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State of Health

Immunology in Sturgeons with a Focus
on the Siberian Sturgeon Mechanisms,
Responses to Stress and Stimulation

Abstract

This chapter aims to explore the state of
knowledge about the immune mechanisms in
sturgeon with a focus on the Siberian
sturgeon (Acipenser baerii), stress factors that
can disrupt the immune system and the
sources of stimulation.

Studies conducted carried out for several
decades on sturgeon suggest specificities of
their immune system compared to other fish
species: special organs (meningeal myeloid
tissue, tissues surrounding the heart),
particularity of cells and components of
immunity (larger white blood cells, lack of
myeloperoxidase in neutrophils that are
classified as heterophils).

Other features have also been shown, i.e. the
slow development of organs of immunity, the
rapid response to acute stress, but also the
great capacity for recovery from stress, all of
which give a particular character to the
sturgeon in the family of farmed fishes.

Stress factors that can influence the immune
system of sturgeons have also been
researched in the last decade, with strong
certainties about the influence of temperature,
oxygen levels, pathogens and the presence in
water of chemical substance.

More and more programs on the research of
solutions to boost the immune system have

been implemented in recent years, with
proven stimulatory actions on immunity
factors (vaccines, probiotics, prebiotics,

symbiotics, certain vitamins polysaccharides,
plants and their components) and more mixed
results (proteins, amino acids and certain
vitamins).

However, it seems that one domain is much
less explored: the correlation between the

CocTosiHue 310pOBbs

HMMyHOJZOZM}Z ocempoeblx ¢ AKUEeHmom
HA MeXarHUu3mbvl cu6upc:<020 ocempa,
Peam;uu Ha cmpecc u CmumyiAayuro

AHHOTALUA

[lenp 5TOM IIaBpl 3aKJIIOYAETCA B U3y4EHUU
UMEIOIIUXCA ~ 3HaHUH 00  MMMYHHBIX
MEXaHH3MaX OCETPOBBIX PBIO C JETaIbHBIM
onucanueM cubupckoro ocerpa (Acipenser
baerii), ctpeccoBbIX GakTOPOB, HAPYIIAIOIIAX
paboTy MMMYHHOW CHCTEMBI, U UCTOYHHKOB
CTHMYJISIITUH.

HccnenoBanusi, MpoBeIeHHbIE Ha MaTepHale
OCETPOBBIX B  TEYEHHE  HECKOJBKUX
NECATUIICTUH, CBUIETEIBCTBYIOT O HAJIHMYUU
0COOEHHOCTEH WX HMMMYHHOHW CHCTEMBI IO
CpaBHEHUIO C APYIrUMH BHIAMH PHIO: 0COObIE
opranel (MHEJOWAHAs TKaHb MO3ra, TKaHHU,
OKPYXKAIOIHUEe CepAre), 0COOCHHOCTH KIIETOK

U KOMIIOHEHTOB  HWMMyHuTeTa  (Oonee
KpYIIHbIE JIEUKOLIUTHI, OTCYTCTBHUE
MHEJI0NEePOKCHIA3bI B HeWTpoduiax,

KJIaCCU(DUITMPYEMBIX KaK TeTepO(HIIbI).
Takxke OBUIH TPOJEMOHCTPHUPOBAHBI JIPyTHe
0COOEHHOCTH, TaKHe KaKk  MEIJIEHHOE
pa3BUTHE OPraHOB HWMMYHHUTETa, OBICTpas
peaKIus Ha OCTPBINA CTpece, a TaKKe OoJIbIas
CIIOCOOHOCT, K BOCCTAHOBJICHHMIO — IIOCIIE
cTpecca, BCE 3TO MPHUAAET OCOOBIA XapakTep
OCCTPOBBIM B CEMEHCTBE BBIPAIMBACMBIX
pHIO.

CtpeccoBblie bakTopkl, CIOCOOHBIE
OKa3bIBaTh BJMSHHE HAa UMMYHHYIO CHCTEMY
OCETPOBBIX, TaK)Ke OBUIM HCCIICIOBAaHBI B
mocjeaHee  JCCATUICTHE, C  JCTaIbHBIM
ONHMCAaHUEM BIIMSHUS TEMIIEPATYPhl, YPOBHSI
KHCJIOpOJia, IMATOMCHOB M HAJMYUS B BOJE
XUMHUYECKUX BEIECTB.

B mocnemnue roapl BHEIpSETCS BCe OOJIbIINE
OporpaMM 1O HCCIEAOBAaHUIO BOIPOCOB
YKpEeTIIeHUS UMMYHHOH CUCTEMBI  C
JOKa3aHHBIM CTUMYJIHUPYIOIIUM JeHCTBHEM
Ha  ¢akTopel HMMMYyHHTETa  (BaKIIMHBI,
NpPOOMOTUKH, TNPEOMOTHUKH, CHUMOMOTHKH,
OTIpeJieieHHbIE BUTAMMHBI, TOJIHCAXAPUIBI,
pacTeHHs W UX KOMIIOHEHThI) H OoJee
HEOJIHO3HAYHBIMU  pe3ynbTataMu  (Oenku,
AMUHOKHUCIIOTHI U HEKOTOPHIE BUTAMHHBI).
Opnako, TO-BUAUMOMY, OJHa  00IacTh
OCTaeTcs  TOpa30  MEHee  HM3y4CHHOM:
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pathogen, the host

environment.

immunity and its

Nevertheless, this correlation is essential in
the choice of solutions, which can be
proposed, in particular in the field of
immunostimulation.

Introduction

Naturally, living beings carry a flora composed of
multiple  microorganisms  (bacteria, viruses,
parasites and fungi), which change according to
different environmental or genetic factors, which
are closely related to each lifestyle.

There are also a lot of pathogens in the
environment, namely, aquatic environments.

These microorganisms do not necessarily induce a
pathological state.

However, when a disruption of the balance
between host, environment and pathogen, induced
by variations on one or more of these elements,
occurs, it may lead to a pathological state (De
Kinkelin et al. 1985).

If the agent takes advantage of the host or if the
host immune system is compromised, it may
increase its susceptibility to the pathogen.

According to various studies, stress in fish is
known to cause immunosuppression and
result in a rising susceptibility to disease.

Stress is a set of behavioural and
physiological reactions in response to a threat
of external origin.

The perception of the situation by the
individual plays an essential role in the stress
response.

Stress appears only if the animal perceives
danger or discomfort.

Stress can have multiple origins: (1)
husbandry practices (transportation, sorting,
food, etc.), (2) environmental factors (water

KOppesus MEeXay [IaTOTE€HOM,
MMMYHUTETOM XO34MHAa U OKpY)Karollen
cpenoi.

Tem He MeHee, JaHHAs KOPPEJSALMS HMEET
CYIIECTBEHHOE 3HAa4eHHWE Tpd  BBIOOpE
peLIeHUH, KOTOpbIE MOTYT OBITh
IOpEJUIOKEHbl, B YacTHOCTH, B 00JacTu
UMMYHOCTUMYJISILIAH.

Beenenue

EctecTBeHHO, JKUBBIE CYILIECTBA HMEIOT
dbnopy, COCTOSIIILYIO u3 MHOECTBA
MUKpPOOpPraHu3MoB  (0akTepuii,  BHPYCOB,
Mapa3uToB U TPUOKOB), H3MEHSIONIUXCS B
COOTBETCTBUU c pa3IUYHBIMHU
9KOJIOTMYECKUMHU Wiu T€HETHYECKUMU

¢dakTopaMy, TECHO CBA3aHHBIMH C 00pa3oM
JKHNU3HHU OTACIIBHO B3ATOI'O BHUJA.

