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Analysis of Molecular Defects of the CD36 Gene in Patients Showing
a Loss of Accumulation of ]-BMIPP in Hearts.

Yusuke OGAWA

First Department of Internal Medicine,
Niigata University School of Medicine
(Director Prof. Yoshifusa AIZAWA)

Recently, '#1- 8 -methyl-iodophenyl pentadecanoic acid (BMIPP) has been used in
myocardial scintigraphy to evaluate fatty acid metabolism and myocardial viability.
Some investigators reported absence of BMIPP-accumulation in the hearts of few pa-
tients with heart diseases. The mechanism and clinical significance of absence of
BMIPP-accumulation in heart are not known. CD36, glycoprotein IV expressed in plate-
let membrane, is a receptor for collagen, thrombospondin, oxidised LDL and long-chain
fatty acids. CD36 may play a role in platelet aggregation as well as in formation and
progression of arteriosclerosis, and in myocardial fatty acid metabolism. The expres-
sion and genetic abnormality of CD36 were investigated in this study in relation to
myocardial accumulation of BMIPP.

There are two types of platelet CD36 deficiency; types I and II, associated with
the absence and presence of CD36 on monocytes, respectively. In 200 patients with
various heart diseases in this study, 24 cases revealed CD36 deficiency including 8 type
I and 16 type II. No myocardial BMIPP-accumulations were observed in all 8 type
I cases, while significant accumulation was seen in all type II cases. Genetic analysis
of CD36 was carried in 3 of 8 cases with type I deficiency. Deletions of 52 base in
exon 4 and 70 base in exon 9 were documented in mRNA of CD36 in all 3 cases by
means of sequence analysis after RT-PCR. Genomic DNA of CD36 was also analyzed
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by using a PCR-direct sequence method, and there were two types of point mutation,
namely, ¥0T—C/lle—=Thr (one of 3 cases) and “®C—T/Pro—Ser (other 2 cases). The

point mutation at ‘T was previously reported by other researchers.

This is the first

report to show the alternative splicing in exons 4 and 9 and the point mutation at

90(C. CD36 deficiency may contribute the pathogenesis of heart diseases and arterio-

sclerosis through abnormal fatty acid metabolism.

Key words: 3 1.BMIPP myocardial scintigraphy, CD36,
hypertrophic cardiomyopathy, gene abnormality
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1 & C &

DB S E R B IImBEEHBLTEY, F0
BEEMERF O 720 L HIFLIZ KB O TR L F — 2 HE L
WTwWa, LHMEATRVF—-EEIIFIET ARG &
L T2 L & T 5 )V — FEAE DB0% ~90% % Fi i Bk
TV, BRIV EEEORE» OB TCD . B
BRI A 2 5 0B OB RN AT L2, Toubs
=+ 7)) F7—UABTL, Bhidar=
Frox P VENMLTI bay FYTRNBITL 8L
%%, 31 f-methyl-iodophenyl pentadecanoic
acid (BMIPP) 2 21T1C1 (T1) % &EDLH T
EgETRESALVENBRAHEE+RUTE, Bl
P OEBRR LR BODE & BEFHEICSHE IR TY
5075 ¥ ATt BMIPP @ BIF2OHERESE
Lh, B CRERLHEECIBIMLEREKT %
BHDHZ LWL, —F, Wi BMIPP O LE~DH
el RohznwRBERANRES L, toFR
FEPRB R RIEIC 2 5> TV 599,

7525 —44 (CD) BIAIMROEVEERTH
D, POy RRARYIRaT =7 U EFEE, S5ICEL
LDL Z&EHKE LComgErigHanTcars, i CD
IFEHBVBEOHBEANORAAIIES L TWAEZ L
PHLAERD, BRELOREE: OBEIEREENT
W DI g7 CD3GKIRE D — T BMIPP @
L~ OEEFSRE ST CDI6KIBE L LERB &
CLHIEBAHEEOBEEMNEE ST w5,

A, LEBIZBIT S CDIGRBEDHEE & BMIPP
DIFERFE, SOICRETRELOBBRERET L.

