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Liver X Receptor (LXR)> &4 T stz A U AAALE F
WEe Fd 2EsE 9s @ LXRE JEFYU2EHE ol #Boss
ABCA1, ABCG19| transcriptions % 2&}7] wj&o] Sm7sle] £ X8 F 4o
H71 %= sHARE, A A3 S A3 SREBP-19] transcriptiondl = 93-S 11
U7 wEe] AP RS dorle ddelr|: stttk A TgrellA
Topoisomerase lla7} LXRQ] isoform % 3}1}9l LXRBS} interactions 3}
transcriptions *4A3dtE HWALZRAAR} 71%5S A A ks AL skt
ATH7F Topoisomerase lloi= LXRBS #HA}zAQIx=A ABCA1, ABCG19
transcriptionol| &= &= TATF SREBP-1c9] transcriptiono] & 9gS TH
Bt Als Feleaith

Topoisomerase IlI= -+ 7}# isoform¢! Topoisomerase Illa (TOP2A)<}
Topoisomerase || (TOP2B)E 7}Alal 2al, F isoform< 79%<] homology=
Holt} isoform¢l TOP2B&= LXRBS HAMEAlo] S F=x selstaxt
luciferase promoter assaysS &L, o w LXRBY o] TOP2Bel
o= FT7HEHA oS FRlskSlth. o]+ isoform 7Fe] =2 homologydll =
t7skal TOP2ATHe] LXRBS] 5|4 ¢l coactivator functione 7H4+= Zl&
ojujgir}, W E AAoA TOP2AS] 248-692 amino acid & (TOP2A-
P 2% LXRBE] coactivator24] 7]5dth= AS E1s nl d7lel, 1

¥} -&-sk= TOP2B2] homologyE H] w3kl TOP2B2] 269-713 amino acid

1z
M

i (TOP2B-l) fragmentE #| 2} 3AT}. F fragmento] A=A A ZA D&

oy

=]
n
glstarz} luciferase promoter assays S3ll promoter activityE =743t
TOP2A-Il 532 91%°] & homologyol = &332 TOP2B full length$}

upz7EA 2 TOP2B-lo] 93t F717F HolR| k9kom, LXRBLHS] interactionol]



AOIAE TOP2A-I9 ztolE HAATE wlg- M2k Hto] fragmento A %=
ArpzEjIAZA 9] 753 ZpolE HAY] wiol| F fragmentol] A& ZFol S
Zk312}, TOP2A-119} TOP2B-II¢] secondary structures H|uslSith 1 & 7}
A gd F&21 TOP2A2] 611-656 amino acid”} functional subdomain -
A Ao diste] I FES TOP2B-I9 4-338H= TOP2BS] 632-677 amino
acide} v mutantE A 2Hs}) 3L, luciferase promoter assay % GST pull down

1’33 d Fato] TOP2AS] coactivator functionel] #+ofste= F-3it9]

o 3e & ¥33 secondary structure 4 a-helix, B-sheet =17]9l

24
9,
il
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32
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< HHE mutant (TOP2A-Il mt L, TOP2B-Il mt L)&

A2l a1, luciferase promoter assays &3 TOP2B-Il mt Lo] TOP2A<]

rr

coactivator functions & 53sl= AS #Qsh 4+ AU o= F3] TOP2A 575-
682 amino acid o] LXRBY HAIZHIx=ZAM 7]5ste T L3 FEow

A7k,
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Figure 1. Activation of LXRB-mediated transcription by TOP2A..................... 12

Figure 2. Coactivator function of TOP2A-Il through protein-protein interaction with

Figure 4. The structure and function of the part that was expected to be functional
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Liver X receptor (LXR)<> nuclear receptor family < 3sjubo]m, Zubko =
natural ligand”} &<1%%] ¢ro} orphan nuclear receptor® =-HF% %o}, o] %
oxysterol©] LXR<] natural ligandd o] 15T (1). LXRS type |l receptor=

