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Expression of Growth Inhibitory Factor (GIF)
Gene in Alzheimer’s Disease Brain
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Alzheimer’s disease (AD) brain extracts have been found to contain increased neu-
rotrophic activities, which is considered to be relatd to massive sprouting of cortical
neurons in AD brain. The apparently increased neurotrophic activities in AD brain
has been shown to be a result of loss of grouth inmhibitory factor (GIF), which is
present in normal adult brain.

In order to study the altered gene expressions of the GIF in AD brains, a funda-
mental step is to isolate intact messenger RNAs (mRNAs) from postmortem human
brains.  We studied stabilities of mRNAs in postmortem human brain and showed
intact mRNAs expressed in neurons, astrocytes, or oligodendrocytes can be isolated
from postmortem brains for up to 12 hours after death.

In AD brains which were pathologically confirmed, the expression of the GIF
mRNA was investigated by Northern blotting.  AD brains, especially with numerous
neurofibrillary tangles, showed dramatically decreased expression of the GIF, which
suggests that GIF plays an important role in the pathogenesis of AD.
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T g 7 —5% (Alzheimer s disease ; AD) %
DTy oS = —BEFHR (senile dementia of
Alzheimer type s SDAT) I, #IZH» HEZELICH
GTHERE L TRETHOEMERTHH. BERES
FRREER D HESRLLT CRIET 54 0% AD, 6581
Eod o SDAT & LTRHTEEERS 5P, HE
N ERIBD SR, B UEBBEMNE LT
WHBF/EHE D, KPS TL, AD & SDAT *#& b
¥T AD BT ALt T 5.

AD OFFRIEFT R O¥E & LT IR AR O 255,
&R, WMHECEMS LI LS. EHME T
i, =a—vvOBERBECLT, 7YoL T
BEMELT L (Neurofibrillary tangle ; NFT) &# A
B (senile plaque ; SP) OB A H# s 4+ 5. NFT
bR, BILETHE LRE (PSP), /S—% v
VY= X AERIERE e F B w T AR A0 L
T, EARE AD CHERNTHL LN,

NFT O#BHBEALL paired helical filaments (PHF)
bl n?, X PHF Wicik ) vEMES hi- B
tau BENFET LI EPHALAC IR T3, tau
EEERT 28085 VT AD RO Mg 2 4T
5 &, curly fiber EFFERLZRELEEHLAD LA,
R R R B & D FFE  (sprouting)
THHERLIBRTLBY,

AD BT a—nvOBEUBREREZ 5 —20FH
& LT Appel OFBEREBERTRHASH Y. Zhidd
fRgre~ 1 2 VEBEO 2 ) VIFEIiE = 2 — o vIZE
FHAR T H L BECHEE T b 5 EEER T
Lo THOEFMERAE LR TERDY, AD TiEE D
REFEBHATOERD D> L {hbl bint-T,
Za—u Y OBRURENEELLTELOTHL. L
LZ M 5 RBRIIRIUL o <, Z OMRERRT
LR TR,

S, REGESHES » b O REEROTCER M
i, AD B& EFAEROMERE AL 5 &, AD B
DIZFHNT v PABEE = o —n vOEFABEL,
fafkn bl BROKAHOT L RVWEL, Ahd
b, AD BOMBEXRBRFEESE T &R L.
L T h Rl T OMImc L 5 4 DTk <,
MRERERT 22 2WHRETF, b bRENHET
(growth inhibitory factor ; GIF) #METF LTV 5%
CHEETWAZEEZMELMC LEYD, 21T AD B

i

T, GIF METLTW A, MEXERTOE
HApiavie—nahihy, BELLHEABED
sprouting 75| X &h, TOFKE, NFT ® curly
fiber 7 K DREHEMNERL, —2—n v oK
FEABDTLESDTE RV EHRLTLAY, x5
ZHESIE GIF R 8 L2007 3/ BEFI & RS T
39,

=5, BERAE AV CRETORALA®REHT 2 o
i, EFNC L 0 FEEEIEE ToORIEIS R D i, RNA
OREWNEHD TEKMEL 5.

