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Hemocytes of Marine Bivalve Mollusks: A Review
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ABSTRACT

Marine bivalve mollusk defensive system includes hemocytes, the circulating blood cells which are actively
engaged in the defense and other physiological processes. This review comprehensively summarizes the current
knowledge about hemocytes in marine bivalves, with a primary focus on their immune and non-immune functions.
Marine Bivalve hemocytes broadly classified into granulocytes and hyalinocytes, mediate cellular defense through
phagocytosis, encapsulation, and secretion of enzymes and reactive oxygen species (ROS). Beyond immunity,
they participate in wound healing, shell formation, and nutrient transport, showcasing their diverse and intriguing
roles. Recent studies that combine hemocyte subpopulation characterization with functional assays have revealed
their versatility. However, challenges persist in establishing a unified nomenclature across species. Environmental
factors significantly influence hemocyte populations, highlighting their potential as bioindicators. While significant
progress has been made, gaps remain in understanding hemocyte sub-population dynamics and non-immune
activities. This review underscoresthe need to consider hemocytes in the broader context of environmental and
whole-animal physiology, suggesting future research directions in molecular mechanisms, host-pathogen
interactions, and aquaculture applications.
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Are 37 2EeAznE A BEE] 9ol TS
Heke pgslglon], ot T Bol £ He

o=

2t =2 519tt (Song et al, 2010). 71& Wt 2 37

2 AAFEY Aol A FFE vIA o5 WY A
9] 58 & AP0 R ZrAAF| 1 Ao gt IS 37t
A7tk (de la Ballina er al, 2022). ojufjzf&Fo] 215}4-A)
Bis a2 Al 9 AWgRS FE Aust anpael
HAAA S&olH, ofujsi 77t FH9 o) & 4

o 24

stedl 2 71948 she Aoz dHAL o (Song er al,
2010; de la Ballina et al, 2022).

ojufsfFo] Mo "I} o] 2 Hsh= L T AF
ofolth. olZgh WshA] WAL HANEZR d77 T
(hemocyte) ° 93] SHHE Y=Y, F5L A
o= & JEZ (hemolymph) of A AAFE3} HHsto
Aoz RE Wold 4 9tk (Cheng, 1981; Hine, 1999).
Y7 WYmo) AE HRE TR £3AZ £ |53
o Agx2 9 e 242 El% A= o] F3to, WY 7]
ool =, A Xf, Hz B4, 9¥L 24 AL AE HiE,
7tA 2 5 ot JJEM @@% 43y itl (Donaghy et
al., 2009). o|A ¥ 1= G olmiziFo| P&t 173 2
A0l A St

sl oloimRs ollz ARl 2 A 72 AY
7] wiZoll, o] 59| He vh3of tigh o|siE FXst7] gt
T7F gde] APHT ok 3y Fo oy (sub-
populations) &7t HHY 5o disfre oHs] B
A7t Bosie. ol ATl HIES A9 fdl, 2 AR
a2 olujsiFe] ol didt dAje] A4S FFst, bl
o Q7o) WS AR ek o)g B Y oluinE
o] 3 7|58 HL ZUA olslisty, 74 U HAl AT

o]

o
oy B9 4TS DAY 4+ UL Aol

1. 3l o]zl 7o) HY A 261

3] ojufujF= 7 E<=2A (open circulatory system)
£ 7INH, Ad WY (innate immunity) ol 7|9 G344
oli Extet wo] AAE 231 Ut (Song et al, 2010).
A H9e 294 9 38H wof, AY4d 24 (humoral
factors), 2821 MZEA 24 (cellular factors) 2 F/d = o]
2 H]Eo]ZQl ™o HkeS xZsict (Song et 3].’
2010). HA, E24 Yolol= ¥ EF9 AL 97| %
uhz} (Sheﬂ) o] Z3tHtt. 5t woj= Fn|E HEto|=
oF 22 38 22 B3l WA e JAE. A
QAs Yz EAete e Ay} gas A

