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ABSTRACT

The ability to create monoclona l a nt i bod i es has a llowed g reat
strides to be made i n research and clinical medi c ine, and
continues to contribute to progress ion in many areas . However,
the t e c hno l ogy i nv ol ve d is labor- intensive and often
inefficient . A typical cell hybr idizat ion procedure will
generate thousands of hyb r idomas, with the grea t majority
being irrelevant. Convent ional technology r-equ.i re s maintenance
and testing of the total population, i n order t o i d e nti f y the
ve ry few hybrids that are s ec re t Lnq a ntibody of t he des ired
specificity . Part icular ly for antigens of l ow immunogeni cit.y,
this is clearly i ne f ficient .

The purpose of t h i s study i s t o explore methods fo r selec ting
antigen-specific hybridomas soon a ft e r the fus ion procedure.
Th is wou ld eliminate the unnecessary maintenance of irre l evan t
hybrids, reduci ng much of the time, e f f o r t and materials t hat
are currently consumed in this techno logy.

For these fusions, transfec tant cells e xpressing HLA-DP
molecules were the immunogens . Monoclonal ant ibodies
recognizing OP polymorphisms were des ired as serologi c
reagents , for matching donor-recipient pairs in bone marrow
transplantation . Fused cells were grown as bulk cultures and
Ag-specific sel ection was attempted , us i ng t he ant igen as a
p robe for hyb r i do ma s expressing specific i mmunoglobu lin
receptors . Two methods were tested: immunomagnetism (by use of
ant igen-coated i nummometallic beads) , and panning (by use of
the immunizing t r a n s f ec t a n t cells). The yield of a n t fqen
specific hybridomas was compared t o that obtained i n
conve ntional fusions .

The results i ndicate that panning, us ing the procedure
outlined in this study, is not a useful me t hod for selecting
DP-specific hybridomas from a post-fu:don bulk pop u lation.
Immunomag net i sm, on the other ha nd, produced satisfactory
results, offering a potential l y useful way to rncreese the
efficiency of monoclonal ant ibody generation .
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1 .0 INTRODUCTION

The c r ea tio n of h ybr i d oma cells which s ecrete monoclonal

ant t b c dfe s (mAb), b y s oma tic cell hybridization , was firs t

described by Kohler and Milstein (1 975 , 1976) . This t echnique

allows t he produc tion of mAb i n vi tro by fus ing s p l e e n cells

f r om immune mice wi t h cells from a myeloma c e l l line . The

r e s u l ting hybridoma s produ c e v i r tua l ly un limite d

qu anti t i e s of homogeneous ant ibody . With improv ements t o t he

method (Gefter at a L, 19 77; Schulman at aI, 197 8 ; s'eaekas d e

St . Groth e t a L, 1980; West e rwoudt, 1985 ), t he ba s ic ap proach

of Kohle r and Milstein h a s gained wi de acceptance and be come

a v a l ua bl e standard t ech nique in ma ny l ab o r a t ori e s .

Compared to polyclonal antisera , whi c h exhib i t ex t reme

heterogenei ty , mono clonal a nt ibodies are exquis i t ely s pecific .

The a b i li t y t o prod uc e l arge quantities of mAb, with

specificit?~ f or a des ired ant i geni c de terminant, has had far 

reach i ng effec t s. not only on the field of LmmuncLoqy , but on

many areas of r esearch a nd clinical medicine. The diverse

array of curren t app l i c a t ions f or mAb inc l ude d i agn o s is of

i nfec tious and s ys t emic d iseases , t umor d iagn osis and t herapy,

identification o f pheno typi c cell markers, and f u n c tional

ana lys i s o f ce l l s u r f a c e and secreted molecules.

Although InAb tec hno l ogy ha s proven to be hi gh l y suc c e s s f ul , i t

is no t without ne e d f o r i mp r oveme n t s . The main p r ob l em wi t h

the present method is that i t i s l ab or i ous and time-consumi ng

- I
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an d , particularly fo r an t. Lqan n o f l o w i mmunogen i c i t y , ve ry

inefficient. This means t ha t , f o r many antigens (Ag) , t he

frequenc y of Ag-s~ec .i:ic hybr idomas will be extremely low,

r e quiring many non-pr od uc tive f us i on attempts . Tl18 r-eas ens for

this i nclude t he ex t r emeLy lo w number of 8 ce lls t hat a re

sp ec I f i.c for any c cv en an tige nic determinant, th e low

frequ e nc y of c e ll f us i on , end t he r an domne s s o f t he f u s t on

p r-cc ed u r-e . Ta ke n t oge ther , t he chance o f i solat i ng an Ag 

s pec i f Lc hyb ridoma bec omes ve ry lo w i ndee d. As Kohl er and

t'ol.ilstein once said "an ant i bo dy -pr od ucing hyb rid line i s a

g.i = ~ of the Go ds " .

Figure 1 gives a f Low char t i ndicati ng t he basic s t ep c

i.nvoI ved i n the creat z.on o f hyb r z.doma ss sec r e t ing IDAb. cur-r ent

mat hcd s re l y on di apez-sLon 0: fu s e d cells in limiti ng dilution

mi c r ocu Lt.ur e f or phys ical Lso Lat i on of t he hyb rid c Lcn ac

o r cd ace d , These cu l t u r e s mUE:: be mainta ined and moni tared a nd,

whe n suff:'ciently ex pan de d, e ach cultu r e must be s creened for

ap ec i f Lc an tibody pr- odu c t Lon . A l ook at the numbers i nvolved

gives some ide a of t he inef::ic iency of this technique .

