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Mechanisms of Asymmetric Cell Division in Drosophila Neuroblasts
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Abstract

cell types. To achieve this balance, stem cells have the potential to divide asymmetrically. After asymmetric divi-

The most notable characteristics of stem cells are self-renewal and differentiation into multiple

sion, one daughter cell maintains stem cell identity but the other one is able to differentiate into specific cell type.
Drosophila neuroblast is an ideal system to study stem cell asymmetric division. In this review, we mainly focus on
the breakthrough of Drosophila neuroblasts asymmetric division mechanism in recent years, and discuss the con-

nection between the defective in asymmetric division and tumorigenesis.
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P HT AR 4N o (intermediate neural precursor, INP), ¥
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NBHELE BRI 7 A8 2 #2202 i FINPICK
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(A)

O Immature INP

6 INP
A
‘ GMC

Ar R = 0 g U AR I 2 R G R TR o AR A2 SR G0 E AN TR AR R A P AN A AR R i A X . TN A 2
Sy AT A A R . TURNBSE A, T I (S M. s R B . B: DRNBANKTFR /0 2 H R EFT 1™ AEGMC. TTRINBASK 41 4344
RSB AR AR INP . — B ()5, INPJRA, B INP AN 7 43 28 15 S HTR™ A2 GMC. PRNBARITIAYNB ™ £ [FIGMCHS fig 7344
AN G I RANML . CNS: HHHEHIZE R 45 VNC: B4 %R; OL: MANZEI CB: Hilii; NBs: #1284 s INP: [0 41 28 11441 .o

A: schematic of the Drosophila 3" instar larval CNS. CNS contains two brain lobes and a VNC. Each brain lobe has an OL and a CB. The type I NBs
are the most abundant in the CB and VNC. The type II NBs are located on the dorsal surface of the hemispheres. The picture is vertical view. B: type

@© TPYE I neuroblast
O TPYE II neuroblast

@ Optic lobe neuroblast

I NB divides asymmetrically to self-renew and generate a GMC. Type II NB asymmetrically divides to self-renew and generate an immature INP.
After a period of maturation, INP starts dividing asymmetrically to self-renew and to give rise to a GMC. All GMCs from type I and type II NB can
divide once into two differentiating neurons or glial cells. CNS: central nervous system; VNC: ventral nerve cord; OL: optic lobe; CB(Central Brain);
NBs(Neuroblasts); INP(Intermediate Neural Precursor).
Bl SRUE =840 R AR 2 REMIE S NE M T AR 7R 9 2R B E (3% B 5% 3Crk[13]F0[32)
Fig.1 Diagrams of the Drosophila 3™ instar larval CNS and Type I and Type II neuroblast asymmetric division

(modified from reference [13] and reference [32])
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A R FUR AN 22 40 T S AR T R e AR R e OGRS 5 ): ParSE S )(LL(5), Pins/Gai/Mud S5 W)(Zk h) . FEHE B0 41 i fivis v
DA B LA AR G ) o TR AN B3R (K 25 (IR AR K 20 B 2 2 o B BE/R SLif h 2F 41 AN BR34BT 7 A 1R [ B R A a3 Ak, C: i
IR A R AL AN B Gy BRI R Al e A . 18R B RS AR W RO B BT Ok, Miranda(4 1), aPKC(ZL 1), Chromosomes(Hi 7).
NB: #1241, GMC: & REANM . Ehpi =5 pm.

A: the apicobasal polarity and asymmetrical protein localization. The apical complex: Par complex (red), Pins/Geoi/Mud complex (green). The basal cell
determinants and their adapter (blue). Apical and basal proteins are asymmetrically segregated to cortex. B: diagrams of Drosophila neuroblast asymmetric
division leading to self-renewal and differentiation. C: the Drosophila 3" instar larval neuroblast in metaphase and telophase. The pictures are from the con-
focal microscopy. Miranda (green), aPKC (red), Chromosomes (blue). NB: neuroblast, GMC: ganglion mother cell. Scale bars=5 pm.

E2 Rige FARAWNRS R TEECEBSECH 13150 [32)F1 R E Y R840 R im 2 T4

Fig.2 Schematic of asymmetric division of Drosophila neuroblast (modified from reference [13] and reference [32])
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Table 1 Proteins are involved in Drosophila neuroblast asymmetric division

=S

Proteins

FHESY
[V
Orthologue(s)

SRR AR

Structure feature

TEH

Function

A 1

Phenotypes of mutant

Localized in NB apical cortex

aPK

Bazoozal***74

Par-67"!

