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Abstract: Cellular immune response is an important part of the innate immune response in insects, which

works together with humoral immune response to protect against pathogens. Different insects have different
hemocytes. Although the types, spatial morphology and immune response functions of hemocytes may vary,
most of them play the roles of phagocytosis, nodulation and encapsulation in cellular immunity. This paper
describes recent progress in insect cellular immunity, including the types, functions, and morphology of
insect hemocytes, phagocytosis, cellsurface phagocytic receptors, hemimetabolous immunology and
symbionts affecting aphids’ immunity. The purpose of this paper is to provide ideas and strategies for pest
control.
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1 EHMEEERNHARNEE

KT AN e S RIS, I TR R 2 K
Metchnikoff 7 1884 4F 5 R 7£ 1 B 4fy U b R B T 1A
N5 I P42 (9 AE7E ( Metchnikoff, 1989) . BfiZ5 Xt
B U AN IR AIRSE, 20 120 60 4ERL A K AE
MG AR Drosophila melanogaster 1/ &L T B 4%
FRWERE S B IG PR M40, JFERI T B AT B A 1k
AW BYEA] ( Rizki and Rizki, 1984) . 7ERH
MR L & SRR A0 A, AH 2 T35 Ak S 1 1 40
FIL 5 W L 30 W A AR (LA AR, O DU
JEANILh A AR T7 AT 280 15 SBCRURE 1 41 A
( Gray and Botelho, 2017) o 7Eid Lm0 =4, Il
PR L A & A Wk A P 0 OG8RI € S E
A W 4 L S A e = 7 0 e R ) R RO

2 ERARMRERNFREAHRE

LR T P 719 1 200 o 6 928 5% G 1Y) o 2 R
g5, BARPEIEE . B i 40 i R I8 T b ik
AT T AN, IR TIRER > TR IC
"4k o E W% & ( Lavin and Strand, 2002)
XE A0 b A T T A I T, B
W& THAMALMESE L. 4z s5 2 EH
ThaE, TER HUm BRI AR ASE R e bl
HRREENIER, BAFEENMBEE, [
TAp dUR S Z AR Y EH ( Zhang et al. , 2018) -
TEBR A 908 54 8O 1 BR AR IR N & APy
SU iy LN N (4 1) W o NSRRI e s X T R
HWEAEF ( phagocytosis) . 457 EA ( nodulation)
6 % A B ( encapsulation) ( Arteaga et al. ,
2017) o BB B0 I EL I SR AN AR I, &
FEARWEAE FH 1 100 200 JH o JHE A e 505 S e T ROR Vi
bR, [RIAE 2 P BE R AL RO 9 R AR AR R
B, WA Y. Ll FAEYE, WA AR
HAwwg, W) 20058 538 4 T 5 AR 2 T R
( Siddiqui and Al, 2014) . B 57 W R0 6288 )2 5
— AR ERZERORM. O DI E AR
TR, WA R AT B MR A
IR S BT ( Nappi and Christensen, 2003)
2.1 BRHmMBIERREE
2.1.1 R 4n S

25 240 0 05 7 24 VD L 240 R R AL 4 Dl

ZHfifn ( prohemocytes) . FiZHMI ( granulocytes) . 3%
Al ( plasmatocytes) . ZEZE AL ( oenocytoids) .
g i 46 H 5 SO (11
( spherulocytes) %% ( Majumder et al. , 2017) , Fj
S PP AR T 28R dur, o SR i i S A
A2 2 5 0 L 95 o, 2 e T 1 TR A G A . 4
JUPAFAE T A B s iy i i o it i 48 A2 T 3
MasE, HATHMETIRE, 76N 5 E 5
HABSME ) A AR I B AT 734 S HoAt if 40 i ) 75 fiE
( Zibaee et al. , 2011; 2012) . %) al 2 do i i) B
Hu, AR B 1w A P R R A g R AT
Ay 2L oK, i 23 i i A B b 2 A Y I 40
Mugdksr s Z24m e A ( Wu et al. , 2016) o Nakahara
55 (2010) 45 A Bombyx mori & IfiL g B Y 5L
LR 53 Ak Ay 25 A B, 200 T A8 T 30 it VA0 A
SRR &1 BT I e v 11O N
MANE 2 (0 A0 M. BRI 40 M B 0z i 3 B . 2R
e A A M SR R A Y B, 25
b EL A SRACVE T R e S5 3 S s, R 3
YA A4y W E B ( Lavin and Strand, 2002) .
JIES 0L 200 A T i 380 D 0 9bk L 0 T B VR, ik
EL A Y AR 107 AT VR S BT Wy e, AT 34 5 B e
AIPTYiE (Amaral et al. , 2010) o @H H B R AR
2R ALFE SR AR A R0 . S 2 (0 40 7 5 2k i
g1 N E 711V O i 2 1R N GG RV 6 S
Hokr M B T X KIG AT Escherichia coli 5
REG AT W fE S (Wu et al., 2016) o /] 4 B 8
Thitarodes xiaojinensis %fj HL (1) %7 4 J 78 1l bk 2 A B
o i, e R 0 HoAb e H R AU, TE
Nielsen 4 (2000) Y AF 5 H 41 5] i 19 1 S 8538 B
e ERTR SSNTE Gl L A (3 R N R A
Ji ] BB i i HE A O 2 B H A i 0 5 A I 4
JRIZEAY, DA I 7 40 L S 5 1 25 7 THIES 32 AR T
ERMANMEEAAE T YR E (RIEREERRSN © H
WH . B E S HASE R . SR Y i 40 i 7E B
HOYq pAE O RRBR, BN S R4
(lamellocytes) . FhARZH il ( crystal cells) FI3¢ 40
Lo RN 5 5 A0 M Re R AR ABL, Rl B TE S
TR 200 0 05 080 B 7, 7 SR e 40y v o I A i O
e A1y R A 2 5 4595 AL % S ) ( Evans
et al., 2003) ; fbIAAHMLE AR RRBHE A0 A, Horh
EA W EALERRTAR ( Jiravanichpaisal et al. , 2006) ;
TR I B b, AN A AR ) 90%  ~
95% , ELAARGR ARG BE, R 3 F ai e ) i