A : Yl":!.ca l immunized mouse s pleen wil l generate approx imate ly

1 - 1 . 5 x 10' B cells . The freque ncy of cell fus ion is es t Lmat e d

at aoou t 10· :\ (Cas a l i at a L, 1985 ). The r efore it foll ows tha';

1000 - 15 0 0 hyb r i domas '""il l be pr o du ced per fused spleen. S in c e

t h e number of Lrz-eLev ant; B c el ls alway .,:; far outnumbers the AQ 

spec i fic cells , ve r y rev (if a ny ) of these fused ceLj.s '(/i ll be



FIGURE 1 . Diagram illustrating t h e basic steps in volved in the
identification and isolation ot a ntigen-specific
hybridomas using conventional , po lyeth.y lene-glycol
mediated cell hybridization eechnLques ,



sec re t i ng Ag-speci f i c Ab.

The f us ed cells are plated i n such a manner t ha t app r ox f mat e Iy

one hybrid can be expected per well ; this me ans that ten t o

fifteen 96-well p lates c an be ex pected t o result from a

typical f usion . Mai ntaining an d s c r e e ni ng t hese 1000-150 0

culture s to find the very few that co n t a i n the desired clones

clearly is i n e f fi c i e nt . Cultures mus t be fed ever y t wo t o

three days with selec t ive medium , and growth of the hyb ridomas

must be carefully moni tored microscopically , as overgrowth can

quickly re sult i n death of the cells . When it is decided that

t he c u l t ures ha ve grown sufficient l y, in dividual supernatant s

must be s c reened f or specific a ntibody . Ag~specific hybr i ds

must b e identified and cloned as qui c kly as pos s i b l e , as they

may otherwise be lost due to ov ergr owt h by unwan ted hybr ids or

by nonproduc.ing variants of the de sired hyb rid. Thus isola tion

of hybridoma lines with t he des ired reactivity becomes a

pa instaking procedure, impedi ng t he generation of mAb to a

wide range of Ag.

An ideal solution to this i ne ff i c i e nc y would be Ag-specific

se lection, i n which only the Ag-specific hybridomas are p lated

and screened . This type o f se lect i on is theore t ically possible

due to the fact that re cep to rs (ie immunoglobulin (Ig )

molecules) for Ag are expressed on t he surfaces o f a cells and

hybridomas . Cells capable o f makinQ Ab with a des ired

specificity can, i n pr inciple, be separat ed from i r r ele va n t



cells by using the Aq as a pr ob e. Both pr e-fus i o n selection

o f /l.g- s peci f i c B c ells and post-fusion s ele c t i on of Ag

spec ific hybridomas are possible in principle .

Such a s elec tion me t hod would drastic ally d e crease t he number

of hyb ridomas r equi ring mai ntenance a nd testing, while at the

same time increase th e yield of posit i v e hybridoma s. In

theory, a typical fusion could be re d uced frem 1 5 00 cul cures

to less than 100 . Mos t. (if no t all ) of t h ese would b e Ag-

epec I f Lc , Th is, of course, wou ld reduce much of the t i me ,

effort and ma t er i a l s t h a t are current l y consumed in th is

technology. I n ad d it :'cn , fus i o n of multiple mo use s p l eens

would then be mana g eabl e , t he r eby i ncreasing t h e prob a bility

o f producing the mAb 0: interest .

The purpose of this thes is was to a t t empt Ag-spec::' fic

se.iecc Lcn shortly e r t er the fusion procedure, in an effor t to

inc re ase the e ffLcLency of mi1b p roduction . Pol ye thylene g ly co l

(PEG) i s us e d as the fusegenic age nt. Two selection methods

a r e described , namely imrnt:.noma gne tism and panning , and t he

yie ld of Ag-specific hybriciomas is compar ed to that ob tained

using conve nt ional PEG fusions , without select i on .

Most attempt s to im pr ov e t he e f fi c iency of cell fusio n nev e

ccecenereted on modifications t o the ex i s t i n g procedure . Felve r

att.empts have been mad e to i mprov e th e se l ec tivity o f t he

method . I n recen t yeer-s , however, Ag-spe c i f1c sel ect i o n fo r

t he p urpos e of mAb production ha s be en at tempt ed . using



several different t echniques . Some of th e per t inent l i t er atur e

on this subj ec t wi ll n ow be reviewed .

1 . 1 REVI EW OF EARLY ATTEMPTS TO SELECT ANTIGEN SPECIFIC CEL LS

Ear l y attempts t o isolat e Ag-speci fic B cell s were done , no t

fo r th e purpos e of gene rating mAb, but to study t he

contribution of specific B ce lls t o th e aVE.'r a ll immune

response or to study the r e qu f r eme.n t s for Ag -mediated

activation of B ce l l s. Ag-specific se lection , howev e r, p o s ed

a d ifficult challenge, as it is e s tima t ed that on l y one in

every 10 6 B cells expresses an 19 r e c epto r for any given

an tigenic epitope (My er s e t et , 1986) . Nevertheless, a number

of appr o aches were develop ed for obtaini ng p opul at i ons o f B

cells enriched f or Ag -specific ce lls .

