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ABSTRACT 

31 

Retinoids, active metabolites of vitamin A (retinol), play critical roles in vision, embryonic 
development, cell differentiation and homeostasis. Their receptors can be divided into two classes: the 
retinoic acid receptors (RARs) and the retinoid X receptors (RXRs). Both types of receptor are 
members of the nuclear hormone receptor superfamily. The receptors are subdivided into six distinct 
regions denoted the A-F domains. RARs and RXRs are required for RA-induced activation of a 
retinoic acid response element (RARE). The RAREs are found in many promoters and consist of direct 
repeats of the same sequence. The expression of target genes can be modulated by interacting with both 
receptors through RARE in promoter regions of target genes. As either homodimers or heterodimers 
with RAREs located in the promoter regions of target genes. RA-target gene activation is receptor 
specific and cell type specific. Either excessive or lacking of vitamin A may result in abnonnal 
development that leads to tumorigenesis process. Some retinoids are being evaluated as 
chemopreventive and chemotherapeutic agents for a variety of human cancers. Therefore, the current 
opinoin concerning retinoids and cancers are reviewed. 
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INTRODUCTION 

i{lllihJLti~VlLiJ '1Hf1')~~1Lil 'I.I 
a111'ium')~l')'3~i{ll'llt1'3mf1:1Ei' a1')a1~t1J 

1'1Jfl1')tltlflt')'YIBL~Ufl11 "retinoids" ~-lijUYI 
m'Yla1~tylum')irn-lL~u mw•J~qJLOiu L{ll 

LLa~mu~p.Jaii~mfoh-31 'llti'3~1'3fl1U na ln 

lufll')tltlflCJ'YIB'llt1'3 retinoids 'lt~1'UYl1'3 
retinoid receptors ~'3LLU'3Lflu 2 fl~iJ 
hny '1 ~ti retinoic acid receptors (RARs) 

LLat retinoid X receptors (RXRs) LVIU 
-' I Q q I 1 :: 

L'lfaaLL{ll'1t'll'l.\Vl'1tiJ receptor fl~iJ Vl'UU 
J' ,., ... ..:: " 
'lJUtl~flU'lfUVl'lltl-lL'lfaauu 1vi1u Retinoid 

receptor LLoiat'llUVl'1ttltlflCl'Ylifl~~t1'3tllflU 
retinoic acid l'Ufl1')Llf~U1ll1lioi'1 
receptor L~~mJ~1u~unu retinoic acid 

response element (RAREs) luil1L~~mf 
... ..,j " 1 """ " U')L1fU promoter L wtimt~'U l1iJfl1')n')1'3 

mRNA LLat 1 th6iuoit1 hJ il'1'1U'UL ')1WU11 • 

1 QJ d ~ ' 
'\Jfll')')fl'HliJtL ')'3'lltl'3iJ'l.llm L'lf'U all- trans • 

retinoic acid (ATRA) nliJl')(}Ulml'li~1ii 
., 1 QJ {:$"I 

flU tamoxifen '\Jfl1')')flU1>.JtL')'3LVl1'\JiJ {flt! 

m 1~ifo1')U1 ATRA (tretinoin) iJTYIVl'1t1'3 

1'lf1 u n1')-rnu1 rr t11uii~L ~'3 LijVI La ti vi'lJ11 
" 

(acute promyelocytic leukemia) ~'3 
'11i.Jl')mhll1Li1vi remission lu~u1u1~ 

" 
L'liunu w·faii 1nuil'l~"fl1')flflu1u'Ylm'YI 

. . .J.J " ., d ... 
'lltl.:J retmo1ds 'YILflU1'lJtl'3flUiJtL').:J'lf'UVI 

oll.:J 1 'lltl.:J>J'\JUU~.:Jlu in vitro uat in vivo • 
I r:$ Q ~ e r::$&1 

L'lfU >JtL').:JU')L1tllv1')'l:ftLLata1~t1 iJtL').:J').:J 

1'll iJtL~.:JUlm.JVlafl >JtL~'3UtlVl LLat>JtL~.:J 
" 

N1WU.:J Li'.JU~'U LVIUflflY1l'ULL~'lfilVl'lltl'3 

S11111illra Charoe11hin111yi11gyos 

LLntfla 1n~ retinoids l'lf'l um')au&'3fl1') 

L ~ iJ~1'lJ1'UL 'lf'1~l1'iflfl1') L U~UULL U'1'3')U~1'3 
" 

'lJfl'3L'lfa~>JtL~'3 il'liUUUfli~u 1~*flflM1 
:: 1 ..,j 'Yl.:J '\JL ') fl-l'll fl.:J cell- cycle regulation, 

LU')6i1J cyclin dependent kinase (L'lfu 

cdk4, cdk6) ~'3a1iJl')(llh1'1L'lfa~LflVI Gl 

arrest LH'!t'lhL'lfa~L'li1a terminal dif-
" 

ferentiation lu~avi irnn'11nda..:i 1~flfllfl • 
lun~iJ'lliM transcriptional factors: c-jun, 

d " 1 """ c- fos, c- myc, AP- 1 'lf.:Jmt~'\J \12.Jfll') 

a-f1'3 mRNA uatlhliLnVI malignant 

transformation cells mi1m 1~ ~'3tT'lJ'1t 
<f1111 I "" ~"'1 mu Vl11 retinoids U1'1t>JU'YIU1flr;tl~ty u 

fll')~ 1 >J'i fl'Hl ii t L ~.:J'll tl-3 ii 'lJ YU W fl l i.Jl u • 

HISTORY OF RETINOIDS 

1ua"u1 U')l (}ALL w 'YI tJ'lf11 ii flu~ 
a-3 Lfl{l')WUl1'11')'1n Vl'11 fl olU '11iJ1')(J-j'fllfl 

h~{ll1U1'3'lfilVl1il11Ul~ oimn George 

Wald l~li1fl1')flflY1L~m0ii1lutJ ~.Vl. 
I °' °' fll CV .J 

1932- 1934 WU11{11U'1VILu'lJfl1U1t'YlflVl>J • 
1u~1ui{ll1ilmv ~'3tfua1'janvi'11noi'u~~ 
aii11')Clll1i11 l?i''inm h~{lll~-lmh1'li1'3~u 
... ... ., fll .J l 1 ., 
1{1')1>.J'IJLfl'1VIL u'lJal')'YJa~aiu 'IJ 'lJJJ'IJ LLat 

L U'lJ '11')~1 L ti ua1\1-rUfl1')L'1~ty LOlU L{ll LLa~ 

fl1')~1')'3~i{ll'llfl'3iJ'IJUU (McCollum and • 
... .(.J ., 1" 

Davis, 1913) nl')U')~'YJi'i'YlnflVl Vl'11fl 

'°' '°' "" I d fll .J 1{111JJ'lJLflL')Ufl11 "retinol" 'lf.:JLu'IJa1')fl(lfl 
" 

U 1 iJ11 'lfL 'lJ fll ')-j' fl Ul LLa ~ fll ')'YJ VI a fl'3'Yl1'1 

~ailnW1'31JJ1flJJ1U a'1'1Jal') active 
• ~ Q l:-=:t I 

metabohtes 'lJ t.l'l1{111 iJ'lJ L t.l'IJ 'lJ L ')U fl11 

"retinoids" ~'3jj~11i1a1~qJ l im1')>.J t.l'IL ~u 
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m'lYrOllmmN~1tit1u1um'lfi' m'lLLU'3~1 

LL ma ~>J~1u1m'lfa'1 nl'lL tJ~ti'UlL tJa'3'l~ .. 
I o' :; o' I 

'll'3'lltl'3L'lfaa 'l1>J'Yl'3fl1Uflmf>JVlati'lleM'll'3 • • 
" mu~1u vl'3UtJm'l1~-ruim1iltJrnmmntJ 

