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Development of a novel anti-hepatitis B virus agent via Sp1l

1. LU ®IC

BEIFAIEBRF#RY 1 VA (HBV) DE$d 5 &
XS TRIET DA TH D, ET B &L %2R TIH
MDA ZFIELIBIZE S, ZD7=d, BHICHEERZITS 2
EMEFLY, LML, HBVIEDNA V1 VATHY, —
JERRYET % & cccDNA &\ 5 HBV Oy 1 )V A % 584
WZHLD BRDVZRWVER D ARIE DR HEE AR L o T W5,

AIFETIE, 7 AN ZADER (BE5E) (ZR2E72\ Alpha-
glucosidase (AG) %2R & 3 5 [HEH] (Alpha-glucosidase
inhibitors, AGI) % > ¥V aATAIHT 2 Z 2 2 HIEL.
cccDNA DHIFHZ BRI U 7208, & id7e Z L IiZfHERIX AG
ZERE LT oTz, 22T, HERZKEEGL-HE
HMEOBEEFRRTO 7 7 A VRS 5 Z & ClizER T
TH5 SPLWERTH S Z & 2HEE L, ZNE FEERINIZHE
AU [1]) OTHET 5,
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K7 IS A DD S /E S N7z AFAL S N7 R
M2 FHW 7z,

2.2 AV JAIE

FAMS & chooselLD Z H\WTA > ) JR#Z 4T > 7=,
PDB iz NT W5 3LU4HE (20204 2H1 2
HE M TR TR A) 270 —he LT, AGID
Q14697.3 (2 0 2 04E2 H 1 2 HEUAE, Q14697 IZTEHHH)
Bl % D NARKEIE %2 FAMS THiRE U7z, ChooseLD D EEFTIZ
BN FALBYIHES U Tz & 8 7 DNIARKE G DS EE T2 73,
NS DEDFALAYIHNEE L= X V8o DSk GE L LT
IZ DSK (PDB ID 3L4U, A chain), ACR (2QMJ, A), KTL
(3L4V, A), MIG (3L4W, A), NR3 (314X, A), NR4 (3L4Y,
A), SSD (3L4Z, A), 3CU (3CTT, A), XU BJ1 (3L4T, A)
R X Nz, EiZ, ChEMBL307429, CREMBL111326,
ChMBLE108656, &%, ChEMBL421040 ® 4 2 D& ¥
L&Y %M A T finger print DF > 7L — b & L7z, AKos
DALEMZ 14 77V DS, TV T L — hDESFL D Tan-
imoto Index % X:¥£1Z, 3 0 8 9D AGI fEH{ESD Fb&
WaAs)—=2 27U, B 1 20 AGI EHifb &
Y1 (AR, AGI4-AGIL5 &3KG) Z2FEBRIZE ULz (R 1),

2.3 ERDONEBAVHEILL 2BICL D THEREIR

zij € RVM %2 i RHOBEETO j BEOY VTV OD
KERET D, X & oy 2HEELTBHHE L. 2y &
Yiwig =0 RO Y a2 = N 2w &3 ik htn
5235, ZZTTILFH XXT e RV (XTIZ XD
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BLEATH) 2ERL. BERTZ bl u, e RY %
XXT’U,g = )\[’U;[ (1)

Name of substrate / AKOS No / Ranking No.

Acarbose /| — / —
Miglitol / — / —
Voglibose /| — / —

2,6-dimethyl-1-[2-(oxolan-2-ylmethoxy)ethyl]piperidine
/AKOS016935375 / 231

1-(4-methylpiperidin-1-yl)-3-naphthalen-2-yloxypropan-2-ol
/AKOS016182856 / 236

1-(2,6-dimethylpiperidin-1-yl)-3-(3-methoxyphenoxy ) propan-2-
ol /AKOS016050483 / 154

1-(4-tert-butylcyclohexyl)oxy-3-(2,6-dimethylpiperidin-1-
yl)propan-2-ol /AKOS016286797 / 142

1-(1-adamantylmethoxy)-3-(3,5-dimethylpiperidin-1-yl) propan-
2-o0l /AKOS016318436 /172

