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Clinical Significance of Cerebrospinal Fluid Neurosteroid Level
in Alzheimer’s Disease and Vascular Dementia

Yong Tae Kwak, M.D., Robert Morfin, Ph.D*
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Background : The role of the neurosteroid DHEA in degenerative disease is unknown, although
a neurodegenerative disorder such as Alzheimer’s disease (AD) has higher dehydroepiandros-
terone (DHEA) levels in cerebrospinal fluid (CSF) than that of controls. Increased DHEA pro-
duction in brain involves alternative pathways, induced by reactive oxygen species, and acti-
vated by the -amyloid protein. Since human brain is known to metabolize DHEA into DHEA
sulfate (DHEAS), 7a-hydroxy-DHEA, 7 3-hydroxy-DHEA and 16 ¢-hydroxy-DHEA, it is possible
that DHEA accumulation in brain results from increased production of DHEA and decreased
production of such metabolites. To investigate the clinical significance of neurosteroids and
test such an hypothesis, we compared the concentrations of CSF neurosteroid levels between
patients of dementia and controls. Methods : We compared the concentrations of CSF levels of
pregnenolone (PREG), PREG sulfate (PREGS), DHEA, DHEAS, 7 a-hydroxy-DHEA, 7 3-hydroxy-
DHEA and 16 a-hydroxy-DHEA among 14 patients with AD, 8 patients with vascular dementia
(VD) and 12 controls. After CSF sample was measured by high performance liquid chromatog-
raphy, consequently, 7 a-hydroxy-DHEA, 7 5-hydroxy-DHEA was measured by RIA, and 16 a-
hydroxy-DHEA, PREGS was measured by ELISA. Results : DHEA CSF levels were significantly
increased (p=0.005), and DHEAS level was significantly decreased in AD and VD (p=0.004)
while other metabolite levels were not significantly changed. Steroid level ratios such as DHEA/
(7 e-hydroxy-DHEA+7 8-hydroxy-DHEA), 16 a-hydroxy-DHEA/DHEA, gave significant differ-
ences between diseased and control patients (p<0.000, p=0.004, respectively). Conclusions:
These results indicate that DHEA found in CSF does not help protecting brain from patients of
dementia and are neither better sulfated nor better hydroxylated at 7, 78 and 16 a-positions
than in controls. These results indicate that, though some CSF neurosteroid levels are signifi-
cantly different between demented patients and controls, clinical usefulness for differential
diagnosis of AD and VD may have limited value.

Key Words : Dehydroepiandrosterone (DHEA), Dehydroepiandrosterone sulfate (DHEAS),
Neurosteroid, Alzheimer's disease, Vascular dementia
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drocyte) oAl PREG AAMFslZEu] (e -catalyzed oxidation) &
F3lX DHEAS 348kl @03, 6]. DHEAE AZAIZAA
cytochrome P4509] ¢]&te] 422kt (hydroxylation) ¥¢] 7 e-hy-
droxy-DHEA, 78-hydroxy-DHEA & thA}EEH[7, 8], DHEA
9] 7a-hydroxyloation®} ##¥ cytochrome P4507Bl12 F&
glntel] Qe AARAM S FatE o] EA 9, 10].

DHEA& @Zato|mHol|x] &3] #A&EE f-amyloid T
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40 ol F7tehE Ao E UHA ItH3]. o DHEAZL ¢
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2 dA7e gzstolmd, g Ad, tixT HH e
A PREG, PREG sulfate (PREGS), DHEA, DHEA sulfate
(DHEAS), 7a-hydroxy-DHEA, 78-hydroxy-DHEA and
16 @-hydroxy-DHEA &} 72 AZAXH Zo|E kg 7Ake] o]
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MMSE)[13]& Al38IA3L |58 BF A7) g AR (MRI)
ojuf HAFAZEY(CT) F HoIE 17H] olde] HAE Alg
sl M golt st 22 thE 7184 WS uiAl skt

2. 17 e

Z=2E| - Robert Morfin

2) MAAHZ0|E 24
DHEA, DHEAS, 16¢-hydroxy-DHEAES Z43}7] 93 Al
okS Steraloids (Newport, R, USA), PREG, PREGSE Si-
gma-Aldrich (St Louis, MO, USA)dlA F3%om, 7a-
hydroxy-DHEA ¢} 78-hydroxy-DHEA + Starka[14]7} #|A]
ot t"'”é < AMEEISH
TAE HHgdo] F7 1 mLe oE| = (ether) 3 mLE
7]'0}04 AAEE] F non-polar phase= AAE L YRS A
ol 71 & vl A 3 2 whE 7239 (high-performance lig-
uid chromatography: HPLC)E ¢l&l 7](evaporation) 3}ith

