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AlANNuEaIUan (Fish immunology)

9

Foifinszgndunds laifennsslng (Agnatha) Wudaifinszgnaunasiinng
Tuzn fossil loadiangdusnanga Ordovician gNNAIULBNNUAD hagfish was lamprey loagUan
davdiail fdnwaesuinluna wilauusswyssesiy Fafinssgndundsiifonssloswn
Ll,iﬂf\lz‘l_li’lﬂgslu’&!ﬂ Palacozoic Uazluz Devonian aziigedTannmsiu 3 ae

1. Cartilaginous fish (Chondrichthyes) L‘ﬂuﬂmﬁmﬁa”lumta L% sharks, rays

2. Bony fish (Osteichthyes) Falaun fleshy-finned fish (Sarcopterygii) Uawanii
f3Tannmsfuandnips Wy Dipnoi, Coelacanthini Fenguilaziimnmadaliiiiudaiauh
(tetrapod)

3. Bony fish (Osteichthyes) l@WA Actinopterygii L?Juﬂa’lﬁwumnﬁlqﬂ Iu{]aﬁgﬁu
%agﬂu Order Teleostei

Teleosts fish WuxINAT 20,000 #iialutlagiiu uazannneiwesdaiinszgn
Fundananae 10y teleosts wusnluunanimusssnndmly fanuwmnvanzann 3aldd
msaulansdeasdaih  wesmahlszuanniulutigiu ldfimsfnngiduiululm
iaazldihlamsnavauaasmes pathogens wazthluwannismsiiagululm

ﬂawﬁﬁﬂnﬁwmﬁwﬂmﬁ'amsﬁw (2 salmonids (trout and salmon), carp, catfish,
tilapia, eels, sea bass, sea bream, marine flatfish lﬁﬁﬂwsﬁﬂmswugﬁﬁuﬁ’uwmﬂm‘[mﬂ%’ﬂm

9

. < v ¢
rainbow trout LUUFNINODDY

Lymphoid tissue
Lymphoid tissue 284 Agnatha L%HQﬁQIﬁLﬂuizLﬁﬂuagiU%L’Jm haemopoietic area
dnulué’miﬁnszgﬂﬁwﬁqﬁﬁmnsﬂns%wu thymus, spleen, head kidney (Pronephros) 8%

trunk kidney (Opisthonephros)

1. Thymus

Thymus theluszazmsiannuasisau TagRaanmsmneiuas pharyngeal
epithelium uaeanlu tetrapod vertebrate S'z’;mﬁﬂmnn’ﬁmnaanmwm pharyngeal epithelium
Thymic cell 3NUBNAIN pharyngeal lumen lABLAHAUN Wieatudien thymus Tutanas
Usznaulutng Iymphocyte LLa% lymphoblast agjmﬂﬂlua’mmwm reticular epithelial cells

Thymus Qzﬂizﬂauﬁaﬂ%ﬂ medullary (8% cortex Uwﬂ%agﬁ’uﬁwm thymic
epithelium Anuleludandy Hassal’s corpuscles, myoid cells L& cyst ua lilaaauinuly

tetrapods
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Evolution of lymphomyeloid tissues in vertebrates

lymphomyeloid tissue

bona lymph galt- kidney/
marrow  nodes  associated  liver

mammals i I | I I I I | |

birds

vertebrate
group thymus  splean

raptiles

1
|
frogs/toads l ! [

salamanders/
! nawts

l

C
lungfish [_ ]

L

telenst fish | | |
sharks/rays |

jawless fish | : I i_ :

presence/ — partial probable
_I:I homology u_ﬂ evidence | absence

[ [

MWA 13-1 Lymphoid tissues Ainuludainfinszgndunasiiasnes (Roiw, et al.
1993)

MW 13-1 UdADN Adaptive immunity TUNgNYa9 Cyclostome (lanvin, 2538)

Species Lymphoid tissue Immune response Serum globulins
Hagfish 1. hifidensexd 1. ﬁmﬁunzimimﬁmﬁaﬂ 1. IgM macroglobulins
LLONLENS
2. i erythropoietic spleen 2. matulamsugnmeaiens
3. § lymphoid cell Tunszualasia 3. imsaeile (memory)
Lampreys 1. WU epithelial thymus 1. ﬁmsa“funajmim%ya Brucella 1. two gamma
globulins
2. WU lymphocytic foci 2. matulamsugnmeaiens
3. Family of lymphocyte 3. Delayed allergy
4. laiwu plasma cell 4. fimsaale
5. cellular proliferation

