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Abstract: Although the rat is commonly used for 

ba,;ic imnllUlology and transplantation research, phe­

not~'pic and functional eharacterization of rat den­

dritic cells (DCs) lags hehind similar studies in the 
human and mouse, Therefore, these features were 

exum.illed u"ing DCs propagated from cultures of rat 
hone marrow maintained in a medium supplemented 

with !!rallulocyte-monocyte colol1y-stimu.luting fae­

tor. Anal~'sis of cytospin prf'paratiolls of clutlll'f'd 

cell" sho\\ed that DCs arise from OX 7 + myelomollo­

(·\,tic pr"t'lIrSOI·~. Typit·al lIlaturf' I'at DC, .. Wt"I',' Illllr­

I'iwlol!ieally ,.imilar to tlwir IIWIISt" lIntl hllman 
t'olllltt'rparts and ,·xprt'SSt·t1I11ajor histot~tHlllultihilit~, 

j'olllplt'x I.HHC\ 1·lus" 11 (j'oll1mon purt determinant 
of lOll, 0\62 I intt~gri/l mol",·ult"). 0\7 (CD90), 
ICUI·l d~O;;..j.). and CTL\ ..... j·ouult·I·!'t'et'ptor, hilt 

WI'I'P nt·gativt' for OX8 (C08), OX 1 t) (CO;;). W:~/2;; 
(CD,I,). and E02. a rat lIIal·r0(lhagt· lIIarkl'r, Fllnl'­

tiollal analvsis of OX62 + sUl,tt'II DC:; slwwI·d that tllt'y 

('ollid j·t'f"l'IivI·h 1'I't'~"nt tilt' "oluhll' antil!l'n ovalhu­
min to lIuivI' T "1·11" in vitro. :\ I'olllhillution of 
anti-\IHC ('Ia~s II monlll'lonal antihody and 4:TL\-I­
i 1III11I1I1o:.dollla! i 11 i 1\ It iii i h·d allosti 111111 ato ry allilit y 
1II0rl' l·ff ... l'livI·I~' thun "itlt,,1' l'I'''!!l'nl alolle. IlIIplil'a­

lion" for "tlld~'illg tlw rolt· of OCs in illllllllllt' 1'1'­
"(lon" ... " in tht· I'at .\1'" disc U""t't I. J. Ll!llkol'. Bioi, .'}I): 

19f>-207: 199h. 

Key Words: Il"'ldrIlU' "1'1/.\ rat' iJh"I/()IIPl' . lllUJor hi.ltUC()III-

pili tin/II \' IlIlIIplex 

INTRODUCTION 

Dendrttic cells (DCs) ilre well recognized as powerful 
,;timulators of a mixed leukocyte reaction (MLR) and of 
:;vngeneic naive T cells in vivo [1. 2j. [n fact. they ilre 
considered the primary initiators of immune responses and 
:Jre present ilt the ~ites of early tnl1ammation in rejectIOn 
[3. 4] and autoimmune disorders [.S]. However. donor-de­
rIved DC:; have also been implicated in the induction of 
allogeneic tolerance [6-8]. According to this hypothesis. 
DCs have been propagated from precursors found within 
the liver [9] aod. after solid organ transplantation, donor-
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derived DCs have been cultured from a variety of recipient 

tissues (10j. 
With the current availability 01' recombinant cytokines, 

I Ill' Iud i nl:', granulucyte-monocyte 1'01011\' -st irnu latlllg t'.lctor 
ICM-CSF). interleukin-..j. rIL-..j.), .lnd tumo!" necrosis l;llor 

IT:'-IF). bont" marrow! BMl-derivt"d DC" have IJt:'en exten­

~ively ill\'t"~tiguteJ (~llncernillg their t)ntll~en\'. phenotypic 

pmfile. and Iliologi('al fUllctions in l)llth mou:>e [11-13] 
a 11(1 human [1,~j svstems. Although the rat i~ extensively 

L1sed for models investigating tntll::.plantatilln tolerance and 

.. Iht'r illlllllllwlogi('al pllt'1I0Illt·na. ~lrlIilar ~tll(lies III' DC;:; in 

Ilti~ ~Iwl'it's have i)t"~11 less ('lIl1lllrt"hl"lbllt', Thi~ is lar!!ely 

,lItrillillahll' 10 lilt' ditTil'ulty "I' oillaillillg _ulTil'lt'lItiy I,r'!e 

1lIlIllIwr" "I' DC" lor allalvsis and lilt' Ilillll'itv Ilf well-'le­
lin,·d 1llIlIllIllI,jllgic r('agellh I'or Ihl~ ,'P'·('It',.;, 

Ib~,·d "" lilldillgs III pn'liolis plll"i('atloll~ i 1,>-22J. we 
hay,' d,·,.,ndwd a III"IV allli simplt' le('hlli,!I1'" for Ihe propa­

galioll .. I' largl' 11I1I1I1Jt"r~ of rat BI\I-d"rllt'd DC" ll::.lllg mur-
111,' rC~I-C:-;F With gt,latlll-l·oat,·d lis"llt· ntitllrt· l1a::.ks [23]. 
TIlt' rlllll"liollal al"lil'ilv of lilt' I'ldllll'l~d \'t·II" wa" "Ilnfirrned 
I,,-tlldling Ih"ir ~Ihilitv to slilllllialt' ,III alillgellt'1C ,\ILR 
,llId Ilwir III lilo ;iI,ililv III I III II It" 10 T ",·Ii-.I"Ilt'lidellt ar.'", 

"I lit,· ,,,1"('11 12:1]. ilL" W('rt· '1llalltlt,lIt'd hI' "\'aluatill~ the 
"11(''(1>1'1"''''1011 "I' III<lJor histtwolllpatihilitl' 1'(lIlIpll',( IMHC) 
.,1",.,. II aliligell 10\(1\ alld ()\()2 1211. ,I 111011"1'Ii11:' related 

III lilt' 11I1"grin falllilv alld knowll to lit' 1'1'1'"l'l1t ,m rat DC:; 
dllli yo T l·ell~. 

III thiS "tudv WI' d~fil1l' tilt' devl"ioplIll"lltal morphulogy. 

[lht'notvpe. and 1'1Inctiollui a('(ivitl' Ill' cultllred RM-derived 

DC::; 10 serve as a baseline lor illV"stigatlolb of DC Cune­
tlOns 111 tolerance and autoimrnullltv in the rat. Particular 

attention was paid tu lIlaturational changes Ill' [lrecursor 
cells. the dynamic::; of :>urface marker expressiun. and al­

losttmlllatlllg ilbilitv at various phases ,>I' maturation in 

,.I,[,oreviations: Im)Ao. Imonoclonal) anl,body; APC. ,.<ntlgen-present­
In/( edls; SM. [,one marrow: DC. dentil'ltic cell: F cPA. Fe receptor-pos'-
11"t: and fllastlc-aJtlt~rent eells; FeR. Fe receptor; CM-CSF, 
granulocyte-monocyte colony-stlmulaling (aclor: [g. Immunoglobulin; IL, 
inlerleukln: LEW. LeWIS: MLR. mlxt:d leukoc~te reacllon; MHC. major 
11l,locompalibilily complex: OVA. ovalbumm; TNF. tumor necrosIs fac­
IOI', 
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culture. The functional importance of the surface mole­
cules for rat Des was determined using in vitro allostimu­
lation blocking studies. 

MATERIALS AND METHODS 

Animals 

Adult ~. 10 9-wt'e~·0Id Lew,s (LEV;;; RTlII. ACI i RTI d). and PVC 
(RTI'I rats w"re purchased from Harlan Sprague Dawle, ilndianapolis. 
IN) and maintained in specific pathogen-iree facilities allhe Unil't~rsill' 
or PillslJUqrh. 

Collection of rat bone marrow 

HM c .. ll, \\er .. rt'mmt'd rnun Ihe rt'lllur... liilias. and humt'n or LE'iI ral, 
~ft .. r ,an,ri'T U>11l1! melhoxvflurallt' inhalallOnal <lllesihesta (f'illl1<.1l1· 
.\100 ..... .\lu"d,·It"II. ILl. TIlt" n·lIs w,·,..· wa,h .. d I"i(,t" III ,·olllpl .. ,,· Ill(" 

,hU1I1 1 RI'\11 II>-lO "'Jlllalllillf: ;;';; f"lal "alr ,,'rurn (FC::;,. ;) 1l~"1l1 
~t'III'"II""L 2 1l1l\1 L.~lulallllll'·. alit! J(J 1111\1 It EPE:, In,fr,·rl. IHIITII'I"·d 
In"" Cit.c" ILd,' T'Tillloluf:"". Gralld Islam!. NY). 