B oxpyxaromen cpesie TakkKe UMEETCS] MHOTO
MaTOr¢HHBIX MHUKPOOPraHu3MoOB, a B BO}IHOﬁ
cpene oHu 0COOCHHO MHOTOYHCIICHHBI.
JlaHHBIE MUKpPOOPraHU3MbI HE 00s3aTENLHO
BBI3bIBAIOT NATOJIOTMYECKOE COCTOSTHHE.

Onnako, Korja TPOUCXOJWT HapyIIeHUE
OalaHca MEXIY XO3IMHOM, OKpYXKaroen
cpenoi H MMaTOTEHOM, BBI3BAHHOE
W3MEHEHUSAMH OJHOTO WIH  HECKOJBKHX

BBIIICOO03HAYEHHBIX AJIEMEHTOB, 3TO MOXET
IPUBECTH K MAaTOJIOTUYECKOMY COCTOSHUIO
(De Kinkelin et al. 1985).

[Ipy wucnonb30BaHUM XO35SMHA AareHTOM B
CBOMX HMHTEpecax WIM NpU  HAIWYUH
CKOMITPOMUTHUPOBAHHOCTHU UMMYHHOM
CUCTEMBbl XO31HMHA, MOXET MOBBICUTHCS €ro
BOCIIPUMMYHUBOCTD K [TaTOTEHY.

CorynacHO  pa3jUYHBIM  HUCCIIEIOBAHUSAM,
U3BECTHO, 4YTO CTpPECC y pbl0 BBI3BIBACT
MO/IaBlieCHUE HMMMYHHMTETa U TPUBOAUT K
MOBBIIICHUIO BOCTIPUUMYHBOCTHU K OOJIE3HSM.
Crtpecc mpencraBisieT co0OM COBOKYIHOCTb
MOBEICHYECKIX u (bU3HOTIOTHYECKUX
peakuuii B OTBET Ha Yrpo3y BHEIIHErO
IIPOUCXOXKICHUS.

Bocmpusitie cutyanuu WHIUBUAOM HIpaeT
CYHIECTBEHHYIO pPOJIb B  BO3HUKHOBEHHH
peaxkuu Ha cTpecc.

Crpecc mosBisieTcss TOJIBKO B TOM Ciy4ae,
€CIM KMBOTHOE ONIYIIAaeT OMNAacHOCTb WU
TcKoMpopT.

Crpecc MOXKET UMETh HECKOJIBKO IpU4uH: (1)
METOJIbl  BEICHMSI CEJIBbCKOIO  XO34HCTBa
(TpaHCTIOPTHPOBKA, COPTUPOBKA, MHTAHUE U



quantity and quality, temperature, brightness,
oxygenation, etc.) and (3) pathogens.

It is common knowledge that fish stressed by
one of these factors are more susceptible to
infection (Kum and Sekkin 2011).

The effects of stress on the immune response
vary depending on the type of stress factors,
fish species and physiological status, i.e.
physiological well-being, rate of growth,
ability to maintain natural and acquired
resistance and immunity (Eslamloo and
Falahatkar 2014).

Thus, the health of the fish depends on the
interrelationship of some major components
of the fish, i.e. the environment in which they
live and the pathogenicity and virulence of
pathogens.

The immune system functions protect the
body from damage caused by the invasion of
microorganisms (bacteria, viruses, fungi and
parasites).

Leukocytes and a number of accessory cells
perform this defensive function.

These cells circulate throughout the body by
using the blood and lymphatic circulation, but
are preferably grouped in the Ilymphoid
organs.

According to some studies, however, the
lymphatic system is either absent or
rudimentary in fish.

Nonetheless, for some authors, lymphatic
vessels make their way through many organs
and could be differentiated (under the skin
near the spine, the head and tail, the gill
organs, the oral cavity, the intestine, etc.)

These vessels have a structure similar to veins
of the same calibre, but thinner wall that can
be limited to a simple endothelium.

There are valves which allow to reinject the
lymph into the venous system.

It is possible that the transporting vessels of
lymph were confused with those of the

T.1.), (2) dakTopel OKpyXawImel Ccpebl
(KOJTMYECTBO M KaueCTBO BOJBI, TEMIIEPATYpa,
SIPKOCTb, HACBHIIIEHHOCTh KUCIOPOJOM H T.1.)
¥ (3) naTtoreHsl.

OOu1en3BeCTHO, 4YTO PHIOBI, TOBEPIIINECS
BO3JICHCTBUIO OJHOTO W3 JTHX (DaKTOpOB,
6onee BocmpuumMumBbl K uHpekuuu (Kym u
Cexkun 2011).

BimsiHue crpecca  Ha MMMYHHBIA — OTBET
BapbUpPYeTCS B 3aBHCUMOCTH OT THUNA
CTPECCOBBIX  (PaKTOpPOB, BHIA pBIOBI H
($U31MO0IOrMUECKOTO craryca, T.C.
($U3MO0TOrMUEcKOro 0J1aronoyyyusi, CKOpoCT!
pocra, CHOCOOHOCTH HOIEPKUBATH
€CTECTBEHHYIO 51 pUOOPETEHHYIO
pe3ucreHTHOCTh M UMMyHUTET (ESlamloo and
Falahatkar 2014).

Takum 00pa3om, 370pOBbE PHIObI 3aBUCUT OT
B3aMMOCBSI3U HEKOTOPBIX OCHOBHBIX
KOMIIOHEHTOB TIPOIIeCcCa KHU3HEICSITeIHHOCTH
PBIOBI, T.e. OKpYXaromel cpeapl OOWTaHWS,
NaTOT€HHOCTH M BUPYJICHTHOCTH MATOT€HOB.
DYHKIIMM HMMMYHHOM CHCTEMBI 3alllUIIAIOT
OpraHu3M OT MOBPEXACHUH, BbI3BAHHBIX
BTOP)KCHHEM MHKPOOPTaHM3MOB (OaKTepuid,
BHPYCOB, TPHOKOB U TIapa3uTOB).

JIeWKOUUTHI U P BCIIOMOTATEIbHBIX KIETOK
BBINOJIHAIOT JAHHYIO 3aLIUTHYIO (DYHKIIHIO.
JlaHHBle KJIETKM LMPKYIUPYIOT IO BCEMY
TeJly,  MCIOJIb3Yysl ~ KpOBOOOpalleHue U
IMM(ATHYECKYIO CHCTEMY, HO
IPENOYTUTEIBHO IpyHNIUPYIOTCS B
JIUMQOUIHBIX OpraHax.

OpnHaxo, COIJIaCHO HEKOTOPBIM
UCCIIeIOBAaHMAM, JIUMdaTuyecKkas cucreMa y
ppIO OO OTCYTCTBYET, JMOO HAXOIUTCS B
3a4aTOYHOM COCTOSTHHH.

Tem He MeHee, IO MHEHHMIO HEKOTOPBIX
aBTOPOB, JHM(paTHUecKue cocyabl MPOXOIAT
yepe3 MHOTME€ OpraHbl U MOTYT ObITb
muddepenniupoBanbl (MO KOXKEH  OKOJIO
MIO3BOHOYHHKA, TOJIOBBI M XBOCTA, Ka0EPHBIX
OPraHoB, MOJIOCTH PTa, KUIIEYHHUKA U T.[I.).
JlanHble ~ cocyabl ~ UMEIOT  CTPYKTYDY,
AQHAJIOTUYHYIO BEHaM TOTO K€ Kaaulpa, HO C
0o0s1ee TOHKON CTEHKOH, KOTOPasi MOXKET OBITh
OTpaHUYEHa MPOCTHIM SHOTEIHUEM.
CylecTBYIOT ~ KJIamaHbl,  [O3BOJISIOLIUE
MOBTOPHO BBOJUTH JHM(]Y B BEHO3HYIO
CUCTEMY.