2 R EFHE
R ¢ BB RFEEBIRIARE T 72138857 SO BEIE IR
FHEILR ISR B TEBk T O 200 % (ERELCH

FE44H, IERELLERELOH], (L ARAEERE26H], SRHEDS
B, ZOM59%) #xtg e Lz, &FICHRMMEERE
MR CD36FEHMEAEHmEL, T1 & BMIPP .
WY FTT T4 X 18HIT, LA T - T AEEE
133 BICHIAT L7-. Bk 112 ), ZH88HIT, #41330
Fp b6 ETOFH6E2L 5T TH o7z,

TIDEBY o FIS T4~ T1ILUHBY Y FTIT7 4~
Bvagi— s BRAHZTVREHEEHET 271 %
111 ~ 148 MBq *#EL, 159 (FH1%) & 3 WM
% (#&#318) = SPECT %% #fgL7:. BMIPP L.
PUFTT T4k 6 EOMAR, 1B 1.BMIPP ¥
111 ~ 148 MBq #EL, 1597 (FHI%) & 3 EEM#
(#%#i12) 2 planner f8& SPECT g% H&E L7/, f#
FARRIRTI AN F - ) A -5 &L r— 7
A7 (¥— A A4 ZLC-ORBITERT5) % Hiv:, Plan-
ner %13 54, SPECT {12 5.6 A F 1 A %258,
180 BN TIIE L, 7T MBEIBEH Y Ly F Ny &
24000 & Hw 72,

DEAT—TURE LY 7 — 7 VEREIR 13351
AT L7z, BMEM.LA 7 — 7 VERICE | &RV TEE S
HEBBREZZITo72. AR EDLSHTIX
methylergometrine maleate * W TENAN % F
FL79D ERELLHE & SREOHE CIEES LA
AR EIT, BEZERE, H-E Jf, Azan
P TEHELL.

TA—YA bX M)~ CD6DOEHIT 7T~ A b
AP —BEEHCCEE L. ST 70— F ik,
FACScan™ (B.D., Becton Dickinson #) 70—
HAFxA=-%, BXU Lysis I™ (B.D.) v7btox
T xRz H/MRUEERR 2 6 18 5 hu 7 MR # i
#% FITC #Ea#k#l CD36Hifk (Coulter #£) 12 CHEHE
VL, light scatter {2 CH/MRIZ gate 28EL,
RBEOFELRFE LD, BEIIENMmA, & LE®E
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LDFECTHRONEEMEE FITC Bkl CD36HLE
& PE ##fl CDI4HUE (B.D.) W TEHEITVMLT
CDI4BEMEHIRIZ gate T EL, CDBOREHOFE
ARFELALD D, BEREMAMEOME & L2 CD36
ERBLTWAEMNL I8, f/MEOA CD36ERIEL
TWhHEFAT IR E L7,

BIZFEEA . BETHEFIE B 1.BMIPP OBV A
AHPRIFL, 70— F 2 )= 2TH/MEE BERO
WA CD36ARIBLT w7 I8 CD36/KIBHE 3 #lIC
DWTITo/ (Fl), BEB X TIEESREE O KM
PHORERCEICL D BEERETHEL, total RNA 8
& U genomic DNA ZHiliL 7. 517 total
RNA »5 random primer #H\»T reverse trans-
criptase 12T ¢cDNA %# €W L, CD36HEETFTT
@ open reading frame ¥ &L 14D % exon %
BT AHLHEE LY primer ¥ VT RT-PCR %
iTo7- (&2). PCR EWIZ3% agalose gel L CHE
KikBIEF TV ENENRO PCR EWH 1 EEOBA I
F—ho =2 rH—%HT direct sequence ¥ I
S DIEERMEREL. O PCR EWH»HFEL
FBAEIEENEFRE gel LOMH LBy 7 70—
VTR, T 7O S LB s u—- v

13 % Hl-12%5 PHIFEL - 128

DWTENEFNA — b I = 2 T~ O CTHEER % 5~
E L7z, @2 genomic DNA @ exon MM IZD
WTLREI#%® intron 2 primer % #& % L PCR-
direct sequence 12 & 0 IEHEEHIE RE L.

