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Study on YAP gene silencing activity of phosphorothioate siRNAs

TANG Shuo, HUANG Zhen

(Key Laboratory Bio-resources and Eco-environment of Ministry Education,

College of Life Sciences, Sichuan University, Chengdu 610065, China)

Abstract: In order to explore the gene silencing activity of diastereomeric pure PS-siRNA (pPS-siRNA)
synthesized enzymatically by RNA polymerase, its silencing activity on Yes-associated protein (YAP), a
potential cancer treatment target, and cytotoxicity to Hel.a cells were studied by qPCR and Western blot
in this study. The data showed that compared with unmodified siRNAs (PO-siRNAs), pPS-siRNAs can
better reduce YAP gene expression without significant cytotoxicity (approximately 30% more efficient).
In addition, MTT cell proliferation assay and flow cytometry showed that the proliferation of Hel.a cells
was inhibited after YAP down-regulated by the pPS-siRNAs. This research proved the superiority of
pPS-siRNAs in gene therapy and the potential of YAP as a tumor therapeutic target.
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polymerase transcription; Diastereomer purity; YAP gene expression; RNA interference efficacy
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Fig. 3 YAP gene expression after transfection and incuba-
tion for 48 h
(A) Detected by gPCR. and GAPDH was used as an endoge-
nous control; (B) analyzed by Western blot using antibodies a-
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Fig. 4 Down-regulation of YAP gene expression can de-
crease cell proliferation in Hel.a cells
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Fig. 5 Effect of the transcribed siRNAs on the morpholo-
gy of Hel.a cells after transfection and incubation
for 48 h
(A) Hela-control cells transfected with PBS buffer; (B) He-
La-PO-siScr cells; (C) HeLLa-PO-siYAP cells; (D) HeLapPS-siS-
cr cells; (E) HelapPS-siYAP cells. The cells transfected with
pPS-siRNA were in good condition and no effect on cell morphology
was observed

3.4 ‘HEnEEAS

J T WS Y AP SEFTTERAT Hela 41 i 5 H 1
SO R4 T PT YL i i A AR A DU (BT 6). §%
YIFEF 48 h J5 . Wik Hela 40 i 3 1 P1 44,
Bt PRI S B ASGEE 7 o M. X BRZH ] PBS 22 o
WGy WFoR KB, 78 YAP RiE T #)E,G0 / Gl
B 40 S ARSI, A 57. 6% (fdi F PBS % iR %]
62. 7% (PO-siYAP) 11 65. 4% (pPS-siYAP), 1fij
G2 / M 40 & B8 >, M 13, 090 Of B B =
11. 4% (PO-siYAP) Fi1 9. 90 % (pPS-siYAP). j%x&k

056004-4



s

%54 &

R, . B sIRNA 8 YAP A B IR A

ZEIRFW, YAP ()T I8 AT GBS B0 Hela 20 i 1) 3
FATE GO / G1 W5y, iX 5 MTT st 45 R UL &%
Y AP 7EfE 520 334 58 AL R E I — B 01 S
2 IR 240 B A R T OGS Ak A R R
H—E R X RPN 7E Hela 20 M0 348 B 3% .
FIRE Y AP XA R4 AE A 00 52 £ 22 500

(A) Control (B) PO-siScr ©) PO-siYC/}\/lC’}

_ G /G,:57.6% _ G,/G,:59.9% /G,:62.7%
=4 S$:294% 2 $278% 2 S:25.9%
= G/M:13.0% = G/M:123% < G,/M:11.4%
87 5% - 5§
P EE 2
“Z ZE ZS
It It S
e et bl
et 30 60 90 120 150 :) 30 60 90 120 150 3 5
Channels/FL2-A > ‘ ¥ C]|;|||:|[c]s/F]£2»A X 0 8]“"];)2]5/}:]‘3(2]./\ 120130
©) pPS-siScr (E) pPS-siYAP
G/G,:59.5% G/G,:65.4%
- $:30.0% < $:24.7%
& G/M:105% & G,/M:9.90%
0 3060 90. 120 150 -U 30 60 90 120 150
Channels/FL2-A Channels/FL2-A
B 6 YAP AR FHAKLE Hela tufined £ KK
Fig. 6  Cell cycle of Hela cells after down-regulation of
YAP gene expression
\A
4 é:: TE