Inscuteable!”7*)

Pins!”#

Gt

Mudt#!-4255)

PKC(; PKCA

Par-3
Par-6

Mouse insc

AGS3; LGN

Goi 1-3

NuMA

Localized in cortical cortex

Lg][36.63-64]

Dlg(Discs large)
[63,86]

Mgl

Localized in nuclear

I87-88]

Deadpa

Worniu!®*)

Asensel’

Hes related*

Slug/Snail
related*
Mash3
related*

Localized in centrosome

Aurora-AP*%]

P010[94—95]

Aurora

Polo-like
kinase 1
(Plk1)

Localized in NB basal cortex

Pmspem[zo.m,ss-57]

Numb/<

Staufen***”!

Bratl27:55601

Mirandal®'*

Pon[96-97]

Prox1

Numb,
Numblike

Trim2, Trim2,
Trim32

Protein kinase

Three PDZ domain;
N-terminal PB1 domain
PDZ domain;

CRIB domain
C-terminal motif: PDZ
binding domain;

A proline-rich region
Three GoLoco domains

Heterotrimeric G protein
subunit

The microtubule and
dynein binding protein

Cytoskeletal protein

Cytoskeletal protein

bHLH domain

Zinc finger

bHLH domain

Protein kinase

Protein kinase

Homeodomain
transcription factor
Phosphotyrosine binding
(PTB)

Double stranded RNA
binding motif (DSRM)
B-box type Zinc finger;
C-terminal NHL domain
Coiled-coil protein

Coiled-coil protein

A member of Par complex;
Establishes a polarity axis in NBs;
Promoting self-renewal

A member of Par complex;
Establishes a polarity axis in NB

A member of Par complex;
Establishes a polarity axis in NB
Adaptor protein of Pins;

links the Par complex to Pins/Gai/Mud
complex

A member of Pins/Gai/Mud complex;
links apical cortex and astral microtu-
bules to orient the mitotic spindle

A member of Pins/Gai/Mud complex;
links apical cortex and astral microtu-
bules to orient the mitotic spindle

A member of Pins/Gai/Mud complex;
links apical cortex and astral microtu-
bules to orient the mitotic spindle

Restricts the Par complex to the apical
domain; Promote basal localization of
cell determinant

Tumor suppressor; maintains cortical
localization of Lgl; Regulate basal
protein localization

Transcription factor; Regulates self-
renewal;

A direct target of the Notch signaling
in type I

Transcription factor;

Facilitates self-renewal
Transcription factor;

Neural precursor gene

Promoting differentiation

Promoting differentiation

Transcription factor;

Promoting differentiation

Notch signaling inhibitor
Promoting differentiation

RNA binding;

Promoting differentiation

Inhibits growth;

Promoting differentiation

The adaptor protein for Pros, Brat,
Staufen, localizing these proteins to
the basal cortex of NB

The adaptor protein for Numb

Loss of apical-basal polarity; Prematurely enter
cell cycle arrest

Loss of apical-basal polarity; Prematurely enter
cell cycle arrest

Loss of apical-basal polarity; Prematurely enter
cell cycle arrest

Misorientation of spindle during NB divisions;
NB asymmetrical division transformed into
symmetrical division

Misorientation of spindle during NB divisions

Misorientation of spindle during NB divisions

Misorientation of spindle during NB divisions;
Over-proliferation in larval central brain and
mushroom body neuroblasts

Over-proliferation of NB-like cells

Over-proliferation of NB-like cells

Premature loss of NBs and truncated NB lin-
eages

Delay in cell cycle; NB elav-induced premature
differentiation
Mild phenotype; only reduced viability

Misorientation of spindle during NB divisions;
Defective asymmetric localization of aPKC,
Numb and Pon; Over-proliferation of NB-like
cells

Misorientation of spindle during NB divisions;
Defective asymmetric localization of aPKC,
Numb and Pon; Over-proliferation of NB-like
cells

Over-proliferation of NB-like cells;
Reduction in the number of differentiated cells
Over-proliferation of NB-like cells

Over-proliferation of NB-like cells
Over-proliferation of NB-like cells;
At the expense of differentiated cells
Over-proliferation of NB-like cells;

At the expense of differentiated cells

Numb localization is delayed in metaphase

IR R I AL, -8 RS 2 B 8 19 [AIY); neuroblasts(NB).  FITA B AL (AR At (AR L DI REJE IR L. RIS 225 SCIR[10]

A[32]E .

