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Synthesis and anti-HCC activity of full 2’-F/OMe-siRNA
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Abstract: A variety of full 2'-F/OMe-modified siRNAs were designed and synthesized, and the activity
against hepatocellular carcinoma Huh-7 and HepG2 cells was evaluated. K&A DNA/RNA H-8 synthesizer was
used to synthesize siRNAs, and neutral cytidinyl lipid DNCA mixed with cationic lipid CLD were used to transfect
siRNA. By RT-qPCR and CCK-8 assay, the target gene silence and the proliferation of Huh-7 and HepG2 cells
were detected. The siRNAs loading into Ago2 protein was detected by RNA-binding protein immunoprecipitation.
Drug uptake and cell apoptosis were detected by flow cytometry, and the expression of PLK1 protein was detected
by Western blot. Partial full 2'-F/OMe modified siRNAs, especial siPLK1A3, increased the uptake of Huh-7 cells,
enhanced their binding to Ago2 and gene silencing activity, down-regulated PLK1 protein, as well as induced more
Huh-7 cell apoptosis and proliferation inhibition activity. It provides important data for the development of novel
siRNA modification patterns and anti-HCC formulations.
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JFF e A A% BRER 7S K8 DI RE, 2 J RF AH DG FE T
M = RIRE . IR - E A 6 Bl R 1 4 S iR I7 7
%, EER N TAOT 2RI, AR — e FE I ek
SR F TS, ™ 55 B P R 24 1 1) R A3
BN RN o PR R R AR AN R (1 E ML, I
TR 2 IR TT T REREEL,

HLAEK, /N T3 RNA (siRNA) 1F BN —FliAT # /1
BT T7 1% . TKM-080301 /& — it BH 85 118 & i #4
SNALP i# 1% [] siRNA 254, H #E bR N Polo # ¥ 1 1
(PLK1), & 58 Bl AR A . PLKI 2 —Fh) iz /%
TE T FAZ AN b i LR 57 00 2 R R IR B, 25
Z P 22 5y 2L FEY, A8 e I BR A M R L LR L B
P B0 B B e A R O R AR, e A TR
JEANRA RO, PLK IR e & e v it 4 i AR K, 2
JHF 988 B AT BE B IE T HE A0, ALN-VSPO2 2% 8 i) I 4
B A KR F (VEGF) FIREh 1 i A 11 (KSP) W
B SIRNA 259, B 58 i DI ARG . KSPEST £
3 54 BTG £ B4R ) B 0 RURK, &7 4 42K 1) T i v e B
EF, AR IE 5 4 i I SR8, (E PR M3 s« T 4 Ji
Joet A TR IS I g A A0 B S5 R R,
TS A RA M, PR 1R IT 1 R A7 T804

TKM-080301 5 ALN-VSP02 ) #5537 14 2'-OMe
1) siRNA, & # MLi5E #% B2 Mg B "™ . 2'-F 5 2'-OH K/hh
AU JFAR AR, FH 18 4 S SRS D) A7 ot A 88 v 11
TERIPE . 2-OMe H1 2'-F 12117 6 % 2 3 4% =1 siRNA XU

HE IR 25 G 5 FN 7 A% R G o M RD B B TR T BRYE 1, 5
2'-F FiT 4k 1) 47 B R &5 5 %5 DA OGP0 BN L 1Y)
siRNA fifi Ff] 4= 2'-F 1 2'-OMe 2 & 1&4fi () ESC 5, £
KR — BG83 E X B F e, (B & A
BRI, A 2022 4, B F 17K FDA fit ik L i i
SiRNA 254, bR 88 — 3K 4h, AR VIR N4 2181 .
1E f2 JH [E B IfUAE (inclisiran) 59697 W0 XA A0 R DhAIE Sk
T4 2B sIRNA 254 B AT IR B 20 R Jg g 1124,

Advanced ESC 211 5 % 5 7E siRNA Jx S ) 2/6/
14/16 AL ATIE B 7/9/10/11 A2 fd FH 2'-F 1&4f, H Az
B AFH 2'-OMe &1, [R5 75 [ SCHE I P i DA & 1E 8%
() 5" - S A5 FH B AR AR (PS)2). Lumasiran [z X 5% 8/9 fir
i 2'-OMe 1& i 1 il T 2'-F 15 1%, Inclisiran #H %}
Advanced ESC B 1A ], Ay [ X 4/5/8/10/18 i H
2'-OMe # i 1 2'-F (&1, 1E SCHE 10 7l 2/ -F 4 i 1
2'-OMe &40, 1E SC8E 11 A7 B B A T IRE (B 1),
Xf sIRNA FEANAL a3k AT 10 22 A5 i 2 52w o AH AR AL A5
AR R I R HAME I 45607