=22
e E\:I—LH l

o A-FEA —TL (hemocytes)
o oJsli wi7iEct (Song et al., 2010; de la Ballina et al.,
2022). EHe —‘?‘— 242 BASKL of EAZE
(phagocytosis) ¥+ 733} (encapsulation) & S8l A|AS
o} (Donaghy et al, 2009). EAZF8-2 7t BHUAIS
E3l1 Askehe o, Aashs HAANE EM 1Y
AA AAsHs B& oulsich. T3 DNASH Tids A4
H UEQ A extracellular trapsS F/dsto] WA S X
g5l7]= sttt (Romero et al, 2020; Han et al, 2021).
ol2|gt Il Fie Gaot AL (reactive oxygen
species, ROS) & I+ Helol:
peptides, AMPs) S HHslo| HUAE
(Donaghy et al., 2015).
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2. 839 {37715
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E}. HAZFe] (cellular morphology), &4 A =Z3}3]
(cytochemistry), E2|8}std E4
features) ¥ AE Yt 22 (cell population separation),
AEStY &5 9 7|5 (biological activities and
functions) 5 2 837 AAHU} (da la Ballina et
al, 2022). %2 A3AE0] ojujsiRe] E §FS TATt
71&o] oJsiM BRES 51911, Cheng (1981) ¥ Hine
(1999) 2 ojufsliF Ftof et Fej7|s2 SHol gt 7}
d 8% YR =2g YHESGL o5 ATolA e
Z2 37], Az} Az H]& (N/C ratio), MEZ& EZA
24 o 5o FHEA 9 Axets vlegez £ AN
t} (Fig. 1). Cheng (1981) ¥+ Hine (1999) 7= o]ufjufj&
9 279 712 E2 AFReH, olF o AEstE 2574
Agk MZ2 A HRie] WS % 7|dto] Hio. 2o
+ FAIEZ 249 (flow cytometry) & °Iﬂ6l0=l ol 3
719k #/d (granularity)oll w2t B3 §3L Rk 3

o (Fig. 2).
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Fig. 1. Light microscopic observation of formalin-fixed hemocytes from the oyster Crassostrea
nippona stained with Hemacolor. (A) granulocytes, (B) hyalinocytes, (C) blast-like cells. N,

nucleus; Scale bar=5 pm.

g o2 ojufjuiF = IA F VA F8 fPe=E
Fe=d, v2 HEF  (granulocytes) o FoETE
(agranulocytes T+ hyalinocytes) °|t} (Fig. 1, Fig. 2).
T NEHo) thekst 2 (granules) & XS 9O
o Qgubg o2 N/C H]&o] Yt} (Fig. 1A). ¥, Eapg1s
MZZA Yol ZHo] A9 giAY A §laL N/C Hl&o] ©f =
t} (Fig. 1B). o] F7HA] M 82 thefst o] i oA
HAE AT B2 TN BHIE TR 2 ASEAE
s, 4 M| oigh ot XsHdel weh S, &
A7, B8 BETE o AESEAY 2719k 2ol
a2t o2 ofgog ZRE 4 ot ojmjmiRelN 7=
Uutdo g 7Py FHI HE FPoE AN IR o
TFollMe RSzt o ol HEEI|E o aet 7
I3 Qo= blast-like cellojghx Ee& T 2 {3

Mz

-
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Fig. 2. Classification of hemocytes from the oyster Crassostrea
nippona based on cell size and granularity using flow
cytometry.

ojmjziFolA 2 THET (Fig. 1C). o] AIZ §3-& N/C
Hl&o] &3 377 Aon Ho ¥h3o] W2 njEdhd A=
o] EAg Hd.
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BESHH BRI FFo2 Qs Rt dAksol ARt
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3. 2€&-2 (hematopoiesis)

olishze) xUAEL THEFEO YA W S

kst o]Zo] AAIEALE. Cheng (1981) I+ Auffret
(1988) & 7ot Fatgd 72 Bl 4 Qe F 7k 53
o] 7] HIZ HFAZ (initial cell precursors) S #|¢+s}
ok BHA Mix (1976) 2 Hine (1999) 2 ©d ALH Al
7t WA RS E A o] IEAE Asditte 7Y
AT Robelo et al. (2013) & RE 1 30|
gt MEZo A RFefste, o] ME7} x]Soll= TH glo] A
otal o]S HHZ AT H oAl R AJEiE wsteict
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o, ojmjuljF 2EAEo] LAl EAZ 157 fA5iA
= olojmjmF Al AlFAJ® (genome sequencing) T+ of
Ua} 23 ZA} A} (transcription factors) B A EA| 2}
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[id

Z2] (connective tissue ) 252 (mantle) oA 7|35}
£ 7102 A7t (Elston, 1980; Cheng, 1981). & <
FE2 AA olmimiFrt stute] ASHE 71 tiAl oy Ee
FHLAS 28 HYE 7H 7HsAES AIsta Qo (da la
Ballina et al, 2022). o]2|gt HHAEL o|ufjufjFo] xP%-&
o] ofdEc}t AN B =2 A3l ASS AT
metx] FE Ao olHe EXAYS #9sh] A e
Al o] dasir.

