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ZH EfiF

NYY YA FAERKEERL - 7/ LY A TV 2R

EE I ALIEFIEFEFEETOEYICE > TRHEDOHEENTTHSID, "NLBLZISHREESEER I IO, NLADOHMBREE XEZIC
Bl hTW\Wg, AERFMERILT « U E (acute hepatic porphyrias, LT AHP & B&EE) IIANLAEBEEBERDO WIS NHDFEEET
ICEDRIET2HOBLEEERETHD, BLARBRBRICLD AUHHRREELEET S, AHP OSUEREOERIIIERENTH S 126,
fEB EEREZIND I ENE V. AHP BEICE T 22 MREORERFEONLAESHRBOREEZEH T DI LI, AHP OERN,

EREOREERICOVWTRKRTHONMNCBR>TWS I & Z2EHT 2.
Key words : RMEFFERILT « UVIE (AHP), NAEBE, 2URME TILI7I /LT VEAERESR1 (ALAST)

&

RILT « U VEEFANLDESRICEAS T 2\ DDBRRIGD
WINHDEEEERE(IC LD, RILT 1Y ES L < IEZ DRIER
HABEICERT D ETHEUDERBORIMTHD. Eic9E
HORUHNELEL (Table 1), BETZHIBEIFZNENTE
132502 NLOAEBRIFEICER (70~80%) &AFE (~15%)
TIThn 32, RILT7 1Y VEFREPEEOEEEBICELD
TREERME (BBEM) RIL7 0 U VEEERMERILT 1 U ViIEIK
AEhzd, BICERERICEDE, AUREEIIERIIANR
RILT « U VIE & NERBBUES & DEBIERE 29 2 HERIL
74 UVEEIRDEIND, RERILT 1 U VEEICIFED OFE
NEEL, WINEFERILT U VETH D EH SRR
MRILT « U VEE (acute hepatic porphyrias, T AHP & B
L) LRMmEns.

AHP TlETEA DRTF (AR, CYP450 FEEMLRLE) IT&->T
FRINDIEEREN 15~45 ROKEICEZL H 5N D, T
HREERELEREMRERE L, BO, SIE S
FREPHEIGE, REHRE BEHR PRHREROETTE
BZE2T27). IhSsOERIGIEFENTH S8, AHP 31
FREEREZIND I ENEL, YERELNSEHICED ETE
A5 ENMMNBEREINTNEY, FEELRRERPEICES L
bHdice, RHRZETEBYGRENEETH 3.

AR TIENLDERBRIEE ZOFIBEICDWTER L 25
12, EICRUREOFHFE - RREFOCREFONLESHDOE
BICDWTERTY 5.

[l

E MCHITFBIALESRER

ANAFBRREEZSDZAONRILT 4 U & 2 DKRFH
S5B5FHNBERDTFTHD (Fig. 1). NLZEBRREAFET
BALY VIV ESBRRERCEYOREADEZF L, KA
RERBEERES . FIALHERGEYEE LTHEHE,
BRY XLADFEY microRNA D 7OV VIR EICEWVNTD
BERKEZRLTIO, —HTALBREITEY VIV EEHE
BLTWERWEBANLNIEZ, WStz ISR IRAE R
20T, HREAODALEEEBICEZICHBIN TN,

NLEBRIEFETOEZMETITONENEHEORIFIR,
RWTHHMEICEWTGERTH D, NLAEGHRREIFI Ny
RUZEMRBEICEZND, \DOBRERIGHS5HKD. FDFHE
12TV ZRIFIVRUTZICEWTTFILYTZI /LT U VEE
EREE (5-aminolevulinic acid synthase, LT ALAS & RB&:EE)
L&k TSN, JUSY Y ETF IV ZIL-CoANSTILY 7
T /L 7Y VE (8-aminolevulinic acid, LUTF ALA & BEEE) A°
EBTEIRIETHD. RWT, ALADSKRILREY /=47y
(porphobilinogen, T PBG &H&EE), %L T PBG HY 4 5 Fi&E
BI2ETERINZEROFVAFILEZ VERT, RIL
TZA4UVETHZOARILT AU/ =TV I DBET S, 0%k
WO DERRIGZRT, REMICTZANRILTZ UV IXIC
BHEFIBASIN, NADNEHINS (Fig. 2).

