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[Abstract]Primary immunodeficiency disease(PID) is a group of immune disorder caused by gene mutation. It is clinically manifested
as recurrent and severe infections especially by specific pathogenic microorganism and often accompanied by auto—immune and high
susceptibility to tumors. Cytoskeleton is a system of filaments or fibers that maintains cell shape,support cell’s movement and regulates
multiple cellular functions, mainly composed of microtubules, microfilaments and intermediate fibers. On the background of PID and

taken Wiskott—Aldrich syndrome(WAS) and DOCKS8 deficiency disease as examples,we reviewed on the regulation of WAS protein,

DOCKS8 as cytoskeleton proteins in cellular immunity , humoral
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ISR AL & | Email  zhaoxd530@aliyun.com lation. In addition, we also addressed currently unsolved scien—
a H , : .C o

HLWH:BRAKXAFALFRA (%5 :8161001201), tific questions.

5 H B : https://kns.cnki.net/kems/detail/50.1046.R.20210915.1802.010.html [Key words]primary immmunodeficiency disease;cytoskeleton;

(2021-09-16) Wiskott—Aldrich syndrome protein; DOCKS8



BRERKZEZER 2021 £5 46 B 9 #8 ( Journal of Chongging Medical University 2021.Vol.46 No.9 )

— 1015 —

1 HREERER

MM R AL A N — PR P SR 82
5240 MR A5 R RS R A P A A R S R B A
PE ANHEE SR P A8 i S R RE . AT TX 4
M EIEV R LS T 20 tad 60 ARA%, # 5 T e #E [
TIN5 o B R A AR ) I AR, TR A
A | 20 M1 28 A TS T R T £ 2 =2,

345 (microtubule , MT) Ak 210 il P Az i ) 35 2015 B 42
RS B 1A, AT 5008 45 5 2 11 (microtubulin asso—
ciated protein, MAP)%& it J Ji 22 Rl 45 ¥ JF R # Dihe . 124
(microfilament, MF) RPJIL8I L (122, tH LBl & 4L, Wishas
PR —FRERIE 8 (A, M 2 MEERIE WLh 8 (L R A TR L £
R, WMARCHLF ARSI R A, AR i 2 Re Kk
PRSI 12 B A AT RS, o i FR 1 SR AR AE 2R
A RIS 2 [8) W] A EL DA 75 5 R e 17 4 i N A 2 R A5
5 B A AR s i R AR S R RO, AT SR
BRGER IR, T 22 A AL T 28 B < B 4 A0 <
FRAS Bl 7 2 R i R 100 G v A R T 22 2 1 DG B 2D
B Arp2/3 Z A Formin LK U Spire . Cobl Al leiomodin
A5 HA R PRI AA 5 T A DR D 9 UL Bl B A
FHIY F2 2 = 2R U R 00, Arp2/3 B A W AR U I T
(nucleation—promoting factors, NPFs) Il WASP/WAVE 55
PR G A AR 04 43P0 S T e &4 T 440 it P Jed o 0+ 4
SRR - Z2 I T BT R R - SRR B L A 2R A AR
(Wiskott—Aldrich syndrome, WAS) H 3 & WAS [ ( Wiskott—
Aldrich syndrome protein, WASP) it 55 /1N 53 5 AF 7€ 3iF B L 3
AR B IE A I A L PR SRSE T-B A AR AR
BT S5 VR PRI 5 B 4 L G i S oy s, L o 9
SRA T RSN B i S e B8 S R A 7 o [

1 [E]£F 4 (intermediate filaments, TF) 24 T LA 40 @ UL
SR 1A 22 5 LR AR UM 22 2Z 8] A RS I 2R R 2 3R
T, AT AR S o TR A PR o 4 ) R R 4
R0, PR DU A S R A M [ B0 R AR L BT
T AN IF 40 Lamin A/C (UFEIABEE 401050 1L 3%
b B 55 1 2y 2 A R AR A A Gy 240 AR5 g 4 A g2
A, Lamin A/C B FRIEHA 2 A BRE L™, H Vimentin
keratin 17 il cytokeratin 19 2 Z2Ff IF ¢ g i HL A G4k
PRI,