® HPLC 7]7]

305 master pump, manometric module 805, slave pump
306, dynamic mixer 811C, autoinjector 234E X8}l Gilson
(Villers Le France) ] HPLC 71715 A3kt

@ 7t2=A=rE J85(gas chromatography: GC/MS sys-
tem)
GC/MS systeme Shimadzu (Kyoto, Japan)dlA &t
s AH-sISiTh

@ HPLC g

Methanol 70 yLE £33 $o] 0|5 HPLCO|A #4131tk
HPLC binary high pressure gradient £Z2-2 Mobile phase
A°lA+ 100 mg/L 9 ammonium bicarbonate”} E38He 15%
acetonitrile, Mobile phase Bol|A+ methanolS ©]&3t3th ©]
7% 52 1 mL/mino|® 2087 Alst3itt. DHEA, 78-
hydroxy-DHEA, 7a-hydroxy-DHEA, 16a-hydroxy-DHEA,
PREG, PREGS7} Z3td ¥ A2k 01 mg/mLo|ty EF
Aol A AlgEE F RO WEEFAF ArbE o] o5}
retention times ZAA3t, ool wel HARE FES FAsH
Z3deelA gr71et) oA 7AxFE 2R HAl methanol
100 uLoll &8 A1zl ¥ 78-hydroxy-DHEA, 7e-hydroxy-
DHEAE #AMAHASAM(RIA) £4& AdstL 16a-
hydroxy-DHEA, PREGS+
B3,

gas chromatography & ©|-&-3}¢]

@ PAPAHAZSHH(RIA)

7a-hydrosy-DHEA 7B-hydroxy-DHEA% Lapcik o] A
Ag W14, 15], PREG, PREGS £< Hill $9] A3 |
Al16]& ol &ate] FHsIAL, DHEA, DHEA sulfate 52
IMMUNOTECH (Marseille, France) kitE o]-&3&te] HAJ3}

[ex]
A

® GC/MS &4
16a-hydroxy-DHEA, PREGSE %33 7} HPLC £8<&
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0O-(2, 3, 4, 5, 6-pentafluorobenzyl) hydroxylamine hydrochlo-
ride (PFBOX)3} pyridine 2:98% 80°C oA} 2A17F, ©]3 bis-
(trimethysilyl) trifluoroacetamide, trimethychlorosilane (99:1,
10 pL)$} pyridine (30 uL)E 80°CollA 458 715ty g
At} g4 A171 S acetonitrile (50 4L) 2} iso-octane (200
pL)E EFste] 127k EFasith ol 4 uLE FE3}
medium-polarity column (ZEBRON ZB-50, 15 mX0.25
mm, 015 um film thickness, cat No 7EG-G004-05)< 7}
A GS¢} simple quadrupole electron-impact MS detectorE
o]&3le] FAEtE 16e-hydroxy-DHEA, PREGSY ¥
A2 1,000 pg/uL, 100 pg/uL, 10 pg/ulL& 7 Wyoz
ZA3lo] YHE-EZ(internal standard) &2 ARSI TH

o]
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2 WHOE DHEASH oA} Add tial AH&EE
A3 Eak o] 57k WAE ERIsEH] ¢35l DHEA/
(7a-hydroxy-DHEA+78-hydroxy-DHEA), 16¢-hydroxy-
DHEA/DHEA, DHEAS/DHEA & F3te] B48lsith

e @
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Table 1. Demographic data of study groups (mean + standard
deviation)

Controls AD VD p-value*
Numbers of patients 12 15 8
Sex male 7 6 6 0.059
Female 5 9 2
Age (year) 553+£150 771£79 796%58 <0.001
Symptom onset 724+80 785+53 0.104
age (year)
Symptom duration 57.5+£345 127£150 0.019
(month)
K-MMSE 84+58 154+40 <0.001
CDR 27106 19+1.1 0.045

*One way ANOVA test, independent T test, chi-square test. AD; Alzhe-
imer's disease, VD; vascular dementia. K-MMSE; Korean Mini-Mental
State Examination. CDR; Clinical Dementia Rating Scale.
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SPSS 8.0 A 219 9] Kolomogorv-Smirnov testE 9]
g3t} 7t 57 AFRETS el o] F Yol Bxz}
(cofactor) 2 & ANCOVAE ©]43le 7+ &7k ztol & 3}
Ak
M.