Th ree ma j or , early approaches we r e u t ilized to enrich f or

s p ecifi c B cel l s: (1) Ag was il!\ll\abi lized on solid matrices and

specific cells adsorbed and el u ted ; ( 2 ) for hapten-bin ding B

c ells , hapten ated red cells were used to ro s e tte the specifi c

B ce lls , fo llo wed by vel ocity and /or density sed imentation to

purify t he rosette d ce lls; (3) fl u oresceinated Ag was bound t o

specific cells , which we r e then separated from irrelevant

cells by fluorescence- activated c ell sorting (FACS) .

Since these early methods f ormed t he bas is for subsequent Ag

specific selection techniques, a br i e f review of t hese e ar l y



experiments will be presented first, fo l lowed b y a dd.scuss Lon

of the pertinent literature dealing with select ion attempts to

obtain mAb. It s hould be noted that the ear-Ld.ar- expe rimen t s

were done to isolate specific B l ympho c yt es and not

hyb ridomas. Experiments r e l ated to monoc lonal antibody

technology will be d e s c r i b e d in section 1.2.

1 . 1 . 1 IMMUNO.a.oSORBANT TECHNIQUES

The earliest attempt to purify Ag -bindi.ng ce lls was reported

by Wigzell and Ander-s scn (1966) . These inv estigators passed

pr i med lymph node cell suspensions over columns of Ag· c oa t ed

glass beads a nd subsequent ly eluted the adsorbed cells by

mechanical agita tion. I nd i re c t evidence f or s i gni f i c a nt

retent ion of Ag ~ specific cells was s hown by a decreased

immunocompetence of the non-bind~ng ce ll pop Ulation to the Ag

used f or coating the column. However, t he r eta i ned c e lls were

difficult to elute a nd showed only a 2 .5 - fold enx Lc hne n t; in

specifici t y and a considerably decreased viab ility. There was

also a l a r ge amount of non-specific ads o r ption of c ells t o the

columns , resul tinq in significant cell l osses . Thi s te chnique

was later extended t o studies of lion- immune cells (Wigz e l l and

M1:l.kelll., 1970; Mor oz and Kotoul as . 197 3).

Fa llowing thi s beginning I immunoadso rbant sy stems based on

po lyacrylar:lide bea ds (Tr u ffa-Bachi and Wofsey, 1970 ; Waf sey e t



a L, 197 1) and agarose (Davie and Paul, 1971 ) wer e repor ted, in

whic h the no n- s pecific b i ndi ng of cells wa s great ly r educed .

Other solid-phase systems that were investigated i nc luded

binding to p lastic tubes (Chof et aL , 1974) , to poly-L-Iysine 

fixed antigen rnono l ayers (Greeley et a L, 19 74), an d t o nyl on

fibers (Ede l man et; a L , 197 1 ; Rutishauser a t e.l , 1973 ) .

However, i n mos t c a ses , recovery of s pec i f i c , immunoco mpete nt

cell s f rom t he bound populations re mained a problem, a l lo win g

these systems to b e most useful for obtaining popula tions of

cell s depleted of Ago - s p e c i fi c cells.

In 19 7 3 Schlos sma n and Huds on described a n enzyme -d igestible

i mmuno ads or b a nt b a sed on Seph adex . In addition to minimal non -

spe c ific retention Jf c e lls , t h i s method also allowed better

r ecove r y o f bound cells , by so lubilization of the mat r i x .

Thes e i nves t i ga t o r s passed mouse spleen c e l l s through Se pha dex

anti-Fab column s and showed t ha t the passed cells we r e

spec ifically dep l eted o f Ig -bearing 8 cells. In addition, 98%

of the adsorbed B cel ls could be recove r ed in a funct ionally

viab le sta t e after so lubil ization of the immunoadsorbant with

dex t r a nas e .

A solid-p h a s e irnrnunoa d s or ba n t sy stem i n whi ch speci fic ce l ls

wer e adsorbed to hapten-der ivatize d gelatin t ubes was

described by Haa s et a l in 197 4. Th is system ha d th e ad va nt age

of l ow non - spe c ific a dhere nce a nd simple r e c over y of boun d

cells by melting th e ge l at 37~C. A 30- fold enr ichment o f



antigen -binding cells in the selected populat ion wa s achieved.

In 1975 Haas and Layton modified this appr o a ch to use hapten

derivatized gelatin-coated petri dishes . Th is method yielded

up to 42% o f specific, immunocompetent cells in the purified

p opula t i on . Various modifications of thi s approach produced

i ncr eased purities of the selected populat ions (Nossal and

Pike , 1978; Pike and Nossal, 1984 ).

I n 1976 Scott reported a sys t em which ut ilized anti 

fluorescein co njugated to Sep hadex , This t e chni que takes

advantage of fluorescen t -antigen l abe l l i ng as well as a f f i ni t y

chromatography. I mmune spleen cells mixed with

fluoresceinated Ag and passed through t h e anti fluorescein

columns . Specific cells were t h en eluted with an unrelated

fluorescent -labelled protein and shown to be fully

i mmunocompetent . Appr OXi matel y 1% of t he starting cell

popu lation was isolated us ing th is methodology, and about 30%

of these selected cells were subsequen t ly found to be Ag

binding cells (ABC) . The biggest advantage of t his s ystem wa s

t hat t he s ame i mmu noads orban t could be used fo r any antigenic

syst em in to which fluorescein co ul d be introduced .