ERVTNOBRES BEICHHED S ZFEE B CHIT
L7,

5 ES

CD36RIBEDIE : HIKE MR L 12 CD36DOFH
BREIIREL T b T ERBEISIERELUHE 2 51,
REL R 1 1, (ORRBEZESE 2 B, JROME 3 81, R
8B (4%) ixHaoniz (B1). MAROARET S
I8 CD36/RIBHEIIERBLOEE 3 81, #RELLAHAE 1
B, CLEREEEEAE 1B, BROJE 86U, €M 3 BIoEFI6H
(8%) Iz,

CD36%#8iE & BMIPP DLEEMMOBEMR . T8 CD
36KIBIED 8 I TIE2FIT BMIPP DL~ £
£l Ahbhkdo/ (H2). TE CD36KIBED1ICH
H138IT BMIPP s »F 72714 — % RITL, 13
BT BMIPP OLEH~OEEHF A LN, CD36
BYESITIE BMIPP L FEEMBIE o7z, T8 C
D36XIBIE 8 & T& CD36XRIBAELIF O T1 L5 ¥

F}&1 CD36 KRGS

FEB | EE | M FW 1231-BMIPP HUA% | CD36%H (Plt) CD36%H5 (Mono)

1 57 | M | Dilated phase HCM no uptake (=) (=)

2 0 | M OMI no uptake (=) (=)

3 51T | M HCM no uptake (=) (=)
HCM; hypertrophic cardiomyopathy, OMI; old myocardial infarction

2 Primer setting
sense primer antisense primer

1R aaaattcatgtcttgetgtt (exon2) | 1L acagaagtttacagacagttitg (exon4)
2R ctggctgtgtttggaggtattct (exon 3) 21  ggaaaatgtaacccaggacgct (exon )
3R agtgatgatgaacagcagcaaca (exon4) | 3L ccaagtcagaactttgagagaact (exon 6)
4R gatccteaatteacttattaacaa (exon6) | 4L ttgttgagaaaagccaggta (exon 9)
5R tattgggaaagtcactgegac (exon8) | 5L cttecteattttctgtatgcaagt (exonll)
6 R gceetttgectetecagttga (exonl0) 6L gtaactggaaaaataaacctect (exonld)
TR  actatattgtgectattetttgg (exonl3) 7L gccaaagaataggcacaatatagt (exonld)
8R  ggtccttttatctggetgactecaaggetge  (intronC) | 8L taagtacatttcaatacaatgac (intronD)
9R  ctaatcatttgecactcgatt (intronH) | 9L  agcatacttatacttcagtatctgtetta (intronl)
10R  ggttasaacaggcacagaag (exond) 10 ttgttgagaaaagccaggta (exon9)
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YFTF 74 —TIRERT T1DLH~DEFIFAL
EAWAN

138 CD3RIBEDBIEFHN - MELAIFADI
% CD36RIBIEEIZB VT exond # & primer D 2R
2L W/ RT-PCR #i2 &Y 2f8® PCR
YAt oohiz (H3), #h¥Fhastr7ro—=v
LA, 2HEEO 70— I THEERZRE L
ol ZAIEEEEENOMIZ, exond ODRRBES 5
SAFHARIBL, DR frameshift (251 ¥TTGA