A = 1 -7
M99 13-2 UdADN Adaptive immunity 1ungn Elasmobranch (lauvia, 2538)

Species Lymphoid tissue Immune response Serum globulins

U WEENAS MPINFANIN ANLINNAFNS



185

Guitar fish waz 1. UeausaNs 1. gamunuuaufauMazila 1. Wu yglobulin aeniia
Horned shark 2. Involution of thymus 2. Mmstiulamsugndieadens 2. Wu alpha uaz beta
in higher form globulin ana%ile
3. spleen 3. tA@ delayed hypersensitivity
ﬁ‘gmm
4. Lymphocytic foci 4. fimsaedla

5. Family of lymphocyte

6. luwu plasma cell Tu
ﬂaluﬁy'u@‘iw

7. WU plasma cell Tu

GREATEN

Lymphomyeloid tissues in different types of fish

| shark
‘ﬁf
=

-

| Qe

| o i

: —'1:;’?

| - cranial [ pericardial = renal h
hymphomyeloid Iymphomyeleid lymiphomyebeid
tissue tlssue tissue

| O epigonal T Leydig Csplesn [ thymus
GFgan argan

MW 13-2 Lymphoid tissue 2a9Uaziinana 9 (Roitt, et al. 1993)

Evolution of immunoglobulin isotypes in vertebrates

verterbrate antibody irlmur!uduwh humr\rnhlinl NANART
group  synthesis M

mMammals ------
birds | B N § IEmEEs
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MWi - 13-3 33@mMsupe immunoglobulin  ludaiiinszgnaunas (Roit, et al.

1993)
MTNN 13-3 LFNDN Adaptive immunity Iuﬂiill Chondrostean (lauv®, 2538)
Species Lymphoid tissue Immune response Serum globulins
Paddle fish 1. AaNsaNd 1. samunuuaudauld 1. Wu gamma globulin
vananile vananile
2. spleen 2. mstiulamsignane 2. WU alpha Wag beta
28Nz globulin ¥aa%iia
3. family of lymphocyte 3. delayed allergy

4. lymphocytic foci ¥aeNgxN 4. iAnwaedla
5. plasma cell Tu spleen ez 5. plasma cell proliferation

bone marrow

Tudan sea bream wuhlumswainvesmaauzasla thymus (8¢ head kidney
winaglnany wazUnnghiimsdunadcnuszuinny laiimsnaaadlesh thymocytes fife
ANNAY  tritiated thymidine fanlulu thymus 289U8Y rainbow trout ALHINITOATIAWY
thymocytes 167‘71 kidney Les spleen mnmsmaaﬁqa@ﬂ"n thymus 2¢&4 thymocytes T
U310 kidney 1ag spleen

Thymus Tudanilu primary lymphoid organ waztuunasmiiia T-cells (Wudiu
vl war B-cells Wudwniae %qawuwsnﬁgauﬂﬁawﬂﬂ%uwm B-cells ﬁmmsam‘%tyl,ﬂu
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plasma cell 11 thymus ¥38@N®AINMTEN antibody 284 thymus U culture %38 #5729

antibody-forming cells Tu culture

2. Secondary lymphoid organ

Secondary lymphoid tissue °1ué’fm’5|,§a@L?Ju%ﬂ‘nﬂgiuaﬁ'mzﬁ sinusoidal blood
Tvashy womdluiids lymphoid cells S13NFDTINNGUABUTUBIAE antigen |6} 18 secondary
lymphoid organ laun kidney LLas spleen

lulannnszQnaausansawy  secondary lymphoid organ lavianexdia iy
Leydig’s organ Tu oesophageal wall, Liver, 8% Epigonal organ Tu gonads

