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Research progress on the role of T cells in the pathogenesis of narcolepsy type 1

DU Shushu, LIU Wenhui, ZHAO Lili, LIU Rongzeng "
(School of Basic Medical Science, Henan University of Science and Technology, Luoyang 471023, China)

[ Abstract]  Narcolepsy type 1, which is caused by loss of hypothalamic orexin-producing neurons, is a rare sleep
disorder characterized by excessive daytime sleepiness, cataplexy, and sleep disorders. Genetic and environmental factors
play a major role in the pathogenesis of narcolepsy, especially in people with HLA-DQBI1 * 06:02 alleles. Substantial
genetic and epidemiological evidence points to the immune system, for instance, a significantly increased incidence of
narcolepsy was seen after the pandemic HIN1 influenza and vaccination, suggests that HIN1 may contribute to the
development of NT1, but the exact mechanism of hypothalamic neuron injury by the immune system is not well understood.
Autoreactive T cells against orexin neurons have been detected in samples of patients with NT1, in which helper CD4* T
cells and cytotoxic CD8" T cells may be pathological, indicating that NT1 pathogenesis is related to T cell-mediated
autoimmunity. This article reviews the recent research progress in the pathogenesis of narcolepsy type 1 induced by T cells.
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HAMER I LR 2 WL, M 2 T4t NT1 2
T M HCRT #h& oot 5 [ 1Y, X FiRe & i 445
PR H B R G H HCRT Mo 3,
BT RS AL R o8 0 3 F5 B B s ™ . oF
FERI, RAVEVERERS 5 HLA-DQ6 “5 KL AN T 2 il
TR a( TRA) LR BUAAAE 25 V) G HK , R WK A1 3l
B T 400 AT LIS HCRT™ 2009 ~2010 4F 1 &Y
HINT SR AT W (], 4257 Pandemrix 2 f5 , &
VA B 110 22 95 R i 25 08 0, AN 0988 B 42 b T
REJE VPR IR 2 0 1 e 2 SR B M & IR, H
RTCVZR7E NT1 85 TP AN S| HCRT F¢ 52 T 400,
[FIRFZ T 40 B 5 HINT Sk IR TR I %38
Jok i 343 AL 54k HCRT ROtk T 4, ie& S
FHCRT Moot . Bk, 3R Z1A HLA 56
X \HCRT #4128 70 (14 R 2 5 DL S AE Sk 0455 fioh 2% T
I HINT FURREEE S H NT1 3 S5 ik, i)
T &L, NT1 SB35 I A B b HCRT 55 1
T AR T, Ui T QA SR &S
NT1 (&R HERE ) ARSCEE MG NT1 K55 1)
WAL R BRI T A& NT1 257 iR
T NT1 &Ll o i os i e, 22 44 T 40 i
A0 NT1 SRR NT1 iR s e .

1 NT1 %fFHEEEZE

AN H 40T )R (human leukocyte antigen,
HLA) 75 35 0 M f i 7 28 e 2 AR 3 3 22 A
AU HLA B ZRE M S, 6 TE NS
P B, AMITE S80I\ NT1 5 HLA-DQB1 * 06 ;
02 %5 YIFH 5, v {8 & 4E 1 BE A & 955 U 32 /=5 200
¥, Hgmig o R R P IAE CD4TT g i)
T2 G IR Al A T A, BB KU 24
MRS, BFFEIESE, 98% 1) NT1 AMMAHEHT DOB1 *
06:02 55 o7 B P, i AE gt Fe AR b b 2y 129% ~
389%™ ATII—TMEAE A& B, F B NP CDATT ik
EL 4 i £ B HA HLA-DR PR, 53 5 LA RS IA
HETASTR, JC s f# B NT1 5 HILA-DQ6 )58 51 56
HEO BRI E W NTI 5 HLA-IT 2838 R 77 76 %
WO, I — A WF 9T A, NT1 5 HLA-A + 11.01 B
#35:03 Fl B * 51.01 % HLA-I 283 A 74055
SRERIR

B HLA JEPRAN, AR HLA JE %) NT1 &
R Sy BN — T 4 3 R4 6 BE A i
( genome-wide association study, GWAS) i 45 % #K,

