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The first small interfering RNA (siRNA) therapeutics have recently been approved by the Food and
Drug Administration in the U.S,, and the demand for a new RNA therapeutics bioanalysis method —
which is essential for pharmacokinetics, including the absorption, distribution, metabolism, and ex-
cretion of siRNA therapeutics —is rapidly increasing. The stem-loop real-time qPCR (RT-qPCR) assay
is a useful molecular technique for the identification and quantification of small RNA (e.g., micro
RNA and siRNA) and can be applied for the bioanalysis of siRNA therapeutics. When the anti-HPV
E6/E7 siRNA therapeutic was used in preclinical trials, the established stem-loop RT-qPCR assay was
validated. The limit of detection was sensitive up to 10 fM and the lower limit of quantification up
to 100 fM. In fact, the reliability of the estabhshed test method was further validated in three intra
assays. Here, the correlation coefficient of R*>0.99, the slope of -3.10 ~-3.40, and the recovery rate
within £20% of the siRNA standard curve confirm its excellent robustness. Finally, the circulation pro-
files of siRNAs were demonstrated in rat serum, and the pharmacokinetic properties of the anti-HPV
E6/E7 siRNA therapeutic were characterized using a stem-loop RT-qPCR assay. Therefore, the stem-
loop RT-qPCR assay enables accurate, precise, and sensitive siRNA duplex quantification and is suit-
able for the quantification of small RNA therapeutics using small volumes of biological samples.
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gAY g4 FEA Y 54E Fste PP o EE A
T 94 e g3 B4 siRNA, & RNA 32 S45e
A E38H2 £ (Northern blotting, ELISA) 0] 3121 &4t

ofE o] AFEAW O 2= gPCR, hybridization assay, HPLC
2 LC-MSH &9 'Ob}[s 13 16, 18], 4ol o] &3t7] 93]
AE 500l o] e BE EAE AT SOE npeae) g2
2 g2 A5 24 0134301 ATHS]. o2 g A A =
oA siRNA AZ2 e &< S5317] AT WHOZH stem-
loop reverse transcription quantitative PCR (RT-qPCR)¥
2% *lE‘)lW M EE ARER AFo] e Aol
ATk o] & &2 siRNA®] hairpin structure® Zt= 21 €714
de £ GAA A7 Fof| F48E cDNAZHH real-time
PCRY < 7Fs3tA st AEHolth4, 12, 17].

B A3 ME A 8AZ AL 5 Anti-HPV E6/E7 siRNA
& 28319 stem-loop primerg ©] &3 RT-gPCRHE & &§
ataL & g ofl A siRNA9] 3l 7}%/&% HETA, AFA4
134, 504 5 T 24Y Ad5E
HEHoR %U@oﬂ A isNA%— AEoto] AN ZEH
(Bioanalysis)
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siRNA, Stem-loop RT-primer, PCR primer ¥ probe
M=t

B AFdAE @A A5A=E /T $9 Anti-HPV E6/E7
SiIRNAE AH8-3H 4 TH10]. ©] & Human Papillomavirus®] E6/
E7 mRNAE EHAl 02 Hiojg 2] #ebf A7 &S T3
A7 A& U E $Eo|t. Anti-HPV E6/E7 siRNAE
A&Fst7] 98 288 2 primerg2 ko] 24 of(Bioneer,
Korea) A}l A] J/‘é 31911, probex TagMan" MGB Probe
(Applied BiosystemsTM, USA)< ©| 83} % t}(Table 1).

siRNA Specific Stem-loop RT-aPCR assay

Anti-HPV E6/E7 siRNA EFAEE 32 E stem-loop
RT-primerg ©| &3 JAAIES F3 (DNAE FA 5L
Transcriptor First Strand c¢cDNA Synthesis Kit (Roche,
Switzerland)Z A}-&3t% T} siRNA 4 %2 TagMan" MGB
Probe (Thermofisher, USA)E ©]-&3t FF2 AAI%F &
F A A NS (quantitative real-time PCR)& X33t A 1, ¥
ol AH&¥ AHl = Light Cycler 48011 (Roche, Switzerland)
£ o &3FAH(Fig. 1).
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Stem-loop RT-gPCR assayQ EE5M ZHM
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Fig. 1. Schematic description of stem-loop RT-qgPCR. (A) Reverse
transcription of siRNA primed by specific stem-loop RT
primer. (B) First-strand cDNAs are amplified in real-time
PCR using specific forward primer, reverse primer com-
plementary to stem-loop RT primer and specific TagMan
probe.
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= A% FYP o= AL3A siRNA EFAEE 10
nMFH 100 & &2 02 343 F, 33] 9| real-time PCR&
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Stem-loop RT-gPCR assay <& ¥ A2d 2AS

Ao siRNAE A Fat7] 918 stem-loop qRT-PCR ¢
S 20 pl= 10 pmole primer mixture 1 pl, 10 pmole probe
1 ul, 2x LightCycler® 480 Probes Master (Roche, Switzerland)
10 ul3} LightCycler® 48011 (Roche, Switzerland)E ©]-&-3}of
real-time PCR< 733t ¢ith.