Procedure for bone marrow culture 

B"I",,' I"'"'~ 1'1." ... .1 '" ..,,[Iun· 1,,1' lilt· 1'''0l'a~''I'.", "I llC, 12:\I.ln·,h H~l 
,·,·11, ,,,·r.· ",·pl,·I,·.! "I ~',. "lid 1'1",I ... ·"t1h.·,,·1I1 IF,·I"I ,·.·11, III 1'''"' 
1111l~ HII 11111111011 ... t·nllll-~'tI'JII·tI !"'In dl~lw"l. Ihlt'lh. l.~ x lOK Fl"P.-\·d(·· 

1'11'1('11 It\I "I,ll ... \\('1"", l'ldtlllrd .11 il "lI/we'lIlratlon "I ;~ x Itt rill ill 

~\'l.ltlll~l HoIl,·cl. 7.-)-('111- I' ;JiI'!l1I 11:--:-.11" \'l~llIlI'" 1'1.1:-."- .... (:"'111'1,'11' IIII'd 1 1111 I­

'''1'1'1''1111'111..,1 ",II, 10'; H>. :) .-( II!"" \1 2-lIlI'r(,"I'I" .. lh",,"1 ILiI"'''I. 
(L,-, • !(j'.1 \1 \~'-III1HJtlllll'lh~I-!-;&rg:illllll' f~dnH·11"1'1t,i.lJI. Pi!'i('41Iil\\0I\. 

\.11, .,",i 11.1 II!!. ,"i 1111111'1<' I(.~I·<::-;r 1I(,'\\l --\.,1"11'" \1111111'''1,,,1,,. \1;'t\1. 
\\Ol:-- IJ .. ,·d [01 1)(: prlll';q.!~1111I11. (~Idilln'''' \\('H' I(,d "\t'n ... t'('olltl tld\ Ij~ 

1·,('II.tIl:!III~ il.dl th,· IIll'clilllll [lIr In'sJI I'LM.CSF-nHilallllllg IIwdiulIl. 

\\ lillOIH dl:"'I-,Hdlll~ .ill\ n·il .... (.dl IIwdillllI iWIIlg ,':\cilall~t~d wu:-- ("'1111"1-

1"~.·cI .11,,1.1111 ,·.·11, ,,,.,,. ,,·,III,.,·cI I" tI\I' ,·"lllIn· IL"~I. \\·h .. 11 lilt' IlIllI' 
III I'rdllll"l' \\01:-0 ,·Qlllpl,'1,"!. 1It1l1ddlwl'4'lIl C'(·II:-. \\0"1"1' n'IIItJ\(,d anti n,dc­
Ilil'lt'd 11~ t'l 1',\ I I,ll ... In jI.llIllIlI~ Oil ..... t·rlrlll-nldit'd dl:-ollt'!-o. 111'1011' Iwill;":' 

lI ..... C'II IllI [IIIIi"IItICl,d .1 ..... .1 .... <lIHI l)ill'lIol'I;I" all;d':"'<I:"'<. ~llt'h h·P·\-tic'· 

,,j,·I.·d. ,·,,11,"..,1 1\\1 ""11, ".II I ...... ·1 ....... ·" III ii' 1H:"'lIIwiwd B~I "111· 
1111 t· ... Ill· rt ',ill,'[ 

"','1<',1,,," ,d 11\ ~. ,11111 ()\~. 1\\1 ,·,·11, 1m ... dlll"· "a' ,1I·lti.·,,·cI I" 
l.till'llI'~ r',I' \-cl.·pl,·I.·cI 1\,\1 (',·Ii- \\,11t ()\ 7 II II '"""I""iti "'llti".1I 111.-\111 
dlllJ !,.lrlllll!!,.! 1111 !H'lrr dl~IH''''' l·oalc·d \\'1111 alllllll' I'ltilJllllI-PIJII(wci ;!Ii.ll 

.Jlltl-IIHlli:"of' IfllllllJlIOcitlilidili L (d 1111\1111'1' uf 10 .u,~'1II1 ,.dlillih-punflC'd 
rn'\!1 \\Jlil 'HJ ,uL!.11I1 !lonllal :,!Hi.ll Ig(;i .. IITt)l'dill~ 10 ,\ jll"f"ItI(I~h dt·· 

"rli,..,1 I'T"""I'''' I': Ii. (1\ 7· ~l\d tl\~· lI:wlll)l\, "lid ,,"11'''('11'"''11'''' 
1"Hlll'oi c t~II:"o \\('n' IIWII LJ!"!t·d luI' B~l ('lIllun":-" 

Immunofluorescence labeling and flow cytometnc 
analYSIS 

IIC·.·lIfwl ... " 1.l~1 ""hurt"' "ert' sl"tned U'"11! dlrt· .. 1 and!or Indirt'C'1 
IInlllllll(\lluor .. ~n·n .. ,· I"ehlilque, wilh " panel of monoclonal anlll.}(xlie~ 
IIII:iud,n!! U\ I I"nll· .. al CD-l5. leu!..,x,,,le eommon anll~t:nl. OXb lalll,· 
ral n'Hlll~" morplllC Lielennll,anl of MHC class 11). OX7 lanll-ral CD90. 
Th, 1.11.0\8 lanll·ral C08. suppressor/evloloxic T cells. nalural killer 
('d·I~. ,ome a .. llval .. d helper cells I. OX 19 I ami·ral CD5. a pan-T-cell 
mad,erl. 0\0:2 Ian anlloo(h Ihal recognizes an inlegrin molecule [21J 
pre,enl on ral vetied DCs dnd ylb T cells). W3!25 lanll-ral CD-l. T 
helper "ells, and some lIlacropna!!esl. IA29 [anll ... at C05-l i1CA~I·1 )J. 
ED I lanll-ral macrophage". mon()(·vlt's .• md dendrilic cellsl. and ED2 
(~nll-ral II,sue macrophag"sl. ail of mouse il!Gl isol"pe (Serolec. Ox· 
ford. Enj!landl. Isol"pe control wa~ purchased from Soulhern Biolech· 
nolo!;) I Birmingham. ALI. Rat anli-mouse B7/8BIIB7-1. clone lGIOI. 
S 7·2 I done GL· J I. ~nd normal ral I/!G:2a wt'n' purchased from pna.,n· 
ingen ISan Die!!u. C:\.I. CTL-\4.11(. a ,olubl" ehimeric fu~ion prolein 
"Omhllllll!! CTL-\-l '" ,lrUclural homoJogu .. or CD2!l1 aod tnt' humlln 

19-Cy ehain. wl1lch ha~ hif:h amnii' fnr 87 ICTLA-l ('ountern·,·"ptor! on 
alll i~en.pre,enlin!! cells (APC, I l:25 J. was ki ndh prollde,1 [,1 p.s. Lin· 
sle, I Bnstol ~Ivers Squibb Pharlllul't'ul,cal t\e,earch InslIIUIt-. Sealll ... 
WAI. 'iormal human igG wa" purchased from Sigmil. Duuhl .. im· 
mUlloOuoreseent slallling ,,'as performed as preuollsh desnioeti [26J 
and 10.000 galed even Is were anah zed for .. a('11 sample on an Epic. 
Elile 00\\ cytomeler tCoulier Corporation. Hialeah. fLI. TIlt' ltatt' was 
chose-n to include al leasl 90o/c of 0\62" .... lIs til DC.specific ,urfa(' .. 
marker) and 10 avoid counting aulo!1uoreseenl cells. which can I,l' prol,. 
lemallc in cultured cells. for conlrols. lhe priman anlibody was suL,~II' 
tuled wilh an immunoglobulin e!a>'-lIlalched nOlllmmune anlihod, 
ljdore compleling the staining procedure. 

Immunocytochemistry 

C"tospin prt'paralions or DC-enriched BI\1 euhurt"~ wen' ailow .. d In air 
dry overnl!!hl al room telllperalurl' and ,Iored al -70°C until us,'. Ht.ror~ 
slallllllf:. ('vlospill slides were fix .. d wilh freshh prepar .. d 2'1i- parafo,.­
IIlUld .. lmle. !'xcepl Ihost' [,einl! lahelt·d wilh CTLA-l-If: and nnrlllal hu­
rtl(J1l 1~ l~nlllruL wllll'h \\'t'n .. · flol fixt'd, ~tuinjn~ \\"a~ pt'ri'urmt'd ll:ooill1! ,j 

,landaI'd IlIdlr .. el alidill·lllolln·l'eroxlda,,· I:\HCI sl"'n'll~ t .... hlliqll,· 
(r",·liI.laill Elil.· ABC. \ e .. lo,. Lar.nrill" .. ,,·,. Hur!II,!!alll'·. CA,. 1'11,· """ 
nlldan Ar.,. F(al,' 12 .. ill alll"II'"US" I~L I H + 1.1 .1Ilt! ~udl allli·illllllUll I;.:. 
1\.'1'1' plln'itast'd rrolll J",lsoll IIIlIlIlIlIun·'''<.In'it I\\"sl ero,,·. 1':\ I. TIll' 
,li,I,·, w .. n· (,lIulll,'r,lailwd with 11t'''laltlXllill an.ll>lt ... d III ~('''II', bluII';: 
n·iI~t·fll. Control :"Iiid,,:-. w,'n' pnw'<>:-'!'I!·d ill lilt' ~amt· l.t~illOIl a~ tilt' ,'011-

Iruh. d(':otCTiiwd IlIr illlnwlluJ1ItUn·!-o('t·tH'f"' illld nO\\ ('~ (1'1111'11'11' :-..ltuii,':-'. 