*: groups of related proteins; ----: protein ortholog has not been identified; neuroblasts (NB). All the mutant phenotypes are from proteins loss of func-
tion. The table is adapted from references [10] and [32].
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Bt AR 1) JE AR AT 72 o SRTT, 23 240814 95 A,
It LA e 2 J 38 160 40 AR RR /N, T8 10 -1 40 A4 AR
Ko BIREW R 2 05 A8l 0 A5 40 i e )23
A WS BAE R, Jl i 2140 i R EUAS
7] (1) 77 20 A AN RN E] () 4l i . SRl 21
20 o 5 3 2R N 7 A A AT AR AE A0 8, AN R ARG
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Tt vb PR 20 A0 T B )25 PR 38 B AT R AN TRD, DR 48 i g ) 471
P5K, /NI (GMC)i [n) N EBISCAR, X Al B 2% 1) 4y
REE R — K/ DA T, Mk R & IakiE
FIMyosin II{E 73 2435 B I 1R AN R 3 A, ] gt
WA I B R SR TR
3.3 BREMmIZRER TR 5

41 ffu iy 12 vk 52 A 1 (cell-fate determinants) - 22
FFE A —4 J&Pros(prospero). Brat(brain tumor).
Staufen?s, PiMiranda’h) #8445 H; ¥ — 41 /& Numb,
PLPon(partner of numb) A & AR (11247, X tayiz
YL R~ 1 T 20 AT ENB IS 8 Jz 2 )RR A S
&) (basal complex)(KI2A). EAR TR AR, &
1 ZNE A 2 BS BIGMCH, BLHIHIGMCAE K,
HEGMCHH b o

Numbe 5 Mk %€ 41 i dmiz Yoe 7, e
E—ANZIUReEA, M FEED RS AL
BH % Notch{i5 5 il i, 1 Notchf5 52 2 17 38, Pr
PANumb# HIGMC H 7 50 57 {2 2 73 46>, Miranda
TENBAN R HR 3 224 (8] 39 Iy 43 A1 5 TS e =, ik
73 F 0 I Mirandaz) £l B 5L B2 2. 4 258 L
Mirandaidt AGMC Ji5 #% 5 fif, % 50 H B3 40 5 11 Pros.
Staufen. Brat, & JiPrositE A 2] i #% 8 42 5% s 51531,
Pros & s A1, BEAE s os IR 1, SOE e sl il
[KFo Pros [1A1 EmRNAHSHE A X FK 7 2 2 GMC

1, Pros#E ANGMCHN A% Ji 4100 51 4 e Jid J91 3 475 4 [
(#ltCyclin A+ Cyclin Ev Cde25%5) 141k, WoE
28 oy AL L AL 1) 2R AR P3035T Sraufen /e RNAZS 75 52
1, A LL45 A Pros/ImRNAFS, Brat [l 8 411 1 [K]
5 e BRI P T, A g0 i A
FIMY CHIRH e, M2 4 ) A= Bratid i) i i 5
T ProsfiI e s, DRAFProsfi & it /K, ek 43410,

Il iy 3z 1R PR AN X R 23 A 5 aPKCI
WA O, T Ak B4 UIE SXNumbAlIMiranda A aPKC
() AR HL A2, PRIk, BlaPKC A% L IFIPARE
BN L iz g PR S SRR AN S BR 231,
It HaPK CHol 1 P50 7% 1 7 120 1 v ke 7 24 R P2
Lgl(lethal giant larvae)th 2= 15 i 45 4 i iy iz vl
THIAXNFR A o 1EIgIF AR T aPKCIE R 73047, {H
s&PonAllMiranda /s G811 & 70 AEC, Ll & 40 i &
A, FENBAIM K2 J= 0 A, HodaPKCIK)— > HLEE
JEE A1 01, Ll 45 4 i iy iz wR 5 BRI 5~ AN 0 Bk At
R AT R A A 5 IR 1k 1 Ll 5 aPK C 45 75 41l
aPK C I i R Wi v 7, A Ll i MR 4K )5 40— 30
M HAEH R A TEAZ, 8RR ALl 5aPKCAy 251 A
B4 M TR, X FE R S Lgl4h A (aPKC K 15 W 12 1L
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TOUH8 B2 o L e 4 B e JRTO009N X R, Lgligh
FENBAR 1 41 Ay 3 o 7€ BR] 1 (R AN 0 % 23 A BB
R T o AR EERE TR Ll i) [R5 4) 4 Sro7 Sro77,
WFCRBL, X PR A 2 5 IR s i i) 4 5 T
B AA KR, WFFE R BENBH Lelth 2 5 Il i1z 4 D
e 3E 48 e iy 3 R DRI ) 230 AR Y, I 4Ll
G LU D 7 AR 40 L i da v PRI 1~ 58 B J2 00
ANEANTERE -