881 ¥ stem-loop RT-qPCR A& A @ 9] 415 4 (reliabil-
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tion, LOD), ## % &% A (Lower Limit of Quantification,
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EE stem-loop RT-qPCR ¥H3-oll& 1, 5, A5 =9 254
siRNAE quality control (QC) sample® ©] &3t 1, o] & =
AH o2 A% FEEAHRE BEE A F3}Y positive con-
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Stem-loop RT-qPCR %] A4, ALA, 444E& AF
3}7] 93] Anti-HPV E6/E7 siRNA ZFAEE 1 nM FH
100 fM7}A] 10818 <=34A o2 3 A3, 359 real-time
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publication No. 85-32, revised 1985)cll ¢ A 43 = 3l
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Stem-loop RT-qPCR assay X%z ¥ EFSM(Stan-
dard Curve)

LightCycler” 480 probe Master (Roche)Z Ab-&3}¢] real-
time PCRS] Z27& &35t &4 9 stem-loop primer 41
HE 9Jste] dolg g2A & 4709 stem-loop primer} 27}
] probeE ©]-&3t4 real-time PCR %133} $t}. Stem- loop
primer®] dolo| we} gFSER49 5Tt 747] b=
AH A Probe 25 ©] &30 W ¥H-&o] AZHE base-
lineo] Ao 2 FAFH 0T FQAH AT, plateaul A 5=
H F3gol o A Y, ARz ANY Cp #E
173t stem-loop RT-primer 23} probe 2& stem-loop
RT-qPCRel| AH&-3F 4t b 22 3% stem-loop RT pri-
mer$} probeE ©] &3t forward primers <18k Th 200
nM Anti-HPV E6/E7 siRNAE ©|£3}4 real-time PCRS 7
PatuS o, FF 120 A H baselinet FHHOE &
& FFghol & H forward primer 3& HEHOZ stem-
loop RT-qPCRol A+-&-3}3{Th(Fig. 2A, Table 1).

A H stem-loop primer$} probeE ©|&34 Anti-HPV

B STD curve

y = -3.0834x + 12.433
10 R = 0.9843

-5 -4 -3 -2 -1 0 1
Log siRNA(ng/ml)

Fig. 2. Specific amplification of Anti-HPV E6/E7 siRNA using stem loop RT-qPCR assay. (A) Linearity of the standard curve in
optimized assay conditions. The optimal condition of the siRNA amplification is established using the stem-loop RT-primer2,
probe2 and forward primer3. (B) Amplification plots for 10-fold serial dilutions of the Anti-HPV E6/E7 siRNA standards

ranging from 1 nM to 100 fM.
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Fig. 3. Determination of low limit of quantification (LLOQ) con-
centration. The real-time fluorescence units are plotted
against concentration of initial Anti-HPV E6/E7 siRNA
ranging from 1 nM using LightCycler® 480II (Roche).
All standard curve generated using known concentration
of Anti-HPV E6/E7 siRNA of 10-fold serially diluted
5-times and the threshold cycle (Cp) value. All the ex-
perimental points were obtained in triplicates. R2 values
were always >0.99.

E6/E7 siRNA EZFA &5 1 nMollA 100 IM7hA] 10918 <=3}
20 2 3|45} real-time PCRS 33} $ T} siRNA EFA]
So g Cp #(y)te] AFEAZAT 727 = -3.0834, 24
A RY)E 098438 3 H o] siRNA E=AE 9 Cp g 749
slAgol gob A BAo] 7tsd APdHY e Fd&tit

(Fig. 2A, Fig. 2B).