Bo3moskHO, 4uTO TpaHcmopTHpyromue JuMdy
cocylnsl ObUIM TepenyTaHbl C  COCydaMH



secondary circulation: on this
uncertainty remains (Genten et al. 2010)

topic,

This chapter aims to briefly present the state
of knowledge on the organs, cells and
mechanisms of immunity in the sturgeon.
It also aims to show the results of some work
on the stress factors that affect the immune
system and the means to boost the latter.

This is not a comprehensive collection of
bibliography but a summary opening many
avenues of thought on the matter.

Immunity Organs
There are several types of immune organs
which vary between different types of fish.

Lymphoid  (lymphomyeloid) tissues in
sturgeons (hybrid sturgeon: Huso huso X
Acipenser ruthenus, Acipenser transmontanus
(Fange 1986) and Acipenser oxyrinchus
oxyrinchus (Gradil etal. 2014a, b) and
Acipenser naccarii (Icardo et al. 2002)) were
investigated by dissection, histology and
transmission electron microscopy

The main lymphomyeloid tissues are the
thymus, the spleen, the anterior part of the
kidney, the meningeal myeloid tissue, the
pericardial tissue and lymphoid masses of the
intestine, especially in the spiral valve (Fange
1986; Lange et al. 2000).

Thus, Chondrosteans (Acipenseridae and
Polyodontidae) and Polypterus are the only
ones that possess a main site of mass
production of granulocyte (for the most part),
erythrocyte and lymphocyte cells that can be
compared to the meninges in humans, called
meningeal myeloid tissue.

Their heart is often covered with a tissue,
which contains lymphocytes, fibroblasts and
macrophages.

The highly diversified and well-developed
lymphoid tissues of sturgeons may serve as a
basis for efficient immune mechanisms

BTOPUYHOTO KpPOBOOOpAILIEHUS: MO 3ITOMY
BOIIPOCY  Y4YE€HBIE HE MPULILTA K
onHO3HayHOMy MHeHuto (I'entren u gp.,
2010)

Ilenp naHHOM IJIaBbl 3aKIIOYAETCS B KPATKOM
IpEJICTaBICHUN 3HAHUM 00 opraHax, KJIeTKax
¥ MEXaHU3MaxX UIMMYHHUTETA y OCETPOBBIX.
Takxe naHHas IylaBa MMEET CBOEH LIEJIbIO
IPEJICTaBUTh PE3YIbTAThl HEKOTOPOU pabOThI
1o M3y4eHHUIO (PaKTOPOB CTPecca, BIHUSIONINX
Ha HUMMYHHYIO CHUCTEMY, U CpPEICTB JUId
MTOBBIIIECHHUS TIOCJICTHEM.

B  nmamnoit  pabore  mpenctaBiieH — HE
UCUEPIBIBAIOIINM CHHCOK JIUTEpaTyphbl, a
00001IeHNEe,  OTKPHIBAIOIIEE  MHOXKECTBO
HallpaBJI€HUNM I pasMBIIUICHUH 110
JTAHHOMY BOIIPOCY.

Opransl ”MMMYHHTETA

CymiecTByeT HECKOJIBKO THITOB IMMYHHBIX
OpraHoOB, KOTOPBIE Pa3IHYAIOTCS Y Pa3HBIX
BHJIOB PBIO.

Jlumbpounansie (MUMGPOMHUETOUIHBIC) TKAHU Y
oceTpoBsIx (rubpuaHbii oceTp: HUSO huso x
Acipenser ruthenus, Acipenser transmontanus
(Fange 1986) wu Acipenser oxyrinchus
oxyrinchus (Gradil et al. 2014a, b) wu
Acipenser naccarii (Icardo et al. 2002)) 6bu1H
UCCIICIOBAaHBl  TIOCPEICTBOM  BCKPBITHS,
TUCTOJIOTUHT u MPOCBEUUBAOIICH
AJIEKTPOHHOW MUKPOCKOIIHH.

OCHOBHBIMU JTUM(OMHUEITIOUTHBIMH TKAHSIMH
SIBIISTIOTCSI TAMYC, CEJIe3CHKA, IEPEIHSS YacTh
NIOYKH, MCHHMHI€aJbHAass MHEJIOUIHAS TKaHb,
nepuKapIuaibHas TKaHb W JTUMQOUIHBIC
MaccChl KUIIEYHHKA, 0COOCHHO B CITUPATBHOM
kiamane (Fange 1986; Lange et al. 2000).
Takum obpaszom, xouapocten (Acipenseridae
u Polyodontidae) u mosmnrepycsl SBISIOTCS
€/INHCTBCHHBIMH, KOTOPbIE o0nanarT
OCHOBHBIM MECTOM MAaCCOBOTO IPOM3BOJICTBA
rpaHylonuToB (1Mo OoJjbIel  4YacTH),
SPUTPOLUTOB ¥  JUMGOLUTOB, KOTOpbIE
MO>KHO CPaBHUTh C MO3TOBBIMHU 000JI0UKaMHU
y JroAed, Ha3blBa€MbIMH MEHMHI€aJIbHON
MUEIIONTHON TKaHbIO.

WX cepaiie yacTo MOKPHITO TKaHbIO, KOTOpas
COJICPXKHUT JTUMQPOLUTHI, (GUOpoOIACTBl U
Makpogaru.

BricokoguddepenumpoBanisle U XOPOIIO
pa3BuTble JUM(OUIHBIE TKaHU OCETPOBBIX
MOTYT CIIY)KUTh OCHOBOM 111 3(phpekTuBHOTO



(Fange 1986).

However, the slow development of these
immune organs may render sturgeon more
vulnerable to viruses or other waterborne
pathogens and may contribute to high
mortalities seen in early life stages (Gradil
et al. 2014a, b).

Indeed this study has demonstrated that these
immune organs are first visible with an optic
microscope between 541 degrees day (dd)
(spleen) and 768 dd (meningeal myeloid
tissue and thymus), approximately 400 dd
after the onset of feeding.

With the exception of an uncategorized
granulocyte found in low numbers, all
observed cell types are similar to those of
other fish species.

Thus, no lymphocytes have appeared in any
of the analysed immune organs up to 768 dd.

Other factors such as maternal protective
immunity, the content of the yolk sac as well
as the role of other relevant organs,
particularly the gut, should also be considered
in future developmental studies when
assessing the overall immunity in sturgeon
early life stages.

Most of the sturgeon species concerned may
certainly be considered as having a fully
functional immune system within 3 months
(1.5 months in the best cases).

This may, however, vary as a function of the
temperature.

Skin

The skin mucus of fish acts as the first line of
self-protection against pathogens in the
aquatic environment with a bacteriostatic
activity.

The skin mucus has a number of innate
immune components such as complement
molecules, lectins, proteolytic enzymes and

(YHKIIMOHUPOBAHKSI IMMYHHBIX MEXaHHU3MOB
(Fénge 1986).