U AT L MU SR 1 5 5 2R R AR AR DG,
e L SihTe 240 M P 32 A% RINR T o 28 2R G2 1 e 23R A T M
CHRBRT 7R 0 BRG ) Fo 3it A Mg v B3 2R 8 (L —ifi /s
BRs /e S BB LR G ) R

2 BREAGERAMEERERPHRERT

JE o P A 2 SR B (primary immmunodeficiency disease,
PID) J&—24H B 5 R 40 K & s D R I A 3 1) S5 o 1 A pie
SRR . 2019 4F [E PR E 2421 W (International Union
of Immunological Societies, IUIS) £ A Se KA e B (inborn
errors of immunity,IEI)%Z’S@T‘?ﬁ%EH{L%ﬁiT 65 Fl, HES
H BT 406 FERIERPEITE, I R IR RIZWHR AL T
BleAit R g ke, Hob L WAS . DOCKS SR E 2L
ANZAT AN B AR I EFA TR A PID, 3 HLLACA AR
KEWFIRTT T WASP DOCKS B 2R 85 171 % 40 95 22 48 1y )
AL
2.1 WASP # .5 A%

WAS J&—4 X G iR 8 | it WASP 1FER 5848 5
R IR IR B SR B A BRI PID, 126850 32 BRI 1 1 410
JLf ok X TTRE , i bk EL M | BRAZ AT AE

WASPJZ1E M ARG PO L E P T, FR3%
KT AE N, JEN WASP 82 S5 s & R4
Y B EUIRZS T, WASP 8 VCA X5 GBD X Bk X454
RSB R) A INZER B0 T 5 Arp2/3 EEWI4EG W 5,
WASP JbH, 40 CDC42 #5551 7T 5 WASP [ GBD 454
MNITRER WASP (1 C i LA BR RS, Ak miid i s i
% GE AL 1SR WASP il VCA X5 Arp2/3 ZEY
SEAARIEAILEH R A B , AT T A 4R e ) %
WASP MIAT 32 HF RNA A AR PE 5L Sk 45 B 3L
SRR T, DT T G 200 6k DR 3 06 S At L e B O
oy s,

R, WASP A D Re I8 17 2204 2 Ry =C. s M
MRAEAE I 5 R IUSh B PR Y R R LIRS 70 R
BT WASP 38 it LSl 8 Ry UL i 4 AR ) 1 5 o3
b TR DR Z RTINS S | T BORT It R $E 8 WASP
ATIE LA B AN ISR CD19  JAE K7 K JMJs 20 i e 3%
ISR M i g, BRIV WL B8 PRI 1 11 G e 12281,
2.1.1  WASP WA WAS B S WASP/N U
FELE IR WASP X T 41 A 9 5 300 i A 200 At 2% 5 5 i 4%
AN, HEBES S RIEH T 4R 5 MR
PTG PERRS™, DA IR 1 eI e T WAS B35 1M
FE R WASP 235 563E WAS JE R 2828 5 320 fr He ok
JE G SRR L AN T A5, ST T I R WAS R e i
o SRR B RIER) TARR R ARG /T R A TS
Xof BB ST A B IR 20 S I WAS HR % T B 4 M G e K AF
TERFIRERE R I REBA . /0T WAS B3 TCR AL R
AEPILL B WASP i AN [R] 20 I 76 fr 5 M B2 % B WASP S
PEFEPER M CD4SROCD4T 41 )i 1 CD8*Temra 2 1) TCR
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Z MNPk, H CD4 naive T 41 .CD8 naive T ZH A HI B 4 i1 £
WASP BGRB8 | -5 I REE A5