( adipohemocytes ) .
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T4 VE -

BN e SRR A (40 7R 2R i A
PR HE A MR BONTRA, TR 5E 4
SRR R R HA TR, HEZ5E DT
WHREE . WIEH WO A 7 A, BE: 5
MM JANML R guff K2 @A AR 20
Mo %% 9l 40 Ml ( cystocytes) I B 40 g ( gaint
cells) o (HAJERAHERAEA X 7 K iM40H,
., 75 KRHEM Panstrongylus megistus 5% 3 4fE 15
Panstrongylus infestans Y0¥ A & PG L 40 itg F 28 2%
B, 1ERK L5 Rhodnius prolivus WA KB
E 4 ( Azambuja et al. , 1991) , X6 M A0MELETH
R AR B0 5 D I TR I RT3 A W L S A4
TIVEN . ARFFERM], A MR R H i e
—Z 55 4y Wik b ok WORL (9 1fiL 40 2 ( Borges et al.
2008) o AIF5¢ & BL U FL 3h WAk N 1 B A% A0
( megakaryocytes)  [AlFE H IUAE K AL Calliptamus
italicus RN, KW B 3h ¥ 5 6 HE S W) BA B
LR FIEAE D (TS5, 2017) o

MBS I R IS, St Bk
BEEEILG ( coagulation) , HEER G ) BLAE R At
PERLZH ( Loof et al. , 2011) , % F N Al LIMERE
P s W B4R N B L R R BE i 40 i
( coagulocytes) , MM B 1k 395 J5% 4 T 76 1L i —
Rl o B i 20 P i) A K H I RE 23 32 31 9 i
HAEMFE . FIanAE4S & Helicoverpa armigera #%3E
REFA B Nomuraea rileyi 12 34% 5, oIl 40 M B %K
(total hemocyte count, THC) JoZ84k, {H Ifi.40 g/
SRR MR 2559 AL S A 32 B ( Zhong
et al. , 2017) ; LT 5B E Metarhizium anisopliae
{RYLYLTENE Schistocerca gregaria K 58 E5H T 15
FE 0 9bk b, D VR Il 4 AN B R LR L
WASFEE ST, THC e hn, 5 ( Gillespie
et al. , 2000) ; Zibaee £ (2011) K& IMBRIEAERE
Beawveria bassiana % I8 T % @ J& ¥ FEurygaster
integriceps W) Z R SR ALH], A LT O AR AR )
ST T 22 it DG 0 0L 200 PR ) A TS L BELAS T4 Y
S0 A =N E 3Dl (N5 i BN A e o
2.1.2 B dum4nnyigss

PN eSS =) =i i o S0 N I i L R
AN [ 2 Y 1 40 e A 2 TR 2 b ARG B I 2
S0 I AR A MR 2 5 A AR B 2
MARAEL, 2R A W) S & 7E R 28 EIC ] By
D), R IRIE . OREIE ML SRR, T2

it 1 h DRI S 5 I B B 22 5, R i A
J s R 22 R A A, T A B 1) B 8 0
KLY & W), 20 MR K 5 ORI (AR A 52 4R,
2018) 5 TMHR AN A FE R SE J i RR 22T 2, (R
NPT A2 Ry 97 F AT SO KLNIE . R4 i 5 5 40
M2 [ 7 Z 8B b ] W ( Borges et al. ,
2008; Zibaee et al. , 2011) ; TEZ @& mE. K45
i S Al B e aff g T v i DB 0 24 2 BROEZ £ /)N
g2 AT 1 D TR A 1 O =231 3 N VA G AT
AL, JRIE A0, 5 4t A 5T o 4 4t A A% A LAY
BAE X, I 40 A7 T 3 IS A LA R R
mktrh; fEWEAEH. A E. BHE. RHH
S5 2R S v S 2 0 200 R AR R e R Y — 2K il 4
JL, TEAHZE WG T W 3 AR K /N Dy 25 ~
30 pm, ALK B, 5 E 40 M AZ /0N i 25
Oy AN —, B ORI A A 2 T )
(Amaral et al. , 2010) ; SRuESIAGEAEIES L5
HABE SO 2R 2 A0 AL TR 20 0 52 % A i
SR, HOh 2 T BN & H ( Ribeiro and
Michel, 2006) ; A& IfiL 40 fd & K /MK 25 ~27 pum 1)
B A, AR 2 30 I 5 i 7 40 M 5 b 4 1
I E AT ( Zibaee et al. , 2011) 5 ZRIM
AN e RS b R R I e S W/ Bk
FERARMIE ({585, 2018) o
2.2 mMAMREN SHMEMEEENE
2.2.1 HEWAER

