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an assay Sor T-cells. Anarnnestic iininune proliferu- 
tive responses to i-habdovir~ises i i i  fisli h;i\.e been 
moslly sludicd in lroul using \\liolc \.ir~is (Cliil- 
monc~yk.  197%). isol:iled viral proit.iiis (Estepa. I9Y2: 
Estepa and Coll. 1992a.b). i-econibiii;iiit vii-;il proteiii 
fi-agiiients (Estepa et al.. 1994h) ~ind viriil pepticles 
(Lorenzo et al.. I99Sa.b). No leucocyte proliferiitiori 
could be obtaiiied froiii iion-iiifected coiitrol trout 
kidiiey donors lreatcd ir1 piirallcl with al1 [hose VHSV 
anligcns (Eslcpii ci al.. 1994b: Lorcn~o  el al.. 
1995o.b). Furtlierrnore. trout individually i.estricted 
the selectioii of tlie rliubciovirnl peptides stimulating 
[he Ic~icocyic ;inaiiirichiic pi-oliferation (Lorenzo cl 
al.. I9Y5b). s~iggestirig tlie existente of peptide-pi-e- 
senting capacities and T-cell proliferatioii with siini- 
lar cliaraclcris~ics lo ~ h o \ c  of higher vcriebratcs 
(Burkhart ei al.. 1994: MacFarlun el nl.. 1984). How- 
e\.cr. lo confirm this, ADC nccd lo bc isolii~ed. To 
cievelop sucli ADC in trout. we h;i\e used tlie viriil 
Iiacinorrhagic scplicaciiiia virus (VHSV). bccriuse of 
ilie imporianl econoinic iiiip;ici of ihc\c rliah- 
cloviruses i i i  tlie iritei-iintioiial s~ilnioiiiculture iiicilis- 
~ r y .  Wc havc conccnlralcd o n  ~ l i c  glycopi-oiciii G of 
VHSV because troui neulrali~ing niilibodics sliow 
exclusive specificity for this antigen (Bernard et al.. 
1983: Engelkiiig nnd Leong. 1989: Estepa et al., 
1994a,b: Gilmorc cl al.. 1988; Loren~en et al.. 1990; 
Oleseii et ;\ l . .  199 I ). n recoinbinaiit i'orni oS G (G4) 
confers xoiiie pi-otection iig~iiiist in vivo VHSV chal- 
IcngfiExicpa ci al.. I9c)lii.b). tlie G proteiii is ex- 
pressed i i i  tlie irieinbi-nne of infected cells (Estepa et 
al.. 1992) iind ihc G protciri aiid peptides derived 
fi-om it ni-c [he slrongest iiiclucers of ariaiiinestic 
lymphoproliferatioii (Estepa and Coll. 1992a.b: E$- 
Lepa et al.. 1994a.b; Lorenzo et al.. 1995a.b). 

Since neither inbred iior syngeiieic trout populii- 
lioris are al prcscnl widcly nvnilahlt. (Ristou et al.. 
1995) niid the histocoinpatibility groups of ihc ir.0~11 

are iiot yet well defined (Stet aiid Eybei-15. 1991). it  
was necessary lo cslablisli a prirnary individual trout 
haeriiritopoietic cell cul~urc from c~ich donor trout in 
ordcr to llave enough supply of putntive antigen-pre- 
scnling cells during ti year-long experiiiiental period 
(Diago et al.. 1993: Diago ei al., 1991: Estepa et al.. 
1994a). Tlie successful application of lhis technique 
has becn ihc Ley to establisliing the T-lyiiiphocyte- 
like trout cell liiiez defineci as ADC dcscribcd in this 
report. 

2. Materials and methods 

Tlie VHSV 07.71 isolated in Friince (LeBerre ei 
al.. 1977) from riiiiibow trout O r ~ c ~ l ~ o t - ~ ~ r ~ c . l i ~ r . s  i ~ i ~ ~ k i . s . s  
(Walbnuin) was gi-owii in epiihclial papillosum 
cyprine (EPC) cells and purified as descrihed 
(Bnsurco ci d.. Ic)9 1). l l i e  recombinnnt fragineiit G J  
( L I L I  9-44.?) dcvoici of lhc lransiiieiiibrane region ~iiid 
part of tlie iigiial peptide. wns cloned aiid expressed 
i i i  tlie yeiist S < I ( . ( ~ ~ ~ C I ~ ~ O I ~ I ~ ~ ( . C S  ~ . P P P ~ . ~ . S ~ ( I P  DC04 ;IX 

pi-eviously dchcritied (Estepa et al.. 1994b). 