OnHako  MEMJIEHHOE  pPa3BUTHE  JaHHBIX
UMMYHHBIX ~ OpPraHOB  MOXET  CJIIeNaTh
OCETPOBBIX 00JIee YSI3BUMBIMHU K BUPYCaM HIIN
JIPYTUM MIEPEHOCUMBIM qepes BOJY
maToreHaM M MOXET  CII0COOCTBOBAThH
BBICOKOW CMEpPTHOCTH, HaOIIOJaeMol Ha
pannux craausx sku3au (Gradil et al. 2014a,
b).

JlelCTBUTENBHO, HACTOSALIEE MCCIEAOBAHUE
IPOJIEMOHCTPUPOBAJIO, 9TO JTaHHBIC
UMMYHHBIE ~ OpPraHbl  BIICPBBIC ObLTH
UCCIICIOBAaHBl C TIOMOIIBIO  ONTHYECKOTO
MUKpOcKoma Mexay 541 rpamyco-maaei (dd)
(cene3eHka) u 768 rpagyco-aHen
(MCHWHTeQJIbHAsT ~ MUCIIOWJHAsS TKaHb W
TUMyc), npumepHo depe3 400 nHelt mocie
Hayvaja KOPMJICHHS.

3a HCKIIOUYECHHUEM HEKaTerOpU3HPOBAHHBIX
IPaHyJIOIUTOB, 0OHAPYKEHHBIX B HEOOJIBILIOM
KOJIMYECTBE, BCE HAOIIOITaeMbIC THITHI KICTOK
AQHAJIOTHYHBI TAKOBBIM Y IPYTHX BHJIOB PHIO.
Takum  oOpazomM, HH B OJHOM W3
MPOaHATU3UPOBAHHBIX HMMMYHHBIX OpraHOB
n0 768 rpamyco-mHEW HE OBUIO OTMEYCHO
MOSIBJICHUS TUM(POLIUTOB.

Hpyrue ¢akTtopel, Takue KakK 3allUTHBINA
UMMYHUTET MaTepu, coJiep>KaHue
JKEJITOYHOTO MEIIKa, a TaKXKe POJib APYrux
COOTBETCTBYIOILIUX  OPraHoB,  OCOOEHHO
KUIIEYHHUKA, TAKXKE CJENYyeT YUYUTHIBAThH IPH
IPOBEJICHUU Oyaymux UCCJIEIOBaHUM
pa3BUTHSA IPHU OLIEHKE OOIIero MMMYHHTETa
HA PaHHUX CTAIUIX )KU3HU OCETPOBBIX.
BonpmmHCTBO ~ paccMaTpuBaeMbIX — BHJIOB
OCETPOBBIX, OE€3yCIIOBHO, MOXHO CYHTATh
00712/1a101IUMU TOJIHOCTHIO ()YHKIIMOHATBHOU
MMMYHHOH CUCTEMOH B TeueHue 3 mecsies (B
aydiieM ciydae 1,5 mecsa).

Onaako NAaHHbIE [OKa3arein MOTYT
BApbUPOBATHCSA B 3aBUCUMOCTH oT
TEMIIEpaTyphI.

Koxa

KoxxHass ciu3p peiO JAeHCTBYeT Kak mepBas
JMHUS CaMO3aIIMUTHI OT NATONE€HOB B BOJHOM
cpexne, obOmamast ~ GakTepHOCTaTUYECKON
AKTUBHOCTBIO.

KoHas ciu3b COREpPKUT sl BPOXKIACHHBIX
UMMYHHBIX ~ KOMIIOHEHTOB, TaKMX  Kak
MOJIEKYJIbI KOMIIJIEMEHTA, JICKTHHBI,



antimicrobial peptides (AMPs), which have
been well documented for several fish
species.

Lectins are proteins that bind specifically and
reversibly to certain carbohydrates.

They are involved in various biological
processes at the level of recognition between
cells as in immune mechanisms.

Antimicrobial peptides are proteins which are
naturally synthesized to act as defences
against bacteria, both gram-positive and
gram-negative, fungi and viruses.

Firstly mucus prevents bacteria from adhering
to epithelial cells.

Then, due to the presence of the complement
system, mucus has a dose-dependent
bacteriostatic action, as demonstrated in the
Siberian sturgeon (Acipenser baerii).

In a study, it was shown that the skin mucus
heating, treatment with EDTA
(ethylenediaminetetraacetic acid is used as an
inhibitor of Ca2+/Mg2+) and anti-C1q could
significantly reduce its bacteriostatic activity
(Fan et al. 2015).

The complement protein, C1q, initiates the
classical complement pathway by binding to
the antibody-antigen complex and activating
other complement factors leading to cell
lyses.

Thymus
The thymus is next to the gill openings.

The pharyngeal epithelium covering the
thymus constitutes an effective barrier against
the entry of both antigenic and non-antigenic
materials from the pharyngeal cavity into the
thymic parenchyma.

A continuous layer of epithelial cells
accomplishes this with lateral intercellular
spaces tightly sealed by intercellular junctions
such as tight junctions (Castillo et al. 1998).

IPOTEOJIMTUUECKHE (bepMeHTHI u
aHTUMUKpoOHbIe menTuasl (AMP), koTopble
ObLIM JIeTaJIbHO IPEACTaBIEHbl Ha IpUMEpPE
HECKOJIbKUX BUJIOB PHIO.

Jlextunpl - 3TO  O€NKH,  KOTOpBIE
cnenn(UIeck U 0OpaTUMO CBSI3BIBAIOTCS C
OTIPEJEIIEHHBIMU YTJIEBOIaMU.

JlanHble O€NKM YYacTBYIOT B Ppa3JIMYHBIX
OMOIOTMYECKUX  IIpolleccaX Ha  ypOBHE
pacro3HaBaHUsl MEXAY KIETKaMH, a TaKKe B
UMMYHHBIX MEXaHU3MaX.

AHTUMUKPOOHBIE MENTUABl NPEICTABISIIOT
co0oil  OenkH, KOTOpPbIE €CTECTBEHHBIM
00pa3oM CHHTE3UPYIOTCS IS 3allUThl OT
PaMIIOJIOKHUTEIBHBIX U TPaMOTPULIATEIbHBIX
OaxTepuil, , [(puOKOB U BUPYCOB.

Bo-nepssIx, Ciu3b [IPEIOTBPAILAET
npuiunaHue OaKkTepudl K SIUTeIHaIbHBIM
KJIETKaM.

3arem, Omarojmapsi HQJIMYHAIO  CHCTEMBI
KOMIIJIEMEHTA, CIIU3b oOmamaer
JI0303aBUCUMBIM 0aKTepHUOCTATHICCKIM
JIECTBUEM, Kak 3TO OBLITO
IPOJICMOHCTPHPOBAHO Ha puMepe

cubupckoro ocerpa (Acipenser baerii).

B wuccnemoBaHmm OBUIO MMOKa3aHO, dTO
HarpeBaHWe KOXXKHOM  Cim3u, 00paboTka
OJTA (3TUIIEHIMaMUHTETPAYKCYyCHAS
KHACJIOTAa  HWCHOJB3yeTCsl B Ka4yecTBe
unruouropa Ca2+ / Mg2+) u antu-Clg
MOTYT 3HAYUTEITHHO CHH3UTH ee
OaKTEepHOCTaTHYECKYI0 akTUBHOCTH (Fan et
al., 2015).

benok komIuieMeHTa, UHHUIUPYET
KJIACCUYECKU I nyTh KOMILIEMCHTA,
CBS3BIBASICH C  KOMIUIGKCOM  aHTHUTEJIO-
QHTUTCH W AaKTHBHPYs Jpyrue (HhakTopsl
KOMIUIEMCHTa, TPUBOJAIIAE K  JIH3HCY
KJIETOK.