These immunoadsorbant techniques have led to studi es where

cell pop ulations are "p a nned" on some fo rm of solid-phase Ag,

wit h t he selec t e d cells t hen used f or gener ating mAb. The s e

papers will be d i s cus s e d i n s ection 1.2.
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1 .1 . 2 RED BLOOD CELL ROSETTING TECHNI QUE S

A number of different lymphoid popu l at ions will form rosettes

with red blood c e lls (RBe), dep e nd in g up on the t y p e of red

cell uaed , the i mmun e s ta t u s and species of th e lymphocyte

don or and t he particular experimental methods used to prepare

the r oset tes . Under ca r e f u l ly de fi ne d experimental condit ions.

ro s ette- f or mi ng cells {RFC} are antigen - binding cells reacting

specifically with an antigen on the red cell s urface

(Bankhurst and Wilson, 19 7 1; 'Z.aalberg, 197 1). RFC can be

frac tionated from n on-RFC by veloc i ty and /or density

sedimen tation techniques, since the r osettes will have a

higher sedimentation velocity and a gr eat er density t han free

lymphoid cells .

The ros e tt i ng procedure was firs t des cribed in papers by Brody

and by Brody and Papermaster, i n 1970. I n an attempt to define

the cell populations responsible f or mouse i mmunocompet enc e to

sheep erythrocytes , t hese i nves tiga t ors used rate zona l

sedimentation to separate RFC from other spleen cells . They

found that the rosetted population con tained most of the Ab-

forming cell precursors to sheep RBC. Their results were

confirmed and expanded in l ater experiments (Ds oba , 1970;

Gorczynski 9 ': a.I , 1971; Sulitzeanu and Axelrad , 1973; Wilson,

19 73; Tane nbaum and s ulitzeanu, 1975; ) .

Although these experiments were s uccessful in providing much-
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ne eded i nformation about the cell populations i nvol v ed in t he

i mmune response , t he rO$etting procedure itsel f lias generally

qu i te poor , with pu rities usually be l ow 20 %. I n 1978 the

ros etting procedure was llOdified b y Kenn y at a l , t o include a

combination of den sity and ve loc ity cent rifugation . The t wo

s t ep procedure produced 50 - 100\ arc from primed spleens and

20-40\ RFC from virgin splenocyt e s . Thi s appr o ach wa s further

impr oved by Snow at al (19 83) u s i ng per cc Lj, gradi ents to

ac hieve 60-7 0% RFC f r om unprimed spl ee ns .

A further modifi cation of the r osetting procedure t he n l ed to

tw o re po r ts (fefencf et a.L, 1985 ; Myer s a t ai , 1986) wher e , by

varying the extent of haptenation o f t he RBC used for

rosetting, Ag- bindi ng B ce l l s wi t h di f ferent aff i nit i es f o r Ag

c ould be purified. The i nv e stiga t ors s howed that Aq-spec ifi c

memory ce lls . vi rtually f ree of virqin cells . could be

i s ol at ed .

As in the case of t he i mmunoads or ban t proc edures. the early

rosetting techniques led to expe riments in whi ch r o setting wa"

u sed as a mean s of i s ol a tinq Ag-spec1fic ce l l s fo~ hybr idoma

produc t i on . Both RBC ro s e t ting and rosetting using IMItallic

beads have be e n attempted , and thes e studies will be discus sed

in section 1.2 .
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1 .1 .3 FLUORESCENCE ACTIVATED CELL SORTING TECHNIQUES

Julius at al (1972 ) were the first t o describe specific 8 cell

enrichment using a fluorescence-activated cell sorter (FACS).

The y ob tained viable and functional populations of specific

cells, enriched up to SOD-fold, from immune mouse spleen ce ll

suspens ions . concomitantly , pcpufa t.Lcns l a r ge l y dep leted of

a ntig e n- b i n d i ng cells were obtained. Ag-binding cel l s were

l abe l l ed directly with fluorescein -conjuga ted Ag a nd then

isolated using a FACS . Se p a r a t e d populations typically

contained g reater than 65% fluorescent labelled c ells .

I n 1974 Ju lius and Herzenberg extended , and expanded on , these

results in unprimed mice . Here , the separated population

contained over 90% fluorescent labelled cells.

In 19 75 Scot t and Tyrer utilized a similar approach for their

studies of tolerance induction. This was an in vivo experiment

in wh i ch fluorescein labelled t olerogen (s heep gamma g lobulin)

was injected in t o ra ts and fluorescent sp l e e n ce l ls wer e

isolated a t va r i ous time i nt e r val s thereafter , u s in g a FACS.

The authors found t h at antigen-binding ce lls comprised

app rOXimately O. H of the splenic population at all times

examined (days 0-7) , and tha t they were detectabl e as ea r l y as

fif t ee n minutes aft er Ag in j ection.