B2t 1M 40 0 RE % HU1 4% A AP ok AR Wy AEE A= W)
BEAR, I aE A p R L % T AT A T A B2 A
Mo ey B fEE HUrh, AR IR AR A — R B
(49 R A2 AR 5 1 0T 0 A 0 2 A e i 97 A A S
RAPERNL,  BEAT R T BR U4 T 40 i F1 A A 9
& ( Stuart and Ezekowitz, 2008) . i %Lsh4) i) & W
YER 2 th E WE 4N 0 ( macrophages) . 514 41 Jifg
( mononuclear phagocytes ) 1 Pk ki 40 Jifg
( neutrophils) 5EJ%, B WA WA 32 2 2
BRI AN M 5 B, HAB 40, a2 G an i
] BER FfHRS A& ( Silva, 2010; Lim et al. , 2017;
Niedergang and Grinstein, 2018) . 4i}g M E H
Wit FCABORE (14 4o 2 T T 10 2 7 A A% G P 1 A )
PrAE LB A AT 40 2 S E 2 ( Borges
et al. , 2008) , X & A7 Wi AE 1T 2 B i P 2 2 2EAE
Fr. Ling I Yu (2005) (% #fF 9% 35 W) 4l 25 K ik
Manduca sexta Il kAR A S 5xF “FA”
OKERAR G AR, MR 4RSS g 5H
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TN RAT IR , X SE A0 i R 3 N A6 ) o /) fiE
It HARERS A Wi K T H A B R 1m0 AR A WO 1 41 i
XA A B Y S AR AN TR  an, FEIR R AR
B Aedes aegypri v, L AHMEXT I AT TR A8 I 2 A
WEVER, Xt R iR B Micrococcus luteus 11 JZ v
RO R A, o B sl JE AR I B B ROk TR B kL
MAAME ( Marmaras and Lampropoulou, 2009) . it
Hb, TEANIE AN TR Z 6], AF WA T 00 2503 ik B A7
TEES . WTENR VB Anopheles gambiae Sl
Y ZR LA K 3 5 0 Ml Y S Ceratitis capitata [
AR b, R 4 o5 (U 4 BRI Staphylococcus
aureus B K 5 ¥ & W ( Lamprou et al. , 2007;
Bryant and Michel, 2016) .
2.2.2 KB

FWEAE F 2 TRORL, o UK 45 4 3] 40 it 3%
T R W T R R AT il —Fh B i fi”
( phagosome) [ 21 il g (4 /55 BE DR ~F il B A W A4
SRR R A (A% G, A S R A 5 A W A
FERHRE FLHAER ( Kagan and Twasaki, 2012; Gray
and Botelho, 2017) o {H 808 LAY 7 Wik 140 25 Bl

A

Particle

SER AR B IR, TR0k B 00 9 A i A 2 5 A ARk
U N S S ' S R N
( phagolysosome) , - Jilt 24 A7 Wik 14 114 v&7 J32 7K e 11TH Ak
AE T BB R T 40 B ) B4, JF HAE IR 215 00 T )
PIFRFEN LB Y) ( Peltier et al. , 2017) o fE4F
Wi A DT ), 7 e e 0 6 L Al 200 e 48 SEUBIORE R
N2 0.5 wm PRSI, BT & A= W 5 2 O R
B WERR , 240 L v 8 52 L S A 1 PR A2 DA 44
FEALTBORE, 40 B JIE A A W P 1 IS 35 5 S e £ JE
RS s AR A B TR 25t (B 1 A) o M T
A IR B AR 22 UKL, A Wk 210 i A 250 DA 448 P %
WCHA A A 25 R, Gz IR FI N B (&1 1 B)
TEX A AR, AhE (b R A WA AR DG 1Y
NI S W) B WS A% P 1A TR 2 30 2% A 1)
JEHE (L1 C) o PIARTE BR300 i s i o 2R
I 55V B R SO ARl G T R, DR R R
RVEFIK Al R0, e 2 B A WA W Y OB ( Stuart
2008; 2012)

and Ezekowitz,

(F1D-F),

Flannagan et al. ,

B

Pzeudopod Lip

Pseudopod base

ﬁ Exn(:_\-ﬁl

i Early phagosome

7

Endosome ﬁ

Phagalysosome

Destruction of particle
or pathogen killing

B AR R
Fig. 1 Sketch map of phagocytosis
H: A, Particle, JGJERBURIY); Phyagoeytic cup, &MEF. B, Pseudopod tip, fHE; Pseudopod base, ff)&
FFR: Endosome, % N 1K; Exocyst, #h#%. D, Lysosome, ¥ [ {4; Early phagosome, R ¥ 2 7 W 14
E, Phagolysosome, FFWEZ#A. F, Destruction of particle or pathogen killing, M YRURL B 7% 58 7 IR AA -
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2.2.3 HFWEZARGT

AR WEAE 2 ph 40 M 3 T 52 A4 8 % 42 T 5 | & 1Y
ARG A 2 T A2 AR PR A TS I, 2 IR S A
NI EARES &, AWt IBOEOS , e JBUR B A
DLSRE R S 51, e FLA0 A rp & S Y U 2 2 8
MM R B A W2 AR A7 (R 1), 400 @%b
IEREJHFEZ ( complementike opsonins) @ HI& BBk
H) s H it ( thioester-containing proteins, TEPs) ,
TEPs J&—28 3 W0 4 H A Z R . TEPs Z% K
RHPREBRE M FZEH ( macroglobulin-related
protein, MCR; B} TEPVI) 454 388 X} 19 8, 2 5%k
B Candida albicans W) & WEAE ] ( Anna et dl. ,
2017; Upasana and loannis, 2017) . HAilh TEP 1:
TEPIT A1 TEPIIT 735 2545 R R FF 11 11 46 28 €0 i 28 2R
W R FrE/E A ( Anna et al. , 2017; Shokal
et al. , 2017) o Qi R 2R ( scavenger receptors,
SR) : JEZH EAMCH ZIIAZIR, 255 R
TR, FRAEVEZ W Fh b ok A R 2
A& ( pattern recognition receptors, PRRs) ( Gordon
and Neyen, 2016; Kim et al. , 2017) . fEHRSGEE =
W R R, IR KGR T
&, XUESE T AR ERE T EE . B4,
ANZFEHFA 3 4 CD36 £ [ ( CD36dike protein)
BT IR AZ AR, TR R BRI 10 A4~ XA 3
AR T B S 33X 26 52 AR 55 G SRR 1Y B8 ) BT SR 3,
XFHRE )Y 5 T S2 RN A BN, R R R
H SRS B 28UIERZIK SRB: CD36 Ff
HE T Croquemort 75 R0 4 5 3 T2 40 g 19 A
Wi; 73—28 B IHIE R Z /K SR-B: Peste 2 RJER
L R N N e ol < TP/ i 5 A N
Mycobacterium  fortuitum ( Philips, 2005;
et al. ,2013) ; C ZEiEIERZIK SR-C: SR-CI 21 #Y
BRAR T, & A 5 AMASE ) 2 1 DR 2 1R DG i 25
B, JF 456 2 ISR A B P 48 B ( Ramet
et al. , 2001) o SR-CI FFEAERIKFHIRIRZ ESIE,
S50 5 R TRVR MO A R PR ( Marmaras and
Lampropoulou, 2009) . Q®HrM%E L AK K FHEE
Z R ZF % ( epidermal growth factor ( EGF) Hike—
repeat-containing receptors) : — Fjt 24 i HL g [ 71 g
HH Eater, 2% —MHIEW 2 5 A YR BIH
EGF FEE & 2k, TERAM R, I 25
GJEAAR ( Bretscher et al. , 2015) . RNAi §ifi ik & ¥
Eater J&XJ 4 & A2 A+ Wi 1 HI Y GATA B g5, 1
SRy S2 I, Eater 1RIAA3Z B 2 FEARZ

