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Summar y

C. B- 17 sever e combi ned i mmune def i ci ent ( SCI D) mi ce, whi ch l ack f unct i onal B and T l ymphocyt es,

al l ow xenogr af t s and, t her ef or e, can be used t o st udy t he bi ol ogy of human mal i gnanci es . Two

di f f er ent human B cel l l ymphoma cel l l i nes, SU- DHL4 and OCI - Ly8, whi ch bot h har bor t he

t ( 14 ; 18) chr omosomal t r ansl ocat i on, wer e i nj ect ed i nt o C. B- 17 SCI D mi ce. Mi ce i nj ect ed

i nt r avenousl y or i nt r aper i t oneal l y devel oped t umor s and di ed i n a dose- dependent manner . The

pr esence of t umor cel l s i n var i ous mur i ne t i ssues coul d be demonst r at ed by a cl onogeni c t umor

assay, st ai ni ng of f r ozen sect i ons wi t h a monocl onal ant i body ( mAb) agai nst a human B cel l

ant i gen ( CD19) , and wi t h t he pol ymer ase chai n r eact i on t echni que.

Apr ot ocol usi ng cyt ot oxi c ef f ect or cel l s was devel oped and used t o sel ect i vel y depl et e t he t umor

cel l s f r ombone mar r ow. These cel l s wer e devel oped by gr owi ng per i pher al bl ood mononucl ear

cel l s i n t he pr esence of i nt er f er on y ( I FN- y) , ant i - CD3 mAb, and i nt er l euki n 2 ( I L2) . The t i mi ng

of I FN- y t r eat ment was cr i t i cal and opt i mal i f I FN- y was added bef or e I L2 t r eat ment . The

cel l s t hat wer e st i mul at ed by I FN- y, f ol l owed by I L2, coul d be expanded by t r eat ment wi t h

a mAb di r ect ed agai nst CD3 . These cel l s coul d be f ur t her act i vat ed by I L1, but not by t umor

necr osi s f act or a. Wi t h t hi s pr ot ocol , a t umor cel l ki l l of 3 l ogs was obt ai ned as measur ed by

a cl onogeni c assay. I nt er est i ngl y, despi t e t hei r hi gh cyt ot oxi c act i vi t y agai nst l ymphoma cel l s,

t hese cel l s had l i t t l e t oxi ci t y agai nst a subset of nor mal human hemat opoi et i c pr ecur sor cel l s

( gr anul ocyt e/ macr ophage col ony- f or mi ng uni t s) . These cel l s wer e f ur t her t est ed by t r eat i ng mur i ne

bone mar r ow cont ami nat ed wi t h t he human l ymphoma cel l l i ne SU- DHL4, and i nj ect i ng t hese

cel l s i nt o SCI Dmi ce t o assay f or t umor gr owt h i n vi vo. The ani mal s i nj ect ed wi t h bone mar r ow

cont ami nat ed wi t h SU- DHL4 cel l s had enhanced sur vi val i f t he bone mar r owwas t r eat ed wi t h

t he cyt oki ne- i nduced ki l l er cel l s bef or e i nf usi on . The SCI D mouse pr ovi des a usef ul i n vi vo model

f or eval uat i on of new t her apeut i c appr oaches f or l ymphoma t r eat ment . The cyt oki ne- i nduced

ki l l er cel l s gener at ed as descr i bed her e coul d have an i mpor t ant i mpact on bone mar r ow pur gi ng

f or aut ol ogous bone mar r ow t r anspl ant at i on as wel l as f or adopt i ve i mmunot her apy .

The cul t ur e of nor mal human l ymphocyt es wi t h 11, 2 r esul t s

i n t he gener at i on_ of cyt ot oxi c cel l s t hat l yse a var i et y

of t umor cel l l i nes as wel l as f r esh aut ol ogous t umor s ( 1) .

