7. | NTRODUCTI ON The present invention is directed to |igands, such as

anti body nol ecul es or fragments of antibody mol ecul es or ot her Ilgands such
as | ynphoki nes which bind to a 50kDa B- 5 cell surface marker, ﬁelﬁ;ig y A
Teferred to as Bp50, that functions in B-cell proliferation but nbt vE
early B-cell activation. The Lprqes:emt mﬂuema'm@'b% 3% ‘ig‘ﬁﬁ'}*é"t’é’d“‘tb t he Bp50
B-cell antigen itself. In a p8 Tt Tﬁizéi CF o venti on,

a nonagcl onal antibody, G28-5, is 10 desc ysie i nes_ Bp50_and ap ears
to play arole in theTbPoPFPéP§F|éﬁvéﬂtaeﬂléétédrBCEéﬁl§°bh%9ﬁ%§5n05“°

detectabl e EffecanﬂbbB9 abmbbﬁeeatbenfeﬁgheatsnngaﬁeibdeThelécqaedSor

such as anti baodi e hoki,nes d fr re ese
invention can be® 3?8 ?ggigdsdfp tagnggpggﬁﬁépeghwﬁacg %r%l?é%?%tFBn
and/ or dif f effent cafllosurifaceduarken, herelingzrdersedt he pseﬁpﬁ@.lhhehtuon
may be nodified S%OFngﬂEtiﬁhﬁﬁabqu QBﬁﬁ%eQQEEBHnﬂﬁt“HbEhiﬁaEaPEyUﬁEéelﬂ

the treat nment an etection of N%nant cel 3§at express th

antigen. 20 2. BAckdmetiprorThREPFREE éﬂv?ﬁélaet afisf 6+r?9§?$n§g the
B—gells frO?‘[eerSbongéuhlPh&igeﬁfirbflcel|Iﬁyalpaﬁﬁﬂcﬁb&rSébBeqﬂﬁéﬁt of
i nduction of actiyated B- s.to ife teps,requiLin
di stinct 25 reguF 0P§ ﬁﬁ@ﬁaﬁPgﬁgthg é%hg ﬁﬁg|§h#gé£ﬁiflﬁszsge % °
stimul ati ng foact desgiribB8Ftphat @REBNeS apsalandlaaseapsoto phey acuelestn,

USA 82, 2935 293%Le grbqwfgeseaoafo%nsbtlba%uaoaLeawhgnbﬁenﬁasIﬁb detectable
(DeFranco | 35:,87-94; Wt zel % J.

| munol . 30 133ei§2F12992theePF&AééeréF1&P °f1§8§t199 Exgelte
}55 1523- 15§6 Nyraguwhe,1egaahs” £084k, as. ahmﬁbbahesl32yﬁ§ﬁoksﬁ§s aneé
egi;;;gf'g;ntggs;gggﬁstgncgheE%%%oz§ tEQaﬁreienEh§¥veHQYSS Bafi®hbSuba to

W, 15 direct and regulate human B-cell prollferatlon and/or
differentiation. 1In addltion, the llgands of the present
invention may be modified by the attachment'of other

- ‘compounds whlch can be used in the treatment and/or
detectlon of mallgnant cells that express the Bpso antlgen.
20

2. BACKGROUND OF THE INVENTION _
The activation of resting B-cells from G, to G, phase

of the qell'eycle and the'subseqnent induction of activated
' B-cells to proliferate are“distinct”stepe requiring distinct

'25’ regﬁlatory mecnanisms. Some'agents, including murine B-cell
- stimulating factor-pl (BSF-pl) (Rabln, et al., 1985, Proc. -
Nat. Acad. Sci. USA 82, 2935- 2939) or low doses of anti-
'immunoglobulln (anti-Iq) (DeFranco, et al., 1985, J.
Immunol. 135: 87-94; Wetzel, et al., 1984, J. Immunol.
'133_2327-2332, DeFranco, et_al., 1982, J. Exp, Med.
155:1523-1536; Muraguchi, et al., 1984, J. Immunol.
132:176-180), are factivation” or “competence” factors.

That is,'they'induce B-cells to enlarge, synthesize more
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RNA, and enter [err], but ‘alone they do not jnduce DNA synthesis in
B-cells. Oher "gromh" factors, such as huffan B- cel | growth factor (BCGF)
and interleukin-2 (IL-2) cause activated B-cells to traverse the cell cycl e
and enter S 5 phase but do not trigger resting B-cells (Kehrl, et al.,
1984, | nmmunol. Rev. 18:75-96; Miraguchi, et al., 1984, J. I munol.
132:176-180; Zubler, et al. 1984, J. Exp. Med. 160:1170-1183; Jung, \3I
1984, .J. Exp. R, aﬂx&né:a@e?r G.fgg%utlﬂlone they orhrest afnduked @ t hat

S

pronote the gr n Ny b ves ators. of
~both murine an%urran Sys esg&flﬁ %“l&el Ieg%{y%% ‘%‘i’gr% (r%ﬁ‘@f}
derived from sRwehl @rqwfeh e?ﬂ%%tnr(:%%@ho@l@di#@tqr inihekllor2) cause
hybri domas, B-g&tivdédess- &Slﬁ%'&t&v&ﬁsé Sthd Te¥) tAROD 1 fenter s

interleukip-1 (IL-1 nd.interleukin-2 en to a nent
5 el | or obe b En4R8 B e it GHSdRE e g il &?%ta&

i nstance, nonad®hal ImmindilodiRev ( M®) 7308 6; MNuraguddGr ¢t0&4bra,1984 AlT,
1985, Nature 3 0- J.
Exp. Med. 162({@{\%}&& ]ﬁz’g‘%p&c‘?l \% g ut éné{g){'i_s!l 6}{ f’?‘t i w‘%

Al t hough di sti¥eQ:¥¥Hm31827 ofung, 22t k. 8R4 ¢ h%nE%’FR/esﬂ%ﬁ)pe’eﬁotkﬁ

het er ogeneous pgegyl, on bi ochem cal data and dlfferentlal activity on

~different B- ceII subsets or - o tlnulatlon assa S.. For i nst.ance, - 60-
ki | odal t oM0 (kDa) hiy H“Hb‘??e‘éuﬁ'é "gﬂj ‘B%’érﬁ

i dentified thdiave nbvwsibewr desmn'bbéd mmmmmrsremm :ﬁtnr.’me Bxd-
(ZEJ?KV)Da( /rAr\umrjlr ﬁ: rﬁ%ﬁ—’?lﬁye tg&?;)vel y eéspmé:{w&(?BB ﬁf?) m}‘f at’l n%tgéé’é%;n
(BSF-pl ), has dexived yformEeyeral Msm%mqm rpeluding Roowll Nature
319: 640) . Thqsr:e@@m rtﬁyuridfmwlmém pmdshaér Rfdfarpti¢identul can
al so activate resting 558 | fafor1eukin-1 (IL-1) and interleukin-2 (n.—uz)
have been ‘shown to augment chell growth, they apparently
are distinct ftom'certaiﬁ BCGFs. For instance, ‘monoclonal
antibodies (mAb) to a murine BCGF (O'Hara, et al., 1985,
Nature (Lond ) 315:333) or buman BCGF (Ambrus, et al., 1985,
20 J. Exp. Med. 162:1319) block BCGF activity but not IL-1 or .
IL-2 activity. Although distinct from IL-1 or IL-2, the
BCGFs themselves appear to be heterogeneous based on
biochemical data and differential activity on different B-
cell subsets or costimulation assays. For instance, 60~
kilodalton (kDa) hlgh-molecular-weight ‘human BCGF, BCGF

% (high), has been identlfled that is distinct from a 12-kDa
low-molecular-weight form, BCGF (low) (Ambrus, et al., 1985,
J. élin. Invest.-75 :732). The cDNA encoding a 20-kDa murine
BCGF, tentatively designated B-cell stimulating factor pl

20 (BSF-pl), has recently been cloned and sequenced (Noma et

_al., 1986, Nature 319: 640). The recombxnant lymphokine not
only has BCGF activ1ty but can also act;vate resting B-cells

35



and induce the differentiation of [err] producing cells; thus it differs
from human BCGF (high) and BCGF (low) both inits nnlecular wei ght and in
its range of activity. These ‘activation and gromﬂh si'gnal s presunably -
Tegulate 5 cells by interacting with specific B-cell surface structures.
In addition to the antigen-specific signal thraqggh surface Ig, several

ot her candi date B-cell surface pol ypeptides ha&g been identified that may
in soxe way function in the activation or growh of B-cells. For 10

i nstance, the cell surface receptors.for IL-1 (Dower, et al., 1985, J. Exp.
Med. 160:501) and IL-2 (Robb et al., 1984, J. Exp. Med. 160: 1126) have been
characterized, and recently functional |L-2 receptors have been identified

on B-cells (Zubl era,ndetmaluc,e 1&&4dﬁfe&>@m1mdonlee 1&;&8 p2oagcing cet1a}. thus.

1984, J. Ex Med., Ch

Lot 180} huever it SlEFRTEL sran’ Bbiln 2Ehrt (high) e BEBF DL1PHL; Brkh ppetts
yet to be-fully chaﬂ&@mdﬁmz®§lgh$e@@daﬂncdﬁ§|daneeBOéePPtiULtnee

pol ypepti des have beenqindartl albtqedatizn aRd osa@.ﬁEEs\i@)saZQ {—aaﬁﬁaemylﬁegti@ate

t t wt h .of B-gells F :
(Subbar a0, ot i - Ce148 Y dResactABy “4ens Res 1A, Adeehh: SHERBEFonal
anti bodi es (mAb) manuutwnug neIB-@dditdWMIgenthybanadgenaSpeBifeblsigaam
tl id t 1 b
fecently ev. dence b RCURRYIG) JsY Wit Raadeeb but) | BGsPhCE
that appropriate PBYPePbides haye WB&"péﬂfﬁ@é@ﬂGé tba35ma3cﬁnvape§ Wa¥an

B-cells fromG i gmdtdion imt&r&aﬁwaltmnlw rBweh. oaB-~-cltad. Sgbor USA
82: 1766-1770: Col ligéq et al

198 :
Agar egar e’ G or LHRGARSHre £ SIS FHFRGE 6?&319386& 3ot B0 bbigz, et
pro)iferation of D&celusaﬁhaﬂ.ammpt Meld. AdsPsisdant apdeITrer {Robb elt. 211985,

Nature _317:264- 1984, J. Exp. Med. 160:1126) have been characterized, and
C recently functional IL-2 tecepto:s have been identified on
B-cells (Zubler, et al., 1984, J. Exp. Med. 160:1170; Jung,
15 et al., 1984, J. Exp. Med. 160:1597; Muraguchi, et al., |
1985, J. Exp. Med. 161:181)-.j However,'teéeptors for B-cell
growth and activation factors have yet'to be fully
- characterized. Several candidate B-cell surface
_ '_polypeptldes have been identified that may in some way
20 funct1on in the activation or growth of B-cells. For
| ' example, Subbarao and Mosier (Subbarao, et al., 1983,
Immunol. Rev. 69:81-97) found that monoclonal antibodies
_ (mAb) to the murine B-cell antigen Lyb2 activate B-cells,
- " and recently evidence has been presented suggesting Lyb2 may
| o5 be the receptor for BSF-pl (Yakura, 1985, Fed. Proc.
44:1532). Similarly, we have found that appropriate maAb
(1F5) to a 35 kDa polypeptide, Bp35, activates human B-cells
_from G, into G, (Clark, et al., 1985, ProC.'Naﬁ} Acad. SCi.'
USA 82:1766-1770; Gollay, et al., 1985, J. Immunol.
135:3795-3801). Aggregated C3d or antibodies to the 140 kDa
. €3d receptor, Bpl4O, cause prolifefation'of's-cells that are
T-ceil dependent (Melchers, et al.,'1985, Nature 317:264-~
' 267; Nemerow, et al., 1985, J. Immunol. 135:3068-3073; Frade
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267; Nenmerow, et al., 1985, J. Inmmnol 135:3068-3073; Frade 35- et al .,

1985, Eur. J. Imunol. 15:73-76). Al though s have been identified in

bot h nouse and man, the receptors for these factors have not yet been

i sol ated. Wang and coworkers (Wang, et al., 1979, J. Exp. Med.

149: 1424-1433) 5 nmde a polyclonal antisera that identified a 54- kDa.

pol ypepti de (gp54) on hunen B-cells and showed that the rabbit antisgta to

.gp54 i nduced t(ntsialll.ar 1B8Sg| [Buxn.o i Vimmndlec A3 ~-78)ng Aldhlemghl BO§GFset

al., 1983, J. Hve Wiln WHnMAIOH B Atk dA e Thd G ettt
restrict S

antigen 10 to. activated B- t hat blocks B depe
proliferation. faokdeEe TARKIRS RAVedick ek Pesn ilspintes. A¥ang @(!"(S’gnl ze

<1':1_h BCG- recept Q:rowdi—ms y(ezar{qmpv&t a., IMARY C]-_I::iB-lEHel‘d\lEdl‘fﬁlﬁ‘id.hgo-MSS)
e presentginveniion I e a
orEsents! AN A SRR SR S F b

5CkDa B- cel face polypépti ereln ) augnent
‘the proliferatipalygdepttide afapba m |hunami-gedkshiansh alweﬁdsd-hn ddreed to

the BpSO anti g%ﬁﬁéﬁelémmw t$ 4 nﬁ@hmyeams}fémr U ddrody 1?@ aif%%%e‘?

and functions in proliferatio ated B-c | n addltlon
i nvention is diResend¥o q“}%rﬁfé‘; ‘b‘??\d &% ‘E’pso 194 dor rﬁifp'défﬁﬁﬁt rate
a biol ogi cal efigwiiomo41sE4) otsawtechsa anAbre(AB1prtofa t98-kDo| drftedgr on

o FE T8, SPALRod o, ag LS BEe la U600 90501s MOHLAGRAAEIL

anti body nol ecmwmwm< alﬁPWﬁﬁﬁntV@%‘F’h%‘énﬁﬁ Moy %ﬂ*@%r%’ﬁe‘rﬁ&-’eﬂ lox

modi fied antiboghep dubdn PAETENAS; BEGIE NréEQEEBH! Bs | AGE UFeE Ikhowri £ not
limted to the Fv, Fab, 30 [err] Fab' and the like. 'In addition, the

| i gands of the present |nvent|on conpri se | ynmphoki nes, which can -;J
. 3. SUMMARY OF THE INVENTION "
15 The present invention is directed to 1igands which (a)

bind to BpS50, a 50kDa B?cell'specific surfade_polypeptide
described herein, and (b) augment the proliferation of
ectivated'é—cells, The invention is also directed to the
BpS50 antigen_itself,,which is defined by monoclonal antibody

20 G28-5 and functions in proliferation of aotivated B-cells. .
In addition the invention is directed to ligands which bind
to Bp50, but do not demonstrate a bioclogical effect or
-function such as augmentation of the proliferation of
activated B-cells. ' '

25  The lzgands of the present invention include antibody.
'molecules, monoclonal antibody molecules and fragments of &J
these antibody molecules which contain the antigen combining
site or chemically modified antibodies and fragments; such '
fragments include but are not limited to the Fv, Fab,

3° F(ab’),, Fab’ and the likxe. In addition, the ligands of

' the present 1nvention comprise lymphokines, which can

" include but are not limited to human B-cell growth factors
as well as chemically modified lymphokines. The ligands of
the present invention can be chemically modlfled, for

15 example by, linking or coupling a compound to the ligand.



include but are not limted to human B-cell growh factors as well as
chemically nodified | ynphoki nes. The |igands of heﬁpresent I nvention can -
be chemi cally nodified, for“exanple by linking or coupling a conpound to
the |igand. “Such conpounds include but are not limted to cytotoxic
agents, therapeutic agents, chenotherapeutic agents, |abels such as
radi ol abel s, dyes, enzymes, radi oopaque conpounds, and thelike. The

| i gandg of t he present |nvent|on can.in 5 their nodjfjed or unnodified

form be used t CSUFR RIMPPRRAT ol RCINRE ik rar iRt Biidied foo|aytataxiisn
and/ or di fferenta@émw, therapeseid ademctd thhé:ﬁoth%ﬂiadimrt Td’tﬁrﬂ:ls%CQ%%re)ls

that t h B-c diff t t d t he
an?| ge\rll\odegg?lnbe%l % r%‘l”'I %b%lt;a a‘lb%)gp%ﬁ?nﬁ‘lygﬂ{]%}"%ﬁp'stﬁ ?RP@%“& é’s""“%?f%g‘i
receptors in B-cahd tie | Vike on. Thenbigands Qﬁntnnxnnﬁsqnﬂxﬁnwamﬂ@ﬁ§5Gmmdln

Bp50 both deki vegn@psihoddfe SbaNSE Suﬁrﬁchtﬁf‘éci Sféxk}@t B 'd’gélcﬁttﬁ: tJl‘?z‘erc:t:,
transition through the cell 15 Kk

anti bodi es, funckeonsaheiand p‘é‘?‘hﬁfl{ %ﬁ‘? v%\'f"eejr]es‘ﬁ a(,1'\'eilg"l"é a8 one

conpetent to ent¢iffémeﬂtia¢i@Mase of the-cell cycle. In contrast, a

nmonocl onal anti body dﬁ§gsép§g aﬁpﬂg{i‘%,? Sid Hdded r\ﬁgg]for};hé ¥ eﬁ, that

50- kDa pol ypepti de expre funct stinmu
activated 20 B—t%@lbum@nt$aﬁ%¢%ed¥$£?%£#¢iiﬁéﬁneQﬂﬁ?%ﬁﬂﬁmnﬁﬁ?ﬁfﬁ?d the B-

proliferatiqp Ofc@ﬁla{ﬁéﬁgieﬁi &eééﬁzbé@nwwmj mob?mé&ﬁpﬁaw ke
anti-lg-antibodi vat e tgn5| | ar, glls and 1n

I fe
B-cel |l prolifer ‘?f%ﬁm‘l’#}lﬁ%n{'? a%nﬂglﬁ) Or?ﬁb%%?%%a’rn %t%{l)&oﬁdf etixovré:zon.
nei t her activat edoBoclénzk| ast boediesuteibB-tel Bp3s cand BpIeraty drkiver

together with an% ﬁ9§5e0§1 éislGOaﬂlébﬁﬂée@ha@“ﬂ@fﬁﬁfﬁ@%cfﬂélr transition
proliferation. IS res he action_ of antl- 950 antlbOQy r esenbl es

the agtivity of EﬁE@P?thBﬂﬁﬁe¥£c?$?%e' MAb to Bp35, like ant
15 antibodies, functions principally to actlvate rest1ng B-

cells to becone competent to enter the Gy phase of the cell

cycle. In contrast, a monoclonal antibody described herein

.or its F(ab’), fragment to Bp50, a_50-kDa poIY?eptide
expressed on all B-cells, functions to stimulate activated

20- B-cells to traverse the cell cycle'and augments the
proliferation of activated B-cells. Monoclonal antibodies
to Bp35, like anti-Ig antibodies, activate tonsillar B-cells
and induce low levels of B-cell proliferation; In contrast,
anti-Bp50 monoclonal antibody alone neither activates B-

o5 cells nor induces B-cells to proliferate, but together with
anti-Bp35 or anti-Ig antibodies, augments B-cell
pfoliferatipn. In this respett the action of anti-Bp50
-antibody resembles the activity of B-cell growth factors
(BCGF). As little as 0.05 ug/ml of anti-BpS0 is needed to

'qg augment proliferation and, like BCGF, anti Bpso is effective
even when added 12 to 24 hours after B-cells are activated
with anti-Ig or anti-Bp35. Without additional exogenous
signals, énti-Bpas and anti-BpSO antibodies together induce

_ strong proliferation of purified resting B-cells. These

95 results suggest that the Bp3S and Bp50 surface molecules



(BCGF). As little as 0.05 ug/m of anti-Bp50 is needed to 30 augnent
proliferation and, |ike BCG, anti-Bp50 is effective even when added 12 to
24 hours after B-cells are activated with &ti-Ig or anti-Bp35. Wt hout :
. addi tional exogenous signals, anti-Bp35 and anti-Bp50 anti bodi es toget her

i nduce strong proliferation of purified resting B-cells.” These resul ts
suggest that the Bp35 n A €St - tiqn.j

regul atory c i s Tl 1% ce%og%g?ﬁvgtgggneg gggir'oérr:ess%%&r}ct cr"ollYganhohe cedl I
cycle. The smgmgﬁm &meB[bB&h&n&eﬂlk@!ﬁbFec@h%s-hmn—rhe—mr and
action of thejJgandarde bt iBp38NanBNYEREI RE1ebs1 8k HarS &h Ethé R etk et
al ., 1985, Proc Natl Aca S(il é@%g g 8% 1766-1770., Al t hou t he act|V|ty
of anti - Bp50 &NEs &RR N Afaf s 18 &) CBEnRESHBEH Hﬁ‘ﬁ“%ﬁ%b AdRoEs