Canton

RXTANE I ES G S, BZ Eater )AL F I 4
AR AN T 1 RE ) 22 2400, B 52 ) B A% AN 4
M2 R T Listeria monocytogenes )B4 ( Kocks
et al. , 2005; Chung and Kocks, 2011) ; Nimrod C1
JE B FLiE R 10 4> Nimrod JERFER)—FBSy, 1E7R
P A TR FE BRI (Janos et al.
2013; Melcarne et al. , 2019) ; Drape J&75 0l FafT 2k
1 Caenorhabditis elegans VT4 3Z & CED H1 Y
BELA, 5 PR R SR Rk DR L [R) P, A e 2 IR
2 R I R R B A SR T R GA, ST A R
SRR T AN B BT o DL K 2 BR U)W R il o8
( Macdonald et al. , 2006; Kuraishi et al. , 2009) .
2 & Bl Draper ) % /™ it {K 43 T 52 Pretaporter £l
Calreticulin ( Kuraishi et al. , 2007; Fujita et al. ,
2012) o @i BEAR S Z IR BRI AE
40w k5 M 4> F ( Down syndrome cell-adhesion
molecule, DSCAM) , 4 9 BK M5 11 M K & WL 51
DSCAM TE4g T B4 iR &b 1 R ke = 368 1 P A 5
R R A AR AR R HE B SR, DSCAM 2545 K
FEEE O H 7T BB 78 Y A W 40 B 32 Mk R B R
( Watson, 2005; PeuB et al. , 2016) o 7£ X LYV 4203
2R DSCAM AR A 2e i/ 3 R AT e A3 3 8
WHEBRE N EWAER ( Yuemei et al. , 2006; Smith
et al. , 2011) o [ 7 LA b DU 40 i 2 i A5 W5 2 AR 22
b, PRI A 3k ol sz A, o IR SR U R
B9 ( peptidoglycan recognition protein, PGRP) ZZji%k
) PGRPLC, B2 54 mk s == [REIPEAN w1
AR = [CPHYEA R ( Kurata, 2010) 5 78R8
g, PGRP-SA & PGRP X A7 Wik 5 = [X PH 4
B IZARER (Liu et ol , 2018) o B%5E H 1Y
XL JL i [ A W 32 AR % T DSCAM. Nimrod .
PGRP-LC 7E X FE WP A& B rpr e 3k, 78 H & 52 g 28 Al
W H B Hh ok & B ( Marmaras and
Lampropoulou, 2009; Sigle and Hillyer, 2018) .
2.2.4 HWER S EEEN
iR B B FE AT AL E, RE U8R B
AR Y 220 I 20 P SR AR A, TR R 8 BOR R
@ H945% ( Marmaras and Lampropoulou, 2009) . 2%
TR A [F] T A W A FDRE o AR I e Ak, i
232 B I W R G I L R A il 40 i R AR 1 A
FeZ PR AR, A0 AR R AR, X
TR 4 AR S o Al B 451 A1 B 1t 240 L T 38 R AR
A DL RAL g RO SE R, X eSS i
ek BE a4 B N B %8 B b ( Stuart and Ezekowitz,
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2008; Shi et al. , 2014) . FHETHNIE, KHAR
R V2 B B R4 1 A
ey 5 (Kim et al. , 2017) , i B %6 1k i
M Z W3R W ( dopa
decarboxylase, Ddc) J&Z 55 J i 1l 20 40 e 25 775 /Y
R ( Sideri et al. , 2008; Chen et al. , 2018)

( eicosanoids)

( prophenoloxidase, PPO)

Satyavathi 45 (2014) & H4 B Bt 75 B IR i A= 1)
J& 2 S a2 R R ik 2 I 32 ¥ i I A
RLIE ST, (et B g A 2 545958 1,
[RIRE 28740 1Y) A A A 2 B o 32 38 o R AR P A
J 20 A i D 1 S A

®1 BERBRSS5FRERMRINZESHENNES

Table 1 Cell-surface recognition receptors of phagocytosis in Drosophila melanogaster and related ligands

PR B AZ K D. melanogaster receptors

4
e

& Ligands

EHiEsE B R ( Thioester-containing proteins, TEPs)
TEPVI ( MCR)

TEPII

TEPIII

7 RZIR ( Scavenger receptors, SR)

Croquemort

Peste

dSR-CI

C. albicans

E. coli

S. aureus

Apoptotic cells
M. fortuitum

E. coli, S. aureus

FREKEFHEES S/ ( EGFikerepeat-containing receptors)

Eater E. coli, S. aureus, L. monocytogenes, dsRNA
NimrodC1 E. coli, S. aureus
Draper Apoptotic cell, axon pruning and severed axons
JE R A R4 B ks it 4F ( Down syndrome cell-adhesion molecule, DSCAM) E. coli
H /b Others
PGRP-.C E. coli
PGRP-SA S. aureus
S5 A S 1 7 A X DR D AR OR KT A RE
o @AEERRIELAR S SR, Fes 3 AELTHERGEME R4
Yy A2 i S5 T K B SR AR 45 5 ( Grizanova et al.