1tJli~fom1'lll vii m1 ilu Ltl u' tl>J ii Na~ a 

Yr0llmm'l'llfl'3~1'3mu~~vitJn&i1~ 

STRUCTURE OF RETINOIDS AND 

THEIR CLASSIFICATION 

Retinoids ;jviLlJ'Ual'ltl'UWtJfi~ii • 
am'l Lfl1,rnf1'3 milvfla'3nuim1iltJrn 1u .. 
il1'l mn Q1 L 'll ai >J11owu a11v1'3 n rl111~ m n 

n11 2,500 'lfilvi
1 LLm:aim1o~VlLLU'3 

l1 >J1 vi l1 >J
1 

m1 >J am1 Lfl1'3ai'1'31vi"dj u 3 .. .. 
.J.J 'l" I generations (~u'YI 1) VlLLn 

1. 1 ' 1 generation 1~LLO all-trans 

retinoic acid (tretinoin) Lrn:: 13-cis­

retinoic acid (isotretinoin) 

111 generation of relinoids 

Retinol (vitamin A) 

All-trans relinoic acid (lretinoin) 

2•d generation of rellnoids 

OOOH 

Acitretin 

d 
~till 1 Classification of retinoids 
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2. 200 generation 'l~LLO aromatic 

retinoids L'li'U etretinate ua:: acitretin m1 

L ~lln~ll aromatic ring Lczi'l 1 tJ~::'ll1m ~>J 
tJ1::an611Tw (potency) 'llfl>lt.n lum1-rnm 

1 ., .. J' " 
l1Vl'il'UVl1FJ 

3. 3'd generation 1~LLri poly­

aromatic retinoids with or without polar 

group ~'3iitJ1::an6mwlum'l-rn'li1~ni1 
I .J "" 'I • I"" .J " nqi1n 2 allll'ltlU'll111 t'Uu'l>JltU'Yl'UBEJa'3 

0 :; ti ~ ~ tJ q 

~l 'U1tJ f)'j-,3'1.J tJEJa'3 112J 'Yl'3 LOVl Na'lJ1'3 Lfl FJ'3 

~1nt11tl'vtJn'1vi"1t1 Liu flavonoids 

(flavanols, flavanones, flavones, 

iso_flavones) ~'3;j'VlLll'IJa11~WULUW'lflialEJ 
"tfUVl L~t111ii q'Yl~l 'U 011.rn'lil hfliJ::L ~'3 
hfll-11 hLrn::liaflVIL~flVl hflflilLL ~ na:: .. 
t 1~0iviL:A'mtu~iit~FJ ~'3ri1a'31~-rum1i1au 
1~LLad1 m1~n'li1i;j'FJtl'U fJUl.:JLL W~lialtlflU 

" 

OH 

3,4-Didehydroretinol (vitamin A1) 

H3 H3 

:::::,... :::::,... :::::,... "'<::: 

COOH 

13-cis rctinoic acid (isotrclinoin) 

3,. generation of retinoids 

OH 

Flavanol 

R1 
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RETINOID RECEPTORS 

I ffl Retinoid receptors LLUHHlnLu\J 

2 ntji.i ~a retinoic acid receptors (RARs) 

LLGI~ retinoid X receptors (RXRs) ~ .. mlfl 

a~ class ihfm?fn 3 ~1 ~B a, P LLGI~ ya-
5 t 4Clit. ' Q.I Q.J #:A receptors ~mti.Jl'ifnLLVIGl~Ol1tNi.J'Halfl 

isotypes Liu P receptors LLU-:JLU\J PP P2 

LLa~ p4 

6 LLoia~ receptor ~rn-:i retinoids ~~Sl 

a11J?JB-:J DNA binding domain (C­

region) L'HijB\Jtl\J a1u isoforms ~LLWn 
I CV I J' I CV ..J 

Vll·.rn\J?JB-:JLLWa~ receptor 'lJ\JB~m.Jct1\J 

'lJB-:J N-terminal region (AB-region) ~ 
I Q.I I .J t 

LLV1nm1-:inu LLa~uvia~ isotype ·tmmn011-:i 
Q.I J tCV o f • o I 

OlJ'lJ1JB~nUV11LL 'H1N splicmg LLGl~VllLL'H\J-:J 

6 1 " ?Ja~ promoter na nnTrnanqnG?JB-:J 

J' I CV '°' 
retinoids 'lJ\J a~ OU'if\J~'ll a~ retinoid 

receptors ~~~'h.J~unu retinoic acid 

response element (RARE) 1uu~L1tU 

"" "1""' promoter region L'VHJO'l~Ol'U 'HLO~nl'l 

a1'1-:i mRNA oia'h.J 

STRUCTURE AND FUNCTION OF 

RAR AND RXR 

Retinoid receptor ~~Lllmtm?ln 

nuclear hormone receptor superfamily ~-:i 
ai.11?ln 1 u family du-:ii.J,~nrm 1 i.J~nfl 
receptor 'lJB-:J glucocorticoids (cortisone), 

estrogens, mineralocorticoids (andro­

sterone), androgens 

53 90 147 193 

A I B I c I D I 

Sumitfra Charoe11hinmyi11gyos 

(testosterone), progesterone, fatty acids, 

thyroid hormone, vitamin 0 3 'l1i.J~-:J 
q. .J.,1, 

receptors an~1u1ui.11nnE.1-:i mtli.Jl'lO 

~1 LL \J n'lfU~'lJ a-:iri1u ligand- binding 1~ 

(orphan receptors)
7

'
8 

Nuclear hormone 
J' q. ~ 

receptor superfamily u i.1~1u1uam·on 

mnn11 150 'ifil~ L 'llilfli.ili steroid 
ffj I 

hormone receptor LuULLi.JLLUU'lJB-:Jnl'l 

~mfl receptor lu superfamily if nl'lLLf.10 

'lfU~'lJB-:J steroid hom1one receptor faf.I 
QI • Q.I ,J 4 Cl.I 

B1"1f1Gll~ULUG'fl1L'Hi.JB\Jn\J (homology 

sequencing) ali.J1'lOLLU-:J l~LU\J 6 a1u 

t~flliel'n~'l A-F Llluff'tyan~ruLLnmLoia~ 

domain
9

'
10 ('lU~ 2) 

\J 

• AB-region l~LLn a1mrn'3 N­

term inal ~'3 Sl ligand independent 

transactivation function U'l'l~atj 

• C- region l~LLtl a1\J'lliM DNA­

binding domain 

• D- region l~LLtl a11J'lJB-:J flexible 

protein domain ~~L1'.Jua1u conserved 

region 

• E-region 1~fon a11J'lJB-:J ligand­

binding domain 

• F- region l~LLrl a1\J'lJB-:J non­

specific function ~~Li'.Juri1u non­

conserved region UH receptor ~~ li.HJ 
a1ud 11 

-
15 

413 448 

E F I 
~tlrl 2 mVlmlvi~m'ill!J0'11UV!tlil~ steroid hom1one receptor lviaillfl!Jfll~\JL\Jntlil~O'iV!il::ilfo n1)11'irtlltN 10 6 thu 

lvialtrnn'l:l'i A-F 1\'Juff'tyammfmnrnoifl:: domain (van der Leede et al. Hubrechy Laboratory, Netherland 

Institute for Developmental Biology, Utrecht, Netherlands, 1996) 
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.. ct "' am·nwnc:M nuclear hormone receptor ~'3)J 

t1'3~l.h::ot1\J~~1u~~'30U steroid hormone 

"' receptor ~ti 

) 
. flt .. .J"' 1 C-termmal part Lu'UU'H1fUYJ)J 

ligand binding domain (E-region) U'f'j~ 

mi ~'3muluu~nru E-region if~::\J"j"j~ 
v • 

a'1U'llt1'3 dimerization domain Lrn:: 

transactivation domain 11 f'it1 activating 

factor 2 (AF - 2) ~'3L~uo1'1 
transactivating factor 2 (TAF-2) 16

-
21 

2) u~nru N- terminal part Li'.Ju 

RAR wild- type receptor \J~L1tuAB -

aal 
......... 90 156 

IGI I c D 

DNA I 
N 

RARy receptor 

Met 90 156 

101 c I D 

T 
201 

I 
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region DU ~'3mulim~nruif~::\J"j"j~a1u v • 

