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The AB4 m o n o c l o n a l  antibody, which  recognizes  
an HLA-DR epitope,  was  found to bind to a h igh  
percentage of  mal ignant  blast cells in samples  
obtained from 27 patients with  ALL. These includ- 
ed 11 of 11 cases with c-ALL, 3 of  7 with pre-pre-B, 
and 8 of 9 cases with pre-B ALL. AB4 was  used 
together wi th  anti CD10 and anti CD19 ant ibodies  
and super-paramagnetic  particles for deve lop ing  a 
direct i m m u n o m a g n e t i c  procedure for purging 
human  bone  marrow of l eukemic  cells. In model  
experiments  with KM3 cells admixed to m o n o n u c -  
lear bone  marrow cells, the individual  ant ibodies  
each removed  2.8-3.1 logs and 3.6-4.1 logs of tu- 
mor cells with  one  and two purging cycles, respec- 
t ive ly  In comparison,  the eff icacy of  a mixture of 
the three ant ibodies  was 4.4 logs wi th  one  treat- 
ment  cycle, and > 5 logs with repeated treatments. 
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Whereas the use of  a commerc ia l ly  avai lable  anti- 
HLA-DR ant ibody resulted in a 90% reduction in 
the survival of CFU-GMs and normal blast colo- 
nies,  AB4 had on ly  a moderate  effect on the pro- 
genitor  cells (46cD and 309{- reduction).  In conjunc-  
tion with auto logous  transplantation,  bone  marrow 
from a patient was  purged with  the ant ibody  mix- 
ture and 50% of  the CFU-GMs and 47% of the 
CD34 + cells remained after treatment. The patient 
s h o w e d  a n o r m a l  engraftment,  reaching a level  of  
0.5 x 10~/1 neutrophi ls  by day 20 and 20 x 10~/1 plate- 
lets by day 30. It is concluded that the ant ibody 
cocktail  may  safely  and effect ively  be used for 
rapid autograft purging in patients with c-ALL, and 
also in phenotypica l ly  selected cases with other 
subtypes  of  ALL, ( P a t h o l o g y  Oncology '  Research  Vol 
l ,  N o ] ,  32-37,  1995) 

I n t r o d u c t i o n  

Autologous bone marrow transplantat ion (ABMT) i,,, 
considered as an alternative therapy for patients with 
high risk acute ly, mphatic leukemia (ALL) who lack a 
histoconlpatible al logeneic donor. ~~ In leukemia,  the 
possible conlr ihul ion <~1" bone marrow (BM) purging to 
the efficacy of A B M T  is unknown,  as prospeciive cli- 
nical studies Inave not been pe,fom~ed, l,e However, gone- 
marking studies of aulogral:ted cells to trace the cyrigin of 
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relapse after A B M T  have indicated thal tumor cells 
remaining in the reinfused lualro'vv contr ibute to recur- 
fence of the disease. ~ The possible advantage of BM 
purging is furlher supported by resulis in patients wi lh 
fol l icular lymphonms which indJcale ihai eff icient purg 
ing inlpiovcs di>ease-free survival. 

hi , \ l  .l~ l)a{icnl~, die il laiigllall l o\'elll illay oCcllr in ~111 early 
pluripotent stem cell. Hence, for purging purposes anIi- 
I ILA-DR antibodies that bind slioligly lo B-cell precursor 
<ALL cells inighi be candidates for inclusion il~ the panel of 
antibodies used. 5+'v However. since HLA DR gone products 
arc also cxprcssed on cells of  the i~hiripoteni stem cell com- 
pamnent,  it has been anticipated thai purging with antibo- 
dies recoglli/iilg lhese proteins may also deplete early pro- 
genitor cells froin tile graft. We ha,~e, hox~e,~er, previousi 3 
shown in a patient with non-Hodgkin lynlphoum that a BM 
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auto,~laft purged with our AB4 anti-HI,A-DR antibody ~ 
resulted in rapid and sustained engraftment. <, Thu~, it secrns 
likely ttlat tile corresponding antigen, encoded by tile B3 
gcnc of tile I)R region, is not expressed in the most imma- 
lure hcniatopoietic progenitor cells. To study whether the 
AB4 monochmal antibody (MAb) binds to B-cell precursor 
ALL  cells we first perfornicd innnunophenotyping of leuke- 
inic bhist,~ in samples frolll patients ~ith such di>ease, and 
found that the AB4 antigen x~r~ts cxplc~ed on B-cell pre- 
cursor A L L  blasts in 22 of 27 patient saint)los. 