T TR T, B EHEBIZ S5 RNA @
FEMSWTEEL, 205 2T, BEREUHEEYH
i AD &E2MCE EFOSIBREEY VT, e b GIF
Z2WwWT mRNA O LA TOREREEC > TN
L.

WM E RS
I. BRICHTS RNA OREHICOLTO
it
1) b

FEBNL76IR DT, FRIRBHNL SRR R R
1 REMIE (DRPLA) ThY, MR THEETL, FEHS
RIS i S IO FTEERE D BB - QB G 2 0
Lic. BifEBickd % RNA OREMELZTHB 1010,
RiOHEES, 1) £O ¥ FWEERTEHERE L b,
BRI TEHw 2) 2K, 3) 4R, Tk 4 7
TS U, FomERE I 280 L b o g,

2) RNA Oty

A mASEERERIC Tl (B8, Chirgwin b
@ RNA HiHEY % H\uT, Total RNA #*#HiL,
oligo dT cellulose column chromatography = & o
poly(A)* RNA #¥EHIL 7=, RNA B%¥HE 260 nm
TREEARE L, BKE 1 825 RNA 40 pg/ml &
LTEE LT

3) /=¥ vTuy b TYELE—Y Y

poly(A)* RNA(5pg) # 2.2M @ formaldehyde
BETs1.2%07 Ha -2 L CEKKEE P, RNA
Fob o o— BB LY, 2P T35 UL LT cDNA
To—7Wr 50% kA< Y VEET, 42T TS T

DALY —va v HISRRTT - 2. BRMIC= b
tm— RfER 0.1xSSC (1 X8SC=0.15M NaCl,
0.015M sodium citrate (pH 7.0), 0.1 % SDS (%
v Y ABEES B ) 7 A) TE0TC, 209 MEEE, —70TT
A—bFOFTTT 40— L1
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4) cDNA 7m—7

LTOMIEC SRR LTV A®-ETF L LT factin'®
%, ¥7: neuron, astrocyte, oligodendrocyte &%
RENBEMLBEET L LT, ThER rat neuron—
specific enolase (NSE)'”, rat $-100'*, mouse myelin
associated glycoprotein (MAG)'®) @ ¢DNA 7o —
TERER L.

II. b MR DNA T4 75U —OFER

1) cDNA 54 735 Y —OfEl

b FEBREBG S BED cDNA 5475 Y —%ERT
Bickh, /—Fv 7oy b THERSY FERDE b
HEgo RNA % T, i-bacteriophage (A-GEM2,
Promega) %27 24—+ LT, cDNA 5475V —%
PEBL L 72200,

BIEART, 49 i CEEHEIEOEHA (case A)
&, SBEREAME, WERER A EC VS (case B) D,
WTh b FEE 5 RS ORBEECKERUCEE Y BV .

5475 ) —DfERIE oligo-dT & Xbal FIKTERM
%2 primer adaptor VT, WMEEEFEC L
n—AgE cDNA %45 L, RNaseH, DNA polymerase
I, E. coli DNA ligase =& » —&# cDNA #&HL
7220, T4 DNA polymerase I & ¥ W4 FHg K &
L7-#, T4 DNA ligase =& ¥ EcoRI adaptor &#5
HL, BT Xbal X o8l Lic, ¥ AR Lo,
#Fl> EcoRI adaptor #ERE, TETAHH cDNA
&, EcoRI & Xbal THJMT LELHERRIL L7z 2 GEM2
vector arm &% T4 DNA ligase X DEESE, n
vitro pakaging U7:#, E. coli LE 392 #k%EF &L L
T4 750 —%fFR LT

2) ¥H¥vITOs bnATIALE—v s VILLD

cDNA 51 7% U — D5l

EBL L7 ¢cDNA 54 735U —72R0D DNA &
e & paifi~slobi, FBLIEEThERhO cDNA
5475 1) —D DNA % EcoRI & Xbal THETL,
cDNA FHWoHL Ty o —2BK%EL, =t
oA — A transfer L7:#, P-actin, NSE, S-
100, MAG % cDNA 7e—74, L THHFv7my b
NATVEL = a v RT-E. BREC= e
o — A% 0.1xXSSC, 0.1% SDS 60T, 205
fEigev, —70CTA—- b O TF 71— L7

HI. 7ILYNA Y—SRES

1) fEFI1 CH.H 86k i
FERE : RENCHERYE L oidvigu.

