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Detection of CSF hypocretin-1 on the narcolepsy type 1 patients by LC-MS/MS: A primary observation
ZHAO Xianchao, REN Jiafeng, CHENG Jinxiang, et al. (Department of Neurology, Tangdu Hospital of Air Force Military
Medical University, Xi’an 710038, China)

Abstract :
cerebrospinal fluid (CSF). The standard method for Hert- 1 measurement is radioimmunoassay (RIA) with imported re-

Objective Narcolepsy type 1(NT1) is known to be associated with low levels of hypocretin-1(Hert-1) in

agents, but this antibody-dependent method is limited to radiation safety-certified lab, gradual radioactivity degradation,
and slow turn-around time. The purpose of this study is to explore a non-radioactive, faster, and antibody independent do-
mestic method in China for Hert-1 detection. Methods Repeated testing of cerebrospinal fluid from 14 clinically diag-
nosed NT1 patients and 10 non-narcolepsy patients was performed using liquid chromatography-tandem mass spectrometry
(LC-MS/MS) technology, including the establishment and optimization of fundamental methodological procedures. The
main steps involved the addition of non-radioactive isotope-labeled internal standards to the cerebrospinal fluid, followed
by solid - phase extraction, mass spectrometry signal acquisition, and quantitative analysis. The results were then com-
The LC-MS/MS method showed faster speed,
and good linearity across a wider range of synthesized standard (5~2 500 pg/ml), and good repeatability. Although this ab-

pared with the corresponding radioimmunoassay (RIA) findings. Results

solute-quantitation-based LC-MS/MS method and RIA method have different reading values in Hert-1 quantitation, they
both can segregate NT1 group from non-NT1 group well. Conclusion  Although larger cohorts are needed to set up a stan-
dard method in China, LC-MS/MS method is proved to be an easier, safer, faster, and possibly more accurate method for

Hert-1 quantitation and detection for NT1 diagnosis.
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SR IR 3R 22 A AR B S 30 2 i, i ELAZ R
o )37 2% B 2 (T2 2 60 d) L R AR 1T
P R AR D B aaR) & v SR 1 BT R S N 1
G208 55 R 2 TR CEEAS RN ] 24 48 h) 365, T LA
W AR —E R R o BEAh AT A5 0 FH R S
PE W [ I 5 7% (enzyme-linked immunosorbent assay,
ELISA) Il %€ CSF H & iR AKF-, 4 R Bk 2wl SR
H1 T RIA FTELISA bR 7 ik ARl 22 5, LA
R AT R Bl 7 s A AR S s 5 S5 I, SR
FEORASIN CSF & AR AR AR RO PR B T 02>
T S )

VTAE SR DAKE T Bl H R Jhy 32 00 2 1 2 24 R
A TR R, JU IR WO JE A H K B v
(liquid chromatography-tandem mass spectrometry , LC-
MS/MS) o 7824 B 7 o I SRR AT T3z B I FH
] A1 1) FH Jo % 1 K Hert-1 R B 8 FiE 7, {5 [
PR WLARGE o Hert-1 2 — &4 240 ZH A2
3 600 1 /K /N 1, 0 5 A FLAT , AN R E NT1 B
JENT1#Y CSF rh X REA 217 H kP R 5 k%K
VAT RIA A EE LC-MS/MS A6 I (1 45 5 AS /] 52 16 25
) 22 501, 0 2 SR AE 5 T 5 RIA 85 R A7 AR
2+ JUAE A 22 5, 38 % LC-MS/MS Ay 52 f % 3 1% T
RIA® . LC-MS/MS 7£ H i 9 4 18 H i 73 76 4
CFS "% Hert-1 K-F- L2 W NT1 5 AT 38 KA IEH
FLAE A B  TCHORE 7T 48 X605 iR I H B
AT TSR, Bt AEFE B AEEE T EN A
FE LT LC-MS/MS R 2 i 46 I CFS ¥ Hert-1 7Ky
AtTrik.