'lltl-3 ligand independent transactivation 

function f'it1 activating factor! (AF-1) 11 
... 
~nu 

3) DNA- binding domain (C-
') Fl .. .J, I .. .J region L ulJ\J"jL1tu'Ylfl~"j:;\-111'3\J"jL1tuYl 

conserved mo~~~(D-region) tiuu~nru 
.J ,., ~I 
YI LL'1~'3 ~11 )J LLOl OG11'3 O'U'll tl-3 am·o n LLVI a:: 

~1 (AB-region) 

) 
_q .. .J 

4 D - region Lu'\J\J"jL1fUYl 
.J R .J I 

conserved i.11 OYJ a~ LL a:: Lu trn ti u 'll tl-3 
• v 

nuclear localization signal
22 (~tl~ 3) 

422 454 

E I F I 
RA 

422 454 

E I F I 
JU~ 3 mwmwi~ RAR receptor mu: RARY LY1voi1rnt1ti1~uuLLil~Nn~oi1LL~nl~mNn'lY1ti:::ilfo L'liu RARY 

oilLL'HU~L~>J~Uf°itin'lYIL>Jlriltiilu ol1LL'HU~ domain AB th:mti\J~1U ligand independent 

transactivation function (activating factor 1: AF- 1), oi1LL'HU~ domain C th:::nti\J~1EJ DNA 

binding domain, oi1LL'HU~ domain D t.h:::nti\J~1EJ nuclear localization signal (N) mi::: conserved 

Sacl site (S), oi1LL'HU~ domain E th:::nti\J~1tl retinoic acid binding site Lrn::: major site for 

heterodimerization with RXRs trnn~1nifu~1.h:::nti\J~1EJ transactivation domain (activating 

factor 2: AF-2), ri1uoi1LL'HU~ domain F ~Y1Li'.luri1u non- conserved m~;j'H~tl liHrnl~. 

(Aneskievic/1 and Fuclts, 1995. 11a:: Folkers, et al. TJ1e Joumal of Steroid Biocliemistry and 

Molecular biology 1996; 56: 119.) 
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RETINOIC ACID RESPONSE 

ELEMENTS (RAREs} 

RARE 

nucleotide O'l"MoilLL'HU~ promoter ~~ 
alJJl'rn~unu retinoid receptor u~nru 

DNA-binding domain (C-region) 

element 'lHN vitamin 0 3 ua~ thyroid 
4•&1 .J4., 

hormone receptor ~rna1~mmfnL~nrnunu 

.J'1nmiJu?!~ '1 (directly repeats of the 

... 

Sumiflra Charoe11hiru11yingyos 

same sequence)
23 (~t.J~ 4) Retinoid 

receptor ~~a1m"imtfl~LiJu heterodimers 
., ., f 4 u u 

OU011LiN L'lf\J RAR-RXR Wrn'O\lunu 
.,, I 

nuclear receptor tl\J '1 L'ii\J RXR- VDR 

!!1 " 1 ~ .... Lu\JO'l\J ~UY!~ RAR Lrn~ RXR allJl'Hl'O\lU 

"' .,, 'l"" I nu response element tl\J '1 ~~1U LL{I} 

retinoid receptors ~~a1m·rn~unu RARE 

~u~nru promoter l~oi'ti~mA'u retinoic 
!!1 .... .J • " 1 " ... acid Lu\Jm1Ll1UU1\Jl Lrn~m~01u mn~ • 

nl')a{1~ mRNA olti ltJ 

(a) GRE 5' AGAACA(N)3 TGTTCT 3' 

3' TCITG.(N)3 ACAAGA 5 ' ... 
(b) ERE 5' AGGTCA(N)3 TGACCT 3' 

3' TCCA~(N)3 ACTGGA 5' 

5' AGGTCA(N)3 

... 
(c) VORE AGGTCA 3' 

3
1 

TCCAGJ(N)3 V:CAGT 5' 

(d) TRE 5' AGGTCA(N)4 AGGTCA 3' 

3' TCCAGJ(N)4 ~CAGT 5' 

(e) RARE 5' AGGTCAC(N)5 AGGTCA 3' 

3' TCCAGT(N)6 TCCAGT 5' ... 

tl d •" A.t..J· ' J_., ' " 
~ 'tl 4 ll1\'ILlil~H~1Vl\JtJil~n'lVJil::iJ 'U'YlVl1Ll\1\H DNA sites, cell response elements '11'~~\Jil~nu 

glucocorficoids (GRE), estrogen (E~E), vitamin D3 receptor (VDRE), thyroid hormone 

receptor (TRE) Lrn:: retinoic acid receptor (RARE). (Adapted from Clrnpterl O: Regulation 

of Transcription Initiation. In: Molecular Cell Biology, 2000:394) 
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CELL-TYPE SPECIFIC 

TRANSCRIPTIONAL ACTIVATION 

BY RETINOIC ACID 

m'illi'ai'i retinoic acid (RA) 

" . ' n11J1'ifln'i:::01um:an'Un1'i transcnpt10n 

1~ fatJ~'UtlUOU'ifU~'lliM retinoid receptor 
u 

1 :: I OI OI 

LLa::: response element ~tllN~~:::lJl~Un'U 

vtJ1'U'iU heterodimeric receptor complex 
u u 

J ... ,r ... .r , ... 
'YJU'iL1flJ promoter 'Utln~1nutJ~·znrn~nu 

'ifU~'lJtl~L'2HHl (cell- type specific) ~1tJ ~~ 
:: ."f U .J q I o 

1J 'Uu ~~ tJYI lJ NCI01 tl nl'irl1U ~lJ nl'i'Yl1~1'U 

'llv~a1u promoter LLa:::mw1vuauv~oit1 

• Ligand availability 

• Receptor expression 

• Receptor binding to DNA 

• Receptor activity 

• Promoter architecture 

• Posttranscriptional modification 

BIOLOGY OF CELL-SPECIFIC 

TRANSCRIPTION REGULATION IN 

RETINOID SIGNALING 
~ QI t J' IOI 

m'iL~'iC\J'llil~v1tJ1:::011~ 'l 'lllJil~nu 

n 1 'i a~ L ~ 'i 1 ::: l1 .. LL a ::: L lJ 011 U ii ~ W lJ 'll tl ~ 

retinoids ~~fln~1u~J.J 1~mtl'U 1'2n.Jl1a1tJ 
u • ... :: ... :: 1 ., ... 

'if'U~ Lrn:::mntJ'll'U01 v'U ~~imm'i ~ 'iU 

1011 ilu Lil m n Lnu1 tll1~ilnl'i?J1~i011ilu rn 
t cf I Q.I QI I 

tJ illJlJNCI01tlnl'iW~'U1'lJtl~Cl1tJ1:::011~1 

1~m.Jn011umm'i~:::iitl~J.Jltu'lJCl~ retinoids 

1i.hlihrnu nl'ii'~'i:::~U'lltN retinoids ~~ 

UtJJ.Ji'~L'U'iU'lJCl~ serum retinol Cfi1tln0i 
u 

20-so µg1dL)
2

• Lrlv~~1nlum:::u1um'i 
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a~ L~'il:::l'f retinoids (active metabolite) 

~ ' I .J I I b L'ilJ~ln retmo LlJClr.Jl'U p asma mem rane 

L'iJ1aL'21aa ~:::iunu retinol binding protein 
u 

(RBP) ((ihLU~tJtlnQi RBP 'lJtl~~Ll1cY 1u 

LWA'iflfl 47 µgtmL 1mwAl1tlJ~ 42 µgt 

mL LLa:::L'UL~nmumnni1 10 'll1U 20-• 
30 µgtmL)