This flow c ytometry method seemed to hold the gr eatest promise

for obtaining 100 % pure populat ions of Ag-sp ecific cells .
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However, because c f the low frequency of these cells ,

ex tremely l ong periods o f sort i ng are often r equ i r ed , making

this procedure iml-rac tical in some cases . As will be seen i n

the nex t se c t i on , the app l ica t ion of flow cytometry to Ag

specif ic selection for the pu rpose of mAb product ion has

received only limit ed us e .

1 . 2 PREVIOUS ATTEMPTS TO SELECT ANTIGEN-SPEC I FIC CELLS FOR THE

PURPOSE OF OBTAINING MONOCLONAL ANTIBODIES

A number of studies in recent years have attempted t o improve

the efficiency of specific hybridoma creation by selecting Ag

spec ific ce lls . Both pre- and post - fusion selection have been

at tempted, i n both mouse and human systems . These experiments

can be divided i nt o f i ve categories , based on t he method used

for Ag-specific selection: (1) panning; (2) RaC ro setting; (3)

fluorescence -activated ce l l sorting; (4) i mmunomagne tism; (5 )

Ag-specific elec t rofusion. The literature pertai ning to thes e

techn iques will now be reviewed.

1 . 2 . 1 PANNING TECHNIQUES

Panning refers t o i ncubat ion of a mixed popu lation of cells on

some form of SOlid-phase Ag in order to isolate (or deplete)

cells bearing s urface r e cep t or s to t hat Ag from the
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population. This method :..s an extension of the earlier

i mmu noads o r bant techniques .

Panning has be e n used t o isolate various subpopulations of

cell~ . Fractionation of mouse T and B Lymphcc ytes (Wys oc k i and

Sate, 1978 ), enr- Lchment; of murine CDS 8 cells (Metzger et a L,

199 2 ) , and i sola t i on of thy moc yt e precursor cells (Small et

a1, 1994) are bu t a few examples of t he successful use of

panning u sing plastic dishes coated with various Ag or Ab .

Panning fo r Ag-specific cells for the purpose of hybridoma

c reation has been done Ln at l e a s t three studies . In 19 83

Wing er et a1 utilized this technique to generate human anti

sperm Ab from peripheral blood mononuclear cells (FEMe) . Petri

dishes were coated with sea urchin sperm and T cel l dep leted

PEMe werl3 a dde d . Se lected cells were transformed with Epstein

Barr vi rus (EBV) i n limiting dilution culture . 240 wells

subsequent ly grew colonies and, of these, 36 were f ound t o

have an t ibod i e s in the supernatant which wou l d bind t o sea

urchin sperm. Th r e e were f o u nd t o bind human sperm as well . No

comparison with unselected cells was rep o r t e d .

In 199 3 two very interes t ing studies were reported b y

Steenbakkers et a l in whic h panning we .s used to select Ag

speci fic cells . Both studies were based on a previous report

by t hese same invest igators CSt e e nb akk e r s , van Meel , Olijve,

1992 }, where a new method f o r the generat ion o f human and

murine B cell hybridomas was descr-Ibed , The method was based
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on clona l expa ns ion of s ingl e B c ells in the pr esence of human

T cell s upernatant and irradiated murine thymoma helper cells .

Subseque ntly, the clona l l y expande d B cells were i mmortalized

by electr i c field mediated cel l f usi on . The i nve s t i ga tors

ge nerated mu r ine a nti - human immunode fic iency virus (Ht V)

antibodies an d human an ti - rube lla an tibodies us ing t his

t echn i que .

Expandinq on this s t udy , t he authors t hen attempted Ag

specific selection prior t o clonal expansion and

electrofu sion. I n t he fi r s t o f two r ep orts (St eenhakkers , van

Wezenbeek , Ol i jve, 1993 ) , murine Hlv-specific spleen ce lls

were isolated from i mmune mice by pa nn ing on atv viral l ys a t e 

c oa t ed cu l t ur e wells . The se lected ce l l s were c lonally

ex panded in 96 -well culture p l a tes, using the method

preVi ously described . When c ultures were suffic iently grown ,

superna t ants wer e tes ted for an ti-HIV activity . Appr oximately

24% of t he culture wells were specific for the Ag, compared to

less t ha n 1% i n t he c ont r ol popu l ations (uns epar a t ed a nd

unbound ce l l frac t ions). However , it was estimated that on ly

5% of the specific B cells were recovered by the pa nn i ng

procedure. Subsequently , six of the positive cultures were

s ub j ec ted t o mini-el e c trofus ions , and five of these yielded

an t i - HIV producing hybridomas.

