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8 B A AR (J AE 4 T MR A e ok A AT R B 0 RE  E R F O Sk RBUE G R B it — F ik TR TiRAREES B
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Liquid chromatography-based bioanalytical technologies for nucleic acid drugs

SUN Shumeng', LIN Lin"*,ZHANG Daizhou'*, LI Xin’, GUAN Yongxia’, CHEN Kai' > *(1. Shandong Academy
of Pharmaceutical Sciences, Jinan 250101, China; 2. Shandong Innovation Center of Engineered Bacteriophage
Therapeutics, Jinan 250101, China;3. Lunan Pharmaceutical Group Co., Ltd., Shandong Linyi 276000, China;
4. Innovative Institute of Chinese Medicine and Pharmacy, Shandong University of Traditional Chinese
Medicine, Jinan 250001, China)

ABSTRACT There are three types of bioanalytical methods for nucleic acid drugs, including ligand binding assay, quantitative
polymerase chain reaction and liquid chromatography-based bioanalytical technologies. Although the first two assays have high
sensitivity, they have poor selectivity and can not differentiate between intact and truncated metabolites. Liquid chromatography-
based bioanalytical technologies which are less sensitive, offer high selectivity for the identification of intact and truncated
metabolites. They have broad application prospects in both preclinical and clinical investigations of therapeutic nucleic acid drugs.
This paper provides a critical review on the characteristics of these technologies and their application to analyze nucleic acid drugs,
including high performance liquid chromatography-ultraviolet detection (HPLC-UV) , high performance liquid chromatography-
fluorescence (HPLC-FL), liquid chromatography-tandem mass spectrometry (LC-MS/MS), liquid chromatography-high resolution-
mass spectrometry, microflow liquid chromatography-tandem mass spectrometry (microflow LC-MS/MS) and hybridization liquid
chromatography-tandem mass spectrometry. Although these technologies have high sensitivity except for HPLC-UV, they still have
some shortcomings, such as suitable probes need to be designed for HPLC-FL, standard substance for LC-MS/MS, and high cost
for microflow LC-MS/MS. In addition, the development of some related strategies or technologies (e.g. non-specific adsorption
strategy, sample pretreatment) which can improve the sensitivity, has hastened the development of liquid chromatography-based
bioanalytical technologies for nucleic acid drugs.

KEYWORDS nucleic acid drugs; oligonucleotide; bioanalysis; liquid chromatography; separation technology
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RNA, siRNA) 254 | f#/IN RNA 254 FE fe iR 2547 A
1998 4F 1 5% ASO 2454 Vitravene” (formivirsen ) 24t | 117
PR, #2 2024 4F 5 7 FBr B EA 20 MR 2513k
o b,

BRI A= W) o0 W 0 12 AT 3 RS AU At 4k
T {45 4 43 M7 (ligand binding assay, LBA) i) 43 #r /7
T w5 R A W A% K (quantitative polymerase
chain reaction, qPCR) % 4341 J7 12 I 3 TV A €833 70 15
BRI G HTI7 1 o LBA G347 7 130 0 S48 Tl HK f 92 i
FfH 72 (enzyme-linked immunosorbent assay , ELISA )i,
AR — P AAL W AP AL 1 L = R 23S BUEAAE
AT IAC S o IR TE LT AT 2R A 3L,
R R HZ 2B R T, 8 R EIT R
AeAE Ty L RIS 2 P2 e B (H X Rh e B PR ATS A AT 13
™, qPCR I3 )7 12 2 BEALHR 22 0% 51 IE Al gPCR
1% \Poly A RGN 1 . qPCRIREN 45 . &K HTr
A A F iy, T Ik fg/mL 7K HJGIE X 4y B A%
PR AR By S H B A =, B 5 1 AR i ik
THATE—EMERE BN 2R