20 
na1mthJ retinoid-binding 

protein complex L'i1n11Jl'iflLLU~n~lJ'lJil~ 

retinoid- binding protein complex ilan 

LlJU 2 naJ.J~il cellular retinol-binding • 
protein ( CRBP) LLa::: cellular retinoic 

.J I 

acid-binding protein (CRABP) 'lf~LL01a::: 

naJ.Jii 2 'lfil~~il CRBP I,II Lrn::: CRABP • 
I,II ~~~:::iunu retinol LLm: retinoic acid 

011mh~u 

Retinol nllJl'iflLU~fllJLll'U retinal 

1~mnA'urnu hif retinol dehydrogenase 

LLCl:::Ltl~fl'U~ln retinal 1tlLllu retinoic acid 

foumA'urnu hif retinal dehydrogenase 
.J fl :: tl .J . i'.J (~tin 5) ·Lti'lJ'U01Cltinl'iL auu retmol L u 

retinal ifuilvi1LlJU rate limiting step 'lltl~ 
m:::u1um'iff~L~'i1:::li'ai'i active retinoids 

L tl 'U l 'lf J.J .. ~ L fi u1i tl~ 1 iJ~U VJ tllJ i1'1~LL n' 

alcohol dehydrogenases (ADH), ADH I 

LLa::: ADH IV ~~n12.J1'if1Ln~l~i~1'U 
cytoplasm LLa::: microsomes 

mi~~1mfu retinoic acid ( 4-

oxaretinoic acid, ATRA, 9- cis RA, 3,4 

didehydro RA, 14 HRR) ~:::~1'UL'il1~ 

il1L~atJaL~tl 1tliunu retinoic receptors 

(RARs,RXRs) LLa:::L~~iltiol1ltliunu 
.J ... " ... 

RARE 'YIU'iL1flJ promoter region LLa1'ifO 

1hlli'Ln~nl'in-f1~ mRNA LLa:::ltl'iOllJolCl 

1tl Retinoic acid ~~~a{1~~u 1~~1nmu 
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hd1.:Jmt.1 (endogenous retinoic acid) 

'11~ ti l~-ru"1 n fl1 t.11Hl n (exogenous 

.!: "' retinoic acid) 'U 'UJ.J Vl11J.J~1 L w1::Qj t1'lfil ~ 
~ ~ " ' 

'lltl.:JL'ZfCH'ILLClt'lf'U~'lltl.:J receptors ~nu L'lf'U 

ATRA iim1J.J~1LW1t~tl RARs 'hu 9 -
" ~ 0 ' Q.I 

cis RA J.JVl11J.J"1LlfltVltl'YM RARs uat 

RXRs 
J' 

mrn"1nuai'j P - carotene ua:: 

provitamin carotinoids ~'U 1 U.:JalJ.Jl'Hl 

tl .J fl l ".J .. d .!: 1 L at.l'ULu'U retinal ~'YllJ'H1CULl'..ltllJ'lf'U 1J 

L 

RbL 

• 

' I 
' c§) ~Oiphan 

€\) 

j RA 

OOH Ji, 
~ 

RALD~ ,,>r 
I , ' <I 

- - - - - - - ~ n'tA ~ ' 1 

.J."-1"\. , '~ 
/ _, I I 

RA A' l :,. 
I I 

RAB /• 
§4-0XRA 1 ,' 

4-dRA

1

/ , 

I+ . "d po ar retmo1 s 

S11milfra Charoenhirunyingyos 

"' • l" of tl.J "' r~u.:J?Jt1.:Ja1 arnn ua::mm'jm mnmau 

J.J1Ltl'U retinol l~L'lf'UO'U l1'l.:Jv1nll'U~1.:J 
mu"dlmtlJ1'Un1') esterification L yjm~u 
a::aJ.Jivi1ihut1lilu~tlmN retinyl palmi-

.J "' ti I "' V ..J tate 'YIVIU LLat"::Cln aeiunarnm«mtua 
v v 

"" "' .!: 1 ti 'i" "' "' rnt1~t1nm.:J '\J') ?Jtl.:J Retinol L~mm"::"u v 

nu Retinol binding protein (RBP) l1~tl 
CV "' , , 24 , 
"unu prealbumm transthyretm retmol 
"' I a I V V d 
~'3 na11 n":: ~iu n ')tu1u nl')'ll1'3VI 'UL w t1 

.f I 'ltl t1t1nq'YlilV1t1 

----

... f.J ~ &I ., .i:a..ct 1 ., ,,,.. .,, ' 
Ju'tl 5 mvmffON'IJ'IJOHl\ml'HNLA'rn:mrn::uJOJ1Uiln'lnJ'lliN retinoids 1m.1 'UL'l1niUJ'41:H.I LO'IE.lilmfiOJ1~ 'l 

iJm1mrn1u~~;f : ROL= retinol, RAL= retinal, ROOH = carboxylic acid, CRBP = cellular 

retinol binding protein, RALDH = retinal dehydrogenase, RA = retinoic acid, CRABP = 

cellular retinoic acid binding protein, RXR = retinoids X receptor, RAR = retinoic acid 

receptor, RARE = retinoic acid response element, P = phosphorylation, swi = a protein 

required for transcriptional activation, p300/cbp = a cofactor for RAR, pCAF = a protein for 

p300/cbp-associated factor, GTF = general transcription factor, D = D-box. (Adapted from 

van dee Leede et al. Hubrec/Jt Laboratory, Netl1erlands Institute for Developmental Biology, 

Utrecllr, Netl1erla11ds, 19 9 6) 
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VITAMIN A DEFICIENCY 

d "" "" "' fir A "' L\JcNv1monJ.JuLt.lvVILuml1')t11~CJJ 

a1\.1~\Jfi1')n1'11\J'llt.l'1L'lHHlol1'1 '1 'llt.l-1~1'1 
d ~..J I GI 

mu 01')J.Jt.l'1mu LLm:J.Jtt1UOlt.lV40llmm'j 

Lrn:m1')ai'1'1rJi'u1ta1uo11'11 'llrl'1~1'1mu 

ai m01'll r.l'101')'ll1Vl1011iju rn lo1url25
•

21 

• 
1. Primary vitamin A deficiency 

rl1ul "r1qj irn LflV1v1nm')'ll1Vlr.l1"r11')JJ1 LlJu 

na1u1u ~'1V4\JUrlU (endemic areas) lu 

Lm~u01::i'u rJt.lm~u'1 lo1 LflV1v1nm'ja'li11 

n1L~a1') carotenes ~LtJ~t.ln"r1qV1ltJ 
2. Secondary vitamin A 

.J 1.: deficiency LflVlv1n01')l1a1') carotene .. 
•rd CV fir "" "" 1 " 4 cC a1iJ1')flLuauummLu\J1011JJULrl VI "r1')r.lJJ 

fi1'j'ji.Jn1u01')V1VIWJJ m')'l1Uri'1'llt.l'11vn-
v 

ijurn L'liu celiac disease, sprue, cystic 

fibrosis, pancreatic disease, duodenal 

bypass, congenital partial obstruction of 

jejunum, obstruction of bile ducts, 

giardiasis LLat cirrhosis . 
.J 

t.l1 n1 'j uaV1'1 n r.11 v Ol ')1v V4U n1'1 

~ailn 1o1LLO* 

•ch"r1u'1Ltl~uuhl L'lfU f41"r1tl1\J 

L~un-h goose flesh "r1~t.l xeroderma Ut.ln 

.f cC I "" "" "" v1nu mvJJ r.J am rl m rl\J r.J1'll r.l'1')::uum'1LVIU • 
l'11ULv ')::\J\Jl11'1L~Url1\.11') LL"4::')t\J\Jl11'1 

L~uuaa11to11u 

•vnurJVIL\J~jjVl (night blindness) 

LlJULLr.Ja~m::vn011 (corneal ulcer) Urln 
.r "" "" CV Pl v1 nu n1')'ll1Vl1V11JJU Lt.lU'1L u uai L "r1~'ll t.l-1 