\Vhen purgii lg BM with hnnlunobeads, tile relevant anti 
t~odies call be used cither ill a direct or till indirect procedu- 
re. t,,~ J:: With the direct method, the primary antibody is in 
advance attached to the beads, thereby eliminating both 
Olle incubation and a washing step. > This apl)roach was 
lesled in model purghlg experiments witb a mixlure of 
AB4, anti ODI0  and anti CD I9  antibodies, and highly 
pronfising results \vere obtained. 

Materkds and Methods 

MAD.v and immzmoDeoUs 

An anti HLA-DR (lgG..,! antibody was obtained from 
Bccton Dickinson {Moulltain View. CA). Our AB4 (lgM) 
,mtibody binds to an antigen encoded by file B3 locus of tile 
DR gene. The F I03. I 1 anti CI) I0 antibody (lgG i ) was a gift 
from T. Plesner (Amtssy.~chuset. Hcrlev, Copenhagen. 
l)enmark), and the I|D37 anti CD 19 MAb (lgG~) was kindly 
provided by B. D0,rken IRobert Rossler Klinik, Free Univer 
sity, Berlin. Germany). The antibody against terminal deoxy- 
inicleotidyl iransfcrasc JTclT) was obtained l:rom I)AKO 
{Santa Barbara, CA). Dynabeads M-450 directly coated with 
tile antibodies were dctivered by Dynal (Oslo, Norway ). 

lmsmm,:,,i.~/;eslol.~yJi#~k, 

Fresh BM or peripheral blood samples frets 27 ALl, 
patients, contaming 8()(/~ blasts or more. were isohllecl by 
standard FicolI-Hypaquc density gradient centrifugation, 
and cell surfiice or Jntracytopiasn]ic antigens wore exani- 
ined by indirect innnunol]uorescence. MAbs to lymphoid-, 
inyeloid specific and ilon-lii-ieagc associated alltigens, i l l 
chiding the anI I -HLA-DR and AB4 antibodies, were used 
as pre'~ iou~ly desciJbcd. !~ Positive reaction is defined as 
-'(Y,f o f  tile bhlsts expressing the St.lrface iiiarkors or % 10q{ 
bhlsts containing intranucleartcytoplasniatic iliarkeis, i4 
hl]illClnophel]olypic chlssil ication t r i B  cell prectlrsof (i.e. 
pi-e-pre-B, comnlon. Pl-e-B AL l , )  stlblypcs fol lowed cri 
teria described else~ heie. > 

T, mor aml BM ~clls 

Tile KM3 non T ALL cell l ine was cultured at 37~ in 
RPMI 1641) rhodium (RPM])  containing I(Y,'~ fetal calf  
sertl111 (];C8). Cultures were passagcd frcquci l t ly to as 

sure that cells tised in the experiinents ,acre in a proli- 
ferative log phase. 

Normal BM cells \yore obtained froll l  patients ,a'ith non- 
hematological cLII]COIS aspirated for diagnostic ptnT)oses at 
the Norwegian Radium Hospital. None of the samples 
she,led BM invoh'cmcnt of the disease us judged by BM 
biopsies and smears. Mononuclear cells wcrc isolated by 
[ymphoprep iNycomed, Oslo, Norway) gradient centri- 
ftlg',llJOn and w:l<,hed twice in phosphate-buffered salinc 
(PBSJ before use. 

A,vsa3's q/n~mor cells aml BM progeltitor cells 

The number of residual clonogenic KM3 tumor cells in 
control and purged salnples was determined in a soft agar 
assay as previously described) After 14 days of incuha- 
lion at 37<'C, colonies of more than 50 cells were counted 
usin.~ a Zeiss ,;tereo microscope. The plalin.$ efficiency 
(PE) was defined as tile nurnber of colonies lormed, ex 
pressed as the percentage of the number of viable cells 
phtted. With the concentration of BM cells used, no colo- 
nies were formed in the absence of lUlllOf cells. 