2-(1,3-dioxolan-2-yl)-1-(2-methoxyethyl) piperidine
/AKOS007774093 / 123

3-[2-(1,3-dioxolan-2-yl)piperidin-1-yl]propan-1-ol
/AKOS007869050 / 131

1-methoxy-3-[4-(4-methylcyclohexyl)piperazin-1-yl]propan-2-ol
JAKOS016924865 / 33

[2-][1-(2,2-difluoroethyl)piperidin-4-y]]
aminolcycloheptyllmethanol /AKOS016984232 / 8

1-[3-(2-chlorophenoxy)-2-hydroxypropyl]-2,2,6,6-
tetramethylpiperidin-4-ol /AKOS016128493 / 13

1-[3-(4-tert-butylcyclohexyl)oxy-2-hydroxypropyl]-2,2,6,6-
tetramethylpiperidin-4-ol /AKOS016287378 / 5

1-[2-hydroxy-3-(3,3,5-trimethylcyclohexyl)oxypropyl]-2,2,6,6-
tetramethylpiperidin-4-ol /AKOS016287379 / 6

X1 A AGI L&Y (AGI1-AGI3) RUOA v ¥ ) agRTAL ) —= > 2 U7 AGI fe:fd

B FeaY (AGI4-AGIL5) DIE#K

Table 1 Information of known AGI compunds (AGI1-AGI3) and AGI candidate com-

MW / compositional formula
/ FPAS score

660.1 / C25H43NO18 / —
207.2 / C8H17NO5 /| —
267.3 / C10H2INO7 / —

242.3 / C15H30NO / 531.5

300.4 / C16H34N20 / 610.3

326.5 / C14H28NO2 / 586.1

326.5 / C1TH28NO3 / 586.1

336.5 / C16H34N20 / 554.0

216.3 / C14H25N20/528.8

216.3 / C15H30NO3 / 481.3

272.4 / C15H24NO3 / 511.7

292.4 / C14H30N20 / 539.4

342.9 / C15H30F2N20 / 531.6

370.6 / C14H28NO4 / 543.4

356.6 / C15H32N202 / 542.1

pounds (AGI4-AGI15) screened with in silico drug design.
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B R R vy [N RV
vy = XT’U,g € RM (2)

D j R TEHHEINS,

FERAT DR FN T3 72 U8 & B A BORINGE 2] T
F T EE LW Y IR (SRIOSEIE M =3 T
HY. j=1MAGIT 2L LY v T, j=2» AGI14
ERELZY YTV, 5 =3 BRMERD T, vy & vpp B
F UMET, v ZIDMEDRRZL>TVWD, WS E5RE
WOBAMENEE L) 2L O0TEROAME v, 28R,

WIZ, SIET 2 BB ue WHIARHTEHI L%
RELT, x ZEOMEEZAVT i BHDOBEIEFIZ P %

Uyp; 2
> <w) } (3)
EWSATNET S, HU. P> o] Z518H z PRI
REGED Y “ROMORMMBEERTH V. o IR
EThbD, 55N P XL EEAIE (Benjamini and
Hochberg [3]) U7z& &, fliiE P84 0.01 BAF DEIE T %
ERT 2,

3. #ER

3.1 AGIZfH{LE¥O HBV #iLH

1 i& chooseLD THE U7z, EEA1 KO AGI &Rk &
D AG ~NDNA VT4V ITHETH B, BRI AGI B
PNZHR 2 & AGLERIEEMD N1 VT4 ¥ THEEIER
PEDHTH 5,

WRIZ, HBV ~O#h R % EBRTHER L 72, B AGI LG
1 AGI1-AGI3 @ HBV HEFRMIGIRNE % fEZR U 725, RhEA
o7z, —H. AGLEMLAOHIZIE HBV BEFEiHI
SROHBEHDNE SN (AGI5, AGI6, AGI7, AGI13,
AGI14, B 2), AGI5,AGI6,AGI7,AGI13,AGI14 2D\ T
X IC50 Z2HER L7208, Blu MBEBETHS, e LTE
2L~V TH Y, 72, FHIRIEDO K E W AGI7T,AGI14
IZDWTIE, cccDNA OHIIESIRDYH 2 Z & HED (K 3),
HBV RS e U CORRIIIEE ERVEDIZE A T2,