(1 oW) ar e5 coghi Myr&t F 1w tﬂvaﬁhmanmagemqadbmcmowsmtﬁ- éa@ﬁﬁ-ldﬂher 10
and both anti-Bp50 and BCG- (low) affect only activated B: cells and work
in a soluble form the activity of ‘gnti-Bp50 ¢an be disti.ngui shed fromthe
activity of BCGF (“430‘:\@°u%? e Ars Y&y P aPFb BFOBIE%‘F’P%g%ﬁ iTRASIR wi t h
optimal anmoumcgrof(1ou) sk dutharntiBERSO( andaBCEF| ¢)owprade augnent ed 15

further with Bg%@i a@o%%x&@ggh@ UheSaaents. Bae ﬁset@&g.%g@»&'oémhmﬁ

respond di ff &% ver sus
ant i - Bp500 shaxnidd mmm-\aa R BGGEr {16W) Baé'éPF a@t‘l!?a‘!?%h"a%r%as

- BCGF (1 ow) “ﬂeﬁ'l@;f{& Id&lkaﬁlalldeamenwmd n” aﬁld[edcé»?ivbeyrsfaélﬁﬁ-ﬁﬁso :
actlvatlon ' | XpPr Se a C 11 e recetors
or BOGF (I ovv)caé}} it %‘géﬁqb 4 SEP. E03 pcTivisy °’1"th§£§ ﬁ] OBhsG® A

(low) may comtdd natedl if exshion epiB-B:a:Hllgr @thwulbmedappahenptymdb %mwm‘-s)ugh

distinct sig S 3

-B
| i gands whi ch d"to and augnent the profliferati of
J 15 rurt‘xer with BCGF og»l) and bot %lood B-ce?ls and certadw -

B-cell lymphcnas respond dlfferently to antl-apso versus
BCGF. TFor opt;mal activity, antL-Bpso should be added
Qithin 12 hours of B-cell activatien,- whereas BCGF (low)
retains optimal activity even when added 24 hours after
20 -'acelvatzon.' In addltlon, BpSO is expressed on all B-cells
while recepto*s or BCGF (low) are restr1cted to activated
B-ce‘ls. Thus anti-BpS0O and BCGF (low) may coordinately
regulate B-cell growth, but apparently do so throuc"
distinct slgnals. -
| In one embodiment of the present inventzor, the ligands
- .Wthu bind to Bp50 and augment the profllferatlon of -
activated B-cells can be used to increase an 1mmune &,J
response. For example, these ligands which bind Bpso can be
used as an ”adjuvant” to increase an immune response to a
10 vaccine. Alternatxvely, these ligands can ‘be used to
' increase the immune. response of an immunosuppressed
. individual. _
In another embodlment, the ligands ot the invention can
be chem;cally modlfied so that the cells to which the

ag ligands bind are killed. Since all B-cells express the Bpso

szo and e digEIntal 1) © cBheB8NhugRYRBEEON, thg .



activated B-cells can be used to increase an innune response. For exanpl e,

t hese 1igands which. bind Bp50 can be used as adjuvant to increase an
i mune responsesto a 30 vaccine. Alternatively; ‘these |igands can be-used
10 increase the i mune response of an i mmunosuppressed - individual. In

anot her enbodi nent, the ligands of the invention can be chenmically nodified
"so that the cells to mh!ch t he !igands bind are kill ed. .Since al'l B—cells
eﬁpres.s/ t he BpSChnti@ér}:J o s tak‘;lbwc&;m{ (c¥; sty d/\mggi,lr@siltﬂ tslg r@g@gro?,sgfoghgf
the immne respo %! e, cyi.ot-axi ru i-nked to a._ligan

the present inveRrtion c:géns%e used EI‘% Véll q;e fﬁ%ﬁﬁ' &s Ppfediisked to a
order to cross M igadrphitths Ipresent bnverdrion rearr dres pisadt _gat\nmm s:p cause

alternatively, tigsend@updiesidd QEH‘Q:S:JE?B’ £ ek thqs%%ﬁn at%w

di seases. | n_anqt her, enbodi ment t he present 1 nvent anci es such

as turmor cel Ps tHRETEBEF ok} tﬁﬁﬁwﬁoé’q ientsy L?slittﬁjnétli"géﬂd Giheﬁﬁe
invention |inkednddified 1 iermis heryapa use B g icdntaill alultotﬁnﬁ\%hlenﬁlséﬁhes.

neopl asti ¢ di sease. S be used i.n,vivo.to direct

t he chenot her apeuti ¢ ag}%%egganﬁgd&%g% r?acﬁa e R eEent dRveRtdPBresses
the Bp50 anti germ3dhignaficieseiuch wis dinmere aedil sBtelt] exipuresshiBpisodcaax peess
Bp50. When using Adiftekb udifipHa fardd @ ¢ lr}\h%ntfmn\m'osh JaRTENE o5, ace! |

prollferatlon a particular 7a vantage sho reali ze en treatlng -
cel | malign¥fci &eprthenane ud ddetreptingd sueht Reoplas éc
conpri ses one trmitseaesdmra'rﬁ‘s‘eemtdddefnea Iiuldanm Ia:l’a(hl bfe%&bangnce'llb&, tbn

Wternativary, (R eHd SheliandE bbbt SRR RS ARY RBE BY BpdEGnant

identify or sep&edle QquMﬁnﬂ$S§§p¢@@sBPﬁ@ Bp&@gantdgGAUdndBoceﬂ@sawhayh

- body fluids for dhe rfyte e 16f but which do express Bp50. When using the

~ 4 5 ligands of the invention which augment B-cell proliferation,
a particular advantage should ‘be realized when treating B-
cell malignancies where the chemotherapeutic agent linked to
the ligand comprises one that is more effective in killing
proliferating cells; in this instance a potent1atlon of the
90 d4rug action should be obtained.
Alternatively, the ligands of the invention can be used
in vitro to identify or separate cells which express the
. Bp50 antigen and/or to assay body fluids for the presence of
the BpS0 antigen which may or may not be shed. 1In addition,
25 the ligands- o{ the invention can be used in vivo in order to
image cells or tumors which express the Bp50 antigen.

B The purified Bpso antlgen of the present 1nvent1on can
‘be used to make antxbodxes and to make or design other
ligands of the invention. In addition the Bp50 antzgen

30' could be used in assays such as dlagnost1c immunoassays.
‘Moreover, Bp50 itself may be used as a mediator of cell
immunity in vivo or in vitro. '
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the Bp50 antigen which nmay or may not be %SEd In addition, 25 the |igands
of the invention can be used in vivo in order to i mge ceIIs or tunors -
whi ch express the Bp50 antigen. The purified Bp50 antigen of. the present
invention can be used to make antibodies and to nake or design other
ligands of the invention. In addition the Bp50 antigen 30 could be used
I n assays such as di agnostic innun§assa S. Nbreover Bp50 |tself may be -

used as .a nedi ator of cell inmunit SV|tro - 3. 1. \J_
DEFI NI TIONS As used heRsi wseghbefrelinguitng &Blm%wlﬁ.t;' QBSrWB Eave thﬁ

meani ngs |ndhaaéedheAgga 3 grﬁg range 5
grow h factor. n n@ BQ%&QF‘.@ man BCG-F BCGF (low) = a 12 kDa human

BCGF Bp35 - a 35 kDa g8e|| sﬁEEF@#Beserﬁage pol ypeptide (CD20) defined by
mib 1F5 $0 : Bepso=_aac501kgeoatﬁek hegpeci fic surface pol ypeptide

defined by mAb &8-5 Fya ari abl Ion or antigen-conbining site
of an anti body nDIecuIe ?hf ﬁ%¥ be® aﬁ§ #nghBHanhﬁﬁﬁ contains the
i di otype of 15 BCGF (low) = ah22nkbachiumanngeggi ng but not linited

to the Fab, [err]" Fab sp@sd.tge3glkg E fluorescence lg =
i rmunogl obul in 11L-1 = interleukyn 3 B cell éSEHPP+i Surfaceer| eukin 2 kDa -
- kilodﬁgton mb = nnnocloﬂ%? %B?PB (CD20) defined by mAb 1Fs

Bpso = a 50 kDa B-cell specific surface
- polypeptlde defined by. mAb G28-5
Fv__ é the varlable region or. antigen-comb1ning
s1te of an- antlbody molecule. This may be
| _ o any fragment which contains the idiotype of o/
15 the molecule includlng but not limited to e
. the Fab, F(ab’ '
'lF': immunofluoiescii;eyab ' And the Me.
Ig = immunoglobulin |
| _IL-l = interleukin 1
20 ' ' IL-2 = interleukin 2
‘kDa = kilodalton
MAb = monoc1onel antibody

SDS-PAGE = sodium dodecyl sulphate-polyacrylamlde
: | gel electrophoreszs
25 . TPA = 12-0- tetradecanoylphorbol-13 acetate.
4. DESCRIPTION OF THE FIGURES \“J
Fig. 1. Expresszon of Bp50 is restricted to Bp35+ B-
| cells. Two-color flow cytometric analysis of 50,000 cells
30 was performed as descrxbed (Clark et al., 1985, Proc. Nat.
Acad Scz. usa 82: 1766 1770) The data are plotted as cell
number versus log of green fluorescence and log of red
fluorescence where 4-5 dots represent approximately a
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SDS- PAGE = sodi um dodecyl sulphate-polyacrylamide gel el ectrophoresis 25
TPA = <12-0-tetradecanoyl phorbol -13 acetate 4. ' DESCRI PTI ON OF THE Fl GURES.
Fig.. 1. Expression of Bp50.is restricted to Bp35+ B- cells. Two-color flow
tytonetric analysis of 50,000 cells 30 was perforned as described (d ark,
et al., 1985, Proc. Nat. Acad. Sci. USA 82:1766-1770). The data are
plotted as cell number versus log of green fluorescence and | og of red

fl uorescence where 4-5 dots represent approximately a 35 . doubling of
fluorescence. T ' : -sheaw,a I e : Y

cel 15, PE (red) Souidee? ?E%S?EE?E"SQﬁrTSE%gFEEE)H?énéf?%§%85?2$%-§§°"
st ai ni ng" shows t Ratefmog, $"EePP§a§E¥eaP§EIBp3§$.(Sed) -ant{rBp3p (1F5)
Bi ochem cal conmparersus FITBPT9reehypephideBpsbh(cbbes) Bsceihingrénsws that
antigens. | mrunopn Ci %g@lkgﬂlgfa@QSQlFBOQE§ELface [err]-labeled tonsillar
cell's was perfornmed as described. I solatet anfi gens were el ectrophoresed
on 10% SDS pd yacryl afil@e 2-abBderbemirnduroppagisponof BefQ pelypeptide

Vi S_uaIBi é gd( V(\3/|2 t8 h5wtt?hr @ctih%&r @phm%nggiu:mhegsghﬂﬁnacr Eﬁﬁﬁnﬁﬁ'?'é&ipftat:ﬂaﬁ éf
anti-Bp -5),; Jane 2, anti-Bp93s - 8): ne sephar pse- goa
At -mouse 1o onBPSEEgen, sRtERRE , Iysabe eg RRRs 11 8FLRR1 03 R Tbppgprmea
(@8- 5); |ane 2asadeiscBided.BLASPlaredl antigenanwer8pélecte28phidres€d bnnkos
4, anti-Bp39 (41 ; ; hakh gRexdeat «abt i nly : _
exposure tine of§§%%e§%&%ggyggpgggegigg.?EZ? ?Egﬁﬁgﬁgggéﬁcfgﬁgé ZG?ggiwﬁE?e
not over expoted ¥ifuaddr@do¥ithcanterafirpgranhynandr dntengifybngpsoreens. of -
three experinentpandd A: 1lanki g, 3nti¥eBpsoolGrs-sYuNDAhEoRgsaRtigsBpasl ysis
of BPSO expressi qa,e Bt Allgkrh, PigaHa0bbonaht! 3hetRRONNE 57 oREY.S
o Exposure time: 4 days. Panel B: lane 1, anti-Bp50 (G28-
Y . " 5); lane 2, anti-8p45 (BLAST-Z): lane 3, anti-Bp39 (G28-1);
15 . lane 4, aht148p39 (41-316):_1ane 5, sepharose-goat anti-
mouse Ig only. An exposure_time.of 2 days was selected so
that the bands in lanes 2 to 4 were not overexposed and

could be clearly distinguished relétiVe to Bp50. One of

N\

three experiments.

20 - 'Fig. 3. Two-color immunbfluoresdence analysis of BpS50
expression. Peripheral blood or tonsillar mononuclear cells
were isolated by ¢entrifugation on Ficoll and stained with
PE (red)-conjugated G28-5 (anti-Bp50) in combination with
fluorescein (gfeen)-cohjugated'reference antibedies,

_ 25 including 2C3 (anti-IgM): 1F5 (anti-Bp35); HBl0a (anti-DR):
o/ -and 9.6 (anti-CD2, E receptor). Cells were analyzed with a
' FACS IV fitted with four decade log amplifiers in both red
and green dimensions, Forward and right angle light scatter
was used to'gate'out'monocytés. Unstained cells are
positioned at the back of the grid;'red fluorescence is to

30 _ _
the right and green fluorescence is to the left.
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were isol ated by centrlfugatlon on Ficoll\and stained with PE
(red)-conjugated G28-5 (anti-Bp50) in conbination with fluorescein )
(green)-conjugated reference antibodies, 25 including 2C3 (anti-lgM; 1F5 *
(anti-Bp35); HBI GCa (anti-DR); and 9.6 (antl-CDQ E receptor). Cells were -
analyzed with a FACS |V fitted with four decade |og amplifiers in both red
and green dinensions. Forward and right angle light scatter was used \lb

gate out nonocyte Uns e are 30 osi tioned at t e, back_ of the
grid; red fluor esi’é’h%e %s [E(;éj?% Hé%?ﬂs%n‘a" E?W PR ‘?’% 8% the
left. 35 - mprplifernwtion eehotense raomsi Iar Egrehtcellm h;f qrrtﬂﬂﬁp&cat i on

of dense tonsihd sbofies FeseLhsiiuanl | bR Ak POy g1 Vedi a

only; anti-Bp50 onl ant|- 35 Qé& on onl ; antl-B 3 plus
BCGF, anti- PPEH3E a‘g'éﬂ?do% ANLNt 4 'B'pECﬁl” ﬁ)rQﬂ‘?‘?'eradttr’o'h +
standard &rr agp¥$ Wrmdwtmmeanmpwsum%hmrpﬁwiﬁerﬂibn&

A BpSOaCt I?/éér? gpéte?;$Pcé.%V&ﬁ OnSI %g f‘g *ﬁ%%r e Iqﬁd a': Z{j

a B-cell i on Sigha
for 4 days widh nedla only, antl-BpSO (0.5 ug/n1) added at different timnes

after incubation, §P35m(§i 568 ) sl dpcl hogh fé@féé\h&é s ﬁfgfn?éntmag[
i ncubation; anti - ns whi ch: ant] - Bp35 mas added 1 ater
di fferent ti el *B%%S ﬁ ‘i‘gﬁfé %‘%’%’faﬁ]t B1qelhiagtivatiap ignad -added
to cultuygs aenkd fwmuarmr— B el & f\ﬁeﬂ-astndxibélreci efdg -4 maysdlmmas
o ant - Bpas S FRLE N B IE SR S e A P SO B | 1)
20 Go stage aftehecineubation e anttinBEBHotd ug/fmk) raddedraatt ad iffflergnt ),
anti - Bp35 Onlﬂﬁﬂe'"ftef”%héﬁbéiﬂdh( antﬂ~Bpso kept constant to which "
_ anti-Bp35 was added later at dlfferent times: anti-Bpas g
js kept constant to which antz-Bpso was added to. cultures at
different times. During the last_lo_hr 3H-thym;d1ne was
added and its incorporation was measured.
Fig. 6. cthariSOn of the ébility.of anti-Bp35 and
anti-BpS0 to induce resting tbhsillq; B-cells to leave the
20 G, stage of the cell cycle. Day 3 post treatment media
only ()., ant1—Bp35 only (~---- ). and Ig only (.....),
A, no additional additives; B,_anti-Bpso (0.5 ug/ml) added
to each grohp: C, 5% BCGF added to each group. Data is
plotted as relative céll humber versus log of AC red
g5  fluorescence (RNA). o | . -
Fig. 7. Kinetics of B—cell proleeration after o’
stimulation with anti-Bp50 versus BCGF. Dense tonsillar E-
B-cells were stimulated with med;a along. 10% BCGF only:
anti-Bp35 only; anti-Bp50 only; anti-Bp35 + 10% BCGF; anti-
Bp35 + anti-Bp50; and anti-Bp35 + anti-BpSO + 10% BCGF.

30 _
Proliferation was measured on the days indicated by an 18-
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“A, no additional additives; B, anti-Bp50.(0.5 ug/nm) added to each group;

C, 5% BCGF ‘added to- each group. Data is pIotteq\as relative cell nunber
versus log of AD red 25 fluorescence (RNA). Fi'd. 7. Kinetics of B-cel
proliferation after stimulation with anti-Bp50 versus BCGF. Dense tonsillar
E- B-cells were stinmulated with media al one; 10% .BCGF only; anti-Bp35 '
only; anti-Bp50 only; anti-Bp3§ + 10% BCG-; anti- 30 Bp35 + anti-Bp50; and
anti-8p35 + antlheﬁsopﬂlSEO%fBCﬁFtthéﬁﬁheraPtohlﬁesahE@BUW@ﬁ mea steed adss

i ndi cated by an éﬁad%5p1icb@§raﬁa|SﬁaﬁéaQGVé}réP¥n%f@rEho&ﬂ0|¢£§r@f'éﬁkgfw
measured in quadrugllcate and standard errors are shown. One of three

experi nments. Flg § after anti-Bp35 stinulation when anti- 5 Bp50
(A) or BCGF (B) optinEiby &ugn®imesraftéerant bABp3 Destsimi Xuisidn arhdn anti-

B-cells weressti t ag,S
hour pul se ofSSSHEFE?u &ﬂbl %g BE&@ §Eg Bﬁﬁ/gééﬂy ?&%@gﬁﬁwe%dp%p at tlerf%ss
i ndi cated; anti-BpB8idtapcEr BnFs! 1ﬁnV?er3§1%Eh%€P%Ia%t%hqwqiﬁniﬁ cul ture
fol L owed by addlpremméraalanPSQ RéaSkEd aby taere | H6li© gherke af i3HBPS0 or

oG- aaded St il b 8af0h| VB PY, At %?fscae@vamﬁcﬁ% imes
errors are showni ndtnsésdﬂsedtlaﬂp$0BpBSBCGFUQMth antti- Bniﬁ dﬁﬂﬁﬁ él:ktart

ug/nl; BCGF gl 0%:5%1&9&%8113%@ U§@dimﬁ &f Jﬁéi &ﬁ@
ug/n1; antl-BpSO gy Anti - 50 an ave
T

0.2 9.
additive effectstdfes ygﬁPFabﬁgGF?%F ?B?ug OPRREF ¢ 9 ak q_i.a‘E&c%ﬁl“éﬂ\ﬁé’rr@
stimul ated with gosllededobgsant iBEEFs (| met@getwmrexpéfux%ml i - Bp50 onl y

22%::FSSSP?B:yfera%ilkgrggggﬁ QQLymeaQQLed PWQEhadfﬁgiléggg ard £¥§Ad§¥)
' : errors are shown. Doses used: anti-Bp35, 5 ug/ml; antz-

W 15 BpS50, 0.2 ug/nl; BCGF (low) 5%. Concentrations used were as
' follows: anti-Bp35, 5 ug/ml; antl-BpSO 0.2 ug/ml; BCGF, 5%.
Fig. 9. Anti-Bp50 and BCGF have additive effects on B-
cell proliferation. ‘Dense tonsillar E- B-cells were
_ stimulated with graded doses of BCGF'(low)'together with
20 ~anti-Bp50 only; anti-Bp35 only; anti-Ig-beads only ; anti-

W,

Bp3S + anti-BpSO: or anti-BpS0 + anti-Ig. Proliferation was -

measured on day 3 .after stimulation with an 18-hour pulse of
34 thymidine. Proliferation was measured in quedruplicate :
and standard errors are shown. One of four experiments.
o5 Doses used- 106 cells: anti-Bp3s, 5 ug/ml, antl-Bpso 0.2
_ ug/ml. anti-Ig-beads, 50 ug/ml. '
g . Fig. 10. cOmparatxve éffects of ant1-Bp50 and BCGF on
normal and malignant B-cells. Peripheral blood E- B-cells
(A) or dense tonsillar E- B-cells (C) were stimulated with
or without TPA (75 ng/ml) in the presence of 10% BCGF or 1
ug/ml anti-Bp50. Two separate B-cell lymphomas (panels B

and D) were stimulated in the same way. Proliferation was

30
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measured on day 3 after stinmulation with an 18-hour pul se of [errg
thymdine. Proliferation was neasured in ggedruplicate ‘and standard
errors are shown. One of four experinents. Doses used 10 cells: ‘ 5
anti-Bp35, 5 ug/m; anti-Bp50 0.2 ug/m; anti-Ilg-beads, 50 ug/m . Fig. 10.
Conmparative effects of anti-Bp50 and BCGF on normal and malignant B-cells.