2.1 Kidney

Kidney Funumwliaunu bone marrow Lu tetrapods Aawllu blood forming
organ waztfluunas stem cells lag kidnery ﬁ’mﬁ"lﬁlﬂu lymphoid organ 108 head kidney L%
trunk kidney 2zd5N cells of the heamopoietic parenchyma Lﬁamauauama antigen ‘ﬁu’lﬂizﬁl‘l‘l
Toely cytoplasm 2aN cells %ﬁﬂﬁl zsznaums RNA uae pyroninophilic cells %qmwnnws
naaaslula carp loald HGG Tu Freund’s complete adjuvant a8 WUMSHBUFUBNBENIIN U
mﬁms‘f‘ﬁ 3 ‘[ﬂﬂ%wumssmnémm pyroninophilic cells Tu pronephros antibody-forming cells
mmsawulﬁ'ﬁgq head kidney Lta¢ trunk kidney ﬁqaﬁuagulﬁiw kidney (Elu antibody -producing
organ ﬁéwﬁaﬂuﬂm

Pigment-containing cells (melanomacrophages) Wulﬁ'ﬁ”’q kidney las spleen
melanomacrophages 3¢WU&IUUIZNDUYAY melanin LﬂudauiwnjLLasuaﬂmwnf:ﬁ’qwu lipofuscin
(82 haemosiderin A%

Melanomacrophages Siwthiinansagha @y anssnndaiilidasms, ey
ﬂ’J’lSJL?iEIW]EI‘ﬁ’LﬁW\)’Iﬂ free radical, azaumﬁn, v‘imﬁwﬁlﬂu@uﬁmswam memory cell d§N150
AN antigen lowu (1 ﬂﬁulﬂ)

Kidney fumunmadalumsiia haemopoeisis Bvaziwinfiaaud3uwmnne
88U pronephros L?Jua’j'ﬂ'szusnﬁﬁ haemopoietic tissue pronephros (T excretory kidney a4
larval fish Usznaueme haemopoietic tissue ns:mﬂagjszwdw excretory tubules Gl'au’lLfl}Bﬁﬂ’lﬁ
ﬁ'@uumwﬂﬁuu*nmﬂums excretory Wuzas mesonephros (8¢ opisthonephros WM
pronephros wuwﬁﬁﬁiums excretory (e pronephros Adawulutan teleosts %ﬁﬁmﬁﬁ‘ﬁ'ﬁju
lymphoid organ (haemopoietic)

2.2 Spleen

lueTenzgaheiiiansWanngas lymphoid system i teleost fish spleen i

duaananu kidney R haemopoiesis L8 immune reactivity melanomacrophages aznulan
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spleen 4NN kidney Tudan teleost il splenic red pulp W8 splenic white pulp Tduanee
N

Ellipsoid azWuannlu spleen usliwuly teleost Nnudia ellipsoid asfivanaidu
1aaNa8laInNUaIaDNIBUMIY sheath of recticular fibres WAz macrophages (duULdaakaaaz
WaLEn N red pulp sinuses LazALIEUILDBNNIN venous system

Lﬁ'amaaqﬁm carbon particles U carbon particle a:lﬂazauﬁwﬂ’q ellipsoid
Wuit wazidlefie bacteria Ameudrdhly immunoreactivity aztfinA3awsnd ellipsoid wazlog
phagocyte Tu red pulp u,amﬁaﬁmsaé”w specific antibody immunoreactivity azlainulu
ellipsoid

Agnatha Taidi spleen winlu lamprey i typhlosal of the gut Lﬂuﬁagwaq
heamopoietic tissue AMKN UWALNASIANRR G primitive spleen 108 true spleen azwuly
Uanfiz1n5lns lu Chondrichthyes asil spleen 2@ LHa) iMS5Uen red pulp waz white pulp
petaau U teleost Azl ellipsoid (Hu lymphoid organ LazWU plasma cells Tu spleen Y8\
cartilaginous fishes iaaziawas spleen azﬁ‘]ua"’s’mzﬁas”w antibody Lﬂudaﬂmj Tu spleen A%
WU immunoglobulin-containing cells nnnly lymphoid organ 51& 9 (Leydig’s organ epigonal

organ, spiral valve Tu intestine )

3. Mucosa-associated lymphoid tissue

fLdanu gut, skin, gill ﬁlzgﬂﬂﬂﬂaﬂiﬂﬂ humoral Was cellular mechanism
mucus  finalamemamwiiazunilasauaslagmsnasans  wu lysozyme wanINIEINY
immunoglobulin Wa% specific antibody Iuﬂmnﬂﬁﬁﬂ lymphocytes LLa% leucocystes WUNINTY
WU gut wall lymphocytes %‘W‘Ll“?; skin wag gill T,G]EI“?; skin WU immunoglobulin-containing
lymphocytes Iuifzu epidermis waihludaazlaud Peyer’s patches (%391 mammal NENWLA
Agnatha Anu heamopoietic site U184 lamina propria 2849 gut wall duludadiznnsslnsazwu
T1BEU3IN internal surface of gut WALALANINUIIN spiral valve 1agWUTIMIazaN lymphoid
cells USOInil