NT1 5 T 424K o 5% ( TCRa) RN Z 51k )4
ARG B A SEE , 45 0 & 11154155 AT LIBE AN NT1 fY
AR KBS TCR e T Wk 4iie - s
HIA-DQB1 * 06 .02 25 3L A HAE R, 7818
B HLA 4 T 45 & bo R Ik ad f2 b & ¥ 2R
NT1 5 HIA-DQB1 * 06:02 J TCR 3K Y 3B 42
N B G B TE A 5 S A P B o B R A M
Ty Ty R ] BEWE 52 K7 AL 2Y11 ( purinergic
receptor subtype 2Y11, P2RY11) & A | 12 3 K 78 41 it
FEME T A0 b SRk, AR AN IR RS | AN M TR R
FAH M BE TR A4 E T, o 152305795 A S5 4L
FEH 5 NT1 A7 OCHK, [ CD4T 1 CD8' T ik [
Y P2Y11 FR FH7KF B BRI, BT P2Y11 Al fig A
A BRI E AT/, JE R0 NT1 g s g™
Ja R WA 5y L TR 2H 403 (B H ( cathepsin
H, CTSH ) F1 i 988 Y5 5 K ¥ 8 5 % B 52 4 ( tumor
necrosis factor superfamily member 4, TNFSF4) , =y
A RESPUIEAL A T AR A 2 CTSH Al fig
T AR S 2 T 40 A MHC-TT-470 UK, WA 1 4
T 9 A B G 1 XU s TNFSF4 S — b o 22 14 3 o)
WoorF, FLTIRE SR (2 F T 20 B 0 A7 3 | 14 5 RN Ak
e, IR S RE K A B e — b SR A
PR I

2 NT1 RFEHREERERR S FEHY

1 B ARG & R 248 0. 05% > K
RS 2 PR 85 PR 28 (An ke 18 ) SR IR 2 R iz 1)
TR 2 il & B B S RE, T30 HCRT #f £8 JT 1Y i
PRV LR SR Y AT B NT1 (4 AR, TR
B HINT JUBYRTEA B MR SERR I . 72— E
s 5T SR Bl i 4P T R i [ B fe s
PSS HCRT # 2 T0hE S AR

2009 4, A HINT i R AT 2 )5, R AR
ﬁﬁﬁﬂ@kﬁ%ﬂﬁiﬂﬂ, JuH R Pandemrix ¥
A MA 2B FAR L ( molecular mimicry ) 7] HEFE
NT1 kit B2 il & B mER/EN , o F
PR T — AW 5 1E 4 M E A B
FAL, PR E B S HUAREL A B RN T 2
L, YA YR IR AR 5 5 ) HLA- T 2 T 456 )5,
WAL A B ROVPE T 400, T 40 M A S 0 e i 45 ]
REYHICZ 8] 6 A9 AE 40 M, AT 51 & NT1, HY A
HINT Ifi 5 2% (‘hemagglutinin, HA ) SRR S R T A
FXPHL N 25 ) F P R AL, T AR, A
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HINT S ¢ 4% 85 1 A9 R T 5% 85 DX ( 3 Pandemrix 322
HYZS ) 5 B R 25— i Ah s B Ay
L BRI, T RE S & A B HURIY A, ESE
KELLNTL B M HA FUAK T8, HA 3%
AFLLBE N NT1 B3 T 4000 % HCRT (S i &
HINT @G5, T 2R HA R R HA R AT
FEfRi# 38 (HCRT ) A K 258 XU, 3
B 5 [ G aied 0022 BJE &8 NT1 &
S AEFEXT BRIA Y HA ST K FISE R ) 22 Ak W
INRA G R Y Melén 55 B SE R,
HIN1 B8 A B iR Z K Z [ A 7E 43 TR, H
R AR R 2 5 | R DUAET X HCRT A2 44 6y
I RIESE , W] HA U KSF- T2 vl e A2 AR 1
1y, ANREIEB] B 5 NT1 Z A 8K &2 . Vuorela 2517
I, FEHE AP Pandemrix 1 ) NT1 H3& 1 HINI
RSt T g n] LISZ XPGIEF O H el Fom 1
( protein-O-mannosyltransferase 1, POMT1 ), POMT1
PRI HINT WUBYRTE T 40 R0 2 2R Y 5
REALDUIK, HINT S i $2Ff5 POMTI 37144 K F- Tt
15, ¢ Pandemrix 3250 fil Z ALK XT POMT1 89 H &
PENLAE UESE HIND fil % 1 T 4 e 22 5 NT1
A B Gl B2, POMTI HIAA S NT1 A T 41
B 20U TR TE B BB

TR 5 B, WSt o1 28 T K18 A 5 At 228 A A T S
J R B S AR W) 5 T WA T 32 i ) PR ( olfactory bulb,
OB) , #EDFREE K 1 AMLER 23175 2 b 22 RAE , i IR
L 5% B 5 B AR F) HORT A el 3R > , i T
WELERORY RIS A AL I fii 5 B ) 45 4y, BRI PR 7 T
I IR A A HE N RE 28 T, Bl S i B I
BRI, BT ) HINT 95 2 th vl 3 5 af
WO AR IR WL P 2870, MLBKoRE PR 5% X 5 HCRT
MATOHIRER AR, FEXFIEOL T, M3 )
BEfi I NT1 A R AEAR Y #E— TN LsE
5, FH 40 & N B & B8 £ M (lipopolysaccharide
LPS) AU AN T B g e AT AR R, I A S EUN BT
e i AN Tl i DX P Ao 28 9 0 AR/ DG S5 40 s
[FRE /N B P 3Rl HINTL 5 35 15 S i 4
IR /NS [ 4 RS, AR R 2 TRk B, 31X
AT RESE H1 T 24 32 BRI U Wt R GE Y
N J5 A7 A A 2 AT L PR, B 5 TR SR AE R 1
o ( tumor necrosis factor-ar, TNF-a ) Il T 4 & v
(interferon-y, IFN-y) , 33 $6 48 iEt PR~ DA i 5 i 3] 35
MRS, 38 3 I8 3% 6 R 1 14 0 Ifi ol o P ) 3 3