BT WAH A5 I B BRI 73 7 v I B i 4
P | HRRE A 8 1 I R (3 S5 1 S IR SEAZ TR A B S HAR
7 ) 0 o3 B R E B e M o IS A O 1 mOR R
WA L (0 R IR T R ZE AT D7 AR LY
)&, R T R TR 28 245 ) ) A ) B ST R 5 1 o
Ty 1 BT - = OB (51 - 28 S (high per-
formance liquid chromatography-ultraviolet detection,
HPLC-UV) ¥ | /5 RO AH €835 - 2 ' (high performance
liquid chromatography-fluorescence, HPLC-FL) 7% . #i% #H
6, 3% - B Bk BT 3% (liquid chromatography-tandem mass
spectrometry , LC-MS/MS) ¥ | ¥ AH €033 - &1 43 9 a1
(liquid chromatography-high resolution-mass spectrom-
etry, LC-HRMS) 7 Sl W AH €035 - ER B 37 1% (microflow
liquid chromatography-tandem mass spectrometry, micro-
flow LC-MS/MS )% A AH (21 - B3 1B T35 (hybridiza-
tion liquid chromatography-tandem mass spectrometry, hy-
bridization LC-MS/MS) ¥k o A ICERIR 15 T AR (0 1
I3 BB B O E R ORI R TR 25 A= ) o3 i
AL 0 LA AR 2 24 )i PR 1T Al PR ATE 5
HWIRESR T HTT IR RIT RS
1 HPLC-UVi&

HPLC-UV &% H TSR H R 1 ] £ AN 4 B2 36 iE"
{ FRIE I, SERZ AT IR 1 43 88 52 [T AR LA TS AH S
IR AL I A 20 . Umemura 5™ H] HPLC-UV 7546
I defibrotide (FAL5E SR 1R MURL I 2 3 R A1), — Tl
ASO 254 TE N L3 Hh ik B2, A6 I 2k M3 Rl Dy 10~
300 pg/mL. Nuckowski 551 A HPLC 5, 7F 260 nm %8
AT A T R Al R S A% T R 1) [ AF 22 B (solid-
phase extraction, SPE) ¥ #E4T T HL Ak , £ 55 W Bt 551 i
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IS VBV N P S Sk B, $5e 2R PR - 7 B (liquid-
liquid extraction, LLE)-SPE B &4 AR X A L2 rf iy AL
TR SEAZ T R B L 2 AR ™= W AT T e i oW . AR
HPLC-UV 7EAHX a7 B, (RS I 22 R IR, To ik IR
WEERE S B A W53 HT o

2 HPLC-FL3%

I F K 4% R (peptide nucleic acid, PNA) 4% 52 1Y
HPLC-FL &S24l 2¢O EhRIC B PNA SR 5 ST R Bk
LB TE 24 38 WUAE A4, PR I HPLC YA #EA TR I o i
DB VAR BB A T i e 80 h SERZ AT R 1)
A3HT, HiFil 4 T ELISA FTHPLC 2 Fhoy i i, i i
FR (lower limit of quantification, LLOQ) 7] 3% 1 ng/mL,
HEPEAL", HAre LTS RIS 25 Y) patisiran
SR SR FH 2 125 D0 2 1) A I PR IS B e A ot v Fg 5 2
R T H 2GR 3 Jr 2w o™ ki it B B 125 4
TSIy IR BEA X A=), 45 3 i 5 iy
R = K 57 i R A AR = " T SR K
PR, PNA BREF 194 B2 X PN A/ 48 5 4% 1112 (oligodeoxy-
nucleotide , ODN ) 2438 & & W) YW T Rl (0 1% 43 15 i 28 5%
H %L, /E PNA/ODN 22 2 E AW E I 00 R, B 1)
PNA 4 R IAFFLF . ZWFIE 8 R ATTO JekHRid
[ 12-mer PNA %X A IfiL %% o DNL1818(18-mer, — 7}
R — i ODN 2454 ) ¥ HPLC-FL il & J7 B 4T T 0iE
i LLOQ A ik 0.1 ng/mL., HPLC-FL % 2 S0 &
SR AR S > O R AR i — R Bk
TR AIE e, BRI KA 7RI & B,
W3 H TG R BRI PR T 5 04 5 B
3 LC-MS/MSi%x