2018) o H AR FLH UL AL 3 U4 40 > A AR Wk B
TES g AR RS, PTIREZ R 4% ( Marmaras and
Lampropoulou, 2009) . I[fil s S8R5, EHE
B Z )24, F¥owliyuZEmin, did)m
7 AR A A R PR Y B R PR A ROS RN PR A
RNS atid i = B H R 0E, m&EARAaRk,
RN T B A SR A 2 ( Siddiqui
and Al, 2014) o 7544 o 7 v il 40 A 250 B 0 0

A, R T I 2 M T 2R R RS T A R B R

RIFE R (o R A e v LAy e n] WL, 7 4595 2 il
FIELBENE T Ab A 0 S 28 S R PP A 9 e B A T
PERNIIZ Y, PIRRIE R NAN AT 73 o

—HUK, 2SR ITER B R BRI
R R IE A, AR E AR B R A e ML A
5%, B2 RBRTE B H s RHF 3 H g2z .
2010 4, BEAE 50 A R Ry A 58 28 2
B —i S WF Acyrthosiphon pisum %t [K] 20 13 B 1) 5
B, ATEAR IS B B S R A e AL A2 B Y G T
JEH W R AT 2228 B A58 B i S e Ll
B I L IR A P i R TR B W R DR ST R A )
Hgte, WMIKRERER . C B HERE. PUE ik
F119 Defensins. IMD {5 538 % 7 i) Dredd. Relish
1 dFADD ( Gerardo et al. , 2010) o IMAb, Wi 1F
011 R RN =i o N (AN
L~ ORLAH A BR o 20 B AN S A (wax cells) ,

ii
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L A0 B ] TR AR R AR g S A, H
REE R TRAMISE (Anton in et al. , 2012) o %f
B e RGN MR R, O+ 8 AT A
e S B B A AL A A

ULAESR B A 73 1 A W) 2 AL R 21 2 R AN
W R, pF e A R B i f i 2 TR B B
WA . Wb O &% i 23k AR
( symbiont) , £ 4% % 2% M A= {& (U0 Buchnera
aphidicola) FIR XA 4K (4N Serratia symbiotica
Hamilionella defensa Regiella insecticola~ Rickettsia
Wolbachia~ Spiroplasma~ Arsenophonus FlI SML %I $&
H:TH Sitobion miscanthi L. symbiont) o ) 2% A= &
108 2o i A R ) G A= AN BB A 5 SR o A i 2
St R PRI T HoAg 2 B, 4
PR B i 32 50 32 0 JEUIR R R B A 422 3  98 i x
ARG HOE A5 B B AR A ) G i
( Benoit et al. , 2017; Li et al. , 2018) . Tiifg £ <&
P B P AH 56 B =8 3 7 ( pathgon-associated
molecular patterns, PAMPs) , X540 45 T A4z &
( Chu and Mazmanian, 2013) . 1%l 35 %% i AH B AE
AR EUE BB R B AR A, Horp—
77 10 2 i A BN i B ( Zheng et al.
2011) o op b A ORAE AR L AT IS 3, 0 i)
e 2 A AR B T £ 280, JK A0
UKL 7 0L 9k T r 3% R b A ) ORI IR 3k A
R TERBIER H. defensa WA B 1 Ay W I I
FEGEAAE M R R I 0 i A e IR 5, HEDW S A T
TRWE T AT W R T A 8 o AR B A Y T RE
(Anton in et al. , 2012) . 7F Laughton 4§ ( 2015)
HIBIESE v e IR 2 WF IR AL A= {k H. defensa~ R.
insecticola W) AF1E UL T I 200 i £ & 11 £ 48 S
XoF Py A A il % M TG 0 S e, R IR AR A IR Y
PSS ) 52 25 2, A S 4 s SRR
SERT, ARESALBE R. insecticola [WAFAETTHE N,
M ANFEAL B H. defensa FAFFETTIG N 7 B & 0%
th, SRR S 51X LT A A AT
ARG BT, HHHLH A REE (Li e al.,
2018) o fyie Z ¢ Anf X e AR R B A7 AT H SO,
AR A= A LAl b 5 253 i of oA S8 S, X
H it PE— LA o

A ORI PRVl SO A R, TR R E T
PA1E A RG] B BY T o0 AR R SR AL RS E
MAEAEIR S . i AW 98 B Uy 3 A K S i 2
VERT R IT SR B4 A% BRI S AR

1 %iE

B A A= s h AR AR 2R Z R R
MR ARIE . B . LR,
P, B B B At s A0 I T B B R AR
JRARAAR B RE T3 A HE B0 P 10 35 7 e e 2 1 255 fig
fi 308 3 A5 I L 0 1) S R G L T A2 R 4
ZRAR LA e b 72 H 4 1 7 42 2844 ( Hauton and
Smith, 2010) , WiEHEAEL BT iHKE4ME, K
W Bk 2 38 B PR B SN, AFL A R A e R g
G5, ARl 0ok [ T Ak AR B K 2 B0 R Y
Ja o AR B A X RS HUSE R A g8 N AH 56 4 T AL
TR A M T, B2 R FRATEAL S I =5 1 R
WA MR Tz iz T3 SR

S E 3k ( References)

Amaral IMR, Neto JFM, Pereira GB, et al. Circulating hemocytes from
larvae of Melipona scutellaris ( Hymenoptera, Apidae, Meliponini) :
Cell types and their role in phagocytosis [J]. Micron, 2010,
41 (2): 123 -129.