Anti-HPV E6/E7 siRNA EFAIZE &8t AHESH
(LOD) ¥ AANESHH(LLOQ) =l

HAE9A 45 € 913 1 nM Anti-HPV E6/E7 siRNA ¥
AEE 100 x4 oz 1 IMAHA 34T ANRE SHE
2 FHlete 7 A 38 WA o R S5t A
FHA(LOD) g2 100 fM~1 nM =89 Cp # 4
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3~35% YASA A8 Yetgd oM PCR &&o] oF
100% Y& BA3AAT, 10 M 5= o]3ke Cp #ollME ©
stgo] 3 oJstE Wate 202 gAH HEAAE 10 M
F52 ZA39 3 (Table 2), 10 nM siRNA EFAEE 108)
A eaA 02 34 9E uf 100 M siRNA EFAF FE7HA
Holfl EEZA Y sloped] ghol -3.1442, AR A F(R) ol
099 o]Ao & &olElo] 100 M siRNA EEAFY ¥EE
BEFREFAAY HAH(LLOQLE A%t (Fig. 3).
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(%)& BT AT} 80.14~11854% 2 3150} A
o NgAT B iAol A& T3t
43 Anti-HPV E6/E7 siRNA EFA 85 o] &3}

o stem-loop RT-qPCRE 3§ F Cpghs wlasto] 24
< A Th(Fig. 4, Table 4). siRNA EZA 50 B & Cp
Bh(y) el 2EFA2 AA 2o A5y = 3.0491x + 171%
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Fig. 4. Reproducibility and linearity of stem-loop RT-qPCR assay for quantitative detection of siRNA (A-C). Standard curve generated
using known concentration of 10-fold serially diluted Anti-HPV E6/E7 siRNA and the threshold cycle (Cp) value. Every

siRNA concentration was measured 3-times.
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Table 4. Precision of stem-loop RT-qPCR from independent experiments
C rati Cp value Final analysis
ncen 10N
oncentiatio Test 1 Test 2 Test 3 AVE SD v
1 nM 13.79 13.80 13.83 13.81 0.02 0.15
100 pM 16.92 16.96 16.95 16.94 0.02 0.12
1 da 10 pM 19.65 19.66 19.67 19.66 0.01 0.05
Y 1 pM 23.39 23.46 2341 2342 0.04 0.15
100 M 26.09 26.17 26.17 26.14 0.05 0.18
NTC N/A N/A N/A
1 nM 13.46 13.47 13.49 13.47 0.02 0.11
100 pM 1540 15.39 15.39 15.39 0.01 0.04
24 10 pM 19.83 19.84 19.83 19.83 0.01 0.03
v 1 pM 2320 2314 2316 2317 0.03 0.13
100 M 26.58 26.60 26.58 26.59 0.01 0.04
NTC N/A N/A N/A
1 nM 13.77 13.82 13.79 13.79 0.03 0.18
100 pM 1549 15.68 15.71 15.63 0.12 0.76
3 day 10 pM 19.40 19.52 19.52 19.48 0.07 0.36
1 pM 2259 22.69 22.70 22.66 0.06 0.27
100 M 25.90 25.93 25.95 25.93 0.03 0.10
NTC* N/A N/A N/A
* NTC: No template control.
oo g Jeht AdgRET ofet Al W w5S SHE ZE0A stem-loop RT-gPCR 20 2|5 siRNA
AT F AT o]k & AFH A stem-loop RT-qPCR of2 SEfsH 2M
assay® ol $3e] SRNA JFAEHS F40 FsBe 8 FEE JIUshe oFEYl F4 B AL WA B A
g 4 A9t FUE B4 98 HHoEA AYTES o) gate] 33
E3 Y3 Anti-HPV E6/E7 siRNA ZFEARE o] £3 ¥ stem-loop RT-qPCR £4 ¥ &&& 2139t Anti-
02 A AWl hybridization assaye ©]8-3t] F assay HPV E6/E7 siRNAE HES] thE AW F9 F, 0.5&~244
e AEdA 4 RAEE Hwstdls 4 $ hybridization WA S EHs At HHE HE Y02 HH plas-
assay®] 7§ 10 pMe] AZ8A 9}, 20 pM9] H 44 F A 7 mas #28k stem- loop RT-qPCR< AHE-3to] siRNAE 7
& Bol wEo] X AT oA BY3 stemloop RIqPCRY  F3HATH EZZ4 4%, siRNA EZAEE o] §3}e]
o] A% 10 M AEdA19} 100 M HAAFIA & 2 P39 o stem-loop RT-qPCRY slope k& -3.1443, A4 A
+ 2o & g5 o|(data not shown) hybridization assay®] T R>0990.2 <15 2l th(Fig. 5A). 2 H EEFA4 9 37
WE) A ok 1,000 FEo B MAEE HolE: Aoz Ae ol&std AR RE P EA= siRNAY| F=
He 23 AN B4 9 A sRNA gEA H  EAIE H ked SRNAE 3355 Cmad 139
Agg WS o 4 99T ng/miol A 301kl 0.011 pg/ml2 F238] 4o elst
A B
a5 Standard Curve of PK 100000 siRNA PK S AT,
30 Naked siRNA
0000 =
25 é
o 20 41000
% 15 y = -3.1443x + 13.689 5
g R? = 0.9984 2 100
10 =
10
; :
0 1
6 4 2 0 0 500 1000 1500
Log siRNA(ng/ml) Time (min)

Fig. 5. Quantitative detection of Anti-HPV E6/E7 siRNA in rat serum. (A) Standard curves in rat serum using stem-loop RT-qPCR.