The clonogenic capacity of tile normal BM progcnitor 
cells al'ter purging was assessed in the CFU-GEMM and 
CFU-GM assays.* The blast colony lk)rn/atioll assay on 
irradiated slromal feeder hlycrs was ~crfonned as previ- 
ously described. >,i~, 

lm'ubali~n comlitir,lz.; and cell .sc/~aralton 

I(Y' KM3 cells mixed with 9x 10 (' mononuclear BM cells 
per m l m  RPMI containing 10q FCS were incubated in 10 
ml plastic luhes with the desired nulnbcr of AB4. anti CD 10 
and anti CDI9 inmmnobeads at 4cc for 30 rain with gentle 
rotation. The concentration of beads was chosen on the basis 
of the total number of antibody-binding B-cells. The el)ileal 
ratio of beads to total nucleated cells was I'ound to be 2 to 1 
(dam not shown), and this ratio was used in all experiments. 
The effect of the anti HI,A DR nlonoclonal antibody was 
tested by tile indirect method. 10: IllOllOlltlclcar BM cells per 
ml of RPMI containing 10q FCS were incubated in l0 ml 
plastic tubes lot 30 rain at 4~ with 10 mgtml of the anti 
IILA-DR antibody. The celt suspension was washed twice 
with cold PBS, resuspendcd to a final concentration of 
Ix 10 r cells/el in PBS and incubated with the desircd nuin 
bet of Dynabeads SAM ST at 4~ for 30 rain with gentle 
rotauon. 

In all cases the resulting cell/bead aggregates were 
[cmovcd by placing a Cobalt Samariuni magnet to tile 
wall of tribes. After 1 rain. lhc suspension was aspirated, 
and when desired a new batch of inununobcads was added 
to tile cell suspension and the cycle was repealed. 

A patient in first relapse of unclassified higl-i grade nell 
Hodgkin lyl/ipholi]a, who had advanced disease with the 
BM heavily infiltrated with lymphoblasts expressing CD 10, 
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C D I 9  altd the AB-4 el~itope, was brought into complete 

rcntission with second line chemotherapy. Bone illarrow 
was harvesled and the nlonontlclear cells were isolated 

using a CS-300() Plus Blood Cell Separator (Baxter Health- 
care Corporation. Deerfiekl, ILL The nlononudear  cull 

fraction was purged witl-i the A B4, anli C D I 0  and anti CD19 
hnn/unobeads under similar conditions to those described 
above, employing a MaxSep Magnetic Cell Separator ( B a y  

lcr Hcalthcarc Corporation). The lRiiiiber uf  CFU-GM~> aild 

CD34- eel Is before and afl.cr purgilag was eslimated, fx~ enty 

days later, lhe patient was treated with total body irradiation 

in closes of 1.3 Gy twice daily for five days and with 60 
mg/kg body, weight of  cyclophosphamide daily for two 

days. Two days after finishing the high dose tleatlucnt the 

purged BM was reinfuscd into the patient. 

Results 

lmmumq~lwm>ly7w ~1" blasl cells in BM am/ iwrildleral 
Hood (If'ALL l~atienls 

BM or peripheral blood cells fiorn 27 patients wilh 

diagnosed ALL were immunophenotvped with the differ- 

ent MASs. Seven patients were tound to have pre-pre-B- 

cell, II c -ALL and 9 pre-B-cell  disease, according to 
criteria described by Does-win den Bcrg et alp The ex- 

pression in each of  lhese subclasses of the antigens recog- 
nized by anti-TdT, ant i - f tLA-DR,  and AB4 is listed in 

T~d~h, 1. It can bc seen flint till c -ALL patients. 3 of  the 7 

pre prc-B ALL, 8 of  9 pre-B ALL expressed the AB4- 
associated antigen. The expression was heter{}gcnous, 
ranging frol!q 255~ to 959,; positive culls. When coinparing 

the immunoreaci ixi ty  of  AB4 to that of  anti-TdT, which is 
known to bind to malignarit blasts but reacts with only 

about I q of  normal blast cel ls]  ~ it can be concluded thai 
AB4 binds a high fl-action of  leukemic c -ALL cells. More- 

over. also in most of  the AB4 positive pre- and pre-pre-B 

ALL cases the percentage of i tnmunoreactive cells was 
high. The fraction of  AB4 positive cells was consistently 
lower than that seen with the other HI,A-DR anfihody, 

which often bound to tlle surface of  a taigher percentage {}f 

cells than those slained intracyloplasmatically with the 

anti-TdT antibody. 
Importantly, all c -ALL tumor cells expresscd antigens 

recognized by at leasl one of  the anti CDIg .  anti CDI0 ,  
and A B e  MAbs {not shown), indicalins that a nlixture of 

these antibodies should he well suited for BM purging 

with immunobeads in this subgroup of ALL patients, 

Recovery qf  progenitor ('v/Is a/Ter immummtagnelic lm/~- 
in.r wild HLA I)R antibodie,s 