Clq,

BuiioukoBas xene3a (Tumyc)

BunoukoBast »keneza HaxOOUTCA PAIOM C
#aOepHBIMH OTBEPCTUSMHU.

OnuTenuil TIOTKH, MOKPHIBAIOIIUN TUMYC,
npezcTaBisieT coboi 3¢ ¢heKTUBHBIA Oapbep
IPOTHB NPOHUKHOBEHHUS KaK AaHTUTCHHBIX,
TaK ¥ HEAHTUTE€HHBIX MAaTEPUAJIOB U3 MOJOCTH
TJIOTKH B MAPEHXUMY TUMYCA.

OTO JOCTHraercs HENpEpPhIBHBIM  CIOEM
SMUTEINATBHBIX ~ KIETOK €  OOKOBBIMH
MEXKJIETOYHBIMU TIPOCTPAHCTBAMM, IUIOTHO
3aKpPBITBIMH MEXKIJIETOYHBIMH



The thymus is lobulated, and it has an outer
cortex and an inner densely packed medulla
with round, basophilic cells identified as T-
lymphocytes (T-cells)—“T” for thymus—and
reticular cells.

Thus, the thymus is more specialized in
lymphopoiesis that IS lymphocyte
haematopoiesis.

The similarity between the morphological
structure of the sturgeon thymus and that of
higher vertebrates suggests that they are
functionally similar (Gradil et al. 2014a, b).

It has been observed that in the thymus, the

percentages of heterophils, eosinophils,
lymphocytes, epithelial reticular  cells,
undifferentiated cells, mitotic cells and

necrotic cells do not vary with the age of the
sturgeon.

In the study, the only significant difference
found was in undifferentiated cell percentages
(highest in the oldest group), which might
reflect a more active and proliferative thymus
in the older animals.

Meningeal Myeloid Tissue

As for bone marrow in mammals, the
meningeal myeloid tissue is responsible for
haematopoiesis, i.e. the production of all
types of blood cells including formation,
development and differentiation of blood
cells.

All cellular blood components are derived
from haematopoietic system cells.

Nevertheless, most of the cells that are
produced are granulocytes: neutrophils,
eosinophils, basophils and heterophils (i.e.
neutrophils that lack myeloperoxidase and
have a reduced ability for oxidative bursts)
(Dove et al. 2010; Palic¢ et al. 2011).

COCIMHEHUSMH, TAaKUMH KaKk IUIOTHBIC
coenunenus (Castillo et al. 1998).
BunoukoBast  xeneza UMeEeT  JI0JIbUYATYIO
¢opMy, BHEIIHIOIO KOPYy W BHYTPCHHHU
IJIOTHO YIIAaKOBAHHBIN IIPOIOJITOBATBIM MO3T €
KpPYTJIBIMA 06a30(UILHBIMU KJIETKaMH,
uaeHTHGUIUpyeMbIMU Kak T-mumdonutst (T-
KJIETKH) “T” jgnga Tumyca — W
PETHUKYISPHBIE KIETKH.

Taxum o0pazom, TUMYC Oonee
CHEeNHATM3UPOBaH B JTUM(OIO33€, TO €CTh B
KpPOBETBOPEHUH JTUM(OIIUTOB.

CxoncTBo MEeXay MOP(OJOru4ecKon
CTPYKTYpOI BUJIOUKOBOI! >KeJie3bl OCETPOBBIX
U BBICIIUX ITO3BOHOYHBIX MPEAIONAraeT HxX
dynkumnonanpHyo cxoxectb (Gradil et al.
20144, b).

brutlo 3ameueHo, 4TO B TUMYCE IMPOLIEHTHOE

coliepKaHue TeTepodUoB, 303UHO(PHUIOB,
JTUMQOIIHUTOB, AMUTEITNATBHBIX
PETUKYIISPHBIX KJIETOK,
HebdepeHITnPOBaHHBIX KJIETOK,

MUTOTHYECKAX KIETOK H HEKPOTHYCCKUX
KJIETOK HE MEHSeTCs B 3aBUCHUMOCTH OT
BO3pacTa oceTpa.

B xome wuccnenoBanus ObUIO OOHApPYKEHO
€MHCTBEHHOE CYIIECTBEHHOE pa3jinyue B
nporeHTax HeaudhepeHITMPOBAHHBIX KIETOK
(camoe BBICOKOE B CaMOH CTapIiei rpymre),
YTO MOXET YKa3blBaThb Ha Haiuuyue Oojee
aKTUBHOW ¥ mpoiudepaTHBHON THUMYCHOU
TKAaHU Y MOKHJIBIX )KMBOTHBIX.

MenuHreajJbHasi MUEJTONIHAS TKAHb

Yro  kacaercs  KOCTHOrO  Mo3ra y
MJICKOTTUTAOIIHX, TO MEHHUHI eaJTbHas
MUEIIOH THASI TKaHb OTBEYAET 3a IeMOII033, TO
€CTh 3a TPOM3BOJICTBO BCEX THIIOB KJIETOK
KPOBH, BKIIIO4asi (hOpMUpPOBAHHE, PA3BUTUEC U
1 hepeHIUPOBKY KIETOK KPOBH.

Bce  wieTouyHble = KOMIIOHEHTBI — KpPOBHU
HOJMy4eHbl ~ M3  KIETOK  KPOBETBOPHOIA
CHCTEMBI.

Tem HE MeHee, OO0JIBIIIMHCTBO
IPOAYLUPYEMBIX KJIETOK SIBIISIFOTCS
IpaHyIOLUTaAMHU: HelTpodunamy,
703UHO(UIIaMU, 6azopunamu "
rerepodpunamu  (T.e.  HeWTpodpumiamu, |y

KOTOPBIX OTCYTCTBYET MHUEJIONEPOKCHIA3a |
CHIDKEHA CIIOCOOHOCTh K OKHCJIHMTEIBbHBIM
Beobinikam) (Dove et al. 2010; Pali¢ et al.
2011).



The meningeal myeloid tissue is located
within the cranial cavity and surrounded
dorsolaterally by the cartilaginous skull V.
Chesneau 377 and medio-ventrally by the
brain or spinal cord, in a saddle-like manner
(Gradil et al. 20144, b; Scharrer 1944).

An ontogeny study demonstrates that this
immune organ is first visible with an optic
microscopic in 768 dd fish, approximately
400 dd after the onset of feeding.

In 768 dd fish, the meningeal myeloid tissue
consists mainly in reticular cells and
undifferentiated cells.

Most cell categories are present in 950 dd and
older fishes.

In this tissue, erythrocyte, thrombocyte and
mesenchymal reticular cell (i.e. multipotent
stromal cells that can differentiate into a
variety of cell types) percentages seem to
decrease over time

In addition, erythrocytes and thrombocytes
are absent in the oldest fishes.

Even if there is no heterophil present in 768
dd fishes, they are the predominant cell type
in the meningeal myeloid tissue.

Large fishes have greater heterophil and
eosinophil percentage when compared to
smaller fishes.

Lymphocytes are the least dominant immune
cell type observed.

They are absent in the 768 dd fish.
There is no significant difference in
lymphocyte percentages between ages.

Immune-like cells in the brain ventricles of
larval lake sturgeon (Acipenser fulvescens)
have also been described (Evans and Li
2014).

Morphologically, these cells appear to be
dendritic and pigmented macrophage cell
clusters, moving freely within the
cerebrospinal fluid (CSF).