BLIERE : 67T 7 v OF

BUHEE | T6REEH L 0, FEIEBEY, BEOTENTER
{Teh, KOWMELTEL, BTHAHD L DIER
PHBLL, e WEAR, fHEFEI LS D RESE
LHE L TELLD, SIRFRZERE~ABR L. AR
RN T BIRILEY, BEOERAED, K&/
AFRA T — 3 0 8, BERRCRERR G Bho
ETFTRERREOELEZE, FNRGTED . iR
BhEmEER. B BEEAZEHH. BME T diffuse
28 dD slow wave 2T, BHME CT TILRET
HE, MEECEBRUBEBIEAZEYD, HE MRI
TIRTEER CMEHEORM, BEBEICL, MERBEOA
B T2 diEG cERES Ry (Fig. D, kX
D SDAT &2l & BB F0Twcd, BREEE
CHETHTH D, SGEIFRIC L hIET L,
JREEZHT : SDAT

2) JEFI2 1 S.F. 81Ek Atk

TR BT <xHn L

BRARE B~ dm L

BURIE : T3 X 0¥Eh, THENHBR, ok
W, Stk WRBELSMm R, 7o ZEH
Bir~ AR, SRR ERIEN, BEORRAYRD,
ERNREFAY — /20 A,732.5 5, HOERIE
FHEEDT, FRKAIER, RORHERED L. [
= Gegenhalten #R¥H, PURFIC 3 A+ 7 o— X 2N
CHET A, T8EHEI Y, Bl oL, HR
EELIEAE R Tz, S CT CIRTIEE, M
BRI R RY, MBIk ED: (Fig. 1).
BIRRF & A IRBE L LT L.
FREZH 0 SDAT

3) fEH3 :G.I. 88E B

FRE BT N EFELL
BEGERE - BT~ EEAL

BURRE : S5EREL D, WEhAERE Lok, BR
HE P HE, ZBRREE2, MEFMCIEREY, &
REE2BED, EENKEEAr— Ak 9.5/32.5 &, &
USRI T T, BRREE R, USRS, BARE
Bz BEA4 R, EREHER, FRUREIRD R
V. BEER CT CIRnEazE, MERE AV HERLY R,
T MRI TERTHE, HEEORE LREHRE ME
OYEK AT DT (Fig. 1). S8 TI&KIC T L.
FRIEE2HT : SDAT

4) fEfl4 CK.H. 89 1H:

TR BT R&EFhL

BEERE @ Bicd ~NEHEAL
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Fig. 1 Brain MRI and Brain CT