3 .3 .  P t . o r l ~ i c  r i o t l  of' r t . o ~ r t  s u t . l . i l  o,-.\ o/' VHSV i t ! f t ~ . t i o t i  

Oulbred lroul (0.5-2 g body weight) wei-e first 
infected over 2 h nt 12-14°C with 10" TCID,,,/rnl 
of VHSV atteiiuated by 10 p~ixsagcs ori EPC cells 
(Basurco and Coll. 1992). I1iidei- tliexe coridilions. 
lroul survival was 10-30%- ( 1 1  = 4, t i  = nlirnber of 
expei-iments). The ti-out zurviving ihc iiifcction were 
challeiiged 2 iiioiitlis later with 10" TCIDí,,/rnl ol' 
VHSV (2 h. 10-1 1°C). As in previo~is studies (De- 
Kinkelin. 1988). 5-24% ( 1 1  = 4)  of the initial nuiii- 
ber of trout survivcci bolh infections and showed no 
signs ol' VHS. Survivor trout wei-e used 4-6 monllix 
aficr ilic Iiisi VHSV chnllenge (Enzniaiiii nnd Kon- 
r~id. 1993: Lorerizo el al.. 1995n,b). 

Lcucocylcs l'rom individual trout kidne-S wcrc 
obtained as describcd (Estepa ~ind Coll. I993a.b). lo 
avoid any possible inixcd Icucocyte reiictioris (Stel 
iind Egberis. 199 1). Ti-oul hidiicyx were clioseii :i a 
source of leucocytes becauie cells i-csponcling to the 
VHSV anligcns (Estepa et al.. 1994b) aiid lo lhc 
VHSV peptides (Lorcn~o  ci ~ i l . ,  I995a.b) wei-e kiiown 
to be present in this organ. Furtherrnore. large num- 
bers of irout Icucocy~es could not be obtained from 
any o ~ h c r  orgiinin riiature trout (Cliilmonc~yk, 1978). 
Brietly. thc kidncy \\.as removed from troul prcvi- 
ouxly cooled do\vri to 4°C. killcd by cutting off the 
liead and blood ;illo\\,ed to drain for - S iiiin. The 
kidiiey \+as cut iiiio pieccs. dissociated with n Pas- 
tcur pipette. decanted iirid waslicd in ccll medi~im. 
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G4. After eliminating the excess o f  G4, the G4-pulsed 
Ad cells were treated with mitomycin to inhibit 
proliferation, and then frozen until use. The non-Ad 
cell population was distributed in 96-well plates 
containing 100 kl/wcll  o f  culture medium (25 000 
cells/well) and then stimulated by the addition of  
5000 autologous G4-pulsed Ad cells in 50 k1 o f  cell 
culture medium. After 5 days, colonies o f  dividing 
cells and scattered cells were observed throughout 
the wells. These proliferating cells were called anti- 
gen-dependent cells (ADC) and could be maiiitained 
for approximately 1 year by periodically adding G4- 
pulsed Ad cells. In the presence o f  a constant num- 

TIME IN CULTURE. D A Y S  

Fig. 2. Tiine course evolution of rnorpholo~ical cell types during 
the establishinent oí' ADC cultures. The tiine course of the cellular 
iypes in the ADC cultures l'roin T?6 ai'ier the addiiion oi" its 
autologous Gl-pulsed Ad cells was tollowed using cytocenrrifuge 
preparations. After fixing and staining, the rnorphological cell 
Lypes wer-e claasified using cri~eria defined previously (Estepa and 
Coll. 1992a,b): - - , rnultinucleared; 0-0. eccentric nuclei: 
-. adheren~ cells: . . . , large nucleated; @-a, mature lyrnpho- 
cytca. About 200 cells werc counted per slide and results were 
expr-essed as percentage of the iotal nuinher 01' cells couiited at 
each time point during cultur-e. Tiine O and the vertical nrrowa 
indicate the Lirne oí' addition of the G1-pulsed Ad cells. A and B 
show the tiine course evolutioii in t u o  different experiinents. 

Fig. 3. Morphological appear-ance ol' G4-pul\cd Ad cclls (uppci- 
panel) and ADC (lowei- panel) in cytoslidcs. G4-pulscd Ad cells 
(25000 cells/well) were added to res i i i i~  ADC cultures (ubout 1 
morith akcr- thc la\t G4 stiinulation). Cytoccntrituge preparations 
were obtained at 700 rpm (3 iniii), fixed Ior 10 irriii with 1% 
glutaraldehyde and siained wiih Toluidinc hlue ir1 horatc buffcr. 
They wcrc inadc pcrnianenr usiiig Depex. Cytocentrifufe prepara- 
rioiis of G1-pulsed Ad cells (uppcr panel) arid prolifcratiii~ ADC 
culturcs. 15 days after the addition of G4-pulsed Ad cells (lower 
panel). Scale bar: - 10 Fin. 

ber o f  G4-pulsed Ad cells, the ADC showed a 
cell-concentration dependence for proliferation that 
differed with the various trout used (Fig. 1). The 
minimum proliferation requirement for an initial 
ADC concentration has not yet permitted the cloning 
o f  these cells, despite numerous attempts. 