P =Py

3.2 AGIEZHILEYMOIENERGRT

U U, — AT, AGIERIEAYI D AGI B8 % FEERI I
BULZLZA, ZORIIR SR 2 DME - 72 (F 4),
HLLUA, AGI ML &YW E T AG OFEEIX EH T2
fHAR A SNz, DED, AGIfEfE L CRE X Wi-bd
Wiz, $HE 7 HBV BEIIERED S Sz it b 5 7,
JF LD AG DEERIZRNTWE S LWZ Db ho720
7o TNTIRREE XNz AGI etk &4 0 B O REMEE
TNIRATZDTHA510 T

ZDREWPMIZT 5720, HEEMIIZ AGIT & AGI4 %
BE LR JFEED =Y > Tz 720 LT RNA-seq %
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1 ChooseLD 2 &k % Wt Al AGI ft & ¥ (AGI1-AGI3)
D AG ~ND N A VT 4 v T AGL &ML & W
(AGI5,AGI6,AGI7,AGI13,AGI14) ® AG ~ D N A ¥
TV

Fig. 1 Binding configurations computed by chooseLD for

known AGI compounds (AGI1-AGI3) and AGI candi-
dates compounds (AGI5,AGI6,AGI7,AGI13,AGI14)

T, ERS O E W87 USRI & 52 H0E R %
FAWT, AGIT,AGI14 125 U THFREEZ K SR THEDOE
bh3d 2 BIET 2 FEE L7z, B 5 ITHREE, AGI7, AGI14
BED=Y > 7Nz, RNA-seq 2 H L TH SN EE
THREATOT7 71V, ERS AN Z2EH LU TERDEFN
ERETIINGUEZBEOBARTH 5, M TREW 2
EARATEOIERBESNDE Z s, 20 3 FEZfah
MEBERPRDDBEZONDE, TNERDZHIZ, HFH—
B, HEERoAatEE2 7oy b L TAREZ (HF6), H
—EROEMEIX, SRR AGIT,AGI4 B 5Y > 7L T
FHUHFG%2FH->TH 0., YRG5 OMENES N/ EHET
ERBELTCVWS, £ K5%2H5s, LOHE MmN E
MEBZERDELSOEMARNIZ, o8, DF 0, FEMK
RO DFERIZKERNY KRR SNE, 2D N5
REBDBEFIIEYERGIZE > TEHIRNZ L ERLT
W2, ZHNIZHLUT, B, BT AM R ILBHE 3
Y SRR > TWB Z L AMRD, B RO AR
1%, AGI7 & AGII4 CHOMEZFEOELETE2RL, =
TR AT RIS FREEIC R LT AGIT & AGI14 D55
USSR EF->TVWBEETEZRLTWS, 2OIZLi2FH
BLUTHOTH 5 DE—, B=FE/AFROBAMAX %Z H
. o, D0, B ERS RO FICIREETO
EIRE DDA TN &S, ik AGI7T,AGI14 1Zxf
LTHDREEZ RIFEIND &S REEFIIDRNI 2R
WRLUTED, AGI7T & AGII4 2F U & 5 iREZ FF o> T
IETTHE2L VI HLDHFFICK L RVERHTHD, —
H. oy, DF 0, B=FRASBEOE FI2IE ETICEE
TFOEBEEOHGEPEFEELTVWEDT, ZThS5A AGIT &
AGI4 THBIZREADPELT 2 EBETIHETHA S Z L0
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NT == ETV C10nM C100nM === C1uM = C10pM
2 AGI k&Y o HBV BEHGIRIE, NT IS, ETVIER HBV 3T v 7
71 e
Fig. 2 HBV suppression by AGI candidate compounds. NT: no treatement, ETV:
known HBV drug Entecavir.
‘< — 150% AGI5 AGI6 AGI7 AGI13 AGI14
g =
Z © 100%
I3
B E 50%
K] 8 1C50=4.9uM 1C50=6.9uM 1C50=1.9uM 1C50=3.8uM 1C50=296nM
£8 o
001 01 1 10 001 01 1 10 001 01 1 10 001 01 1 10 001 01 1 10
§ AGI7 Concentration of compound (uM) AGI14
.,‘6’ _ 1.0E+05 - 1.0E+05 [ —1
N
3 1.0E+03
g E 1.0E+03 *:P<0.05
S 3
§ 8 :NT, A:ETV, @: AGI 10pM, @: AGI 100pM |
M3 (E)K 2 T HBV B M L3 BARE S 072 AGI % flifk &9
AGI5,AGI6,AGI7,AGI13,AGI14 @ IC50, (F) AGI7,AGI14 ® cccDNA #lliEZ1H,
Fig. 3 Upper: IC50 for effective AGI candidate compounds, AGI5, AGI6, AGI7,AGI13,
AGI14. Lower: cccDNA supression effects of AGI7 and AGI14.
Iz, £ I CHILE PEAY 0.01 AR &\ 5 HUEETHEE o QR F DRk Z IR % 72, giprofiler [4] 12
TaBERLU7 (M 5) OFRWES), G CHRED L Ty 7Tu—RU7k, TOME, HEP LA TSH1 9 4E
AIHEEFH] 9 4BIET. PRI LELETH20 8i# EFI3 E2F DFERTH O, N 5 208 {113 SP1 &
EZFThH o7z, E2F3 DIEKTH 2 L WO KA Fo N (B 7). SPL &
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Fig. 4 Performance of AGI candidate compounds as AGI