ANLEBHOBERERZTH D ALAS ICIE, £ TOMIETHRR
LTWBNTRE—EVTT7AYHA L (ALAST) &FRIFEREF
BN T A VAL (ALAS2) DNFEET 2. KFRTIEIANES
AEYVEEDREOICBICEZEDNLAPBETHZDICTL, B
M TER I NDANLDOKRFEFEARH CHEREICHEL D ~
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Fig. 1 Structure of heme.
Heme is a cyclic tetrapyrrole comprised of four pyrrole rings and a
ferrous iron atom in the center.

RUEFFHERILT « U U | RERIEORERF SRR ER

JAOLDERICFIAENS/c), FIETONLADFTERIBICE
BI5 NSOEBRIANLADFEICIGU 2726, FiEs B8
ICBFBINLEERITEFNZT ALAST & ALAS2 DHEBEN LU
THIEET N TW3,

AHP DIREEAEE X IBIR T 2 D ICIR & 72 2 FFIE TD ALAST D
IR E RETHENL, ALAS2 DFEIEICDWTIZEIET 3,

FFigIC& 175 ALAST DHFIEIER

FFEIC B WT ALAST ORBRIFHERENLDEIC K DHIHEINT
BD, COEFHEANLT—IVIFHIEEANLT—ILEEFEENS.
ANLDFER U TWBIRETIIHIEEANLT—ILAYALAST ITED
T4—RNR\yIZMF2Z T, BEVFRERE VWS LERD
ERBET ALAST ORIRAEIFHI L TV, SIEENLAT—ILOEX
ICHEWKBENFE S NGRS RNEFONERRIGE Y >/
& (early growth response factor 1, LT EGR-1 &BgEE) &)
TLyH—T%% NGFI-AfEE Y >~ /X7 & (NGFI-A binding
protein, LU NAB &BEEE) 1 & NAB2 AN ALAST BIzF D70
E—Y—HEEHICFETDINLNBEILXY NIHEET S, %

Mitochondria ; Cytoplasm
e
‘CH 1
CHe . i coo’
Succinyl CoA cus™o  ALAS & . ALAD oo
s p e : y G
e C:ASH :02 ¢=0 E o NH2 ﬂ:n’f@c“
H H-G-NH: H H
Glycine  H¢nw H !
COOH 5-Aminolevulinic Porphobilinogen
Acid
! HMBS b .
Heme : Hydroxymethylbilane

P

Protoporphyrin IX '

6H

PPOX

UROS l‘"“’

Pr Ac

Ac Pr

Ac Ac
Pr Pr

Uroporphyrinogen Il

Non-Enzymatic

Uroporphyrinogen |
UROD

aH

4c0:

Protoporphyrinogen IX !

Coproporphyrinogen I Coproporphyrinogen |

Fig. 2 Mammalian heme biosynthetic pathway.
Heme synthesis starts with succinyl CoA and glycine and involves eight enzymatic steps. The first and last three steps take place in the
mitochondria, whereas the intermediate steps occur in the cytoplasm. The first and rate-limiting enzyme, ALAS, has two isoforms, the ubiquitously
expressed ALAST and erythroid-specific ALAS2, each encoded by different genes. Note that hydroxymethylbilane can be converted non-
enzymatically to uroporphyrinogen I, which subsequently is converted to coproporphyrinogen | via the enzyme, UROD. However,
coproporphyrinogen | is not recognized as a substrate by the next enzyme, CPOX, so it cannot progress further in the pathway. Created based on
[1] Balwani M, Desnick RJ. The porphyrias: advances in diagnosis and treatment. Blood 2012;120(23):4496-4504. ALAD: &-aminolevulinic acid
dehydrogenase; ALAS: &-aminolevulinic acid synthase; CoA: coenzyme A; CPOX: coproporphyrinogen Il oxidase; FECH: ferrochelatase; HMBS:
hydroxymethylbilane synthase; PPOX: protoporphyrinogen oxidase; UROD: uroporphyrinogen Il decarboxylase; UROS: uroporphyrinogen |lI