i R WAS 5 B 0 A HT ARSIt A IR B2 6] HoRe
PEGPE SN BRI SETE | R WASP B/ SR —
FEIR RN M T AR, 8L B E T 48 (T follicular helper
cells, TFH)#AT TR AWFFE , K I WAS BEEIA N TFH B
> H/NGUBUIE TFH £550 52 —80, H WASP X TFH #9453 fLF1
10125 5 BCL6 Fil ICOS FRIAAH I, 2 JFARLLXS T AR
ICAZHEAFIRGE Kl T CD8* T 400 %o 7 R ) A5 vy R e 38
TEICHERE, FFUESE T WASP HAT CD8*T 41 A [ A7 1) fo s 4k
FRRHCIZATHLHIBY, IR, WAS 5828 0 e S 1 1)
G SN I 5 2 S v U e S S U S A G i
X5 WASP X% TFH MRS HHIE R . BRILSE, WASP 2755210
M & H0 (germinal center, GC) N#ATE R 7 ) T 40 ifd 2 o7 55
TR AN

IR L WAS SRR TR AT REBG AL, 7 WA H B
PE B8 T A Th A0 D RELAAR T A A 1 1 ) 6
KRS 5Hb, MR — L, KRR AT LA
T T 40 (regulatory T cell, Treg) A1 T 40 i 15 74 S 3= AR 450
BT T THRER . Treg ANMIAESNE J 353 i D i 32 24K
SELUTF WS im0 11-10,11-35 TGFB
85 5 38 ) FRAR R M HI M 4 T, VE F TP 5 40 M (anti-
gen presenting cells, APC)ZKMAMHIZLN T A0 (T effector cell,
Teff) AT AL ; 380 55 73 P0A T S ) T 44 200 R A/ P L B A 3
Teff; I sGE AR Z HEMFHI TR, WAS 1 1 B ek
PRIRIRE S 2 A0 G B0, WASP BHIFS2 5 5 Treg 40 ks
i B 549 B AR DI REVEFTE, H WASP Treg 41 i 5kt
ZHLHEAREY WS 3 adBT MEALE T2k CCR4,
SN T Treg ARMI7E SN R L 211 52 759 WASP 251577
5 Treg AWM VEAEMIE T 17 Th ZHAEA BHG Pt 5 S
SAFTAAE, BN RAFST 2 B, WASP Al §20 TCR 16 1Li% S
) FasL 23 & CD4* T AL T-TifE , AT 53 445 Naive
CD4* T 4 Jf i 1% PE1 WASP-- Th il it 5% 2835 BCI2 M
CD95 73145, RSN, WASP P45 [ B S8 M g i 52 (1)
TFFEATEER AR A3 R BR TG i R B3 il , WASP Unfe] iR %
53] Treg A0 AYME 5 40 IL2-11L2R 15 5455 MHIHES T8
S, VLSRRI FR 2 AR R T2 00 Th 20 Fas—FasL
155 0 FHLH], B T 7E 16 416 25 24 Bk 359 A 1 B Ay
I
2.12  WASP MRSty WkKE BA  BERIR,
WASP SREEXTEAEI B 40K & RmE/N, 5 WASP N-WASP
R /N USSRl [l Rt B ol — SR 4t T 5
WASP AHSCHY , 8755864 B 40L& BB AT SOBENL
il AL B AN S RN AR WAS R
G IRRIL, FA T 2 N7 R .