Tu teleost fish USIEu gut WU lymphoid cells %QLLW‘i'?IEI’IEIVIzQ intestine LAATEN
WU lymphocytes, granulocytes, macrophages, plasma cells agﬂ&i” intestinal epithelium %ma%
agnszdansznevdoagsiniudiungs Tu teleost fish aaNsowtl intestine ¥y 2 du 3
UONGNAUAD anterior first segment LY posterior second segment Tudan carp WU large
intraepitheliar macrophages Tu second segment ﬁQ€u50ﬁa13mwlﬁd1 posterior part 284 intestine

H
Y v o

Wuusnagiiquiunaaaly teleost fish

Non-specific and specific humoral immunity
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1. non-specific immune factors and complement
1.1 Lectins ¥1#AAMIIMENGNAUYBY microorganism W3a IWtAaN5AN
@¥NBUYDY soluble substance lectin tiu protein ED) glycoprotein Iﬂﬂﬁﬂmauﬁaluﬂﬁiﬁuﬁu
carbohydrate
1.2 Lytic enzyme i cells uanlalogmums complement system lytic
enzyme 1‘14“71558 lysozyme Tog lysozyme sansanule Ly phagocytic cells, serum, mucus log
lysozyme wNIZINNY peptidoglycan component 284 cell wall 284 microorganism
1.3 Transferrin A8 iron-binding glycoprotein 1ag iron Lﬂuﬁ’lﬁlﬁﬁ’llﬂu@iami
LR]%ﬂJULaUT,GI"ZIEN microorganism transferrin %v‘iﬂﬁ'ﬂﬁmﬁmlﬁu‘[mm microorganism Migﬂ?iszﬂ
Lﬁaﬂf\)’lﬂﬁﬂj‘luﬁ’lu’liﬂ iron-binding power Q\iﬂ’j’l
1.4 Enzyme inhibitor %Y proteinase WY anti-trypsinases A=V ¥ hiivhae
WeUDY pathogen exoenzymes
1.5 Interferon NSNA® interferon ?"Tuﬁ'umiam%ya L2 Lﬁalé'%'u pathogenic
viruses
1.6 Complement-reactive protein Wudwsenauzes serum “flb’svlﬂ %ﬁﬁlzLﬁN
mmﬁwﬁ%ymmﬁalm?u bactreia endotoxin @8l Ca-dependent azluqunu phosphocholine-
containing molecule %ﬂ molecule ﬁ}%WUﬂlu cell wall 284 micoroorganism ‘ﬁqﬂ‘gﬂ
gt Uanaziinalnlumssnmdies uazdumuialsame Tag non-specific

defense ¥NNUABY specific immunity WazHEIUANIBN VLB invertibrate

Complement

Complement system (Hudruidrdalunisunilosaues uazaaniu
microorganism log €3 1Wu key element 28N3sUU ﬂ’l’iﬂiwfl:u C3 azilu alternative pathway
Lo classical pathway

Lamprey NiWes  alternative pathway Tagazi liie phagocytosis ¥
cytolysis 108 C3 289 lamprey 9z@@edy C3 Ty mammal wszaziiy Juilugadieuss
complement system

Tu jawed fish f\lzﬁvuﬁ classical pathway azld complement Lﬂu%’aslumiﬁwmﬂ
cell

Elasmobranch 223 complement LiNgN 6 component (C1, C2, C3, C4, C8, C9)
Tuamn  analiiiomsuanaes cell membrane Fudaslalasmschemwaae  electron
microscope iy pore UU target cell membrane ‘ﬁ!’ﬂf\):’,lﬁﬂﬂé”lﬁlﬁl‘lﬂu mammal

Teleost fish Az complement system HanuitAsnaIazey higher vertebrate %ﬁfl

9 classical pathway LLag alternative pathway Falaseasuazminnvesssuu complement g
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AmanUly mammal complement Y8\ teleost fish mliiia opsonization Tog phagocytosis LLa%
MALAG cell lysis