Z: 5 i B WENBAS X FR 23 24 1 B A BATLAH
MPERERIAIH FEE ). By 7R g 1 &
S 5T A A TR 2840, 30 AL R 4 i 1) — L&
/NRNA(small RNAs){E 40 Jil 53 % 5 2 b A 5
AR 0, ) & BimicroRNA(miRNA)Lj #if 28
RGN R E M HeA K0, 72 R W, microRNA-
124(miR-124)% 5 I FENBHY JE, {4 £ %) INBI¥ 1
i W9 K P 7 EmiR-124 1 35 172, NBAS X FR 2
P e M AE 5 1 B AR Bk SRl I T 9T 4
K W, Activinfs 5 il #%. Hedgehogfs *7 il %+
FGF(fibroblast growth factor){i 5 il i it JENBH b,
Notchfs 5l AL HENB A F B HM. S22, RIENB
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ANKIRR I B 25 A 25 TR w4 HERfy M E AT, FLAH L
Z A WAFER R IXAENBA fE 58 AL H B
oA, W RER A 28 50 B 1E 3 58 ik

4 RiBHZETHEAXFRS R S5MpaE HA

TN BANKI IR A3 24 1) F B0 B 440 i S 1)
R I (A BORS A 56 e 4, NBIIRK I 2 (A Par 2 &
WIAE 5y 241003 = A2 BINBIGH R 2, 1 40 M iy i v s
AT =77 40 1 53 224 7 S A0 e 3 L0 40 g 28 X M
DD URAE N [0 2 T H 40 B s Ao, i HL
RN R4y 40 T B Rl aPKC R 5877, {EaPKC
SEAR AR INBAH A 2 4B K, NBAHCH 98D,
TX U INB AN K FR 43 2400 40 i A 3 2 TR) A7 A 5 3 Tk
Fo Bd I LA 40 R I T SR R R R AR 5
AR, AN BRI 1 A 2 T8 BIRER, 41 dvis kA=
A4k, NBI BB, K06 T B8 o

I 8 L1 2 5 A 6K 4 2416 40 T ) 39 1 4 1A
FAECAc2/CDK 1. Cde2 5 JH 15 1 (cyclin) 45
A R WG, B AR s v P CDK 1. CDK1
A E 40 i G A E AMUBH (4N A 2 24 30) . G0
g0 a2k 2:CDK GG, 40 R st 2 45 1B AE G . AT
WL, CDK 1SRG A1 f o 2440 M . 70 S b B A
Cde2 5 5K, 1855 cde2 AR, ARORKF 40 i 5 3
AT, 45 R R IINBASKE TR 73 54 R A e B, Ti
HEARGWARNFR M EEL, T ais sy, 7
ANKE TR 3 20k R v i K B i R Cde2 i 12F T8 52
BV BIASKIFR G A1, 5% M0 1 B AT 0 B 73 ZLFIAS X FR
Iy B4 2 ) RO X B A R 4 e
WA T2 50T 2, IF HARMRE T b frn
InscuteableZ S (1) T8 52 & 1) & 1 I AN B 20 A A2
1 i S S A

M5 AN T 1) 2 W IR ENBAS B 4 24 R0 4
Hia JE 30 2 TR A7 AR B AR AR B S, U 1R ISR N B
AN Bk 43 44 1) T 2 (4 Worniu 2 55 1 5 41 )t ) 39
HEREPY, Worniu & # 5% A - Snail family [ & 01, 75
TUENBI HEAN A iy b B vh 8 Rk, B T A0iE
Worniu5 50 I8 JENB 25 2 A KAk, X Worniuzs 1111
HARohfesnz Hb . R IAEworniuF E &k, NB
AN 24 AT 281 v 391 o 3 o ) B S A, B4
K ¥ Elav& 1A K F It 15 5 NB R ZWE /-, i
W] 201, Worniwif ok i 53F 41 A 5 5 110 3E AR ok PR RF SR
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PRI, 20T 20 i, XSRS A KR B it
FS™ RS M o AT A Mt AR )N, D)
KW 6 B o