P A B N PE T 20 T 25 S IR I B B
A T3 HCRT o™ .

3 HCRT %M T 0B NT1 XfFHHIER

HCRT # £ TCIERRPE 1 J2 2 VPR B Y A
PERRE, S B 7 00 80 V) IR 2 0 ASTE A HE DK
TG P S ZE M, AR 2 IR 40 L . CD4™ T 4 il 1 CD8”
T 20, 7T LATE RS 21 1 i 57 j I 23 WA 2 42 2400 i PH F
SEM L TTEAT . RIEN FE TR S TR
FRAARE T H S0P T M S0, 6% NT1L 5
DQ6 Je TCR “547 58 AH &3 R S B () ki 2 & R, i A
TR AF NTL & B BowRTE T 4051 r A 5%
e 0 NT1 #3% HCRT #1280 HE T2 Al fig 2 i
WiPE T 40 (CD4™) FA P T 40 (CD8™) K [w] 4k
FAREE T AT A /N BRI R 20 3 56 45 E 52 T 210
M55 NT1 G HERE
3.1 CD4'T ka

KAEIEHE R NTL 2 T 400 S0 B B %
PR L CDAT 4 B4 3 B B B = A R
PEAII P 0T BEZE NT1 ) &R ML A ke = ZEE A,
S {@ERNT AR LG NT1 B35 CD4T 4l F1 CD8™ T
TG L B IR B B AR A B A R A 1L-2
FTNF ACE B 5540 NT1 B P ER
UEM Th ANt bR I B G AE Hodth ) 5 S 3R
A R A B HLA 38 78— S0 A 1k
NT1 B35 L& A7 76 35 £ () HCRT $# 5% CD4" T
Yiiff, LR C Ry RE L) HCRT FE54 CD4™T
A (BLFE HCRT, g o A1 HCRTy_gy i) ' o [AIASE
KPL, FE HCRT RS CDA™T 41 7 B 4 1) Ji
I7E T HCRT A HINT 9 5 0 J5 IKA7 78 43 A4
HEM HINT SRR sl Pl 23 0% CD4'T 40, 1%
1B CDA™T AN BY IS CD8* T 4, [ B I i ik
T 240 H 38 o o i S5 s B 81 R, U3 - 2% 473 5
FEHURA ML E AL HCRT #h &0, —AF5T 4
1 ,HCRT #¢ 5% CD4™ T 4 i 335 TBX21 (4wis T-
bet) Fll PRF1 ( 4% 28 FL3 ) JE A, AT 773X 28 T
240 M LA AT 2 R A RE N L R T A
(Tregs) /& CD4* T A B — N AEFE,NT1 2 Treg
OB RN %5 T R E 3, Tregs 38 1743 M547T 4 20 it
Al 1L-10 A1 TGF-B, FEAIK CD4™ T 40 e Fic {12 T
YRS, T NT1ARZENS M 90 J Ny, B0 FE
Treg TE NI FTA T 4L A | (HIX 28 Treg 5k B0
Yo g% A AE D RE G FG , BHLIE Treg 4E+7 1E 7 4ME 5
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PEM 52, NI 51 % NT17, H R, CD4™T 4i i 7%
NT1 % 9 i 2 v 0 8 U0 AL 38 N WD aff o ik =
CDS'T 4iffi 5% 15 HCRT M £t iy B IEDEY . &
M ,NT1 5 HLA-DQBI = 06 ;02 %5137 JE R fR 55 i S Bk
578 CDA™T 4RAETE NT1 At RE v & FE CA AR H
3.2 CDS'T ps