1. A L oy

=2 X o

HI
e

15%,
/3 Avl 89, xR 127 Ateldl] Fdzhe] A, w77t
ofgh ztol 7t GAATE Y Al L2rEtelm St i A
& T71A, 3 A 7962 FEbe] frefek Aol 7k §id
W, thzwe] 553419 vl aate] Xuj kAt 9] vol7t f-J5HA
=t gFsto)m oA K-MMSE H4+ 84, CDRS 272
A 3 X9 156, 1.9 HIgte] o8t RATH Table 1).
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2. 2t FoIM =AM neurosteroid2| Xt0|

DHEA, DHEAS, 7a-hydroxy-DHEA, 78-hydroxy-DHEA,
16a-hydroxy-DHEA, PREG, PREGS$} ©|& ©]&3 DHEA/
(7a-hydroxy-DHEA+78-hydroxy-DHEA), 16¢-hydroxy-
DHEA/DHEA H|& Table 29} 7t} tjZioA DHEA7} &
zatolmwo|u} g |ulje] Hlste] f-oJakA FHaste] AL
(p=0.005), DHEAS+ @ ato|uHolu; daA] X|ujol] Hate]
T8 71l ATHp=0.004). DHEA/(7@-hydroxy-
DHEA+78-hydroxy-DHEA) H]E tiZFol|A LAajo|ud
ojuf A ule] Hlste] FeJatA Fom, 16e-hydroxy-
DHEA/DHEA& tZollA T ol st fo8iA =%

Table 2. Difference of grouped mean neurosteroid levels among Alzheimer’s disease (AD), Vascular dementia (VD) and normal con-

trols
controls (N=12) AD (N=15) VD (N=8) p-value*

DHEA' 0.267+0.139 0.692+0.484 0.529+0.193 0.005
DHEAS' 16.016+16.662 1.829+2.398 1.165+0.882 0.004
7a-OH-DHEA 0.267+0.139 0.191+0.101 0.139+0.101 0.172
78-0OH-DHEA 0.225+0.181 0.199+0.113 0.268+0.164 0.527
16¢-OH-DHEA 0.849+0.394 0.751+0.444 0.962+0.776 0.660
(DHEA)(7 a+73)} 0.696+0.414 1.767 +220.594 1.622+0.763 0.000
DHEAS/DHEA! 88.2730+133.5694 4.5778+8.7055 2.4517+2.0143 0.022
16a-OH-DHEA/DHEA 3.647+1.878 1.565+1.190 1.852+1.562 0.004
Preg 3.389+2.305 5.262+6.375 2.123+0.897 0.268
Pregs 2.327+2.827 1.018+0.783 0.580+0.646 0.068

*ANCOVA test was done (with age cofactor); 'Statistical significance was found between controls and AD; *Statistical significance was found between

controls and dementia patient.
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th PREGSE @34 Aufellx] 71 w3 #4158 Bolou o
£ Tl Hste FAXHCE foe o7t AAEA Gt ol
ﬂoﬂ PREG, 7a-hydroxy-DHEA, 78-hydroxy-DHEA, 16¢-
hydroxy-DHEA FEv @2sto|m, AP, iz
oA SAAY Aol 7F WA A Tk

o)o} Az REA oA (Analysis with the co-variate) 10|
7} DHEA/(7 e-hydroxy-DHE A +7 3-hydroxy-DHEA ) &} 2]
S &9 A E EATHpd0.01).

J_,_ F

A7 ZH 20| 7} oft]el| M A E =Rl F7HA] 7Hdol i
<l 4719 FA3 72 Dol A FAE 2B R0] =7} blood-
brain barrierg @olA] Hol| EAJgks 7 ¥ AA A F
JEvhE 7ol )tk 18y H 9] DHEA o] Tx29 4 B
o Bon, FEAYAM Tx AHZE AV AS AAT F

A= F O HelA AAZEZo|ET} 27 o)if NEHOR "—ZH
St2[17], R17He] HHFA X AH RO EE AT T
S Hols AR Hol18, 19] H A% If3lA A= EH
ALElE AR ZEZO|ETL s & & Utk & J = "

o AFA ¢
tochrome P450 side chain cleavage enzyme (P450scc) ©] H
of WA JAFJL o]F SAET|fWAET} He] AAX
gz =9 Addow[20], AAMETL o] 59 thAtel AAT
o] AHATHS5, 9, 10].