synthase.
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ALAST —{Py

Ex 3-11 —

Heme
Responsive
Element

N

7

Chromosome 3p21.1

Fig. 3 Mechanism of transcriptional repression of hepatic ALAS7 by heme.
Heme induces EGR-1 expression and promotes its complex formation with transcriptional co-repressors NAB1 and NAB2. The EGR-1/NABs
complex binds to an upstream heme responsive element in the ALAS7 gene house keeping promoter (Py) and inhibits its transcription. Created
based on [7] Gotoh S, Nakamura T, Kataoka T, et al. Gene 2011;472:28-36 and [8] Kolluri S, Sadlon TJ, May BK, et al. Biochem J
2005;392(1):173-180. ALAS: d-aminolevulinic acid synthase; ATG: ATG start codon; EGR-1: early growth response factor 1; NAB: NGFI-A

binding protein.

DHER, ALAST BEFOEEMNMIFEIINZEEXSNTVS
(Fig. 3) 7)8)'

ALAST IENKR®/ICZE ROV RUTFBITI I FHILEINER LI
HIERAE UL CHifgE TR S NS, S OV RUTFBTRIC
DT FIVEIDYIRENZ 2 &T, RAY VIV BEE LT
BET 5. ALAST BIEBRIEIF ST =D DALKIHEF —7 (heme
regulatory motif, N HRM &B&FE) 2B L THD, N Kimflh
51%FHE 3FHD HRM ITEBENLDEE T 52 & T, ALAST
BIEREDIAEENZLL L, S ROV RUZADBITNEES
ha&EEZ5NTWS (Fig. 4) 219,

Ffo, TRAVRYTICEBWTHEEAE ALAST @ HRM | 28
ANLDEET BT, 7F/YVZU VR (ATP) REMD
IR BRRERTH S ClpXP & ALAST & DESEKEEN
REL, ZTOHERALAST MBS (Fig. 4) .

BICHIEEANLT—ILDMEAINT B & ALAST IERT 28D
T4 — RNy IDN, ALAST DEBENFESNTALDES
BHAMEEST NS,

FFiEIC 3173 ALAST DFiEHE

AHP DRUERIEZFR I 2RXNBEFE LT, #BE,
CYP450 FEE, BRENEFT SN2, IhSEFMETO
ALAST BIGFDEE A EENICHEET 2 ERBFICNLADHEEP
NRERT CETANLDFEZE D, ALAST ORIFZTTET S
ZERBICIEZIIL -2 IXILF—RELTHATERL
B3k, REREE L TERBEO BN TTET D, BBIEE
D BELICHEN, RILAFIY — ABEEIEECERE Yy 7

7 FAN—%— 1a (peroxisome proliferative-activated receptor
gamma coactivator 1a, LT PGC1a &RB&5E) DRBEAFEI N
%121 PGCla [FEE R T forkhead box O1 (FOXO1) & %I
& F (nuclear respiratory factor: NRF) 1 O3EME{EENL T,
ALAST BInFDEEZFET 2. MAT, ZERICEANLY
BERTHINAAF T F—EORKBEENIEML, NLED
BT B8, ALAST DELEENIEINT S (Fig. 5A).

CYP450 FEEDRE, H2WIARBHICHESTRNOY
VYO ZATAYOEMNERAZERTH 2 F X IHEZE
& (constitutive androstane receptor, LT CAR &B&EE) 7L
7'+ X ZAMK (pregnane xenobiotic receptor, LT PXR & &
i) OHRELNSEANDBITZRET . ALAST BILFDT
OF—% —%5ICiE CAR & PXR OEEIIMNEET 27,
BAICFEITU Tz CAR & PXR I ALAST BIEFO7OE—% —H
BICHEE L, ALAST BRFOEBEZHET S, sHROMRILE
VIc &% ALAST DFEEN AHP D AMRENETETEEER DL
ML <, FHRICHEWD AHP DIERDEE B BRHO—D EEZ
5N TW3 (Fig. 5B) ™~ Fic CYP450 DEEED FHRD
REBIC K DIBINT &, BEREAN LD CYP450 DEAICHIAZ N
52 ET, BEHALDEADUERE U TALAST ORIRIFEICTT
9% (Fig. 5B).