LC-MS/MS k256 T AR €3 19 70 B3 B8 1 s ik
B4 BT RE T, T LA e 8 ORI v e PE M A A% R 2 AT
SR R AR = P e R e, A O R S
Y AT E TR, Hoh, = DU LC-MS/
MSIEIIR AT 2, 2RO TR . Ewles
ZEU9R ] AB Sciex API 5000 = & PUHL FT LC-MS/MS %
G A3 A7 Y trabedersen (—Fi 2 X ODN 254) M H. 6
Bl 3" v A1 57 i AR =40 (5/n-1.3"n-1.,5"n-2,3"n-2,
5'n-3.3'n-3) AT T BT, K-SR NEE- =&
PRI (100: 1:0.1, VIVIV) FFF B2 i A T - = L TG
(100:1:0.1, V/VIV) R ShAHPES 746 BE VR, AT A5 R Fh 1
T R A3 O 26 91 L 27 28 2~1 000 ng/mL. Ledvina %™
K Fl AB Sciex 6500+ — T PO ¥ LC-MS/MS Z 4t # 37
T A3 o AZD8233[16-mer, — Ff N- 2, 5 21 FL b iz
(GalNAc) fH I Y Al R T 8 11 () ZEA% 11 1R 24 0 1 ]
ENT, WK AZD8233 5 AZD8233-DG (AZD8233
(1) R AL B 43 2oL IE 20 #5177 405, LLOQ AJ
ik 0.2 ng/mL. Hemsley %5 fiff Ffj 7 £k [& #H %< B (online
SPE, OLSPE)-LC-MS/MS R G # 37. T AL 3¢ ' 15-mer
AAEA ) EREE DNA SEAZ R 25 il 2 7 i, K (N
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15 mmol/L = Z, T fli-+400 mmol/L 7~ %55 TA Tt ) 1 F ik -
7K (50:50, V7V, N £ 15 mmol/L = ZEERE+400 mmol/L 75
SN ) A I SR TRR VRN , LLOQ FIiA 50 pg/mL .

AR, BT 5 2R 7K A (438 (hydrophilic interac-
tion liquid chromatography, HILIC) ¢ & ) HILIC-MS/
MSIEBIHE T 712 i, I s AH 22 45 & kR A
FRAAE F XA, 5 P B o s A5 o R R
GEiis e, e TR IS 0 A oy e TE
TS A PR, 5 R A EL , £ TR i PR HL T e A
T R TR ) o R B PR £ 22 PR . Zhang 5
K H AB Sciex API 5000 = U AT HILIC-MS/MS &R 4¢
ST T H i 2 T nusinersen (— Fi A R R 1 15 1 4
ASO 29 0 5 7 TE T SIAR Fh R 0 20 mmol/L &
PR 4 1K pH(ELIRIEE Ry 10 B, o S RCR By BT e -,
LLOQW 3530 ng/mL, ZIF5T R HILIESER T nusinersen
BALVRIE PN T S 2 2 R B R KR B 4 24 e i 251X 8l )
ST o

LC-MS/MS 2 R 55 43 25 8 ) e s B | R IR
SEAL TR AR B K ARG = 00 70 85 5 0 i, (A5 TE bR
YA AR R TTHE T 58 B, BOH N A2 2] T — i BRI
4 LC-HRMS %

HHET, LC-HRMS L Z T R4y
Ay AT, LA R 1 R o R RS S MERRE VN TS
ppm) , FFEAE B X BE S AR DL T o] RASEEUR = i
PR R B, R B R AR S AR I =4 o A B E B AR
Z TR TR IS 25 43 W L e R T Y R
I 2 A DUARAT - E S B B R R R AT
KA THS 8] B (quadrupole time-of-flight mass spec-
trometry, Q-TOF MS) .