P h | bl | ] t C
ot mulat od wi PREsBTeR BR AAY Yre¥ (98RBT ipn B b EbuRietnt Quvinstk o
1 ug/m anti-Ba5bourTpulsepar Freldfeyht ibpnphenmeaépradl nBgaadripl ieste

stinul ated inahRestaRBavaY errdrel i@’ 3hibep. was 35 measured on day 3 by
incorporation of Hthymdine during a 12- hour pul se. Proliferation was

measured in quadruplicate and standard errors are shown. 5 5.
DETAI LED BESCRI PTI ON OFsTHEDENKENEDONESORI| weennbrlmuentNVBNwsoﬂlrected to

| i'gands which (a) g&@d Egsgﬂioﬁn@e ﬁgﬁ ?scﬁhkeg ?bclgéé g tsh {2}

pol ypepti de, and eration
i nvention is Hﬁ§é &Pr BeP8d PO5PKQaBPSGeéAtFgeﬁlfﬂ§eﬁﬂrfege Ehivhepsldeilned

by mAb &28-5 apd RuwcsugﬂsntntBecg&blatekatebﬁtbenacthanddlﬁkeaalkhe

t t ed d whi.ch b t d trat
2"bi ol ogi cai ShEelnVBRLAAR:ARoAIEA AIAESEAdnEA, ERPORBSP BRGRAPE AEFBALe!
acti vat edoB- cehlish 18 definedhbyl mjbnG28e5 ahd fumstibnsniansieelincl ude
antibody. 10! gedh ¢PerARABH.ONEN aRibIEN, "BhECEhG8nRnT 1R0AENLR SN LhoSE

anti body nol e tain t gen conbi ni ng
t he Bp50 recebﬁﬁﬁnﬁﬁcwbdthbéﬁénF9a5P§°n§HFfﬁédnaﬁtﬂgmghe§rah§ &ragnents;

such fragnentszbmsbu6612effaet atefaabthbﬂ1Eﬁéntesthe?ﬁ¥ntEebpn[fo] Fab’

and the Tike. o 10;8220L50R ok"8cti9aReq BleblgsPr esent Invention S

15 The lzgands of the present invention include ahtibod?i
,molecules, monoclonal antibody molecules and fragments of
these antlbody molecules which contain the antlgen comblnzng
site that binds to the BpS50 receptor including chemically
modified antlbodzes and fragments; such fragments include

20 but are not llmlted to the Fv, Fab, F(ab')z, Fab’ and the

11ke. In addition, the lzgands of the present invention
comprxse lymphokines, which bind to the Bp50 receptor.
These may include but are not limited to BCGFs as well as
chemlcally modlfzed lymphoklnes and the like. The ligands

25 ©f the inventlon can be used in their modified or unmodified
forms to modulate and regulate immune responses and in the -
therapy of malignancies which express the Bp50 antigen. "
These uses are discussed in more detail in Section 5.4
below.ﬂ : : x

30 Where the ligand is a- mcnoclonal antibody, or a
fragment thereof, the monoclonal antibody can be prepared
against Bpso_ﬁsing'eny_technique which provides for the
production of antibody molecules by continuous cell lines in
culture. Fcf example, the hybridoma technique originally

35 developed by Kohler and Milstein (1975, Nature 256:495-497)



- conpri se. | ynphoki nes, which bind to the Bp50 rl&eptor. These may i ncl ude
but .aré not limted-to BCGFs as wel| as chemically nodified | ynphoki nes and
the li-ke. The ligands 25 of the invention can be used in their nodified
or unnodified forns to nodufate and regul ate i mmune responses and in the

t herapy of malignancies which express the Bp50 antigen. These uses are

di scussed in norgsdgéat!lagn |
aI fn(;neel onal ant??)od Bl e oaeé%ngﬁ?ﬁ?Meof hrral)vneoc onal J}&bjd%%%%me
be prepared. agalﬂg?léﬁggeUS?ﬂ 35 the QﬂﬁaQWE%%Frﬂ%ﬁﬁ%ﬁ%@q(ﬁGQWﬁ§que

producti on of antkbmblgrnatealll £519§3 £ otmunsLsg e efdddy R J)n aiHd ttiHee EBVON

exanple, the h [ 35 develo b ohl d
Ni | rsr}[:)el n (19 5y ture @%@g}\‘g?% & Ellsé Werg thumad'f W}ern%cg‘coﬁ'rﬁl& ’\ﬂ?%
have nore recent [§obecetedtvai 12®% e Menptlanak Mnthihrsties @eld Qa}tnamlorra

techni que (Kozborhétapy, . AL&S3R. | D10l B, ,THRY 702 A i EEine are
hybri doma technlﬁue to roduce hqgﬁg#nnnoclonal antlbodles 5 l e et

al ., 1985, MonocYdhatn sHRe LRTPRS he, Rxgseffeinyentdom R i ss I nc.
pp. 77-96). and the I|kn¢ibedyuftaqmeﬁmssuhinh(ﬂonﬁxiqnthaemundtyyu|uﬂ1the

Anti body f ragrre%éw@ﬁﬁé 86’6‘1&"%%‘&6&"&{&&’&% %Jd}ﬁ €8 %frig#%scom

generated by known tec ues exa ts |nclude but

are not |i m'Ped e¥2mpige T‘é‘i”l‘]f‘ﬁw Wﬁ’d%ﬁ%d?P%@rgfemtatlé@Wq et | Hpe
the anti body nol geabe) %;ﬂ“amt nvhidie daab'bé fq’&i‘l&ﬁﬁ‘edﬂfh e rit iy the

ore] o ragnent “ulirbfoedh gl slbie S \SReRL Gl M e LRI it o

[err] fragment v
wi th papain; andcehgensoated Pabréduging tthewd itulfinde drjsigesatat tme

treating the antrp&gy) Ot faghéntd I @APABY AN e PadrlhC Wl AP LHn e " educe
thq,dlsulflde bri

v egerated by treating the antlbody molecule with papaln. and

the 2Fab or Fab fragments which can be generated by treat1ng
" the antibody molecule with papaln and a reduc1ng ‘agent to
_reduce the disulfide bridges. : _
Where the ligand that binds Bpso is a lymphoklne, the
20 lymphokine may be obtained from natural sources or if its
| .am1no acid sequence is known or deduced the lymphoklne can
be syntheszzed via chemlcal synthetic methods.
. Alternatively, if the gene sequence of the lymphokine is
~known, recombinant DNA technigques may be utilized to clone
o5 the gene in an expression vector which provides for
transcription and translation of the gene sequence in an
approprlate host cell.
‘Depending. upon 1ts 1tended use, the ligand or
.~ appropriate fragments of the ligand may be chemically
g0 Modified by the attachment of any of a variety of compounds
to the ligand using coupling techniques known in the art.
Such techniques may include but are not limited to the use
of carbodiimide, cyanogen bromide, bifunctional reagents
_ such as glutaraldehyde, N-succinimidyl 3-(2-pyridyldithio)
35 propionate (SPDP), Schiff base reactions, attachment to



Where the ligand that binds Bp50 is a |ynphokine, the 20 |ynphoki,ne nay be
obtained fromnatural sources or if its amno acid sequence is known or
deduced the | ynphoki ne can be synt hesi zed V|abghenical synt heti c nethods.: -
Alternatively, if the gene sequence of the |ynphokine is known, reconbinant
DNA techni ques may be utilized to clone 25 the gene in an expression

vector whi gli; PROU QsmgqgtgggnSEhbphggn ?ngaﬁiﬁﬁskégkﬁ?ogiaﬁgg gegge fﬁe

sequence in an opri ate
ligand or Sﬂﬁyﬂﬁgﬁﬁt Pkégﬁean BPthB“FlgaﬁGWﬂay bErEhénféélP§53b0pe

nmodi fi ed byst ge bhtacha&hbdotoanheoﬁiQaMartﬁ§¥ fhycamgeupds to the ligand

e ot 1 ThoRapbEiRE 612 AP eneat ReRhk, SYTHRRER P ORFRATR bR o

reagents sgbrlasighuesFal dEByda, rHNSQUCPﬁlﬁhaycheméeabyredgedtshwbicBS_

proplonatecéﬁPBE)ussahrBE e&eeﬁaaﬁba@mscaERBﬂCBaEntLhﬁab1aEUL£Eydry'
I NKage, to nane

noi eti es, the us |50t Qr en

but a few N VﬁérecgngﬁPé gé?@ﬁ@ ¥ §€°§Fﬁacﬁeé¥f6°Pﬁé°PrgXﬂH“Pﬁls may
al so be acZ@ppCRehPdess]a Encynaapcanaanen,orndaﬁdae ehbss| tppl 0R3~D39,
chel ation g;g For a review of the chenical reagents which can be used for
protein noditi Cation see, Lundbl ad and Noyes, Chenical Reagents for Protein
Mbdi f i6ati on, VEhgnehemicakclipkage pxccoupdingrafod, compennd, tohths,

pp. 123- 13931 14984. caald be dIbecebenteab huahaeﬁ ehecwy Lhagtﬁétadseapound
to the Ilgan coukg g E gq 59 E 83 |gan h t does not

parti ci pat BFnPBF Fﬁ@a § n +H P 8nﬁPP% ©phy protecting
t he b|nd|ngcsmeIQSheﬂebylganaeptﬁog tbepbuhdnngngltaeofoupélmgganactlon

~ For exanpl gribeelOpekr82fdngaink! E8LpREngOYBECt2RPSOFbE BkARPIED BREICCT

t he
1§ ligand can first be bound to BpS0 in order to protect the o/

Bp50 binding site, then the coupling reaction can be
accomplished to link the desired compound to available
reactive sites on the ligand-Bp50 complex. Once the

_ coupling raction is complete, the complex can be'disrupted

20 thereby generating a modified ligand to which the desired
compound is attached so that the BpSo binding site of the
molecule is minimally affected. Where the ligand comprises
a monoclonal antibody such as 628-5, in which the Fc domain

_ of the molecule is not required for the ligand to exert its

25 leffect (see Section 5.3.3. infra) it may be advantageous to

direct the coupling of desired compounds to the Fc¢ domain of

. .

the molecule. ' : : : o Q;) '

_The-subsections:below describe the new, 50-kDa B-cell
surface marker,. Bp50, which apparently functions in B-cell
30 proliferaaionnas well as ligands which bind to the new 50kDa
receptor, and their uses. As an example of the ligands of
the present invention a monoclonal antibody which defines

BpS0 and its.F(ab')z-fragments_are also described which,
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.Bp50 binding site, then the coupling reaction can be acconplished to link
the desired conpound to avail able reactive S|tes§?n t he |igand- Bp50

conpl ex. Once the coupling raction is conplete he conpl ex can be
«disrupted 20 thereby generating a nodified |igand-to which the desired
conmpound is attached so that the Bp50 binding site of the nolecule is
mnimally affected Wiere the |igand_conprises_a_nonocl onal antibody such
as G285, in mhlcﬁlkﬁesﬁerdoﬁﬂﬁﬂengtﬁeC 1eEﬂ?e1f%r?ﬁ&°fouHW¥%F?(ﬁ"?%ﬂ??35
ligand to exert IhﬁbZSwhé&hechn($ndu82Cfe9ﬂ15g333celI§rfﬁ G ﬁﬁnhﬁxhrrgﬁ
advant ageous to d t p d 0

~of the nol ecul e. ggsa sec gnéb g|§§Fd§§%$?%%§t{?§%qﬁ? %S %ﬁ. iﬁ# éb35
surface marker, BQBG amﬁicﬁpéﬁpaﬁéntpyeﬁbﬁtt|bh§h¢vﬁf§m¥ﬂadéiﬁl°nal exogenous
proliferationsas wel;hams | igande vbréAgbadeivatise Ay Pidibrdepeidrros and
their uses. As an e Ie of hge | i gands of the present invention a

nonocl onal a‘ntiboBVr ﬁ BePPALE- Bp50 and its [err] fragnents are al so
descri bed which, 35 Thekexaefimeatgnéessrfbeélhe;mmlalspeﬂemnnsttgﬂeI&hat

anti - Bp35 mAb, thﬁ'eicsg b”ﬂEEQvEE?t weelﬁbfe;lﬁccﬁ 5@&{\11 59 ﬂs%eihéeradu-
anti-Bp50 mAb does not ,activate resting B-cel . nt|

and ant 50
mAb toget her, witBBaP &ﬁydéﬁﬂPPFSn§F°ExBﬁ%nEE@F55 %?3 ti- ??éﬂuﬁﬁét}é%
activation ang prﬁbléeﬁahrowemﬁhpuBcGFedrB-cbeéslyThedﬁubme|mmmtscﬂescr|bed
bel ow al so denobns apt.i 5Q.-aCt 1 Xi ; e bty b
that anti- Bp50 |§ flgﬁg?'yf rBIC-),mVQP?Q%%Gﬁ_ éé%eég?\%g@% ‘E’(‘)ﬁ%}'[d:'l %%)éy uépso
mol ecul ar wei ght: B@EFbaré ceeaptyraﬁqrtavélahunQEtB@$rfeweﬁeryadhrweememhxane
B-cell subsets ors@hhﬂneﬂsn:eﬁodﬁméeeaanceﬁ Bro@ceeion éprs@cﬁleé%@{oBCGF :

or for a transnenbrane S|g hat nodul at es” BCG- production or
recept or expression
N _ _

(Y 15

§.1. METHODS USED TO:CHARACTERIZE THE BpSO RECEPTOR
Cell preparations. Mononuclear cells were isolated
from normal or leukemic heparanized peripheral blood by
Ficoll-Hypaque gradients (Pharmacia, Piscataway, NJ).
20 Mononuclear cells were obtained from tonsillar tissues as
- described (Clark, et al., 1985, Proc. Nat. Acad. Sci. USA
82:1766~ 17705 T cells were depleted with AET-treated sheep
erythrocyte rosettlng and F;coll-Hypaque gradient
" separation. In some experlments blood B-cells were enrxched

' 25 by isolating nylon wool adherent eells._ Monocytes were
removed by incubation on plastic petri dishes one or two
‘times at 37°C for 45 minutes unless otherwise stated.
Buoyant or dense ton51llaf B-cell fractions were isolated by
Percoll step grad1ents as described (Clark, et al., 1985,
Proc. Nat. Acad. Sci. USA 82: 1756-1770) Dense tonsillar
B-cell preparations consistently had greater than 95% slg+
"Bp35+-cells. Blood B-cell-enriched preparations had 60-85%
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expression. 15 5.1. METHODS USED TO CHARACTERI ZE THE Bp50 RECEPTOR Cel | . :
preparations. Mnonuclear cells were isolated fromnormal :or |eukénmc_ *
"hepar ani zed peripheral blood by Ficol!-Hypaqdg gradi ents (Pharnaci a,

Pi scataway, NJ). 20 Mnonucl ear cells were obtained fromtonsillar ti ssues.
as described (Clark, et al.,, 1985, Proc. Nat. Acad. Sci. USA
82:1766-1770). T ceIIs were depleted with AET-treated sheep erythrocyte.

rosetting and Fig que,gr.adi ent se aration. In some experinments Biéod
B-cells were enr? gHéggby |38Fg# ﬂﬁ 39 B GobiS atefer dselaseBskyMorotyyes
wer e renoved bytﬁﬁéabatﬂwnpbﬂﬂplastls petoined Blrefnewed bYOFtcEES -at

[err] for 45 m AybasuenLessiehheswhs n Buoyant- or dense tonsillar
B-cel | fractlonsyaeﬁéolgoLa te by Pe?é§$?$€ ep gradi ents as described

(Clark, et al., 19852 . e QISAS32nt1B6EY7E6) BpsDense
tonsillar Biel hepeepaedt bpnismﬁ@ﬂﬁt$h@naANB)’wCinﬁe9@hQ'h hhﬁgngi% §[,PF iPR3Rt

cells. Blood B- e r ns had 5@6 g+
B-cel |- Iynphonaigakpsegggg ggglg 2%3% i %§§§1ﬁﬁ P?nﬁﬁ&ﬁatbélﬂ§‘ﬂnto
medi um f ol | oned™¥¢iPmaolKohlppacee. gladltﬁﬂsﬁxﬂﬁuurhugamrcls wbmeclonal

anti bodi es. Thee&R8tbeantabosly, olgmgo ¥ rat.ed.b |
BALB/c m ce \Mthe s tonS|If % hocI?%s an 5 f3?|§3 Xﬁku ¢ é

cells with the ﬁlg %F‘dﬁﬁs(%ﬁ% in '?1b°d1}97£?a%t"er 81256t4954&93r B-
Ledbet t er, 16t aCe11$989¢ hotimith Revelld: vﬁe’:}:eBZ)dentlﬂ}be’eHdb‘}eltheCHEEUE?s

- secreting antib t cell.s and no
cells Qe?e |den?ﬁ¥1£§é§z;¥fémgggpg ééé|é%xiiF%ﬂﬁﬂﬁOFPﬁ&V@%EeH&Eh(gLfASﬁdIV
3]

‘analysis with a Cehtsse | SubiiRes with wantsibadvh gdmvingodysgbuirag
hi st ogram patterns 51m11ar to known mAb to pan B-cell markers (e.g.

Bp35) were cloned and selected for further study. The G‘,rs
1§ clone prod“ced an IcG1 mAb that reacted only with normal or
marlg“ant E-cells or B-cell lines. Other mAb used in this
study have been described in deta11 (Clark, et al., 19385,
Proc. Nat. Acad. Scz. Usa 82: 1766 =1770; Clark et al., 1%8s,
Human Imruncl. 16:100; Ledbetter, et al., 1986, Human
20 Immunol.15: 3¢~ -44; Ledbetter, et al., 1985, in Perspectives
in Imnunocenetlcs and Hlstocomoatiblllty, ASHI, New York, 6,
_pp 325-340). These include 1F5 (Inga) anti-Bp35, HBl0a
(IgGZa), ant;-HLA-DR, 2c3 (IgG } anti-u chaxn, Gl19-4 (IgG
anti-CD3, FC-2 (IaGZa) ant‘-Fc receptor CD16, and 9.6
25 (IcGZa) ant;-cnz (E receptor) provided by Dr. Paul Martin
(Martin, et al., 1983, J. Imnunol 131:180). The IgG mAbs b
were purlfxed by preclpztatzon usxng 45% or 50% saturated
ammonium sulfate and DEAE SEPHACRYL (Registered Trade Mark) column
chronatography, and the 1gGy54 mAbs were purified by the use of
30 pmoteln A SEPHAROSE (Reglstered Trade Mark) colums. The F(ab' )5
. f*agments of G28-5 were prepared by the method of Parham (Parham,
et al., 1983 J. Immunol. 131:2895) purified on a 2-meter long

SEPHACRYL S200 column, and assayed for purity by SDS-PAGE
(Ledbetter, et

~

o/
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patterns simlar to known mAb to pan B-cell marfRgers (e.g., Bp35) were

cl onedand 5el ected.for further study. The [err] 15 cl one produced an
[err] mAb that reacted only with normal or mal i gnant B-cells or B-cel
tines. Gther mAb used in t Hi's:study- have been deséribed in detail (Clark,
et al., 1985, Proc. Nat. Acad. Sci. USA 82:1766-1770; Cark et al., 1986,
Human | nmmunol . "16: 100; Ledbetter et al., 1986, Human 20

| munél. 15: 30- 442Y:adB@88er J -alfMunol10335:181pdr spThE| 963 AL to u-chains

IThmTunogenlet :jcsI Ia:m:dsHl mqmetd id isep thSHb éHeWeXagk(pﬁHizA-ﬁac13251340) _
ese include er,r]. jant g ant

anti-u chain, Af g%ﬁ] a??d% ? %ér?fibﬁtfyﬁeogﬁce 8P1€%né°9§%a“9-
9.6 25 [err] ant|- : 2 & honspn (Rarifhed

et al., 1983,5J. ﬂﬂﬂﬂﬂaye e¥¥he¥8ghrec hg [%Bhbu@ﬁﬁ%d“ﬁi@hpﬁlhBtEQcQYn using
preC|p|tat|on usi 596or Wba t,ur at e

SEPHACRYL ( Regi st 88#'&5\?*‘&%%&?9?’8%9“?9% H[’I)EAFér (STRRABY
were purified bpy fte:emfetmfodB(bf QNder@ (GAASRBHARESE] ( RegBSSer&d Imadeol.