— 7T SR E PR BREG TR T A0 AR T

IREEE N I B ARR T B diiffiA: & il (germinal center, GC)
PR SN BR  fRTBAEE, GC 2 Naive B 4N HLIEIR LI K
S RAETE B SR O L AR, GC P i BH PR e R
B % 200 M7 7 20 A0 T ) “fiase ™ th v SR AU AR S B
A — 2ok BR800 B A ME] Naive B AN 1L )
RELIE GCIE B I GC PN LB IX g 32 Al 25 F1 0 4 il i R 2y
526, BTSRRI, WASP B 20 X540 S5 8 s
55 Naive B 400 %0120 B AN is A, WLsh & F1 B i)
GPESE LN BCR B IS 73 F I 34208/ \WASP X ]
R CD19 19 %% Sk P P45 30 /0 47 1) 85 4 F FeyRIIB
e SHIP TR BEHE N0, 4k 07 52 ma A3 5 B 40 A g &
P AT R IR B S A G e B 23 (R ALK, i F
WFFE T3 AR AR KB, LK GC P 4315 R w452 22
B MR GC S5 NI Gy o F IR ALl o HOR B 4
FEHMSE AT, R A A2 R FH 43 BH L0 4 A 5
P3N BRI RS MIEAE 23158 GC-B 41, 3R WASP %} GC—
B A% Ak 14 23 —F 8 5 ML 25 5 R AR AR ORI T
GC-B i fbJa BEIE B LANL B 2R [ S AR 8 25440, 5 B
GC-BZIMIHEATHUIR “ S B ANTHE " . X LLL5H 4 T BCR {5
SR NG 5o AR XD GC-B 4 R ) s 2 ik
R O BRI R T B WASP ORI 454 RS pTid l
HIL,WASP A% GC P TFh 4 A1 B 41 fife [7] By 47 8 4%, 52
WSROI IR B S — 15 S A T IR TR AYEE M5 515 S, 4k
R GC AN PR S A TR

T —J7 T, GC PRI i AR PP T R Ty 2% AN TR
bR BIANMES TR P BE , T2+ GC P S facds, ik m]
W, GC R BRJHRIRE TS0 H B s, B R RS =
S8 GC AN TS, R g X P L R g AR R i e s Ky
L REAL I L AT LR A AR R B X A
G A PRAZH AN WAS #5550 MR PE B 4HAREA T T Aenmen,
KL WASP BRFANE, 50 TL-10 f8 B 45 Treg/Th1 %5
VIER o BRI A TFR RN, B 4 v] 3@l GC iR
VR E M RGBT AR A B e R A I WAS B
HME CD21low B Al # H N HLARANA BAFF FEkd g,

P ] O, oA Km0 B R SR AT SR A
B Filt—E e WAS 5 50 F ™ S PUARBIEA & 3 B fas i)
B 2T IR RTOE B AR (132 v A 200 A4 &
HRUCEH 2 P AT 1T B 43 J2 T ) SIS IR, T o ot
EYE AT AR R R SE . BB i infaf 28
GC NP H B e P 2 AN Sy iR 2 AR 7 AT e TR 1Y)
[, X — i R R 2 T AR S 525, a4 EH
XX B ANAR G155 P45 7 2% 75 AN ) S ) S (E AS R A
WFST, 38l B HoAb 22 Fh PID Jr - [ 6 1 i) S it 1) B
2.1.3  AHMEARA T WASP SEH T WASP BR T/ =201
SR A RAVEH AP HERTEF LASN 348 AT LU 228 5 i fifd
PN AR AN M #8285 S T RE Sk 2 S LR S ge T, ey JR SR
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I R | R R BRI R B fy BOs 3 2 5 A
MBI SIS 19 DNA S8 52 PR s R B AR U B
(golgi-dispersal response, GDR) , MMiiZ i H GOLPH3-DNA-
PK-MYO18A -F-actin {5 i &5 . WASP AJ {2 iff #% P
GOLPH3 (W St H 5 DNA-PKes 1935007, 3 HALEh & 14
it R S GOLPH3 L BRJF ¥R GDR AEH , it ik 1
WASP X i 7R S PR 3l (1 FE B4 AR I, Rivers E A
OIS DL S AZ A U A 21 (monocyte—derived
macrophages, MDMs ) A AR HY | 22 WASP SR XT3 0% R 15
S8 1 W/ IMAS TS 30 B H o Vs B VA 35 R 520, 6 I WASP
25 AW/ MEIIE S 5452 |, BRI WL FE AR R e
BB LR UMRZRL R A WA A HAR A B —Fi K
1 Arp2/3-actin ‘B AL LR A TR LS, 455 EY)
A2 T A= 02 0 T T 2 B s U R R, 2 4
i A A A A N Y TS B A A e B S A 1 4 L
fir , FOR S IR 15 RIS RE 10 4 Rrdh 5 HARSHR DG . 28R
VB A0 S 0 e Py T S A 450, 2 5 OB SRS e AL
LeR% sy, S A5t b S e A ARG 3 1 S D et AR A
2.1.4  WASP QB e r e B X e BT i A
WA SRl e~ 5 A S an iR (P de AEYE
R Z AR B 238 W R AR T R B R ER e, 1
VEAR S GBS P B 53 BT AR B ST, A S S e 25
HURIRTR AT AL 1 5 i b A B, eI 25557
FHRSIAN , AR Z BREANSY