After the first addition o f  G4 to whole kidney, 
many morphological cell types proliferated in the 
flasks ( F i g .  2A,B). These cell types were o f  similar 



heterogeneity as the ones appearing after polyclonal 
mitogenic stimulation of whole kidney cells. as pre- 
viously reported (Estepa and Coll. I992a.b). After 
furthcr additions of G4-pulsed .4d cells (Fig. 3. 
upper panel) to ADC cultures. thc proportion of 
multiiiiicleated cells decreased and more and more 
cccentric nuclei cells and mature Iymphocytes domi- 
nated in the ADC cultures (Fig. 3. lower panel). 
Largc nuccleated cclls (morphologically resernbling 
lymphobliists) were also present in thc cultures. but 
always at low freq~iency. Fig. 2 shows the evolution 
of ccll types in  two represcntative ADC cultures 
froin T25. As more additions of G4-pulscd Ad cells 
wcre made. most of the ccll types disappeared from 
the cultures except those cells having eccentric nu- 
clei (Caspi et al., 1982) and the niore maturc lym- 
phocytes (Slierendrecht et al.. 1995) (Fig. 2A) al- 
though multinucleated cells were sonictimes also 
present (Fig. 2B). The added G4-pulsed Ad cells 
could be detected Sor oiily a few days after addition 
to the cultures before disappearing over a few more 
days most probably because of the mitoiiiycin treat- 
inent. Similar observations were made in cultures of 
ADC from the other trout or each time a cycle of 
addition ot'G4-pulsed Ad cells was started on resting 
ADC cultuics. 

4. Discussion 

We have described a new inethod for the prepara- 
tion of trout T-lyriiphocyte-like ccll lines showing 
ADC proliferaticin in vitro. ADC cultures weie dc- 
veloped from each of 3 individual rainbow trout 
belonging to an outbred population surviving VHSV 
infections but were iiot obtained from non-infectcd 
control trout (Eslcpa et al.. 1994b). The ADC lines 
are presumed to havc been derived from cells that 
specifically rccognized the G4 antigen of the VHSV 
virus. Further evidence that most of the proliferoting 
cells in the ADC cultures were lro~it T-lymphocyte- 
likc cells including the following: ( 1 )  their honioge- 
neous riiorphology by cytolluorometry; (2) the spe- 
cific proliferation dcpendence of both G4 and G4- 
pulsed nutologous cells. but no1 of other protcin- 
pulsed autologous cells; (3) the lack of surface stain- 
ing with tro~it anti-IgM antibodies and the high level 
of expression of TcR trout genes (Partula et al.. 

1994; Partula et al.. 1995) (manuscript in pi-epara- 
tion). 

The req~iirement of G4-pulsed Ad cells for ADC 
proliferation confirmed previous evidence of the need 
tiir at least two cell populations in trout T-like ccll 
proliferation. A requirement for Ad cells had also 
been found prcviously for concanavalin A-induced 
proliferation of large-nuclcated cells to form colonies 
in fibrin-clot cultures (Estepa and Coll. 1992a.b). 
Moreover, the fractionation of kidney cclls into Ad 
and non-Ad cells inhibited the prolifcrative rcsponse 
both to the polyclonal mitogen phytohaemagglutinin 
(mitogenic inespccific response) and to G4 (anain- 
nestic specific rcsponse) (Estepa ct al.. 1994a,b). 

The establishment of long-term haeniatopoictic 
ccll cultures (Diago et al.. 1991) to be used as 21 

source of presenting/accessory cells was of key 
iinportance in  dcveloping the reported ADC culturcs. 
There was only one other i-eport of fish antigen-pre- 
senting cclls avnilable for long-term use, namely thc 
spontaneous proliferating catfish leucocytcs morpho- 
logically resernbling mamrnalian inonocytes or 
macrophages (Vallcjo et al.. 199 l a.b). Thc present 
novel approach for de\.eloping ADC from trout can. 
m»st probably. be used in any outbred fish popula- 
tion to study many aspects of t'ihh immunology. Due 
to the high success rate of the technique described 
hcre (3  ADC lines froni 3 trout donois). tht. approach 
should be easily replicable in other fish/antigen 
systems, thus iiiaking i t  possible to nnalyze furthcr 
this type of resporise. Although the participation of 
T-lymphocyte-like subpopulations (to date defined as 
surfrice Ig-negative cells) in fish iniinunity is now 
well docuniented (Desvaux and Charlemagne. 1981 ; 
Millcr and Clem. 1984; Miller et al., 1985: Sizemore 
et al.. 1984; Vallejo et al.. 1991 a.b), their rclcvance 
to disease remains unexplored. Thercfore. thc avnil- 
ability of ADC cultures should greatly facilitate such 
studies. For instance. the production 01' antibodies 
specific for fish T-cells (T-cell marher) from TcR- 
enriched ADC cultures could be an alternative to the 
use of recombinant a- or p-chain proteins for tlic 
same purpose (Partula et al.. 1995. 1996). 
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