1 #ERERZE

1.1 FASEHEER

TEH 14 456 [ P b IR B 0553 28 565 — W (Inter-
national Classification of Sleep Disorders, 3rd Edition ,
1CSD-3)iZ Wi bR i 1 B R AP G (NT1) B B
Zoad )M B R A A 36 POl RIA P E CSF AR
Hert-1 7K 3 (Hert-1/0rexin A RIA i 7 &5 , Phoenix
Pharmaceuticals) (WL 1) . ZRWFFEHEHL 10 4] 7] 5S¢ p
AX P 28 2 0 R G R A AR Ry 6 BRZEL, HL 3% 5 A 2

o3k gk R 20 B T ) e R R A s R ) A AR
(F2).

1.2 555 Hert-1 M58 7 7%

1.2.1  BRifES L NFRAES AR Hert-1 (58
WA, F D) BB & 50 ng/ml G £ IR IR L BN
25% LG (ACN) F10. 1% H R (FA) , IF FVEFRHE &
T AR 5T 3 () Hert-1 #& JE S 100 ng/ml, 3 7 R
25%ACNF10. 1%FA . INFRFRAE(PHFR )R H CHTPN
R RN ZFRCAY Hert-1, 75 2 M &R (Leuw) 3
TR RGE AR ERM R GREA D, ED . %N
br5 Hert-1 462 PR B ARARL , (246 B s A LA 11,
AT EARFS N 14 Dao PRG-I GE 2 78 [RIRE ()7
#F(25% ACN, 1% FA) W ¥ ff IF 43 %%, 647 T
-80 ‘C. TAEIRWH 25%ACN,0. 1% FA RSB, flife &
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WiH NT14(n=14)

Hi(n) 9. 00
BMI[M(P,q,P.;) ,kg/m?] 29.22(25.90,30.99)
ISR M (P, P,y) 4 ] 20(15,30.25)

AR M(Pyg, Pg)  4E ] 3(1,12)
JEAR (n)
H i) i S 14. 00
Ve KA 13.00
R A 95 5.00
B L] 5.00
Epworth Fg it 17 3% (£s) 12. 77+4. 46
£ IR NR W

BRI A E] (s, min)
MENR R [ M (P,g, Pyg) %]
NBEE TR R [ M(P,g, P,g) ;min] 19.50(15. 00,36. 25)
REM WA [M(P,g,P,5) ,min] 3.00(1.00,77.00)
nSOREMP(n) 7. 00

REM #1143 LL [M(P 5, P.) %] 20.50(17. 50,26. 00)

423. 86+146. 33
94.50(84.50,95.25)

N1 43 L (s, %) 21.29+7.96

N2 S S5 b (e, %) 43.57£16.52

N3 IH 43 L (s, %) 13.36+10. 26

T RS B (s, WOBU/D) 10. 00+3. 76
IHL S e R I MR 7 45 1 A 5.93+6.72
(s, IREU/h)

SIS A AR A (755, %) 82.79+24. 33
REEHI o JET I PE PR A i 348 2K 1.92+1. 83
(s, IKEU/M)

Z BRI/ N (es)
- YRR AR VE AR 1 (min ) 2.03+1. 68
SOREMP(n) 4.36+1.01

e BMI, body mass index, B A 5 4 48 %% ; nSOREMP, nocturnal
sleep onset REM period, P[] B A B B 2 4 P 32 R 3 3 5 N1, non-
rapid eye movement stage 1, SR e AR zh A IR 1395 N2, non-rapid eye
movement stage 2, JE P sd 1R 2 AR 2 1 N3, on-rapid eye movement
stage 3, EP IR SHIENR 3 1] ; REM, rapid eye movement, [RH MR ZhIEAR ;
SOREMP sleep onset REM period , MENRGE 4G DL IR 1401

x2 WRARFER

ig=2 BELI T 531 Ay
co1 R 2 R G IR 5 2%
€02 KR 22 R G Y 5 15
co3 PR R G R L] 58 %
Co4 KR 22 R G IRR Y 5 10%
Cos PR A 2 R SR 1 12%
€06 rPHX B 22 R R % 36 %
co7 R R G IR B 49%
co8 K B 22 R G TR % 94
€09 PR A 28 R SRR 5 3%
C10 rPX B 22 R G R % 74