AHP BEICBITBIANLEESBDOESE

BEETIERIEFRAEAFICED ALAST ODRBENFEIND &
NLDEEENEZ, BEHALLCLDZZXHATTT74—RKN\y
ZIC&D, ALAST OFEBITEPHCFEELANILICRES.
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BERFERILT ¢ U VEE

Mitochondria

Processing i

Degradation

BRI OREMRRF &REEE

Cytoplasm

ALAS1 Pre-protein

Pre-sequence Mature protein

Fig. 4 Heme-mediated repression of ALAS1 at the post-translational level.
ALAS1 is synthesized as a precursor protein in the cytoplasm and translocated to the mitochondria, where its pre-sequence is proteolytically
removed and it becomes a mature functional protein. Heme inhibits mitochondrial import of ALAS1 by binding to HRMs located in the N-terminus
of the ALAS1 pre-protein, which presumably triggers confirmational changes of the protein. Heme-binding to HRM has also been shown to induce
degradation of the mature ALAS1 protein via the ClpXP protease in the mitochondrial matrix. Created based on [9] Lathrop JT, Timko MP. Science
1993;259:522-555, [10] Munakata H, Sun JY, Yoshida K, et al. J biochem 2004;136(2):233-238 and [11] Kubota Y, Nomura K, Katoh Y, et al. J
Biol Chem 2016;291(39):20516-20529. ALAS: 6-aminolevulinic acid synthase; HRM: heme regulatory motif.

—7, AHP BETRENLEGHREOEEET DR, FKE
FEETICL > TEMULIEANLDEEICHEHBEINBVNDMNT,
FIEMEANL T —ILDENTG 2728, RAT AT T714—RKN\v D
DHEBEE S ALAST BRIKIRT 2. FEICHE VW T ALAST D
RICBREFUEDMBEVONE ROFIAFILES VERER
(hydroxymethylbilane synthase, LT HMBS &HBEEE) THD
(Fig. 6) ™, ALAST ASBRIFEIR L TV 2HIRIET(E HVMBS YRR
BERERD, ZDRHHMBS D ERICAETZRILT 1Y
BIRATH D ALA B &V PBG MW@EFIEE SN, MAICKES
NicBICRPICHREND, E ALA DETEIL, PBG HYo-
aminolevulinic acid dehydrogenase (ALAD) DEME%FEET 2F
TREZEEISNTWS (Fg.2) 9.

AHP ORI O TH ALA T RATSF—EXREEERIL 7 1
) v fE (ALA-dehydratase deficient porphyria, L{T ADP & B&
) FERTHEIES UHREN B WS, RETIIAERR
MRILT « U EE (acute intermittent porphyria, LUT AIP & B
), B 7AMRILT 1 U UEE (hereditary coproporphyria,
BUF HCP &BEEE), B LUREBRILT v U VEE (variegate
porphyria, BT VP &BEED) DRHBMIARERR - £ZFEHNATR®
WA EZRRIRT 2.