U0, 240 BB SR AL T AR I g A T LB AR, X O
MESRAR , ATRTSCITIA , Gosie 20 M Ak X i A 4 B R e
I3 A Y R AR RO E RO LI Sl B, DL A0
b R AT 2 Oh A SRR L SR A A AR LW R T
X LA RIS S RE R B R RGN, LR E SR E
WX A AR Al A I A 8 S e TR — T 1
Park JS 5% BN B, 200 DA AESE A JER 400 5 7 381 2 AR B
Yyt L o A AR e R QI PR R IR €
W, X — i PR 2 B N S 2R B R S
5o BAEPRERE A A SRS 2 S0
Hesm L B BR T 4B r HLBIRAE LS, Be i Ll
XoF 240 L P AT BE 3 B 20 ML T A R R A B A P 52 ), 2 200
RARDIRENT S B 5T AR B s 5 W A AR G, it
20 AR T i SRR T A AR (0 5 T e, R (AR
ELOpAN
2.1.5 WASP (RN R HLE R TAEGENE E A
WA G2 I 15 LS AR IR e 3 WASP HAT A5 A% A
SR IPE ] . ATREIZHBTIY T WAS BE 040 B 20
MRS, R IR RiC et B 4T A B0 BCRIK
i N 2 ML ST B 3R T R T 1 BB T /b, Tij ik 5 CD19-Bik

B S5 980 1 FeyRIIB-SHIP1 S F {5 545 14
JAESE I H R B WASP RNUABHZ {2 1F CD19 MS54E , ik 1]
VL EiR CD19 Wy sk A F7K P, 75 WAS SBEHPE T 41
(Th cell) 1Y) Th1/Th2 JAFHFSE Y, K INAZ N A5 WASP &
ik, B RTRESEAEE] Thi 4R ATA 3L TBX21 (YL s 3h
TFOLE, THZILGAE Th2 40005 3 GATA3 51 Th17 )i
AT EE K RORe W IR L H™, J57E Thl 4 i 58 & 30
WASP B A —A~ T fig 4% 22 7 (functional nuclear localizing,
NLS) Fili%iE t (nuclear exit, NES) FE41 | AJ i i3 35l 4% FLIE A
IR A Y KOS X 5 S R AT A S FE N RNA B4 I
ARG 2, BRI, WASP 78 T 404 9 19 G e i 454
FHA AR SR (A PN IR 6 AR S i M ey HO:
X G2 AT ) T P T A S e S A e AR T

2.2 DOCKS % %A%

DOCKS SltFf e o —Fh LLE 2R 8 U BRECR 1 PID, IR R
SR O AR BRI AL 0 1gE ZRA1E (AR-HIES) | 1% 9%
JPITE 2004 AEBE B URIRIE . DOCKS J8 T—25 B sk e ss
e [5F (guanine nucleotide exchange factors, GEFs) , A] J# 77 p
9 18 0 = s TR /K i T (pGTPase ) 19 3% M | B4R DOCKS WA
GEFs T8 UL DBL RIVEZ5#3k , (H & W LY CDC42 254,
iE it DOCK R X 2(DHR2) A~ GTP-GDP 381 8l , &
Tl RAFSE .78 DOCKS kI 5 WAS 85 A Z ML I
IRFERY I v e 2 vk b A B e S X S
WASP 5 DOCKS 5 H Iy 7 FHLl B TIAHDG , A BRGE A i se
T DOCKS Sl 35 A, Kl T CD19 #% 5% K [RlFE 43
Br 7 ie gt B 40y S0 4k, & 38 DOCKS8 nJ 3 4o 3 1y
CD19 43 FH5E K540 BCR %4k, X t15 WASP /A
X, 478 WASP 5 DOCKS BIMEAE R il 547,