The melanomacrophage (MMCs) are also
found in hatching eggs.
In older specimens, an association with the

MenunreanbHas MUEIOUIHAS TKaHb
PacroJIo;KeHa B MOJIOCTH Yepera U OKpyKeHa
JI0pCOJIaTepaJbHO  XPALIEBOH  000JI0YKOM
yepena ¥ MEAMOBEHTPAJIBbHO TOJOBHBIM WM
CIIMHHBIM MO3TOM CEIJIOBUIHBIM 00pa3om
(Gradil et al. 20144, b; Scharrer 1944).
HccnenoBanue oHTOreHe3a NOKa3bIBaeT, UTO
JTAHHBI MMMYHHBIM OpraH BIEPBBIC BUJIEH C
MOMOUIBI0 ONTHYECKOI0 MUKPOCKONa y pbIO
768 rpamyco-gHer, mnpumepHo uepe3 400
rpaayco-aHel nocie Hayana KOPMIICHHUS.

Y pBIO 768 dd(rpagyco-aneii)
MEHUHTI€aJIbHasi MUEJIOUIHAsI TKaHb COCTOMT
B OCHOBHOM M3  DPETUKYISIPHBIX U
Heu(pepeHIuPOBaHHbBIX KIETOK
BosbimHCTBO KaTeropuu KJIETOK
IPUCYTCTBYIOT Y pbIO 950 neT u crapiue.

B 1aHHOM TKaHM MPOLIEHT JPUTPOLMTOB,

TPOMOOIIUTOB "u MeE3€HXUMaJIbHBIX
PETUKYIISPHBIX KJIETOK (T.e.
MYJBTUIIOTCHTHBIX ~ CTPOMAIBHBIX  KJIETOK,

KOTOpble MOryT JudGepeHInpoBaThCsi B
pa3M4yHble THIBI KJIETOK), IO-BHIHNMOMY,
YMEHBILIAETCs C TEYEHHUEM BpEMEHU

Kpome TOro, spuTpouuTsl U TPOMOOLIUTHI
OTCYTCTBYIOT Y CaMbIX CTapbIX PbIO.

Haxe ecnmm y pei6 768 rpamyco-aHell HET
reTepouIos, OHU SBIIAIOTCS
npeo0iiagarommum TUIIOM KIIETOK B
MEHHHI€aJIbHOM MUEJIONTHOM TKaHHU.
Kpymubie pbiObl UMEOT OOJBIIUNA MPOIEHT
retepouiIoB U 303MHO(UIIOB 110 CPABHEHUIO
¢ 6oJiee MEJTKUMH phIOaMH.
JIumbouutet ABIISIOTCS
JOMHUHUPYIOIIUM  THUIIOM
UMMYHHBIX KIIETOK.

OHM OTCYTCTBYIOT Y pbIO 768 Tpamyco-1HeM.
CyiiecTBeHHON pa3HUIBI B  IPOLEHTHOM
CoJIep>KaHuuU IUMQOLIUTOB MEXIY
BO3pacTaMH HeT.

Takxe OBUIM ONUCAHBI HMMYHOTIOJOOHBIE
KJIETKM B JKEJyJ0OYKaX TOJIOBHOIO MO3ra
JUYAHOK  o3epHOro ocerpa  (Acipenser
fulvescens) (Evans and Li 2014).
Mopdonorudecku JaHHbIE KJIETKU BBITJISIAT
Kak CKOTUICHUS JEHJPUTHBIX u
NUTMEHTHPOBAHHBIX KJIETOK-MaKpodaros,
CBOOOIHO MePEeMEIIArOIINXCS B
CIIMHHOMO3TOBOM KHUAKOCTH (JIMKBOPE).
Menanomakpodaru (MMCs) TaKKe
00OHapyXUBAIOTCS B UHKYOAIIMOHHBIX SAHIaX.
Y  Oomee  crappix  oOpasunoB  Oblia

HanuMeHee
Ha0JIFOJaeMBIX



hypothalamus, a region that integrates
endocrine and nervous systems, has been
suggested.

This region could possibly be “educating” the
acquired immune system

Pericardial Tissue

The subepicardium is characterized by the
presence of nodular structures separated from
one another by connective tissue.

Each smaller compartment is filled with
lymphocytes, reticular cells, granulocytes and
scattered macrophages.

The pericardial tissue contains lympho-
haemopoietic (thymus-like) tissue in the
young sturgeons and a large number of
lymphocytes after the sturgeons reach sexual
maturity.

It seems to be the site of interaction between
lymphocytes and the vascular endothelium.
This tissue is likely implicated in the
establishment and maintenance of the
immune responses (Icardo et al. 2002).

The subepicardial tissue has two separate
components, thymic and haemopoietic, or is a
modified thymus with medullary
haemopoietic capabilities; this point is not
Clear.

Therefore, sturgeons present a cervical
thymus, and the presence of subepicardial
thymic tissue is not a singular case.

However, the atrophy of the subepicardial
tissue by the time the sturgeons reach sexual
maturation has been observed.

Kidney

The fish kidney, unlike that in mammals, is
divided into two sections.

The posterior kidney is an excretory organ
with the same function as the mammalian
Kidney.

The head Kkidney assumes haemopoietic
functions and, unlike higher vertebrates, is the
main  immune organ responsible  for
phagocytosis, antigen  processing and
formation of IgM as well as immune memory
through melanomacrophage centres.

OpPENOI0KEeHa CBA3b C THUIOTAJIAMYyCOM,
007acThio, KOTOpast o0BeMHSIET
SHAOKPHUHHYIO U HCPBHYIO CUCTCMBI.
Bo3moxHo, naHHas oOsacte  “oOyuaer”
nproOpeTeHHYI0 HMMYHHYIO CHCTEMY

IlepukapauajbHasi TKAHb

CyOonukaps, XapakTepu3yeTcsi HaJudueM
Y3JIOBBIX CTPYKTYpP, OTIEICHHBIX JAPYr OT
Jpyra COeIMHUTENBHON TKaHBIO.

Kax i MEHBIITNN OTCEK 3aII0JIHCH
TuMQOIIUTaMH, PETUKYISIPHBIMH KJIETKAMH,

TPaHyJOIUTAMU u paccestHHbIMU
Makpodaramu.
Tkanp  mepukapaa  cOIEpKUT  Jumdo-

reMOTIOATHYECKYIO (TUMYCONOI00HYI0) TKaHb
y  MOJIOABIX  OCETPOBBIX W  OOJBINOE
KOJIMYECTBO JTUM(DOIIUTOB TOCTE JTOCTHKEHUS
OCEeTpaMH MOJIOBOW 3PEJIOCTH.

[To-BuaIMOMY, 3TO MECTO B3aUMOJICHUCTBUS

MeXay —JuMPOIUTaMH M JHAOTEIHUEM
COCY/JIOB.
JlaHHass TKaHb, BEpOATHO, Y4YaCTBYET B

YCTaHOBJICHUH M TOJJIEP)KaHUU HMMYHHBIX
peaxmmii (Icardo et al. 2002).
CyOsnukapauanbHas TKaHb COCTOUT U3 JIBYX
OTHIEIbHBIX  KOMIIOHEHTOB, THUMyca U
TeMOTIO3TUYECKOM, WM TPEJICTABIIsICT COOOM
MOAU(DUIIMPOBAHHYIO BUJIOYKOBYIO JKEJE3y C
MeAYIUISIPHBIMU KPOBETBOPHBIMU
CBOMCTBaMH; HCCJIEIOBAaTEId HE HMEIOT
0J/IHO3HAYHOTO MHEHUS 10 JAHHOMY BOIIPOCY.
CrnenoBarenabHO, Y OCETPOBBIX NMPUCYTCTBYET
HICHHBIN TUMYC, u HaJln4yue
CyOdMUKapIuanbHOW TUMYCHOM TKaHU HE
SBIIICTCS €AMHUYHBIM CITy4aeM.