Anna D, Rommelaere S, Poidevin M, et al. Thioester — containing
proteins regulate the Toll pathway and play a role in Drosophila,
defence against microbial pathogens and parasitoid wasps [J]. BMC
Biology, 2017, 15 (1) : €79.

Antonin S, Caroline A, Marc R, et al. The cellular immune response of
the pea aphid to foreign intrusion and symbiotic challenge [J].
PLoS ONE, 2012, 7 (7) : e42114.

Arteaga B, Luis A, Crispim JS, et al. Differential cellular immune
response of Galleria mellonella to Actinobacillus pleuropneumoniae
[J]. Cell and Tissue Research, 2017, 370 (1) : 153 —168.

Azambuja PD, Garcia ES, Ratcliffe NA. Aspects of classification of
Hemiptera hemocytes from six triatomine species [J]. Memdrias do
Instituto Oswaldo Cruz, 1991, 86 (1) : 1 -10.

Benoit JB, Vigneron A, Broderick NA, et al. Symbiont — induced
odorant binding proteins mediate insect host hematopoiesis [J].
eLife, 2017, 6: e19535.

Borges AR, Santos PN, Furtado AF, et al. Phagocytosis of latex beads
and bacteria by hemocytes of the triatomine bug Rhodnius prolixus
( Hemiptera: Reduvidag [J]. Micron, 2008, 39 (4): 486 —494.

Bretscher AJ, Honti V, Binggeli O, et al. The Nimrod transmembrane
receptor Eater is required for hemocyte attachment to the sessile
compartment in Drosophila melanogaster [J]. Biology Open, 2015,
4: 355 -363.

Bryant WB, Michel K. Anopheles gambiae hemocytes exhibit transient
states of activation [ J ].  Developmental and Comparative
Immunology, 2016, 55: 119 - 129.

Canton J, Neculai D, Grinstein S. Scavenger receptors in homeostasis
and immunity [J]. Nature Reviews Immunology, 2013, 13 (9):
621 - 634.



#

5 1] WA R AE

T2 B 40 B e 38 o N F 5% R T 1119

Chen XD, Gill TA, Nguyen CD, et al. Insecticide toxicity associated
with detoxification enzymes and genes related to transcription of
cuticular melanization among color morphs of Asian citrus psyllid
[J]. Insect Science, 2018, 26 (4) : 843 —852.

Chu H, Mazmanian SK. Innate immune recognition of the microbiota
promotes host — microbial symbiosis [J]. Nature Immunology,
2013, 14 (7) : 668 —675.

Chung YSA, Kocks C. Recognition of pathogenic microbes by the
Drosophila, phagocytic pattern recognition receptor Eater [J].
Journal of Biological Chemistry, 2011, 286 ( 30) : 26524 —26532.

Evans CJ, Hartenstein V, Banerjee U. Thicker than blood: Conserved
mechanisms in Drosophila and vertebrate hematopoiesis [ J].

Developmental Cell, 2003, 5 (5): 673 —690.

The cell biology of

phagocytosis [J 1. Annual Review of Pathology: Mechanisms of

Disease, 2012, 7: 61 -98.

Fujita Y, Nagaosa K, Shiratsuchi A, et al.

Flannagan RS, Jaumouillé V, Grinstein S.

Role of NPxY motif in
Draper — mediated apoptotic cell clearance in Drosophila [J]. Drug
Discoveries and Therapeutics, 2012, 6 (6) : 291 —297.

Gerardo NM, Altincicek B, Anselme C, et al. Immunity and other
defenses in pea aphids, Acyrthosiphon pisum []]. Genome Biology,
2010, 11 (2): R21.

Gillespie JP, Burnett C, Charnley AK. The immune response of the
desert locust  Schistocerca  gregaria  during mycosis of the
entomopathogenic fungus, Metarhizium anisopliae var acridum [J].
Journal of Insect Physiology, 2000, 46 (4) : 429 —437.

Gordon S, Neyen C. Scavenger receptors [J]. Encyclopedia of Cell
Biology, 2016, 3: 727 —740.

Gray M, Botelho RJ. Phagocytosis: Hungry, hungry cells. In: Botelho
R, ed. Phagocytosis and Phagosomes: Methods and Protocols,
Methods in Molecular Biology [C]. New York: Springer, 2017: 1 —16.

Grizanova EV, Semenova AD, Komarov DA, et al. Maintenance of

redox balance by antioxidants in hemolymph of the greater wax

moth, Galleria mellonella, larvae during encapsulation response

[J1.

98 (4):

Hauton C, Smith VJ. Adaptive immunity in invertebrates: A straw house

Archives of Insect Biochemistry and Physiology, 2018,
€21460.

without a mechanistic foundation [J]. BioEssays, 2010, 29 (11) :
1138 —1146.

He L, Zhang Y], Fan TS, et al. Study on morphology of hemocytes in
Calliptamus italicus [J]. Journal of Environmental Entomology,
2017, 39 (5): 1100 -1104. [faf i, sKAZ, #Al, % . %
KRR I QB A2 ASE (J]. HBSR RAAR, 2017, 39 (5) -
1100 - 1104 ]

Janos Z, Gabor C, Viktor H. Drosophila Nimrod proteins bind bacteria
[J1. Open Life Sciences, 2013, 8 (7) : 633 —645.

Jiravanichpaisal P, Lee BL, Soderhill K. Cell — mediated immunity in

melanization — and

arthropods: coagulation ,

opsonization [J]. Immunobiology, 2006, 211 (4) : 213 -236.