CD8"T #H Ml B A3 B 4 15 HCRT #4850 19 1%
77, %% HCRT ¢ 51 CD8'T 4 ffuft 7% 517 B /N B,
o, ]S 80N HCRT M Z T sE SRR, - 1 Brg
R ZE () RE R 2 PR, #) HCRT #220H) A
SrhiR A 5ROV T 4 DL B 40 40 i N 5 ]
1) FRAR B 22 2R S0 1 240 R A, P B 2 30 HCRT
ZEITHIBEIR T CD8'T 4B al NK 4/ 5 1 24
M BEE T RE R & NT1 s — 33 71
B MA SR SC I R 4k & NT1 Jp 491 v & B, 2% 9 U
AHJE, FERE P CD8*T 41 ifl) 72 i2 il A1 HCRT
M IUH , T2 oA R ik HLA- 1T 254y
T, HF5E HLA- [ 28407, #:0l HCRT 1 £25T 11 %
KHES CDS'T iR A X, % &S| CcD4'T
ARSI HLA- T2 , A K AT RS ph & ok &
PEHCR , FHHCRT M2 J0A0T- 1 H B 5l g 2
H HLA- 1 25BR#%I17E CD8' T 4/ S, 2018 4E,
Latorre 25 Bf 55 K M, 5 HLA-DQB1 * 0602 FHYEH)
R FRAR LG NT1 B35 H B WPk CD4™ T 4 iy
BRI IR A W (E LT B A R 5] CD8' T
M, R T HE NT1 B M h 33 A B O
CD8"T 4lififd, Pedersen 25" fifi F 1 — il Jld S8 A2 Wl %
2 ( DNA ) 2% B % b ic B9 T J5 IK-MHC ( peptide-
MHC,pMHC) & &9, ik HCRT $E5 £ CD8* T
Hiff, SESMMURETTIEANN, ZEARA T 2K
LD v = | o Tl v [ TR SN (2 | < )
CDS'T 4iijifs, 45HK3%EM, 5 HLA-DQB1 * 06,02 FHE
fa BT FRAH L NT1 S35 H B WPk CD8'T 4 At iy
BT (H5 HLA-DQB1 + 06,02 B fdt e T HEAH
LA B R P n A B RN T 4S5 T
NT1 ) &g id fe

KA eI CD4'T 4l 25 NT1 Ll 2,
Je HAEE LGB B, 10 CDS8'T 40 M 7E &9 A W) & 15 47
RERON, AT HCRT #h&octifi, CD4™T 4 xs T
A9 EEME T 3K EL 40 B ( eytotoxic T-lymphocyte, CTL)
SEA TR AL A6 LA R L ST R S T Y i
H i 1 B SR 4 R 7 TFN-y, CD4™ T 21 Jifd fi¢ i3k
X FHZ2 R B0 ( central nervous system, CNS) #1 22 JC

EJE MHC-T 43F , N iz 00 250 5 T8 CD8* T 4fl
MR BIFE R ik, CD4*T 4 A B T 4h 9F:
AR B0 E CDS'T 4t TR AR

4 THRTE NT1 ShipiERch e R

NT1 Zh¥ R A58 NT1 5 B A DE A
PRI A EE T H, F R E RS K
AR 4y A S RS FH A BT BB NTT &AL
TEBEBREK L85 &K (orexin-hemagglutinin, Orex-HA ) /N
R R ) 40 I HCRT A i 28 00 40 i 4 S 6
HA B HA Fr 52 PR EL 40 (CDA T ,CD8™ T 41 ffd Fl
B 4iiffL) % 7 20 /N R Y, 75 K& e 8 40 i R 1 R i
HA 9 HCRT #2206 ™ | HA HA #5544 CcD4”
1 CD8*T 4 [FIAs id 4k 55 RS B, /1N FRA R B A1 e %
P HCRT #Zeocit e, 3 B NT1RER 1 BR
CD4™ T 4 i Al 28 2o 1t 10 5 B 328 A K M I 412 F Jeg 38
SRE B IERIF KNG , HCRT #h 2 7o 4545 252y 4
Bt CD8 T AT, - T B0/ BB AL s B 3]
FREHEREIR . 76 NT1 &, CD4™ T 4 X i 5 v
PEIR HCRT 7= G I 25, IV HP o A7 70 4 S 1k 1
5 HCRT 2T CD8™T 4+ | kIl 44y 5k
BT 40 A FT RE A 4 H B HCRT #4800 1Y e 9%
N2

H AT, $20 HCRT #4701k B M B 38 A9 i BT AL
il AN TE A (T 1 S 20 B, A SR AN e | 55
IRURL [ B ( granzyme B, GrB) BT IR AR S CD8' T
YA CDAT g, v] LA ZE I i i B B 2F AT e i
IR R AR F ), Orex-HA /NS RIF W],
H & RN CD8'T 4l il /& HCRT #f &7t AbT- 1Y K
B S & SR B IR N B B S, Bernard-
Valnet 251470 ik — 4 3IF 52, Orex-HA /)N Bl 4% Fb
Pandemrix #1555 & T BN RIE A HCRT #1400
PEBEPERE IR, HA F5 5 4E CD4' T 40 e fE #F CD8* T
2 R 2 2k 0fi G 5 B 3k A Orex-HA /NEUF i, 538
HCRT # £ ot 1 2k, I & B B W HCRT 4§ 5P
CD4"T iy A 83 fm ., B B OB CDA™T i fifg
Hoe B3I B T4 TR NE S gt sz, il CD8*
T AMERLIEAT i, FRBFsRM, HA FR5 0
[ CDA™T 4% T & T Bl ROE J& 7 B9, (HAR
JELL T8 HCRT M m iy ie sk, Mk, HA Fe 55 %
CDS'T 40 & 4 S B HCRT M4 eI R0 40
J AANRE S & RE