T - (18.6121.04) %

W B 29 Sk 10 ng/ml, R A0SR FE 500 wl B A o
A 50 ol PR, AR EE DR 909 pg/ml.
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1.2.2 JRIERESFTALBE  Hert-1 3812 [ AR A H
(solid-phase extraction, SPE) )\ CSF H $i Ht , >k H]
30 wm Oasis ZEHUH (96 FLHAS 2L, waters) . L) 500 wl
FEE(MeOH) F1500 pl ZK FAEIEYE SRS A 550 pl B
A% (500 pl CSFAEAF 50 pl bR TAEIR TR AW , LA
200 wl MeOH/ZK/H R (80/10/10, viv) I B8k, Witk
% 96 FLAE FAERW BF FERE AT (waters ) , 7£ 40 ‘CF FHE 2
B 4E 21, 555 H 100 wl HPLC i sfiAH (ACN/ZK/
FA:25/74.9/0. 1,vIvIv) EHTH

1.2.3 LC-MS/MS 48 FEdb o Ar A 88 h
AB Sciex i #H {0, 1%1% (AB Sciex, Citrine, USA) , fit £
L5 55 25 1 (electrospray ionization, ESI) 58 il . H
R RIT - % 2.1 mm N %50 mm £ Kinetex
C18 Y 2 AH £4, 3% 4 (2. 6 wm WKL , 100A FL4%2 , Phe-
nomenex) . VoA A NO0. 1% FA,Jish#H B A L&
(ACN)/0. 1% FA, FI| FA A B U i 1% Hert-1 25 i JF:
£ : 0 min, 20% B—1.3 min, 95% B—2.3 min,
95% B—2. 4 min, 20% B—3. 0 min, 20% ACN) . ¥k
AR A 400 wl/min; FETR AR EE 40 °C5 RES SIEE R
8 °C., 1 Hi fnf HL 5 557 B ALl A B R 20 eV, HARES
TN Hert-1[ M+5H | (J5iff te m/z 713. 1), FEE0E R
2 :m/z 858. 6 F1854. 1; AR fof b m/z 715. 9( H
FRESF)—862. 2(HE B+ ) 57,

1.2.4 RIAHT 4% R F AR E RIA 3050 &
KB A5 AT R CSF o Hert-1 K- f34E , IS
HEH BLI2 T (9 12 187 £ 1SCKE 110 pg/ml 7 b NT1 A B
(cutoff) fH , 4 111~200 pg/ml 5 K " [8] (intermediate )
{H,200 pg/ml Lk I A 1EH (normal )1

1.3 Biitegotr

K FH Excel (RRAS : 16. 94) #E 47 8048 4 i1 50 #r o
KO R AL M Analyst 1. 6. 3, B4 b 31 4% 14 Multi-
Quant MD 3. 0. 3 FISPSS 25. 0. DL Goes) R 45 & 1F
A5 A B 5 Rk, A B (Y 43 7 TR i)
[ M ( Py, Prs) 3B AFF G IEAS A0 0 2 70RE, Sl
BOFE 73 He (%) H iR e MR

2 & R
2.1 LC-MS/MSH:ll Hert-1 4 5 55 14 & 570 [
TR R B ) A2 P R [ R

R T BN SCHR BT S R I Hert-1 J2& 85 747,
ARG S0 T A 9 SR AT T R R AL,
55 A HURT 2 HEYRAH 53 B8 1 25 RN Hert-1 88 716 S o
TR AR X HE AR S o R TG 2 NT1 R 2 9E NTI
1) CSF & A — B A AR AR 1 58 S0t T
TCHEE AT 1Y Hert-1 B35 A0, 65 55 45 A 0
[0 2 1Y Hert-1 PR E R 46 %5 1 B (AR 1E 5 %A 5
L Z AR IC A Hert-1 A5 5 R A 76— IF R sh A A
(0. 19%FA) Hi B JSAN [ 1) ¥ B8 204 [T 4 A5 JCRI o 3%
R, S 285 Sk I 5 1 LU S vk A T S A A
I 5 B B, 76 5~2 500 pg/ml A0 Bl A BL 419
LR &R (R?=0.997 8) , 1 Jilt B 5 4 AG: TN 1 Fil 4 41
T JETE 10~1 280 pg/ml®* (W3 E 1), K TR
R 44 2R 32 55 0 R 1k 8 — 2 1 1Y AR (100 ng/
ml) FBRHE 5 (10 ng/mDTRAE— R I E T 6 Y & 1
SCRS, B AUESE I A B R E & M (CV<
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10%) o WA, ABIESE IR K BUFRE i 5 N AR LE 915 5
SR L (BRI b 222 0. 1) 53500 A 75 4 Ak vk
JEFEATA (F2Br_ R 0. 05) (MR 4)