1,

ol

Retinoid X receptor (RXR)%} heterodimerE &Aste] HAAIEAHS oA
oluj corepressore} 7 AgHEle] target A transcriptionS 2] A g}
LXR2] HAEA LS ligande] 5o utel 22X A F+=d|, ligand”} ligand
binding domainoll Z3gslA =W conformational change’} UojuA o
corepressor’} Wolx urbAl "tk Z18a WA coactivatoret AgHEtAl E
olu] coactivatore} Ao =M target F-Z1AH2] transcriptionS S 7HA| 7] A
At (2, 3)

BE A

s

o AAA Tlsole FdzdHEe] dFHor sk 1
Fol FHrdtA WolAA HW AESAES YA Hu. FdlzEEo] S4HH
)2 M2} vascular smooth muscle cells (VSMC)oll foam cellS 3AJslaL
Uolzl S eHdstss fEdtt (18). FuAEEo] Holl Aol RS
2tz AFZY ~HE % (reverse cholesterol transport, RCT)S %3] A%
ol FP2HES A "Fowr  Hslsle] wjEE A Hid, ol
2] Al 32 = ATP-binding cassette transporter A1 (ABCA1), ATP-binding cassette
transporter G1 (ABCG1)S &3l 9Fd2HE 5ol #43t} (6,7,9,10).
ABCA12 transmembrane protein®. = 3IF3} = ¥, oA EoA  HEol
13 ¥l nascent high-density lipoprotein (nHDL) particles 241 &17] 98l free

cholesterol (FC)¥} phospholipidE A3 4 apolipoprotein A-l (apoA-1)o.=

—_



SHEHE S gt} (18,19). ©o]E E3l A A 9] cholesterol F4& "=
A3 gk ek ABCG1S T2 tiAAxelx] wdwm nHDLE HDLE
st Hsl AE52¢] FC efluxs 33t} (18,19,20). ol& &3l HTA o=
ABCA17} ABCG12 FHZHES Ho2 olFAlA FH2HES TFo=
Agste] wEste=d 8% 98-S sl (18,19,20). ©]uf ABCA1, ABCG19]
transcription2 Z43l= A o] LXRO|th LXRS AlXEZ U Fd&HE 5% S7H

Heeks ZHlzEE AX ddS sy, ZdlaHE dHRstERE O AR

il

usay] A8 FAsHAE EE 9w, §F, M8 2 9FNoe] A3

et
i

o
Ho
o
e
A

HHE FHAF transcription (4,5). LXRel <]t ABCA1, ABCG1<]
1 F7HE E3 RCT #Ao]l Mgew d o Z#=HEC] AAEH (7),
oL TWAIY F& AR HAFoE AAXZL Ytk (8). LY LXRE

AAFAAS FFA7]= F7#<QAA Sterol regulatory element binding protein

(SREBP)-19] transcriptionoll %= 33k 531 AT} (11,12). SREBP+= Fd & H =3

!

Aukak A Qe A AA AAIAR A low, basic helix-loop-helix

leucine zipper superfamilyol] <3ttt o]23t SREBPC| isoform % 3Fu<l

)

SREBP-1ci= 44 4 R Agata} e f3AE 248t dds 9

i

(15). LXRo] &A3lxw SREBP-1c9] & mF3k Z7bsbry] wjiEo]l Azt
(steatosis)e] WAsITH=E HarE ATk (11,13,14). wWEbA, LXREY A 3sh=
A ~EE FES A BRE ofYgt AAFAEES FXAA AR

= UL = H o=

AARE FEslz] wjio] LXRE activatione 74 3}¢] targeto] ¥7]% 3} uk

HoAfpAe]l MaPdol A topoisomerase lla (TOP2A)7} DNA<S] topology

el 7% Yelx LXRBe EolA<l coactivator functions 7HAE AE
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A