SHERRERILT 4V Vi

AP [ZRHBEDEV AHP T, PBG NS E ROF I XFILE
TV ZERYT D HMBS DEIGFERICKDRIET 5. BELRER
BUEBEGRETHD, AP BEICH TS HVBS OBEEFEIEIGE

BOKENTHD. TOHAMRERICIE, IFHH KRB
D ALA EPBGHEULLK ERET S (Fig. 2, Table 1), R, #EfErh
DRILT7 YRR, EE, $2WIRELRET 2DH THIR
MBBE 7R L,

BEEIZ7ORILT U VE, EERIL7 UV

HCP & VP &, ZhZ2hI7ARILT« YU /=521l
(coproporphyrin 1ll, LT CPIll £B&EE) HSTERKRILT 4 U
=TV XEEKRTZIATORILT 4V /T VAFIE5—
¥ (coproporphyrinogen lll oxidase, LT CPOX & B&5E), L
TZAMRILT Y/ =Y X5 T7OMNRILTZ U IX
(protoporphyrin IX, LT PPIX &B&EE) =&Y %70 MKRIL
740/ VAFIHT—E (protoporphyrinogen oxidase, X
T PPOX & BERE) DEFRZFMOHERICLDRIET 2EREHE
MEGEETH 5.

HCP & VP IINAEAHRBOBEICMET 2BRDENER
TICHET 2728, FEIEEFD ALA ¥ PBG DRFIEE I AP (F
EELIFBRL, TUL3 CPII Y PPIX DERE L VEEFDEED
EENTEETH S (Fig. 2, Table 1). CPIIl ¥ PPIX T [EHEMHESE
N 276, HCP & VP TIIAIRBEIEZE S DI &N H 2.
HCP TIZCPIlAZE UL LRI 2 DI/ L, VP Tl CPIIl &
PPIX ODMENIFIFAEEIC LR T 2ONERDRA > k&R
5. REOHEEVLEEEIE—MMIC AP [CHEARE W,
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Low
Glucose Ho-1% Heme §
PcClat +
FOXO1 @ r ALAS1 Transcription

ALAS1 Promoter

CYP450-inducing drugs —— CYP450 t—» Heme ‘

Steroid hormones

Activation

+

+

r ALAS1 Transcription

NR RE

ALAS1 Upstream region (16-20 kb from Transcription Start)

Fig. 5 Induction of hepatic ALAST transcription by factors that precipitate AHP attacks.
(A) Fasting (low glucose conditions) induces PGC-1a, which co-activates the transcription factors, FOXO1 and NRF1. FOXO1 and NRF1 directly
bind to the ALAS7 promoter and induce transcription. Additionally, fasting has been shown to induce the heme catabolizing enzyme, HO-1, which
depletes the ‘free’ heme pool and induces ALAS7 expression. (B) CYP450-inducing drugs and steroid hormones activate the nuclear receptors,
PXR and CAR, which bind to an upstream nuclear receptor response element in the ALAS7 gene and promote gene transcription. These attack-
precipitating factors induce CYP450 enzymes, which are hemoproteins. Increased heme consumption by the CYP450 enzymes results in
depletion of the ‘free’ heme pool, and consequently, induction of hepatic ALAST expression. Created based on [15] Podvinec M, Handschin C,
Looser R, et al. Proc Natl Acad Sci USA 2004;101(24):9127-9132, [16] Maglich JM, Parks DJ, Moore LB, et al. J Biol Chem 2003;278(19):
17277-17283 and [17] Fraser DJ, Zumsteg A, Meyer UA, et al. J Biol Chem 2003;278(41):39392-39401. ALAS: 8-aminolevulinic acid synthase;
CAR: constitutive androstane receptor; FOXO1: forkhead box O1; HO-1: heme oxygenase 1; NR: nuclear receptor; NRF1: nuclear respiratory
factor 1; PGC-1a: peroxisome proliferative-activated receptor gamma coactivator 1alpha; PXR: pregnane xenobiotic receptor; RE: response element.