2. Immunoglobulins

Agnatha 9¢WU immunoglobulins $nutipsuazdshiuunanwazlolid dlu
hagfish =Wy 1gM Fafudiusenaueas complement wagiafitlawifieddu immnoglobulins
29N Agnatha agi

Jawed fish zWUNN immunoglobulins #i® IgM %ﬂﬁ heavy chain AMEny p-
chain #89 mammal §3U Chondrichthyes Was Dipnoi Y 1gM (Hu pentameric molecule AMENY
é’miﬁniz@nﬁuwé’wﬁﬂﬁ'u a1 Actinopterygii v IgM 1l tetrameric molecule uaﬂﬁ]’lﬂﬁl
monomeric form Wag dimeric from gansowule luuad

Teleosts t¥U channel catfish 2zH immunoglobulins ﬁﬁ molecule ANNNULABLAN
G19AUATY covalent structure FufuduUsznauzes light chain wWifsansauen
immunoglobulins aanan IgM la wu Tu Dipnoi i IgM ﬁfl molecular weight WaanUné
393807 1gN Feazadrefiu 1gG 289 mammal uaRgelinauhmswasuwuuiiazienudda

aels

3. Antibody production : B-cell and cellular co-operation

{inangIuN lymphocyte a9Uana18nu B-cell Waz T-cell Y84 mammal lag
Funannmaguaiiiannmsli hapten-carrier udalagliuuy in Vivo Tasfimaasany
MSETN specific antibody Lﬁ'acﬁiaé’mﬁu hapten Toeazeaems cellular co-operation Tumsiia
Ufnsenens TSR BUFUBIAY lymphocyte Tudaasiiguuuuaaefiu higher vertebrate

ﬂ"liﬁ’lﬂﬁﬁ%ﬂﬂﬂﬂﬂ’iﬁzij monoclonal antibodies AU homologous
immunoglobulin (Ig) FUszlamigmiulamans 1 ziiade 1ila B-lymphocyte usasanunzlag
15704 membrane-bound immonoglobulin (8¢ monoclonal antibodies fi’ﬂ’m’l’imtﬂﬂﬂ’nmmﬂ
GNN3EUIN surface Ig-positive (slg™) lymphocyte Wae surface Ig negative (slg™) lymphocyte
Tosludiil slg™* lymphocyte zAa18AU B-lymphocyte 14 mammal

NNNMIANE teleost fish WU cellular co-operation dunnemeny T-cell
uaz B-cell Toer monocyte wiiatiasthmihiiiu cell afuayu nmsnasasuwuy i Vitro ms
PBUTUBNYBDN anti-hapten antibody ﬁagj‘sau blood leucocyte R haptenated protein carrier
conjugates (ﬂﬁl'lflﬁlu T-dependent Tu mammal ) wnNode cell 3 #ia Ao carrier-specific
slg™ lymphocyte, hapten-specific slg" lymphocyte, monocyte Tog monocyte wanﬁ%ﬁmiﬁﬁ

AMaNTAAE cytokine
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4. Antibody producing in vivo: immunological memory and tolerance
Secondary antibody response Tu teleost fish ﬁ]zﬁﬂ’)’l&lﬂﬂt%’mazﬁﬂixa‘ﬂ%ﬂ‘lwﬁa
A primary antibody response m’iffﬂﬁﬂﬁltﬁﬂm’iﬁmﬁﬂﬁuﬁﬁ
Route
Dose
Temperature
Secondary antibody response @DUFUAGD antigen NaHUA (AU erythocyte,
bacterial antigen, virus particle, proteins, lipopolysaccharide, hapten IG]EIﬂ’]iLﬁSJ?IBQﬂ’]SGlaU
suasaInsnaglaunuag ey 1 1
anmidnaanmnanldasfiaviumaunilesdaieslas  non-specific defense
mechanism (%Y phagocytosis anuansalumseauduasreslane thymus-independent
antigen ATNINDY thymus-dependent antigen LLGI'LLVI"‘?;T\)%Q thymus-dependent antigen &N150%
T¥iA0 tolerance 16 Gamanaaasluan rainbow trout Judaudlugregiilimansonde
antibody LBABAIY HGG (human gamma globulin) 16 uadmaasda HGG Tuduamau
g 21 Ju wasnniln Tudnerglegauasaunsnnauauadna thymus-independent bacterial
vaccine 1® U trout §13N5OWHUNAIDILALAN tolerance i HGG la lazsuazlinavauas
da HGG lumsiandal 2 wasnnmsaaasausn 8 dlandl dadsufulanddeda HGG
Tugengdeniuaziinaad positive anti HGG anaauauad wazdndataniiie naassia
SRBC (sheep erythrocytes) lua carp ang 4 dUovi wardnsanfiuasnadausn 3 o
azlinumsnausuasie linumsads antibody uadiieusulailalasumsia SRBC asa
WINPBUDIEY 4 LHBY LATIAWUMTAIN anti-SRBC 3NABUFUBIBENNIN NNMINADBI
tolerance dangawilenthliiAomsa$e antibody 16uaz tolerance Aanaiinldlaiauysaiinas
MSUWW3PENEYD lymphoid cell lumsnausuatsansan antigen A3IR 2 (HGG) Feusnglu
spleen L@z kidney 283U