HA = dek A7 TOP2A7E A& 2~ElE %5 #ofst= ABCAT,

O

ABCG19] expressione S7HA713, AAFAHS  FFs= SREBP1cY
expressiondl = 9GS FT#| &= FHY TOP2Ae] EA3 domain &
(TOP2A 258-692A.A, TOP2A-INTFe. 2%  TOP2A A domaind 72

functionS 7FA21 & AL ATt (16).

o

Topoisomerasei= ZI3AE oA DNA topology ©AIE ZA3E T2

@4l Topoisomeraseol|= 28 7]l wel type |, type 22 =,

Topoisomerase == DNA ©|%F 714 % 3 7}9S-, Topoisomerase |l (TOP2)&

DNA o5 7te RFE ddd § ATPE ARgste] oAl A9 F9&
Agsltt= 54o] Qlt). o]e]g Topoisomerase™ DNA HA|, AL, 2k
AMZT 22 DNA 4 FAHoA Be #AodE st (17). ol#I 5 S

7Fd TOP29] isoformq] TOP2A”} 7]<=2] DNA topologye Z43dh= o]
ol LXRB®| coactivator® 4] 2H-g-stth= 3lo] Aadgoll A 1= ATE (16).
Nuclear receptor’} 2] FHAES FAS ), coactivatori= nuclear

ol
==

i

S 3t} (21). Nuclear

rir

receptor’t 54 S wH= b E5S T

i

o
el
receptor’} agonistol] ]3] activation W =& A7)} 35}

rr

A4 B

ol 2} nuclear receptor’} %43t RE H4A7F B3 7] wjiol, nuclear

i

receptorits ¥ Aoz = XugE thE FHES X

et
off

FE vk 137
=l nuclear receptor®] ©]32 Hths}ele]™ coactivatorel Fste] target
b= fraxkE 2dsAY, BdAA YA sk FHAE AL e s
AAstE Aol sttt (22). UA HFEo] LXRE activation 74 3=

A58 & PANE Ao XS A7) o] LXRe] ABCA1,ABCG19]

transcriptiono| ¥+ &S = = QA o] WA A He] PO R G
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T3k dgAFolA TOP2AS] domain 5 574 F&o] LXRBY specific gt
coactivator= 7|53ttt RS ERlsgity. 2y ofA7bA] TOP2AS]

coactivator functiono] TOP2B$}e] ojw st %32 xfolo] 7]Q1dk A 1A 3l

gtolwl whzb gloh Aty Aol 4+ human TOP2B7} o} rat TOP2B<}t
U g)7] o), 7S specieso] ] TOP2AWFS]  coactivator®  functions

st=Aoll el = FRAEA et weEbx, 22 speciesol A TOP2A%}

TOP2B<] functional domains H]nl 4] 2 coactivator functionS 221t o 2 4

HEA o7 T isoform 7Fe] Fx3, 7157 xtolE FHstaat skl



A7 B
A=

A3 v Fol] AL-8-3F DMEM (12800-017)81 %] ¢} Transfection*] A}&3F Opti-MEM
(22600-050)= Gibco (Crand island, NY)A| < AF-&3}9It}. TransfectionA] A}-83F
lipofectamine 2000 (11668-027), lipofectamine 3000 (L3000001)-> Invitrogen (Grand
Island, NY)#| &< A}-8-342]t}h. Dimethyl sulfoxide, DMSO (D8418)3} T0901317
(T2320)>- Sigma (St. Louis, MO)A| %< AF8-3}1 3L, 9 cis-retinoic acid (GR-101-
0025)+= Biomol (Plymouth Meeting, PA)#l| &S A}-8-3} 31t} DNA construct #l| 2} A
A&3F Alsta A Apal, BamH 1, EcoRV = NEB (Beverly, MA)A| %2 AF-&3F%I T}
7123l |uciferase reporter assay*| AH8-gt |uciferin (E-1602)+= Promega (Madison,
WI USAAES AM23}3It}. B-galactosidase assayoll AF8-3F ONPG (N1127):=
sigma (St. Louis, MO)A|%&S AF83}9it)y. 18]l luciferase reporter assay A
luciferase activityS =43 w] AF&3% 7]7]:= luminometer cetro LB960°] ™,
Berthold (Oak Ridge, US)AFe] A#l|s&o|t}. X3l B-galactosidase assay A 53%
=4d ul A&3 7]7]E Microplate spectrophotometer (Epoch)o]™ BioTek