OnHako Ha0Ir04aIach aTpodus
CcyOdmUKapIuanbHOW TKAaHU KO BpPEMEHH
JIOCTHKEHHS TI0JIOBOM 3pPEIOCTH.

ITouka

[Touka pbIOBI, B OTJIMYHE OT TIOYEK
MJIEKOTIMTAIOIIUX, pa3fielieHa Ha JIBE YacTH.
Saguss HoukKa MIPEIACTABIISIET coboit

BBIJICIUTENIbHBIA OpraH ¢ TOH ke (QyHKIHe,
YTO U IT0YKA MIIEKOIIUTAIOLLETO.

['onoBHas moYka BBINOJIHSIET KPOBETBOPHBIE
GyHKIMM M, B OTJIMYME OT BBICIIUX
[I0O3BOHOYHBIX, SABIIAETCS OCHOBHBIM
MMMYHHBIM OpraHOM, OTBETCTBEHHBIM 3a
¢daromuro3,  00pabOTKy  aHTUIeHa U
o0Opa3oBaHue UMMYHOTJIOOyIMHA M, a Takxe
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The kidney in fish is a disperse organ with a
Y shape that is placed along the body axis.

The lower part, situated parallel to the
vertebral column, is a long structure most of
which works as a renal system.

The active immune part, the head kidney or
pronephros, is formed by the two Y arms,
which penetrate underneath the gills.

In fish, this structure has a unique feature: the
head kidney is also an important endocrine
organ, homologous to mammalian adrenal
glands, releasing corticosteroids and other
hormones.

In addition, it is a well-innervated organ.

Thus, the head kidney is an important organ
with key regulatory functions and the central
organ for immune-endocrine interactions and
even neuro-immuno-endocrine connections
(Tort et al. 2003).

Spleen

In sturgeon, the spleen serves as a blood
reservoir, and it has immune functions,
trapping circulating antigens and being
involved in lymphopoiesis.

It is, therefore, a major secondary lymphoid
organ.

The spleen has an elongated triangular shape,
and it is located on the ventrolateral
abdominal wall behind the pancreas and both
adjacent and lateral to the intestinal wall and
caudal portion of the stomach and pancreas.

The spleen is characterized by the presence of
myeloid follicles with mainly basophilic cells
(white pulp) surrounding large arteries.

The erythrocytes forming the red pulp are
found within ellipsoidal blood vessels and
scattered between follicles.

32  HMMMYHHYIO T[aMsAThb 4Yepe3 IEHTpBI
MeJTaHOMaKpodaros.

Ilouka 'y pbI0O mpencraBisieT  coOOM
JMCTIEpCHBIM  opran  Y-o0pa3Hoit  (opmbl,
PacIooKEeHHBIN BOJb OCH Tela.

Hwxusas 4acTb, pacmnoyoKEHHAs
napajiebHO HIO3BOHOYHOMY cTo0y,

IpeJCTaBIsIeT cOoO0M JJIMHHYIO CTPYKTYpY,
Oonpmiasi 4YacTh KOTOpOH palOoTaer Kak
MIOYEYHAs! CHCTEMA.

AXTHBHas IMMYHHasl 4aCTh, TOJIOBHAs MOYKA
unn  npoHedpoc, oOpa3oBaHa AByMsA Y-
00pa3HBIMH OTPOCTKaMH, KOTOpBIE
IIPOHUKAIOT MOJ1 XKaOpHl.

VY pBIO 1aHHOE CTPOEHHE UMEET YHUKAIBHYIO
OCOOCGHHOCTh:  TOJIOBHAs  MMOYKAa  TaKKe
SIBIISIETCS BA)XHBIM DHJIOKPUHHBIM OPraHOM,
TOMOJIOTHYHBIM Ha/IMTOYEYHUKAM
MIIEKOTTUTAIONIHX, BBIJICJISTFOIITUM
KOPTUKOCTEPOU/IBI U APYrHe TOPMOHBI.
KpomMe TOro, 3TO XOpOIIO WHHEPBUPYEMBIH

Opras.
TakuM 00pazom, TOJIOBHas IMOYKa SIBISETCS
BAKHBIM OpraHom c KIIFOUEBBIMU

peryasTOpHbIMH QYHKITUSIMH U IEHTPATbHBIM
OpraHom IS WMMYHHO-3HJIOKPUHHBIX
B3aUMOJICCTBUI M Jla)k€ HEUpO-UMMYHO-
SHIOKpHUHHBIX cBs3eit (Tort et al. 2003).

Cene3enka

v OCETPOBBIX ceJie3eHKa CITyXKHUT
pe3epByapoM KpOBH, W OHA BBIMIOJIHSICT
UMMYHHBIE dbyHKINH, yJIaBJIMBast

MUPKYJIUPYIOIINE AHTUTCHbI W YyYacTBYS B
auMdoronse.

Takum o00pa3oM, 3TO TJABHBI BTOPUYHBIH
TUMQOUTHBIN OpraH.

Cene3eHka UMeeT YAJIMHEHHYIO TPEYrOJIbHYIO
bopmy u pacIioyio’keHa Ha
BEHTpOJIATCPAILHOW ~ OPIOIIHONW  CTCHKE
1033y TIOJDKEITYIOYHOM JKeNe3bl, a TaKxkKe
npuiieraeT U JaTepaibHO K BHYTPEHHEH
CTeHKE M KayJadbHOW 4YacTH XKelyaka u
MO/KETYI0YHON Kee3bl.

Cene3enka  XapakTepu3yeTcsi  HaJIHuueM
MUETOUTHBIX (dhonmukynon c
MPEUMYILIECTBEHHO 0a30(MIBHBIMH KJIETKAMH
(Oemast mymbma), OKPYXKAIOMIMX KPYIHbBIE

apTepHH.
OpUTPOLUTHI, oOpazytomue KpacHY0
nyJbILy, HaXOJATCS BHYTpH

OJUTUTICOUJAIIBHBIX KPOBCHOCHBIX COCYIOB U
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No melanomacrophage centres are visible in
any of the spleen samples studied (Gradil
et al. 2014a, b).

The most relevant changes during splenic
development in sturgeon are in the heterophil
percentages, which are significantly higher in
the oldest fish when compared with the
younger fish (2895 and 768 dd, respectively).

This reflected a less developed spleen in the
younger animals and progressive cell
differentiation and maturation over time.

Despite their size, the relatively high
percentage of splenic undifferentiated cells in
the 950 dd fish might indicate that they are
less immunologically developed than the
equivalently sized 2895 dd fish.

This suggests that age might also play an
important role in immunity at such early life
stages.

Intestine

In studies (Korneva and Bednyakov 2011),
cells with large bounded secretion, which are
found in the intestinal epithelial layer, belong
to immunocompetent blood cells, able to
move freely from the bloodstream and to
penetrate into various organs and tissues.

Ultrastructurally, they belong to granulocytes,
which are responsible for the non-specific
reactions of the organism.

The size and morphology of the cells
observed are similar to those of eosinophils
and  neutrophils  described  for  the
haemopoietic tissue of sturgeons.