R3 REFRKMLENRRERKEUEE

SIHT (B ) e JE (pg/ml) ST S AR L (E
5 0.103 125 456
25 0.734971 711
100 2.251830757
250 6.039 603 96
1000 23.084 677 42
2500 51.603 618 42
60
= 50 1=0.020 7x+0.584 4
ey R=0.9978 .-
i 40 o
=30
820
1‘5 10 )
05" S0 1000 1500 2000 2500 3000

AT ERS IR (pg/ml)
S ¥/ = o e ol

SR T RGN L B AR R (H2230E I PR CSF RE AR A4S
ZF) AN Hert-1 1) 8 30 K 5 2 7% , ARAIF 9865
12 NT1 8 A R (CSF-01-CSF-12 3% A e £
B CSF, K R & Hert-1 35 5620 5= L IMA N
i FVBR 7 5 (183. 84 pg/ml 11 083. 84 pg/ml P Fh ik
JEE ) S AT EE A A I R s ] A S 56, 3 YR o A2 A
S IR T P LS 3 ARG I A 540 F B AG: ) 1%
HHA R R EE M (CVA%~14%) Fl 8] i R
(113%~118%) , 1M H. CSF & 5t 2514 F F i vk A 54 8
[ Hert-1 8546 H3 (R 88. 25 pg/ml) (WLFR5)
%%2' 2 IS EE AT RLIX 43 NT1 AR & AE 2 iR R

TE b REAS Jy k2 i sy A AL B L RE | AT
% XUNF 14 45 NT1 #2251 CSF (| 1 42 K % 12 51 NT1
BB FEAR AL T GBI T I NT1 B B CSF) #F
177 LC-MS/MS 5 Il Hert-1 7K. % 10 19E NT1 £
F ) CSF 1 Hert-1 4T T LC-MS/MS K . 45 5
iR LC-MS/MS R %5 % X 45 NT1 4 [ Hert-1
(17.80+20.64) pg/ml ] F 4E NT1 20 [ Hert-1
(493.62296.42 ) pg/ml | , T H W 41 H A& KR
RIA B A7 7 8% % [ X 0 5 EAMRE 2L,
LC-MS/MS K I (1) 57 ¥4 52 (5 AR F i ik (R 1
1. 896 1% ) , PH 4 45 5 (NT1 £ & 1 RIA 5 LC-MS/
MS Kz ) GE T F2# 43 M To A S (L2 6) .

R4 REBRNERENIROREEMRNER

R(ET . PRI . I .
i A “ i A “ LA «

LLIIE+05 3%  2.11E+06 5% 0.05 8%

1. 12E+05 2. 14E+06 0.05

1. 16E+05 2. 17E+06 0.05

1. 08E+05 2. 08E+06 0.05

1. 15E+05 2. 26E+06 0.05

1. 13E+05 1. 94E+06 0. 06
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RS BHEMREKREEREZGTHES EHRN
FEA K e BE (pg/ml) H{H (pg/ml) CV1H IS [ (%)
CSFAJRE-1 93. 00 88.25(CSF 1 J5) 14% NA NA
CSFAJK-2 97. 66
CSFAJEE-3 74.08
CSF+IEFRFE-1 225.39 196. 38" 13% 183. 84 113%
CSFHEARRE-2 181.76
CSF+{IEFRFE-3 182. 00
CSF+EhRfE-1 1274.24 1260. 15" 4% 1083. 84 118%
CSF+EipREE-2 1208.93
CSF+ibrke-3 1297.27