In the s ec ond study (Steenbakkers, va n Wezenbeek , van Zanten,

199 3) , human anti-cytomegalovirus (CMV) hybridomas we r e
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ge nera ted from PEMe obtained from do no r s who had recen tly

recovered from a CMV infection. PBMe wer e i nc ubate d on CMV-

coa t ed c ul t ur e we l ls fo r ser ec e r c n of Ag- s pec ific ce l ls . The

s e l ected cells were c l ona lly e x pa nde d in 96-we11 culture

p lat e s . ecarn us i og' t he met hod previ ous l y described by these

i nv e s t i gator s . Between day 8 an d day 12, sup ernatan ts ware

t e s t e d f or anti -CMV a c tivity . The pu r i ty of anti -CMY specific

D cells varied from 6% t o 38% in th e se l ected populations ,

wi t h an ave rage of 0 .5 % in t he controls (unselected B

l ymphocytes from the s ame do no rs ) . As ma ny a s t we n t y -two Ag

specifi c c l one s were ob t aine d f r om as Ii t t l e a s 1 . 5 ml donor

blood. Te n Ag - s pe cific c lones we r e t hen s ubmit ted to separate

mini-electrofusions, and s i x were s uccess ful in produc ing

stabl e Ag-specifi c hybr i domas. However the r ec ove ry of Ag

sp ec ific B cells was ag ain very low; t h i s time approx i mate l y

10% recovery was es tima ted . The au t hors s l.lQgs s t that high

a f f ini ty memory cells are prefe r en tially s elected, and this is

suppor ted by the f ac t that the great ma jority of positive S

cell cul tures analyzed were of the I gG clas s .

1 .2 . 2 RED BLOOD CELL ROSETTING TECHNI QUES

As stated earlier, for ha: ~ en-binding B ce lls , haptenated red

cells can be used to ros ette sp e ci f ic B cells , with t he

roset tes SUbsequent ly purif ied by ve locity and /or density
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sedimentation techniques . Several studies have used this

approach to isola te human Ag -specific cells for Ab p roduction

purposes .

I n 1977 Stei nitz et a1 generated anti -NNP ( 4- hyd r oxy -3 , 5

dinitrophenacet i c acid ) producing human lines from t hre e

donors . Lympho cyt e s ....e re roset ted with autologo us red ce lls

c oup l ed to NNP, and the r os ettes we re separated and infected

wi t h EBV. Permanent l i nes were established from all three

d onors. Roset ted line s contained 13% t o 18% NNP r osett ing

ce l ls, wh.ile contr ol l ines of unfractiona ted and rosette

deprived l ymphoc yt e s from the same do nor s howed no ro set te

forming cells . One r ose tted l i ne was re -rosetted, resulting in

an increased purity of 86%. The NNP-agglutina tion titer was

unde tectable in control l ines , but sh owed an ave ra ge t iter of

256 in t he r osetted lines an d 1024 i n t he re-roset ted

population . All r os e t t ed lines secret ed 19M Ab.

In 1979 Kozbor et al s uccessfully established anti- TNP

<trinitrophenyl ) producing human lines by preselection of

undncnund aed lymphocytes with TNP-coupled erythrocytes and

subsequent t ransfor mation with EBV. Non-selected cells from

the same donor were also transformed to serve as cont rols . All

resulting lines were tested for rosette and p l aque formation

with TNP-RBC, and the supernatants were t itr a t ed for anti -TNP

activity . Using the technique of osobe (1970) , r osette- forming

cells increased from 0 .1 % in t he .unselected popUlation to 75%
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aft er t hree cycles o f r osett ing . In pa rallel , plaque - formi ng

c e lls (PFC). which we r e undetectab l e in the p r ima ry

populat i on , accounted for 30\ o f t he r osetted cells , and t h e

TNI' Ab t iter in the supernatant s i nc r ea s ed from 16 t o 512 . The

TNI' Ab-producing lines es t a b lished f rom t he ro se t ted

pop ulations produ ced s pe ci f ic, polyclona l I gM Ab.

I n 1983 Winger at: a 1 used r o s e t ting t o i s o l a t e Ag-specific

cells f rom unimmunized human donors . Chi c ke n rBe,

neurami n idase - treated human REe , and cal f thymus DNA-coupled

s heep RBe were used f or r ose t t ing . Th e s elected po pulations

were transformed with EEV an d culture d by limiting dilution.

Antibod ies to chicken erythrocy t e s, t o neuramin idase- treated

(but no t un t r e ated ) hu ma n RBe , and to DNA were found . No

co mparisons with un se l ected po pulations wer e r ep orted .

Kosk imies (1980) u s ed this r ose t ting approach to establish a

human line produc ing ant i - Rhe sus (D) Ab. Ag -specific

lymphocytes from an immunized do nor with a h i gh titer of anti 

D were pr ese lected by r oset t ing with Rh-pos it ive e r ythrocy tes

pri or to EBV infection . Continuously growing lines from both

the selec ted and de pr i ve d f r ac tion s were ob tained . The

selected line produced anti -D Ab whi le t he deprived line did

not. However , the s e lec ted l i ne a lso produced nonspecific Ab.

By re - rosetting, the sp ecific a nti-D Ab was enriched, with t he

Ab t i t e r i nc r eas i ng from 8 to 128 .
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1 .2 .3 FLUORESCENCE ACTI VATED CELL SORTING TECHNIQUES

Isolation of Ag-specific cells using fluoresc ence-activated

cell so rting , for the purpose of mAb produc tion , has rece ived

very limited use. This is somewhat surprising given its

widespread use i n other areas as a means of selecting ra re

cells. However a t least two studies have been r epor t e d , and

they both show favorable results.