(Winooski, VT)A} A& <]t}

TOP2A<%} TOP2B homology B X

National Center for Biotechnology Information (NCBI,

https://www.ncbi.nim.nih.gov)°ll -&3%¥ human TOP2A%} human TOP2B thHu % o

12} G2 JHE 7FX] 3L, NCBIo| A #|-&-3} Basic Local Alignment Search Tool



(BLAST) Z=2131& o]&3}¢] F isoform 7te] homologyE H] i3}l th.

Secondary structure H| 1l

Protein Data Base sum (PDBsum, https://www.ebi.ac.uk)oll 555 2= human
TOP2A®} human TOP2B9] t©|o]¥ 7]Fo2 A|2+¥l Sequence Annotated by
Structure (SAS) dHl°|HE o]&3te] F isoforme] secondary structureE
grel&tgitl. o] 5 isoform 7+l homologyE Hlu g w A&3lwl NCBIY

, °IA

K
o

BLAST Z21%& o] &sle] F isoforme] &3l 9IAE Elsal

7|15 0 2 secondary structureZ 1}gslo] vl FAE9AT)

Cell culture

TOP2B full length DNAE- &+:.3}7] 9|34 ad293 cellS A3} 11, luciferase
assay 23S W3Yslr] $J8] 293T cell S AF&-3lth & celle 37°C, 5% CO,,
95% humidityS F#|3kH wjFsAtt. 18]lal DMEM (10% FBS, 1% Penicillin-
streptomycin) =]l W]l EE cell> 80% confluencyE %5131 2.1,

o]

i

=2 4k % 80% confluency”t E[1& wf A= cell plate® seeding3} o

v} &

O

shtet.

Construct A| %}t

Luciferase assay % GST-pull down assay°l = 2.3t DNA constructs A 2}35}7]

?13l pcDNA3.0 vectoroll human TOP2B fragment Il (TOP2B-II), human TOP2A



fragment Il mutant (TOP2A-II mt), human TOP2B fragment Il mutant (TOP2B-II mt),
human TOP2A fragment Il mutant long form (TOP2A-II mt L), human TOP2B fragment
Il mutant long form (TOP2B-ll mt L)=- cloning &} th. TOP2B-lI= human TOP2BE
template®= ©]&3}7] 93, ©A ad293 cellol 4] cDNAE 3H43ste] TOP2B full
lengthS &13}3 T pcDNA3.0-hTOP2BE #|2} & Xenotech (Daejoen, KR)A}2]
shotgun sequencing < S 3 Topoisomerase lla sequence®] mutation®] $li=
NS Rl ar, 18]a YA promoter assay®t GST-pull down assay 23 ol
ARESFSITE o] & TOP2B full length constructE 7}#]31 TOP2B-Il fragmentE

o} v 2 TOP2B-II= mutation©] $1& RS shotgun sequencing
WS $3 g2l ¥ promoterassay % GST pull downassay 2§l AF&3}3IT).
TOP2A-II mt, TOP2B-Il mt, TOP2A-Il mt L, TOP2B-Il mt L= pcDNA3.0-hTOP2A-II,
pcDNA3.0-hTOP2B-IIE template® 3} mutantE® 3%} &} sequences
7l=o2 < fragment, mutant = Y& fragment, 1% fragment, & 3719
fragmentS A 25k th. 18]lar YA TOP2AS} TOP2Bol| A8l mutant =

BES Az vgA  constructE A FsFPar, o] kA WIHE

B

s

2

HH o g sequence Q1S EFd] ¥dt= mutant’l WHEZR A

o

ks1
R

o

ol

promoter assay2} GST pull down assay 2 goll A}-&-3}3i ).