No. 1. Case 1. Brain MRI
A: Proton density image (TR 2000msec, TE 38msec)
B: T2-weghted image (TR 2000msec, TE 111 msec)
No. 2. Case 2. Brain CT
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No. 3. Case 3. Brain MRI
A: Proton density image (TR 2000msec, TE 38msec)
B: T2-weghted image (TR 2000msec, TE 111 msec)
No. 4. Case 4. Brain MRI
A: Proton density image (TR 2000msec, TE 38msec)
B: T2-weghted image (TR 2000msec, TE 111 msec)
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BURHE : 85K L D, WERHUHEBL, 86 L v IRKZE,
ERLIHY, LEVWEETEELTCEL. IESS
WBEARE, FHEEAICEEBIENT, PEEOREREY
BOEENRER A7 —21F 14/32.5 &, BREEER
U T, REDRCEIREEZRD T, BREHIE
W, WOREHIRES . B CT TtihEEOME
s EDEBABOUE AMD low density area %38
W, FEE MRI CliReZEE & KEE O high intensity
area ##A D1 (Fig. 1). * OB LERIG 2 CHET
L 8OREREFIR A TR L.
FEE W © SDAT, multi-infarcts dementia.
5) fEBI5 :S.S. 83 it
KGR Fad T ~&Hi L
BEAERE : #facd~axHic L
BUREE : SIRE L v, shhHB, BEIREREAr —
M 5/32.5 8, BRE CT -CRITHZE, MUIHIEORMEERE
REDB.
FRELZHT © SDAT
6) fEFl6 1 C.I. 738 Ltk
TR : it d L
BECERE : 530~ &H L
BUAHE - TR L 0, WEhHEB, BRSINRER A —
AT 12.5/32.5 &, BEER CT CHITAZE, MEEEOME
feaiRn 5.
JRELZMT © SDAT
IV. 7LynAg v—Ehlcis 5 GIF mRNA
DHEBIZONT
1) RERAEERAT R
%% OFEFIC >VT, RNA Bl % L7361 & RO
OFRBEARM - T, EABC DLW TRHBBR T F
N R VT ¥R ABC ik b, NFT k-
WTikHE b otau BEAVIEEY BT ABC Bic kv,
REEBRELY T, EARRUY NFT oHBHBE%
(=) 7el, (+) BE, (++) PEE, (+++) BE,
WA TR LA
2) Hi#RL v RNA o
FE L 556 T TOT Y A 7 —FERE6 5 & 2 R
IBIEF . SENE, FEF 2 TIREEED, Mo AD
5 PR O BT RTEREE O KB E R O E RS 28
FioH 1o Total RNA O EED & BRRCT - /.
3) cDNA 7on—7
B-Actin, human glial fibrillary acidic protein
(GFAP) RUOMEBL L7ce M cDNA 54 7350 —1IC
f£H2r7o—=vZ L7 human GIF ©® ¢cDNA 7 r-—

Y IR AL

GIF Tl hEao—DBH5 4 X AT+ 34 vRIETW
EDnAg TN EA X EBTL D b GIF cDNA
o 3 FEEERGEE PCR B 2HGTHMEL ¥P T
S~ L cDNA 7o-—7%EM L.

4) /—HvITay b A TIELE—va v

LEEoEBR L D, total RNA ##iH L, total RNA
10 ug % 0.66 M @ formaldehyde #&¥r 1.5% D7
Huo—2AX kB L, 74 o BB Loge, 2p
TS5~ Ll cDNA Vo—7%, 7% PEG (RVU x
FLvZya—n), 10% SDS T65T TI18E i/ N1 7
YA E—va Y ET-T, BRI o vES
0.1x88C, 0.1 % SDS ©65T, 304HEE, —70C
THA—bFIF T I3 74— L1

¥, ThEhO Y FOHESIBHEESY Fuil A
A+ A A—=TTF 5 4% — BAS2000 THRIE L.

= R

1) SBBGCET 5 RNA ORFEH

Total RNA KU Poly(A)* RNA ORI FEH128%
Bl TSR L > TR 2 BB D b hi
Motz (Table 1).

b MEBBIC R T, S YT Ey b T H A
Y= a vtk B-actin U neuron, astrocyte,
oligodendrocyte =% hFh4E M7 cDNA V' r—7
T, e & LFERI2BHH E T factin (1.9kb), NSE
(2.3kb), S-100 (0.5kb), MAG (2.5kb) DR/
Sy R REDH® (Fig. 2).

2) b bR cDNA 51475 Y—

Table 1 Yields of total and poly(A)* RNA
from human brains.

Postmortem R
Dolay after | (575 e | AT
142.9 9.3
190.1 8.5
163.7 11.0
12 153.2 8.7

Autopsied human brain tissues were stored at
room temperature for 0, 2, 4 and 7 hrs (5, 7,
9 and 12 hrs after death) and rapidly frozen in
liquid nitrogen. Total RNAs were extracted and
poly(A)* RNA was isolated by oligo—dT cellulose
column chromatography. Total RNA and poly(A)*
RNA were quantitated by A260.
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Fig. 2 Northern blot hybridization analysis of poly (A)* RNA from
a human brain

Poly (A)" RNAs (5zg) were electrophoresed through 1.2%
denaturing agarose gels, blotted onto nitrocellulose mem-
branes and hybrized with *P-labeled g—actin, NSE, S—100
The nitrocellulose membranes were
washed finally with 0.1X SSC, 0.1% SDS at 60°C for 20min.

and MAG e¢DNA probes.

Table 2 Summary of 8 and tau deposition and expression of GIF

&
A
N

in AD brains.