Scanning electron microscopy 

1I~I·d""lv.·d IlC, l\t·"" .·IIIIt'I,..d 11\ I"" Ill<' ,,'HIII, .dlll'"1111 ~rat!II'''1 11,,-
1~ltltlll 1I:"'<111l,! tilt' pn'\ Itllhh d,', .. c'nlwd 1lIl'lho(1 ,J! h.lil1~t·rl t'l al. j }."), I()i, 

Pllrii"lI'd DC", \\"I'!' IlwlI "ian'" fill I'u\t·r:-.lip:-- "tli.1lt·d \\111r pol~-1.-1~!"!int· 
I~igllla~. ('nlwalllllllll tinnL ~pUllt'r ""alt'd wll\1 ;,!old. <.llld \ u'\\f·d U:--.IIlJ! 

.. .lUll. J~\I·T:100 '"11"""'''111' 

Cell sorting of rat DCs for functIonal analysis 

BI'('all~t' IlIert· h SOliit' t'unlr{J\t'rs~ n'!.!anlill~ till' al)ilil~ of t'ulllln·d 

,,"'"m' IlC, III 1'''''''111 ,,,I "hI,· prol.·III,. I'"n' 1'"1>111;,11"11' III ral Ill:, 
\\C'I"I' ohl,lInl,d 11\ 110\'- c'\loIIH'lri,' .. ",-llIlg. I,ol .... '·d 011 ... 1.llIllng \\1111 lilt, 

lIllI'gnll lllOl(,I'IIi,' ()\():2. TI\I:-- 11I001'~I'r \\.1:'0 (,bo .... (·" 1111 Iht' IliI:-.l~ "I irlllTlU-

1I0i'\ IllI'fu'lIlll'ai ;tl1;II, :-.1'" III !)( :·,'unl·I!,'tl B~I I·!,!I (', 1\1"11111 pn'p~ll"allfllj:" 

.II"i I'nm I'"lclwalll"" 1~1. .2:11. 

Mixed leukocyte reactions 

I.,·nl' . .! hiliph 1I0"~ ""11, Imlll ""~l'III'W 1.1::\\ ,,,ltl ;dl"I!~II"lI" .-\Cl "Iltl 
!'\ (; 1'.11, l\c'n' ""'''.J> ... ·'I"IIIII,·,.,. L 11,,"'1,'" 1)(.·.·lIn('\"·,j .·,,11,,1"'" B~I 
,·,·Ii-. 1)\()2> ".r,,·d IlC,. ~,"I 1 ... ·,11 LE\" '1'It"'1l ,..·11, it"'''I'''' ('<III' 
11'111:--1 \\t'rt' II::-c·d .l!'i ~lillluJul()r~. Urlt· .. \\J,\ II1I\ed It'lI~o('\le n'at'lloll:-. 

I \lU{,1 " .. It· I'crlorlTl .. d III l·boll'"JI 'lb·" .. 11 IllllTol",1 pial'" (Fal",,,, 
:W7~ I. :\ ,.<lJI.lanl IlllIlIl ...... 01 "'SI")I1""'" II) x I () I \, .. 111 wa, ll,~d \\111, 
'anou, lIulIIl"'r, "I y-lITadtal .. d 120 G, I .llInlllallll ("(·11. ill ... adl d"'I\. 

l::a('I, dilulloll was 1'l"t1ormed '0 Inl'l,,·alt'. :-<lill,ui"lor·I" ...... spulldn 1:-<'j{1 
"'''llo~ ,.all!!l"d rrom J: I 10 I :') (or ,;~I",," ""11 ('01111'01, alld l:lJ 10 1 :72(1 
lor llll.n .. ted DC·t'nnehed ,·"llur .. d BM (' .. lis alld ll\o:2'- ,on .. d OC •. 
Th .. lII .. diulll u>t'd lor \ILR, wa, ,dellllCallu lilal u, .. d lor 81\1 ('ulture,. 
I:'xc~pl thai lilt' 10<:( res \\a. repluced wilh 10<;'( LEW s~rum. Lnles. 
oln~rwise specified. each ~ILR was labeled Wllh a linal COllct'nlralion or 
0.2 ~Ci/ml [jHJTdR (specific acllvil, :2 Ci/mftl: New England Nuclear. 
Be\'erll. MAl for a 7-h period. 65 h arler slarting Ihe ('uhure. Plale, wt'r .. 
aUlomalicalh harvesled tSkatron. L,er. Norwal I and Ih, nHdine lI)l'OIVU­
ration was dt'termined uSing a liqllid scinlilJalion counler (1205 Bda­
plate. Wallar. Gailhel'sourg. MD). 

Presentation of soluble antigen 

Afler isulalion lIsin!! nl'lon '\001 columns. j x IO~ smf:t'nell LEW 
Ivmph node T cells were used In each "t'll a, rt".pollders ror lhls 
prolireratlon assa\'. DC-ennched 81\1 cuhures, 0\62'- ,orled DC,. ~Ild 

C:!ren·lraan el "I. Hat bont' marro,,-<it'rivt'd tiendritil' l'ell, 19i 
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Fig. 1. Giemsa and immunohislochemicall\' stained (,ytOSplll preparations of DC-enriched BM cultures. (AI Blasts (arrow). immature myelomonocytic 
cells. and erythroid precursor, with a small dense nucleus were present in day 1 cultures. (B) Slightly more mature precursors (arrow) could easily be 
identified on day 3. :\ small granulocyte is located in the center of the duster and a monocyte/macrophage with a bubbly gray cytoplasm is present in 
the upper left comer. (e I DC-li~e ("ells Iset' texli appeared on day 4 with characteristic rectangular nuclei and smooth. blue-gray cytoplasm with short 
cvtoplaslllH: processes. I D) These DC·like celb became more mature on da\" 5-D. showin/( early signs of the irregular nucleus typical of mature DCs. 
I E) Mature DC "it II typical cIO\'erleaf-shaped nucleus and cytoplasmic dendrites. Immunohistochemical stain for: (f) class 11 MHC, OX6 (day 4); (G) 
OX6 Iday 8): note the juxtanuclear clustering): (H) CTLA4.lg (day 4); (I) CTLA4.lg (dav 8); (Jl the Integrin OX62 Iday 4): (K) OX62 (day 8); (L) 
mouse IgG 1 negatIY" control. 

fresh LEW splennc,tes wert' used as stlillulators and pulsed with 5 
j.l.glml ovalbumin ,OVAl (Si!1:ma, Sl. Louis. MOl for 2 h at 37°C before 
irradiation 120 GVI and o.:omuination with the responders. The assay was 
labeled w.th 0.2·j.l.Ciiml lJH]TdR for 18 h (from 78 to 96 h of c~lturt' 
time). pnor to harvesting and determination of [JH]TdR incorporation. 

Surface marker blocking experiments 

The mAt. OXG and the [usion protein CTL\4-1~ were used in amounts 
o[ 2.3 and 1,25 j.l.)!!rnl to dt" I t"111111 It· wlwtlwr th .. \lLH response o[ 

all,,!!t'II"1<" r".ponder> III. thi> ("ast" PVC Im.ph nod., o.:ells) ("ould bt, 
blm·ked. !\IOIIS(' I~GI (I,ot\'I'" ('IIl1tml I",. OXbl and normal human II( 
I("ontrol ["I' CTL\c+.ll() \'1'1(' u,,,d 'IS 11111'111,,1 I,ltll'~ill~ (·olltru/,. Th .. 
IITilIli .. tl·d lJC·,·III .... lwti Bill (·ultllr ... wt'n' 1I,,"lIbatt'd with .. itht'1' th .. 

blll("killl( til' "(11111'111 ",h (or I II at :li°C. bt'ron' tl", illiliatll'll .. I' ea..!l 
il~~a\ .. -\1\ ::;, H rat III ()! 1 :27 \\01"0 lhl,t! tor tilr!"o(' t·.\pt·rllllt"lIb. Hesulb an' 

t'xpn·"" .... t·d iJ!'- tilt' pt'n'I'IILJ~(' luhibillUIl of i:-oolypl' cOlltrul \'~tlllt'~. Pt"rt't"111 

of 1III1I1uti0il \\ i..b (",d~·ldilll·d <.1:-. fullo\\:o': 

"; IIlhlnllll,n = II _ ,lIUIl" In Iht' rr~'CIl'" "I hl",k In~ An I x 100 
«(lun" In tht' rr<:'~n": III ,lIlllwl An 

StatistiCS 

RESULTS 

Phenotypic characterization of rat BM-derived Des 

CIt'III~a'~lallwd ('\I(I~Plll "I"t'parallllll,.. .. f llC·t'lltwhed 131\1 
("ulitll"t-,.. Wt'I"t' t'\alllllwd dalh for lilt' fir,,..' H ddV,; III {"ultllre. 