Mar k) col f. t f
bar ha (Par haim  MEE-* 10} A9, o B3R M50 REBRGECRY RS " BEY. ©
| ong SEPHACRYL szmeddolhmwsxmd S&@?ajé’@amacgem withyasmetbadrwe bavet ter,
et 35 - al.yg 198 taklddMdledbbitek§19k a1lhe1363,mA berspeaew&sv\@_ﬁ

conj ugat ed to Sephar ose 4B  heads (Pharneci a Fin Chem S
Sweden) usi ng cy&%ﬁ%ﬁ—lﬁ @&gpﬁ—m&égéé# ﬁghgnyt@g 3Pﬁ?‘|' 6,
conj ugati ons. Pur:u:fs-edzsa Diimpleriad @elllsr dierectingubetepudat edundt-bottom
fl uorescein u5|n T C )
(green) by the. Jséégénhéé%%glgﬁéﬁng%ﬁh es Gﬁtgbgﬁ HkgnﬁﬁE?QQE
1 15-226), or M“Ig»eﬂréd’ft G TREFH PEGE) @nr:sdnm@bs) weebe)i 5y19§|.ngnspbhen
a”@ﬁ' a) Y!thaauarﬁtszdﬂﬂ?ahms IV cell sorter.
) ‘Two-color 1mmunof1uorescence. Two-color studies were
'.done w1th a fluorescence-actlvated .cell sorter (FACS IV:
Becton-chklnson,_Mountaln View, CA) by using a 560-nm

dichroic_mirfor to split the beam and a 580 long-pass filter
20 and a 540 ShOftfpaSS filter (Ditric Optics, Hudson, MA) in
front of the red and green photomultiplier tubes,
respectiuely; 'In addition, a two-color compensator (T.
Noieki, Stanford University) was used to correct for minor
splllover of green and red signals. . For each two-color
25 staln, data from 40, 000 cells were collected and stored on
 floppy dzsks._ Data are presented as cell number (vertical)
o, ~ versus log green fluorescence versus log red fluorescence on -
a €64 x 64 dot grxd.' Approximately 4.5 dots represents a
_ doubling of fluorescence. Unstained cells are positioned at
330 the back corner of the grid: red fluorescence is to the
right and green fluorescence is to the left. Our flow
"cytometry system for two-color IF with fluorescein and
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10 detailed in Ledbetter, et-al., 1985, in rspectlves I n | munpgenet’i cs )
and Hi stoconpatibiity, ASH, New York, 6, 118 129. Lynphoi d cells wer-e

i ncubated in round- bottom microtiter plates for *30 m nutes with an
appropriate dilution of green and/or red mAb, washed tw ce, and then 15

anal yzed on a FACS |V cell sorter. Two-col or inmunofl uorescence. Two-col or:
studies were done with a fluorescence-activated cell sorter (FACS IV

Bect on- Di cki nsgry d Bf In Vi Ve £63 1 H¥d USh NHofe 00N df it ot &% 1 reQE\‘f
fn

split the bean1 g gowL nE Pass Ellter 20, and- a: 540, short-pass filter
(Ditric Cptlcs HudSD

omul tiplier
t ubes, respect vetgcompmtaﬂdltxonasulzwwewdfork;xﬁaxat&ﬂIQS(éhdlﬂpﬁHGQO).

Stanf ord Uni versi | VeedRSclbetrd o, 081558 of Yol radmloawﬁd e HH £85k AN

red S|gnaI§ tain, data 00 cells were
col | ect ed and %?BF%Ee%na?lﬁbe HI%RS E%I%F&ﬁ%??ﬁ ake A S8 Tvekber
(vertical) verﬁﬂorbogtgfepnafésuoeestzemmgezwml ®PNE< d4daieinance on a

64 x 64 dot gr r d §

f1 uorescence. {ﬁg?gg,ﬁéﬁ&ﬁ;ﬁ{%rgﬁs %?%n%%ygfg%éﬁ‘ﬁhe qwklgg%?%e?sbf t he
grid; red fluogbetanire; sand pmuva'gﬁt (BRE2) gr cefter ubria certays s collsie
left. Qur f'%fé(t &d ﬁyeﬁemsoacivofcﬁxoehyﬁau@ ﬁéﬂ%@ﬁfegﬁb@nd 35

phvcoer b e ey dpal (Lecbert LA
119- 129 and 326e640&he@ehéme$tedeont@lghdsmfimlfihtreﬂ-s/rmtthdao@éls wer e
o b cone a REEI oL T aAALRN Y 684 b bRl T ASEH Hacion
bovi ne serum @®EPEEBti cEN 3?%?aﬁ¥ﬂ%flﬁﬁﬂt§yrEQE}%PQFES)°r ﬁa%%ﬁra_w%rq
days, cells added at various times after the start of cultures: SN
15 proliferation in these experiments was measured on day 3. .
Cost1mu1atory factors. Purzf;ed BCGF was purchased from
Cytokine Technology (Buffalo, New York) and contalned no -
detectable IL-1, IL-2, or interferon activzty. This BCGF
was prepared by the method of Malzel and coworkers (Maizel,
20 et al., 1982, Proc. Nat. Acad. Sci. USA 79: 5998), who have
shown that the major BCGF activity in thxs material resides
in a 12-kDa species, hereinafter referred to as'“BCGF (low)”
(Mehta, et al., 1985, J. Immunol. 135 3298) The '
purification steps included preparatlve scale DEAE afflnity
25 chromatography followed by hydroxylapatzte column
chromatography. IL-1 purified to homogene1ty was the T
generous gift of Dr. Steven Dower (Dower, et al., 1985, J. \$J
Exp. Med. 162:501). Recombinant IL-2 was klndly provided by
Cetus Corporation. TPA (12- o-tetradeconoyl phorbol 13-
30 acetate) was purchased from Sigma.
Detection of cell activation. Changes 1n cell volume
induced by mAb and/or factors were measured using a cell
sorter and forward angle light-scatter. Cell cycle changes
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vier e pulsed with 0.5 uG of [err] thym dine per Il (New 10 Engl and

Nucl ear’,. 6.7 G /mol; 1 G =37) for 18 hours. | s were then harvested
onto. glass fiber-filters with a cell harvester, and radioactivity was
nmeasured in a scintillationcounter. In some expefifents, antibodies or

factors were added at various tines after the start of cultures; 15
proliferation in these experinments was neasured on day 3. Costi rrul atory

factorsY Purifi eth BGOR wbsr RN hersd DX OIE\Q'ISJKH& "ﬁ&%&we@g%}’( Btffidling
o0 00 and coALLER 0PSBt LR dintosid ol I TSR 1YY ive
et al., 1982, Pr&elmarm (regt) . ang/OND: BB%N) mtlmtewérmwm cedtl t he
ot a1 naf er Tgt eree s SR (e 8 Mefevl Bl R, 3 Ghraymiguics,
I S ow )

135: 3298) . e ?l#tat*%%o r?%?"u AP o B UpR s’c?a|6é9|3E/§ém§f| nity
25 chr onmat ogr aphyChanhd esveih h;/el'g/dimylagwls tef mﬂnmuﬂmmgﬂmm welde 1
Sl 155 R R Al Ry S (pece
by Cetus Cor porat#‘?ﬁg therpayant ifa t pﬂbr@&“ﬁ?—ce&“f'eaéﬁ"@tlé) wigdh
purchased from Sigwegpiks eetéeom doredy. activation. Changes in cell vol unme

i nduced by and/ or ct.ors, neasur ed, usm sorter and fo.rvvard
angl e light-3$atter. é hem‘ﬁ%ﬁ’.ﬁ%g@f H*&bﬁfﬁ"&ﬁ? TRPRNSS 1P
€

| evel s-were rreasurmduy sfaBpﬁmgfm | st face sI-\MatHelad |tchnsa1draangelaml was
measuring relativ g}% n e nt e a

sorter by the net dfg%’wtgrz |4e£vv|xe%;z dgt&é% f%tgagrxs' n |§\?\7| dzrltgg I‘fn‘?rldnol.
1980, Proc. Nat. ¥hdt2aRt423489 77I%Wﬂmtlmg@§ei ﬁlre@tenqmnesﬁé on

of\,c:ell surface aydg 98BS V\Efﬁ@lyacrylamlde slab gels without reductlon. Gels
Y

15 were visualized using autoradlography at -70°c and Cronex
~ lightening plus intensifying screens (Dupont).

5.2. CHARACTERIZATION OF THE BpS50 RECEPTOR
The subsections below desc:ibe the results of the

20 experiments ‘conducted using the methods described above.

' §.2.1. IDENTIFICATION OF A B-CELL S?ECIFIC
50 kDA CELL SURFACE MARKER, BpSO.

A mAab to BpSO was raised by immunlzlng BALB/c mice
25 with human ‘tonsillar lymphocytes and fuslng immune spleen
‘ cells with the NS-1 myeloma. One clone, G28-5, produced an
~ : IgG mAb that did not contain the NS-1 light chain. Upon
scrutlny by IF analysis, G28-5 was found to react only with
normal or mallgnant B-cells or B-cell lines. &
comprehen51ve screenzng of normal’ tissues by ‘established
_methods (Clark, et al., 1985, Proc. Nat. Acad Sci. USA
© 82:1766-1770; Ledbetter et al., 1986, Human Immuncl.15:30-
44; Ledbetter, 1985, in Perspectives in Immunogenetics and
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nmoni tored by use of mAb directly conjugated with fluorescein and .then.
quantitated by direct IF fluorescence |evel ;g th an Epics V cell sorter.
10 Bi ochem cal characterization of B | mrunopr eci pi'- 125 tation
of- Bp50 from surface | -1 abel ed tonsillar cells was perforned as
described (Ledbetter, et al., 1985, J. Immunol. 134:4250-4254). Isolated

antigens were gl.ectraophore 1 ryl am de
wi t hout reduct tociRpgt ??1% 8#%&&I§?gd98¥% ggauPBraa?%g?ég r%Yé’$?p(3_
and Cronex Ilghbenl gepcas EnaeﬁébpﬁwngescmsewstbtﬂpnnS?tté Begative (Er-)

CMMUWMM@&%?%@ﬁ%@%%@&ﬁsﬂ%&m%ﬂ%Qd%ﬁmeme
results of the 20 EElgrlmentséion ucted usin escri bed above.

5.2.1. | DENTI RPRAFNERERE X BeErFi BﬁécPPﬁEFsg EofetE Plagkeacer MARRER
- Bp50. A mA5 t obBpbA gRantlbsgteby mowWoeytesy BAHB/ cevisg 8P p!\btalbusanzt

t |1 |

e Lo EREXEER BpHahUTy G EATHAS .Egl’gﬁ Baivpingbiostafa"oels 1ines,
NS-1 |ight chaFﬂStegpéndsEiﬁg khree Brrkistysi iymphemz. héae$oﬁﬂéjio Paundi,
only wi th nor nghm@iwh®| i BG&NHhok- oettheﬁrchebh1I1mﬂés (esﬁQ HSBUP| ehensi ve.

screeni ng of n t1ssye abl net hod 1985,
Pr oc. kn? gﬁﬂgéF '2ad §§B¥92%3177 L8858PE8rigﬁgchytiﬁséeuﬁﬁﬂéﬁs
| mmunol . 15030 tésteleddss) candloes, (Bwlperoﬁeatlymphomasnhaabgénekpcessed

35 _ Histocompgpi BPBbtxaﬁﬁéﬁl whifW 4a1l 284 ra?éﬁZéf?’ﬁﬁ), FeVRBhCH ERELATNE

&8-5 anti body reac osette ne fom
tonsils but noPC“FFhlﬁypbﬁcﬂﬁéF ﬁ&H&GHéPéanPrééFPQ Bpp@. i nduced T-cel

bl asts, or with 5 bfﬁedreéﬁﬁﬂbeﬁﬁtﬁist&ﬂbﬂt!bﬁsofrBﬁscebhsnoﬁﬁam|€E§s€E§-
't " was further confzrmed by quantltative two-color oo’
15 immunofluorescense (two color IF) analyses. Using an R-w
phycoerythrxn (PE)-conJugated antiquy (red) to the pan B-
cell.antigeninjsl(Bl, CD20) and.fihorescein-conjﬁgated
anti-BpS0 antibody (green), we found that Bp50 was expressed
" only on Bp3S+ B-cells (Fig. 1) in blood or tonsils. Blood
' 9q9 B-cells cons1stently expressed somewhat lower levels of BpSoO
than tonsillar B-cells; this is sxmllar to HLA-DR
expression, (Ledbetter et al., 1986 Human Immunol. 15 30-44)
~and to gp54 expression (Wang, et al., 1979, J. Exp. Med.
149: 1424-1433) which are also lower on blood B-cells. BpSO
o5 Was expressed at simzlar levels on ton5111ar B-cell
subpopulations separated on Percoll gradients 1nto buoyant .-
and dense fractxons. Using our PE-conJugated mAb to the T o/
cell marker. CD3(T3). and NK cell-associated marker, CDlS(Fc
~ receptor) (Ledbetter, et al., 1979, Immunol. Rev. 47:63-~ 82),
we found that Bp50 is not expressed on T cells or NK cells.
Using two-color IF, we also found that CD3+ PHA blasts that
'expressed'high_levels'of I1L-2 receptors_did,not.express
BpS0.
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T eact ed strongly with all seven B Iynphoblast0|d ceII lines tested and with
three Burkitt's |ynmphonma lines (Raji, Daudi, Na;? but not with four T
cell, I'ines (CEM: HSB-2, JURKAT, and HPB—ALL) I chronlc | ynphocytic
1eukem as 10 tested (3/3) and 90% (9/10) of B | ynphonas tested expressed
the Bp50 narker while only 28% (2/7) of non T, non B CALLA[err] acute

| ymphocytic | eukem as expressed Bp50. The restrlcted di stribution of Bp50 .

on nok#ll tissues was fyrth nfi uantltat|ve t wo-col or 15
i mmunof | uor escense. (tmo¥%8lgﬁsrg)aaﬁgg9§¥s REERY WhtiR-2 FIRPER RIFYREPtide on

(PE) - conj ugat ed antphedyléretiympbotitepathit megfatwm|4ﬁﬁhﬁﬁ£ﬁkiﬁﬂte1¥xﬁb Kd

and fl uorescein-co t a g t.h

was expressed onlyﬂgﬁg% ggn EE FFéQ éaka?ggxng Lffgd or Toﬁgﬁﬁ méiﬁ%ﬁi%zﬁf
B-cells conS|stenti9r€§5rE§§Edp§8ﬁéﬂH§iYIéﬁEPrtéﬂeﬁscﬁﬁlEﬂﬁlk%#ﬁuﬂn(ﬁhﬂlsqne
B-cells; this Bs smaléaﬁlaﬁ VbEghR £XREESELEN, aé LeghetdLera®ys at217pt198§u a1.,

el 1553 d) " rbRafBE, BXEISTRARRE Riefie e a pa st
expressed at sim IHatueee284 PN458ns6 0 afl8rkel et sabpppla s, dits Leasattesl on

Percol I' gradients ugyan n r I S :
PE- conj ugat ed mAb r i ?i Ldé dngfﬂﬁéré a&E Qi]" dskﬁh{%xloqéssloac R el

mar ker, CD16( Fc reEE%Por}z(Y%Hbe?te}sséiséf 5139?@' ¢%mAhol 1982, Proc. Nat.
47:63-82), 3010we Acadd SRt BEE07952696- Essxes'me@lrpéyimaédzs @t N4 celiges,

ol g e ool o | Fy vEpBbaRy ! CLIF IRGH-gBB L Bhag ! SNty ese e i e

reacted with a sinfipr phispeplivesoselented| so tbamﬁtthNni&dumarnunghﬁkznf

approxi mtely 50 Kehangehe POB=EEHH ChABK EPEUEEE PESHE Ridha A -colffiardP Wi ©

' Bp50. The Bp39 marker, unlike Bp50, is expressed on

15 'granuiocytes-and Bp45, unlike Bp50, is restricted to B-cell

- blasts. Antibodies to Bp39 (41-H16) and Bp4S5 (MNM6, Blast~

1, Blast~-2) made available through an international workshop
(Clark, et al., 1986, in Leukocyte Typing II, eds. Reinherz,
et al., Springer Verlag, Berlin, Chap. 12 Vol. 2, 155-167)

20 4id not block the binding of fluoresceinated anti-Bpso
ahtibodies_to B-cells. Thus, based on tissue distribution,
biochemical analysis, and blocking studies, the G28-5
monoclonal antibody recognizes a 50-Kd structure distinct
from other known B-cell antigens. -

25 - - . a
5.2.2. EXPRESSION OF Bp50 IS RESTRICTED TO B-CELLS

Both hematopoietic tissue and cell-line distribution

studies and detailed two-color flow cytometric analyses
‘revealed that BpS50 15 expressed only on B lymphocytes. As
o illustrated in Fig. 3, Bp50 is expressed on a small subset
- of blood lymphocytes and on a large population of tonsillar
lymphocytes. Vlrtually all Bp50+ cells in both blood and B
. tonsils also expressed Bp35 and HLA-DR, but did not express
the C€D2 (Fig. 1) or CD3, T-cell molecules or the IgG Fc

a5 receptors that are found on NK cells. Furthermore, ConA-



| arger than previously reported B-cell markers in the same 5 mol ecul ar
wei ght range such, as Bp39 or Bp45 (Zipf, et al., 1983, J. Immunol. -
131: 3064-3072; . Kitner, et al., 1981, Nature 458-460; dark, et al., - .

1986, in Leukocyte Typi ng Il, eds. Reinherz, "et "al., Springer Verlag,
Berlin, Chap. 12 Vol. 2, 155- 167; Slovin, et al., 1982, Proc. Nat.

Acad. Sci. USA 79:2649- on, et a | ,munql .
134: 3007- 3012, 3hi'H ‘?%3“ % L‘L? |W'P8Fef’hig ge’Fe%%t%%? 3%?% S0
that the nol _ecu:lm vt (FNprass tErmSQ)t her B—ceII mar kers could be readily
conpared with Bp50. , &P.I rﬁrgg,ercywq,légﬁ@gﬁgn ggsegpig@ on 15 .

granul ocytes and Bp4b, ke S restrlcted to B-cell  Dblasts.