Case age sex PMI slice B-plaque NFT GIF/actin
Controls 1.1%
AD1 No.4 89 F 4 F +++ + 1.2
AD2 No.5 83 F 7 F ++ + 0.8
AD3 No.6 73 F 5 F ++ + -+ 0.5
AD4 No.3 88 M 6 F + + 0.4
AD5 No.1 86 F 3 F ++ ++ 0.6
AD6 No.2 81 F 4 O +++ +++ 0.2

* ! the mean value.

The numbers of f—plague and NFT were rated by immunocytochemistry. Relative
radioactivities of the GIF and f-actin bands were determined with Fuji Bioimage
Analyser BAS2000. The abbreviations used are as follows :
AD : lane number in Northern blotting

Case : case number

Sex ' F-female, M-male
PMI : post-mortem interval (hours)

Slice ! F—frontal, O-occipital

B-plaque and NFT : (—) ; none, (+); mild, (4+-) ; moderate, (+-++) ; severe.
GIF/actin : The ratio of the density of GIF band to that of f-actin band in Northern

blotting.

741
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Fig. 3 Southern blot hybridization analysis of total ¢DNAs of the

human brain ¢DNA libraries

Total DNAs (10xg) from two human brain c¢cDNA librari-
es were digested with EcoRI and Xbal, separated through a
1% agarose gel, blotted onto a nitrocellulose membrane, and
hybridized with %P-—labeled f—actin, NSE, S—100 and MAG

¢DNA probes.

The nitrocellulose membrane was washed

finally with 0.1X SSC, 0.1% SDS at 60°C for 20min.
lane 1; ¢DNA library constructed for case A brain.
lane 2; ¢cDNA library constructed for case B brain.

=04 D brain LY, 5pg O poly(A)T RNA
PHER LS 75T, 05> bOo—Flo
complexity 3 1.5%10% T, empty clones DE[&IL
0.15%TH Y, J\EACHBELIL24@D 7 n—vOF
¥ insert size X insert #% tandem DETA-7cdb O
I ®B<E 660bp TH 7. b5 —FlD complexity
it 2.8%10° ¢, Y& insert size I& 443bp TH 7.

FHFEY Ty b TUESL E—v s VitL ) ZHD
EBLLDSA75Y—EEWThH, B-actin (1.9kb),
NSE [2.3kb; 1.8kb ™ /3% Fi} nonneuronal enolase
(NNE) 7 axn g 7Y 84Xk d40], S-100

(0.3kb; EcoRI ¥z % & 27z8), MAG (2.5kb)
DRIy FRRD, FRLLEIM 750, £b
LhERD cDNA &AL LDEEL LN (Fig.
3.

3) AD BMRBOEABR D NFT OHIBHE
FERFENROEFOTEER» HEIR  TORBRUENRSR
THEB LS ORBEERTOEAM (f-plaque) &
NFT OHBUSEE4F I L TR L (Table 2).
FAHMOHBBEENEL L4 NFT oHEBEE IR
WEERl GEFI4) PEABS NFT dEERHEBL
TWAEER (ER2) &, EFAFTEAR, NFT ©
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GIF
kb
1.8~

1.8~

actin

Fig. 4 Northern blot hybridization analy-
sis of GIF mRNA in AD and nor-
mal brains

Total RNAs (10zg) were electro-
phoresed through 1.5% denaturing
agarose gels, blotted onto nylon
membranes and hybridized with *P—
labeled f-—actin, GFAP and 3’ non-
coding region of GIF c¢DNA probes.
The nylon membranes were washed
finally finally with 0.1X SSC, 0.1%
SDS at 65°C for 30 min.

C1,2,3: control brains.

AD: AD brains.

AD1: Case 4. AD2: Case 5. AD3:
Case 6. AD4: Case 3. ADS5: Case
1. ADG6: Case 2.