{HA5 1 B AY &, IFN-y J& HCRT #2844 fY
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DB R IFN-y {55 L JE M 2 o040 i %35 MHC-1
For T, N ST 54 50k CD8™ T 4 e xt F St
AR, [RIEE, 53006 5855 43 WA 3 4 7 A= 19 TFN-y
PRI 20 M52 M T 40 B 76 R 9 1 3 B8, O AR 2F X
HCRT # 22 J0  $0 1) A8 5 1E T L f HA FR 5
CD4"T 21 ffd F1 IFN-y 6k 3 (%) CD8" T 2l Jfd %% %% %)
Orex-HA /NN, 60 d J5 % B HCRT #2250 % 2K
1 RRAK, BT IFN-y BREF 1Y CD8' T 4 A REA 2L
A5 HCRT #izeoc' WA, 76 NT1 & k3,
77AE IFN-y 1) HCRT ¢ 5P T 200 i e tnb 25 e T fit
FEXF IR, DR, TRN-y sR RT3 S TR 7 B 46
NT1 7E NI R G0 H B e .

5 NT1 ®&E&ITHE

HHF NT1 38 JeA 8GR Y7 74, 2R IOAE
1BYT . R NT1 S in 7 2 & i [ B S 5 P
FTRYT 7T, A4 B TS [ ) ki S G i R
% 14 (intravenous immunoglobulin, IVIG) " _ifil 3¢ &
# (plasma exchange , PLEX) R A 2 1TV N
XEESPETEZ KV KARAE T, A BT 0 5 AR A
PEEUH M R i AR, T RE A — 8 IR YT RUR,
HAEA R . A% HCRT Z k54t
M, Hert-1 J&— R BE R NR R 09 2 K, Wk 5 s
A ot G S L B ( BBB) E A K
HCRT #£8oc Ul BR 9/ U Hert-1 3077 )5, WL
SR KA A U RN S 5] (] 21 | DA R 3 B ) i)
FERS) R ICAR X HCRT 4550 T 40 i () 40
RS I

FHT NT1 3R 97 0 50 5 B Bt 14 60 465 BT B 40
(alemtuzumab ) A1 7B b BR 237 ( natalizumab ) . &
PR —FPIE PR T A1 B 4008 CDS2 )i
B TE BB, WIS A BT AR RS 1) A B A ] AR
WA 20 LA B0 35 CDS52 20 i 1Y {2 4 T2
7, FEEA D B R T bk L4 LAY FE IS AT X
CD4"T ZHH I . —07 79 2 #9 NT1 J 1k A
HOEZCRYUAIT S, BE BRI R
fbFEARIF AL W BTG AR YT A 7E ™
RV, Gy 410 1 5 | R 0 7 k) PR O AR 42
BB BB N NT1 A7 ik,

IR A BREAHT R —Fh AL ) -4 HE5 R AT R B o
REEBTIA , T 00 ] B2 2 B 1) R A 3 #% . NT1 7] RE
JEHT A B RN T 40 MR 22 A TP AR B2 R G
R, Fe FARAMLER BT AT S0 ] T 48 i % HCRT Hf

ZIT A B REMIR . WFST & B, AR ER PR BTy ik
FABEA R NT1 B35 I RAEIR , HX A i)
Hert-1 7K B4 R Y R R il Bk 2 bt & H:
FAL 25T LADE /> T 4R AR a] K il 3278, {H NT1 %E
PR PR, BOWPE T 41 2 22056 T i, I8 il
HCRT #ZETCHits . AKA D24 B0 4 M AE K
g v 5 B IS ED LA KGET T 445208 A CNS 2154
ST il HCRT M0 £ 5