Ant i bodi es to BpIORYifathe "Erﬂ)é‘ﬁfﬁf‘be VG ths density pehationshigidetween
avail abl.e t&r Ougkb asur fiss raaiu:cg“ea-lsmomglmpv(z@uankr shbwad. thd©8he idense,
Leukocyte Typi N , nger ap.
12 Vol . 2, 155- ‘l;i"z%dé ca‘ﬁ rkét"hﬂ% ?'% 3 ¥ E%‘?‘g“é SIF‘%]%}{]%IQ
anti - Bp50 anti Rxpress olay c?é‘}q SJ-C’“I'I"P«,SVE%S#d B(Pﬁ%tal yheseassthe bh'#‘PWt-

bi ochemi cal aggéaéi@?t@mfbi&aql@ tnga Sﬁnéfjlqrhs:mitﬁﬁ G%&térrraaect?nah wedy
recogni zes a structur I r.om ol ner. - ens.
5 2.9 EXPRES§'ES£I FEPERED %se“ﬁ%é‘l‘gc’té‘l‘ﬁd rlfs(1'31%_|_rs},(2*\§§3" tﬁ&ﬁat‘c’; o?gt re

ti ssue andtioel Ich_mm ﬁnmmolb.utli)frﬁ%l udlmm A shaiwise thattobobhoIghtow

cytometric analy, \gg%@%%wemé %-eaeqrxemece@ )éxBPegsEWrﬁ esyiﬁs
As 30 |Ilustrat |s?lfqﬂpressed on subset

| ynphocyt es anoe‘ﬁﬂah 4‘&‘?‘@%'--?)0 EALY) thatsiBRsd ’-Isyﬁﬁi%'éﬁﬁég oY PPEEI I y

al | Bp50+ cel | srést hod heotorTs aamd t Brsélss adcniviqude93eeiBp35 and HLA- DR,
but did not express the CD2 (Fig. 1) or CD3, T-cell mol ecul es or the IgG FC\J
35 receptors that are found on NK cells. Furtherpmore, ConA- :

w
15 : A 3. AUG'!ENTATION OF B-CELL PROLIFERATION
WITH ANTI-Bp50 ANTIBODY

As prev'ously explained, B-cells can be activated with
low doses of anti-u chain speclfic antibodies. We recently
found that the B-cell-specific marker Bp3S (Bl), a 35-kDa

20 p,oiypeptide',: pay also function in early B-cell activation:
the 1F5 mAb to Bp35, like low doses of anti-u antibedy,
activates B-cells to increase in cell volume and RNA content
and to beccme responsive to'B.CGF (Clark, et al., 1985, Proc.
Nat. Acad. Sci. USA 82:1766-1770; Gollay, et al., 1985, J.

5 Immunol. 135:3755-3801). Therefore, it was of interest to

compare the effect of anti-BpS0 mAb in the proliferation of
untreated B-cells or B-cells activated with either anti~-Bpi/
or anti-u antibodies (Table 1). Anti-Bp35 in solution or
anti-u antibodies attached to SEPHARCSE (Registered. Trade Mark)

beads, under appropriate conditions alone, . could stimulate some B-cell

30 proliferation (Table 1, line 1): in contrast, 'ant_iéapso
antibodies alone did not stimulate_-ptolife_ration (Table 1,
line 2). However, anti-BpS0 mAb augmented proliferation
considerably when cultured with anti-u beéds or with anti-

a5 Bp3S. In this respect anti-Bp50 resembled BCGF (Table 1,

line 3). Thus, it was important to determine whether



‘activated C03+ T-cell blasts expressed |L-2 rﬁﬁf ors [err] did not express
Bp50. Two-color . flow cytonetric analyses allo e quantitative nmeasurenent
of the density relationship between 5 two surface antigens. .\ previously
‘showed that the dense, resting.B-cells in the mantle zone of secondary
follicles express IgMand |ow l'evel s of Bp35 whereas the buoyant,

activated B- cells in the germ nal center are |IgMnegative and express'

el eva€d | evel s ontBpdp sl adaeBeeF ﬁageﬂhem E%ulHUQBBuEQWEDEE1115 30) .

Fi gure 3 shows that q;grrépﬁ ‘po |t|&§ Qﬁ %g%;gegatlve - subset s
expressed Bp50 |€r9} AteRrs, AendidRstEg ngFaglies. ex FE?séd 3Rt bokpso
resting B-cells an BCGH Its’gmcarati@dwcredvmmprbaiferatlon, bbt3did augment
AUGENTATI O CF /Gille PRRLHEBTLGNULT AT\, BSQRNTHECDY, 85 LeyhOUE Yo

expl ai ned, B-gcell's can be activated SEs 0 arn spec
ant i bodi es. r SRR Y Bore thap FﬁéhBrbéﬁﬁm§éé6FfPé°ﬁﬁrk§FGBp953FB&) a
35-kDa 20 polypemhnta-lmqyrahge fuhehluﬁeﬂnw&&hlhnBiGBbBoaﬁituaﬁtOBthéBe

1F5 mAb to Bp35, J f [ a vateg B-ce

i ncrease in cell gﬁ h%QRﬁi %§§?§%t°§hd9%ggggégﬁ§§§é §g éFVﬁe ﬂiig

(Clark, et al., BY®® wne@canméerA@auassylsedusA gpsesc6angiog CobhmaQ,leto 10

al ., 1985, J. 25ugmarynol . 135:3795-3801). Therefore, it was of interest

to conpare tf1e effect of antl-BpSO mAb in the proliferation of untreated

B-cells or el Fs—aet-rated—w-t-h—erther—aRtt—f-8r—or—anti-u—-antibodies

(Table 1). Antl-Bp35 in solution or anti-u &ablleodies attached to SEPHARCSE

(Regi stered. Trade Mark) 30 e_co al one,
Reafispcdbien spnageyfucor H“&i K

could stinul ate sone B-cell contrast,
anti - Bp50 anti bodi edPSNGRE §|GeﬂétP§Pﬂ#§?5@€iﬁﬁoﬂﬁﬁéréﬂFén pFabhatibodies
A_ However, anti-Bp50 mAb augnented proliferation considerably when
cultuked with anti-u beads or with anti- 35 Bp35. In this respect

anti - Bp50 reSenb - -
determ ne whet her - Mean Proleeration + S.E. of B Cells Cultured With:

Line Co-stimulant ~ Media  Anti-u-beads  Anti-Bp35

1 . None .. 1,212+547 10,219+4462  5,539+308
2 Anti-Bp50 719+718  38,792+1,329 25,465+616.
20 3 BCGF | 456217 © 14,217#445 ° 9,443+343
4 Anti-Bps0 | |
+ BCGF 1,456+126  54,393+2,537  46,488+3,387

Prolzferatlon of dense Er- tonsillar B-cells ( 95% surface
IgM cglls) was measured on day 3 as described. Briefly,
2 x 107 cells/200 ul well were cultured in qguadruplicate for
25 48 hrs with RPMI 1640 medium containing 15% fetal bovine
serum plus additives without antibody or with either 2¢3
U monoclonal antibody to u chains coupled to sepharose beads
_ ("anti-u beads,” 50 ug/ml) or free 1F5 anti-Bp35 antibody (5
. ug/ml) - Cultures containing media, ”anti-u beads,” or
anti-Bp35 were cultured alone or with BCGF (5% final
concentration, Cytokine Technology, Buffalo, New York: has
no detectable IL-1 or IL-2 activity), with anti-BpS50 (1:1000
30 dilution of ascltss) as co-stimulants. After 40 hrs cells
were pulsed with H-thym;dxne, and counts incorporated were
measured after 18 hrs._ _ :
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23 anti-Bp50 and BCGF together could |nduce&g cell proliferation. . As
illustrated in Table 1, line 4, anti-Bp50 a qECGF t oget her i nduced no
proliferation, but did augnent proliferation of either anti-u‘or anti-Bp35
activated cells 5 sonewhat nore than either stinmulant alone. BCGF over a
~three-l1og range, when used with anti-Bp50 wi t hout other signals, had no
effect on proliferation of ‘dense B-cells even when anti-Bp50 was used
doses ranging from 0.5.:33 .10 ANF}tBPIO® ﬂ%l@@%w&mﬁmlmmrrﬁme&

Anti-Bp35 I nduced B Cel | ProlAFEER BTFENYS ARRACEPSATER iBodNRI-Ep Ik an
Proliferation + S.E. of B Cel9R ANIXTRANTFBOPIBS no  Co-stimil ant Media

Ant i - u- beads _Anterp35 1 . None -1, 212+547 10, 219+462
it Tumn A3 2 R B Sl bk
1,456+126  5418834ndise PR LBt BEM Myl itsslt orAS)fSWmdrErFIQ-orisl I'lar
B-cel I's ( 95% e ot eaﬁ{di[ t&%d Séaﬂ@ﬁmdreaﬁé&@d eodlag 3@ BN dgafl

Briefly, 2 x 10 ceIIs/20 were cuJ tured in quadruplicate for 25 48
hrs with RPM 1é#b ng %rﬂ‘bl rﬁnﬂ"ﬂ?&%’f‘ﬁ HPUAKA ne HAWEWARTY Jh dNA ti ves
wi t hout anti boq;teyerwé fbﬁldﬁﬁmiﬁ&éﬁmlmanmapﬁww st el ed

to sepharose b ) F 35

ant i body ( ?,aq) ‘(°c§’rt ur- coﬁfal H ngl%e aﬂigt{ffeuslngﬁt@r{t%) anti-Bp35 -
were cul tur ed Freid ferafjon sutrsyavk i hky. coﬁrﬁ:mql'atai)rﬁﬁ’u(gﬁ%l&méo 000
Technol ogy, BUEEH‘%eﬂﬁaﬁéﬂE&%aﬁﬁﬁ at the optimal time of proliferation

when highly purified B-cells were cultured only with antz-
: Bp35 plus anti-Bp50. A consistent observation was that ,
higher doses of anti-Bp50 (greater than 2-5 ug/ml) were WSS
15 effective than doses in the 100-200 ng rangeQ
These results suggested that anti-BpS0 may function
only aftgrfBécells are activéted_by.other signals. Data
shown'in Fig;“s suggést that this is indeed the case. If B-
cells were first activated with anti-Bp35, anti-Bp50 could
20 Dbe added as late as. 24-48 hours later and still augment
proliferation at day 4. 1In contrast, when cells were first
treated with anti-Bp50, anti&3p35 was.éffective only if
added within a few hours after the start of cultures.
Similar reédlts were found when anti-u rather than anti-Bp3S
25  was used. '

5.3.2.  ANTI-BpS0 mAb DO NOT ACTIVATE B-CELLS OUT OF
- G, BUT DO INDUCE ACTIVATED B-CELLS TO PROGRESS
'rﬁnouca THE CELL CYCLE

Prevxously, we have found that ant1-8p35, like low
doses of anti-u ant1bodzes, induce resting tonsillar B-cells
" in Go to enlarge (Clark, et al., 1986, Leukocyte Typing II,
eds., Reinherz, et al., Springer Verlag, Berlin, Vol. 2,.

30
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ho detectable IL-1 or IL-2 activity), with antl-%SO (1:1000 30 dilwution
of ascitss) as co-stimulants. After 40 hrs cel 2s were pulsed with
H-thymi di ne, and counts incorporated were neasured after 18 hrs. 35

5.3.1. ANTI-Bp50 mAb AUGVENTS PROLI FERATI ON ONLY- AFTER B- CELLS ARE

ACTI VI ATED BY ANTI - Bp35-OR ANTI -u- ANTI BCDI ES The results in Table 1 suggest
that anti-Bp50 mAb coul d not i nduce proliferation by itself. As shown in -

Fig. 4 doses of 50 n 0 / no
-~ effect on [err]-t 405% 1{‘ftaq'%;e ecl-'%vé\%ﬂe % %}}%%e rogfsé%(?e cogl clyl':"'.elul
| evel s of "anti - BpGo ey, ast 18X 44 L85 0.3 tIJMOJIB?lJ-g/Wﬁ éf’9érrt3|803})50 Thus, it

anti bodi es augnenggd Jdf jd¥tddered Icsmnﬁm_stam il Mty Aﬁr Eneh -8 520nAB0t 50
70,000 cpm were detectable at the o I nme of roI qratm&ﬁgfgen hi th

purified B-cel s 3RFEBRAT AR T qetsy Bﬁ1°l.?§ afct? OfA
consi st ent obSer vstiowrm i/msriqlatsku gtrﬁstxiusleasteﬁ dutse BohdildacaBecellsnered

ug/ ) vere [err], A, ef] o '%eas%}mrmﬁ%m tﬁseq %OQA{% RN GRocThese

results suggeste functi on on -ce ar e
activated by ot he‘Fh%#‘Qﬁkﬁ%‘ls"’-mat%F W 1CFat 1t9ﬁ| g Proc.

i ndtagd t hebcasgd %ét B-acsd) $d!3-r EUéA r'ﬁl @53574/610331 W mm!‘.Bla%utamSI-3I[%56f'
cou 20 e adde our i
5, <t fpitaned s SR AUl BTl cased RiA

mohferM|onat?% wer €T S reate
anti-Bp50 am0i - Bp3Stewts iaidmatiz«ee o:nt wntfrxadidetcp i hiTe somsipastur pedther

the start of cul ty,g@g.gégén 9’3{9 eésy,l t,§° @ﬁ% Ao irdeya t han

-anti-Bp35 25 was used ANTI - Bp50 IVATE CELLS OUT OF
G BUT DO | NDUCE S ifieant. wethar s S PROFELS o enter 5 ¥or instance, 2

. days after activation, anti-Bp35 and antl-Ig mAb induced

/ D respectively 13.5% and 20.9% of tonsillar cells tp'enter Gy,

15 whereas cells treated with only anti-Bp50 (2.7%) or BCGF
(3.2%) remained at media control 1evgls (2.2%); However,
when either anti-Bp50 or BCGF were added together with
anti-Bp35 or anti-u antibodies, the proportion of cells

_. gntering G, increased dramatically. Similarly, anti-Bp50 and

20 BCGF aloqe_did not induce B-cells to enter § phase (Table

' 2), but together with either anti-Bp35 or anti-u did

.-inéfease the number of S phase cells two- to threefold.

25
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TRROUGH THE CELL CYCLE 30 Previously, we have found that -anti-Bp35,
i ke | ow doses of anti-u antibodies, induce sting tonsiilar B-cells in. G
to enlarge (Clark, et al., 1986, Leukocyte ?;Erng 1, O eds.,” Reinherz, et
al ., Springer Verlag, Berlin, Vol. 2. 35 455-462) and to enter the [err]
phase of the cell cycle (CGollay, et al., 1985, J. Inmunol. 135:3795-3801).
Thus, it was of interest to conpare the ability of anti-Bp50 mAb to 1%?

g.

anti-Bp35 nAbfOr TNEIT elfTects on B-Cell .actrvarrom AS 5 -SITOWT T
6A, unstimul ated dense tonsillar B-cel T@bd¢e? after 3 to 4 days in culture

had a uni form RNA profile c¢har t.@ ig;%F %eg “E eLr] (Dar zynki ew cz,
1560, Proc. Nt Agads Sokscoshorp GATEICTRss. s B PhayacSonc o
cells stimulated wth anti-Bp r-anti-u-had T ncréased 3 g*-“Cont ent

i ndi cati%e of entry into [err] In contrast, neither anti-Bp50 (Fig. 6B) nor
BCGF (Fig. ' | _ Lgnifi : : : err]
For instancecohpdtencal t er Priogeeisisdlon anti-Bp35 ang gelllsl g mMAb i nduced
respectively 18ig#aand 20.9%sd§nhansiIIarG%elIs'to eniﬁr [err] $ZG_ yMereas
cells treated with only anti-Bp50 (2. 7% or BCGE (3.2% rennined af _nedi a
control level §o4da2% . Howeveponahen eitheig anti-Bp50 gr 4BCGH merg'?dded
together with anti-Bp35 or anti-u anti bodies, the proportion.of cells
enteri i@ [ er r PrtdcBPASed dramati®cal ly. Si #0941y, antil4B§50 and 28-BoGr

al one did not antd+gg B-cells to#enter S pleass (Tabl e 2).6but togeshegr with
either anti-Bp35 or anti-u did increase the nunber of S phase cells two- to
threefold. 25 30 35 : :

%

-

media " anti-Bp50 83.6 12.0 - 3.3 |
anti-Bp3s = -  s54.1 35.5 9.7 W
15 anti-Ig: - ” 43.6 36.2 ' 16.2 o
media . . BCGF 85.4 11.7 2.2
 anti-Bp3s .- 56.6 32.6 11.6
_anti-Ig . .  48.4 36.1 14.1

.29 Percentage of cells in G,, G,, or S and G, determined with
the use of the acridine Sran'e-staining pgocedure- _
(Darzynkiewicz, et al,, 1980 Proc. Nat. Acad. Sci. UsaA
77:6697-6702); 1 x 10 dense tonsillar lymphocytes with
anti-Bp35 (5 ug/ml), anti-u on beads (50 ug/ml), anti-BpS50
(0.4 ug/ml), BCGF (5%) or combinations as shown.

25 _ :
| 5.3.3. OPTIMAL CONDITIONS FOR AUGMENTING B~CELL

PROLIFERATION WITH ANTI-Bp50 ANTIBODIES \rt

Antibodies to Bp50 by themselves have little or no
detectable effect on dense resting B-cells (Table 3).

30 However, in the presence of agents that can activate B~
cells, such as anti-Ig, anti-Bp35 and TPA, anti-BpS50 mAb
clearly augmented proliferation. Anti-Bp50 did not
costimulate with several interleukins, including purified
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Tabl e 2 Effect of Anti-Bp50 and BCGF on Cell 5?3*6 Progression in Tonsillar

Lynphocytes’ 5 Cbnpetence Progression % Cel |l s Si gna

Si gnal o [err] [err] nmedia none

89.9 7.1 2.510 anti - Bp35 o , 80. 4

14.5 3.7 anti-lg 65. 6 27.6 5.7
medi a antl-Bp50 12.0 3 anti-Bp35

54.1 - 35 5 IL-1, recgp%dqﬁﬂq q&rz and BCGF (low) A4§pgparlson38§2the
16. 2 nedi a effecBC@EE antl-Bpiﬁiwhth thoskl.of BCGF (low]. 8hawed- Bpat

" 56. 6 4
0.1 ia eseff fents that bfhdUdsthuigtory with angi-ppsgtdefe
with the use of almo a%‘ﬁ"eﬁ’ﬁél%‘i‘%iﬁgéﬂsfﬂ‘hlﬂﬁ% e difedlEeDdl 2y M PRAFEiCUdpT
al., 1980 Prec. {\pterd¥@idvasstthe UShdind 69175@ ethjezx BLGF d@aﬁsenttanspbbar

| ynphocytes wit Bp35 (5 u ti-u 50 anti - Bp50
(0.4 ug/n), c@gﬁsi/a Ge c’g% %aﬁrq%ﬂ%la qs“‘é’ IMAL
CONDI TI ONS FOR AUGVENTI NG B- CELL PRCLIFERATICN MYTH ANTI-BpSO ANTI BODI ES
Anti bodies to BpoQ_-hy thenselves have ljittle or no detectable effect an

dense resting B-cel | s (Table 3). 30 FbmeverTQQF%r%apwesence of agents

h [ B- [ 1 h RA, -
?mgt crggr fi;:’:(;i\ljgﬁneent edCSrolsl f‘ii%‘@b P-'f? Bg;?%i}, %Ogé\ eﬁqg%mt%qgl\ipw

several interleukins, includ

- Mean Prol;feratlon + S.E. of B-Cells
Cultured with:

C _ B Anti-Bp50 : BCGF
~ 45 Cocstimulant = Media (200 ng/ml) (5%)
' none | 96 + 1 267 + .15 285 + 74
anti-Ig 5,833 + 391 41,634 + 2,103 25,094 + 61
anti-Bp35 ' | N _
(5 ug/ml) © 457 + 45 - B,143'4 280 1,733 + 32
TPA (2 ng/ml) . 7,361 + 537 21,163 + 871 13,064 + 1,030
20 rr-1 (10 U/ml) 264 + 2 .. 308 + 23 221 + 8
IL-2 (100 U/ml) 204 + 34 350 + 7 220 £ 11
BCGF_(5%) 220 + 7 851 + 28 270 + 18
Dense Er- tonsillar B-cells égreater than 95% sIgM+ cells)
cultured for 48 hr at 2 x 10~ cells/well followed by 24 hr
- pulse with “H- thymzd;ne before counting.