Hematopoiesis,

Kagan JC, Iwasaki A. Phagosome as the organelle linking innate and
adaptive immunity [J]. Traffic, 2012, 13 (8) : 1053 - 1061.
Kim SG, Jo YH, Seong JH, et al. Tm SR — C, scavenger receptor class

C, plays a pivotal role in antifungal and antibacterial immunity in

the coleopteran insect, Tenebrio molitor [J]. Insect Biochemistry

and Molecular Biology, 2017, 89: 31 —42.

Kim Y, Ahmed S, Stanley D, et al. Eicosanoid — mediated immunity in
insects [J]. Developmental and Comparative Immunology, 2017,
83: 130 —143.

Kocks C, Cho JH, Nehme N, et al. Eater, a transmembrane protein
mediating phagocytosis of bacterial pathogens in Drosophila [J].
Cell, 2005, 123 (2) : 335 -346.

Kuraishi T, Manaka J, Kono M, et al. Identification of calreticulin as a
marker for phagocylosis of apoptotic cells in Drosophila [J].
Experimental Cell Research, 2007, 313 (3) : 500 -510.

Kuraishi T, Nakagawa Y, Nagaosa K, et al. Pretaporter, a Drosophila
protein serving as a ligand for Draper in the phagocytosis of apoptotic
cells [J]. The EMBO Journal, 2009, 28 (24): 3868 —3878.

Kurata S.
Drosophila PGRP-LE and PGRP-LC [J]. International Immunology ,
2010, 22 (3): 143 -148.

Lamprou I, Mamali I, Dallas K, et al.

Extracellular and intracellular pathogen recognition by

Distinet signalling pathways
promote phagocytosis of bacteria, latex beads and lipopolysaccharide
in medfly haemocytes [J]. Insect Science, 2007, 121 (3): 314 -327.

Laughton AM, Garcia JR, Gerardo NM. Condition — dependent alteration
of cellular immunity by secondary symbionts in the pea aphid,
Acyrthosiphon pisum [J]. Journal of Insect Physiology, 2015, 86:
17 -24.

Lavine MD, Strand MR. Insect hemocytes and their role in immunity
[J]. Insect Biochemistry and Molecular Biology, 2002, 32 (10) :
1295 - 1309.

Li Q, Fan J, Sun J, et al. Effect of the secondary symbiont Hamiltonella
defensa on fitness and relative abundance of Buchnera aphidicola of
wheat aphid, Sitobion miscanthi [T]. Frontiers in Microbiology ,
2018, 9: €582.

Lim JJ, Sergio G, Ziv R. Diversity and versatility of phagocytosis: Roles

[J1.

Frontiers in Cellular and Infection Microbiology, 2017, 7: 191 —203.

in innate immunity, tissue remodeling, and homeostasis

Ling E, Yu XQ. Prophenoloxidase binds to the surface of hemocytes and
is involved in hemocyte melanization in Manduca sexta [J]. Insect
Biochemistry and Molecular Biology, 2005, 35 ( 12): 1356 -
1366.

Liu Y, Zhao X, Naeem M, et al. Crystal structure of peptidoglycan
recognition protein SA in Apis mellifera ( Hymenoptera: Apidae)
[J]. Protein Science, 2018, 27 (4): 893 —897.

Loof TG, Schmidt O, Herwald H, et al. Coagulation systems of
invertebrates and vertebrates and their roles in innate immunity: The
same side of two coin® [J]. Journal of Innate Immunity, 2011,
3(1): 34 -40.

Macdonald JM, Beach MG, Porpiglia E, et al. The Drosophila cell
corpse engulfment receptor Draper mediates glial clearance of
severed axons [J]. Neuron, 2006, 50 (6) : 869 —881.

Majumder J, Ghosh D, Agarwala BK. Haemocyte morphology and
differential haemocyte counts of giant ladybird beetle Anisolemnia
dilatata ( Coleoptera: Coccinellidae) : A unique predator of bomboo
woolly aphids [J]. Science Letter, 2017, 112 (1) : 160 - 164.

Marmaras VJ, Lampropoulou M. Regulators and signalling in insect
haemocyte immunity [J]. Cellular Signalling, 2009, 21 (2):
186 - 195.



1120 W5 B 244 Journal of Environmental Entomology 42 %

Melcarne C, Ramond E, Dudzic J, et al. Two Nimrod receptors, NimC1
and Eater, synergistically contribute to bacterial phagocytosis in,
Drosophila melanogaster [J]. FEBS Journal, 2019, 286 ( 14):
2670 -2691.

Metchnikoff E. On the present state of the question of immunity in
infectious diseases [J 1. Scandinavian Journal of Immunology,
1989, 30 (4) : 387 —398.

NakaharaY, Kanamori Y, Kiuchi M, et al. Two hemocyte lineages exist
in silkworm larval hematopoietic organ [J]. PLoS ONE, 2010,
5(7): ell8l6.

Nappi AJ, Christensen BM. Melanogenesis and associated cytotoxic
reactions: Applications to insect innate immunity [J]. [Insect
Biochemistry and Molecular Biology, 2005, 35 (5) : 443 —459.

Ni RY, Meng Q, Zhang H, et al. Types, morphology and cellular
immune functions of hemocytes in larvae of Thitarodes xiaojinensis
( Lepidoptera: Hepialidag [J]. Acta Entomologica Sinica, 2018,
61 (4): 432 -438. [fiisg, i, 5K, . /NG imikgh i
MANMEHAN S TES KA e Thag (1], B4R, 2018,
61 (4): 432 -438]

Niedergang F, Grinstein S. How to build a phagosome: New concepts for
an old process [J]. Current Opinion in Cell Biology, 2018, 50:
57 - 63.