(B) Circulation profile of Anti-HPV E6/E7 siRNA in rat.
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Table 5. Pharmacokinetic parameter analysis of Anti-HPV E6/
E7 siRNA in rat serum

1 mg/kg
Parameter Naked Anti-HPV
siRNA E6/E7 siRNA
AUC; (min*ug/ml) 29.14 6580.64
Crnax (1g/ml) 139 27
CL (ml/min/kg) 38.0 0.15
Ty/2 (min) 5.0 364.3

ATH(Fig. 5B). ol = A P37t HA 52 siRNAE 4 se-
rum ‘34 nucleaseol ol el HH ¢ E¢AsTE A
< Bzt o2 TS B4 T @Adw A EA
3t WA (AUC)2 29.14 min*ug/ml, Y471 (Ty2 )& 5 minS. 2
A4 1T (Table 5).

Anti-HPV E6/E7 siRNA X 242] 7% 2447k
oA =9 Ao ALHE AL &Il o (Fig. 5B)
%3 1% 5 (Cmax)& 227 ug/mlo| ™ 2447t = 09 ng/
mlZ ALE A @4 = A1 8 WA (AUC) 6580.64
min*ug/ml, ¥7](Tyo) e OF 6AIZFOE AAHE Sl THTable 5).

£ AT7E 53 siRNAZIWE &9 AW HF5e &
AE UHETF =2 stem-loop RT-qPCR assayE &4 31 3L
HzHoZ ZEAF A4H A /AEE Anti-HPV
E6/E7 siRNA A 849 & FHjstz 542 Fofste=d A
&l 7hed Aoz et gt ek & AFolA AHEH
stem-loop RT-qPCR assay -2 EHf 9] okE FA 8% o}y
2} siRNA 2 5419 °k& SE 4 ADME (absorption, dis-
tribution, metabolism and excretion) ¥4 3 22 9 A Z 1
o HEEs #4 T 2% 4= Y= H5 28] €
Ao g 7lgdt

A EF

°of =&

& 20189 % A ot
(No. 201802580001)¢] Aoz aqH A<
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: Stem-loop RT-qPCR 2A{#HS 0|&5! siRNA X[ZHIQ| MAA|Z 2AH AZ Y A= SEfSHH
24

Zay' - e’ 455" gaia't - ojss™

(J@xcuole, AUt A FE Yinto] S AF)

£ 97E siRNA 7|8 A 5459 A2 g4 g slojA B4 oz AW F, &2, thAL w4
of thd FEH e FAL 93 stem-loop RT-qgPCR H< o] &3te] 2o} o A3 AW gdstur %ot
siRNA® &0 # <l primers} probed AH3lea] siRNA AFHAE APHE H A58 siRNA EFAEE o] &
sto] HAste AP AE39S o siRNA EFA 59 dd Cp ﬁk(y){«] NYRAN AT, 7127 P 33,
BAAF R>090.2 A= o] siRNA EFAZ 9 Cp 7k 2+e] 1AM 0] ol $ Eol FF E4o] 715d AFHY
S FQlsYa, 2L EFEANEE 0]*‘131 stem-loop RT-qPCR9| A &3l 1-71](LOD) 10 M, H aA 3k
100 Mol it & ]%‘“‘4 "]ﬂ < gdetr] Asf) A@AE BEA s, AP S 33 wEsH 747 3g
@ A3}, siRNA EEA ol ek Cp #(y)te AP EA A3} 71 &7 AHA S RS A @A (slope + -
AT R>099)¢ ey, £+ %A S 25H $HE SiRNA EEA 59 3] & (recovery + 20%) 7
s St S HE stem-loop RT-qPCRE AU EA8tE E AT 448 F A &4
FEEol siRNAS F F A8 d4E AFst] S Aoz AFS APs3aL 4= FH S
SIRNAA 84 9] ddufj o A S sttt wreba] B4 A2 E stem-loop RT-qPCR
A4, A8 2 IAE 22 EAMCE AMARA AT 7o g AAANE £4 ATl
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