. .. . . . 
xerophthalm1a \.1')r.l xeros1s conJunctivae 
.J. •'I".. 1 .J 'lf'1alJJ1')fll11 L"r1LnVl011\Jt.lVl \JYl~Vl 
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.r • 1 """ d •urJnv1numvn1 "r1J.Jr.lln1')L\Jrl 

Cll\.11') Lv~CJJLGl\J t01'lf1 ')t\JUJJil~J.Jtl\J~1"4'1 
LL a:: 1~')'1n')::V1n'llrl'1~1'1mu tlV1tJn6ll~an v 

" mu 

(*America's Vitamin and Herbal 

Pharmacy 2000) 

VITAMIN A TOXICITY 

i011ijuLt.la1 JJ1') rin1 L "r1°'LflVlWU~ 

signaling pathway1 

alJJ1')fln1L~LflVl~"4olrl 

.. .... "" ("" " •r.J1"r1\J'1LLatLUrl\J r.J1LL"r1'1 at.ln • 
clnLa\J ~\J bolt.l01')01rJ\JaUr.l'1olr.lLLa'1) 

•oi'u n11 "r1°'il reversible elevation 

'llrl'1LrlU l'lfi!oi'u 

• 1~')'1n')::Vlmlu"r1a'1 L'liu iliiutJu u v 

Lm::~L~U, skeletal hyperostosis 

• ')::uutJ')::a1mbumn'1 L'liu tJ1V1 

•Reversible abnormalities 'llrl'11'll 

irulu:S~JJ 

Russell RM 1o1~h01')Anu1lu~ 

tl1u"r1f)j'1 ~o1~ui011ijurn 400,000 IU/ 

i'u (120 J.Jn.11u) mu1u 8 tJ V4\J~11JJ 
" f4V1tJn6lmH01')n1'11u'llrJ'1oi'u ~1u1'1 ~" 

.. .J ..!' .f .... 
"r1U1\J aUL"4U\J LL"4::0l11 tJu r.J"4'li\JL lJr.101\J 

V4Ui1il hepatic congestion m'lt fibrosis 
I 

lVIUL\lV41tr.lti1'1U'1\J~L1flJ')r.lU '1 central 
• 26,27 

vem 

Ellis et al. lo1·nu-.11Ui1 vitamin A 
.. 1 ""' ". 'r .J .. intoxication alill')flLOVl VIOU~u1Ul1JJ 

~11 JJ f4 Vltl n Gl'll t.l-1LJJ011\J Cl aWJJ'll r.l-11011 ij u Lrl 
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l~rn L\lYn~utl1.:J~.:J l uc4tl1u~ill'ln1u l ma uVI 
" 

tf.:J'lfUVI t 1
28 

v ype 

Carpenter et al. l~'l1U~1\JA'ltlU 

~~1\1~~~tf)J1:afl l u A')tlU~~1i-rn1t1AlJLOVI 
vitamin A intoxication \1a.:Jnuivi1ilu lm1 
~lJ U 'tJ ~1 tn' l 'U1

1'J~L0 Vl'Jl fl genetic 

predisposition 
29 

Krasinski et al. LlJ'UUAmtLL')fl~ • 
I !St."fcvJJ ti CV 4 

wu11mm u \Ju'J'JU'YILflV1'lJ tl~flUfll')LflVI • 
vitamin A intoxication ~.:Jl'UA'Utf.:Jf'lltl'J~il " . 
fa mmnVllJ1flffllA\Jl1UlJa11li'1ltJ u tlfl • 
"J1fldu.:J lVl"~m:n l uma1a>1A'>~iia?Jn1w • 
LL~~ LL')~ t VI ti l lfn 'U fll \11 ')~ iil 'lllj'\J LL a~ 
ioniJ'ULtl\!~ l1~.:J'Jlfl'IT1J1V!"-rh plasma­

pheresis \1a1t1~11tN -rmi1~ 24 ~11)J~ 
lu chyromicrons LLa~ chyromicron 

remnants tf1)J1')t'li'Vl')::~U'lltl~ vitamin A 

ester L ~)J~'Ul~~fl Lrn::fl1')'llmt~ vitan1in 

A ester 'Jlfl chylomicrons Li'l~ 
I ·1 " CV lipoprotein L'lf'U LDLs 'J::'Yll \1'l::VIUA11)J 

L tJ \J~'tJ'lJ tl~ivn ilu rn l u tlU fl'):: LLtf La tlVI l~ 
v 

.ct cv. I -' 1 ". ' I .J..,. "" "" ln\Jt'l.:J 1 '4uV11\1 ua:: \Jr.Ju1tl'YlfflflVl1mJ 
" 

4 I d O ""1 J 
Lil in flLfl\J fl11'Ylfl1\1\J Vl)J flflltf'Yl fasting 

blood retinyl ester 'J::\f.:Jfli1tl~mruivi1ilu 

Lti~n1mi'11tll~)J1fl ( v11tlflOi'lltN fasting 

blood retinyl ester 20- 80 µg1dL, lu 

vitamin A toxicity -.i::lJ1flfli1 100 µ 

g1dL ua::m"Ju~ lVl"il~ 2,000 µg1dL)
24 

.J' " · ~ .J.... .... .... !11 u a fl'Jl fl\J r.J u1U'Ylfl\J1Vl1)J\J mm L u\JL 1a1 
v 

1nu"1nfli1 5 ll "J::ilfammnvi~tJ"J1fl 

retinyl ester 1Vl"mflfli1~lJ1u~nulJ1tl'au 
ni1 5 ll

30 

S11mittra Charoe11hiru11yi11gyos 

VITAMIN A AND TERATOLOGY 

lull A.A. 1953 Cohlan 'l~°ri1fl1'> 
!S .., :; .. .J' " 
v1fl t n'YIV1atl.:J L 'U\1\JVl.:J~')')Jl ua::rnt1~V11EJ 

\J 

tl1\11')~ilai'ltl'l::fl fluivi1ilma 3 5, ooo 

LLl1i.:J mmu '[ l1i ua::ilm1lJtlV1tlflOi'Yl1.:J 

a1uvi1
31

'
32 

oium lull A.A. 1979 Geelen 

l tlo !'l CV .,.., 

Vl'Yl1fl1'>'YIVlatl~'lf1 'Ul1lJ'41UYrnqau 1 ua:: 
I .J 1 ti I d CV 33 

f)')~ O'lltl 'lf.:J Vlr~aL'lflJLVIV1fl\J 

alw!ul'U)JlJl'.HJ The National • 
Research Council's Recommended 

Dietary LL \J~th 1 lf l1tY.:JiiA'l')il1~~uivi1iJu 
Ltl 5,000 IU \1~fl retinal 3,300 IU oltl 
CV .J'} .... :; .-.J 4 4:; 
1\J '11\J L'Ul1ty.:JO'l~A')')Jl'YJ'lJ1Vl10'l1)J\JLtl\J\J 

World Health Organization Lrn:: IVACG 

stage LL u~tl 1 hfl~Huivi1 ilu Lai'u a:: 

7 ,000- 8,000 IU34
'
35 

'J1fl')1£N1\JWUi1 

tJl')Vll~lVl"~uioniJurn 2 5, ooo IU oiai'u 

')~l1i1~fl1'loT.:J~')')Jl 1 lf rh LU Vl'Yl1')fl~fl1') 
tlVl')UL\J')::UUoll~ 'l L'li'U ')~UUU')~tfl'Yl 

\J 

~hi:J::Lrn::lum1'1 l11h Lrn~oilllJ'l'Yli!a 

)J1'lVl1~1~~U isotretinoin 'l::l1i1~oT'3A'l')Jl 
m'lflilfammrlu'3oi aa)Ja~ l11 l'J ua::tj 