These cel l s ef f ect i vel y l yse t umor cel l s t hat ar e r ef r act or y t o

NKmedi at ed l ysi s, and have been t er med l ymphoki ne- act i vat ed

ki l l er ( LAK) t cel l s. LAK cel l s of f er a pot ent i al f or adopt i ve

i mmunot her apy ( 2) . Phenot ypi cal l y, most of t he LAK pr e-

cur sor and ef f ect or cel l s expr ess sur f ace NKmar ker s . The use

1 Abbr evi at i ons used i n t hi s paper. BM, bone mar r ow; CI K, cyt oki ne-

i nduced ki l l er ; hu, human ; LAK, l ymphoki ne- act i vat ed ki l l er ; TI L, t umor -

i nf i l t r at i ng l ymphocyt es .
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of LAKcel l s i n i mmunot her apy i s hamper ed by t he need f or

l ar ge number s of cel l s and t hei r i nher ent l ow cyt ot oxi c ac-

t i vi t y . Hi gh cel l number and hi gh cyt ot oxi ci t y ar e r equi r ed

t o pr oduce ef f ect i ve t umor r educt i on, as has been shown i n

ani mal model s ( 3) . Recent l y, t her e have been r epor t s of t he

gener at i on of mor e ef f i ci ent cyt ot oxi c cel l s ( 3, 4) . These cel l s,

t er med t umor - i nf i l t r at i ng l ymphocyt es ( TI L ; 3) , have T cel l

mar ker s . Pr obl ems encount er ed i n TI L cel l pr epar at i on ar e

t he smal l number of r ecover ed cel l s f r omt umor bi opsi es, as

wel l as t he possi bi l i t y t hat t her e may be al t er at i ons i n f unc-

t i on dur i ng ext r act i on f r omhuman t i ssue ( 5) . Pr i or st udi es

have i ndi cat ed t hat cyt ot oxi c cel l s can be expanded by cul -
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t ur i ng PBMC i n t he pr esence of ant i - CD3 mAb ( 4) . I n t hi s

st udy, we r epor t an i mpr oved pr ot ocol f or t he gener at i on

of hi gh number s of ef f ect or cel l s t hat have i ncr eased cyt ot ox-

i ci t y agai nst human B l ymphoma cel l l i nes .

To st udy t he i n vi vo ef f ect s of t hese cel l s, a SCI D mouse/

human l ymphoma model syst em was devel oped . C. B- 17

SCI D/ SCI D mi ce have been used as a model t o st udy l ym-

phocyt e f unct i on and di f f er ent i at i on at t he cel l ul ar and mo-

l ecul ar l evel ( 6- 9) . These mi ce, whi ch ar e congeni c par t ner s

of BALB/ cAn, l ack f unct i onal T and B l ymphocyt es ( 10) .

The mut at i on i n t hese mi ce occur s on chr omosome 16 ( 11) .

I n t hese ani mal s, t he genes encodi ng ant i gen- speci f i c r ecept or s

on B and T cel l s do not r ear r ange ( 12, 13) , as t hey nor mal l y

woul d dur i ng di f f er ent i at i on . NK cel l s appear t o be f unc-

t i onal si nce spl een cel l s f r omC. B- 17 SCI D mi ce exhi bi t NK

act i vi t y agai nst YACl ymphoma t ar get cel l s i n a s' Cr r el ease

assay ( 14) . Lymphoi d t i ssue can be r econst i t ut ed wi t h i nt r a-

venous i nj ect i on of pr ecur sor s cont ai ned i n hi st ocompat i bl e

bone mar r owf r omcongeni c BALB/ c donor s ( 15) . SCI D mi ce

can be used as a mur i ne model f or t he anal ysi s of human

hemat o- l ymphoi d di f f er ent i at i on and f unct i on, si nce human

f et al l i ver , t hymus, and l ymph node cel l s engr af t i n t hese mi ce

( 9) . These SCI D- hu mi ce have been i nf ect ed wi t h HI V- 1 as

a mur i ne model f or t he acut e i nf ect i on phase of AI DS ( 16, 17) .

Human cel l l i nes and f r esh t umor sampl es wi l l gr ow i nt o

t umor s i n SCI D mi ce ( 18- 23) . One maj or advant age of SCI D

mi ce as compar ed wi t h nude mi ce as t umor model s i s t he

possi bi l i t y of exami ni ng t he i nt er act i on bet ween human l ym-

phocyt es and human t umor s i n SCI D mi ce ( 9, 22) . The

cyt oki ne- i nduced ki l l er ( CI K) cel l s gener at ed i n t hi s st udy

have been used t o depl et e human t umor cel l s f r om bone

mar r ow and enhance sur vi val of SCI D mi ce i nj ect ed wi t h

bone mar r ow cont ami nat ed wi t h human t umor cel l s. The

pr esence of t he t umor cel l s coul d be moni t or ed by t ( 14 ; 18)

PCRassay of mur i ne t i ssues, as wel l as mor phol ogi c and i m-

munophenot ypi c t echni ques .