U The kinetics of proliferation augmented by anti-Bp50 is
shown in Fig. 7. The peak of proliferation occurred at day 4
and then waned whether or not cells were activated with

10 anti-Bp35 or other activators such as anti-Ig or TPA. The

kinetics of. prollferatzon augmented by BCGF or by ant1-Bp50
were similar.
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I L-1, reconbinant I1L-2 and BCGF (low). A g¥g$arison of the effects of,
anti-Bp50 with those of BCGF (I ow) showed ° the sane agents that were
costimulatory with anti-Bp50 were al so costinulatory with BCG- (low) (Table «
3). O particular 5 interest. was the finding that together BCGF and
anti-Bp50 still were not costinulatory for resting cells. Table 3 _
Augrent ation of B-Cell Proliferation with 10 R Anti - Bp50 ;;

Anti bodi es or B-Cabl XgtbhehaBaft08F NganfProkifBpaDi antib&dkescdufnénted

Cul tured wth; by Y '3 g sti Jul/ant wae shedia-
(200 ng/ ) Brofﬁkb;gﬁggn.n %2 opt;mﬁ@?ﬁpé? oggg;E ?B/ﬁﬂ was 3%%d+i%b

285 + 74 ant Fupgequent stugigss ,Azgpnsiztept ohseryplionywagghhateyhen
anti-Bp35 (5usdhgl whole antéiBodydmolecul@s]4RigheB0doses of, ZRBi+BBROTPA (2

Uiy, S3batyrsatdl enah 383 Gadhh) were 1835 8% e iO80Ey apkps 140, |
34 3$be+071-0.5 ug/mlyzengei1 BCGF (5% 220 + 7

851 + 28 H&%Qn+sléeﬂqasar5rexaqaghkhQP Fea?Ptsvégteaaahibhear95@6
S/ We

slgM cells) cultured for 48 hr at 2 10 cel fol|l owed by.24.hr
SuPSe with LetheREs RedBBEERebYoSHE) K. T25SPRETE Rbl ADLIBPUIFS PEERAPRGRS
augnent ed byseagtfacBp3g i(Parkewn 198Bi,gImbundtile Rexk SR:pasl;i Béjatevhosch,
occurredqat y and .khenwaned . her ;Qr, @3k Cel regLagti.v "
30 antSngBg@oPiéfhgﬁhgétFﬁa?ggéwgggﬁ égaé%??gpd o?ﬁ¥gi.§tTﬁégk?ﬁ§§F§%Bgf
proliferati okocaggnearedtbs BELECcacYhPLawholBpsnticBpSsi mhbawithsthat of
anti-Bpso-F(ab'):mfragments. Over a 100-fold dose range
F(ab’), '
12 BV , s o
effectlve_than,hwhole_antlbody at augmenting B-cell _
15 proliferation (Table 4). Thus, the Fc domain of anti-Bp50 mAb
is not reqﬁired”for anti-Bp50 to exert its effect and, if '

fragments were ciearly_as effective as, or more

anything, may be inhibitory. In other words, anti-BpS0, like
BCGF, apparently can act as a soluble mediator without the
~aid of Fc receptor-mediated accessory cell function.

20
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As little as .0.05 ug of anti-Bp50 antibodi es augnented proliferation. An
opti mal dose of 0.3 ug/nl was used in subsequ@® studies. A consistent ,
observati on was that when using whol e anti body nol ecul es, hi gher doses of
anti-Bp50 5 (greater than 2-5 ug/m) were |less effective than doses in
the 0.1-0.5 ug/m range. Human B-cells are exquisitely sensitive to

I nhi bi tory effects nediated by the Fc receptors of antibodies binding to
surface™l g (Parker, 1980, |Inmunol. Rev. 52:115; Bijsterbosch, 10 et al.,
1985, J. Exp. Med—162-1826y—TFhus—t—was—-Aportant—to-—conpare-the
efficacy of whole anti-Bp50 mAb with that of anti-Bp50 [err] fragnents. :
Over a 100-fold dose range [err] fragnent§ag§re clearly as effective as, or
nore effective than, whol e anti body at'augnenfiﬁg B-cell 15 proliferation

(Table 4). Thus, the Fc dofhien ref paRkinBe20ARRR-BS580knt EOUASEE for
anti-Bp50 teo exert iilss neftf Relquardad EErgnﬁbhbHﬁinggﬁ~§€§1nﬁf@li@éfati@nOther

words, anti-Bp50, |ike BCG-, apparently can act as a sol ubl e nedi ator
wi thout the aid of Fc receptor-nedi ated accessory cell function. 20 25 30
35 Tabl e 4 The Fc Domain of Anti-Bp50 Antibodies 5 'S Not

Required for Augmenting B-Cell Prolifer¥eaonPreddferationrafi BnCells Cel | s
Cultured with: Dose 10  Anti-Bp50  (uglni) Cultured whthp

Anti - Bp35 | Dose % _

10 Anti-Bp50 (ug/ml) Media ____Anti-Bp35

none -- 295 + 16 269 + 27

 whole Ab  0.125 278 + 32 5,140 + 20

U . “ 1.25 275 + 24 4,686 + 342
oo 128 163 + 15 3,852 + 203
15 F(ab’), 0.125 . 594+ 21 10,635 + 449

1.25 $31 + 3 10,893 + 575

12.5 279 + + 870

8 9,411

. Cell culture conditions were as described in'Table 3.
20 ' - '

5.3.4 DIFFERENCES BETWEEN ANTI-BpSO
AND BCGF (LOW) ACTIVITY

-Anti-B§50 and BCGF (low) had a similar effect on B-
cells and were costimulatory with the same agents (Table 3).

W, 25 However, several lines of evidence indicate that anti-Bp50

and the BCGF used in this study apparently operate through
different signals. First, BpS0 molecules, unlike BCGF (low)
. receptors (Bijsterbosch, et al., 1985, J. Exp. Med. 162:
1825), are eXpresséd on resting blood B-cells (Fig. 3).
'Second, although both anti-Bp50 and BCGF (low) function most
effectively when added after anti-Bp35 or anti-Ig, anti-Bp50
clearly was optimally effective when added 12 hours after
cultures began (Fig. 8A). In contrast, BCGF (low) could be

- 30 -
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none -- 205 + 16 . 269+ 27 whole Ab . 0.125

278 + 32 5,140 + 20 1.25 _ 27 24 4,686 + 342 10
12.5 163 + 15 3,852 + 203 [err] _ 0:125 E
594 + 21 10,635 + 449 1.25 ' 531 + 3 10,893 + 575 12.5
279 + 8 : 9,411 + 870 Cell culture conditions were as described in’

Table 3. 20 5.3.4 DI FFERENCES BETWEEN ANTI - Bp50 AND BCGF (LOW ACTIVIIx
Anti - Bp50 cadBECEs (lavg dsd24 ours aafedf estaon &of mﬂlt{t&'wémerstlll

costlnulato égggf A | _lines of
evi dence i n cwféﬁ*hfu nti %’Egoiffédgéﬁ &QC@“% aﬁo% ytaiapparent |y
oper at e t hrexXper Hnents eWhichare medeled fer nﬁr%mm@oaq}mqk&m (10w)
recept OrS (ﬁhd spAIDOELIE 3 AR, , R&PSSTmrundXp. 1 Mgl ) Gs?u S)thaX &

expr ess St i | ood_B-¢ 3 Seco hou h ot h

anti - Bp 0 é&é}?%hg tf?ﬁﬁ??% %% g%ﬁ%i&%l%%ﬁﬁﬁ re .

anti - Bp35 dBcahzl-Ig anti - Bp50 clearly was optimally effectlve mhen added
12 hours after peﬂggo( d be
35 added as I on our sﬂé?t er sta*%gﬂ%ﬁtf%fﬁdﬂﬂ% op imally.
augnent pr ®f {BTee %ﬁlﬂ¢#§ﬂa%ﬁg With ki TRRIR X ARt it s(Takie P lar

nodel ed af tipswdVer APEli® aehf ¢t Hofadnt b+rBpFaudnd 186GF (Tvw) Reare | mmnol

of tect i UAHALE 4 Rony, FREREEREREE Lo BbARE 712 FRATRS 'S L At T on
of B-cells titraticen of tBCGRt (1®pB5imrammxp¢gu(ta!abl‘du®;e RS0 tves
effect of adq BpelieS6pBiHA1 (ESNGeNBFStion (0.2 ug/ml). BCGF (low)
could further augment proleeratlon of restlng B-cells in
the presence of antl-BpSO after activation by elther anti-Ig - o/
15 or by anti-Bp35. Optimal concentrations of BCGF (low) were
" 5-10%, while 25% was'ihhibitory. Thus, when.anti—Bpso'and
BCGF (low)'wére both used at their optimal concentrations,
they still showed additive effects on Béceil_proliferation._
Fihally, both normal and malignant B-cell subsets
20 differed in their respoﬁses to anti-BpS50 and to BCGF (low).
For example, some blood B-cells respondéd to BCGF (low) but
did not respond to anti-Bp50 (Table 5). An additional
activation signal such as anti-Bp35 (Table 5) or TPA (Fig.
10) was consistently necessary to allow blood B-cells to
respond to anti-Bpso. While dense tonsillar Ercellé-

* generally did'nOt_respond to either BCGF  or anti-Bp50, -
'buoyant B-cells did respond (Table S5). 8-cell'malignancies v/
also differed in their responsiveness to anti-Bp50 versus
BCGF. For example, some B-cell_lymphbmas-responded to TPA
plus BCGF (low) but not to TPA plus G28-5 anti-BpS0 (Fig. 10B

30
' and D). In contrast, dense tonsillar B-cells and peripheral
blood B-cells responded to TPA plus either BCGF (low) or

anti-Bp50 (Fig. 10A and C).
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10 . additive .in many experinments (Fi gure 7).

Fi

ute 9 shows a titrati on of
Its optimal

re

B2 (1 ow)

BCGF (1ow) in an experinent where anti-Bp50 was d at
cencentration (0.2 ug/n). BCGF (low) could further augnent proliferation
of resting B-cells in the presence of. anti-Bp50 after activation by either
anti-lg 15 or by anti-B#35.& Ofti Gl c&nc@tr&tlgnscﬁf 33C(
5-10% whil e 25% was i nhigi thryg THs] wherf anfl —$p5
both uséd at their optimes d@nc@ntigat|ofs, Fhef s t:shova
effects on B-cel I prollfgatg'ona Flgwa | 8 9t h&nogmalg and 1
subsets 20 differed in t&eiT rg.spms asotocantq;.\ BgSO‘and tq
exanpl e, some bl ood B—ceH S es'g_on@ed ﬁB(XEF IOW) but di g
anti-Bp50 (Table 5). An |ogal nac i yat ison g%l such 3
(Table 5) or TPA (Fig. 1%1 n& sjemt | @nekessary to al
B-cells to 25 respond toaanta S énle &nse t&nsill ar-
did not respond to eitherg BEE- gor..an | - Bp50, buoyant B-cel
(Table 5). B-cell - mallgnmm |sq differed in their respdg
anti-Bp50 versus BCG-. [Bor kxa%p some B-cel | | ynphonmas
PA pI

30 plus BCGF (low) but got Eo

s R8-5 antl-B{b'SO (F|
and perlp'ﬁ
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nodul at e i mune responses. For exanple[}ﬁhe | i gands 5 t hemsel ves may be ?
used as an "adjuvant" to increase an i nmune response to a vaccine or to '
i ncrease the immune response of an i munosuppressed i ndivi dual-

Alternatively, if cytotoxins or anti-proliferative agents are coupled to
the ligands, these nodified |igands may be used to decrease 10 an inmune
response, for exanple, in autoimmne- disease or in transplant patients to

obviate graft reje05+bn UBES cORDANTI eBp5 0 ohIEANRS UANID aBsS0 be used to tyeat
mal i gnanci es teg d§eb§etﬁ§ fesUHPr§nMQh€§oﬁXﬂ£ Sﬁet@Emggﬁ?tant'gen

whet her or not t l| nan in
| i gands o!é15e°§r§5eﬁl—€3 ﬁg Bheéﬁd?69°§bgbe¢tgél?°€%51%% feers ¥ vitro.
Such appl neatlate immhneerespohses.asbaysexswpheasthenubgasdays for the

det det ect
of Shid ChBERERtYga Ay bE BEES ap on PRls JOANPANLA"ERBE e E AiC P ECTION
I'i gand oriBmBOchesnob%elﬁ%eFeHaGFiheaOFaﬁPoiaﬁ§¢as¢IEb? immupee, enzyne

substrat eredy8ns8t 6¢ AR ﬂﬂﬂhﬁb@ﬁppEQESEBgﬁﬂdﬁvﬂaﬁabe ussaefﬁasﬁoaiﬁte
and/or id ntlf cel 5 ant| se the

li gand nay EﬁfiﬂstBr ﬁ"g g??é*%ﬁﬁggYF agfn ar§5°°?P§6? i ch can
be used lﬂhe PﬂﬁﬁhdslubheseemoéiﬁmedvhigdndslmayobeeusedThe decremse

o oc 105 eo i RBnECERsBontdr 0*59""38%31"%&85 pRbeifiufk A RREAB RSP 42" °
SUCH AS 3transplant patienpsTtopphviste AgMERTrS] ect LoPROLTRERATI ON

Previous ﬁ&&ﬂffédh§Y§a§§59§§h§§ absb béeuséatebstr8¥@|MSﬂigﬂahéfesndUCt'On
of B-cells from erl |nt the G hase oL ﬂe cel | - ygL gre distinct from
se or ic e Bp50

*

t he factoFgaBrcg pr 1s mors w express antigen
_whether'or_nqt the malignancy is B-cell in origin. o kw2
15 Both the ligands of the present invention and/or Bp50 A

itself can be used. in vitro. Such applications include in
vitro_assays, such as immunoassays’for the-detection of
cells which express the BpS0 antigen and/or for the
detection of shed BpS0O antigen; if any, in body fluids. 1In
20 this instance the ligand or Bp50 could be labeled with a
radiolabel, fluor, enzyme, enzyme substrate, dye, etc. 1In
addition, the ligands may be used to separate and/or
identify cells which express the Bpso antigen, in which case
the ligahd may be coupled to an immobile support, or to a

25 fluor which can be used in a FACsS (fluorescence activated
: cell sorter). ' .
The various applications and uses of the ligands and W/
Bp50 of the present invention are discussed in more detail
below. _
30 5.4.1. Bpsq_nscspron AND USES OF:LIGANDS SUCH AS
~ ANTI~-Bp50 TO AUGMENT B-~CELL PROLIFERATION

Previous studies have suggested that the factors
involved in the induction of B-cells from G, into the Gi
phase of the cell cycle are distinct from the factors or
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r'equi renents, for transit into the S phase. This nodel is based principally
on studi es show ng that agents such-as Iowganses of anti-lg B-cell .
actiwation factors , or anti-Bp35 alone have little or no effect on B-cel
proliferation. Yet, 5 these same agents can drixe;B-cells to a point in
cell activation where they are susceptible to growh factors. In contrast,
growt h: factors such as BCG- or |1L-2 alone have no effect. on resting B-cells

but do>dugnept . gk - i . B-cells,.. 10 il £ the, nresent

i nvention i sgégﬁi%}g}ngge%i %S%egg%ggéﬁy?ﬁg%oﬂ'/e of %’)’(?ﬁ%h\a??il‘rb%s, '?‘?Feeqr gl ts
present ed hebasadppoingépalitlyt Ponatudieposhowing stimticdgeritsiistdimats low
regul ation 0foBesCel! afEllygt BOBe 8110adt VWA ShCPSctotE € R dKVEA sy that
activation and prollferat|o€ S|gnals Ln human B-ce ?s ngg,.e 15, :
transnitted BRAPBBgR2YRsEARELECRE| NQPFEREE @R (Brepbl PRRYHRIAF AR - B85
mAb acti Bat edhBseeckhmnet agentercahedfipéaBecoils hto celpoinelin edXne, it

I nduced litt]e,; proliferaiion Nt = 0si t.e effect:
it could not L%E? ?egg 8R88%éf:§s?£%gtaﬁﬁe#%%%égigi\?%npigg{%ﬁg% %% g
hours after @entvastongrewth fagterspseeh|agrBofh. omhELthons draNe no

presumabl y cgedcBObRBEb¥tiHGCELOR1 DS Bhthes MGREPPIPFod ot |daarvhidch
as a sol uble groyﬁh factor or for a signal nediated through cell-cel
cont act (i.e??cﬁ Pgand found on the surface .of another cell). 25 Previous
st udi es 1pave i denwhiledthevpreseiit cthventionetls Bis¥Ests e |1 inidseditio -apb0,
augnent B-ce | Lf.e ' h ' Sﬁ% r | ght of
B-cell grow %L?Q%?olrﬂs' %géiégﬁ%tégg%’ﬂe%?ﬁ %%Q%%%W%eren(? rf%,/%ée%p a{o?"%een
shown to havadddbiensd spppert {aeha|model 0f disBimct wegiblatiny of®-
18: 75-96; KighiMhetit88Pon iRd GeNwth BEERs, HdPs W havdadnbwifitit
1983, J. Exp. Med. 158:823-835'. ward et al., 19?4; | nmunol . %?v.
78: 185« 210: aGbivatigp apd pggl eratien signals in human B-cells may.be
15 transmitted thrdugh distinct cell surface structures.
Although anti-Bp35 mAb activated B-cells to enter the G
phase of the cell cycle, alone, it induced little or no
‘proliferation. Anti-Bp50 mAb had the opposite effect: it

could not activate B~cells, but when added even as late as

1

20 12-24 hours after activation could induce B-cell growth.
' The BpSO molécule presumably could.normally function as
~either a receptor for a ligand such as a soluble grpwth
factor or for a éignal_mediated.thrbugh céll-cell contact
. {i.e., a ligand found on the surface of another cell).

o5 Previous studies have identified several T cell-derived BCGFs
that, like anti-Bp50, augment B-cell proliferation. Both
high and low molecular weight forms of B-cell growth factors

' have been identified and different types have'beeh shown to

- have additive effects (Kehrl, et al., 1984, Immunol. Rev.

- 18:75-~96; Kishimotoéllsss, Ahn, Rev. Immunol. 3:133-157;

swain, et al. 1983, J. Exp. Med. 158:822-835; Howard et al.,
1984, Immunol. Rev. 78:185-210; Ambrus, et al., J. Clin.

30
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34 Invest. 75:732-739; Anbrus, 1985, J : 162:1319- 1335). Thus,
Bp50 m ght be a receptor for one of thesé}ﬁactors Wth the exception of
IL-2 receptors and the C3d 5 receptor, the receptors on B-cells for
growt h signals have not yet been identified. The mAb AB-1 reacts with a
.B-cell marker expressed only on activated B-cells and bl ocks BCGF-
dependent proliferation, and thus m ght recognize the BCG- receptor or .a
rel ated structure. B 50 a ears to be distinct 10 fromthe AB-1 mar ke
si nce t heImpest pphs i PABRRUS hel B8 Pidi hg BXPt HEedp 8162 yh312Bp50

anti body, 3 894l unl'nk@st hs%x Embghtbe ! #agéSePpbby PbioretéFatigsd-cells
(Jung, et _al p. Med. 160:1919-1924). Bp50 is on all B-cells,

whi ch bas&®€ Bﬂ ﬁbsorptlon anal ysis and direct binding assays 15 appears not
to be the caseWwith BSFexeephbionsof (IL-2ureceptorns sanddthat@3dhat -Bp50 and

e by T hEtebOor | OthavLEEHpEOrEnbA S EERT s O g FoREb DRt SORMEL Higde  USI NG

a rab oanti Ser Cowor 197

- 149: 1424- llﬂ‘asyebrb%?%u%‘ﬂ?nﬁbgéﬂ’be'Hhﬁ BAL | MR- |!§f%‘|‘o$%t'é+ﬁh 2@‘%14, t hat

l'i ke BpSOpaské&xpPéRpsessea ahinoﬁeﬁbslbanteat BLO¥EIs| &nel 516¢kS| BosFB-cel | s
than tonsil | ar B-cel

but I kel that _th bi t
het er oant %@$ﬁﬂ?%ﬁdp§ﬂ}4f%ﬁ%ﬁ‘?ﬁﬁi%h?zé“?ﬁgmégﬁ% 5$°¥%Téf§dt%?eﬂé$€r;s.
unl i ke anteeépﬁ@rndb athelatedi stumctyreum BpSgpapesvsctoake 2istincti ent

" I . ot 3 0
agtfa E%cel ggf#%ﬁ¥8?é%§£fez§fcepeﬁé §E550§%9”§o?§“t?§gbﬁ?%kg?&%n ean

"actlvatlbhﬂdsm@naf theyG2 s EGPPE$3S“FHHE@Yon%“6h?91ihee%??ys%ﬁt%lI'
activati ogaps f@écﬁetoﬁiyamshnsetwateﬁipsscanlsb(mimg, cap 30.,siss) ate

32 1766. ropBs Hhar 160+ EBS°Rad 1 BEEF 16 §5; ahE: B Dhey SRISH gy o i
si gnal : thedBpﬂOahaorpbﬂOasanayEsheranﬂtﬁlaectvhtn@nDSIgaa¢35(ant|-Bn35
or s appears not to be the case for BCGF receptors. Our current
data indicate that Bp50 and the receptor for low molecular
weight BCGF are- distinct structures. Using a rabbit :
heteroantxserum, Wang and coworkers (Wang, 1979, J. Exp. Med.
149.1424-1433) prev;ously described a 54-kDa glycoprotein,

20 9pPS54, that like BpSQ'iS'exﬁressed'on'all B-cells but at lower:
levels on blood B-cells than tonsillar B-cells. It is
possible, but unlikely, that the rabbit hetercantiserum and
anti-Bp50 recoghize7the'same'0r related structures: unlike
anti-Bp50 mAb, the rabbit antiserum to gp54 alone was

" sufficient to stimulate'é-cell proliferation.