W5 R W], pPS-siRNA E A 8 5 1Y A% IR g Fa
JEE, TCW I ) 40 B L O B AE YAP R
H L PO-siRNA X0 9y 3 B G Pk v G By
pPS-siRNA FiflR T k254 B mPS-siRNA I i e
SRR G YD B FG L 25 2 AE S R T RE A5 R
sIRNA R 78ols B . Beoh. A e &
TESE, Y AP KA 18 AT LA ] 20 it 336 5 , 2 IR H:
TERRIR 2 A AR S p I SR HoAs — e Ao
VINIER

S

[1] Zhao B, Li L, Guan K L.
glance [J]. J Cell Sci, 2010, 123 4001.

[2] Zhang S H, Zhou D W. Role of the transcriptional
coactivators YAP/TAZ in liver cancer [ J]. Curr
Opin Cell Biol, 2019, 61 64.

[3]  Overholtzer M, Zhang ] M, Smolen G A, et al.

Transforming properties of YAP, a candidate onco-

Hippo signaling at a

gene on the chromosome 11q22 amplicon. (CELL
BIOLOGY) ( Author abstract) [ J]. Proc Natl Acad
Sci USA, 2006, 103 12405.

[4] Perra A, Kowalik M A, Ghiso E. et al. YAP acti-
vation is an early event and a potential therapeutic

target in liver cancer development [J]. ] Hepatol,

[5]

7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

056004-5

2014, 61. 1088.

Wang S, Li H, Wang G, et al. Yes-associated pro-
tein (YAP) expression is involved in epithelial -
mesenchymal transition in hepatocellular carcinoma
[J]. Clin Transl Oncol, 2016, 18; 172.

Kang W, Tong ] H M, Chan A W H, etal. Yes
associated protein 1 exhibits oncogenic property in
gastric cancer and its nuclear accumulation associ-
ates with poor prognosis [J]. Clin Cancer Res,
2011, 17, 2130.

Zhang X, George J, Deb S, et al. The hippo path-
way transcriptional co-activator, YAP, is an ovarian
cancer oncogene [ ] |. Oncogene, 2011, 30: 2810.
Yuan M, Tomlinson V, Lara R, et al. Yes-associ-
ated protein (YAP) functions as a tumor suppressor
in breast [J]. Cell Death Differ, 2008, 15; 1752.
Yair D, Thomas T. siRNAs: Applications in func-
tional genomics and potential as therapeutics []J].
Nat Rev Drug Discov, 2004, 3. 318.

Haussecker D. Current issues of RNAIi therapeutics
delivery and development [ ]J]. J Control Release,
2014, 195. 49.

Mark A B. Progress towards in vivo use of siRNAs
[J]. Mol Ther, 2006, 13; 644,

Sarret P, Doré-Savard 1., Beaudet N. Direct appli-
cation of siRNA for in wivo pain research [ ]].
Methods Mol Biol, 2010, 623: 383.

Choung S, Kim Y J, Kim S, et al. Chemical modi-
fication of siRNAs to improve serum stability with-
out loss of efficacy [ J]. Biochem Biophys Res Com-
mun, 2006, 342. 919.

Nawrot B, Sipa K. Chemical and structural diversi-
ty of siRNA molecules [J]. Curr Top Med Chem,
2006, 6. 913.

Bramsen ] B, Kjems J. Chemical modification of
small interfering RNA [J]. Methods Mol Biol,
2011, 721, 77.