!\t'1'1"t''"'''11I .. 1I11't' piltllullll(Tograph,.. ,d lilt' "bsel"ved ';t'. 

quell("" "I' ("iJallg.-, an' "hO\\ II ill Fi~'1Jrt' 1. fhl' I (·\'t(l~PtIlS 
('uilialtlt'.! a larg" l;trW!1 or ("(,,/I Ivpe". It'r\' "1I11i1ar 10 lhost:' 
~een on sl1lear~ oj '-'II llnfrul'lionaled bunt:' marrow aspirate. 
Tht:' predomlnanl population ('()l1SI~It'd of ("("'lis hel()ll~ing 10 

lilt' 1ll\t'/OI1l0Ilontll" IlIlt'age, althou~h celb belollglllg to 
Ihe normoblastic senes wert' also present. Relatl\'e1y lIla­

lure. balldt'd alld segmt'llled granuloc\'tes outnumbererl 
tmmature forms bv a ratio of at leasl -t: 1. but uncommilled 
blasts. lTJveloolasts. promonoc\'tes. and pronormoblasts 

were also present. ~lalUn~ monocyte;; or macrophages were 
uncommon and classic DCs were rare (less than 1 ill 500 
cell~l. 

Bv rial' 3-4. cells in Ihe normoblastic senes had largely 
disa'ppe~red from the cultures. whereas the myelomono­
otic elements increased proportionate'" and showed some 
f~ature~ ul maturation. These changes are probably related 
to the presence of GM-CSF and the lack of suitable 
ervthropuletic growth factors in the medium. The immature 
m~'eloid cell~ formed small clusters composed of four to six 

cells. some of which had morphologic features of the 
myelomonocytic lineage. These included a streaked or 
raked chromatin pattern, one or two nucleoli. an irregular 
or reniform nucleus. and a moderate amount of blue or 
blue-gray cytoplasm. Occasional cells contained a small 
perinuclear hof of amphophilic cytoplasm. Overall, these 
immature cells accounted for about 25-30% of the popu­
lation, There were also rectangular "DC-like" cells contain­

in~ a large. twisted. oblong nucleus and smooth blue-gray 
irregularlv shaped cytoplasm, distorted by short blunt 

processes. Besides the numerous mature and banded 
granulocytes and typical 1Il0nocytes (described IJe!ow), an 
occasional typical matur~ DC appeared, 

F~, 2. Scanning electron micrograph of day 8 FcPA-depleted DC·en· 
riched BM cultures shows the varied size and morphology of (A) cyloplas­
mJ(' processes and (B) cytoplasmic veils of an individual DC. 
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T-I.BLE 1 Expre"iol1 "1 Phenol'pie \tarkers 01" ("lis Found in Rat B\1 ("leur .. , \tdinlailleo in .'tedium ~upplemt'nled IVlln G:\,(·CSF" 

B.\! culture cell Iype 

Da, .l rnyelolllOOOCYlic Immediale ·DC-li~,,· 

Day 8 mature DC; \f"nocne's _.\_"_Ii_hW---'-, __________ '-p_re_c_u_h_"_r ________ !_d_~_' precursors 1,_ee_le_'_II __ --''--___________ '--_____ _ 
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\(orpnuiog) !on Ci"IIl,J ,Iallli Iligh '1/e lallO ObIOIl!! 1\\ 1,lt'" Illwleus Twisted. l·olll·olliled. or :-mall roulld nu..!eus 

:;C(llIt 01 .. ,,1' bill" n IlIplaslII '\1111 ",.,,1. .. 01" ,·lIrlllllUlill ,",,,,·,,r·leaf ,hap,,01 Illlclt'liS Huubl,· ~ray CYlllplasm 

'itu-I,·.,li :'lTlouth bltll'·g,.,l\ :;lIloolh blll .. -;.:rm l·\ loplasm Low:\· ( rullo 

,·~topla>1II 

Irrq!ldar n·l"tdll~ltlar 

,hull" 

Dislllll'1 11I1l!.: n loplaslllil' 

pnwt"s~t'~ or dl"ndrilt'~ 

'1-". Ih"IIIIIPO"" III (III" I.dolt' 1·.,!lI\pt· I~ tll .. IIII~III~lwd 1,\ rl1lfrphulll~H'al ("nh'na . 

.... , ,Iii': II = Itc)!:III\j" - - ::: H'r\ \\I'.Ij... ...... = \\I',,~; "'t' - = IIIlJdIT~III'; ,lIltl - + T = ... lroll~ ",[JllllfI:,!. I'of till' p.ulwul~11' ,lIltl~I'1I 11 .. 11'11. 

\ -,"itill" ... 1~lll'llI~ 

1 ) ... llIwl ,'III:'"'It'lltl~ :11 ,U\I,IIIt..-11·:II" .IIt'a, 

\1'1',01\, IW~~III\t·. iliit \,III.lrllr· ... 1~1I11111~ 

I oI·lwr.dl, ... 11'1l1l~ illit 1,IIt-UHI' "[allllll).!, 

Durin)..: days .)-11 Ihe rnost IllIlin'ablt'.;hifl III Ihe popu­
lallnll wa:. a dt'(·n·a" ... d IHlllllwr .. I" Illllllalllrt' IIly ... IOIIHlIIO­
,·vlll" ,·(~II" \\'III! ,I '·"II(·Olllllallt 11I(·r ... "" ... III Illdlurt· 
1I101l",·vtt'", mdl TO! dId!! ... " ,111.1 Ilpi"dl d"'llIlrilil" (·"IIs. TIlt' 
III0II.,,·VI"'!11I;Wropihl!!t' populallllll '·lIl1si:.lt'd "I· n·lls Ihat 
had .1 1· ... I.lI! v ... I \" i()\~ 1lLH' 1"',lr! nlopla~rnl(' I·dl in. ,I "mall 
I"Olllllled 01· oVdl Illwl ... u". ;uIII ahunddfll hubldv. ~ray (·vlo· 
IJlcb11l Ihat I"orrlled di"llIH't alld I'IHllld I"ell honler,.;. Cell:, 
Idellt 1 fied rIlorptwlot.:i, · .. dl v dS I vplI';l1 DC~ had ;1 h ight'r 
Illwlt'ar/cvtoplaslllw ratlu. ;1 larger. Iwisled. Inbed. or do­
\· ... rle:lf."haped l1ucit'u:s ... IIlt! moderate to abundallt>moolh 
hlue.g-rav I·vtoplasrn. teased (jul at lhe periphery into lon~ 
delicate wavy processes or dendrites. :;canlling electroll 
microscopy showed the Iyplcal DC to have long cvtoplas­
mil' n'ils. ;llthough cell", with a variety uf cvtopbsmic veil 
~Izes were present In these cultures (Fig, 2). Immunocy. 
tochemical :malysis of cvtospin preparatIOns of day ~ ;1nd 
day 8 DC·enrlched 8M cultures was carried out to corre­
late the expression of surface markers with the morphologi­
cal observations (Fig. 1). described above. The results are 
presented in Table 1, 

The expression of ~everal of these markers was also 
studied by now cytometrv to quantifv the number of stained 
cells and to examine ;imultaneous coexpression of two 
different surface markers, As seen Ir1 Figure 3. the per­
centage of OX6",OX62" cells and the intensity of OX6 
and OX62 expression I,ere reconfirmed to vary with time 
spent in culture [23]; double-positive cells increased from 
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U)Cf, (O.7m X O.()()l» aida\" ~ to I()\'c I().~·L) X lum by 
,lav H (st't' rt"'lallgular .~att' III Fig. :\/-: ,111.1 "'). TIlt' percent· 
,Igt' Ill' ,·t'II" ""pn':;:'lllg ddllt'~i()11 1I1ll1"'(·III ... IC.-\~l-1 (CDS4) 
alld lite ,·o,.,lilltlilatorv IlIolt'(·IIIt':-i lalwlt'd wilh CTI.A..j..lg 
abo illl'rt'd,wd wilit lilllt' ill ,,1IItllr .... Tit ... I!lea!l "h<l11111'1 
I1l1ore:-;(·t'Il(· ... illlt'rlSill -Itlft:. frolll dal I 10 day 11 wert' ,I~ 

I·ollows: i).() 10 Ih.:.2 Illr \IIlC ,·Ias:. I[ dllligell. U to lO.O 
I·or IC.-\\,I-I. alld L ~ tf) 7.7 lor LTLU-[~. H,lt dllli-Illouse 
B7-1 ;llso real'led wilh (he O\():.2+ '1Il>,.,t't III Ihe DC·en­
ndled ~:\I ndtu!'es Idala rIOt ,,!town I. Ilmvevt'r. ~Ither the 
antibody I· ... c()gllizill~ lIIlJlI,;e Hi·:.2 did not reacl With rat 
Ri -2 Ill' Bi·:.2 wus Ilot pre,;ent tlll (hes!:: cdls la range flf 
I'Ollcentr'lliollS of rat alltl'IIIOLb!:: Bi-2 was used. the maxi­
Illal being :30 lim!::s higher Ihan the amount routinely used 
for ~taillillg mouse splenic DC" ill Ihis laboratory). 