normal

8 . E

CD36-FITC

F1 1% CDBRBEWKBILZ7T—H4 b
AM)— EREFIMO-LTHY,
EAER 1 oMM (EB) & EER (T
B) o CDB6ORB LR T. MK, B
BRe b CD36DFEMA AL N,

stop codon #HE LA L) LEF+A LD/ (H4).
$72, exon9 # & primer ®H5R & 5L MWL
RT-PCR ZBWTH 2O PCR EWE ALY,
FERICIEERYN B L 2 A EHEERES Ol
12, exon 9 DTUEESKELTEBY, ZOEREELT
WTTGA stop codon #HE LB LD ZEFIZ A L7
(F5). —7, exond & exon9 @ genomic DNA
WEHIS T A HEERBE AR E O, (F6, 7). 2
D2 HFD RNA OKEHE L allele & HELTW
LEEDPEHET A, exond & exon 9 DRIE
EHALIZEZR S L 91T primer 2 %EL T RT-PCR %
oz, EHEMNBEELER 2, 3I2BVWTIINY FEA
DA, EF LI TENY FERD L7 (H8).
F7: cDNA OEXEEFI T EERAFEOMICHER 112
0 P—~C/Ile—Thr, #EH 2, 312 48C—~T/Pro—Ser
EV 2R OARTERD point mutation &4 LW,
FNENOERIBAD genomic DNA 124 D
point mutation AL o7 (H4—7). ¥iEE L
BEEZZIVTIWORELALO o7z,

% =
BMIPP oL &ERor & LT, OBMIPP #
FIEROME, ORE LoME, OQBREAR T, %z
SNb, LHEEETET LEMIIBVTH B & PR
EHELLOTHDOTEMEBROMBEIITENTHS.
WEEICH L THOHREREFRIHEREL L o TRE
MEET 52 LD OBMmEROWREED L, KFE

=2

I # CD36XRIBHED BMIPP Liv »F7 95714 —. Eid
EEaY M-V THIHEIREMNL TH L. EF 1T
BMIPP DHFBA~OHEIIEITFCH 5 LMD £R L2
S A LD,
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2R-2L

Control Patient

SR-5L

Control Patient

Cloning
® @

G

3 exond& exon9® cDNA. exond #&Tr primer ® 2R & 2
L 2w/ RT-PCR #:i2 Ly 25EO PCR EW oo
7z, £72 exon9 % &% primer M 5R &£ 5L AW/ RT-

PCR #iZBWTH 28O PCR EWZZED .

FOMELEZIIC V. o TEBMRFOURENS
V. BMIPP (MFEERSBATN TR COREEIZRA
TWd L) Z e, B GEERLHERIIALR
LHUEERREGELZ->TEY, M5 OREIHEE S %
DOFEFE DL T OLEF PSP RS R LA AR SIS B (2
ELTWEb0EEZ SN OV CD36IE Y,
AROEAFBBICERSNBEL TS D IO
B AETFE LTHIFESNTE A5, FOHEBA o5
B HELTWAZ LD LML TELDT) 4z
BB OB®R®EY A7 AIECES LTwAZ S
POl TEL. RAOKRETH TE CDIORIBRE
D 8HIEHT BMIPP OLFEEREEALOTVDL T
&5 BMIPP 0L EEERIE TR CD36RIEAH R
EEZLND.
JEABLOFRE R F A V2 A TRIBTFOREICE

LZEBTHHEMESNTVEY, REMHEHOFE L
REFHTH B, Bl TILLHRRBRRE LT AL ¥ —
RBRFELERE LTEZONT VS, EBRIGIILLEH
MR PRI R RE 3L U B L OHRIlEIER T 5 2
EHESNTVWA, BABEOCHEOHIZIRB LU
B CD36RIIELX HEIZALDD LV IRENH D, &
RO A O TS ERELOHE & B CREO R
CD36RIBFEAH LIz, CD36KEE TGO L