AR T 4 2-F/2'-OMe 1 1ffi siRNA #f 78, i £ F Bt
JIT 98 35 1 1) siPLK1A . siPLK1B il siKSP**#1, % %%
Alnylam 24 & ] advanced ESC & H _E 1 254 lumasiran
F inclisiran F & Ui 3R 1%, W 11 A& A T siPLK1A1/2/3+
siPLK1B1/2/3; 2% advanced ESC &Mt =, &% it & ik
T siKSPI (1) AU AT R B 2 50 =AU
He P i i A4 DNCA FIBH &5 7 iR #4 CLD B 3% 2K %

Table 1  All-2'-modified anti-hepatocellular carcinoma siRNA sequences and modification methods. Bold in the modification sequence

(e.g. A) indicates that the position is modified using 2'-F, the rest of the positions are modified with 2'-OMe, "s" indicates that the site is

modified using PS and T is thymidylate

Sequence 5'—3’

(Calcd./Measured) molecular weight

No. Name
1 siPLK1A AS
SS
2 siPLK1A1 AS
SS
3 siPLK1A2 AS
SS
4 siPLK1A3 AS
SS
5 siPLK1B AS
SS
6 siPLK1B1 AS
SS
7 siPLK1B2 AS
SS
8 siPLK1B3 AS
SS
9 siKSP AS
SS
10 siKSP1 AS

SS

UAU UUAAGG AGG GUG AUC UTT
AGA UCA CCC UCC UUAAAUATT
UsAsU UUAAGG AGG GUG AUC UsTsT
AsGsA UCA CCCUCC UUA AAU AsTsT
UsAsU UUA AGGAGG GUG AUC UsTsT
AsGsA UCA CCCUCC UUA AAU AsTsT
UsAsUUUA AGG AGG GUG AUCUSTsT
AsGsA UCA CCCUCC UUA AAU AsTsT
UUG AUC CGG AGG UAG GUCUTT
AGA CCUACC UCC GGAUCAUTT
UsUsG AUC CGG AGG UAG GUC UsTsT
AsGsA CCU ACCUCC GGA UCA AsTsT
UsUsG AUC CGG AGG UAG GUC UsTsT
AsGsA CCU ACCUCC GGA UCA ASTsT
UsUsGAUC CGG AGG UAG GUCUSTsT
AsGsA CCU ACCUCC GGA UCA AsTsT
AGU UAG UUU AGA UUC UGG ATT
UCG AGAAUC UAAACUAACUTT
AsGsU UAG UUU AGA UUC UCG AsTsT
UsCsG AGAAUCUAA ACU AAC UsTsT

6716.1/6 718.1
6 562.0/6 563.5
6 994.6/6 996.0
6 840.6/6 842.3
6 970.6/6 972.0
6 840.6/6 842.3
6 934.5/6 935.7
6 840.6/6 842.3
6 706.1/6 708.8
6 678.1/6 679.5
6 985.6/6 986.9
6 894.7/6 896.2
6961.6/6 963.0
6 894.7/6 896.2
6 925.4/6 896.2
6894.7/6 896.2
6712.9/6 713.2
6222.1/6 622.1
6915.6/6917.3
6 904.7/6 905.6
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Figure 1 Modification patterns and sequences of advanced ESC/
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Figure 2 A. Target mRNA silencing activity of each siRNA. B. Cell proliferation inhibitory activity of each siRNA. C. Silencing activity
of siPLK1A and siPLK1A3 on PLK1 mRNA. D. Cell proliferation inhibitory activity of siPLK1A and siPLK1A3. E. Silencing activity of
different concentrations of siPLK1A and siPLK1A3 on PLK1 mRNA. F. Cell proliferation inhibitory activity of different concentrations of

Ak

siPLK1A and siPLK1A3. n = 3,x £5. P <0.05, "P<0.01,

P<0.0001
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LA R BB . T siPLKB1/2/3 #3 R 1T BRIE 7 &
S 184 5 300 6 97 2 U 22 - siPLKCB, ] i i 45 2/~ 18 1
J& S SIRNA 5 #EFR mRNA [ H AN R 3454 % DA
Fe 55 Ago2 AHELAE I, AT 52 M0 L3 1, R BH T 51 22 7
o A8 i 5% X %) 7 36 A Akt B AT — 58 521 ; DNCA/CLD
(Mix) ¥ Je siPLK1A % siPLK1A3 3F LA i FH % 4l 71
Lipo 2000 A%} &, 2% %2 %} Huh-7 41 i PLK1 mRNA ]
DUBRE M 2 2 Mo B FE A0 A AE A . Mix B3R T Lipo
2000 £ siRNA G (K 2C.D); #f— 5 % 8L [k &
SiPLK1A J% siPLK1A3 %} PLK1 mRNA [¥] J/7 2k 3% P K&
X B (NC) X Huh-7 20 B3840 7). 25 R BoR,
siPLK1A3 5 siPLK1A 4 Lt EC,,. IC,, 1 2 P (K1 2E.
F). DA, siPLK1A3 5B 20T R PLK 26 K R0k, X
Huh-7 2 ffa 386 5 40 1) 4 F 554 . NC 446 Huh-7 48 B
B EEYE, RINZEHRA R0 k.
2 SiPLKIA R EZIH 5 Ago2 EA R EHITIE
(RIP)