Assessment and blocking of allostimulatory ability 
of DC-enriched BM cultures in MLR using the mAb 
OX6 and the fusion protein CTLA4-lg 

Because the intensity ,)f surface marker expression varies 
between day -\. and day (3 cultures. it is pertinent to examine 
the contribution of these molecules to the in vitro allostimu­
latory function of cultured DCs, When the functional ability 
of these cells was assessed in the MLR. it was shown that 
DC-enriched B M cells ubtamed from day 8 cultures were 
between three and four times more potent than those from 
Ja~' -\. cultures ilt various ~!R ratios ~ Fig. 4). 
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Fit.:. ;1. FI,,,, ,·IIIlII,,·lr ... "",ti"" "I F, - .t1,,1 1'1",111'-".1111'1'1'111 I ~-"I'.\ I 
""11-<1"1,1,'1,·<1 lJC-.. llrll'llt'" dil' ·1 ,,,,,1,1'1\ H 1l,~1 ",,11111'<". IA .Jlul III 
r'llI"Willd i.JfU! ..... /(it' :-.t'allt>r "rn(il(·~ "j'!'ldlun'd C"t~II:-. alld PCH'\'lltag'(' 01 ('f·lI~ 

Ihal lilll ,,1111111 Ih .. DC ~UI". "I'1I'1t lIa, .. 1t",,·11 I .. 1111'111.1,· ill l .. a~1 '10', "I 
tilt' ... ·11, 1'""ltv" lor ()\u~. " [)C-'Iw.-tli,' ",,'Ial't' IlIar~t·r. \1;1111 "I II ... 
1,t"II:-- OUbH!t· IIII~ ~ule un-- ;:ranlll(w\"It'~. l!ld('rHpha!!t·,'lrltHHH"ylt·~. Ie ~1I111 

{)j l:--ol~-I)t" nHllrut~ III wlllc!! li III1.\turt' (lJ rlOrlllill rllOIl~e I~C drlli IWflllai 

IHIITlali I~ lIa, Il~ .. d III lal""1 litl' ... ·II~. B,"''''''''' I )\()2 lIa, 1011 lid III I ... lit" 
Illall..r m,,,1 r..,lnd,-d III LIl., l>l· ... 1,-,11. d,,"I,It· laitt'111I1! IIllh O\u': alld 
I)\{J d·: .lIId f'l. Il.l, M ,I I L d'HIIII. or CTL -\-+-1)( Ii alld J I" as ""I .. mll I It'd 
<In dab -+ alit! H 10 d .. I<,(·1 Iltt' IIn·sen .. ,- of lit",,· dllll~ell' Oil ral DC •. Tit .. 
[,,,Id lIumb"r ,ho" S Ihe 1I11mlwf of duubl, lal ... l .. d .. ell, II 1111111 lilt' r .. dulI­

/!ular !!al .. 

Du~ 10 Ih~ poor alailaoililY of r~agent,;. only clas,; II 
\IHC (OXbl and CTL.H-Ig were used for blocking studies, 
The i.lssa~·s were performed using twu concentrations of 
each reagent. Both the anti-M HC dass II mAb OX6 and 
Ih~ fusion prolein CTLA4-lg haJ ,;ignificant inhibitury ef­
feels when used separate!\'. although 0\6 was l'onsistenlh' 
mor~ polent than CTL.-\4,lg at blocking allostimulation ill 

MLR (Table 2). Furthermore, the percent inhibition seen 
with OX6 was significantlv greater in da:-' 4 than day 8 
cultures (P < .05). in contrast to that seen with CTLA4-
Jg. When OX6 and CTLA4-Ig were combined. the inhibi­
tion was found to be greater than that seen with either mAb 
alone. This additive effect was especiallv noticeable when 
using dar 8 cultures as stimulatory cells. As previousl" 
noted, the proliferation responses without Ig were greater 
for day 8 than day 4 DCs (14.919 ± 916 versus 10,035 :t 
774: P < .038). However. the addition of normal mouse 
or human Ig as an isotype <:ontrol augmented the level of 
proliferation and abrogated the statisti<:ally significant dif­
ference between the proliferative responses of day 4 and 
day 8 DC-enriched cultures. The m~challism of this in­
crease is unclear: it is possible lhal some T cells ha\'e 
responded to the xenogenei t' i /II111unoglobul i n. 

Allostimulation and presentation of soluble antigen 
by OX62+ sorted pure DCs 

There i,.. some c()ntro\'~r;;y ('olwerning Ihe ..tbililr ()r malure 
DC", to proces~ soluble anligell l:ti"j. Experilllt'lIls wt're 
dt"signed. thererore. ttl eXatllillt' alld ('''Ilipan' lilt' '-II,ililr Ill' 
IlC-enri('hed MB ('ulllln-,.; 10 ,..Iilliulale allo/-!t'lwi(' T ('ell, 
alld to presellt the ,.."Iulllt' '.IIlli~(~11 U\-\ 10 puririt'd T ('t'II". 
,-\Ithou!!h ('(dis 1'1'<)111 Illest' "Itllllit" ('''ltld pn'~"111 0\.-\ I" 
purifit-d T cd I,.. IO() IIIIW,.. 11t:'11t'r IItall 'plt'II'I('\I"~ ilLila lIot 
showili. tilt' APt: IUIH'lioll ('''lIld 1101 lit' ('oll!ull'nlh allril,­
lllt·t! 10 11(:" IW('allst' ,Ii "olilaillilialilig ('(·11 i'''l'liLtiioll~. ,\,,, 
avoid 111"1' pro/,I\-III", lilt' 1)11\"1011 pi(' ,,11<11'<11'11'1'1,..111'''' idt'll­
lifit'd ill "vlospill preparalilJlI'" lIen' 11,..t'd 10 I~olale pllre 
DC,.. /'y now ('vlo!!lt'lri(' sorlillg 011 OXI,:2 ~ «(,II". This ft .. , 

'1Illed ill a populalioll or ral DC" Illal 1\'t'll' q(J..j.r;i- pun' l,v 
FACS analvsi". ~lorpholo~I('alh. liti, IHlltiit'd l'ol'llhilio!l 
,·o!lsl:-.ted lIIosl'" ,,1' ('ells Illal re,eTIIld"d tilt' "illlllit'dialt·" 
DC pre('ut',.,or" ill l'Ii/lun' ("'1ospill I'rei"lrali()Il~. willt 1""\"1' 
1\1)l('alll' malun- IlC" (Fi/!, .'il. 1I,)\\'('It'1'. ,,'al('" I·elatil,·h 
111I1I1<lIUrt' fIIyeIOIll!)IIIl"\'li(' fortll_ \\'ert' ell,.." I'r,·,t'111. TIlt' 
ahililv of OX();ZT ,..orletl DC" to pre'wlll ()\,-\ dlllilo ..;tillll!' 
lal,- all(J~enei(' T t'ell~ I,.. ~IIO\\II III Tahl",.. :) and -I. le­
"pt'I'livt>h'. O\()2 "mlt'd ('ell~ \\t'rt' II"" I .. r()'It' IIIII~~ II ItJl't , 

elTieiell1 al pt't'~enl,lIioll 01 0\-\ litall lIlI~"I'leci DC-en, 
rwhed B~1 ndL.., (Tahle :~I_ whicit ill IlIrll \\t're 100 11111t'"" 
Illort' polenl litall fre~it sl'lell(){'\le~ Idald il()1 ,.,1101\'111. TIlt' 
,alile \\'a~ Irue for ~Iimulalioll of all[)~ellell' IYlIIpito­
('yles-OX();Z - "orted [)C~ wC'rt' :~ III ,) lillie,.. Ilion' polenl 
allosl imulators Ilian llnsol'led DC-enri('hed B~I ('ells (Ta­
Gle -1-1. which in turn wefe al lea,;t 100 lillie,., Illore polent 
Ihan fresh spleno('yle". 