Aurora-A & 75 A6 b OR 55 10 22 53 2L T
Aurora-A1E 2k 40 M AR 0N, 25 o

fie, o3 PECP O A ARG A0 R A K o
1EAEAT 22453 4 1 FE i FLEh ), Aurora-A
S ATAE O R, R A0 MR AR, R — R EoE
SR, FE B ) NBHY, Aurora-AjES i 1 A
FHIER, $0H B TR, 2k 5P, Aurora-A
APRE LA F I T X H AN ISR, B,
Aurora-AjEaPKCIH) L Al 1 I H.Z 5 Noteh s = it
%, {2 iEaPKC Numbl o041, W4 5 e H 0,
IR, Aurora-AZ: 5 AT 22 5y R g5 R i 1) 43,
MR P B 3R KR, TRaurora-agE A AR,
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A A B, NBHIAS KR 73 8572 R FR 73 %4, NB
T I B GEL T RS R, 1 R A Numb a1 1] LA
I3 S Baurora-aR AR AR R AL, AH 2 G A 1) A
5 W A2 A 52 B 0. n] W, Aurora-An] il i {i¢
HENumb AN F% e A A 428 975 4 4 o [r) 21 288 3 7 b
77 A FENBA K FR 53 %L Poloth & 7E HE AL R 5
(A 2243 24T, A2 40 i e S0 ) s 2 5 IR 1, 2
fit 5 Aurora- AL

AR IR, 2 5 AN RR 43 2410 40 1 ) 39
5 A 7 B R 7 1 I Cde2/Cdk 1. Aurora-A.
Polo, J& M & it 5 & W 1 i A0 38 10 A0 3 &
E(cyclin E)AFE!1, AN [ f) 4 g Ji J91 30 425 B 5~ AT e
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T 7K VR E P28 A G E A T FR 20 208 AN R
532408 Aurora-AFIPolod A A Ji 8 41 A -4 i)
AW, 5 e R &2 5 Miranda L B8 W) iR
F AR FR AT, iz, IX G Sk 4 i J&] 410 1
S I AKSFR 73 R AR R AR T . 2
TEFRATTIEAS S 35 HEIX L6 40 i J&] 3 4 A1~ LA
S BRI A TR R, bR Ui AR E AL £ 1 Bl
FIEA

5 HETMANIRDRIIE R FOE
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TENBAN I R 5 B4 B e, 7740 e 3 25 4 1
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PRI PIAS Hh AR 32 3 AN B REAF AE 22 57, HPIA>
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FE FRBENBAN XS FK 73 254 18] 1, Hh Lo B 16 2 e
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WIRERE Y, B R H B AL, RA R A
MTOC, 3 B (K AR TICE A 2RERE 0, A EATDG A
Ak 05— AT L AR AR 1 23 B30 2 T AR AT
Wk, A AR, WA AR - die ),

EAL RO, IE H A TR AR SR BENBAS KT
PR3 2477 A2 (PR AN T 40 AN R gk 7R, BEH 4
7 T INB R T B2 )22 B Al 4 5 A7 4l B s 1 1
A s AL Ak, R ORI GMCEk AN, A
LA R I EFIAT A AN —3L, REfE 45 AT
TR 93 34 45 i R S 1) 1 250051000 i DL & 4 2 )
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NBAH I 52 J2AH ELAR L, P O B 5 8 44 (1) 77 1w, B
P [0Sl S g A A5 4 A ) B DNORG A, A OR A
RG> R BT o AR HOE 9T [l HLH )
—FhffRE .

HAT A PRAS T AE 2 TR AR AR D e 26 22 BF O
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B L 0E o By Tubulinff) B2 4, 10 £E 23 24 (7] 31 L
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MTOCI) HE Y. B S Ry A4 J & BAT 1 40 R
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Bt A 14 41 i iy 32 ¥k o X1 FNumb., Prospero.
Brat FI'e A1 1 2044 2% I Miranda.  Pon#fS 2 fifJ& 41011
BRI I SeBE KR AR SRR, B2 70 A E &) HK ik
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£, FF H Tt a5 E. % R ENBLEZE AL
W2 Tt e b A PR 2, e a i K. 1 HoIE R
(FINBAS AH 21 S I 5 AN 25 7= A s, AR AL
fh 212, {H Enumb. pros. brat537E4AH [FINBASF
ZHTEAUR G5 5 B, ] LGRS, W
2] 4k R e IS, 2 B MR, IR AT, B
i FEUE AT, L ARIK ST A i LA R AR
RIS, A A SR A e ? X GE
WS, (HI2 AT LA SE, AR T4 AR R 7322
Sl B3 AN )y K i e (R R AR AR AR R R
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