingham risk score 64+41 73437 0299 o 710l aEel oS 7hsde AlAtelt
Current medication-no. (%) o]A Hd oJLof| A CD34 R A3EL] 42X]7}F AD 3R} A
ACE inhibitors/ATR-blockers 2(9.1) 3(4.5) 0.425 - oF= SLab] o] o] =ol N _
= 3] — 1
Calcium-channel blockers 2(9.1) 3(45) 0425 ool thgstAl WEAATHI0-12]. FelA A= e <
Statins 145 1(18) 0409 oA AD ol HHel ) Ag42sl Bawel whet
Anti-platelet agent 4(18.2) 10(15.2) 0.736 oFAl Al .
ML o] 2~ 7V A5 A 759 =
Diabetes mellitus 2(9.1) 6(91) 1000 CD34 ¥ Mz st Hashe Zlo] HalE]{rHAD=12

The significance of differences between groups (p value) was assessed

by Student's ttest for continuous values or a chi-square test for cate- Zato] vlsfl CD34 4=2¢] iz} ¢l Ao s e, oyt
gorical values. 53:,4_}\_] 20a §]—X X U]— 23] =] B3 o -
ACE, angiotensin converting enzyme; ATR, angiotensin receptor; CDR, aad Aol ghape 1_L Aok=fel gich ®AStHEHAD=23
clinical dementia rating scale; MMSE, mini mental state examination. patients)[11], 2} |+ thE 54 A1H e Ao A= AD
3.0 [ *% 0.16 B *%
e
014 +
25 b
]
= _of2]
(]
T 20} g = .
= ps @ g0} -
2 2
o 15} 2 008 - T
3 2
3 8 o061
R 10| 3
& 8 004
o -
l +
002
00 ‘ - 0.00 ‘ :
Controls AD patients o Controls AD patients e

Fig. 1. Peripheral blood CD34 cell count in AD patients and control subjects. AD patients had lower CD34 cell count than controls in the
absolute cell count (juL) (A), and % ratio to PBMC (B). The box-plot shows median (line), interquartile ranges (boxes), 5% to 95% per-
centiles (whiskers), and outliers (dots). **p<0.01.
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A4 288 CD34 ¥ ME7}F S7kehe A ek Tast
Artal BUSIATHAD=28 patients)[12], ol ATE5
SR} 7 AL, ghalto] FEEkA] EeE TEe 2 )lglek
B 01—",Lo1]/\1h o] B AD 3RS giAro & 181913, CDR=1
o] H|A AAZH AD Shajo] Uk RIS BATo 2K
&= EE F31g AfolE Hlrh
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3 (chronic hypoperfu—
e HYH o] AR vlEdits 2t Al
Ejof QItH17]. webs CD34 Al dykfjn] HA|2e) S8
FAAOIHA, ESH E 75 A H Aol Bofste] 2%
FyPagke] We] 714 Aol HHE 4 e Ao ' AzbE,
ehd, AD9] He] 7o opd= lE HER7} Sl A
(BBB)S &all AlAEE 71%10] S A CR Helch2], dt
HulA| oz @59 ofdR2olE HEE HUYE So9es
receptor for advanced glycation endproducts (RAGE)2}
U opRol= Heks F 02 vi&dh= LRP (low—densi-
ty lipoprotein receptor—related protein)@} 22 $5AE0]
2Eslo] ool Hleke] M) PR 7lofsti g,
ADS] 79 RAGEZF 3713H3, LRP7H 743k Al9], obalz

ol= HERe] A o7t s W s AhfuAze]
7| F7dol 0‘01”@ IR 2 A At o] 8% A
TFAZ7} B e e g W Az Ay
A<l %‘f%k— & 7Fs/dol lew, o] Fiof sl
TS B3l 7 Bavt Qlok Hx dol dat Yy
ATHEE Z7HA7)= WO R insulin-like growth fac—
tor—1 oJut -5, 2BH AlE oFe5o] YA QAL o5& AD
o] {71 Aol BHefE o] Qe Aor AZsiue &%
dafudtA =S 2
7| i H18, 19].

AD 3H#12] 3ol A CD34 HIZ7F 74st 40] ZH o] 919]
Q1A Ay o] AT £ ¢l 2 3}
4 QI%lth, T3 CD34 ¥ Ml 2= ‘*07%4 RS
& HolA| ottt vol, AARF A=, Frammgham risk
scoref®it ol gk MMSE 21= AHAdo] fle Aoz
ek, S o} ] MMSE HSfaE o A
© TR golkeh, et AT ARRES] AT §AE 9
3l CDRe| 179l S5 thaho.2 Agstslr] whEe], MMSE
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acetylcholine esterase inhibitors = O}J_ LEA] 7‘;‘451
MMSE©°]7] wiiZell 91271553 CD342e] 2349 =
Zelstazat e oh2A fARlE A7 st ofd
59 By} o A8 Y A AD ALY 2t
Atolof|A] FAIA o2 o3t Aol 7k UhA] gigtElet sl ek,
AD SO A Al 2= AD SRl A A T EE 2

o] 7] mizell, o]¥ Ho] CD34 Ml29] =215 W3+ T
FEFE TUS 7FeAEE ot Atk 53] AD AT EE 75
¢ ¥7 M (Silent brain lesion) ©] & 7Fs/del 371 wizol
[20], ol FE7HA] 15 7t Aol 7} l=Al EelsiE Bart 9l
o}, webA CD34 A7t e AR} H=A] gRls)]
AalAE, A= AAA N (mild cognitive impairment) A&
= Zgtsto] thofRt Fro] AD $HAES e ®, Ao 7l
ol whe} k=R, olg- QA=A 77} QA 5= o &
kol FEEE 32 7|71 Fof] EAJstofok & Aloltt, ojnf=
MMSE®R} 22 ZHekeh gh2he] o/ 27| dike vlalshs Ao
A 2ske] ohdRt QIA7]5 7Rk EAo] SRt ook & A
ojt}, EZH CD349] o) &7t 2hA} H A 4= o] opg 2 o]
= e} pRjof A 7HAAL WskEA] o BbA] A EP
W 85 CD34A4| 27} oft 2ol = Hlel B 7| - n|A]=

Foll thafl v+ 5k ol =eol E Aol
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