In preclinical studies, HI ,A-DR antibodies used fk}r BM 
purging have been reporled to deplete hemalop{}ietic stem 

cells. To further clalil3, the hematopoiel ic toxicity of in1- 

Table 1. Fraction of  ant i -TdT,  AB4,  and a n t i - H L A - D R  
react ive blast  cel ls  in b o n e  m a r r o w  or per iphera l  b l o o d  
from pat ients  w i t h  B cell  precursor ALL 

/~qork{'r vv]trc~to!l 

hnml.totdtc'n{}tylUc Patient ~le t-; cell prcc.tsor 
SlttJC/aSS fro pri'curqor A id  blasts (<7;):; 

7"dJ AB4 tlLA DR 

Pre-pre-B-ALL 
( T d T ,  C D I g )  

c-ALL 
(TdT' ,  CD 19, 
CDI0  cy lgM)  

Pre-B-ALL 
(TdT% CI )19 ,  
CDI{} +, cylgM 
sigN1 ) 

1 8{} 41 g 1 
2 85 4 {j 82 
3 7O 69 73 
4 65 11 82 
5 7{ 7 9O 
6 50 0 44 
7 c,G ~ ~41 

1 62 52 67 
2 8{) 74 97 
3 90 52 94 
4 9O 53 83 
5 31 61 78 
6 9{) 77 79 
7 75 70 91 
8 7-% 78 g3 
9 9O 50 91 

10 95 25 94 
11 95 47 96 

1 40 7:% n .d. 
2 90 28 
3 60 0 - 
4 90 39 - 
5 90 95 
6 90 90 - 
7 6(} 58 
8 85 85 - 

* All rc,,,ults given as percent positive cell:., l'ositi\'e reaction was 
defined as 2{){~ of the blasl cel]s expres_qng tl~c surface {AI<;I, HI A 
DI,'} marker,,,, or 10',; ot the blasts containing thc cytoplasmic {TdT} 
w/a rkol- .  

munomagnet ic  purging with AB4 beads, a cotnlmrison 
between the use of  AB4 and the more broadly reactive 

I tLA-DR antibody with imniunobeads was perlmTned. It 
is shown in Table 2 flint after 2 purification cycles with 

AB4. 545,~ of  C F U - G M  and 7()9{ of blast colonies sur- 
vived, whereas the use of  the other HI ,A-DR antibody 
resulted in both assays in only 109} recovery of  lhe nornml 

progenilor  cells. 

EOicacy elminor cell &vdeti(m 

We c{)mpared the efficac~ of KM3 tumor cell removal by 
rising beads direclly coaled with lhe primary MASs. It is 

sho~n in hi,4./ that wilh individual antibodies and one 

cycle of purification, a tumor cell depletion 2.8-3.1 logs 
was obtained. A second cycle of  purification increased these 
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litliFJbcrs to 3.6 4. I log cell reniow.ll. When a n l ix ture {}f all 

Ihrt_'e anlib{>dies was en]ploy'cd. 4.4 1%,,s of ItllllOr cells were 
rel]i{}'~cd with one cycle and  11o colony tornlalion was (>hserv 

ed allcr a sect}lid purging cy'cle. The l:lller result represents a 

t t lnlor  cell i-eltl{}'~ al efficacy ~1" at least 5 h~gs. AIt{)gcthci. the 
data suggest that there is I1{} complete overlap ill tuntot cell 

expression of Ihe three antigens. 

Table 2. Recovery of blast colonies and progenitor cells 
after two cycles of immunomagnet ic  purging using 
either the anti-HLA-DR antibody and SAM-beads or 
the AB4-beads 

No <!t colonies Formed ~ 

Cf'U-(;M/2xl{/~ Blast colonies 
M N C  2x l  {)~ M N (  

Untreated control 16/} = 26 i 1 {}(}{/~ ) 189 _+ 33 { l ()t}(/~) 
I-II~A-DR/SAM-IB 15~ 14{1(}9~) 19+ 14{105'~) 
AB4-IB 87 + 32 {54q+ ) 148 + 38 17{}% ) 

Irrcsh bone indrrow cells {I x It} /ml) ~ere incubaled in I-Q}M[ 164{} 
12"tc!dRllll with the l ILA-l)b~ Mab k*lh)wcd by M 4-q{} SAM beads, or 
with the ~_]irc.cl/\['~4 be<ids. Condili{>ns as in Fi/ 1. 
+ Ihe results repi'esei'~t thc' ll-tei/ll _~[) <if thrcc' independent  expert 
nll_,r/Is, c,ac]l in triplicate, and thv l / t ln l [~e l> ,  [11 p,I I t ' I* / [ t le~,t  '~, >} l { } tA Ihc' 
iltlnlber {}f colonies relatix e to that in tile untreated control. 