6 I%\ zld:l:

NT1 M &9 B 12— s ZEAR K I [a], £
P, B B B O A HIE K, N ILR D &
WPIEIS . AT AT & 2 75 ] P 4 9
29WIATT NT1, X 862454 3 B0 AT G e R 46, 10
A D R I 384 3Rl e ok i S5 2 Bk AR 3R T R R B
5 AT BRCRS 1 BH BT AR 7R S0 1 & vh ke vk LA
P sh s [ B % CD4* il CD8™T 41
JAE NT1 &9 B S BEAE F, PR G, ke A iy 13 &
KOV T YA BY T80 B2 W, Aok Bt —
B B B SN G N A T AR & RLR RN
EIBT BRI fE, 546, NT1 i A rh a6 2 B &
NiPE CD4* F1 CD8* T 4l , i — L UESE T il 2 5
PP UERE  HEMFE T T 40 00558 14 A ST 7k I 2 R
ARk, 2R — R T 41 5
F B e Mg 0 FA7E 2000 4 BIF5E A B FE
Z R MR 2R T AR AT, 6 R IR P
FhBERS IR ME 2 11 ( myelin basic protein, MBP) J2 i 1
T 4P 1 T 5 e e N 2%, 530 MBP SO T 4
LA FE MR PR, FRATTIREI T 40 S Y
AT LN FHF NT1IRYT , AR LB AE s A Al
HREGTIE T 400 28 97 35 2 A T FI6 97 T 4 i/
T HCRT M2 TTMEIR 5 & 1) NT1, i Ay itk — 20
TE NT1 HE 06 7 JEA T RS 25 43k 46 B4 5 3
filt, BEAb, A LER AR R G PE R GX HCRT #fi4:
JEAT AR DIRILAR , DT S i PR 32 I RS 97 2 4t o
ZARAE

S 30k

[ 1] Giannoccaro MP, Liguori R, Plazzi G, et al. Reviewing the
clinical implications of treating narcolepsy as an autoimmune
disorder [ J]. Nat Sci Sleep, 2021, 13; 557-577.

[ 2] Scammell TE. Narcolepsy [J]. N EnglJ Med, 2015, 373(27)
2654-2662.

[ 3] Kormum BR, Knudsen S, Ollila HM, et al. Narcolepsy [J]. Nat



124

v AR PR 2R A R 2023 4E 2 HAE 33 B 2 Chin J Comp Med, February 2023, Vol. 33, No. 2

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Rev Dis Primers, 2017, 3 16100.

Jiang W, Birtley JR, Hung SC, et al. In vivo clonal expansion
and phenotypes of hypocretin-specific CD4™ T cells in narcolepsy
Nat Commun, 2019, 10(1); 5247.
Lind A, Marzinotto I, Brigatti C, et al. A/HINI hemagglutinin

patients and controls [ J].

antibodies show comparable affinity in vaccine-related narcolepsy
type 1 and control and are unlikely to contribute to pathogenesis
[J]. Sci Rep, 2021, 11(1) : 4063.

Luo G, Ambati A, Lin L, et al. Autoimmunity to hypocretin and
molecular mimicry to flu in type 1 narcolepsy [J]. Proc Natl
Acad Sci U S A, 2018, 115(52) . E12323-E12332.

Vuorela A, Freitag TL, Leskinen K, et al. Enhanced influenza
A HINI T cell epitope recognition and cross-reactivity to protein-
O-mannosyltransferase 1 in pandemrix-associated narcolepsy type
1 [J]. Nat Commun, 2021, 12(1) . 2283.

Lippert J, Young P, Gross C, et al. Specific T-cell activation in
peripheral blood and cerebrospinal fluid in central disorders of
hypersomnolence [J]. Sleep, 2019, 42(2) ; zsy223.

Latorre D, Kallweit U, Armentani E, et al. T cells in patients
with narcolepsy target self-antigens of hypocretin neurons [ J].
Nature, 2018, 562(7725) ; 63-68.

Zhu MM, Niu BW, Liu LL, et al. Development of a humanized
HLA-A30 transgenic mouse model [ J]. Animal Model Exp Med,
2022, 5(4) . 350-361.

Mahoney CE,

Cogswell A, Koralnik 1J, et al. The

neurobiological basis of narcolepsy [ J]. Nat Rev Neurosci,
2019, 20(2) . 83-93.

Kornum BR. Narcolepsy type I as an autoimmune disorder [ J].
Handb Clin Neurol, 2021, 181. 161-172.

Pedersen NW, Holm A, Kristensen NP, et al. CD8*T cells from

patients with narcolepsy and healthy controls recognize hypocretin

neuron-specific antigens [ J ]. Nat Commun, 2019, 10
(1) 837.
Tafti M, Lammers GJ, Dauvilliers Y, et al. Narcolepsy-

associated HLA class T alleles implicate cell-mediated cytotoxicity
[J]. Sleep, 2016, 39(3): 581-587.

Hallberg P, Smedje H, Eriksson N, et al. Pandemrix-induced
narcolepsy is associated with genes related to immunity and
EBioMedicine, 2019, 40. 595-604.
Shared T cell

neuronal survival [ J].
Beltran E, Nguyen XH, Quériault C, et al.
receptor chains in blood memory CD4 " T cells of narcolepsy type 1
patients [ J]. J Autoimmun, 2019, 100. 1-6.

Viste R, Viken MK, Lie BA, et al. High nocturnal sleep
fragmentation is associated with low T lymphocyte P2Y11 protein
levels in narcolepsy type 1 [J]. Sleep, 2021, 44(8) : zsab062.
Faraco J, Lin L, Kornum BR, et al. ImmunoChip study
implicates antigen presentation to T cells in narcolepsy [ J].
PLoS Genet, 2013, 9(2) : €1003270.