Parks et a 1 (1979) pe rformed practical demons t rations

utilizing flow cyk omet r-y, to show that Ag-spec ific hyhridomas

co uld be i s o l a t ed f r om a mi xture of hyhridomas . In several

ex periments they mixe d ce.l l.s producing mAb to mouse rg

aLko t.ypea , at a frequency of 1 in sao. wi t h hybr i doma s

producing some other Ab. The rare c e l l s were recovere d by

l abe ll i ng with fluorescent microspheres c oup led to the

appropriate myeloma protein Ag, followed by so rting of the

brightly l ab e lled c e lls using the flow cytometer . Se lected

cells we r e sorted individually into microculture wells . In

each case, the number of clones sec reting specific Ab i n the

s orted p opulat i on showed an enrichment fa ctor of about 250

over the original 1 i n 500 mixture .

In 1986 Casali et al us ed a modification of this approach t o

i sola t e Ag-speclf1c B ce lls f rom human s ub j e c t s prior to EBV

trans format ion . In these ex per i men t s . purified Ag (either

thyroglobulin or tetanus toxoid) was b iotinylated and
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i nc uba t e d with pu r ified B lymphocy tes from healthy donors. The

cells were t hen reacted with fluorescein isothiocyan a te

(FITC) -avidin and analyzed by flow cytometry . It was fou nd, in

repeated e xp e riments , that 5%- 10% of cells ah owe d a h i g h

degree of fl uorescence. Th e s e cells were sorted and t he

po s it i ve a nd neg ative fra c t i ons collected a nd t ransformed. The

cells wer e t hen p Laued i n 96-well culture plates at

a p proximately 4000 c e l l s p e r well. Al l ·...ells from the po sitive

fraction were subsequently found t o b e producing high leve ls

of Ab to t he Ag , while fewer than 6% of wells from the

negative fraction produced an y detec t ab l e Ab. The

invest igators c l on ed so me of t he positive we ll s t o yield cell

lines p r oducing mAb.

1 . 2 .4 IMMUNOMAGNETISM

During the last de c a de , immunology has seen the introduction

of a technology in wh i c h magne tic fields play a n integral

r o l e . Me t all i c beads co at e d with antibodies or othe r prote i ns

can be us e d t o isolate specific cells from mixed popul ations .

Cel ls be a r i ng recept or s t o t he p rotein will form rose ttes wi t h

the metal lic be ads, and i s o l a tion of t he s e s pecif ic cells is

achieved easily and r apid l y by placing t he call s uspens i on

a ga inst a magn e t a nd pouring of: the unbound cells.

This t echnology was made possible by t he wor k of ugelst ad et
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a1 (1982), who developed a method f or pr epa r i ng me t a :!. l i c

beads. comprised of an iran core and a pol yme r s he l l , 0:

unifo r m size , density and iron content . Functional gr oups

could be incorporated onto the surface of the" beads, wh:'ch

could the n be modified for physical adsorpt ion or ccvarerre

coupling of prote ins .

Metallic beads coated with a variety of a nt ibodies and other

proteins , as well as beads to which a desired protein can be

readily attached, are :lOW commercially available, and t his has

allowed widespread use of t.his technology . I n addition to Ag -

specific selection, some of the many ·-tays t he s e beads ha ve

beer: used include the remove I of tumor cells from bone marrow

( ':'r e l e ave n et a L, 1984 ; Vredenburgh e t a L, 1991 ) , the

depletion of T cells fo r bo ne mar row transplantation tcee ,

1989), isolation of spec i f ic cell populations for functional

assays (Hovdenes et a2., 1989; Tjernlur:.d at a L, 1988 ), and as

a tool for cell pur':' fication f o r eerct.ccac t iss ue typing

(Vartdal et a L, 1986 ; Han s e n et a L, 1987 ) .

Metal l ic be ad s ha ve been used i n s everal s tudies t o LaoLa 'te

Ag-specific cells f or the purpose of both human and mur ir.e

hybridoma creation . In 19 88 Ege l and et al c oate d metallic

beads with rabbit IgG in order to rosette rheumatoid factor B

l ymphocy t e s f r om r .z-Lp he r a L b lood of patients with rheumato i d

ar':.hrit is. The principle here is that rheuma t oid factor

specifically r ec ogni::e s the Fc fragment of rabbit I gG. Thu s
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beads coated with IgG will roset te B cells expressing

rheumatoid facto r . The rosetted ce lls were then transformed

with EBV. Unfractionated B cells from rheumato id arthritis

pat i ents were used a s controls. In several experiments, more

than 90% of c u l t u r e wells from the rcs.at t ed population

p r oduced r he uma t o i d factor, compared to less t han 6% i n the

contxofs .

A repc ~t by Gl a s e r et a1 in 1990 descr ibes a combination of

magnetic separation followed by electrofusion of human

peripheral b lood c e lls . I n this experiment pe ripheral blood

mononuclear ce lls wer e reacted wi th beads coated wi t h anti-

CD19 Ab . Se lected and unselected c e l l s were then electrofused

wi th the rie't e z-c my e Loma line CE-F u2 , to for m hybrids. In

uns ep az-at ed PBMC, 7% CD19+ and 68% CD3+ cells were detected

us ing flow cytometry . In t he population s e lected using ant i

CD19 coated beads, the contamination with CD3+ cells was below

2%; ho wever, only about 2\ of the starting po pulation of PBMC

could be reco ve r e d from the anti -CD19 coated be ads . The

electrofus i on procedure successful in produc ing

hybridomas, e ve n when the numbe r o f cells placed i n t he fusion

chambe r •....a s ve ry low . A fu s i o n frequenc y of 1 -1 5 x 10 's wa s

observed for un separa ted PBMe, while the separated fraction

show ed a f u s i on f r equ e ncy of 5-50 x 10-5 • The i nves t i ga t o r s

then determined the percentage o f cytoplasmi c Ig- positive

cells i n b o th p opulatior.s . In each experiment, signi ficantl y



23

more hybridomas were 19-posit ive in fusions of CD19+ cells

c ompa r ed with un separ ated cells (P<O. 005) .