E2F IZWINBEERNFTH B0, FEAIRET DNA 12N
A VT4 VT T BEEL E2F3 BRT DNA N1 VT A
VITBRGAETIE, MATF—TUNELL-D, SP1 &
E2F OfEEH AGL fEfi{fb AW clHEI N TREEL, SP1 &
A LT W E2F AV 8K T DNA IZFA T 2858, TAGI
fEMEEFI D 5T SP1 & E2F OEMEE T ORBDTH
0. —H E2F3 OEMEEFOFRBIT EN D] L0 FER
2EHE5TOTIRE WS FHIBRES N,

3.3 AGI{E®REEYM®D SP1 ~AD/NA VT 1 > 7 aREH

@), AGI k& U CTRE S Tz /L&Y ORI A SP1 T
Holzl\\WDH L EMERT 5728, B chooseLD % A\
T. SP1 & AGI7,AGI14 OfSG W REMEZ MET L 72 (B 8),
ZDFER, AGIT ¥ AGI14 »* DNA & SP1 D& 2 HET
LZLiEHD DB LRI NT,

3.4 SP1& E2F3D./ v U4y ER

AGI7 % AGI14 @ SP1 ~D#EA % BEEERMNICHER T
L3k o, T T REHE L LT, siRNA
EHWT, BADEEMITSPL 2 E2F3 D) v 2 &Y v
THBV 74 VAOHEIENIIETE 20 2R L (] 9),
ZDFER, SP1 D/ v 2 XY Tk HBV OBEFEA I X
N, E2F3 D/ v 7 X Tl HBV OBGEAIE S 15 &
WA, BT UBRIE FELRWERZ2ES Z 2 Hsk -,

=)
4. &%d

B RIfF Ik, #ETH D, BT 2720 DEDFAFEHE
FNTW5E, SHEITLIE1 o) T kR HWT,
cccDNA DEZINIETE ZBEERMEE2 KRR TSI L1
Hrz, Rz, HBV OMHEINIILRE I AR TH LTV T h
CLEES ISR E2E 2ERE2HEN TS, — /T,
FR Z LAY YD TH 572 AG IZA IV —=v T X
N7z AGT A TIIEES I X v iEr b e, Bk
HID AGLLEYH HBV B kgEZ2 £ 72 e nwS Z &
HHIAL 72, FERORMERM TH 25N T-1%, AGI fEeH
AN O EROBEFRITO T 7 1 VOMEN» S Rt X
N, siRNA & W5 BN FETIEH 505, ZOAERED
MR X -,

REXRPSEZED 1 ZTHIHOK, 1> J8FED T
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PC Scores: genes

ruZ
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rFU3
0
|
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PC2
5 XIFREE AGIT,AGI14 #5051 3 ¥4 TV O R ERND RNA-

seq T — XUZERD AN EBEH L, BETIMNEI N ERS
BROBAR, (L) kil B— 2. #2820,
(&) il - 55— Bk, Mt : 25 =2k, 7R« BRIz 2K
3o & BN 72 3Rl 72 U ST & B ABORIR TEITN /85 1
Fig. 5 PC scores attribited to genes. They were computed
with applying PCA based unsupervised FE to RNA-seq
that measured control, and AGI7 and AGI14 treated
cell line RNA-seq data.