Selvam C, Mutisya D, Prakash S, et al. Therapeu-
tic potential of chemically modified siRNA: recent
trends [ J]. Chem Biol Drug Des, 2017, 90 665.
Caton W J, Fiaz B, Hoxhaj R, et al. Convenient
synthesis of nucleoside 5'-(oP-thio) triphosphates
and phosphorothioate nucleic acids ( DNA and
RNA) [J]. Sci China Chem, 2012, 55: 80.
Winkler J, Stessl M, Amartey J, et al. Off-target
effects related to the phosphorothioate modification
of nucleic acids [J]. Chem Med Chem, 2010,
5. 1344.



v K FRCH KA F O % 5

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Amarzguioui M, Holen T, Babaie E, et al. Toler-
ance for mutations and chemical modifications in a
siRNA [J]. Nucleic Acids Res, 2003, 31 589.
Harborth J, Elbashir S, Vandenburgh K, ez al. Se-
quence, chemical, and structural variation of small
interfering RNAs and short hairpin RNAs and the
effect on mammalian gene silencing [ J]. Antisense
Nucleic A, 2003, 13: 83.

Sakamuri S, Eltepu L, Liu D, e al. Impact of
phosphorothioate chirality on double-Stranded siR-
NAs: A systematic evaluation of stereopure siRNA
designs [J]. Chem Bio Chem, 2020, 21: 1304.
Jahns H, Roos M, Imig ], etal. Stereochemical bi-
as introduced during RNA synthesis modulates the
activity of phosphorothioate siRNAs [J]. Nat Com-
mun, 2015, 6: 6317.

Griffiths A D, Potter B, Eperon 1. Stereospecificity
of nuclease towards phosphorothioate-substituted
RNA.: stereochemistry of transcription by T7 RNA
polymerase [ J ]. Nucleic Acids Res, 1987,
15. 4145.

Vortler L C, Eckstein F. Phosphorothioate modifi-
cation of RNA for stereochemical and interference
analyses [ J]. Methods Enzymol, 2000, 317 74.
Eckstein F. Phosphorothioates, essential compo-
nents of therapeutic oligonucleotides [ J]. Nucleic
Acid Ther, 2014, 24, 374.

Amarzguioui M, Rossi J J, Kim D. Approaches for
chemically synthesized siRNA and vector-mediated
RNAi [J]. FEBS Lett, 2005, 579: 5974.

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Zhi X, Zhao D, Zhou Z, et al.

breast cell

YAP promotes
proliferation and survival partially
through stabilizing the KLF5 transcription factor
[J]. AmJ Pathol, 2012, 180. 2452

Zhou Z, Zhu J S, Xu Z P, et al. Lentiviral vector-
mediated siRNA knockdown of the YAP gene inhib-
its growth and induces apoptosis in the SGC7901
gastric cancer cell line [J]. Mol Med Report, 2011,
4. 1075.

Muramatsu T, Imoto I, Matsui T, et al. YAP is a
candidate oncogene for esophageal squamous cell
carcinoma [ ] ]. Carcinogenesis, 2011, 32: 389.

Pei TM, LiY ], Wang ] B, etal. YAP is a critical
oncogene in human cholangiocarcinoma [ J]. Onco-
target, 2015, 6. 17206.

Li K, Guo J W, Wu Y, etal. Suppression of YAP
by DDP disrupts colon tumor progression [J]. On-
col Rep, 2018, 39. 2114.

LiZ Y, Mao H B, Kallick D A, et al. The Effects
of thiophosphate substitutions on native siRNA gene
silencing [ J ]. Biochem Biophys Res Commun,
2005, 329. 1026.

Shen Z W, Ben Z S. YAP regulates S-phase entry in
endothelial cells [ J ]J.  Plos One, 2015,
10 e0117522.

Zhou X X, SuJ N, Feng SY, etal. Antitumor ac-
tivity of curcumin is involved in down-regulation of
YAP/TAZ expression in pancreatic cancer cells [ J].

Oncotarget, 2016, 7; 79076.

e B e
{ 31 mAxist: :
z oo 30 AR, R, BEERAC SIRNA (9 YAP FER PG ERFFEL] ], DU RS540 HARBIARR, 2021, 58: 056004 i
} P& . Tang S, Huang Z. Study on YAP gene silencing activity of phosphorothioate siRNAs [J]. J Sichuan Univ; i
+ Nat Sci Ed, 2021, 58: 056004.

o e S e e BT S S mt B S e e S e e S e A ate S

056004-6

+

i