The precursors of rat SM-derlved DCs are 
contained in the OX?+ subset of SM cells 

Studies of human DC biulogy hale b~en greath' facililated 
bv the a\'ailability of mAb,., to specific f,lrogenilor celll\pes 
pr~sent in bone marrow and coni blood. such as CD33 and 
CD:34 [28J, Ont' of Ihe fi.ll'lor~ Ihat has limiled similar 
~tlldies ill the rat ha,; been Ihe abst'Ill'e til' a similar surface 
lIlarkt'r ror progenitor cdls. However, '-I reporl by Git'seler 
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Fig, 4, Companson of Ihe allo.llmulalory ability of day 4 I.) and day 8 (A) Fd':\-d .. pleled DC-'·lll1ch .. d 13~1 ""ltllrt-" r-""h .ple,·n ",·11, (.) ",·r.­

'lsed as a pOSllive conlrol. 

et al. [29] has suggested thaI rat DC precursors belong to 
the mvelold cell lineage. Furthermore, others have shown 
that pluripotent hemopoietic stem cells in rat BM express 
OX7 JS a surface marker [301, Thus, it is likely that the 
BM precursors of rat DC~ Jre ("lIltained in an OX7+ sub­
"et, as suggested bv Bowers et JI. [.311, 

To determine whether the rat DC precursor is OX7+, Ihe 
follOWIng experiments were conducted, Fresh FcP.\-de­
pleted B~1 ,:e11s were separated by J panning techniqut' 
using the mAb OX-;- into (j'C;o· Jnd 0:'(7- fral'tions, F,-\C~ 
analYSIS f)f four separJte r'xpt'rimt'llts showed that Fe P.-\­
depleted BM cells ('ontainI'd ()I, ~ ± :>,3% OX,+ ('dls, 
,-\fter,electioll, means of 89,6 ± 2,6% and I,D ± 1,21?'" 
OX7· cells were present In OX-;-+ and OX7- preparatiolls. 
respectivei\', OX,+ JllIl U\7' fral'tiolls and Irnfractiollat!·d 

8~1 (:ells were then 1)lal'ed ill (ulturt' with rC:\I-C~F. JS 
desl'I'ihed Jbove, ,-\fler Ilt'riotis "i' :2 ,1I1d () days in ('[dtme. 
\ILRs were used to t"'xamine the all("tllllLdatorv abilitv "I' 
OX7' and OX7- DC-t'nril'hed B\I ('Idtmt", The Iluntlwr of 
noll,; re('lIvered I'rom ('ldlllrt'S \Iib ~l\llIlar dlllOIl!! tht"' tIIn't"' 
!!WUPS Idata not ,11Il1\11/, The rt',lllh prt',t'IIlt'd ill Fi~\Irt' 

6A-C. using dav 2. BM I'lrilllrt's. ,It"w Ihat tilt' <1110,1111111-

laton' al'livity "I' ('t'Ii" 1'1''''11 ()\ 7 - "ldllll't'" \\<lS Iwtwl'I'1I ~IX 
alld Iline lime" r:n:'a tt' I' Ihall Ihat (If ",-II" dt"'I'lVt"'d /1'0111 ()\7 
('(ritmes, lh .Iav () I Fi!!, IIU-I:). l)olt'lll all(htlllllliatorv ;11'­

tivitv was cd"" IIHIII<I ill tlw ()\ -;-- l'nlt'ti"lI. ;lIld tlw dilTn­
t"'III't' III allo"tillllll,ltorv dhililv 1 ... lw''''11 tilt' Iwo grollp" had 
dilllilll"llt'd 10 I),·twt't'li Iwo- ,111<1 1""I'I"ld ,It vanllllS S!I{ 
ratio", TIlt's,~ 1't'"lIlt" ,Irt' III ;!!!'-'-"IIIt"'llt 1\ lilt tilt" prt'VIUII" 
dt·"niptioll Dr \)(: 1)f'!'('lIrs"rs ,I" ()\ -;- .. B,\I ",-II" 1:1 II, 

T-\13LI::~, C~l'ahilil\' IIi" rlw ,\lolI()t'ional ,-\llltiltHII I )\11 .Jilt! F'l..jtJll l'ntl"1I1 ITI ,\ ~-I~ "I HI, ... ~ill~ lilt' 

_______ ...:.\:..:."f:c:":..:.�:..:.(II:c:ll::..:tI-=a:.:.lO::..:rv~;\hdjly "II :,dlllrt~d_I~I_l_!.\I"I)"mt'd 1)(, .• ' 

\nllb'HI. , __________ I.:..~:::ilJ_III_II_ 

"Iorrnal hllman I~ I ('onlrull 

CTL.\~-I~ 

Nonnal mou.e 19 (control) 

OX6 

OX6 + CTL\.-l-Ig 

2.;) 

1.25 
" -
-,;) 

1.25 

2,5 

1.25 

2.5 

us 

1.25 + 1.25 

, lUll r'c- inlllillllllll 
.----------- ._._.-

I ~,UOO 

I (J.')40 

,),:H9 

IJ,8 1 'J 

15,650 

16.859 

910 

l,334 

'H,2 

91.5 

'J7.3 

l/"H 1'1 

I II. 7.i I 

b_UIH 

H.'Xq 

l(>.IBS 

15.361 

3'-+22 

6.381 

,)~7 

1);(, II 

('; IlIi,,1.1111I1I 

I.L!"' 

H .. ;-' 

7<).2' 

(IL];' b 

"DC-l'nnched BM cuhures were used as sllmuiluors III an \II.R J~alnSI JI!0flien«c ,..,s,>>o<I" ... IP\'C Jl ,III ~'R rallu "I' 
1 :27. Results presenled are m~an~ of two ~eparate t-xpel"lm~nIS. In the abs~ncp of 1/1{. th~ pmllf~rall\r rt"spt>llst"S of oa' .. tI J.nd 
day ~ DC..,nrlched BM cuhures were [~.919 ct 9[6 and 10,0:15 ± 771. resp""IIYl'lv, P < ,0:18, 

.p <W ¥s, Ja. ~, 

!J.: p not ;1I~:lUficanl vs. day ·k 

7, P < 007 YS, llay ~, 
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Fi,.:. :l. LI(·I1.,,,-,IOIII"'./ ,., 10,,,11' " ... ·p"'OIII("" of Jill 0 Ufl,orli·d [)C-t'II­
'1<"Iwd 1\~l'·lIlll1rt·> 1.'\1 OInd OX(,:!' ,,,."it'd llC, IHI. NOli' lilt' [)C in llll' 
u'l:-.orll"d IlopulallOli 1,-\ .• tn-O\\ t i,Jlllitlllw l'olltlJ!tllnallng gri.Jnulol."ylt·~. In 

iiII' ()\(,:!' ,,,,wd ""1',,101111111 IBI, ('O"I'"I111lUl'"f! f!l'aflUlonlt'>' art' 1'''1''­

(.IlTtI\\). TIll" 1:-. ;,III (·\..Jlllplt" of Ihn'(' :-.cparalt' t~.\penllwnt!!o. 

TIIC' IIl1'rt';l~,'d ,.IltJ~tllllld;iI()1'\ activit\' seen using da\' () 
'·llltllrt·~ "I ()\ -;- ,·,·[1, I\"~ elll illtl're~ting observatioll: it 
IIla\ lit' "'1'[;11111''[ I" tllC' -;-r( ('()Illaillinatillt! OX7+ cells 
Ihat dill"n'111!;ll,' III IIldllll'" 11110 itll\t'tl()lIint! IlC:;, This IS 

('Olhbt,'llt 1\lth lilt' ,,1'~"I'ldll()llthalth .. proportion of 0\-;-­
(,t:'II" Illhitil I, eli,,, III,' 1,lwlilltl'lw ()r (·ulturt·d rat DC [:1111 

increased from 6.4% at day 0 to 16.7% bv 
cultures, . • 

Another point of interest is that the all, 
ity of unfractionated BM culture contro' 
exposed to OX7. was quite low. even 
were abundant in these cultures (690/ 
on day 2). This suggested that binding 01 llo-

a ligand to Thy LIon DC precursors could speea ~. 
differentiation or maturation into functional DCs. To te~ • 
this hypothesis, the FcPA-depleted BM cells were treated 
with either OXi or normal mouse IgGl (isotype control) 
before being placed in culture, :\.fter 48 h, the OX7 and 
isotype control treated cells were used as stimulators in an 
MLR assay. The data in Table 5 show that the OX7 -pre­
treated culture outperformed the isotype controls, indicat­
ing that binding of OXi to DC precursors promotes the 
differentiation and/or functional maturation of DCs. 