Ji SR FH O B AT - e 37 P I ) A A
o B A2 AT R R TR 4 AL R A RBD1016
(—F GaINAc fH I 1) siRNA 259 , £, S LBE R X
) F FCAR AT T kR = b, R
RBD1016 [ [ SAEFE 4 Fh 32 5 b (AR = e AH [ 1
RBD1016 {45 SEEFE 4 Fp 3L 5 (A = A7 e 25 5% o
Li 25 5% F U H FF - 8 v 3 0038 BIF I 335 1) 3 A =X %
REVERSIR-A (— 1 5% GaINAc (I 0 S TR 259 )
R HARG =4 T T 8T, e s = AR
WY % 5 (FAHEE LA miz 500~2 000) , 1645 55 146
BRI A T O W A= o 140 AT L 20 B 00l oy
70 000 F135 000, A5 &L T AUAEAE T BT E
A REVERSIR-A ) —F 87 AR =9, /& 37 K Y
2/ -O-HIL PR FEAL Y 27 -0-H BEWLAT , 3 2 1 ol ge
S A SN 255 25 SE A AT TR A v AR A 1) A-to-1 Zi 4, P
3 FEAUAHZE 0.984 Da,, Liu 251 DU H AT-# H 80
TE B T3 7 K BRI ) 3% v 2 RS [RME M A SEA% T R
N11-GaINAc( AR EE .2 -9 .2 -H A1 37 -Gal-
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NAc &/ 1Y 21-mer RNA, 43 7 4 8 590.218 8 Da) il
N9 (AR IR A 27 - 3B i Y 21-mer RNA, 73 it
6 674.996 1 Da) AR = PIiEAT T 5858 , 4525 50 51 2%
A 27 A 29 AR, Sun ZEPR F DUB - L 3
9030 BIF IO 9 X6 R BRI 3 P %) mipomersen (— Fft ASO
259 EAT T O5E , JFHEAT T S8 B 7 2 00, r i
LLOQ AJik 0.5 ng/mL,

Li %"k H Q-TOF MS ¥ X — B - 1] ) ASO 24
Yy AZD8233 11y 11 P ™= Wy i 4T 1 B, JFIESE T 30
Wik AR 5O R AR — B
Kilanowska Z5*5% ] Q-TOF MS 32 %} 4 Fh A [R] & i ( 43
W ZRACHEIRES (27 -H E 3k 2 -F A 2 3 BB ) 1Y
ASO 251 NHFRORAARIE 5 AR = 1T T 9T
ZERL IR 3K ASO 25 (1) E ZAR AR R #R AN
FEEA T A0 37 A B 5 AR iR o 1A IE I8 & B, AR5
FER B BE A A A A U 5 | S A SEAZ T R AR A B AR
Tk 20>, B A i IR 15 115 Y ASO %0 > il 48 1 1Y)
ASO Hii >2" - A SHE i 1) ASO B >2 - | 3B
Mtk ASO %itie .

LC-HRMS i RS [F] I 56 7 o i AR HAR =4
TCAUE FAFRHEY) I ; 5 LC-MS/MS ¥E4H [t , LC-HRMS =
FA) ol 3 P 36 e SO A G R O RS X 0 S R AL A AR
W=, — R, B SR T R B B I 2 2 80U
TG R AHE (Y FRAIG, Rl LC-MS/MS ¥ 5 LC-HRMS
I G T T BB NIEIR A2
5 microflow LC-MS/MS i%

i 4E 3K , microflow LC-MS/MS 1 [ H-#8 = 14 R 6
JFET £ 32 e o Ml SCHR AR GE , S0 AR 3% (It
10~100 wL/min) 7] 4 &5 FL T 55 5 3% Hh 40 B 40 114 L 5 4
R R AR R 7= A B /N BT B K 2
T AR S AR H , DT A3 T O A L RUCR™ Jiang
AEDOTE T — R TR UL TR ASO 25 2 e T Y
microflow LC-MS/MS ¥ , R A5 0.1 ng/mL; AHX] T
R WA RS TR VR i 1) R U S T 4~6
i, ELER G v R B B 3 (R PR AR, % 1k 1) R 0
1o Guimaraes %5 W SO ROR (233 5 2230 38 94 T Ha 15
55 iSRS A TR0 bt 25 R A, £l
TET A T B % 5 SRS R ARG I 2 A8 4R T 300% .