RIP 5246 25 W w1 3 firow, 45 259 %24 5 nmol - L
) siRNA/Mix #5 4% Huh-7 41/, 5 siPLK1A #H Lt, Ago2
EAEESS T 136451 siPLK1A3. E4k4:2"-F/OMe
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Figure 3  Quantitative analysis of Ago2-associated siRNA.

Unmodified siRNA in mock-transfected cells was treated as 100%.
n=3,x+s. P<0.05
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Figure 4 A. Flow cytometry detection of cell uptake peaks. B.
Statistical plot of cell uptake fluorescence. n = 3, x +5. P <
0.000 1
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Figure 5 Changes in PLK1 protein expression in Huh-7 cells. A.
Grayscale scans of gel plots were performed to calculate the PLK 1/
p-actin protein grayscale ratio for each group. NC: Negative con-
trol; B. Results of polyacrylamide gel electrophoresis presentation
of PLK 1 protein and f-actin protein. n = 3, x 5.~ P < 0.000 1
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5 siPLK1A R E&IH4%S 20 AE TR R0

FJ F Annexin V-FITC/PI X 42 46l siPLK 1A J%
siPLK 1 A3 % 4H g I T (1) 52, 25 2457 &4 25 nmol L™,
S5 40 & 6 Fr s, NC 4% Huh-7 40 M (138 720 B 2. 500,
1M siPLK 1A #2155 Huh-7 4 )4 - (18%), siPLK1A3
AEis 5 ¥ £ Huh-7 AT T (25%).

Wi

JFJ I 97 10— 28 J — 28 25 A7 7E WA B 35 IR FH
Sy PR AT 25 ML 1) J. siRNA T DALE IR 5L 3h 40 40 g
KRR 5 PE RNAIE ], REAE 1 A A5 B2 R BR, o3t
TEJHA L . A2 2 A8 AT LAAT RO ) e G s ) R, 32
e T R M R B R T R P, R A I 2R 2K 7 A
Fk ) R ASHIT T R I 4 2'-F/OMe 1&16i i siPLK 1A 3%
PEFE 2R TR TR E A9 siRNA [ 57 20 38 i,
H G E T TSR AR v sIRINA B3 R 970 BR 3 M £ A £
2'-F/OMe &Mt o ek ()R i, (211 )5 () siPLK 1A F
SiK.SP 5 PR 1t BR vi% M AR FFF e 200 it 35 5 0 ot % M 2045 B
T, Horb siPLK1A3 Al siKSP1 & P& 2% ETH, T LLYE
A AP I T AL Y A . T siPLKB £EAE 1 5
Z R0 T T ERE YR G BT T B, Forb siPLKIB3 A
XHEREE, TR A N P i 9 0 &k 7 51

W) BB PR A A . siRNA & H il Fl K&A DNA/RNA
H-8 & AX (#[H, K&A LaborgeraeteGbR), 4fif, siRNA
{4 F§ GILSON A & 4t (157 UV-VIS.306 PUMP. 806,
811D) (3£ [, Gilson).XBridge™ OST C18 OBD™ i
¥ (3£ [, Waters) il HiPrep™ 26/10 Desalting %t % £
(3£, GE), GenOpti.DMEM 7= ¥ 1 72 3L \PBS #1462
B (dbED) B IR A F = 5, FBS W H 2% E Gibeo 2 7,
Cell Counting Kit-8 14 H H 4% [F]{= 4. %%, RIP i 57 & &
I HAAAE AE R BCA PR 2 =] 77 5, G2 RNA $2 B0
£ H 2 [E Promega A 7], i TRF & R EE BD A
A 77, BCARA S AL REERFE AR A A,
PLK 1. Ago2 FifAl) [ 5L [H Abcam 2 7], £ HhfEMEAR1X
(3£ B, Molecular Devices), I 7 2 13 2040 H {3 (3£
[E, BECKMAN COULTER), Real-time PCR 1% (/% [H,
Agilent Technologies), eBLOT [f] Western blot 14 2% &
J6EE H B SARA (P, 55
1 siRNAMIE R AL