% Antl-Bp35 alone, unllke anti-Bp50, can activate B-cells'_ W,
_from Go to G1 and thus can be referred to as an "activation”
signal. Whether or not Bp35 functions only in early B-cell
actxvatlon is not yet clear since anti-Bp35 antibodies can

30 stimulate some B-cells to divide (Clark et al., 1985, Proc.

Nat. Acad. Sci. USA 82:1766-1770). Similarly, BpSO may not
strictly function only as a “growth” signal: anti-Bp50
antibodies together with activation signals (anti-apas or

35



35 35. anti.-u) not only augnent proliferation but also augnent the total
nunber of:B-cells enteering [err] (Table 2)‘3550ther words, anti-Bp50 as.
cestimulant acts to pronote the progression of both the activation [err] to
[err] and growth 5 (G to Sp-phases of the cell cycle. The BCGF used in

t hese studies also had simlar activity (Fig. 6C). Thus, anti-Bp35 and
anti-Bp50 (or BCGF) appear to be nobst anal ogous to the "conpetence" and
"progreSsion" factors descrlbed in studies of fibroblast growh regul ation.
How B-cel | s ‘ra¥pond Mot ®nlyauangids prioliferagion dusaplionapgueptnthen

tnf&glr siatg g'foﬁil]fftﬁfnﬂﬁxj[ Hf mdanacun\t@trg@ tc;He é@a\gf;ehe\{e shawgthbat two
anti.- Bp ete nd anti essi on"

si gnal ), togé’ff“ﬁ'(eﬁ%'cfH1 ‘i%g?& a;5‘rtola|‘:f"‘§r§'9 8 8P f ghﬁy 15

purified B-catagression ai:ﬁsémj:ét dmealatqtg.erratmonot(ls%r tienGyn faadt greswthThe

natural |4 gangs ddPrs)t hseed I itHeL TANe e o et PHROWRGF HRWAVEH, thkBee MAD
to appropriate e |topes C gir § both sSQ bIe factors and_signal s dlated

by cell-cell &%k BIAR, B 66§§WBF@ t&1gse 653pr ofPH ve326 ~Bp35
conbi nat i:ons afd m‘i&tit-m;thur qair ButMeappaiae tomde Rhosel hnpnol;bizsr gbi ¢heor

differentiati iyl Ny | 1 o IS le gi;ses o]
for the contJﬁLWﬁégéhﬁﬁl nga 9®%§iﬁ$%g® é}dﬁﬁéfﬁ ?%s%%%ggﬁ 1% skﬂd!e&

i mmunodef i ci @fcifddrohlasds oy tdu reigwhatd ofi.s e Bews 5‘2{9115 resppadnsa

nonocl ongy arﬂd&ad?sﬁ& ntiidpseaqlea iyl hay Ve ehdithele! gesebl de of

approxi matel y, 5 xpressed on the surface of human . B-cells is but a
particul ar e %' M 95 GhtdY25*YHe present invention which can
augnent the proli f!imat iwEn hu’veacstham ddhal- dald ALS aot ikBpas Bacel | 30

prol i ferati one i i UGS Bt i8pEC gl 7¢2oh¥edsion” signal),
\/ . together can induce substantial proliferation of highly |
18 | purified B-cells in the absence of antigen or other known
' factors. The natural ligands for these.structurés are nof
yet known. However, since mAb to appropriate epitopes can
mimic both soluble factors and signals mediated by cell-cell
interactions, it may be possible to use approp:iate.

20 <~ combinations of mAb to direct and regulate human B-cell
proliferation or differentiation. This, in turn, will help
in devising strategies in vivo for the control of human
diseases such as B-cell malignancies, immunodeficiencies and

' certain autoimmune diseases. |
-'25' ‘The new monoclonal antlbody, G228~ 5, that reacts with a

o/ ' single-chain polypeptide of approximately 50 Kd expressed on
'the surface of human B-cells is but a,pa?ticula; embodiment
of the ligands of the present invention_which_éan augment the
proliferation of activated B-cells. .sihce human B-cell |
proliferation can be augmented similarly by T—ceilrderived
BCGFs including low- and high-molecular-weight BCGF ve
compared the activity of anti-Bp50 G28-5 with that of a BCGF
preparation containing predominantly low-molecular-weight
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BCGFs including I ow and high-nolecul ar-wei ght BCG- we conpared the
activity of anti-Bp50 &8-5-with that of a B preparation containing °
predom nant |y | ow nol ecul ar - wei ght 35 BCdS. Anti - Bp50 &28-5 and BCG-
(low) were very simlar in that they were costinulatory with the sane
activation agents (anti-lg, anti-Bp35 and TPA) but were not costinulatéry
with each other or with IL-1 or IL-2. Furthernore, the activity 5 of .~
anti-Bp50 &8-5 was not dependent on its Fc . domain since [err] fragnentys of
G28-5 were fLummronanhyiaspsueszaﬁsSaﬁdggesrs(15@) esfabberﬁnéimﬁwﬁP ifi ke

o effect.  FNTEREy WY e8sErnd EEERLD R PER LAY SEREPECHLY 'S%%ﬁtxﬁeﬁt
t he presence bﬁnéhrh£t|WE§¥D&P%$|%%¢U§PA)IhubtheremnﬁuscoahimuE@SﬁrgnﬁiEﬁIF

are not "corrp@s@mf:@ﬁhéacaprmubumﬁtéuarmL@th?u{rbﬁerﬂwareel%oact it
B-cells t qgg t he, cel sSi bl e { hat unction

|
as recepptor apti- %P??d%%ﬂ'§d3ﬁ5a§°g.§98% eﬁFoﬂPthﬁcfﬁrd°§%bBr§}“°e
results sugg@(albh fpdfnest s100f {628 +Ecweter fahct onallipratbivBCGRTRiOW)

used in this gt t e | (
receptors appar%%l? yé a?lléé%o%(‘p{@ %dadﬁ?%béggﬁtﬁj?gé Y\mf%g E@ +8¥\% not.
receptor, unl¥&® OFC%F%F%P%RF?kﬁar%&$r%%%%%SQhYycﬁhlacthexedtElnelIs
Furt her nor e, é)pséw.orrﬂramf:ﬂ@éé Wh%ﬁeilapgo%ﬁaleﬁérdaféeéffé'c

D e RS o ECE WPl 8D Feailier Sh ot
I N response tworxig, dhﬁi)np&n aﬁarﬁ¢¢w are aohuﬂbempeteaa@erfaeﬂbss,OBﬁtnaI
fﬁQﬁGQT{ﬁLL‘)E’fﬁaﬁ*ﬁf‘?* i A A S e T
BCGF (high) t9¥fl®re co- stinmulatory with \‘J
While it is possible that Bp50 may function as recepﬁu&
15 for a 1igand such as a B-cell growth factor, several results
'suggest that Bp50 is not the receptor at least for the BCGF
(low) used in this study: it is expressed on blood B-cells
while BCGF (low) receptots'appérently'afe not. Candidate
structures for the BCGF (low) receptor, unlike Bp50, are also
20 expressed only on activated B-cells. Furthermore, both -
normal and malignant B-cell populations differ in their
responsiveness to anti-Bp50 versus BCGF (low) (Table 5 and
Figure 10). For instance, some B lymphomas proliferate in
response to BCGF (low), but not in response to anti-Bp50.
28 ' Finally, in a number of experiments, optimal concentrations
' of anti-BpS0 and BCGF together induced more proliferation \J
than either one alone. Anti-Bp50 mimics the activity of
other BCGF, such as BCGF (high) that are co-stimulatory with
anti-IgM (Ambrus, et al., 1985, J. Exp. Med. 162:1319;
30 _Ambrus, et al., 1985, J. Clin. ‘Invest. 75:732). This
suggests that Bp50 could function as the receptor for BCGF
(high)
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anti-lgM (Anrbrus, et al., 1985, J. Exp. Med. 162:1319; 30 Anbrus, et al.,
1985, J. .din. Invest. 75:732). This suggests that Bp50 could function as
the receptor for ‘BCG- (high). 35 Al t hough BESY nmay be a receptor for a
soluble ligand, alternatively,*Bp50 nmay function as-a receptor for a cell-
cel | dirated signal that regul ates BCGF receptor |evels and/or autocrine
productlon Precedence for differentiation 5 antigens serving as

anpl i ~#8rs of an autocrine-receptor pathmay conmes fromstudies with T
cells. Mab to the Lp2 n_| eyko ant| u ts proliferation

el evating IL-2 recept 3&%&@%5#3# |€af% gﬁ%n (Ee&ﬁéPPiF 1&9389'
1985, J. InnunolaltﬁiﬂﬂimyplyAnB@ﬁ@I@g@uiums¢hamusﬁanayet@ptbe dperatcagl-
with anti-BpSO apghy 104Ut sQlgradr kRt Bedh e sy rae\'%gt%d&

(low) apparently are under so coordlnate control since, li | L
IL-2 receptors, BSOS 1De,PEodustion. Bp@@eﬁﬁd@@FFalﬁrlgdﬁéﬁFE“GéPF§°“
The Bp50 nnlébulQnM£§an§u§eryﬂﬂgﬂdsahmpudsfur@htheth&tam&ﬁae&heeb@tothat

functions to inf 'lp‘ib‘”tgaga% omed FH&G 's%?ldie@éw"i% ¥ Rghighay h &%Qaip%%

9.3 anti-Tp44 an augnents proliteration of "T cé IIs ac
anti-CD3 or TPA @oausay tlsukoayta antigen aygmemm@lrolﬁ.s?rzsépn kA sleevtating

al ., 1985, J. Exgr-¥Geckdt reﬁ'sr{‘dnaUrVac%'ant@aE’Q' wm%nta,ea%etme et

Punct | ong. by.st1 M E?H%S a“-* " Bt i o EATRaSoha A e m3=|°44 Rghanigm mey

-growt h. The 1Bp50 k=i mrwmmmmw apdul-BpiSen @nidon empmssaiml @g‘omntanmeladw

stinul ating B"Cegj c%;:tt‘?ﬁs ”% P! p S‘iﬁﬂﬁ” %rel%%‘&exj\'%to%re
Lond. :310: 145) ED L|GANDS NNU UPPRESS|
TREATMENT oF |\/AL| control since, ke IL-1 and IL-2 receptors, BCGF

augments expression of BpSO on certain leukemic cells. The
&J-s : BpSO molecule also shares similarities with the Tp44 molecule
" 45  that functions to influence IL-2 production. We and others
| have shown that the 9.3 antiQTp44 antibody augments
proliferation of T cells activated by anti-CD3 or TPA
(Ledbetter, et al., 1985, J. Immunol. 135:2331; Hara, et al.,
1985, J. Exp. Med. 161:1513). Similarly, anti-Bp50 augments
20 the proleerat1on of B-cells activated by anti-Bp35 or TPA. |
The Tp44 s1gna1 functions by stimulating IL~-2 production.
rather than by stzmulatzng T cell qrowth.' The Bp50 signal
'presumably'could funotion in an analogous manner by
_ stimulatlng B-cell autocrlne product:on (Gordon, et al.,
25 1984, Nature,_Lond 310 145) '

5Q4.2.' MODIFIED LIGANDS USED FOR IMMUNOSUPPRESSION
OR TREATMENT OF MALIGNANACIES

According to this embodiment, the ligand of the present
invention can be modified by the attachment of an '
‘antiproliferative agent so that the resulting molecule can
be used to kill cells which express the Bp50 antigen. Such
modified ligands may be used in the treatment of autoimmune
disease in order to supress the proliferation of B-cells and

30
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- According to this enbodinent, the Iigand of the present invention can be
modi fi ed by the attachnent of an antiprol |$?at|ve agent so that the _°
resul ting nol ecul e can be used to kill cel whi ch express the Bp50
antigen. Such nodified |igands may be used in the treatnent. of autoi mune
di sease in order to supress the proliferation of B-cells and 35 t her eby
suppress the autoi mune response. These nodi fied |igands can al so be used
to i Mmunosuppress- a transplant patient to prevent rejection of a graft\y -
Accord|nglytheyebyosuppagsstshehauhoammuueedehobnebe S UpfRises woal f@kad

Tune 1 eSpeYsgRacaBaleatbbabiou oL ke i aRNlaAt e ! RUHLEAT, Ve

usi ng 1i gands Ich au roli era I on O cel & sed
ef f ect shouPétﬂe§GIF°b9€8M§éttHGjGF& 4o PIf Be TR Ect edocergidLlyer at i ng

B-cel |l s. Incgeetbe&ceageataeamchharbl uaaas folr the BuppeREsidn brvention
whi ch arge ngdlfled bé t he gttgchge 8 ﬁndantlgﬁo 1feratlv%Fag nt can be
used tore PPHRE; JRERENEES) K2R PEN 2ETRSPS o EOc &P 14 83NE8s

antigen.. Aﬁnuehnénn.ofWhhesBSdhenénBendpeuhdchagegmsnmothhe Ilgands of the
| nventi on Sgpuhdfas?sukbnl Bfaa%eaher SBe‘lhE'r%b@édOfeftfre%tl e&.rohﬂaSrefs &tth

mal i gnant c Mbr eover, &5 t1 ¢ul.ar "advant age | d ob tai ne
treating a RecappenthegfangyWithbs #Pg&ﬁ&e@06ﬁ|55°@dfﬁnﬁﬁ ~¢eMliseh is
more effective Imnkahbthgrpéﬂbbﬂdh&htngth&lhighhﬂ% m&ntmmobﬂeaeﬁﬁ ng cells;

L1 eat TR MihOaBEIBneuhiaand N g ASAULY LRt RALERNERY U 4, O The

actio oxlI n. chenmot herap aut
antlproI|feﬂatﬁPEOAééﬁFQt&HPchgea EénchpNéGdtGOtNgqatgawdgqmﬁnmﬁsspdeeent

i nvention igrkefetlnbrar ernebxhewe&aders% the artigedfl | Atkahmehthel ow

\'?ﬂ:afgpiaﬁt Idgrl vgﬂ L Og}'nemoqggrapeut%%dagen@ to f{%quairgrg%%osl O%J %?xl Basi's of W,

_1nvention should result in a greater spec1fic1ty of the dru;j
16 for the malignant cells. Moreover, a partlcular advantage '
should be obta1ned when treating a B-cell ma11gnancy with a.
ligand coupled to a cytotox1n which is more effective in
- killing proliferating cells than non-prollferatxng cells;
treatment with such a 11gand should result 1n a potentlation
20 of the action of the cytotoxzn. -

Accordingly, the chemotherapeut1c agents or
antiproliferative agents which can be coupled to the ligands
of the present invention 1nc1ude but are not 11mited to the '
agents listed in Table 6 below which is derived from Goodman

25 and Gilman, Thé Pharmacologlcal Basis of Therapeutics, Sixth
Edition, MacMillan Publishing Co., Inc, New York, pp. 1249- v
1313, 1980 which is incorporated by reference herein.

30
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Edition, MacM |l an Publ.i shing Cb I nc, NEM/Ybrk pp. 1249- 1313, 1980
whi ch i's, i ncorporated by reference here|n 30 35 Tabl e 6
ChenDtherapeutlc Agents Vhlch Can - be C0upled35b Anti - Bp50 Ligands 5

O ass f Agent Al'kyl ating

Ni t rogen Nbchlorethan1ne_Agent ~ Mustard

Cycl ophospham de Nblphalan Uracil Mistard Chl oranbucil 10
Et hyl epi m ne Thi ot epa Derivatives Al kyl Sul fonates

Busul f an
Ni t rosour eas Car nustiine Lonustine Senustine. 15 Streptozocin

Triazenres Dacar bazi ne Antlnet@bghlt%s Folic Acid
Met hot r exat e Anal ogs 20 Pyri m di ne

Fl uorouracil Anal ogs Chemotherapgytgpabggetgzyhpghngapuppngoupled

Mer capt opuri ne Anl ogs tohAngiiaBPR8 Lhdgands Vi nca

Vi nbl astine 25 Product s Al kal oi ds A Vchristine
Antibioti® Classpactinonycin IT¥Re ' agent
Alkylating Nitrogen Mechlorethamine
Agent Mustard Cyclophosphamide
o Melphalan
Uracil Mustard
Chlorambucil
10 Ethylenimine Thiotepa
Derivatives
. Alkyl Sulfonates Busul fan
(N Nitrosoureas Carmustine
i Lomustine
O Semustine
18 Streptozocin
Triazenres Dacarbazine
Antimetabolites Folic Acid ‘Methotrexate
' Analogs '
20 Pyrimidine Fluorouracil
Analogs Cytarabine
Azaribine
Purine Mercaptopurine
Anlogs ‘Thioguanine
Natural Vinca Vinblest@ne
25 Products Alkaloids Vincristine
~ Antibiotics pactinomycin
“ o Daunorubicin
Doxorubicin
Bleomycin
Mithramycin
20 Mitomycin

35

Enzymes

- L-Asparaginase



Daunor ubi ci n Doxor ubi cin Bl eomycin M thramycin 30
M tonycin Enzynes

Pl at i num
Substi t ut ed

Hydr azi ne Derivative Adrenocorti cal

and
Progestins
15

Di et hyl sti | bestrol Agehtsyl

Andr ogens

pr opi onat e Fl uoxynest er one Radloactlve

phosphat e

L- Aspar agi nase 35
Cisplatin Agents

Hydr oxyurea Urea 5 Met hyl

Adr enocorti -

5

10

15

20

25

30

35

Miscellaneous

_ Platinum Megestrol
est r adi ol CAntrdésateden

Test ost erone 20 Complexes

Hormones and
Antagonists

Radioactive
Isotopes

Iodine

Ao

M t ot ane Suppressant 10
Predni sone Ant agoni sts

M scel l.aneous
ordi nat ed Conpl exes
Pr ocar bazigre _
- Hor nones

cosSt er oi«gts
Hydr oxypr ogest er one capr oat e Medroprogest erone acet\qfe
gdepabeikst rogens

Taanifen

50g§¥? Iodide_

: ‘Phosphor ous Sogfum
Substituted Hydroxyurea
Urea
Methyl Procarbazine
Hydrazine ' '
Derivative
Adrenccortical ﬁitotane
Suppressant :
Adrenocorti- Prednisone
costercoids :
 Progestins Hydroxyprogesterone
' caproate
Medroprogester: “e s
acetate ™ '
Megestrol acetate
Estrogens Diethylstilbestrol
Ethinyl estradiol
Antiestrogen Taméxifen |
Androgens Testosterone
propionate.
.Fluoxymesterone
Phosphorous Sodjum phosphate
daat P _

Any method known in the art can be used to couple the

Examples of such methods have been enumerated previously

(see Section 5, supra).