Mat er i al s and Met hods

I sol at i on and Cul t ur e of LAKCel l s and CI KCel l s.

	

Human PBMC

wer e separ at ed by Fi col l densi t y gr adi ent cent r i f ugat i on . Adher ent

cel l s wer e r emoved by adher ence t o pl ast i c sur f aces, Nonadher ent

cel l s wer e r esuspended i n compl et e medi umconsi st i ng of RPMI

1640 ( Appl i ed Sci ent i f i c, San Fr anci sco, CA) , 10%FCS ( HyCl one

Labs, Logan, UT) , 25 mMHepes, 2 MML- gl ut ami ne, 100 U/ ml

peni ci l l i n, 100 , ug/ ml st r ept omyci n, and 50 AM2- ME. Human r I L2

( Cet us Cor p. , Emer yvi l l e, CA) was added at 300 U/ ml on day 0 .

Cel l s wer e cul t ur ed at a concent r at i on of 106/ ml . Cul t ur es wer e

i ncubat ed at 37° C i n a humi di f i ed at mospher e of 5%CO2. Cel l

densi t y was det er mi ned ever y 3 d, and cel l s wer e subcul t ur ed i n

f r esh compl et e medi um and I L2 at 2 x 10 5 cel l s/ ml .

To gener at e CI Kcel l s, 1, 000 U/ ml human r I FN- - y ( Genent ech,

Sout h San Fr anci sco, CA) was added on day 0 . Af t er 24 h of i ncu-

bat i on, 50 ng/ ml mAb agai nst CD3 ( 38 . 1 ; Dr . P. Mar t i n, Uni ver -

si t y of Washi ngt on, Seat t l e, WA) , 300 U/ ml 11, 2, and 100 U/ ml

of human r I I A ( Genzyme, Bost on, MA) wer e added . Fr esh I L2

and f r esh medi umwer e added ever y 3 d. These cel l s wer e t er med

CI K cel l s.

" Cr Rel ease Cyt ot oxi ci t y Assay.

	

Two B l ymphoma cel l l i nes,

OCI - Ly8 ( 24) and SU- DHL4 ( 25) , wer e used and " Cr r el ease cy-

140

	

I n Vi vo Eval uat i on of Cyt oki ne- i nduced Ki l l er Cel l s

t ot oxi ci t y assays per f or med as r epor t ed r ecent l y ( 26) . Lyt i c uni t s

( LU) wer e cal cul at ed f r om cyt ot oxi c t i t r at i on cur ves as descr i bed

pr evi ousl y ( 27) .

Cl onogeni c Tumor Assay.

	

I n t hi s assay, l i mi t i ng number s of SU-

DHL4 cel l s wer e pl at ed i n met hyl cel l ul ose. The t umor cel l s wer e

cul t ur ed i n I MDMwi t h 15%FCS, 0. 9%BSA( Ar mour Phar maceu-

t i cal Co . , Tar r yt own, NY) , 50 j Lmol / 12- ME, 1%peni ci l l i n/ st r ep-

t omyci n, 1%L- gl ut ami ne, and met hyl cel l ul ose ( f i nal concent r at i on

1 . 1%) . Cul t ur es wer e pl at ed i n 0. 25- ml vol umes i n Mar k I I t i ssue

cul t ur e pl at es ( Cost ar , Cambr i dge, MA) . Al l assays wer e done i n

dupl i cat e. Col oni es wer e count ed af t er 7 and 14 d.

St ai ni ng of Ef f ect or Cel l s.