}?_l,

4. 879 W] Hg wAYZ

S ofmjzlFol s HHAel gt 2 o] 712
ot T3 WY AlEo|tt, P tddt HYAE <
AStaL ojof] Bt S| ojuisiRE EEste AT T
ot Al g g9 Hg2 A EZARE
(phagocytosis), 1€3t (encapsulation), 123 AE £

9 (extracellular traps) 22 W& 4 itk

HAAE QAT T, AMEEE SFAA HIAE

=g (
A8 E77t HUAE EASte] 4dtete BHAott.
Wz =it 1 %
lysosome¥} §35to] phagolysosomes F/dstiL, o|3o
A oget 43t aaet PMNALF  (reactive oxygen
species, ROS) & Sl HYAE Ealstc}t. 282 A,
Hro|g{ A I 5 chet Aol ois) Skl o] 7|2

o7 #gott

phagosome phagosome+

2) #&E3S} (Encapsulation)

Heste ZAZE o2 AAT £+ gl o 2 ¥YAY o
Mz 715l s 17t +35he whgolch. WA &
Toll ol QJAEH, ofe] 7t YA FHE Rojso] o
M Aed FAGT o] e HYAE
HRolA HYAE AT £ = it 54 EFS
o et B 718ZeId 2 ol dish ¢

491 o] 7|zfo]ct.

rir

™

-

H|

3}

fol M R mju

4 rok

3) MIZE 2| 5 (Extracellular Traps)

T AHolMe 7 HAAE Zs7] flsf A= 9
ge A= Zlo] W3R (Poirier et al, 2014;
Romero et al, 2020; Han et al, 2021). AIZ8 F
DNA, histone, THld 59| UEQAZ FLAJEH, HAXE
Egor 25t o9 o] Attt ol P&
HeAe A dAst, o2 WY N7t HdxE a3t
Aoz AAY & JA=F 5=t

4) M 7|19 (Immune Memory)

NG AAsEY Eo= FEAQ 9ulg HY 7|19 714
A okz|uk HHEA Ol HlH 2o o ZEE HeS HY
4 9tk (Montagnani et al, 2024). ol "&&
(trained immunity)" 22 &2, 7] HY ®¥hg
9 7]50| = o] 22 HHAo| s o wEx 7
Hhs& UEhdDh ojgdt @2 Y dAFEC]
oF 21421 WA 9ol A-gsh= ol Fosh g g}

B ol gt Ee] ¥ s QAT ES BEo] 5
Holn, o]52] HY AAHZ olsist= © F2% 40|t}
oHFst Aol gt Eo] ¥kg wAYSZS AFshe AL
NG A2 A4S Bosty, ofdTt FA P A S

EolE d 7|9 + gl

it i
)

o
rol mel 12

[
_\9_]5

5. el 3 Fe] 7]153 Aol

ojmjuljF &9 7|53 ztojof| thgt ol AZko] |\Fol
upet Hdshgitt. 27)ole HEAteh RapE e o] 2
FEEty E4g 7R R o]RojF ol o4& ALE 53
o] & MXE {3 7te] tiat & 7|53 o7} HE Rt (Song
et al, 2010). 22§ (phagocytosis) I &3}
(encapsulation) & oJmjzjF-2] HYA AA wHAUSE F 7}
& 9% Bgoln, thREo] ojmjmF FollA et 7
T 25 o] BAgo Zojgttt (Donaghy et al, 2009). ¥
Ao g Mt o 52 Ad 58S Holed|, ol £2
4 A4S 7K BEel EA, 2% ROS A4, B2Etola
Z (lysosome) &%, 9= (pseudopods) FA 7 o
o] It} (Hong et al, 2013, 2014; Yang et al., 2015). &
Hole o B2 nEZEgobrt ZFE| o] Qlo] AAE
A8 IgoA oUzE AFT] o =& AHE 58S 7t
4 4 3t} (da la Ballina et al, 2022). 3 JA] Al
Zgo] F83 4TS oM AME o2 §39 nAES BF
o . 47k EA wet o Bl ARV e
MEZ AME s Ahd 4 Qlon) o] 23 &&S A
sts17] 9t Y 4= it (da la Ballina et al, 2022). o2
o W Ane 1 /48 11 7154 Aolgt #8AIE 7HA