Bassetti CLA, Adamantidis A, Burdakov D, et al. Narcolepsy-
clinical spectrum, aetiopathophysiology, diagnosis and treatment

[J]. Nat Rev Neurol, 2019, 15(9): 519-539.

Luo G, Yogeshwar S, Lin L, et al. T cell reactivity to regulatory

[24]

[26]

[27]

[28]

[29]

[30]

[31]

[33]

[36]

[37]

factor X4 in type 1 narcolepsy [ J].
(1) 7841.

Mabhlios J, De la Herrdn-Arita AK, Mignot E. The autoimmune
basis of narcolepsy [ J]. Curr Opin Neurobiol, 2013, 23(5)
767-773.

Sarkanen T, Alakuijala A, Julkunen I, et al.

Sci Rep, 2021, 11

Narcolepsy
associated with pandemrix vaccine [ J]. Curr Neurol Neurosci
Rep, 2018, 18(7): 43.

Cogswell AC, Maski K, Scammell TE, et al. Children with
narcolepsy type 1 have increased T-cell responses to orexins [ J].
Ann Clin Transl Neurol, 2019, 6(12) : 2566—2572.

Ambati A, Luo G. “ HINI

hemagglutinin-specific HLA-DQ6-restricted CD4" T cells can be

Mignot E, Response  to

readily detected in narcolepsy type 1 patients and healthy
controls” [J]. J Neuroimmunol, 2019, 333; 476959.

Melén K, Jalkanen P, Kukkonen JP, et al. No evidence of
autoimmunity to human OX, or OX, orexin receptors in
pandemrix-vaccinated narcoleptic children [ J ]. J Transl
Autoimmun, 2020, 3. 100055.

van Riel D, Verdijk R, Kuiken T. The olfactory nerve: a
shortcut for influenza and other viral diseases into the central
nervous system [ J]. J Pathol, 2015, 235(2) ; 277-287.

Mori 1. explains the dual-hit
Parkinson’ s disease [ J]. Med Hypotheses, 2017, 101 33-36.

Viremic attack theory of
Mori I. The olfactory bulb: a link between environmental agents
and narcolepsy [ J]. Med Hypotheses, 2019, 126 66-68.
Truzzi GM, Cremaschi RC, Coelho FM. Human hypocretin-
deficient narcolepsy-aberrant food choice due to impaired taste?
[J]. Sleep Sci, 2017, 10(2) . 78-79.

Bayard S, Plazzi G, Poli F, et al. Olfactory dysfunction in
narcolepsy with cataplexy [ J]. Sleep Med, 2010, 11(9) : 876—
881.

Mori I. The olfactory bulb: a link between environmental agents
and narcolepsy, from the standpoint of autoimmune etiology [ J].
Med Hypotheses, 2019, 131 109294.

Melzi S, Morel AL, Scoté-Blachon C, et al. Histamine in murine
narcolepsy: what do genetic and immune models tell us? [J].
Brain Pathol, 2022, 32(2) : e13027.

Degn M, Kornum BR. Type 1 narcolepsy: a CD8" T cell-
mediated disease? [J]. Ann N Y Acad Sci, 2015, 1351 80
-88.

Reading PJ. Update on narcolepsy [ J]. J Neurol, 2019, 266
(7): 1809-1815.

Hartmann FJ, Bernard-Valnet R, Quériault C, et al. High-
dimensional single-cell analysis reveals the immune signature of
narcolepsy [J]. J Exp Med, 2016, 213(12) ; 2621-2633.
Nguyen XH, Dauvilliers Y, Quériault C, et al. Circulating
follicular helper T cells exhibit reduced ICOS expression and
impaired function in narcolepsy type [J]. 7

Autoimmun, 2018, 94 134-142.

1 patients

Lecendreux M, Churlaud G, Pitoiset F, et al. Narcolepsy type 1

is associated with a systemic increase and activation of regulatory



P FE R PR AR R A 2023 4R 2 H A 33 %55 2 Chin J Comp Med, February 2023, Vol. 33,No. 2

125

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

T cells and with a systemic activation of global T cells [ J]. PLoS
One, 2017, 12(1): e0169836.

Liblau RS. Put to sleep by immune cells [ J]. Nature, 2018,
562(7725) ;. 46-48.

Ramberger M, Hogl B, Stefani A, et al. CD4" T-cell reactivity to
orexin/hypocretin in patients with narcolepsy type 1 [ J]. Sleep,
2017, 40(3) : zsw070.

Yshii L, Pignolet B, Mauré E, et al. IFN-y is a therapeutic
target in paraneoplastic cerebellar degeneration [ J]. JCI Insight,
2019, 4(7) : el27001.