5. Transfer of immunity from mother to young

=

fienusulaluanuiululeuasnisio vaccine lu hen fish uazmawiahazi
A15818NBA protective antibody U84 egg Lo fm‘w'm?lmgﬁé’uﬁ'umﬂLtﬁlﬂﬁqgﬂﬁ?mﬂuahuﬁﬁ
Uselendann Tunsdin pathogen (B IPN (infections pancreatic necrosis) virrus 611t LU Tua?
dau%wﬂuzhuﬁdauua non-specific humoral factors (27U C-reactive protein Wa¥ lectin-like
agglutinin QﬂWUIﬂﬂulﬁﬂaﬂ

PNNNMINOIDN tilapia, channel catfish : 2z@4818 immue substance LUl

ovoviviparous gappy : %dqshulﬂﬁ’qgﬂﬂmﬁaanlmi
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tilapia : WU specific transfer antibody Funannudlasu protein antigen
nanazianaunas

channal catfish : a¢WU IgM Tu york, egg membrane

Non-specific and specific cell-mediated immunity
1. Non-specific cellular immunity
MSBNEUALNBINAANITSINGIBY  granulocyte, monocyte (macrophages),
lymphocyte Lﬁamauauawia antigen Viaazile ¥ bacteria, viral, mycotic, protozoan,
parasitic infection
granulocyte anaNsonulaly Agnatha uas jawed fish vianeziia wihluaiugy
3192849 granulocyte 2a9UMALUANANNULABUNUINUAETUSNYEY granulocyte 2BIUaUGDE
siloazlimiiauuuaziiaghaias 1 #ile fwihfiedefu neutrophil
LA AYDIMSENLEURLAAMSEaNYDY granulocyte Feazldinan 12-24 .
Giamnﬂ?mzl,ﬁmmismﬁ'uwm monocyte Lae lymphocyte leucocyte %Lﬂﬁ'au‘ﬁ'm‘[mﬂmsdq
L@INUAY chemoattractants UBN host nuﬁy'q serum, complement fragmene, cytokines LLO%
eicosanoids 1@# eicosanoids *?;wulé’f LU leukotrienes LY lipoxins %ﬂﬁ]zgﬂﬂ%”l\i‘[ﬂﬂ macrophage
TagUnd lipoxins 2519188107 leukotrienes u@ luUaazliwiiauly mammal Ao & lipoxins
AANT Uz chemoattactant 81NN AN pathogen HIe
phagocytes azudasunuimarngluaviumsuntlasautasarsnsonule lu
vertebrates ‘Y!ﬂ?iﬁﬂ Tudarazwu cirulating monocytes LB tissue macrophages AREMAN
particulate matter MNNFZUFEDAFUZNT “biphasic” TususnaziSe material 11ANTH 909
aaazian lovanazaadlding 30-60 wd
Tuquﬂﬁniﬁﬁ phagocyte ﬂiwﬂgﬁy’u%ﬁﬁmmsmé”mﬁ’u higher vertebrate
phagocytosis stage azUsznaulufie
Recognition
Attachment
Engulfment
Killing
Digestion
%ﬁﬂé”lﬂﬁlulu mammal ‘?%Wim»l’lﬁlzﬁﬂﬁ’l,ﬁﬂ oxygen splicing, superoxide anion,
hydrogen peroxide, single oxygen, hydroxyl radicle %QW’Jﬂ reactive oxygen product azwuluy
neutrophil, macrophage product méwﬁazgﬂﬂéaﬂlﬂlu extracellular environment %ﬂﬁﬁ]‘ﬂéﬂj‘lfg
aunsd wazilufu@a helminth parasites
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wadanyiaae non-specific cytotoxic cell (NCC) %qwﬂu blood, spleen,
pronephros 984 teleost fish