DISCUSSION 

In (lUI' initial report of this culture technique. double im­
rnutlolabeling showed that DC-enriched 8M cultures <.:on­
LJinl'd a populCltion of dendritic-shaped cells that 
('ot'Xprt:'s"ed MHC c1Cl:;s II (OX61 Clnd the integrin mole­
('llit:' OX6:2 [23]. These cells also showt:'d flott-nt aliostimlJ­
lato!'y auilitv in the ~ILR and an ability to rnigralt:' to T 
(,ell-dependent zones of the spleen in vivo. As OX62 ha, 
ueen previouslv shoWJl to react wilh rat DC~ and yo T ('elb 
[21 J and lYmphocvtes are rare in this svstern. it is reason­
able to assume thnt tilt' dendriti('-shaped. OX6+/0X6Z­
cells in rat 8M cullures art:' illdeed DCs. However, few data 
were provided ill our eariit:'r rt:'por1 [231 ('oncl'rning the DC 
prl'cursor pht:'lwtvlle or tht:' ()lltogerll', t:'xpression of 
('ostilllulatorv alld adlwsion nlOlt:'l'lIle". ',r functlOllal ability 
of DC" to present allo(lntigen" or Iltlr1l1nal protein antigens, 

In the current stud,. the DC-t:'rlrl('itl'd 8\1 ('ultures were 
"xamined daily using Cit:'lIlsa-stdlnec1 ntosptll prepara­
tions. Two separate time poinb ,dav ~ and day 8) were 

nHLE .i l'""pal''''"l IIf IIII' Allllil\ III O\()2'" DC~ itlld GIl",rlt'.J DC·£nw-hed I:l\\ Culture, lo Present 
:"-111"1,1,, :\1l1'gl'll UV,-\ 10 !\iall" ~\,llg('lIei(' T Cell," 

"'1I11~t'1l 

-I PC \ont" 0\'.-\ 

1 X 10 1 7.+1& ± 8.')0·'/' +:2.5+5 1: 989°' ~ 
:3 X !OJ 5,507 ± 73<);' & :31.64:! :!: 1642·' ~ 

I X 103 2.335 ::!: 199;' & 19.4-0+:!: 1977*' & 

L """I~d (,,"lrul I X 104 +,393 :!: 88 l1,9+1 ± 170-+ 

:3 X 103 3.+58 ± 767 11.083 :!: 2780 

1 X 103 2,117 ± 9+5 lO.972 + 741 
'Ild' v DC·"I".".I, .. d B~I cuhur~ was tabeled ,,"h 0\62 antl ,,,[1<,<1 for O\62~ DC •. The 0\62" DC. dnO un.oned 

\"111l1Iui \\t'rt'" lilt'll u~(·d <:J!'t APe:; to pr~~~nt OV.-\ 12.5 J.l~./ml' to 3 x IO"}/\lrell of s~"n~t"nelc T cells. The counlS [or respond~rs 
"I,,"r .tllIl Ir>I'''"O,·" .,. 0\-,-\ ".'e 1621 ± 539 and 2284 ± 415. r".~(·tl\·tk Results r,esenltd are mean. = ,0 of one 
~\r>t"nlllt"1I1. 

" • P < .U2 \~" 1U\~lInt'd l·Ol1tl'Ol. 

:P 1101 ~lf.!lIIfl('ant \"~. lJlb.(}r1t"d ('ontroL 
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chosen to correlate cell morphology with various pheno­
tvpic markers. including C'ostimulatory and adhesion mole­
cule expression and antigen-presenting capabilities. These 
particular time pomts were chosen because by cia!' -\. a 
distinct popu lation of cells was present that were morpho­
logicallY mature enough to be recognized as DC-like but 
immature enough to make an ontogenic phenot\'pic analv­
sis meaningful. The phenotype of these immature cells was 
then examined during e\'olution of the population into typi­
cally mature DCs and monocvteslmacrophages. both of 
which were present in clay 8 cultures. 

;\.fter combining this approach with the OX7 panning 
procedure. it became el"ldent that typicallY mature DCs 
arise from :.In OX7· myelolllonocytic precursor in r:.lt B~I 
cultures. The mature rat DC has :.I moderateh' high nu­
cleal"/c,toplasmic ratio. ,lrl oblong. twisted. or cloyerleaf­
shaped nucleus. and smooth bille-gruv C\"toplusm that is 
drawn out into long. thin. delicate c\"loplasmil' processes. 
Tltev ~t[()I1~.dy express cla~s [I \IHC antigens. Ililiclt ~how:, 
J distinct ,1l'Centllutlflll "I' posltivitl' in the juxtanudear 
regJ(lIl [321 . .'vlature rat Dl~ abo express the integrin mole­
nile 0\:62. OX7 ICD901. CTL.·q-[~, [CA~I-IICDS4). and 
G7-1 but an"negatile lor OX81CDHl. OXI9ICD5). WJ;:2S 
ICD41. ,1Iltl the rat macrophage lllUrker ED:2. In our hand:.. 
illlrrlllflO(Wroxldase ~I'liflifl~ of ,'ytospin prt!paratioll" ["or 
()\ I was w!"'ak and eqlllliwcd, Flow "ytollldrii' dnaly"i,.. 
~hows thaI th!:"' peri"!"'ill'lgt' "I' ,·!"'II:. '''\Pl"!"'SSllIg the 1'IIIH"tloil­
,Illv Illq)ort,lnl CTL.U-Ig. lC:\~[-I .. 11111 .VIIIC ,Ia"" II dllli­
.:':"Ih iil("J"!"'i.!"eS wllh lillie 111 ntitllr!"'. ,I:' dOt'S llwir 1!"'I'el of 
,"xpre,>"ioll III til!:"'''''' dnllgelh. ,ltap". dlill allostllllllialorv 
dllililv. 

Tltlls. we hav., nlt'lldt'd lilt' dllah',is 01 I'dt DC:; to ill­
l'llltlt' ,I wid.'r Ilall!:"'1 of Illt1lltWl0ilai ,11I11i""lit"'>i thall pr!"'­
\ i()lI,.,lv Ils!"'d dlld l'i)IT!"'ial!"'d l,ilt'lloIV(l!"' with IllttrpilOlogy ill 
I·tdllll"t"' til Illfer 01111':':"111'. TIlt' l'I'Sltits 111)lalll.,d 1'01' 1,,1111"' 
illdITow-tl"IIIt,t! DC, \\"1',' 'tll1iLII' III tho,." rejlortl"'d 1)\ 
I~"\I'"I''' d ,.I. [:\ I[ dlltl Lit'",·I,·r dfld "Illlt"'aglws [:\:\[. In 

contrast. mature rat thymic DCs [3-+1 show c 

ferences from bOlle marrow-derived DC~· 
ED2+. OX8·, and 0:\19+, \\herea~ tht> 
negative for these markers under the 
this study. 

In our previous study, the percentage of 0,_ 
started to decrease in the most matu re cultures. at .. 
they contained the most potent allostimulatory cells. Th •. 
apparent paradox is now explained by examination of the 
cytospin preparations from day 8 that showed more than 
30% typically mature DCs and ,;trong expression of class 
II ~IHC and CTLH-Ig. These typical mature DC; showed 
OX62 staining that was notably weaker by immunocyto­
chemistrY. The implication is that the use of OX6~ 'OX62+ 
cells as the "gold :itanclard" phenotvpe mal' actually under­
estimate the number uf DCs I)resent. II'hlL"il otherwise are 
functionally and rnorph()l()gicall~' mature. This contention 
wus t'onfirmed by ",·tospin and functional analysis .,1' 
0\62 + -sortt!d DC:;, which shuwed a "Iight I, les~ mature 
Illorphology titan the typii"ally lIlature DC,. However. these 
i"t"'11s could t"'ITecti"e[v pre,ent OV.-\ tl! llaive T cells in vitro 
and "timulate all .'vI LR much hetter than llnsorted DC-en­
rir·lleti BM t·lllture". Tlwrefore. ,illlildriV til tile :;ituation for 
other :ipe(·ies. tilt"' hroadt"'"t ,·itdr,wtnizatwll of rat DCs 
should he hased Oil a ('olllhillatlOll ot" di"llllI't tlwrpholt)~y 
and ,;trofl~ ('Ias, II ,\IHC 'Illtigt"'fl ni'rt',,~i\ln. 

TIlt"' relative importdll"e ill 111t"lIrfa"I' ,llttig!:"'lls. \(HC 
d,I"'~ I I alit! CTL.-\~-Ig. III lilt' ;tilosllllllddturv ability III (idy 
B r<ll DC" 11"<1" t,:st"d ill Illllt"tloll<ll ;("'~ill', IISilig hl()('kin~ 

,lflttilOriit"'s. \X'lwll lls,·d ,dllllt"', LTI..-\ ~-Ig tllliv (ldrtJaliv 
Itlol"k"t! .dlor!"'d(·liYltl dlltl "V"II .1 rilefold InrT,'ast! III Its 
"llllt"t"lItrdlioll 110 1:2 .. ) pg,lIIl) ;dlowed ;1 Illaxirllllill i,dlibi­
tlOIl of 110 IIltll't' thall 7~r; Idata Iwl ,hllllll). Tlte,>!"' data 
indwatt' thai "itllt'r ,ill()~llllllrldlloll III all vI 1.1 { I'eqllir!"'s 
IllOre tltall lilt' CIJ2H-I\7 p;ttlllldl "I" tlte h"IIII.Jllgy iwtll"ell 
r,lt ,lllti IIl11llSt' (:TI..\·~ I~ 111t" .. 1I'!,i .... ' ..... TIlt"' I"i ltWr IlItt'rpre­
tallOIl is. IltlW .... Il'l". l'III1,I,'l"'lIt With plll.Ji,llt"'d findillgs that 

_________________ . ______ :'..".II'I1~.tI"'" III \11.1{ \,.~~I_'."_ .. ____ ._ .. _ . ____ . ____ . ___ _ 

() Xb2 C DC 

I X lOl 

:1 x 10.1 

I X lOJ 

l nsortt'u l"Itnlrol 

I x 10 1 

:) X 10J 

IJ:\\ 

~. ~ lit = 8.,)0·'" 

) .. )07 :: ~:\()+." 