-

‘ligand €o the chemotherapeutic or antiproliferative agent.



| sotopes. - . ' P I odi ne Sodi um
| odi de 25 - ' o l{, | Any net hod
krown"in the art tan be used to couple the ligand to the chenotherapeutic
or antiproliferative agent. Exanples of such nethods have been enunerated
previously 30 (see Section 5, supra). 35 5.4.3. OTHER USES OF LI GANDS
AND 50 Ln addition to the therapeutic applications the |igands and Bp50
i t sel f~fave other applicati g\stin bamiEm vsEs @FIId GANDS ANDdiBp@oSt i C
assays, separation sc .o T I ecent: n _be.,us to. =
manuf act ure and/ or ders}ﬁ{g;ﬁas‘%%g ik }r?d-g'hoqf %ﬁ?&%pﬁgncl oﬁ’%ql%g%&qé%é’ns ahseo‘igga"d-s
used with the i ANHBRAO tikself viortiheaanpid dat idns dnwvbicth degviltaosand
standard to quantif wife EEyHYstfc Brhyist edpad-dui oh SuHdns ,Udtdmt el y,
Bp50, itself omay De %| as, 4 10 stol ubl e fbact or V\/#L?ch m at.es i m'l‘lé? W
e.g. a lynphdkine. In iBR0h 1TSS 5N RE e8I A Ao & ©
assays, the |igartisign tthe grigands iafyditd dnwsotiicbrbe (BpSP faam jade ibey used
or separating cel j . ' qn | | tyi i

dg:b rg& S CLEL MRS hvEHE R -1n _a},sae%l SiH é;ogptﬂ%gctfh%%ich

appropri ate radi ol abe r radj o- opaque conmpqund is |i'n .

ligand, the Ii gar?'cF‘Eb{H%l HEtandpng tq ntd finddieh @maunty fthr SRAG Getected
eﬁplrfasg t he Bp50 Hn}a’ Gmp X& hervltSiam ted gyl GBgsoc,onit sl mayt Hed sl as a
skilled in the ar the i ipti . I

LI NES The fo‘qu owérl‘ﬁl‘%%i%ocrrga%ggﬁbéggﬁ% epoes%_e%vﬂqqhtyt'ﬁe%eﬁ (?:nﬁi?lgeine'
Cul ture Coll ection, ROok@Additigp tatherapratds domapmant pnd dhagnostic

a%gﬁgi on nunber ‘adddyd e 11igaritCe AAMRS Prisdibifivedition could be @¥d

—/

for identifying or separating cells which express the Bp50

N antiggn. In addition, if an appropriate radiolabel or

i 15 radio-opagque compound is linked to the ligand, the ligand
could be used for in vivo imaging of tumors which express
the Bp50 antigen. Other uses should become apparent to

those skilled in the art from the foregoing description.

20 6. DEPOSIT OF CELL LINES
The following hybridoma has been deposited with the
American Type Culture Collection, Rockville, MD, and has

been assigned the listed accession number: _
Hybridoma ATCC Accession Number
G28~5 HB9110
The present invention is not to be limited in scope by
the hybridoma deposited since the deposited embodiment is
intended as a single illustration of one aspect of the
invention and'any cell lines which are functionally
equivalent_ére within the scope of this invention. Indeed
_various modifications of the invention in addition to those
shown and described herein will become apparent to those

25
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The present invention is not to be limted in scope by the hybridom
deposited since the deposited enbodinent is intended as a-single )
illustration of one aspect of the inventiq&{znd any cell lines which are -
functionally 30 equivalent are within th cope of this invention.

| ndeed various nodifications of the invention in addition to those shown
and described herein will becone apparent to those 35 skil.led in the art
fromthe foregoing description and:acconpanyi ng draw ngs. Such

nmodi fications_are intepnded tofall w.thi C f: bhe a nded cl ai ns.
5 10 15 20856138340 the AF Fr%?“"weAQSSS%thH?i %?%958?2‘3 ig?}ﬁd t hat “bi nds
to Bp50, aabBoKphegdhgodrdwdags.sushghe maddifdeatdersnagenydntsnderot? 5

ant i body G¥§1§.w§thin_tﬁesgggb@nbkahhp RppR nidegied adesar ding to claim 1

-
g

whi ch upon”bi'nding to an activated B-cell stimulates the activated B-cel
to traverse the cell cycle so that 10 proliferation of the B-cell is
augnenged. 3. A ligand according to either of clainms 1 -and 2 which

conpri.ses an anti body nolecule or an Fv, Fab, [err] or Fab' portion of the
anti body nol ecul e. ' - _

10
15
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15 4. . A li.gand according to claim3 in which the anti rml ecul e

conpri ses- a nonocl onal antibody nol ecule or an Fv, Fab, [err

pertion of the nmonoclonal antibody nol ecule. 20 5. A H

claim4 in which the nonocl onal antibody nol ecul e corrprl s li mf
Fv, Fab, [err] or Fab' portion thereof. 25 6. Allgand aécoi‘dl'ﬂg
claln14djn whi ch the nonocl onal anti body nDIecuIe has been produced by a
hybri ¢efa cell |ine as deposited with the ATCC havi ng accession no. HB9110,

or a nmutant reconijimnansor genetically engineered derivative thereof. 30 7.

A ligand accordi mg—to—erther of clainms 1 and 2 which conprises a
| ynmphoki ne. 8. A ligand according to claim7 in which the Iynphoklne 35

conprises a B-cellj growt b ka®s®antially pubéd Ilqag@%doftr@tt G o tg H5R 7

and 8 in which the Iyrrphokl ne i s on th]he Ssurface of a cell 10 |gand
according to any ot KFledaitRn Bicell \firhadaraticloen Qaiined % BARIARAL
coupl ed to thed i gandibddy @ed+3and according to any one of Clalns '
1,3,4,5,6,7 and 8 in which the conpound coupled to the |igand conprises an
antiproliferative agent. 10 12. A ligand according to Claim11 in which the
conpound coupl ed t2 t he A gabstaotrprldysparealligaat agcagding 8. cAalimgand

according to O ai PuLl.4 WY dd& apd, Goun B do i g%n%
conprises an antlnet§hoﬁqu i{ ﬁfﬂ?gandqaccor 1 ng toé%%ﬁ%%ﬁéo % the
to 9 i ncl usi ve |nagﬁyyated B-cell to traverse the cell cycle so that

10 prollferatlon of the B- cell is augmented.

3. A.ligand according to either of ‘claims 1 and 2
\ which comprises an'ahtibody molecule or an.Fv, Fab,
' F(ab’)2 or Fab’ portion of the antibody mqlecule.
15 ' _ _
4. A ligand according to claim 3 in which the antibody
molecule comprises a monoclonal antibody molecule or an
Fv, Fab, F(ab’ )2 or Fab”’ portlon of the monoclonal antibody
molecule.
5. A ligand according to claim 4 in which the monoclonal
antibody molecule cdmprises G28-5, or any Fv, Fab,
F(ab’)_2 or Fab’ portioh thereof.

o _h 25 6. A ligand.accerdihg to ciaim 4 in which the monoclonal
' "antibody molecule has been produced by a hybrldoma cell
line as deposited w1th the ATCC having accession no.
HB9110, or a mutant recomblnant or genetlcally engineered
derivative thereof.
30
7. A llgand accordlng to either of clalms land 2 wh1ch

_comprlses a lymphoklne.

8. _-, A llgand according to clalm 7 in which the lymphokine

35 -comprlses a B- cell growth factor.



t he conpound coupled to the |ligand conprises an antibiotic. 2 A
rl llﬂ Errpound
S

ligand according to any one of Clains 1-9 y}ﬁ/l usi \,ﬁllll iI
coupled to the ligand conprises a vinca al Kal’oi d. 118! Vi rdi ng*to-»
any -one of Clainms 1-9 inclusive in which the conpound coupled to the |igand

conprises an eNzyng.1igand 6f fidre8adid cCASL ¢ &t §OirAMNi AN enOT1 ybidiKTRe 1- 9
i ncl usive in which thé conmpound coupled to the |igand conprises a pl akle;rlum
coor di nat ed co¥pPBxthesgurigce Of ayeRld-according to G aim 1l in which th

conpound coupled to the ligand conprises.a radioi sotope. 19. A ligand

according to ope .of ai n.,.1-.9, | usive.i jch,_3 he ggR ond
coupled to t hglrzﬁXi g&ﬁ'&g% -F%Iédsmg 9 l%%#e%ngeﬁg _dégy\“rr%oght. %28151"% gu sggnt lally
pure 50 ki | Gdatampnid®scel tompovidhceuplked gerthehligands defi ned by nonocl onal

anti body &8-5. 21. " A'substantially pure 50 kil odal ton antigen
-according to claim20 which -conprises a pol yEeSCﬁt ide. 22 A nethad for
augment i ng pr oHi-f eb diigerd Fecerdiag) kO Hny QRpPt SlAds dedtd Reb ecePd & é8

B-cells with amiehf @@ cufodias ecoabl&l Itboard 1i fitia bdnpdsséd aBparitippoFi®erative
kil odalton B-cell surface antigen defined by nonocl onal antibody &8-5, so
that the actiB#88 B-cells traverse the cell cycle and proliferation is
augnent ed. 100 23. -~ A nethod according to claim22 in which the B-cells

were activatedpy §raaLpe 44 ehiartihven dRs %e%'é‘@g,ﬁﬁj Lgagd that
binds to Bp35fj122 3% 1%?5%%5:{:%%& B—gg{etrl surflace_ an-tla'gl:]en, so-t hat cﬁ% B-cel |
progresses frdif the Ligand copprigessan gékpletine a®pf- cycle. 0 1 24. Use
of an effective dose according to either of Cains 22

13. A ligand according to Claim 1l in which the compound coupled _
15 to the ligand comprises an antimetabolite. - - . \J

Lad

14. A ligand according to any one of Claims 1 to 9 inclusive in which

the compound coupled to the ligand comprises an antibiotic.

20 15. A ligand according td ény one of Claims 1-9 inc]_.ﬁsive in which
the compound coupled to the ligand comprises a vinca alkaloid.

16. A ligand according to any one of Claims 1-79 inclusive in which
the compound coupled to the ligand comprise_s_ an enzyme.
- . . _ _

17. A ligand according to any one of Claims .1-9 incluéive in which
the compound coupled to the ligand comprises a platinum coordinated
complex. ' R - . :
30 _ .
18. A ligand according to Claim 11 in which the compound coupled
_to the ligand comprises a radioisotope.

19. a ligand accoi'ding to any one of Claims 1-9 inclusive in which
35 the compound coupled to the ligandl comprises a fluorescent compound.

20. A substantially pure 50 kilodalton B-cell surface antigen which
is defined by monoclonal antibody G28-5. B '



and 23 in a _conposition for treatnment of the human or aniral body. 20 25.
A net hod., accordlng tto either of clains 22 or 23 is perforned 1 n Vi

A nmethod according to any one of clainms 22 to 25 in which
corrprl ses ‘an anti body nol ecul e . that 25 binds _t()}4 50 or umm mmnjuﬂemm
or Fab' portion of the antibody nolecul e that bi"hds to Bp50. 27.t

nmet hod according to any one of clains 22 to 25 i.n which the | i gand
conprises a nonocl onal antibody 30 nol ecul e that .bi.nds to Bp50 or an Fv,

Fab [err] or Fapi. poruiehﬁé&aatﬁanaqi@nab a0t kbddgaivbecan ei gératadiaumtbing
to Bp50. 28. A net hod. ac ing t L e 35 nonocl ona

anti body nol ecul e. E%n%f?% E%Z%”S& ocooad ﬁ:ng% \y[e’ %Ig]lrd%r Fab' portion

t her eof : 46 29. ° A method accordlng to cIa|n127 in which the

monocl onal antibody,is pr GO ¥ B '&\GbHeQQ'I% cgkbihEBgatSofleppspiesh th
t he ATCC havi ng ac%esm orfpgrténber HB9110, g ? r%coo nmbi nant. or

genetically eng$ne%@@ﬁr5518§r¥§%ﬂﬁ%ﬂﬂt?ﬁﬁ%ﬁﬁteQM? cel%& etRodnalEERAFAYSt o
any one of claims @dsé0of5ai Digdnd hehdre bimghnd erySI(B,esh zsol medh[l.lnen 10

31. A met hod accordjng to.claim30 i |
B-cel | grovith fact%r‘?egg surfic‘?‘reqrhtohg%%c%h%mn%é {110‘{ é?lgp %%”RERE
| ynphoki ne is on ttessh|facetbdt athelactiat3sl B- ce&hﬁeﬂh@G€a§@o¢@ﬁngeﬂé gigle

one of clains 22 th€5 éggggkggagggnsggoggbaégﬁgg conprises an anti body

nol ecul e that binds A Tret hod accor ding to cI aim33 in
whi ch the anti bédy

23. A method accordlng to cla1m922 in which the B-cells
were actlvated by treatment w1th an effective dose of a
N/ second ligand that binds to Bp35, a 35 kilodalton B-cell
ﬁf | surface antigen, so that the B-cell progresses from the
15 G, to G, stage of the cell cycle.
24.  Use of an effective dose according to either of Claims 22
~and 23 in a composition for treatment of the human or animal body.

200 25. - A method according to either of claims 22 or 23 is

‘performed in vitro.

26. A methqd according to any one of claims. 22 to 25
,.in which the ligand comprises an antibody molecule that
25 binds to Bp50 or an Fv, Fab, F(ab“’

u | | 2
the antibody molecule that binds to Bp50.

or Fab’ portion of

27. A method according to any one of claims. 22 to 25
in which the ligand comprises a monoclonal antibody '
30, molecule that binds to Bp50 or an Fv, Fab, F(ab')z, or
Fab’ portion of a monoclonal antibody molecule that
_ binds to Bp50.

28. A method according to claim 27 in which the
~35  monoclonal antibody_molegule-comprises G28-5, or any
Fv, Fab, F(ab”),, or Fab’ portion thereof. |



that binds to Bp35 further conprises a nonocl onal
according to claim23 in which the activated B-cells t'he
ligand that binds 25 to Bp50 within about 12 hours Hmu g lehﬂqby t he
second ligand that binds to Bp35. 36.
proliferation of cells which express Bp50 a 5 k| I odal t on B—cel | surface
antigen 30 -defined by nonocl onal antibody G28-5, conprising treating the
cells which express Bp50 with an effective dose of a |igand that blnds\ko
Bp50, whi ch Iig%nd i kel aranding i e otldbnaki7ven ageith 85e 37.

met hod accordlrﬂ@né@wﬂ:@l naé@mady\mshpkbauesh' EyWQ' ﬁk}bf—& Bpfs hctﬁﬁ@ﬁﬁgp“ se

I C e celTs

B-cel | s. accord g to claim3
whi ch express ?ﬁﬁﬁf?ﬁﬁ&ﬁ?gewhﬁPlbﬂ%nﬁ tel having, acce§§é°6fnaﬁbétfect|ve

dose accordi NHEDL BNy @nea Ghutdrt Bréfombih@nB8oiNg@neeiLasiyi 8AghiAkerea
t r eat ment unan_ or ani mal body. 40. A met hod according to any one

of clains 5E€ﬁ3 Tch ?%efﬁﬁ brmed in vitro. 10 41. A net nod
according.to cIa|n136 in which the |igand conprises-an anti body nol ecul e or

an Fv,  Fab, or AFaR t Q met hod
accord| ng to C a| m 36 | nt\/}\}%%#&%e 5r#¢§§3$% Cq}/ g)géul ® aclonllﬁ)%se%o 265
monocl onal antYihedly thE ebigandreemprisesad, lmh?kme Fab' portion of the

nonocl onal anti body nDIecuIe 43. . A nethod according to claim42 in
whi ch t he 20 nocl nt| bod corrprlses &28-5, or any Fv, Fab, [err] or
Fab' portion 'reof cr?')é‘ Eordiadg t:{P c‘ifhl"fﬁlé@lfﬂl%l ch the

monocl onal anwymphokrhqwcmhpribéw a hybélﬂogﬁoﬁeh|fhbﬁar

32. - A method according to claim 30 in which the _‘\J

lymphokine\is on the surface of a cell. '
15 -

33. A method according to any one of claims 22 to 25l

in which the second ligand compriSes an antibody molecule
that binds to Bp35.

20 34. A method according to claim 33 in which the antibody
that binds to Bp35 further comprises a monoclonal antibody.

35. A method according to claim 23 in which the
activated B-cells are treated with the.ligand.that binds

25 to Bp50 within about 12 hours after activation by the
second ligand that binds to Bp3S5.

36. - A method for suppressing proliferation of cells
‘'which express BpS50, ‘a 50 kilodalton B-cell surface antigen

30 - defined by monoclonal antibody G28-5, comprising treating .
the cells which express Bp50 with an effective dose of a
ligand that binds to Bp50, which ligand is coupled to an
antiproliferative agent.

35 37. A method according to claim 36 in wh1ch the cells'
which express 'Bp50 comprise B-cells.

>t hod

-



25 as deposited with the ATCC having accession nunber HB91l0, or -any
mut ant, reconbi nant -or genetically engi neered derivativ

e . A5 A
et hod according--to claim36 in which the |igand 30 conﬂhﬂﬁ %ﬁ ﬂ uu"
| ynphoki ne. 46. A nmethod according to claim45 in which%

conprises a B-cell growth factor. 35 47. A'gzyhod according to any one
of clarms 36 to 46 in which the antiproliferati agent conprises an
al kykati ng agent. 48. _A method according to:.any one of clains 36 to

46 in which the antiproliferative agent conprises an_anti netabolite. f 49.
A met hod accordi ntfto afy "5t&°6: agF Fﬁé”@GtPociéan3ﬁh+%Hw?H%h'the cells
antiproliferativewRDenteorgsd S5 Arcangs deOtnalidn@nt ceAlset hod accordi ng
to any one of clainms 36 to 46 10 in which the antiproliferative agent '
conprises a vinca al kal oid. 51. A met hod according to any one of clains
36 to 46 in which3?he antseppblanf effeatiee dgeataccondingsies aan corzgihntlalts 58.

: A ”?t hOd. acco_rgl n@otﬁ ?ﬂya% ' fitférfi'f - é@a{:ﬂe‘n%%f .Q:hw nt&e nimal %OdY.
antiproliferative agent conprises a platinum coordinated conplex. 20 753.
A nmet hod according to any one of clains 36 to 46in which the

antiproliferatives@gent xXeEHogeaceorading Tt @pg. ohé. of ALsuhst3ettal 8§
pure |ligand as described in claim suQ§IantiaLIy as herei nbefore :
specifically descVRhER. 195PYE: orme 5§hbs¥%ﬁ%1ally pure surface antigen

according -to claim 20 substantially as hereinbefore specifically '

10 41. " A metnod-acccrding.to'claim-36-in which the ligand
comprises an ahtibody molecule or an Fv,.Fab,'F(ab')2 or
Fab’ portion of the antibody molecule.

- 42, ‘A method according to claim 36 in which the antibody
15 molecule comprises a monoclonal antibody molecule or an
Fv, Fab, F(abk”’

molecule.

)2 or Fab’ portion of the monoclonal antibody

43. A method acccrding to claim 42 in which the
20 monoclonal antibody comprises G28-5, or any Fv, Fab,
F(ab’)z, or Fab’ portion thereof.

44. A method according to claim 42 in which the
monoclonal antibody is produced -by a hybridoma cell line

U/ 25 as deposited with the ATCC having accession number HB9110,
or any mutant, reccmtinant or genetically engineered

derivative thereof.

45. A methoé according to claim 36 in which the ligand

30 comprises a lymphokine.

46. A method according to claim 45 in which the
lymphokine comprises a B-cell growth factor.

35 47. A method according to any one of claims 36 to 46
in which the antiproliferative agent comprises an
alkylating agent. '



described. 30

56. A nethod for augnmenting proliferation of B-cells

substantially as hereinbefore specifically described. 57

suppressing prol-feration of B-cells substantially

desCrlbed 35

- 10

15

20

25

30

35

48. A method according to any one of claims
in which the antiproliferative agent comprises
antimetabolite. '

.49, A method according to any one of claims

in which the antiproliferative agent comprises
antibiotic.

50. A method according to any one of claims

in which the antlprollferatlve agent comprises

alkaloid. .

51. A method according to any one of claims
in which the antiproliferative agent comprises

52. A method ‘according to any one of claims
in which the antiproliferative agent comprises

coordinated complex.

53. A method according to any one of claims

which the antiproiiferative agent comprises a radioisotope.

A. et hod for
as herei nbefore ;

IIIIIIII 0 O ]

36 to 46
an

36 to 46
an

36 to 46

.a vinca

36 to 46 gi'

an enzyme.

36 to 46

a platinum

36 to 46 in

54. A substantially pure ligand as described in claiml

substantial¥y as hereinbefére specifically ‘described.

55. A substantially pure surface antigen according to

- described.

. ¢laim 20 substéﬁtially.as hereinbefore specifically

56. A method for augmenting proliferation of B-cells
substantially as hereinbeforé specifically described.

57. A method for suppressing proliferatioﬁ of B-cells

substantially as hereinbefore described.
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