LEHIANF-REEECCERPF 2RISR, —§
DEKRELCHEDFRIZEE L TV 2RSS 5.
AR E TR RAERF IZIT LA T1 2 &
DUHMFEEETERERECHE O LI L%,
IR L TROERMFEOBRBAMEIEmIZ s 5 3 h
UM IR R R E A U, BMIPP O



Control . ]
oxon3 cDNA Sequencing by Primer 2R-2L exond

TTHHHHI!GCHHGTTGTCCTCGHHG HAGGTACAA T T G CT TT TARAHNMATTG GG TTARAACAH G GCARACA G AARAGTTTACHAH
60 7 80 90 100 110 1

W \M It

(2 Long band of type1 patient

TTAARARA G&E& A GTTBTCCTCGHHGHF!GGTRCFIF!TTGCTTTTRF!FIHHTTGBGTTRHHHCHGGCHCHGHHDTTTHCHG
40 S0 650 90 100 110

| I
! i AN “ W, H)l W)

52bp De!etlon TT AR GGCHCHGHHGTTTRCH 1gosm

Frameshift
Short band of type1 patient
O) ypel patient (1) Pk R LA GTG—437.TGA
Stop codon
. " M,.A AALAA L A. “ }

4 exond @ cDNA DEEEY. exond ¥ &L 2HE D PCR EY® ) LIEARIOE S DIt exond DRIBET 5 552
YRk ARIELTH Y, frameshift 125 0 *"TGA stop codon ¥4H U5 LI B RKETH 7.

MGIFE T £ F BN HFONEYQ dIING ~1gpr © NN

Wil oFZR 98dD ¢ {1

1€8



cDNA Sequencing by Primer 5R-5L

exon8 exond exoni0

1T sﬂTGGTﬂ!GaT!CHGCcTCﬂTTTCCRQI:TTT GTTGHG ﬁﬂ%ﬁﬁccaas,ﬂ TGCAGT TEHJCTYcYGPTaTT EIERGG !RFTCTﬂ EE!G it
50
i
i

10

M\Mm’ e M M\M ;WVM %

Point mutation
‘i% 970T—C(no stop codon)

Control

@ Long band of type1 patient

YTRR?GﬁTRCHBﬂTﬁCﬁECCTCﬁETTCCﬂCCVTTYGT TGAG AR PSF}]G A6 G TﬂYTGt GTTCTT?TCYTCTGRTGTTTGCRG&GTCHR o1 TGC 5 f
i0
1 1 1R I R
] vl 1 | |

| ”MHWJ ! il |
=Y. i

70bp DeletlonTT FMT Ber RCﬂﬁZ%YCHRTCYHTﬁ%CTGTR RTTTGARAATC C

Frameshift
® Short band of type1 patient \MB ______ TTG— 1047TGA
Stop codon
T\ j

5 exon9® cDNA DEHEAY. exond # & 2HEO PCR EYO ) LHEERFIOE L DIt exon 9 £EOTOMEEARIE L
THY, frameshift 12L& h """ TGA stop codon #4 U5 &9 BKIETH -7, F72ZOMHER 112 T Y°C/Tle—~Thr
L) OFEERED point mutation #iEH7C.

Zes

BRI LAY

HO-TI % HENH

HEl - TTdTT% oA
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M C P-1 P-2P-3

()= X +)( +)

K8 exond & exon9 D2 HFOREHNEL
allele L NAELTWELEPE2HET S
724z, RIEL72 2470 exon CEH%R
% &9 1Z primer &% LT RT-PCR
7o/, EEMBEELEMN2, 308
Wi PCR BW %74, /M 1T
Btk AR