AHP DO2ZWiAE

AHP DRMRELNZEDONZIHEE, FERR TD PBGEE &
EEMERICRBREOY L7 FZViEERAET 2. PBG LR
I& AHP RIEICRENZOT, EEER4EFUEICERLTWNR
£, AP, HCP, VP W h D AHP T 22BN DL, i
BURFROERER/FORF D PBG NNEE THNIE AHP (E
BRI D, AHP ORBESREIGRSB, 2L CEEFRDORILT ¢
UyaBEERSZETIThN (Table 1), FO®HETFHRE
TEEZRET B EICKDEMDHEET S, ULH L, FERE
RRICIFECZHRMENERL T 2AREMENH D, EEFNRE
ICL2HEERHOERT D2DENH S, AHP ICEWTEEE
HREIFIEBICHEMTHD, B6RUEDT — XA TRREKEER
RAETEZIEMNR/EZINTNSD,

AHP ORIEICEET 2MRAEELCFEEZROBEDS 5,
BEREERZETIEDOEGIF 20%KFHEBEVNREEZ R
¥, BlL, TOREHRE—EOBICHEIDOREELMEEEL R
W2 UHULAELS, BRRTRIBRESETIEERREEDS
5, REZECITEEZTAUTZIENARARETH B,

LE ZRMREOBERNEL TH, RIEBZROFHEPRE
BOBRBEICET 2BHREER U ETHEANDOBEGRENRE
ERMINESTH S, BH, BEDEAD AHP HIEZFRT
BYURVICDOVWTIE, AHP EFIF—F X—X (www.drugs-
porphyria.org) (RFB) ZSRI 2 ZED .

RMEREOREEF

AHP #EDIERDZ < (B, B, #EiRG ) FaEER
FROBEEBEEICRERT 2EEZ5NTVWSD, RELAIEIE>
ED LFAD > TWRWL, BEEORETIIREMROBEIELIE
AR ETD chromatolysis ANEFI TIRE I T2, KR
RESISEESHRECICE D, MREMCRENRS SN,
BE, WEZHSFREOIERICIFTESR diffusion-weighted MR
I THYMAENE (PRES) ICEBULFAENRESNBEZ &N
$H D29, AHP O FRIRAERAEIR O —SR IS NI E MEZEBIC & > T3
FERIINZ2DHH L,

BERKEOERE I ALA DBRIBEIC L 2MBBSEOEESINR
PENBHEUVTREZEZISNTWS., LML ALA DFEDOH
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FECH

PPOX

Fig. 6 Relative enzymatic activities of hepatic heme biosynthetic enzymes.
The sizes of the cylinders represent the relative enzymatic activities of the respective heme biosynthetic enzymes in rodent liver. The end-product,

heme, represses expression of the first and rate-limiting enzyme, ALAST in liver. Modified from [18] with permission. Thunell S. Scand J Clin Lab
Invest 2000;60(7):509-540. ALAD: &-aminolevulinic acid dehydrogenase; ALAS: &-aminolevulinic acid synthase; CoA: coenzyme A; CPOX:
coproporphyrinogen Il oxidase; PPOX: protoporphyrinogen oxidase; UROD: uroporphyrinogen Il decarboxylase; UROS: uroporphyrinogen I

synthase

TRFALENBWVWED2BHD, tOEFHESL TWSHEE
HrHs. BEVW DD DRFENFERSNTHED, HETEN
95,

ALA DBRIBEIC & 2HEENE

AP BFICIEEEGEEBBELILE 23, BREN - £EN
BEBNMEONLEVWSHEY AP BEOFEZBES N5
EREDEEF ALA & PBG D_EFZHS AHP RO A MERIEER
ERIELLEWSIRENH 22920 ZNSIE AHP DREREHL
B S S N2 #REED H 2R FBEEICE > T5 S
IEINBIEERBRLTVWS,

ALAD'EHEFEEFRE L TEARESNSEHDO—DE LT, ALA
NAHP £ TORETEEIT 2 2 &HEIFS5NS. —H, PBG
& ADP ICEWTIFEE LAV, FiC ALA OERBIFIHFEYLS
FOYVIME 1 BTHHSN, AHP REEICFELLL I RER %
SIS TH 3.