T BB 2Bk

#R6 K CSF H Hert-1 B9 LC-MS/MS 5 RIA #&i 45 BB 4 # EL &2

Zg AR R BRRR R o ’ijff I AVE ol ﬁff;ff Wfﬁg
CSF-01  NTIZ 10 990 12870 .28 0.85  88.16  17.80£20.64 0.9993  12.45  33.7427.54
CSF-02 3572 15 490 .28 0.23  20.22 19.87
CSF-03 2272 10 860 .28 0.21 17.87 18.94
CSF-05 1777 12 460 .29 0.14 10. 62 39.47
CSF-06 1718 12910 .28 0.13 9.58 17.16
CSF-07 2039 12260 .28 0.17 13.2 63. 89
CSF-08 992.2 9,580 .28 0.1 6.36 15. 44
CSF-09 2074 11350 .28 0.18 14. 98 28. 54
CSF-10 1487 11380 .28 0.13 9.32 21. 44
CSF-11 1986 14 040 .28 0.14 10. 49 43.86
CSF-12 2616 13750 .29 0.19 15.8 115. 3*

CSF-15 2080 12 990 .28 0.16 12.52 11.59
CSF-16 2229 13 180 .28 0.17 13.51 32.31
CSF-18 1809 17 230 .29 0.1 6.51 31.98
CSF-541 JENTIZL 6. 19E+03  1.03E+04  1.28 0.6  303.75  493.60 £296. 42

CSF-544 2.19E+03  7.89E+03  1.28  0.28  126.73

CSF-432 5.69E+04  7.61E+03  1.27  7.47  809.58

CSF-433 4.38E+04  7.75E403 128  5.66  611.69

CSF-468 5.38E404  7.79E403  1.27 6.9  747.24

CSF-439 4.56E+04  5.70E+03 1.27 8 963. 85 - -
CSF-460 3.33E404 6. 11E+03  1.27  5.45  654.17

CSF-462 2.55E404  1.17E+04  1.27  2.18  256.41

CSF-471 2.60E+04  1.47E+04  1.26 .77 206.42

CSF-542 3.18E+04  1.46E+04  1.27 2,18 256.13

e 8, TP BE B LA N bRk BE 1 A x, BILE M BEVE v, A VAR DG il 2, Fm il A e e Ve RERR BE o #  ARIEAR IS T (0 b o B
SCHK 9 10,0155 151 RIA Kt 422305 JK DX AIAEL, I R IZ Wi 75 % B NT1 s ratio, 5 BRI HUAE ; AVE WS- 248

3 4t i

AT AR SE T R WA 2 B BRI o 3 vk
(HP LC-MS/MS) il %E CSF H Hert-1 /K- & — ] 47
B9 5 ¥ R A A i & A AR R PR R A 2 W)
Fa & MR, 1T LIS 21 48 X 7 i, o SR SR AR IS e
PR ARSI ok 78 R B A I b ELA A XA . Ak,

ARG IR A BLIR] — T G0 A s R HE b S A
A—ERBLA, AT RS 2 Rl A AN TR 20 3R A
LA R, RV A — A 2 A AR R R A R
(I BC AN PC) A E IR A LN B, T b 1
A JHIE A SERR AT o 3t Hert- 1T 5, EAR 5 2
—/2y 3 600 3H /R T /N, RSN B A R T
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FH 24 o5 20 B A = O 0 BE B AR R PR T2
SN S, vl LAJGBR a4 7= A 2 R A, o 48
il HE S n A R, R R 4. AT H
I H Y RIA 3855 (32 [E Phoenix Pharmaceuticals 2
H A2 P PTRRIC B Hert-1 0K B A 5638 7)) 75 22
R R 25 0 2 5 00 ORN [) A 28 05 1k 1Y) 2 4Bl B
] J1