Luciferase reporter assay 2 B-galactosidase assay

LXRE, ABCA1, ABCG1 promoter activityS =73s}7] 3] Z-2te] promoter
Aol luciferase F73AHE F-2HA]Z1 DNA constructE  ©]-83}o] |uciferase
promoter assayS 7 &35t} Reporter®+ pGL3-mABCA1 (-781/+130), pGL3-

hABCG1 (-530/+37), pGL3-3xLXRE, 37}XE A}&3ldtl. @3 DMEM (10%



charcoal stripped FBS, antibiotics #1<]) H A& o]-&3}lo] AEZE 96wellol plating
st 3L, welld 80% confluencyd ™ A3-S X183}3it). Lipofectamine 2000
(11668-027) HE+= lipofectamine 30005 ©]-&35}o] A|Z=A}o| A A &3l protocol®ll
u}2} transfectionsS 7183}t Transfection 18413 § 7]&2] #jx]°] DMSO

<2 T0901317, 9cis-retinoic acidE ZtZF 1uM= 2] 3F3l T} 18413 $-of 7]&9]
Wi x| = A A3FaL lysis buffer 100ulol] lysis 3tttk 1 % 10uplE  luciferase
assayoll AF&3}%13L, 50uli= B-galactosidase assayol AF-&3}%ITh  Luciferase
reporter assay+ luciferase assay buffer 100ulIS 713+ & 1% &9t #HS
luminometer®= =7 3}%] 11, B-galactosidase assay+ 2x B-galactosidase buffer<}
mix 3 & 37°ColA 5Sminset ¥HSAIZ] 3 420nmell A4 multiplate reader=
A3tk Luciferase®] &4&  B-galactosidase assay #oZ o]
normalizations} it} #H 4 33] WHE 3l d|o|E| & Statistical Package for the Social
Sciences (SPSS, Version 25) T4 X 2135 o] &3] AdUujx] 222 (One-

Way ANOVA) .2 =4 2] a3},

GST-pull down assay

LXRBS2F TOP2A, TOP2Be] 24 # <l interactions ¥<lslr] 98] GST7}
tagging® hLXRP proteinS A}-&3to] GST-pull down assayS X a&taict. w4
GST fusion protein®] conformational changeE +%=3}7] ¢l3l binding buffer
(0.2mM EDTA, 1mM DTT, 0.3mM PMSF, protease inhibitor cocktail 1x (Roche,
iiI697498001) 10uM T0901317E &7 il 4°Col Al incubationd}ith. 12|l

in vitro transcription-translation (IVT)S TNT T7 kit (Promega, L1170)E ©]-&-3



A ZkALe] - protocole]  wEF  IVTE Z&skgitt. T1g]al WA conformational
change® GST-hLXRB proteinol] IVT= #| 2%l TOP2A-II, TOP2B-Il, TOP2A-II mt
protein Z}7ZtS ¥ o]Fo] binding 3IATh ©] & 7]E2] buffers A A H

2xSDS sample loading bufferS ¥ 11, 98°Col A boiling 31t} 18]al 1A SDS-

—_—

PAGEE %39 Ras3lar, gels Axste] Xray HEC] 33U =242 F
stk IVT 2 33lS w B w proteing 7122 LXRB2HE] interactions
=

Q3+ z} inputs 7lEL

o

(https://imagej.net) Z2 1L Ealo] A 3lax}t = M= £x35 51

A

A3lAr). o] F SPSS TS T BAAY ik

rlo

GST-pull down assay 232 5S¢4 o= 33| HHE35}3141, promoter assay 2 ¢
HAa 33|94 Hu 83 WHESIGtE BE AY Ao gk A=