ALA OBRIBREIC K D HRBSENFTES N IEFIFRHELRS
HZWH, ALA O DEECIEFRIMEEICERL TWS RN
NH 3. ALA DEEIFINEIEERGENETH D -7 I/ BE
(gamma-aminobutyric acid, T GABA &B&EC) &#EBILTW
32 D5, GABA EDBREEN L THRIERZS ISR T
EMNREBEINTWS (Fig. 7) 20~

ALA [V VEEMIEFEE T CES T/ — UMb Z R TRRbAI & A&
D, JKBIVBRERIETZDIETRA—N—AFY RF7ZAY
PEROFIZIININEWSTERBRZERT DI ENHS
NTWB30  ALA [T & D EA S NITEERR SR (SRR O
RO ENZzMD FOWBICEBEAN L X252, BRERZSI
ZRITONH LR\,

GABA o

H2N

OH

ALA

H2N OH

@)

Fig. 7 Structure of GABA and ALA.
ALA is a structural analogue of the inhibitory neurotransmitter, GABA.
Created based on [27] Lin CS, Lee MJ, Park SB, et al. Clin
Neurophysiol 2011;122:2336-2344, [28] Brennan MJW, Cantrill RC.
Nature 1979;280:514-515 and [29] Muller WE, Snyder SH. Ann
Neurol 1977;2:340-342. ALA: 6-aminolevulinic acid; GABA: gamma-
aminobutyric acid.

NLRZIZE DALY VIR EDBEET

NLADTRT DL, —BRIEBRERBERYPY N IVOLRBED
NLTYIRTENRZL, BEREVTHRRICBEEEZSZX S
FIBEMED S 5. AHP BEDHREBEZICIEINARZICE DALY
VIV BOREERETHEST 5 & DRFE H 2.
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S MOV RUT7OHERE
AOERFEELT, SRV RYUTFOMERLSDAREEEE X
S5NTWS, ZhidI Iy RUT7OBERENHRES, &
THET, BAROESRE, El, TH, IBHAEDAHP BIETHS
NZERICEMT 22 &P AP EFILY T AICHWTHE, X,
BMATI NIV RYPOMBERENHS5N I EZRILICLT
W59 FIFEFEIEDRNEDOD, FEERMED AP BEETH
HIREDOMEEREZRB T 2T —IHBESN TN,

w

AHP O2MRIEERIFMER LREZINDI T ENEL, AHP
DIEEMNDORRIRZHT, FHPREEAZBREICEMI DL
PRETH S, KRR TIE AHP DARMRENE U ZHFEIC DL
TEHOHRPRFZBN LIS, REERSICIIBHATETL
B\, EEE—DIOMBAL, TEFYREBHAERTWLZ
&, BIWIREEEE AHP BEDZNZNICHB T EINLEERK
REOEWCEU TEBZRDD I D, AHP OFf-iRZliA
FEVBRBERORRICOBHIZIEEZISND. ARRTHENLE
HMENSMEREOEFEZHEIBLLS LT 2MBEEDEREMNDIC
BRZBIEY, BEDRICRITONS I EICHFT 2.
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Acute hepatic porphyrias: pathophysiology and pathogenesis of acute attacks

Makiko Yasuda, M.D., Ph.D.

Department of Genetics and Genomic Sciences, Icahn School of Medicine at Mount Sinai

Abstract: Heme is an iron-containing molecule essential for virtually all living organisms. However, excessive heme is
cytotoxic, necessitating tight regulation of intracellular heme concentration. The acute hepatic porphyrias (AHPs) are a
group of rare inborn errors of heme biosynthesis that are characterized by episodic acute neurovisceral attacks that are
precipitated by various factors. The AHPs are often misdiagnosed, as the acute attack symptom are non-specific and can
be attributed to other more common causes. Understanding how heme biosynthesis is dysregulated in AHP patients and
the mechanism by which acute attacks are precipitated will aid in accurate and rapid diagnoses, and subsequently,
appropriate treatment of these disorders. Therefore, this review article will focus on the biochemical and molecular
changes that occur during an acute attack and present what is currently known regarding the underlying pathogenesis of
acute attacks.

Key words: acute hepatic porphyrias, heme biosynthesis, acute attack, ALAS1

Rinsho Shinkeigaku (Clin Neurol) 2024;64:8-16
doi: 10.5692/clinicalneurol.cn-001856

16 BEPRMHIRSE | 2024 | 64515