I LC-MS/MS £l 2] #%) CSF 1 %) Hert-1 7K -
B Y - 347 EE RIA 908 BB ZEAIG, 1 EL 2 b 7 % 52 4E
B VAT A0 S, o2 HL R R AT e 5 PR A A i AT
BRI, A K RIA KGN Y S35 3R 6, 5 S0k
T HA—F, RIAKGIAEIRZ AR K, SO ]
K (DR E ST TS A, R ZE R
48 h)" MG — AR R R ES A TRES A —
SO Ry SR BT S R (E, R0 NT1 A (1) CSF p
Hert-1 7K 41 , 5215 S 52 2 A% 8k, i LC-
MS/MS K i 25 B8 AH X 187 B2, CSF £ A A P9 5 &
FHFE B B 400 5 Hert-1, 6 00 (945 52 5 N bR I
AT B 5 AR A v S 3 e ) el T L, 40 6 S
ANAFAERT S AE A0 [ 81, feff A5 RGN o 25 5 A . 24
SR, SCHR Y B AR IR 5 S A [R] B4 52 56 5 4 B9 A ) 43t
7 PR B AS TR LC-MS/MS A7) , e A A i
TSR Ty . 530k i B 2,
ASHE 5T s & S LC-MS/MS A6 (Y CSF i
Hert-1 1265 RIA 45 R 09208 LB A —FE R 2
P AN ] %) G0 3 (EL 3Kt i 7R 4% S 86 25 feff FH A
HEAR R TR) AN ik A B M . IRANAR IR 5T & BR LC-
MS/MS A 5 5 14 5 & ], (R B H 1 1 B RE I 32
I RAEEAS (A RPIR S, 8 3 R A S R

NT1 32 W1 75 58 CSF H Y Hert-1 7KF T b
B2 Wi, % 8 B 28 (A B , A 273 8 ik A1) i
TR Hert-1 7K 1 FH96 12 W, e 28 & BRI
B Hert-1 5 NT1IR A R R, FEJRH T CSF
FH A Hert-1 AR XFERE 15 1% B B, H. CSF H1 () Hert-1 5
AR JE I Hert-1 AT 683k A B R [R] (R B 4214 fip
PIKS I 5 NT1AH5E 8 Hert-1 H T8 22 H) FH CSF, A
W98 5 e SCHR A 2SN (WFFE & T NT1
FEAR 9~20 1] AN 25 )57 Fi] FH LC-MS/MS #6114 4]
NT1 #% Hert-1 KF, 35 105]3E NT1 5351 CSF (1)
Hert-1 7K E 34T T LC-MS/MS K Fr 358 (159 4 BE 1)
P 28 BRG], DR R I PR AS PR BE NTL AT L 3 A oA
7 P RTA RS ), B SRS I B AR B A K, (H R 52
JELLE H LC-MS/MS K Hert-1 AYOE 3, 45 ) 2 4 %
ER A TR AN, RIS A T 1
Hert-1(CSF-12) RIA A6 76 K DX AIGAE ) NT1 4L AEAR
(RIA {8 M 115. 39 pg/ml) , Jii 3% 4 I Hert-1 4R
%, HARF I BE AT A 1 6, B R TE
RIA BEMEAE K X BT 2 W NT1 T B L3 G %18 . H¥H
AR LA B 2 RIA A A

22 R ff H LC-MS/MS fE8 -1 [X 43 NT1
FIE & AR Bl 8 38 A ELAS A7 I X, T 9 4t By
LW, KRR HiREZ P OBA I KEEA
1, 7 fl R CSF P Hert-1 A4 5 TS FFITNT1
3% CSF 1 Hert-1 BY12 W7 48
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RIBEFER: AL T EETEEZERFEH
E A& R AW (5 :K202204-10), EH 35 %5
ZrtFR &,

FIZmHRER: rAEEH EFRARGEAEA &
HR

EE TR AERR: & B A2 AZHUT R T8 L%
T B R TR IR A AR AL AR
PR R FTRABACE AR AR R F R
FREAFLFEAE AT FOIRIAR AT E
HAVKFER EFEATESRL B KE R T4
FEER LIRS M.

(5% 30k ]
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