YYFTTTA-IEIDREERRETELI LSS
— R BEIH M LA S AL A MR I AR O E
T BMIPP LWy »F 7574 —Fr R ELHHE
BIC—B LB RIBGErET5 7). B AR
LEOH T BMIPP oL iEER+ 2345 1B CD36
IRIBSEIZ 18 1 BT ICBEN S Vb IT Tld o 7o,
—F, I#E &L CDSKIBREOBIIIEN ARMER(
SEDQ18HIH 4 ] (22%) THH, EEAIZALNLS CD
S6RBREDEEL D E» -7z, LizH - T, CD36KIE
12 & 2 MBS TEHORHBRAHEESISELA
MR EOREICES L TV ARSI ELZ N5,
IhECIH CDBRIBENORETRE & LT 487
DEFEAK (prod0® ser ~DEM), exond5 BT % 2
EHOKSE exonldllBIT 5 1EEBFA LR ORI
LY MfEERIZ CDARB SN LW EFRESH
TLBHIOB 18 SEOFK 4 OB CIES 2, 3128
WC BT OERGEFARLEDLD, SHIAERIIHED
BOHARETRESA LD, 3EML L exond
L exon9iZ cDNA DIREXBE A LD/, FEH 1

2 1)—5§)12)

IZBWTIE Figure6 OB R LI D Z D2 AFOREH» R
%5 allele LWAELLLDIZERE CDBIFER I
RwbnEEZ LN, EFH 1O OT-C/Ne—Thr
&9 point mutation 4% CD36RIBIZEGF LT3
PEPITHETHS. EH 2, 3I1ZBVTIE exond B
LU exon 9 DRIEAE—@ allele L HAELTWL L
EZoN5BH, BEORE LFBIZ genomic DNA
D exon 4 IZHET S 8T OFETER (pro¥0® ser
~OEHR) OO0 CDIERFHEINTVWES L
A bhi:. Exond & exon9iIBiTH cDNA HEHEE
D /RIEIX genomic DNA IZIEER*FBHHZVWI &
L VIEERIZBITS splicing site @ miss reading
WEBEEZONDN, ZOFELVEFIZOWTIEIARH
Tdhb.

CD36RIBIC & - THEREEEL D AAAREEAE L 5 &L
AR L AN F—RBIBRELEL, LR LHEE
EELZEFHELTCAZEFELILNL, AFETIE
EFHP Y bd ) CDIGKBAH L IEREH,
BMIPP LRSI & £ F & 0 B CRRIRAT ’iC
IR ONLh o7z, CDBRBIZREE L) SLER
FEFICERIZALD SN Z &5 CDIGRIBE & IF
PR EE, BRI, MBEWNERETOERL &
DMEPHER S, SHEEMRIER TR0
Tab.

FRERZDIZH2), HROTHEEE Vv
THERFE-WR B WL, BT kAL
FEERARY OB, FlomERI D
ErR VIRV HBRFEE-NF BT E#EE,
ANE B, MERERRICERLTT.

& £ X ®

1) HEHSE, EREE, REe—E8, TXKEE, #EEF,
B %8 1P1BMIPP (12%]. 8 -methyl-iodophenyl-
pentadecanoic acid) (2 & 3B LCERBOBH. %
2, 29: 347~ 358, 1992.

2) Tamaki, N., Kawamoto, M., Yonekura, Y.,
Fujibayashi, Y., Takahashi, N. and Konishi, J.:
Regional metabolic abnormality in relation to
perfusion and wall motion in patients with myo-
cardial infarction: assessment with emission

tomography using branched fatty acid analog. J.

Nucl, Med. 33: 659~ 667, 1992,
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3)

5)

6)

7)

10)

WEEFESME $ U3 %

H @, HEDE, BN, NEEE, B *,
fEZ& % : Tc-9m PYP, T1-201, I- 123 MIBG, In-
111 AM, I-123 BMIPP /[.# SPECT #&»EKSH %
FiR &R L7 PTCR BIIf. MR L 9ER 40: 609~
614, 1992.

U #, MIUXE  FLUYWBEZNFECL 085
DIFEFHE, PR EIER 42: T32~742, 19%4.
ELE—  BREOZ-OOBES. EHEHR, 199%.
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