A2 FASAT. BAH  fFeolAde ttest T one-way ANOVAE

=5
AN

ARESte] Hrtelglal AR LSD (Fisher's Least significant difference)=

At e p<0.05 7] 2olE BAHOR fFog Aoz 7FEdTh
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23}

hTOP2A<} hTOP2B¢] LXRBS coactivator24]2] function

H| o

LXRBS] coactivatord] hTOP2A<} isoform?] hTOP2B<] homologyE H]|xld}7|
¢&l protein BLASTS %8515t} (Figure 1A). = A3} hTOP2A full Iength9‘r
hTOP2B full length®] protein primary structureoll Al 79%<] homologyS X.%It}.

o] > hTOP2A2] LXRBY coactivator24]2] function®] hTOP2Bol| A &= H.o]=X]

gtel3sl7] 94l luciferase reporter assayS % 3 &} T},

WA hTOP2A %= hTOP2BE HEK 293T A% oA zpta A 7]7] aia =
hTOP2B full lengths 7%l plasmid7} Z837] wiZo] hTOP2Be] cDNAE
ad293 cellolA] ¥4dale], pcDNA3.0-HA-hTOP2BE A 2H51%Ith. pcDNA3.0-HA-
hTOP2AE= A3l oA AL&3F plasmid DNAS AF83&F0th (16). HEK 293T
M3z LXRE (LXR binding element)”} 1+ promoteré! LXRE, mABCA1,
hABCGS  pcDNA3.0-hLXRBS} pcDNA3.0-HA-hTOP2A =  pcDNA3.0-HA-
hTOP2BE 37 transfection &}31iL, ©]9 hLXRBE &/43}r717] e 1uM
T1317 ligandE A glet3ivt. 18]al 18 AJZF F-o HEK 293T A2 E lysis &}
luciferase activityS =432t} (Figure 1B, C, D). =L Z 3} LXRB7F A 315 A
2+ 9kS o= promoter activityoll o} W 3}7F ¢lAch T8 T0901317 o 23]
LXRB7} &A= ANS W LXRBZ} @5 o= transfection® Z 7oA promoter
activity7} =713t A& &3l Z-2Fe] promoters o] LXRB7} =4 3}= transcription

o O B
TAAA Ae &

-

o
ol

9k, =3k LXRBL} hTOP2A”} §H4 transfection & 1S u,

10



hTOP2A°l oJ&} further activityS E. vt Lol W] hTOP2Bl A= o) gh

Z717F HolA &AL TOP2AY  activityels=  xfo]E  HYYh  o|AS

N

AeAolA TOP2BE  7FA|aL  luciferase reporter assayE %333

A =

=
T

Ho

>~
Rl
o
H
uii
o
T
rO

t}. hTOP2AS®} 72 human speciesE 7172 TOP2Bol| 4]

Hlasl] HlE TOP2B+= LXRBC] coactivator functions H.o]#] ¢FAL xfo]7f

11



A.
hTOP2A and hTOP28B full length

Score Method Identities Positives Gaps
2112 bits(5472) Compositional matrix adjust. 1082/1577(69%) 1247/1577(79%) 87/1577(5%)

B‘ CO
LXRE-luc ABCA1-luc *
3‘10 r KKk > 20 1 *
E E *k*k
g8 | t 16
g6 * 212 -
] o
RN g 8
£ 2} s 4
- 5
& o |‘- & 0 -
- TOP2A TOP2B| - TOP2A TOP2B - TOP2A TOP2B| -  TOP2A TOP2B
D. ABCG1-luc ODMs0

mT/RA

Relative luciferase activity
O = N W b~ O
1

**%
- TOP2A TOP2B| -  TOP2A TOP2B
LXRB

Figure 1. Activation of LXRB-mediated transcription by TOP2A.