A= DHEAE AZAA XA cytochrome P7B1ol] Jaf|A]
7 ¢-hydroxylation®®] 7a@-hydroxy-DHEAZ thAE 3 ThA|
7f-hydroxy-DHEAZ thAFEh 16 e-hydroxy-DHEA+= DHEA
ol A cytochrome P3AT79] 9aiA A3 FAFATHO, 21, 22]
o]Zl0] ¥ 9] oj= HoN FAE=A= HelA] Wtk 7-hy-
droxylation®|t} 16 @-hydroxylation A %+ DHEA+ £%
3l sulfotransferaseol| ¢J3fe] DHEASZE AR TH23-25], 1
2} P450sccs o83 AAZQl A ZE o= P450scc §lo] Al
FU reactive oxygen speciesdl] ¢J&] DHEA7Z} SA 5 & thA]
7 Z (alternative pathway)7} J=HI[6] o] AL AAA H
glojx] FAEE oxidative stressol] 93+ A-Fet]d A (free
radical oxygen)®l| <3t &3} Hch

B AFA 7)E AF FARIAIL26, 27] tiZtel H|Ete]
dzatolu o X HHFHe] DHEA Fo] fFoaHA S7Fstad
3 gFsto|mH I A K]“HQ &Aoo X DHEAS %ol
tzol vlste] frefsiAl st d2ato|m oA DHEA
7t F7Veke o]+ WEl479l amyloid plaques®} neurofibril-
lary tangles©| oxidative stressE =7}A]7]2 ©]Z 213} reac-
tive oxygen species®} Fet++o] A AZE EA3IA]7]7] W&

oltH26]. AAXE|Zo|E F ¥ oA DHEA7} tiAtele] A

1M (immunocytochemical localization) S o]
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H Ao R A7ZtEE= 7ae-hydroxy-DHEA, 78-hydroxy-DHEA
¢} 16-hydroxy-DHEA®] H& 5ol o] g2 2 Ao A
Ma BAshst] o] 37 ZHRO|EE tiEE, YRSt HH,
A Amf Aolell #9138k ztel7t fth v A|nf Sl
o] DHEA/(7a-hydroxy-DHEA+73-hydroxy-DHEA) &
ol B)sle] =7} Ho] 913, 16e-hydroxy-DHEA/DHEA
FE xR Hlste] ZHaEe] Qi oA gFrstolH ol
A4 AujellA] DHEAZF thxol Hlste] o Bo] FAHA
gt g 2ol H]Eked 7a-hydroxylation THAF L&s1A o] Fo]
AA %e AL A 3] 7e-hydroxylations T2 3|}
o Sl ABAHEAA o] FoJABE[9], o]ES] AL ALrt &
Zatolujy o] Eolgt FARIAT B AR J|UEHgoy &
/3 A} Folgk Aol FAEA T

o] 2752 DHEA 9 DHEA 9] 7-hydroxylation THAFEZ )

ARRT 715 aa vk 7129 Aok g2l 28, 29]

Holl A PAEI HHgHol| A AEE DHEA7}L B34 41744
3 WA AY Hgstet Bis A Zapd Auf St
2] &7 wE F48 4 (epiphenomenon) 4 71540 =&
O A7bETE T2y £ AFoM s gxste|m I 34
nje] ¥ gefo) A DHEAS o] 7o} 913, DHEAS7E Al
AR EAL0] Qri= /)28 A7} 9O n2[30, 31] DHEAS
7} AAREZI50] eAE AR UEr] offh

H|E & Aol x| gxato|wjd s} s ezt x|ufe] z1g)
AL 2uj o 'f')r 7]7“’] Zol7b YA S o]§-3F o]H <]
Eﬂiol‘:«] ol g tol7t ATt
ZH| o Eo] Azt At A H
SAY T 9 FAEC] R A
J

g AvjelME g2retolwHy
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Aol AE SAEo] B AR 22 Agi7E ofy
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9lom o]E59] 7e-, 75, 16a—hydroxy1 AEE
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