s <?/' immu/~omagnct ic  purgil#g (,n t lematolJoielk '  .~tcm 
~cl/ /c{ ( )rcrv  in a FalicnI 

The nf ix ture o f  directly coated AB4 .  anti CDI{}, and anti 

C D I 9  illnnLinobeads had. in ;_ill exl}eliiilel/t;.tl settillg, given 
a i l lot lcratc effect on BM progenit{w cells, w'ilh a 5{}G 
recovery o f C F U  GMs {data not showi i ) ,  When a full scale 
i n l l lm l l oMag l le t i c  purg ing proccdurc,  c lnph)y ing  ti le same 

h/lrntlllObeads aiRI ,aith the same ratio c,f target cells and 
beads, was u.,,ed on BM harvested from a patient with a 

relapsed high grade lymphoma,  the recovery of C F U - G M  

cells ]lid CD34 ~ cells was 695{ and 48C'{. respectively. 
After high dose treatnlent of  the patient with total body 
i r rad ia t ion and chclnothcrapy, the BM was rcinfliscd. The 

imt icnt  >tit}x+ecl a normal  l econM i l u t i o l l  w i th  a Ic~cl {)1 

0.5 x 10 <' 1l l /eti irt} l)hi],, ieachcd t}ll day 2(}. al/d t } l  2{} x l(J ') 

platt_'let~, on cla 3 3(}. 

Fnble 3. Recovery of mononuclear BM ceils, progenitor 
cells and CD34 + cells after 2 cycles of immunomagnet ic  
purging using a cocktail of AB4, anti-CD10 and anti- 
CD19 immunobeads  

l <}t<;I st<} of #h'tDrc /wss<g/##<,r A/tot  pHr<r <; Rcco<,cr/ 

MNC cells 4.5 x I(F 2.3 x I0" 51 
CFU-GM cells {,.5 x I{F 4.5 x 10" (+} 
(-1)34' ceils 1.7x 10" 0.8 x l{)" 47 

M,,)nonuclear be, no marrow ceils were isolated by rising the C53/li)0 
cell separdtor, and purging with mmmnobeads ',(',is performed ;,,ith 
the MAX SEl' cell ,~eparator as described in Materials and Methods. 

D i s c u s s i o n  

H I . A - I ) R  ant igens are known  to be strongly' expressed 

on the surface {}f B-cell precursor ALL cells, also h] the 

most in]n]ature ty, pes of the disease. Therefore.  if tile text 

city' to normal  B M  progen i to r  cells was acceptable,  the 

inc lus ion {>t an anti H I . A - D R  an t ibody  in a panel {}f M A b s  

used for immunobead  purg ing v~{}uld be expected i(} be 

advantaoe{}us. In i t ia l  ext~eriments showed that A B 4  anti  

I l l ,A-DR innl/uilobeads V~ele quite efficient in l e m o \ i n g  
leukemic ceils admixed to BM. Moreover,  a good recov 

cry of normal progenitor cells was seen after purging with 

these bead,< Hence, it was of  interest to examine the 

binding profile of AB4 in blast cells from ALL i)atients to 
examine the po~,sibility o[ using this antibody for B M  

purging in such disease, hnnlunopl-icnotyping of  BM and 

peripheral blood cells fioill 27 patients showed that II of  

I I c-AI,L, 3 of 7 pre-pre-B ALL, and 8 of  9 pre-B A I J ,  
patients expressed the antigen recognized hy AB4. The 

AB4 antigen was no[ unilormly expressed Oil the ALl ,  

blasts, but if used in a mixture with anti CDIO aild anti 
C D I 9  antibodies the heter{}geneity ill antigen expression 

on B-cell precursor ALL cells should be well covered.  

In model experiments,  the niixture of  the 3 immuiR}- 
beads removed more than 4 h}g KM3 ruiner cells with one, 
and at least 5 logs with two purging cycles. Importantly, in 

these experiments a procedure will] the specific antibodies 

attached directly el i te  magnetic beat.Is was used, thereby 
e l im i i i a t i ng  nne incuhat ion and one washing step conl -  

I}aled It} the inore Col in l ion]y  used indirect  in i i i i unobead 

Inethod. With the purging efficacy obtained, the direct 
inethod oflA:rs clear advantages with respect to speed and 
simplicity, and two cycles of purification can be pcrform- 
ed witbin one horn. 