In 199 3 Lundkvi st e t al ut i li zed t hi s technique while

at tempting t o make human mAb against Puumala · virus . Human

sp leen cells were obtained f rom a splenectomized patient, and

v irus- coated beads we r e us ed f or se l ec tion . Vi rus coating was

accomplished us i ng virus -specific mur i ne !nAb f o r indirect

binding of v i r a l g l ycop r otein,s t o t he magnetic beads. Three

s t rategies were empl oyed: ( 1) unselected spleen B cells were

EBV transformed (2 ) unselected ce lls were t ransformed, grown

in ba tch cu lture for 21 days and then selec ted with beads (3)

spleen cells were selected with beads prior t o t r ans f or mation .

In all cases . t ransformed ce lls were c loned by limi ting

dilution, and grOWi ng c ultures were screened for specific Ab

produ ction. No pos i tives were found i n t he co nt rol group

(uns e l ec t ed spleen c ells ) . Several Ag-specific hyb ridomas were

f ound i n t h e po pu Lat Lcn selected with beads 21 days pc s t 

transformat ion , but these wer e l ost fol lowi ng cloning .

pos itive results were obtained when spleen cells were

preselected by viral glycoprotein-coated metallic beads .

Twenty ou t of 21 grow ing culture wells i n this pop ulation were

posit ive against the virus . Four of t hese wells were

successfully cloned to ensure mono clonality and produced

specifi c IgG Ab. Further testing strongly i ndi c a t ed that the

fo ur rnAb were a ll derived f rom the s ame original clone . Thr ee
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of these monoclona l lymphob las t o i d cell lines were fused with

a human/mouse he t e r ohyb ridoma t o generat e s table, Ag-specific

hybridomas .

In 1994 Osh iba et a1 uti lized Ag - coated immunomagnetic beads

t o isolate Ag-specific 8 cells from the peripheral blood o f

i mmunized donors . a c ells separa t ed wi th t et anus t ox in- or

keyhole limpet hemocy anin-co a t ed be ads wer e t ra ns fo r med wi th

EBV. The amount o f specifi c a ntibody produc ed by this roset t ed

population was compared t o that o f un f r ac t lona t ed an d

nonrosetting t r a ns f orm e d popul at i ons . The roset ted populations

were found to contain significantly more specific ant ibody

t h a n ei ther of the other two popu l at ions; 700 - 1500 units per

ml of specific Ab was repor ted for the rosetted populations

compared to 0-7 0 units f or the c ontrol po pulations.

In addition to these human s tud ies , i mmunomagne ti srn has also

been utilized in the generation of murine mAb. Three such

s tudies wil l be described here; two of these us e d Ag-coated

beads to select specific hybr fdcrna s f r om bul k c ultures der ived

from PEG- medi a t ed fus ions (a nd are therefore similar to the

experiments done i n this study ) , while t he th ird method used

bead selection to isolate sp ecific 8 sp lenocytes prior to

fusion.

In the first of these repor t s , ossendorp et al ( ' 9B9)

immunized mice with thyroglobuli:'l, fused the spleen cells with

SP2/O cells using PEG, and gr e'o'l t he r e su lt i ng population as a
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bulk culture i n selective HAT medium. One week afte r fusion,

viable hybridoma cells were counted and divided into two

groups . One was incubated with t hyroglobulin - coated metal lic

be ada and the other with uncoated beads . Immunomagnetism

allowed separation of magnet -bound and non-bound fractions fo r

eac h group . These four populations we r e t hen cultured in 96

well pla tes . and superna tants f rom growing hybr i ds were

s ubs e quen tly t e s t e d fo r anti -thyroglobulin activity . The

magnet-bound population from the uncoated beads produced only

six cultures, none of which showed any specific Ab activity.

8 7 grow i ng wells we r e found in the magnet -hound population

f r om thyroglobulin-coated beads , and 95% of t hese produced

anti- t hyroglobulin Ab, all o f the 19G i s o t ype . The percentage

of t hyroglobulin positive wells in t he non -bound population

using Ag-coated beads was approx i mately 15%, and t his wa s

slightly lower t ha n that 1n t he non - bound popul a t i on using

uncoated beads.

These inve s t i ga t o r s also determined the frequency of Ag

specific hybridomas i n t he t hree cel l po pu l a tions re s ulting

from se lection us ing t hy roglobulin-coated be ads ; name ly , the

original po pulat i on , the magnet -bound populat i on an d the non

bou nd popUlation . The f r equ en cy o f anti - thyrog lobulin hybrid

cells in the original bu lk population wa s f ou nd to be 1 in

500; i n the non-bo und population , 1 in 1030 ; a nd i n t he

magnet -bound cells, 1 in 1 . 7 . This was an enrichmen t o f 300-
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