microflow LC-MS/MS ¥ 1) R B i , HL 1 T ik
12, H s A THFE St i /D | DRI XS S 95 e /N 5
T EL, 55 /0 e R R A IR, I8 A R T 3 sk
N o RRERE AAER P T AR o A8 AR , O F AR
WARAFRN 72 H
6 hybridization LC-MS/MS i£

hybridization LC-MS/MS {E7E L4 T LC-MS/MS 7
e PR R, H R A AT 5 LBA AR 36, © R i
AR ST R M o IRIER AR R AL DR R A
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RS IR 0 2R 2 28 1 N AE W FEAS T SR B % , 4R )5 F LC-
MS/MS B FEAT 404, i Dillen Z8%9F 2017 4438
S5E5: 1) LC-MS/MS L A0 HL 135 BT 5 BEAR T /N, 96
FLAR BT L 5 4 PHEAE i, FERS A, HO T AR E .
Li ST & T F R B RN A 2 2R i Hh ASO 2459
SE B 43 BT 1Y hybridization LC-MS/MS ¥ , AE 45 51 1l X
53 ASO S n-1 4™ 4, 530 ASO 2454 B HAR ™)
A T e i 5 L2 SR AORE v, KRRl 2% o i) LLOQ T
ik 0.5 ng/mL, 4419 ) LLOQ AT 3% 2.50 ng/g. Li %5
B UKEES TR IR 4120 ASO-001 (—FhHAg
20 PHHFEXT (1) ASO 254 ) 7 1t 43 A1 ) hybridization LC-
MS/MS %, FFIESE Tk A5 ASO-001 5 F 37 v f1 5
SR = (3" n-1.3"n-10,5'n-10,3'n-15.5"n-15) f)F
o5 Rl Z w58 B BAE #4717 ASO-001 H F 4 =AY
B 125, FIrfs LLOQ Al 34 0.5 ng/mL.,  Yuan %™ ¢ 7K
¥4 hybridization LC-MS/MS 7% FH T4 ML i I 4141
H1 SIRNA-01 (— Rl OBUE SEAZ 1 TR 259) il =, fifi
PNA £ 1B AR B, 2k A5 T 0 2 09 IR (2
90% ) , FL %2 32 FAS 32 400 9 30 A n-1 A= P 9 T
P&, LLOQ K 2 ng/mL, HiZ 4 v] HF HoAth siRNA 254
K TR TR G A 53T o

hybridization LC-MS/MS % HA 51445 ELISA ¥ 4
M0 AU, ELRE S ) Ao R 1T B, AU R R S A
B ALY R AL T SRR T T ZEA R R B B A
B, TR S BIAR X R
7 HMEXKRBEEEAR

AR, it — 20 2 i 3 A s o B H AR 19 53
MF 5 1 08 R AR, At DA% T 10 A A S e B B ) RN £
FESHTAN B AR R T R AR
7.1 dE45 R R AR R R B

i R A 2 11 A e S5 2 O o ] AT, T 2 R 1) 45
0 BT [N DT $RE 3 20 BT T2 1 R AU
Nguyen %% ] HPLC-UV & LC-MS/MS % , L 25-mer
i ARl R T T A% T TR B AN () R R 5 8 M s v e
A% R (15-mer . 20-mer , 25-mer , 30-mer . 35-mer ) A fiff
FERTGE KT HERE S B R AT T RGEMTE . S5R %R
HH, 4 Ja A8 JO 178 YRR €8 TS 2 (o A R YROAH €5 1% R 50
5| RS 1) AV A S P O o ) R T LA S Ao A AR U Ok i
e AH PP g FOR R, HE B ML  RIHTE
A AR T 0 AR 5 LT AN AR R R
S R 00 BT, A X 4 T b B 1 YR e 3 B -, T il
25-mer B A X 92 R S A2 1R 114 T A0 R4 v 73 % 0 1%
SIS X A shiAH pH B (4.7 .8.5) X &5 R A S2 itk A T 1
fili, 05 3t s AH pH Ay 8.5 I, 25-mer B A R TG 2%
AR I [ % f 25 o Zhang 255 g 18 6 1Rk e AL B 36
25w BC IV W, TR0 s I s 1 Xehal R (S R
Mgt = PR ) AT LAS /D AL AT TR AR S R . D)
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Ab, W SRR S AR (AN C PR ) BRI A e RELDT
S Chnn A i A ) 0 TS PR (k3 80) B fin AR
AT DAY /D S A R 1) AR R S 1 W B 3t sl A L
VW A WL 390 0 e B 25 S i SE A T R i AR AR 5
PRI B
7.2 FEMBTGAEREA