Tisdale RK, Yamanaka A, Kilduff TS. Animal models of
narcolepsy and the hypocretin/orexin system: past, present and
future [J]. Sleep, 2021, 44(6) : zsaa278.

Wiendl H, Gross CC, Bauer J, et al. Fundamental mechanistic
insights from rare but paradigmatic neuroimmunological diseases
[J]. Nat Rev Neurol, 2021, 17(7) ; 433-447.

T, FREE. RARVERERG SRR ST (1], P
PRI, 2022, 32(3) : 143-148.

Bernard-Valnet R, Yshii L, Quériault C, et al. CD8 T cell-
mediated killing of orexinergic neurons induces a narcolepsy-like
phenotype in mice [J]. Proc Natl Acad Sci U S A, 2016, 113
(39) : 10956-10961.

Latorre D, Sallusto F, Bassetti CLA, et al. Correction to:
narcolepsy : a model interaction between immune system, nervous
system, and sleep-wake regulation [ J]. Semin Immunopathol,
2022, 44(5): 739.

Gross CC, Meyer C, Bhatia U, et al. CD8* T cell-mediated
endotheliopathy is a targetable mechanism of neuro-inflammation
in Susac syndrome [J]. Nat Commun, 2019, 10(1): 5779.
Bernard-Valnet R, Frieser D, Nguyen XH, et al. Influenza
vaccination induces autoimmunity against orexinergic neurons in a
mouse model for narcolepsy [J]. Brain, 2022, 145(6) : 2018-
2030.

Bhat P, Leggatt G, Waterhouse N, et al. Interferon-y derived
from cytotoxic lymphocytes directly enhances their motility and
cytotoxicity [ J]. Cell Death Dis, 2017, 8(6) : €2836.

Ding Q, Xiao F, Dong X, et al. Treatment with immune
modulators in a child with recent-onset type 1 narcolepsy [ J].
Sleep Breath, 2021, 25(1) . 387-389.

Viste R, Soosai J, Vikin T, et al. Long-term improvement after

combined immunomodulation in early post-HINI1 vaccination

[55]

(58]

[59]

[60]

[61]

[62]

narcolepsy [ J]. Neurol Neuroimmunol Neuroinflamm, 2017, 4
(5): e389.

Chen W, Black J, Call P, et al. Late-onset narcolepsy
presenting as rapidly progressing muscle weakness: response to
plasmapheresis [ J]. Ann Neurol, 2005, 58(3) : 489-490.
Donjacour CE, Lammers GJ. A remarkable effect of alemtuzumah
in a patient suffering from narcolepsy with cataplexy [ J]. J Sleep
Res, 2012, 21(4) . 479-480.

Scammell TE, Luo G, Borker P, et al. Treatment of narcolepsy
Sleep, 2020, 43(7) : zsaa050.

Kastin AJ, Akerstrom V. Orexin A but not orexin B rapidly

with natalizumab [ J].

enters brain from blood by simple diffusion [ J]. J Pharmacol Exp
Ther, 1999, 289(1) . 219-223.

Mieda M, Willie JT, Hara J, et al. Orexin peptides prevent
cataplexy and improve wakefulness in an orexin neuron-ablated
model of narcolepsy in mice [ J]. Proc Natl Acad Sci U S A,
2004, 101(13); 4649-4654.

Guarnera C, Bramanti P, Mazzon E. Alemtuzumab: a review of
efficacy and risks in the treatment of relapsing remitting multiple
sclerosis [ J]. Ther Clin Risk Manag, 2017, 13, 871-879.
Cossburn M, Pace AA, Jones J, et al. Autoimmune disease after
alemtuzumab treatment for multiple sclerosis in a multicenter
cohort [J]. Neurology, 2011, 77(6) ; 573-579.

Vringer M, Kornum BR. Emerging therapeutic targets for
narcolepsy [J]. Expert Opin Ther Targets, 2021 1-14.

Lecendreux M, Berthier J, Corny J, et al. Intravenous

immunoglobulin  therapy  in  pediatric  narcolepsy: a

nonrandomized , open-label , controlled , longitudinal
observational study [ J]. J Clin Sleep Med, 2017, 13(3) ; 441-
453.

XM, ZEF, R, A M2 AN 520 AR Ak e 3220 5% i
TR A ) 53 A —— At 3k 22 VG A o S 2 A 20
& [1]. hE PR, 2022, 32(2) : 126-132.
AR, B, XUELL, . 2 R VERE AL 5290 2 YO 1Yy
RS R (], FE S S 4, 2020, 28(3):
405-409.

Zang YC, Hong J, Tejada-Simon MV, et al. Th2 immune
regulation induced by T cell vaccination in patients with multiple

sclerosis [ J]. Eur J Immunol, 2000, 30(3): 908-913.

( Ye#5 H #9)2022-05-18