HBEIERR LR,
4) AD Bz ki3 GIF mRNA ORBIZ>WT
J=HvTay b TYESLE—~2 a9 YT B actin
avbre—ad LT, HREBCE~S, AD Bizku
T3, GFAP ORBBCAEREIR b -1,
SRR, AD BT GIF ORBAET LTV
», AL AD BicBW\WTb, EAHMOHEAE &4

NFT OHBEO P ERTIE, GIF mRNA OFREE
XML LT, BEOETTHY, Thiow LT,
NFT OHBBO %V ERTIE GIF mRNA ORHE
BELIETLTVSZ LMD LRt (Fig. 4) (Table
2).

Z i

b PR A RIETFORBRBOPES TS5 2T,
B HBRN A IV 2B A RNA OREM: AR
&l h. —Hic RNA WQFEH36EHE T TRETHD &
ODEEDD HH, FNHOE AT THICEERE, in vitro
translation %, i@ 7 n—7%2H /) —¥
V7B Yy PLEALOTH EHIMND . e D
heterogeneity ©# 2 fifld% G TH LI L b
L9, HilafHmD RNA OREROBFETRER TR
V. RBFE TR IR R e cDNA T e — 7%
T, =WV Ty bA T EA s VZEOER
BERAE S R BB A 7 & SRR 1B T H
¥, neuron, astrocyte, oligodendrocyte 3 R ic
BT LR RNA #iHEET intact 7% poly(A)*
RNA PHHHTTEE TR A &R L. 2D Emb,
BIRRA MR E LT, BIRTORBREBOWME iaTRET
HbHEELLRI.

Fho A GEM2 <7 2—%H\T, ZfD e b HIH
L OBl cDNA 54750 —%fFRIL, OB L
ok b cDNA 5475 ) —H4ED cDNA # %<
Ets s E xR LT, EIRBS i L poly(A)T RNA
FHNT, HENBEO L M cDNA 514750 —%
fEBld 2 - LT,

WICERR, AREFMC AD &2 L ERIc oW T,
TORZ kG5 GIF ORBREBC VLT L. GIF
mRNA OFBEIT, SRR HE~ AD BMTEFLT
WABZEREDLRT., IOFEEBIIHEOARWE L
AD Bizs 3% GIF FEHOETA, mRNA O L~
TOERTEESLLDTHD L HRELTVS. L
L, AU AD WOz BwTh, BAENE L4
NFT OB O i EFITRELIT PR, ZAED
MBI Z T NFT OHBSAE 0% ERT, *HERK
CHENEOELLREAMET LTV RZ &R, RELD
R BN TIEND, ZEAMTIRAE L NFT £ curly
fiber OHBEMBTAEY L—HTHLDTH Y, GIF
7 AD OFRED S 2 TEABOHBEL L vk NFT ol
Hie 0l b-TnA I EEXTELTL 5,

¥, B, AD B BT - T ARBENELE
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FDLE 5 EELLRTNET.
1) BEENVEHCEE L TUBME AR (diffuse
plaque) MW T 53, COL EDEAMICIZFL Y
Ui A LR R R b hic
2) BERAOWEI LA IOEAEET, tau EAN
hHE LT, EARHOEHEERES NFT, curly fiber
BT 5.
FRFROFERILHE2 T, L GIF ORBEEY
BHREORBERCE b2 L0EE2LR 5
ZOZER, AD EEVCTHROBENEABOHE
BE T <, NFT OMBEE LBfRT 2 L4 28E
M85y gy Hbh¥, GIF » AD OFRBOETED
LAEME & F 2 b BRI
SHBEF O AD BiowTHET A EE b, S
nuclease analysis 72 & D & O ERAL HFEZOWTEH
BE LTV e EEL TV A,

Ma#zdiesich, fHEE, MWEMLEY L
REREERCOrGRHOBELRLET. $LE
PR W e B R F R L L E
FET. B RE KR R R R I PR
BERER, RREE AR AR R B R
FETAEE, JBETSERT A PN sl se L, 3R
RSB ERT MR PIR P e e =i,  BIBE
Mtk EEEMELE, B T BPEXRE
FRRRIRERSAENN  ERECR R, BRI
#, FBRREREEA L M AR, RS
i, BEHEE, BARY Y 2 /NI,
BEFEREH RETRZWEEE, ERAPELY
HEFEEEESLE, =B AhBcERE, K
e mRBt MR RS E R L b O LB,
HEEXB Y Lz S F#H O LET.
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