NCC A NaNHaNY target ”Lué'mwﬁgﬁwmﬁﬂ killing 1o non-specific defence
mechanism TuUaaa@ ey natural killer (NK) Tu mammal wiifia3s NCC (duusswysuuas
NK LLGI'fI‘Viﬁ"IﬁGI'Nﬁ’u NCC lu channel catfish Tai&i cytoplasmic granule wilaulu NK 5<1U'Q°§1ﬁl
197120 mechanism 68 target AN ) NN 1u teleost fish azd eosinophilic granular cell %ﬂﬁ
Mﬁlﬁﬁﬂﬁﬁﬂﬁu mast cell U higher vertebrate TﬂﬂL%aﬁﬁlﬁwuiu blood LL@iWUluU%L’Jmﬁﬁﬂ'ﬁ

Uznznu antigen LU gut, gill

2. Cytokine activity

Cytokine L?Juaﬁazmﬂﬁyﬂﬁ'ﬁuwmﬂu cell mediated reaction cytokine wulalu
a1 17U interleukin-1 (IL-1), interleukin-2 (IL-2), macrophage activating factor (MAF),
interferon gamma (IFN-y), chemotactic factor (CF) tt8% macrophage migration inhibition factor
(MIF)

IL-1 Lﬂu@mL‘%'uﬁuwmﬂﬁﬁ%ﬂﬂﬂﬂ%ﬁﬂﬁﬁ%mu:uu cascade reaction WBNAINTE
VW T-cell §i receptor tiinzutialWvanzausu IL-2 Tasmsnaasaen IL-1 vasauliud
Uan channel catfish lag peripheral blood lymphocyte M INUazi liie IL-1-like
substance %ﬂaznszﬁummwéwmﬂwm peripheral blood lymphocyte

IL-2 Huas polypeptide wifienthlwiiamsunsueneaas T-cell waznlia
receptor ﬁmmzau log IL-2 receptor R]zgﬂﬂ%’lﬂ‘[ﬂﬂﬁﬁmﬁuﬂm T-cell ﬁﬂzmﬁ'u antigen

IFN-y Lﬂuﬁ]ﬂizﬁi’uiﬁl macrophage ﬁ’mﬁﬁﬁaﬁu

MIF ahansawulaly carp pronephric cell 1a8n19n3z6uzad mitogen U
concanavalin 1ag MIF §13150WUl6 11 elasmobrnch 1ag teleost

3. Specific cell-mediated immunity : T-cell function

lymphocyte Iuﬂawzﬁqmauﬂ’aﬂﬁmﬁu T-cell W mammal duly teleost
aansausnizadaiaiiaanan slg™ b-cells Iduasiuazuansnamnidadeiu T-cell

NNMINAFN slg ~ lymphocyte F3z@aUFUDNAD T-cell mitogen Tagvhwmhi
AAe helper cell AD Wan antibody Gaeu thymus-dependent antigen, mauaumiﬂﬂﬂﬁﬁ%m
mixed leucocyte reaction (MLR) wazlununlumsuan macrophage-activating lymphokines
Tu MRL slg™ cell %Lﬂuﬁaﬂsxﬁuﬂﬁwﬁ’mﬂu responder cell %Qﬁi‘lﬁﬂl’lﬂ T-cell 284 mammal
uadanueniia slg* Aeaanu T-cell

M5NAaa9laai monoclonal antibody ﬁwﬂﬁﬁ%mﬁu slg™ cells ﬁﬁﬂuﬂm carp
waz channal catfish 198 monoclonal antibody %ﬁ’lﬂﬁﬁ%md’m‘ﬁﬂﬁl’lﬁl thymocytes Waz slg

lymphocyte USRI 9) %4 lymphocyte winiasymhndy helper cell Tumsuan antibody
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