While neutrophils occurred quite seldom,
eosinophils have been found both in the
epithelial layer and below the basal matrix of
the intestinal epithelium.

Acipenseridae have a distinctive feature: their
spiral valve in the intestine is internally
twisted or coiled to increase the surface area
of the intestine, thereby increasing nutrient

paccessHbl Mex 1y (POJUTHKYIIaMHU.

Hu B ogHOM M3 ucciegoBaHHBIX 00pasloB
Celie3eHKM  HE  OOHapyXeHO OYaroB
menanomakpodara (Gradil et al. 20144, b).
HaunbGonee 3HaunMble M3MEHEHUS BO BpEMs
pa3BUTHUS CEJIE3EHKHU y OCETPOBBIX
IPOUCXOJAT B MPOLEHTAX T'eTepOHILHOCTH,
KOTOpbIE€ 3HAYUTENIBHO BBIIIE Yy CaMbIX
CTapblX pbIO 1O CpaBHEHHIO C Oolee
MousoabMu (2895 u 768 rpamyco-aHei B roay
COOTBETCTBEHHO).

JlanHoe wMccienoBaHuE TOKa3ajlo  MeEHee
Pa3BUTYIO CEJIE3€HKY y MOJOJBIX JKMBOTHBIX
U mporpeccupymy auddepeHIupoBKy
KJIETOK U CO3pPEBAaHUE C TEYCHUEM BPEMEHH.
HecmoTps Ha wux pasmep, OTHOCHTEIBHO
BBICOKMM TPOLEHT HeAu(pepeHInpOBaHHbBIX
KJIETOK cene3eHku y pei0 950 rpamyco-aHeit
MOKET YKa3blBaThb Ha TO, YTO OHHU MEHEe
MMMYHOJIOTHYECKH  Pa3BUTHI, YeM pPBIOBI
SKBHUBAJIEHTHOrOo paszMepa 2895 rpanyco-
JTHEMN.

Jauubiii GakT CBUACTENBCTBYET O TOM, YTO
BO3pAcCT TAK)K€ MOKET UTPaTh BaXKHYIO POJIb B
pa3BUTHMM HMMYHHUTETAa Ha TaKUX pPAaHHUX
JTanax >kKM3HU.

Kumeynuk

B wuccnenmoBanmsax (KopueBa u bemHsikos,
2011) knerku ¢ OOJBIION OrpaHUYCHHON
CeKpelreH, 0OHapyXKHBaeMbIe B
SIUTEIHAIBHOM CJI0C¢ KHUIIEYHHUKA, OTHOCSITCS
K HMMMYHOKOMIIETCHTHBIM KJIETKaM KpPOBH,
CIIOCOOHBIM  CBOOOJIHO TIEpeMEIIaThCsl U3

KPOBOTOKa U MPOHUKATh B pa3jHyHbIC
OpraHbl U TKaHU.

YAbTpaCTpyKTypHO OHHM TPHUHAJIEKAT K
TPaHyIOIUTaM, OTBEYAIOIIUM 3a

Hecnenn(UIecKre peakiiu OpraHu3Ma.
Pa3mep u Mmopdosorus HabII0JaEMBIX KIETOK
AQHAJOTWYHBl TAKOBBIM Yy 303WHO(QWIOB U
HeUTpoduios, ONMCAaHHBIX ISt
KPOBETBOPHON TKaHU OCETPOBBIX.

XoTsI HEUTpOo(MIBl BCTPEUAIUCH JIOBOJIBHO
penKo, F03MHOGMIIBI ObLIM OOHAPYXKEHBI Kak
B ONUTENUAIBHOM  ClI0€, Tak M IO0A
0a3aJbHBIM MaTPUKCOM HMHTECTHHAIBHOTO
AIUTENHS.

CemeiicTBO Acipenseridae UMEIOT
OTIIMYUTEITbHYIO 0COOECHHOCTB:! ux
CIHMPAIBHBIA KJIallaH B KUIIEYHUKE 3aKpydeH
U3HYTPU, YTOOBl  YBEIMYUTH  IUIOIIAIb
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absorption.

The spiral valve has a villous aspect of the
mucosa, and it is possible to distinguish
nodular structures inside its axis that
correspond to lymphoid organs.

Immune Cells and Mechanisms
of Immunity

As in mammals, the immune system of fish is
composed of a non-specific system (innate
immunity) and a specific system (adaptive or

acquired immunity).

When an infectious agent penetrates the body,
non-specific (innate) defence mechanisms are
stimulated first.

This activation alone may be sufficient to halt
the infection.

Otherwise, the disease develops and induces
specific mechanisms, in particular the
production of immunoglobulins.

In vertebrates and most fishes, the resident
immune cells in tissues are mastocytes,
macrophages and dendritic cells.

The immune cells, which patrol the body via
the blood, are neutrophils, heterophils,
eosinophils, basophils, monocytes, natural
killer (NK) cells and T- and B-lymphocytes
(T-cells and B-cells).

IMMOBCPXHOCTHU KHIIICYHHUKA, TEM CaMbIM
YBCIINYMBasA BCaChIBaHHUC IIUTATCIIbHBIX
BCIICCTB.

CrnupasibHBIM KJalaH HMMEET BOPCHHYATHIN
aCIIeKT CIM3UCTON O0OJIOYKH, U BHYTPH €TrO

OCH  MOXXHO  pa3jW4yUTh  Y3€JIKOBBIC
CTPYKTYPBHI, KOTOpBIE COOTBETCTBYIOT
TUMQOUTHBIM OpTaHaM.

HNMMyHHBIE  KJIETKH W MeXaHU3MbI
HMMYHUTETA

Kak ®w y MJeKkonuTaromux, HWMMyHHas

cuctema pbrl0 COCTOMT W3 Hecnenupuyeckon
CUCTEMBI  (BPOXKJIEHHBII HMMMYHUTET) H
crienupuueckol CUCTEMBI (aJanTUBHBIA WU
NpUOOPETEHHBI UMMYHUTET).

Korpa wHGMEKIMOHHBIA areHT MNpPOHUKAET B
OpraHu3M, cHauaja CTUMYJIUPYIOTCS
Hecrenuduaeckue (BpOXKIECHHBIC) 3allUTHHIC
MEXaHU3MBI.

OmHol DTOM aKTUBAIlMM MOXKET  OBITh
JIOCTAaTOYHO, YTOOBI OCTAHOBHTH 3apPAKCHHE.
B nporuBHom  ciydae  3a0oseBaHue

pa3BUBaeTCSI M MHIYIUPYET CHEIH(pUICCKUe
MEXaHW3MBI, B  YacTHOCTH  BBIPaOOTKY
UMMYHOTJIOOYJTHHOB

Y NO03BOHOYHBIX W OOJBIIMHCTBA  PBHIO
PE3UACHTHBIMA HMMMYHHBIMH KJICTKAMH B
TKaHSX SBJSIFOTCS MACTOIMTHI, Makpodaru u
JICHJIPUTHBIC KIICTKH.

VIMMyHHBIMHU KJIETKaMH, KOTOpBIC
HNaTPyJUPYIOT  OpPraHu3M  4epe3  KPOBb,
SIBJISIFOTCS HEHTPODUITHI, reTepoQHIIbI,
203UHO (PHITBI, 6a3ohuIbl, MOHOIIUTEHI,

ecrectBennbie kuiuiepbl (NK), a takke T- u
B-mumdonuts (T-knetku u B-knetkn).
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