(A) Homology analysis between hTOP2A and hTOP2B by using protein BLAST in
NCBI. HEK 293T cells were transfected with luciferase reporter containing synthetic
promoter LXRE (B), natural promoter ABCA1 (C) and ABCG1 (D). T0901317 was
used to activate LXRp. Luciferase activities were normalized by [-galactosidase
activities. Luciferase activities were represented as fold compared to the value of
mock DMSO. Data are presented as the mean + SEM (n=3). *, p < 0.05; **, p < 0.01;

*** p <0.001 by one-way ANOVA, followed by LSD post-hoc test.

12



hTOP2A-1¢} hTOP2B-1¢] LXRBY coactivator=24] 9

function B

AT dPAToll A hTOP2A-IIRFS. =X hTOP2A 714 domain® #-&
functionS Hol= L ISt A B Ao hTOP2A-I
4§38k hTOP2B-lII F-iE-oll A o] xfol7} QQe=A] dolr 7] 938, WA hTOP2A-
112} hTOP2B-112] homologyS B3t} (Figure 2A). =L A3} 91%= full length
Hoh ¢ 2 homologyE XHole ZS st ¥t ¢ =2
homologyE X.©]:= hTOP2B-lI9l 4= LXRBS] coactivator functions 71X =%]
glstr] 913l HEK 293T Al3EolA] luciferase reporter assays %133}tk
(Figure 2B, C, D). = ZA3} 24 full length ©lo]E] ¢} w714 2 hTOP2A-IIVHo]
further activity=S H2.Ith o]= 53] hTOP2B-II7} hTOP2A-II9} & FARA %=
E5kal LXRBY functionS HolA| e+ A& & 4 Uk 1831 hTOP2A-19]
coactivator function®] LXRB2} 24 <Ql interactiono] <J3] e} FAA
213t7] 93 GST-pull down assayE %8sk t} (Figure 2E). GST7F &3l GST-
hLXRB protein} 3°S-Met-labeled TOP2A-II, TOP2B-II protein<- 71431 A& 5} a1,
o] = %3 LXRBL} TOP2A-Il, TOP2B-II 79 interactiono] A Eel&tict =1
A3}, LXRBS interactionol] ojA to]l= H T} o]E =3 hTOP2A-IC]
coactivator functione LXRB2FS] #7449l interactions 53] dojvf= AYS &
4= glom, Z1310] hTOP2A-II7} hTOP2B-lI¢} T2 9%2] domainolA] Azt

Al O]% %1';0-61— 2= 9}1\1;]_

13



A.

TOP2A and TOP2B fragment Il

Score Method Identities Positives Gaps
790 bits(2040) Compositional matrix adjust. 367/445(82%) 408/445(91%) 0/445(0%)

Relative luciferase activity

LXRE—Iuc %‘ ABCA1-luc
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Figure 2. Coactivator function of TOP2A-II through protein-protein interaction

with LXRB.

(A) Homology analysis between hTOP2A-Il and hTOP2B-Il by using protein BLAST
in NCBI. HEK 293T cells were transfected with luciferase reporter containing synthetic
promoter LXRE (B), natural promoter ABCA1 (C) and ABCG1 (D). T0901317 was
used to activate LXR. Luciferase activities were normalized by [B-galactosidase
activities. Luciferase activities were represented as fold compared to the value of
mock DMSO. Data are presented as the mean + SEM (n=3). *, p < 0.05; **, p < 0.01;
*** p < 0.001 by one-way ANOVA, followed by LSD post-hoc test. (E) GST-pull down
assays were performed using 3°S-Met-labeled TOP2A-Il and TOP2B-Il and were
quantified relative to input. Data are presented as the mean = SEM (n=3). **, p < 0.01

by standard t-test.
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function &<l
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Figure 3. The expected subdomain of hTOP2A and its function.