Nielsen ES, Robinson GS, Wagner DL. Ghost — moths of the world: A
global inventory and bibliography of the Exoporia ( Mnesarchaeoidea
and Hepialoidea) ( Lepidoptera [J]. Journal of Natural History,
2000, 34 (6): 823 -878.

Peltier J, Hirtlova A, Trost M. Assessing the phagosome proteome by
quantitative mass spectrometry. In: Botelho R, ed. Phagocytosis
and Phagosomes: Methods and Protocols, Methods in Molecular
Biology [C]. New York: Springer, 2016: 249 —-263.

Peul R, Wensing KU, Woestmann L, et al. Down syndrome cell
adhesion molecule 1: Testing for a role in insect immunity,
behaviour and reproduction [J]. Royal Society Open Science, 2016,
3 (4): el60138.

Philips JA. Drosophila RNAi screen reveals CD36 family member
required for Mycobacterial Infection [ J ]. Science, 2005,
309 (5738) : 1251 —1253.

Ramet M, Pearson A, Manfruelli P, et al. Drosophila scavenger receptor
Cl is a pattern recognition receptor for bacteria [J]. Immunity,
2001, 15 (6) : 1027 -1038.

Ribeiro C, Michel B. Insect haemocytes: What type of cell is tha? [J].
Journal of Insect Physiology, 2006, 52 (5) : 417 —429.

Rizki TM, Rizki RM. The cellular defense system of Drosophila
melanogaster. In: King RC, Akai H, eds. Insect Ultrastructure
[C]. New York: Plenum Press, 1984: 579 —604.

Satyavathi VV, Minz A, Nagaraju J. Nodulation: An unexplored cellular
defense mechanism in insects [J]. Cellular Signalling, 2014,
26 (8): 1753 —1763.

Shi M, Chen XY, Zhu N, et al. Molecular identification of two
prophenoloxidase — activating proteases from the hemocytes of
Plutella xylostella ( Lepidoptera: Plutellidae) and their transcript
abundance changes in response to microbial challenges [1].
Journal of Insect Science, 2014, 14 (1) : el79.

Shokal U, Kopydlowski H, Eleftherianos I. The distinct function of Tep2

and Tep6 in the immune defense of Drosophila melanogaster against
the pathogen Photorhabdus [J1. Virulence, 2017, 8 (8): 1668 —
1682.

Siddiqui MI, Al KMS. Review of haemocyte count, response to
chemicals, phagocytosis, encapsulation and metamorphosis in
insects [J]. Italian Journal of Zoology, 2014, 81 (1): 2 —15.

Sideri M, Tsakas S, Markoutsa E, et al. Innate immunity in insects:
Surface — associated dopa decarboxylase — dependent pathways
regulate phagocytosis, mnodulation and melanization in medfly
haemocytes [J]. Immunology, 2008, 123 (4): 528 —537.

Sigle LT, Hillyer JF. Eater and Draper are involved in the periostial
haemocyte immune response in the mosquito Anopheles gambiae
[J]. Insect Molecular Biology, 2018, 27 (4) : 429 —438.

Silva MT. When two is better than one: Macrophages and neutrophils
work in concert in innate immunity as complementary and
cooperative partners of a myeloid phagocyte system [J]. Journal of
Leukocyte Biology, 2010, 87 (1) : 93 —106.

Smith PH, Mwangi JM, Afrane YA, et al. Alternative splicing of the
Anopheles gambiae Dscam gene in diverse Plasmodium falciparum
infections [J]. Malaria Journal, 2011, 10 (1) : el56.

Stuart LM, Ezekowitz RA. Phagocytosis and comparative innate
immunity: Learning on the fly [J]. Nature Reviews Immunology,
2008, 8 (2): 131 —141.

Upasana S, loannis E. Evolution and function of thioester — containing
proteins and the complement system in the innate immune response
[J]. Frontiers in Immunology, 2017, 8: €759.

Watson FL. Extensive diversity of Ig—superfamily proteins in the immune
system of insects [J]. Science, 2005, 309 (5742) : 1874 - 1878.

Wu G, Liu Y, Ding Y, et al. Ulrastructural and functional
characterization of circulating hemocytes from Galleria mellonella
larva: Cell types and their role in the innate immunity [J]. Tissue
and Cell, 2016, 48 (4) : 297 —304.

Yuemei D, Taylor HE, George D, et al. AgDscam, a hypervariable
immunoglobulin domain-containing receptor of the Anopheles gambiae
innate immune system [J]. PLoS Biology, 2006, 4 (7) : €229.

Zhang K, Li C, Weng X, et al. Transgenic characterization of two
silkworm tissue — specific promoters in the haemocyte plasmatocyte
cells [J]. Insect Molecular Biology, 2018, 27 (2): 133 —142.

Zheng Y, Wang JL, Liu C, et al. Differentially expressed profiles in the
larval testes of Wolbachia infected and uninfected Drosophila [J].
BMC Genomics, 2011, 12 (1) : €595.

Zhong K, Liu ZC, Wang JL, et al. The entomopathogenic fungus
Nomuraea rileyi impairs cellular immunity of its host Helicoverpa
armigera [ J]. Archives of Insect Biochemistry and Physiology,
2017, 96 (1) : €21402.

Zibaee A, Bandani AR, Talaei HR, et al. Cellular immune reactions of
the sunn pest, Eurygaster integriceps, to the entomopathogenic
fungus, Beauwveria bassiana, and its secondary metabolites [J].
Journal of Insect Science, 2011, 11 (138): 1 -16.

Zibaee A, Bandani AR, Malagoli D. Methoxyfenozide and pyriproxifen
alter the cellular immune reactions of Eurygaster integriceps Puton
( Hemiptera: Scutelleridae) —against Beauveria bassiana [ ] ].

Pesticide Biochemistry and Physiology, 2012, 102 (1) : 30 -37.