R it B AL B2 E AR SEAZ R S LA™ ) I
e VSN AR L TP SIS P SOOI R R
TWACIE S SR I T ERBERCEZE, H
T UL R i i Ah B 9 A AR T DTDE T \LLE ¥ |
SPE & Hirr, 85 I TUE I A7 A0 A Y 1T ISR A A 1Y)
FE TN, B /PP, LLE ¥k M2 SPE 322 B FH T35
AT R HRE it 1l 25 B AR BBAS 21 R A5 1 [eR™ ) (HH
MAHTAL IR AR E AR RE S R bR S I BT, R )y
P R, Pl B8 HF P 45 A TR T AL
FROCSOBE5E W, LLE BE 4 SPE 3£ H T A i 2%
AZD8233 (il i, LLOQ ]34 0.2 ng/mL™, B # A kb
P 7 v 3 — 25 2k, OLSPE Wi th g & ok, 4L
TN M2 B2 A% B2 1) I 2 B, LLOQ A 3k 50 pg/mL,
A% % SPE A RAUESEE T 545, ek, i &
JRE () 2 A2 BB A 32 GV, LA 8 BE IR S 1 T
NI E-S ATt 7/ 9N @il AN AT AT N < o D)
TR A TR 2 24 W TEA T e AR R S B B, R Sk T T
AR — FhoE b B U7k o 4% A8 $R B 5 microflow
LC-MS/MS ¥ 1Y 45 & B2 1 SE A% 1 R 1Y I 7 J7 A4
T —ANH R B R AR W R A A R B K 1 2k
F A AR B R 2 Y ASO 24 W R AT HE B, P
H microflow LC-MS/MS ¥ #1700 2 , 5 f08 n 345 0.1
ng/mL"™",
7.3 Hft

TN B AN T A G ) rh A U
153 B AR WAL ST AR b T TR IS 25 W 0 A= ) 43 #
51 40 B 4145 S HURE (capillary microsampling, CMS) 7%,
R FH B A Wi e A dk il Y, (S 7 il Y A B A A
gk — 2 A IR A B L SRS SR T = Y
hybridization LC-MS/MS 5454, M 78 HBURE & 38 /D 1Y
[Fi] B O TE 552 v 119 75 vk RABU% o Yuan 555 UCH CMS
¥ 5 hybridization LC-MS/MS ¥ B4 FH T 4 48 /N BUIfL
WRE G o —Fh ASO 259 (20-mer, 43T 7 4 7 100Da)
15 HT , D 78 i T %25 251X 8 2 S g AR ah 12
A
8 HL5iE

BEE A= W0 5 DT R AN IR A e | B T WAH £33 53 15
HORM 73 W1 7 ¥ B W 56 35 , FE T PNA 2% 28 (1) HPLC-
FL %% \LC-HRMS % \microflow LC-MS/MS 2 . hybridiza-
tion LC-MS/MS #: 1l OLSPE-LC-MS/MS %45  7E{5-45 T
DA TR 3 3 B HOR 43 7k (W HPLC-UV %)
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4 i PEREPE A TR , R Ah T H R BB SR

M TSR IR A 1 2 BB T, A i 5 A 1)

REUEEARRARE BT HA TR YEEAZAT IR

KRN, LC-MS/MS i #l LC-HRMS % ) R #% &

WA, 117 hybridization LC-MS/MS 1 14 7 SR8 ) 245 25

ZRE T WO T 73 B EOR B 73 B kAN By

SR R BRI B 18, D5 T & R, AT Rtk 2

VIt A o DR, 76 S BA 9 A1 4 24 i 18 AR

PRAEGEH 122538 )5 0] LUIAR B ELISA 15 1 qPCR i

XoF S ALTR IS 2 0 A= e B EA T P B4, BT

SEAETE AT &% R P MRS i 0 S B BoE . (S Bl

BRI R RN A LR N BRI 24

Y= e

)
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