4 4 tl ~ .J' !11 I "" d Wfll'lr.JVI') L\'l)J'lJ\JLuU 26 L'Yll L)JtlL'YIUU 
\J 

CV d'l 'l VIV 
1 

:: flU)Jl'lVll'YI )J Vl'lU isotretinoin 'l~"111'3Vl~ 

~'j'jJl49 

THE ROLES OF RETINOIDS IN 

CANCER 
..,j ~ I 

L'Ufl~'Jlfl r.Jtifl1'lv1 mfl'YIV1aa~vn.:J '1 

)J1fl)J1UWUi1 retinoic acid ~.:J~VILlJU 
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a>J1:anol'1l'l~~?J ti~ nq" transcriptional 

factor i'jr.Jaoiem·nv~'lJLOl\Jl~ m·mu~ol'1 
..,! • ,,l: 1 .I "' 'I 

LYUJv1U1tJL'lrnan~ Ufl11::un~LLa:: LtJ 
<I d 

>J::L'N Lrn::mt1~v1n RARs· ua:: RXRs 

<I J ~ ... "'"" LUU receptors Yl~fl~1\J~>JL~f.lfJ\JL'Wtl Ll'I 

... ., d 1""" " Ln~m·rnt1~'il'laLrn::Lwt1 lHn~m'i'1'i1~ 

hh01uoie 1tl tlvvuuuni~uu1~na>J~~1l~ . . ... 
d 

Mnlfl\JYltJ1Yl'2Jtl~ retinoic acid (RA) L\Jtl~ 
CV t QI l;; ~ 

v1 nan~~ n a 11a1 >J1'i t1 uu u~n1 'iL w" 

~1'U1U'lltl~L'l1a~iJ::L~~ 1~ (antiproliferative 

effect) l~u RA ~:: 1tl~tJO\J RAR LLd'1jjtJ 

~aiJwu5nu activator protein 1 (AP-1) 

complex ~~ l~u~11tlifu AP- 1 a1"1'it1 

~ .. 1 .cii.Q.I CV 9'CV 1"" :: iJu!)'1iJW\Jllfl\J c- fos, c- jun ~~1£1 YI~ 

<I... il I AP-1, c- fos ua:: c-jun nv~tl~ un~iJ 

transcriptional factor ur'unu 

I J' 1tl.. I transcriptional factor LV1a1u;;i:: mmorn 
... " .J ... 

n"l:anum"la~L~'l1::vi mRNA fl\J'H1tU 

" promoter region m"ln'i::Ol\J AP- 1 

complex ;;i::li1 l li'ilm"lai'1~a1"l growth 

factors, inflammatory peptides, oncogenes 
Cll ~ I '1 

m:i:: tumor promoters t~a~t1LO~n1"lLLrn~1 

..,: . " "' 1 "-::t LwiJ;;i1lnUL'l1aaonirn1 Li.JtJL"l1 vi~11'i 

retinoic acid Li1a~1~mu 1i.Ji1v::Li'.Ju 
" .. .J... n exogenous RA l'l"lt1'11'iYl'1~L~"l1::l'I U 

Lif m~ti'lleN~1./Jn1fJ (endogenous RA) ~ 
vni.i RA ~::'ltl~\JO\J RAR vi'it1 RXR LLa:: 

;;i:: 1 tl'i1i.JO\J AP-1 complex ~u~nru .. ... :: " 
promoter region i.J~JafJ\JfJ./Jn1"lm::oiu 

<f ... :: I "' 

AP-1 complex ;;!./Jali.J1'it1f.ltJU~m'iLlU./J~1 
~ e _, d d CV 

L wi.i;;i1u1m'l1aavni.im n"lrun'l::~rnrn~ 

1 .J'd .. . .. 
all-trans RA mummrn~a~ 'OJ~Utli.Ji.Jr.Ja 

oit1 normal signal transduction ~1fJ um: 

J' , ..J 1" m'ia~a~?Jtl~ RA '\JUtli.J'1./JNa l'I AP- 1 

41 

'1 QI ~ CV 

'11i.J1'it1vtJO\J c-fos, c-jun l'l'itinu DNA 

sequence motifs 'l~ r.Ja?imn~ trans­

activation 'rill~ target genes ua::Ln~m'i 

LL U
1 ~ ol 1 L vi iJ ~ 1 \J 1 U L 'l1 a ({ li 11 \1 L fl ~ 

malignant transformation ~1i.ii.i11~1125 

RARP AND SQUAMOUS CELL 

CARCINOMA (sec) OF HEAD AND 

NECK 

<1.J ... !I • " 
i.i::L'i./JYltJ"lL1tUv1 ·n~::LLa::a1~t1~1u ;;i1nm"l 

!! I "• ~ <I '°' .r '°' v1nlfl'WU11 ~J u1rrn::L "l~~U ~UL0~'11fln1"l 
" 

'li.ja1m'it1LL'1~./Jt1t1n'llt1~ RARP uu target 

gene vi'imn~v1n~1~mu'li.l~t1uaut1~oit1 
" ... ... 1 "' :: t m'in"l::~mrn~1~1i.iurn um"luuu~m"l ~ • 

<I 5 27 .,j • & • .,j 
'lltl~i.J::L'H ' Li.JtlYl1n1"l trans,ectton LWtl 

1liilm'iLL'1vN RARP LU sec cell lines 
.. :: 1" I tlfl~"l~ LLa:: l'I RA treatment WU11 

... :: ..,: . " :: 
a1m"lt1t1uu~m"lL wi.i;;i1u1uL 'l1aa "l1i.JlN 

n 1 'i L ti ~ fl u LL tl a~ "l tl ~ 1 ~ 'll ti~ L 'l1 a a" vi 1 £l 
" ... ~ .J' .,j I U 

anl:ftU::?Jt1~ L'l1aa L mu mutl'vi~at1~wu11~1 

ma~~ua~ LLoiiltl~i.J1tU'lltl~ cytoplasm 

mmrn::via~at1nt1t1n;;i1n culture dish lu • 
~a~ i!u?it1 RA aim"lmvi~mthlliilm"l • 
ua~~'llfl~ RARP Lvii.i~u LLa::~mhlli'Ln~ 
terminal differentiation lu sec lines 

na 1nm'iLn~ terminal dif-
:: ... ... " ... 

ferentiation uuai.iwulln\J cell-cycle 

tl
.J .,j 1 I regulation (J YI 6) L'\Jt1~~1n mn~ G1 

!11 I A ., .J • " J phase LuU'lf1~ri1~'lJ YIYl1l'l\J1YlmU~i.Jm'l 
~ .J' • " ttl .. .J .. L 'Wi.J'll\J'2Jf)~;;i1\J1UL'2ma "l~\JYli.JUYltJ1YI 
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~l~ty ~a n~JJ cyclin D family 1~mi 

cdk4 ua:: cdk6 L~U.1 cdk complex if~:: ltl 
m::~u1'1Ln~ hyperphosphorylation ?Ja~ 

retinoblastoma protein (Rb) m~:: Rb if~:: 
n"i::of u transcriptional factor n~JJ 

elongation factor 2(E2F) famil/
3

'
36 n1 

1 iLn~m"iLL ti~v11LLa::L ~1J~llJ1UL'ZfmfonJJ 
1Jl ("itl~ 7) 

\J 

m"il\-1 retinoic acid lmwaa 
J' d .I 

L umuan~aa~~::al1Jl"itrn~ cyclin 0 1 'lf~ 

Cd.kl ·oyolin B 

Sumiltra Charoenhinmyingyos 

LtJuam:anv11'H~~'lla~ cyclin D family if 

1~ r.rn~an11"1Ln~ dephosphorylation 'lla~ 

Rb ~~n1ll.fL'lfaam.1~m"iLLU~v11LLa::L~1J • 
~1U1UVl11J1Jl (G1 arrest) uan~1nif 

CV QI QI ~o.J 

cyclin D1 t.1~aJJWU6nUn"i::u1um"i trans-

cription ua:: posttranslational modi­

fication m"ia~a~'lla~ cyclin D ~::n11"1 

AP- 1 activity a~a~~1t.I 

" ~1t.I 

Cdkl·oy-olini. ·A······ 

.J 
Jtlt1 7 

o, M 

Start 

C dk2-<>yolin ll 

dk4·oyolin D 
Cdk6·oyclin D 

. 1 .. .., .. ,3 " 
ml'lml~Nnl')'Yll~l'UVu~ cdk-cyclin complexes 'U1~~')tJuWl1iHl (cell cycle) amrnu~~nmu 

m.J 1~u cyclin D ~::·rn.1il~ D- type cyclins ~~illJ.Jtfil~ (Adapted from C/Japterl 3: 