Ov AGEEFRBETO 7 7 A VOFHFEMIREZ 2 0»
SEREZBIALCTE /2, S0, TOEMMEPERICHERZ
NzeBoTWwW3, £72, SREOHKH T 7 7Lk, 3
DOEEBREM CRIFEE. AGIT B & OV AGI4 58 T
LY TNUDIRNE VS RETH D, BEHERSITERIC
FHAEDD DBEFERFNCAZ ) =0 7T B8
HLUWEETH -7, LU, ZORRIEGEETH IO
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Fig. 6 PC loading that corresponds to ¥ 5. From left to right,
the first, second and third PC loading

K SRIBLUTWS, ERS AN T2V IVafiE AT
A7 LB & 2EBOEIRE 2] ThHNIX, ARICHEH
EDD BBIEFRMENZA L) — =V I TEBL I MR
w7 E5,

SEA V) TAFIIBWT, BEFRERE 0T 74
NREDF IV I AT =X - & v b ZFREMKI N7 R
MiRINBZENEEND,

(© 2020 Information Processing Society of Japan

Vo0l.2020-BIO-61 No.1
2020/3/12

>

Number of genes Gene symbol
(accession No.)

160/194 GGCGSG E2F (M00803_0)
140/194 GGCGSG E2F (M00803_1)

AGI7 AGI14 mber of gene: - ‘

129/208 GGCGGN E2F3 (M02089_1)
147/208 NGGGGGCGGGGYN  Spl(M00196_0)

7 ERD N E WA UEEIC X A EFURIRTRIEN -
BET RN T HER T,
Fig. 7 Transcription factors that target genes identified by
PCA based unsupervised FE.

8 AGI7,AGI14 & SP1 DFSEET V. (A)AGIT DHEET IV
(B)AGI14 OFEE TV (C)AGIL4 & SP1 OFEAIREE, 4 T
DITXNVF—IZLE R AGIL4 75 (]&D CPK €7 )L) #
DNA (#METIN) & SP1 &7 (Kvof) L2007
ka—NT 4 A=) b (AREIOE) 2/ L TE? -
TWw3 (D)AGI7,AGI14 & SP1 Off&., AGI7T & AGI4 IF
ZhETh, KEBRWEED CPK €7V e, NS4 CPK €7
WTREENT VWS, ZOSMHAETNVIE AGIT & AGII4 1
SP1 NOIEGGHI N EZ > TVWBaREEEZ R L TW5

Fig. 8 The binding status of AG7, AGI14, and Spl. (A) A

stick model of AGI7. (B) A stick model of AGI14. (C)
The binding status of AGI14 and Spl. Four energet-
ically stable molecules of AGI14 (green CPK model)
were docked in the interface between the DNA (stick
model) and Spl protein (colored magenta) using two
glycerol fingerprints (white arrowhead). (D) The inter-
connection of AGI7 and AGI14 to Spl. AGI7 is depicted
in the large yellow CPK model, AGI14 is depicted in the
small CPK model. This whole connected model indi-
cates that the AGI7 and AGI14 binding sites to Spl

were different.
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Fig. 9 Anti-viral effect of siRNA for Spl and E2F3. Verti-
cal axis is the relative amount of HBVDNA (normal-
ized on negative control). TF is denoted only trans-
fection reagent. Asterisk indicates significant difference

(p < 0.05). Each experiment was repeated three times.

proach, Springer International (2020).

[3] Benjamini, Y. and Hochberg, Y.: Controlling the False
Discovery Rate: A Practical and Powerful Approach to
Multiple Testing, Journal of the Royal Statistical Soci-
ety. Series B (Methodological), Vol. 57, No. 1, pp. 289—
300 (1995).

[4] Raudvere, U., Kolberg, L., Kuzmin, I., Arak, T.,
Adler, P., Peterson, H. and Vilo, J.: g:Profiler: a
web server for functional enrichment analysis and con-
versions of gene lists (2019 update), Nucleic Acids Re-
search, Vol. 47, No. W1, pp. W191-W198 (online), DOIL:
10.1093 /nar/gkz369 (2019).

(© 2020 Information Processing Society of Japan 7