2.J5,3:t 1<)<)1'·/' 

U9:1 :tel8 

.U58:t 767 

\1:1 

\'J..!~I ± :!l():\*'" 

:!').1 I,) :: IIl8.· I, 

1"7.'):W ± 7132+' b 

117.788 ± 527 

11.676 ± :3:2') I 

1'\ (, 

\l) .. I')() :: ~.~ 70-

. \2 .J()2 :: L: 12*' !, 

18.025:: ,)'+77' J 

8.080 ± :!061 

1).890 ± :!'+71 

_~x_tQ~ __________ }JJ~_:t_~45 ___ H.JO_i!=_t9JO _______ r),~·tZ~_:!6H~ __ 

"Da, II DC·,'nnd,,·d BM l"ultu .. e "a, >ol1ed for O\u2 - DC,. The 0\62· DC. atl{IIU1S011~d '·'Hll1"l ...... r .. Ihen u ... d .l, 
..,tHJ,ulalors In .. in '\ILH ... s~av J.~aIl1S( s .. 'nfCenelc (LE~'1 .utd .Hll.~t:nt:"lc I.\CI ant.i PVC, tlvioll wOol-purified T n"lls U )( 
1 O...l,'\\ellL The- .JhoJ\ ""~b lahdl~d WIth [,1Ullhynlldint: tor 1M h lu"ton' hal'vt"sting on da:,'+. He'Juits ~re~el1,cri J.rt" means ::: ~O 
oll' on~ t"'\penlnt"nl. 

;.I,.p < .05 ... S. 1I11sorkd l'onlmi. 

:P Ilot Slgllli.cant \:t, ullsonni l'tmtrol. 
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Day 6 
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, 
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I 1cj L-~ _____ ~_ 
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1et 10' 1cf 1et 101 1(1 Hi 101 1cf 

Number of stimulator cells 

Fil!' II. I J( "'11111"1,,·, I Il \ 1 "Ii 1"1<', I,., "" 11111 "'Jli.n""i,'.! I.i. () \ 7 - '.1. ""t! I ) \ ~ i A I B \1 "lIli""'- \\1'"'' '''''01 .,. -illl.II,,,lo.- '" ., ""1"\\.11 \1 LH .lg~II"1 
",Vflt!"!II'H' I L~\\'! ~J1111 .dloJ,!ew'w 1:\(:1 ,uHI P\'(~I rc'Sp()lldl'r~, CuitlJI"I':", ,J! :2 ,lilt! !) Jj.l\ ~ ~\I'n' ,lnal, lTd <lnll tilt' fllt',lIl 1"1'''1111:-- of Ih(J ~t"p<Jralc' t'\fl,'fI!1l('nt:-­

,1ft' .... lu)"",1. 

,enal JdlllilllstrJtloll 1)( Ilti, reJ!!!:"nt ill vivo dot'" not reJdih 
illr1lWt' long-term acceptarll't' o/" l'arJiuc allo!!rafb [3,')1 ill 
rat:-. .. -\Itltml!!h 0\6 Jione more effectively blocked allllr!:"· 
actl\ity in In ~ILR. the aimost complete prevention of 
proliferatIOn seen With a combination of low-dose CTL.-\-1-­
Ig and alltl-:'.1HC class II mAb (Table 2) reinforce" the 
importance Jnd complexity of costimulation pathwa\'s in 
the rat. 

Considerable interest has arisen in using antigen-pulseJ 
DCs as a vaccine adjuvant to induce protective immunitv 
against IIIfectious diseases or tumors. which otherwise 00 
not incite protective immunity. for example, It has been 
shown that Immature ur freshly isolated DCs ('an process 
native proteins [36]. and ill vivo immature skin DCs at'-

qUirt' allll!!ell. pro(·n,. it. alld tral,..l to dr<Jilllll)! hfllplt 
l1()dt'~ [37]. III this-tud\. pur,.. U\02+·slIrted DC n·ll" 
(,(HIId t't'ft'cti\'t'h pre",ent Iltt' ,"luble anti[!:t'n 0\ -\ to nall't' 
T (,t'Il:, and stllllulalt' llan·,.. allo!,eneit· T ('eli:; in vitro. 
Morphologicaliv-. th.". sorted populallOn could IJe be:;1 cla:;­
sified a:; Immediate DC pre('ur:;ors. 

.-\ simple panning procedure using OX:- to select Thy-
1.1 + cell~ enriches DC acti\·;t, between six- and ninefold 
at \'arious SIR ratio,; when assa\'s are pelformt'J early in 
the culture l't'noJ Iday 21. These results art' consistent 
with prt'I'IOU~ suggestiolls that the precursors ot rat DC~ are 
Thy·I.l + [31]. :\lthough we hal'e shown some usefulness 
for Thy 1.1 in identifying rat slt'm cells. its presence on 
40-609c of fre~h rat 8M cells. Including Invelomonocytic 
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TABLE 5. \ntl-CD9t mAb. OX7 Treatment Promotes the \!aturation of BM-D~riyed DCs" 

Prniiferarive responst"s at 'o'ariuus 51 R : .JIIOS 

Trealment Re,;ponder 1:9 1"J~ 1 :81 

Normal mou,;e !gG 1 LEW 

.\e! 

LEW 

:\e! 

1.306 ± :276 642 ± 247 703 ± :26J 

10.262 ± 2615 5.247:!: lli2 2.865 :!: 5i 
ox, 7,901 :!: 906*' b 8.176 ± 1703*' b :3.89:3:: Id 

16.428 + .5::..:1'-"9.:.9_t,_b_---=-12=-:,'-'-4=2.6=--=±'-'1:..::3c::8.::.0_*'_b __ --'~.,983 ± 7~_ 
aFresh Le .. BI-I ceds were Ireated wilh either "ormal mouse [gGl [lSolype "ontmh f)r mAl> 0\7 I)dole being pUI in 

culture .. \fter -l8 h In cullure. the DC-enriched rultures were u,;~d as ,;rimulators agamst svngenelc 1 Lew I or alloge""lc i ;\CIl 
responder; in an \ILR. Results presented are means!: -0 ,)f nne e.'penmenl. 

; .• p < .03 '·s. isu"pe control. 

tP not slgndicanl ,;. isot~·pe control. 

precursors [38], makes attempt; to enrich for Thy 1.1 '" 
cells in the rat not that meaningful. 

However, one intere~tit1g and unexpet:ted finding was 
the high level of allostlmulatory activit~· found in the OX7+ 
fraction at day 2, In unfractionated cultures not exposed to 
OX7 binding, comparativel\' low levels of allostimulatorv 
activity were found after -J.8 h of incubation. :\n additional 
experiment using unfractionated DC-enriched 8~1 cell:, 
,howed that binding ,,[ 0\7 but not dn isotype ,'ontrol 
ClntliH)(h to cells in culture ,learh enhanced the allostirnu-. . 

lCltnrv Clbdity of Ihis popuLlion.-\lthough the functional 
role of Thv 1 remallls unknown . ..Inti-Thy 1,1 .-\b has hel"n 
"hown to have Cl mitogenic c-trel'! 1)11 T cells and Thv I 
transfected B .. ells [39]. Tlwrdl,re. that anti-Th\ I mAl> 
binding could promote DC Illaturdtion is not an unreasotl­
..Ible assumption. 

[n conclusion. mature DC, den\ed from rat 8M cultures 
are potent ~timulators ,d' allo!.!;enelc T cells III an i\lLI~ and 
can dTiClentlv pre~ent exogenou" .llltigen to naive T ('( .. II", 
Rat DC" show a strong rnorph(JIf)~lc i'c-sernblarH'e to I hel r 
human and CIlouse ('ounterpart" and c-xpres~ a silTlilar array 
of "ostimulatorv and ,lllhe"llln moleculc-s. ,0111" ,>I wllll'h 
,Ire esselltial for their :JOtent ,tilllulatorv ability in vitro. 
These studies proVide .1 baseline Illr further analvst~ of the 
!'Ole Dr DCs In themallyweil-definedratmodel:.llltrans­
plantation tolerance [6--8] and aUllJimmune disease. 
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