Regulation of tlie Eukaryotic Cell Cycle. In: Molecular CeII Biology, 2000:526) 

MldG 1 

Jl1l'llLil~~m1J.JtlJ.JW'Utfo:~i1~ regulation of Rb protein ua:: E2F activities L'U late G, nu 
cyclin D (Adapted from Cliapterl 3: Regulation of the Eukaryotic CeII Cycle. In: Molecular 

CeII Biology, 2000:527) 
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RARP AND LUNG CANCERS 
.,J <:S • I ., !11 .J 

L 'U u~~lOi.J::L 'l~uu~tNL umll L l101YI 

n1hf~fthtJLatJ~ivilmh~uoiu 'l ~~ii~ 
u u 

~mnmi:: 1li~11mtuhnui.1::L~~'lfil~ifmn 
:: .J.J fl ."I 41 d I 1 ti A 

'l1i.JYl~Ol'l~U\ll1'l'lf~ L u'Uu~~tJYIO fl mn~ 
<:S A J' ti 29 g I 

i.J::L'l~'lf'U~'U~1tJ ~lOOl'lv1mflWU1lffl'l 

... 1"1 ,J,.. •1" • v.J u ~viu U\ll1'li.Jmrn1 l10l'lYlll1'UlYl'llu~ 

1 .,:: <:S~ 
retinoic acid (RA) 'UOl'ltJutNi.J::L 'l~L"tJ 

1tJ37 fati RA ai.JW'UBOUOl'lLLa~~uuO'lJu~ 

uu p21 WAl'l ~~;J~LiJuai.11~nmH1tbmu1u 

n~i.i cyclin dependent kinase inhibitors 

(CKI) r.Ja'lJeN RA n11l1m'lLLa~~tluO'lJeN 

U'U p21 WAI' L ~i.J~'U38 ~~nl1 l1L u'lQiu 1 un~i.i 
~ .J' • .,.J., lil" .. CKI L Wi.J'll'ULLa::Ylll1'UlYl'lJ~'lJ11~ i.J l1L'lfaa 

L'li'1ij S-phase 'llu~ cell-cycle
36 1~t1lu 

uuB~m'lnl~l'U'lJtl~ cdk2-cyclin A ri~r.Ja 
1 l1' phosphorylation 'llu~ Rb protein LO~ 
.J' 'l " " ... " 'lJU ~uava~ ~rn~ua~m'lm::oiu trans-

criptional factor n~i.i E2F ~~n11l1Ln~ 
' Q.I ~ • e'tl 

nl'lLL U~O"l1L Vii.J~l'U1'UL'lfaau tltla~O"lli.Ji.Jl 

('ju~ 6, 7) ri1um1i.iai.iwmfoa~ retinoid 
u 

., <:S ... J'.J' ,., ., 
receptors nui.i::L'j~'lf'U~'U 'll'Uu~nuan'ljru:: 

~ d ' c!I ~ "!:S 1 
'llu~Lwaai.i::L'l~ na11~ai.i~v1n~1 u 

epidermoid 

~1Lw1::oiu 

I d 

lung cancer wu11i.im1i.1 

RARP2 Ln1Ju
39

·•
0 t~v 

RARU2 'j')i.J~~ retinoid 
d 1 e' .¥ d I 

receptors u'U 'l mwaaL'UtlLtJuYl~au~ LLO"I 

I 1 '"" 1 "' :: t WU11 i.J i.JUYIU1YI \Jfll'jtJUtl~fll'j onrn~ 

<:S " " ... i.J::L'j~~1001')0'j::oprn1tJ RA Ll1i.Jtl'U 

~ J' I e' .f .,, 
RARp2 'Uu0~10'UWU11L'lfaaL'UtlLtJtl 

non small cell lung cancer (NSCLC) 
., ., .. ., 41 ... 
ai.JW'UllflU RXRa l1'ltl bron-

43 

°" Q.I .-Q.I A 
choalveolar carcinoma ai.imrnnu RARp 

fl " Lu'UO"l'U 

RARU AND BREAST CANCER 
<:S" "'_., <:1.J..,:. 

i.J:: L 'l~ LO"l l'U i.J~ ~Lu 'U i.J:: L 'j~YfL U '\J 

al L l10l'llfl~ 01') LatJ~ivi 1 u l1tY~ Ltl L ~tJ L i'.l u 

ciu~u 2 'jtJ~~1ni.1::L~~u1ni.i~an 1u#u 
u 

LL'lniim'ltl1 tamoxifen ml'li'tiJm'j-!ntn 

wu11a1m'loa~civi·nm'lV11tJ'llt1~~t'.htm~ 
'U 

l~url1~iiumh~ty oi aml~ifo1'lY1~au~tl1 
im iimmLa::a1'ja~wuci'i.11 l'll'~1i.11 u m'l 

-!nm ( adjuvant therapy) wu11'li1tJ 1 l1u'l:: 
~ A 1 41 <:S <> J'c1~ .J' 
"YI lllll W 'U fll'l'jOlfl i.J:: L 'l~'ii'U~'U~tM'lJtJ 