(A) Comparison between TOP2A-Il and TOP2B-Il secondary structure. The
secondary structure of TOP2B, which is the most different from TOP2A, was
compared (A, the red square). HEK 293T cells were transfected with luciferase
reporter containing synthetic promoter LXRE (B), natural promoter ABCA1 (C) and
ABCG1 (D). T0901317 was used to activate LXRp. Luciferase activities were
normalized by B-galactosidase activities. Luciferase activities were represented as
fold compared to the value of mock DMSO. Data are presented as the mean + SEM
(n=4). *, p < 0.05; **, p < 0.01; **, p < 0.001 by one-way ANOVA, followed by LSD
post-hoc test. (E) GST-pull down assays were performed using 3°S-Met-labeled
TOP2A-II and TOP2A-II mt and were quantified relative to input. Data are presented

as the mean + SEM (n=3).

19
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Figure 4. The structure and function of the part that was expected to be

functional subdomain of hTOP2A.

(A) Comparison between TOP2A-Il and TOP2B-Il secondary structure. The
secondary structure of TOP2B, which is different from TOP2A, was compared (A, The
blue square). HEK 293T cells were transfected with luciferase reporter containing
synthetic promoter LXRE (B), natural promoter ABCA1 (C) and ABCG1 (D). T0901317
was used to activate LXRp. Luciferase activities were normalized by (3-galactosidase
activities. Luciferase activities were represented as fold compared to the value of
mock DMSO. Data are presented as the mean + SEM(LXRE; n=4, ABCAL; n=6,
ABCGL1; n=8). *, p<0.05; **, p < 0.01; ***, p < 0.001 by one-way ANOVA, followed by

LST post-hoc test.
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Abstract

The Liver X receptor(LXR) is one of the nuclear receptors and plays a role in
regulating lipid metabolism through gene expression in vivo. LXR is a good
therapeutic target for arteriosclerosis because it regulates transcription of ABCA1 and
ABCGH1, which are involved in reverse cholesterol transport. But it is also a cause of
fatty liver production because it also affects transcription of SREBP-1, a master
regulator that regulates lipid synyhesis. In our previous studies, it was confirmed that
Topoisomerase lla has a function of a transcription-regulating factor that regulates
transcription by interacting with LXR, affecting the transcription of ABCA1 and
ABCG1, but not SREBP-1c. Topoisomerase Il has two isoforms, Topoisomerase lla
(TOP2A) and Topoisomerase I (TOP2B). To check whether TOP2B also affected
the transcriptional activity of LXR[, a luciferase promoter assay was performed. It was
confirmed that the activity of LXRB was not increased by TOP2B. It suggests that only
TOP2A has the specific coactivator function of LXRB despite the high homology
between the isoforms. In addition, as it previously confirmed that only the 248-692
amino acid moiety (TOP2A-II) of TOP2A functions as a coactivator of LXRp, a 269-
713 amino acid moiety of TOP2B was prepared by comparing the homology of TOP2B
corresponding to the moiety of the corresponding part. Despite the high homology of
91% with the TOP2A-II, there was no increase in promoter activity by TOP2B-I| like
the full length of TOP2B, and there was a difference from TOP2A-II in the interaction
with LXRp. As these two high homologous fragments have trascriptional difference,
their secondary structure was compared. The most different part was TOP2A's 611-
656 amino acid. thus it was expected to be a functional subdomain. The mutant was
produced in which the part was replaced with TOP2B's 632-677 amino acid

corresponding to TOP2B-II. Through the luciferase promoter assay and GST pull

29



down assay it was confirmed that the expected part is responsible for in the
coactivator function of TOP2A. In order to specify the coactivator functional
subdomain of TOP2A, the expanded mutant (TOP2A-Il mt L, TOP2B-Il mt L) was
produced, that swapped expanded sequence of the two with a difference in a-helix
and [B-sheet size on the secondary structure including the expected part. It was
confirmed that TOP2B-Il mt L obtained the coactivator function of TOP2A. Therefore,
the Top2a 575-682 amino acid part is considered to be an important part of LXRpB's

transcriptional regulator.
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