42 2B 1) siRNA 5 H [ #H & i 7E K&A DNA/
RNA H-8 & A B3 & M. & il CPG [E AH %%
4, A% ] 2'-F B 2'-OMe 12 1ii i) RNA V. 8% B9t i B 44 L =
AR ST ST (3%) 5- 2T 5 DY R e ) 2 s
R (0.25 mol-L™") CAP-A (10%Ac,0 F1 10% It I 1)
CE W) CAP-B (10% N-F JE KW 1) 215 18 80« &
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Figure 6 A: Typical graph of apoptosis detection by flow cytometry. B: Typical graph of apoptosis
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[l AH G B 25 R OR B B Ji — A 573 DMT fR47 4,
i RS K R 5-DMT-AS/SS, #2414 HPLC &%
FC18 [ AH i 4 4l 4k (B i J7 7% : ACN/0.05 mol-L"
TEAB; 0 min-15% ACN, 22 min-40% ACN), f#
0.05 mol-L" TCA 7K ¥ ¥ it B DMT x4 3%, B J= 15
0.1 mol-L"" NaHCO, 7K ¥ ¥ 1 fl it & TCA, i £ H
Desalting ¢ i # bk 5, 15 21 40 i i3 47 ESI-LC/MS #1lE,
B i 1B K AS/SS 75 2 AH B 1 siRNA B4
2 BERESYHHI L

siRNA V& T L 7K, DNCA.CLD ¥& T LK 2 BF .
AN — 2 B AR R GenOpti, XM siRNA DNCA .
CLD ¥ W 2 W K, #Min GenOpti & 415 1A #4, 50 °C
A 10 min.
3 EYEMRRN

T8 48 B2 Huh-7/HepG2 15 F & 10% Jif 2 1 i
(FBS) 1¥] DMEM {5 §% £% 72 JL 7E 37 °C 5% CO, )15 i
BR R4 B TR
3.1 ‘AARIEFEHIEIE M LI (CCK-8) # Huh-7
HepG2 21 g LLREFL 1> 10* 25 15 46 28 96 FLAR, % #6577
24 h i #5 9% siRNA # 7) . 48 h )5, EAZEW LN E
B, BFLINA 100 pL & 10% CCK-8 TAE ki 115 7%
JE, 0% F 2 4 30 min J5, A B BRSO I 450 nm 4b TR
JEE . 4 RAEAFZ (V) = (RA-RE)/(RB-RE)x100%
(RARBRE 43 F 43 5256 20 L xoF 18 241 K 75 771 it 2L 11
W FEAE) -
32 RNAZEERRBMELE (RIP) #Y24h)5
WAL 4 L, TN SRR 2% R, AT R R AR R N Ago2
Pk, lEFE BRI 4 °CHEE 16 ho “FHiTi A/G 1
BRI\ 2 fdirh, B EIRSI 4 °CE 1 he @
G T B R HEBR P IR DL 22 B R 45 & I PLAR, 55 °CiR B
1 h ¥t RNA. RT-qPCR SL58 & & 5 Ago2 R H 45 &
siRNA [f) & .
33 EFEMBEMSEE (RT-qPCR) ¥ Huh-7
HepG2 41 il DA REFL 5x10* % FE 4l 22 12 FLAR, G 46 15 5%
24 h JaEAT B G, 4N IR Yk 24 h J5 E 4T RT-qPCR 525,
FH Trizol Z4f# 40 il H 32 B RNA, R U RNA V& T8
7K, 42380 5 3R ) B AE A3 2] cDNA. 2R 5 #E 47 5K
I} 5 & PCR, 315 & MFES 41 CtfH . RT-qPCR SZ5G
W PF AR 2 s
3.4 (MBEIREUNE K Huh-7 40 LAREFL 7x10° /M40
J PR B FE B Fh 3 12 FLAR P 4R K 24 he H CyS.5 451D
1) siPLK1A Fl siPLK1A3 99K &2 & A #E4H L 4 h )5,
I 3 i 1 T e VAT A R 5 FH T4 ) PBS W o T
S A s F A 150

3.5 Western blot LI E B FRIA  F Huh-7 4108

Table 2 The primer sequences involved in this study

Name Sequence

PLK1 gene forward ATCACCTGCCTGACCATTCCACCAAGG
PLK1 gene reverse AATTGCGGAAATATTTAAGGAGGGTGATCT
KSP forward CTGAACAGTGGGTATCTTCCTTA

KSP reverse GATGGCTCTTGACTTAGAGGTTC

f-Actin forward CCAACCGCGAGAAGATGA

f-Actin reverse CCAGAGGCGTACAGGGATAG
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