~1nm'l~nmwu11 ATRA aii.11'jouu~~ 
~ e e' <:S ti .J.J' I 41 

m'lL wi.1~1u1mwaai.1::L 'l~LO"lllJi.JYl'll'Uu~nu 

Uv'l1i.iu estrogen (hor-mone-dependent 

1 .. J' .,J 
human breast cancer) UL'lfamirnmu 

Yl~aa~l~ (in vitro) ~~wu)1ai.iwu6nu 

RARa 
42

'
43 LLoihia1i.Jl'ltlUU~~fll'j lvi'llu~ 

e' dl I .J e't L'lfaa YI i.J W~llu'l i.J'U (hormone-
.. .,J 

independent human breast cancer) L'UeN 

1 ., ' J'q Q.I ~ 
~in mwaa rna1ui.i'l::~u RARa vi1 

ti CLI I ,:$ ti 

'Uu0~10 RARa LLa1tJ~WU11i.J::L'j~LO"lllJi.J 

ai.iwu5nu RARP ~1tJ45 ~~wul~~~L'lfaa 
~~~ llu'j1i.iu LL a:: hJ ~~llu'j1i.Ju Lrlu 1 li 

1 .. .r..r "1" ATRA 'UL'lfaaL'UtlLtJClffli.Jl')(l0')::~1J l1 

Ln~m'luu~~m'llvi'lla~i.1::L~~LLa::intl1L'li'1 
rim::u1um'l apoptosis (programmed cell 
u 

1 "46 ..J 1 " .J death) ~ "1'U01'l l1 RA treatment YI 

~hum~ RXRs L'lilJ 9-cis RA ~:: luL~i.J 
U'l::aY15mmrn~ RXRs 1um'lLl1~tnih1l1 

RARU 
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1utrn 1nm·ah1'"1Ln~ apoptosis 

ifu jjcSau1v~mflLfiu1nu~u bcl-247 ~~ 
\I 

~~Li'.Juttl'iGllJ1un~>J anti-apoptosis n11\1 

Bax ~~LUU pro-apoptotic protein n1~1u 
1~ Ln~m'il1&~a1'i cytochrome c v1n~u 
1u'lla~ mitochondria aan~ cytoplasm ltl 

~unu Apaf 1 protein LLa::: Ln~m'in'i:::~u 

caspase cascade n11\1Ln~ apoptosis 1u~ 
a~23, 47 ('itl~ a) 

1'll'ai'1~ttl'i6lu1un~mHH bcl- 2 family 

t~ [J t U'iGllJ1lJnq2.Jif LL u~ Li'.l u nq >J pro­

apoptosis Lrn::: anti-apoptosis ~~mn1l1 
.. .¥ ..i .Jl .,., 

RA treatment L'lHHH'\JflLUtll1 ~'i\J RA v::: 

ltl "':: • 
El\JU~Ol'il11~1'\J'lltl~ Bcl- 2 Lrn::: Bel-xi 

• \I 

---------------10 :rophio factor receptor 
PlaSllla m embrane . . 

~ Death 
~Cleavage of s ubstrates 

O uter 

mitochondrial 

membrane 

Apof 1 

P,-r-oc-n-sp-o-so"""~-. I Cespase3 I 

Caspasc9 J 

/ 

Cytochrome C Io ns 

tl .J 1 " 1 ~ ;.f ... t .. ~ ... .r "' fl ...... 3 11 8 mvmff~·rna nn1·nn~ apoptosis unonrnu-:iunmmrn ~CliJ'IJuornu~-:iu LiJDL'llml lm\J retinoic 

acid ~::iim'im::~ul-HiinTHVl~Du~mH ion Lii1ijL'llaii'r.i1um-:itln-:i Bax (homo- oligomeric 

channels \J~L1lllr.J1l-:J'IJD-:J mitochondria) ~-:JlUUNal-Hiim'iH&-:im'i cytochrome c ~101l1Cl1u 
mitochondria DDnijsnEJUDn l\~Dltl~unu Apaf- 1 (adapter protein)lu cytoplasm LLil1iim'i 

... • ... • • ltld n .J .r .J "' m::01ua1~uorn 1 'IJD-:J caspase cascade U1 \Jnl'iVl1tJ'IJiNL'llaa un~~ unn~1num'in Bad 'll-:J 

Li'.Ju pro-apoptotic protein ltl~unu Bcl- 2 LLa:: Bel-xi (anti-apoptotic proteins) ~::ffliJl'iflUD-:J 

nu Bcl-2 ih Bcl-xl(anti-apoptotic protein) ltliitJ~ff'i.i~ufinu Bax channel ~-:i~hlli Bax 

:'I ... ~ l' ' ' ,3 l ' "1"" ; channel u~a-:i ~-:iuu ion ~:: iJffliJl'iflmutrn-:im-:iuLLa:: iJffliJi'ifln'i::Olu \1Ln~n1'i Vl1Cl'IJD-:JL'llaa 

(Adapted from Cell Chapter 23: Death and Its Regulation. Jn: Molecular Cell Biology, 

2000:1049) 
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Target coll 

~--=---
Caspnso·S 

L,_...::.C...::.as...!:p~a.:::...so=--.:::...3__JI •••• "" ·-........ 
penth substrate~ I DEDD 

nuolcus 

~ti~ 9 mmnw1~m1>Ja>J~lJG')~\1i1~ procaspase-8 O\JO')::\J1Um')lflO'l apoptosis. DISC (death­

inducing signaling complex) th~ml\J~1U procaspase-8, FADD (Fas associated death­

domain-containing protein), CD95 m1:: CAP3 ld!liim')m::~u procaspase-8 '1~n1Ll1 DISC 
... 8 • .., "d "' m~oiu caspase- llfl~ caspase- 3 011>Jfl101\J llfl1>J01'jm~oiu DEDD (death-effector-

domain-containing DNA-binding protein) 1u~a01 li11l1iim'ju\JB~m'jflflmia1thQiu1uu1-, 
lYl~ml ih1tJijm')O'l1UtJ!l~l'lfflfl'lu~~O'l (Adapted from Carsten Scaffidi. Current Opinion in 

Immunology 1999; 11: 28) 

RARU AND ACUTE PROMYELOCY­

TIC LEUKEMIA 

Acute promyelocytic leukemia 

(APL) Ln~~ln reciprocal translocation 

')t"r111'3LL'lJUU11'lJtl'3t~')t>J1'2f>J~~ 15 LLa:: 
" 

17 t~uuut~')L>Jh>J~~ 17 ii RARa 
" 

•49 .. 
U')')~tl~ mn>J translocation 'lltl-3 RARa 

nu promyelocytic leukemia (PML) gene 

1uu'31~'jt"h"fi~ 15 ~::n1ll11n~m') 
" 

Ln'l'~'3t1t1n'llB'3 fusion protein ~L~un11 
49 " • v .J ti PML/RARa 'lMYll"r1Ul'VIL lJ transcrip-

• U d I U 

ttonal factor Gl1"r1U'3L~unu PML/ RARU 
.J' I .. .. 0 

U~tGltJU('i'Utl'3Gltl ATRA ~'3>Jnl')Ul 

ATRA mlmu protocol 'llt1'3nl')~nl:l1 

>JtL~'3LiJ~L~tl~'lJ11~il~ APL 
49

-
61 ~'3v1n 

nl')~Ol:ll'WUilal>Jl')tlnll lfLn~ re­

mission lu~thu1~ i.rnn~1n1~1u'lf1'3'llt1'3 
" 

induction phase LLa1 U'3al>Jl')tilmlJ'lf1'3 

'lltl-3 maintenance phase 1~~1u ut1n~1nd 
U I 1" .J V U'3'WU11nl') "r1 RA treatment 'Vlfi')tGlU • 
RXR ~::n1ll1RARa1u·n>Jnu· RXR 1tlu 

RAR- RXR heterodimer ~'3v::La~>Jq'VI~ 

'lJtl-3 RARU lum')m::~u RARE 1~~n11 • 
nl') 1 lf L WU'3oi'1 l~oi'1"r1d'3 t~u~:: 1 uiimloltl 

phosphorylation 'lJtl-3 Rb protein m1::n1ll1 
"" 52 .J'u "" v 
Ln~ G1 arrest Gll>J>Jl . ut1nvlffUU'3>J~ 

~ n l:I ln a 1 n n 1 ') L fl ~ a p o p t o s i s 

(programmed cell death) lu APL ~n~1u 

fam~t111a>J~ufinu procaspase 1, 7 ,8 

LLa:: 9 RA treatment ~::-Hmhllfiim')L~>-J 
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?f t.t'llu-1 hh~u procaspase 1 ua:: 7 ~'3'1:: · 
QI Q,I ., Q,I ti 

'1>.Jrl'UfifitJOl'm'l::~u procaspase 6, 7 
23,50,51 t .... .... .. 

Lrn:: 8 Gltl procaspase- 8 ;,i::a>JW'Ufi 

atjnu death- inducing signaling complex 

(DISC) ""l"' ·1" u.rn l1 RA treatment ;,i::m l1 

LiiGl autoproteolytic activation Lf1u 

caspase 8 ~'3'1::'H"''mi'1~ cytoplasm Lrn:: 

~ntlwn1~ apoptosis signaling pathway lu 

~aGl2s,50,s1,ss ( 'itl~ 9) 
• u 

JI <$1"'"" ... "l1 n'YI n a11 i.J1"l::rnu GJ111011 i.JULv 

~I J .. tl t .. I ~ .... Lu\Ja'l'lYli.J '1:: tl'lflJ011'31 "10ll1tl'11\1'1\J 

iJ'l~tiU luLL~01'1L"l~fYL&iul01'llu'3L'lfna 01'1 

wwiu1·lnNol'1~uu 01'1>.Ju-lL~u ua::iJ;,i~uu 

l~iim'1tl1>.J1 l'lf-rmfl t '1~'Yl1'3~1'HU-lvl1'11 
mnmEJ L'liu l-li''i'nti1ib h~a::L~GJL~u 

. , 1.ol d JI 1 
Lrn:: photo- agmg LLmL'ltl-1\1\J-lYl'Ulau "l 
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