e

(N

Al #2822 ROS9} reactive nitrogen species (RNS) 2
< UAE A EhZY B4de EX6H, ETe g9vky
oz Rigrn o %2 ROSE Attt (Hong er al,
2013, 2014; Donaghy et al., 2015; Yang et al., 2015) ©]
+ E9 o sk diatet dvkE £ glow, ofmjslE |
o BhSollA 3 4 E3tE IS ZXS (Burgos-
Aceves and Faggio, 2017; Gerdol et al, 2018). @19
Arsl 242 o|ufjsllFollAl M2 DNA E# (extracellular
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DNA traps; ETs) JAol= £235lH, ETse & C. gigas
(Poirier et al, 2014), vtX=t Ruditapes philippinarum
(Han et al,2021), A5NS2 Mytilus galloprovincialis
(Romero et al, 2020) oA TZ= 91 DNA, g HElo]
E, 7ieedilaas Zddth AElts ETs 340 o gol
Hojsh= Aol Jtt (Poirier et al, 2014; Romero et
al., 2020; Han et al, 2021).

HETE gitdos -Er'—i'}a:%i‘:} £ 39 A=A
(apoptosis) & Eo|eH], ol= 71 Al &F, 2HUst 4
3 59, 183 g Hy J*‘“:_ B2} (antimicrobial
peptides, lectins, aminopeptidase §) & #&Ho| IS &
tt (da la Ballina et al, 2020, 2022). 2 AFoA=
ojmjsiFol myret Rt F A& AP AR Aols
galon, C gigasel IHolA  mitogen-activated
protein kinase (MAPK) pathway’} &/d3t=|3l (Mao et
al., 2020), C. hongkongensis?t C. virginica® TH7+=
T2 NF-kB 425 & 99 ®#35 ke 2 253
t} (Meng et al., 2022). st IPFE o F=331 272
A 74e Holtt,

19 2574 (motility) 2 o|ufmF | wt
o7 7152 Fdsh=tl FL5ith o] ALE2 o|ujlFe
et R 2t @543 AEEF £l Ztol7t 9
& 93lth. Pearl oyster (Pinctada imbricata) oA+ =t
HF7F ofmel 2] 542 Kol WY A ol Fshe
1;_}?];) _[_J_].Eél:,r.% /\H:H;QOE 05}«!0] il 7]7(101] Hz]—E]o-]
thko 2 HalE AFge B}t (Kuchel et al, 2010).

28Hoz, ojmisjRel APt FoHFE WY €S,
A &5, AT A, 254, 23 7IEk AYF 715oA

FAL Aolg LAk ofal Sl oAg A AR
g3 Sahe waste, 7 27§99 18E 4L
AR B AT old Aol BA sHn sty
ojnlz Bg BE| wY Ao sjchEc
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g Bgst] Qs F7F Ao dasiot. gk 2 wisket
=44 40| 4o nXe FFS Ho AAHoE Hrt
o7t it ol& Fof Y olujalFe] WY AJARE Hot
THHOR olsfsty, o9 LW 1%E st o 7]
o 4 91 Zo|r}

o2l Ate) FL3F W F she e fAA|, Tl
AR oA FAQ1 Heto)] gt Lot} HARA|S
(transcriptomic), THIRAS  (proteomics), TAFAISH
(metabolomics) 7]&o] 8% thF 29A (multi-omics)

7142 Beeto] @7 753 A 2N o3t o
¥ 87 29150] B0l AL IS WAL 4 US4
oltk. olefst ATL Bl olmuR We Wee EHshe
24 1% Wit o $29 JRE ATY ol

=3, sl olmluRe] B APE oY YA 43
o= F2% IS 1l 4 k. AP BFE e ol
Fo BET 9B 2SHE, ot FAA AYS kol
oo 7eld 4 itk gt @79 7152 ofsfeka o)
HAskst7] 93 A7e A 7 ack,

o
S

i

ol

% olululgol W ool 4 Aol WA o
H

&2 st A goj@et ohet tefet A VlsE 43
Frh 2 FAHME S olvsiRel W AR Fe]
73, @7 #3 7t 7154 Zpol, 22i Azjet wlehe] A7
B2 FYHo2 HESI.

sl olmhmiRo] B Ate ol5e] geH 9 M of
S SAAZIL, ot FAd dee =Rt © T2
RS ATE Aolnt. ghoRo| A7e F9 ofF ER
oh HRe &5, FAA EH} i pFoA o] Msh e
T 2 Wstet 54 2do] 7ol njAle 9= B A
Aoz @i devt ot olF Fall s ojuiulFol He
NAEE FRHOR olsst, o9 AEd s HA
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