The present  al]d also previous results, ~<' showed a good 
recovery of hematopoietic progenitor ceils after immune-  

magnetic purging, both wilh AB4 beads alone and v,,hen 
tised in the nlixture. Thercfore,  it can bc conchldcd that 

AB4 recognizes an epitope tl-iat is 11ol expressed, or has a 
low level of expression, in henlatop{qctic stem ce l l s  In 

COlltrast. purg ing w i th  the other  a n t i - l l l _ A - l ) R  an t ibody  

resulted in depletion of 9()C'{ of  C F U - ( i M s  :and blast col{l- 

hie,,, (l"ig. l). 
Phih, tdclphia chron]osome posit ive (PI-I +) AIJ~ is asso- 

ciated with poor prognosis and stich patients FiT, ly be con- 

sidered for high dose treattner~t at first complete remis- 
" , i , , IL  is It ]i,i-~ hcci3 ,c I . . . . .  ull~_u thci{ _,_,~'"',< ,,f ,,,u,[""+ c - A l J .  Di- 

t ients have the typ ica l  B C R t A B L  rearral igt. 'nient ] l i d  that 

its presence COl-l-elates with poor oveial[ survival aild 
reilliSsion dtiratioil. 7 II1 OUt" Sttldy. all the 11 phenotyped 

c ALL patients had Ph-- blast cells, which also expressed 
the antigens recognized by' the anti C D I 0 ,  C D I 9  and AB4 

antibodies. Based on these lindh]gs a pbase-I study in P h  
AI,I~ patients treated with A B M I  and BM purged with the 

dh-eclly c{}ated heads has been initiated. In ~,uch patients 
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Remova l  of KM3 cells from borte m a r r o w  

r- 

. 4 -  

m 
r- 
,D 
,.s 

CD10 
+ ,m M-4B0 

t 

i i 

CD]9 AB4 
on M-45fl on M-450 

Ant ibod ies  used 

[ [First treatment 

§ 

i i 

AB4,CDI(7 L'D19 
on M-4~O 

~ Second tlt'atlTlent 

Figure  1, Efficacy of immu;wbcads  in~,oh,i;G~ three diffcre;# 
a;ztibodies in removiny, K M 3  leukaemia cells. Ore' xlO ~' K M 3  
cells admixed  wi th  9x l (F M N C  boue marrow ceils were i~Icu- 
bated wi th  M - 4 5 0  beods coated individual ly  with d!fferent 
pr imary  antibodies. The bead~total nucleated cell ratio wos 2 to 
1. Af ter  m;~,,; eric set;aratio;7 the nztmbcr of remaining tim;or 
cells was deh.rmi;wd as described ;;z "Material  a;;d Methodn".  
The results represent the mean _+ SD of 3 imh'pendent  experi- 
m e . t s  in triFlicate. 

the purging efficacy may be assessed by a polymerase 
chain reaction (PCR) method that detects the presence of 
possible BCR-ABL chimeric transcripts remaining in the 
autograft. The procedure is in principle similar to that 
recently reported for use in patients with follicular non- 
Hodgkin's lymphoma, j~J I{ should be noted that the immu- 
nomagnetic method facilitates the use of PCR procedures 
for analyzing the purging efficacy. Thus, since the target 
cells are removed from the autograft, problems with false 
posi t ive results  are avoided. In contrast, when methods  

involv ing  complemen t  or immtmotox ins  are used posit ive 

PCR ampl i f ica t ion  may result  from con tamina t ing  target 

DNA carrying breakpoint  sequences  l iberated from lysed 

tumor  cells. Moreover, with i m m u n o b e a d s  the risk of  false 

negat ive  results  is also gremly diminished,  as PCR ampli-  

f icatkm of  specific sequences  can be per formed on the cell 

suspcns ion  conta in ing  the bevd- removed  target cells. 

The ins igni f icant  effect of  A B 4  i m m u n o b e a d s  on nor- 

real blem cells has been shown in a cl inical  study in whach 

4 n o n - l l o d g k i n  l y m p h o m a  patients  au to t ransplanted  with 

BM purged with CD19  and A B4  beads showed  normal  

and sus ta ined engraf tment .  2~) These  results were conf i rmed 

here in a patient autolransplanted with BM purged with 
AB4, anti-CDl0 and anti-CDl9 immunobeads. It is con- 
cluded that the direct immunobead technique with these 
antibodies can safely and efficiently be used to eradicate 
ALL cells in BM autotransplants. 
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