SR, DOCKS X032 441 i A o8 15 4 = 2L 45 DA
TILJ T . —J& S TEA, 76 T 4iffisp , DOCKS & [ nf i i
WIP 5 WASP ML &R AL S Z &9, M2 50180 &
M A E K TCR /519 WASP i T8 548 7 Treg 411
TEALIE A 1S H, DOCKS 3 T JZ R WLBH & A EREA LKA X 35, £
E IL-2 551 STATS Bk, 2 507 IL-2 (5516 S 2L
SHEE A shEPER, B DOCKS AT LR HELEHF Treg Z0MEARENE
PRl 422 fal PR AR U ™, B AL AL AT, DOCKS8 AT ifE LFA—
17 IS Ak, AT B g 1S JE AR, iX —VE H R RE 46 NK 410
R, R AAEIT RS, X —VEFIAE DC A W4 L a
SEHAR AR E AN DOCKS Al 5 LRAP35 AHHAE],
PETT I AL CDC42 , T A 5 AN RS, — o A R 2R
1 LRCH1 A] 5 CDC42 554 P45 4 DOCKS, gk i B il T 40
MLRIERES, = SRR A AR P ANRRLLPE . 1X 5 DOCKS 4
R, A0S AR B A TCR AR S 300 2 VIAR 56 , 5 40 7%
PEVEF AR, 40 NK 4Py BCL2 357K 51, PUE Th2/Th17
BT LS B AE S . DOCKS fiE ik STAT3 AR, 4k iy |- 3%
Th17 AH &3 5 5%, DOCKS Gl IA R, Th17 484> T 2>
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Th17 AHICHEPR G S/ 5+59 X —AHOCHLHIAE B 2405
WHEIESE,

H1 AT UL DOCKS % o 98 28 46 9 181 1 3 B2 A 2 3l ik
CDC42-WASP-Arp2/3 i&4% , H. DOCKS [l ] 45 ZF K+
M SEIKT

3 EFEEEARAREE

UNRTSCRTIA , 15 AR A SO AR AR A5 254, 9
ML RS S 2R A 3 A PR ) SCHE IR EE K, ] LU L sh
A RS ARAR A 18 A2 [ Ik 05 J P R A 231 1A T S 7
i KT 00 22 Fh S AR ML B4 185 A DI RE B P, Xt 2 [ i
JITAVE SR S5 e L ) 32 2L

BEFE WFFE AT TN TSGR B A W4 T LA R IS8R B 8
SEHUH, 225 AU A B N TSR, n
AL BRI e B G AR M D) BE B TR ] | 2 1] e SR 2L Y
JSE RS R S P 1) 3 A A5 3407 Bl X S 3 Y AL A 114
TRASRVS TR T B2 A RIS L WAS S fi], 58
WELATEXS WASP BTN, JTAF A B 1 HAZ A Y S IR FE 5 L
LR AR BRYE 51 fH WASP 7ERZ A Y 208 AR
AR 2 A bRl 3 ek A v ELAS B s L2 B 1 Bk
TIPS AN B LA A A i Ui g3 WA 14 T 5K
BT NS SO ER A G AT | LR HR A S ) B IR A
M AARAE I AN o £ b BT PID rhid DA S e 2k iy
REEAIEL , 1 22307 B} o [P B T B 1 | X SE AR LA 5T
BNRATS
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