	

Ef f ect or cel l s wer e st ai ned wi t h ant i -

bodi es agai nst Leu- 2 ( CD8) and Leu- 3 ( CD4) , coupl ed t o PE, and

agai nst Leu- 11 ( CD16) , coupl ed t o FI TC ( ant i bodi es f r om Bect on

Di cki nson & Co. , Mount ai n Vi ew, CA) . Ant i - mouse K- PE and

ant i - Lyt - 1- FI TC mAbs wer e used as negat i ve cont r ol s . Cel l s wer e

i ncubat ed wi t h t he ant i bodi es f or 30 mi n at 4° C, excess ant i body

was r emoved, t he cel l s wer e washed, and f l ow cyt omet r y was per -

f or med .

Gr anul ocyt e/ Macr ophage Col ony- f or mi ng Uni t s ( CFU- GM) Assay.

Bone mar r ow mononucl ear cel l s ( BM- MNC) ( 2 x 105 cel l s/ ml )

t hat wer e depl et ed of monocyt es wer e cul t ur ed i n I MDMwi t h

15%FCS, 0. 9%BSA ( Ar mour Phar maceut i cal Co . , Tar r yt own,

NY) , 50 i Lmol / l i t er 2ME, 1%peni ci l l i nAt r ept omyci n, 1%L- gl u-

t ami ne, and met hyl cel l ul ose ( f i nal concent r at i on, 1 . 1%) . Pl acent al

condi t i oned medi um( PCM) was added t o cont r ol cul t ur es at a f i nal

concent r at i on of 15%as an exogenous CSF sour ce. Cul t ur es wer e

pl at ed i n 0. 25- ml vol umes i n Mar k I I t i ssue cul t ur e pl at es ( Cost ar ) .

Af t er 10 d of i ncubat i on i n humi di f i ed 5%COz at 37° C, t he cul -

t ur es wer e exami ned under an i nver t ed mi cr oscope and CFU- GM

col oni es scor ed .

Ani mal s. BALB/ c . C57BL/ Ka- I gh- 1/ I CR mal e mi ce, whi ch

wer e 7- 10 wk ol d, wer e obt ai ned f r om t he Fox Chase Cancer Cent er ,

Phi l adel phi a, PA, t hr ough Dr . M. Li eber man, St anf or d Uni ver -

si t y, St anf or d, CA. The mi ce wer e kept on t r i met hopr i m and sul -

f amet hoxazol e ( Sul f at r i m) , and chl or i nat ed wat er ad l i bi t um si nce

bi r t h . Asept i c pr ocedur es wer e used r out i nel y.

Tumor I nocul at i on.

	

For a dose t i t r at i on exper i ment , a t ot al of

28 mi ce wer e i nj ect ed ei t her i nt r avenousl y or i nt r aper i t oneal l y wi t h

human l ymphoma cel l s. 19 ani mal s r ecei ved var i ous doses of vi abl e

SU- DHL4 cel l s ( 0 . 5- 100 x 106) , and ni ne r ecei ved OCI - Ly- 8

cel l s. Tumor cel l s wer e i n l og phase of gr owt h when i nj ect ed .

Ani mal s i nj ect ed i nt r avenousl y al so r ecei ved 10 U/ ml of hepar i n

per ml . Four ani mal s r ecei ved 175 cGy of whol e body i r r adi at i on

( 250 kV, 15 mA; Phi l i ps Medi cal Syst ems I nc. , Shel t on, CT) , whi ch

del i ver ed X- r ays at a r at e of 59 r ad/ mi n. The di st ance bet ween sour ce

and ski n was 60 cmand 0. 25 mmCu, and 1- mm Al cor r ect i on

f i l t er s wer e used .

Tumor Hi st opat hol ogy.

	

Fr ozen sect i ons wer e pr epar ed f r om ex-

ci sed t umor s by st andar d t echni ques . The speci mens wer e snap f r ozen

i n OCT compound ( Mi l es I nc . , El khar t , I N) and st or ed i n l i qui d

ni t r ogen . Sect i ons wer e cut i n a cr yost at mi cr ot ome ( Rei cher t Jung,

Buf f al o, NY) , pl aced on sl i des coat ed wi t h 1% gel at i n, and f i xed

i n acet one at - 20° Cf or at l east 20 h. Sect i ons wer e st ai ned ei t her

wi t h hemat oxyl i n or wi t h mAbs ( see bel ow) and mount ed wi t h

gl ycer gel ( Dako Cor p . , Car pi t er i a, CA) . Fr ozen sect i ons of exci sed

t umor , spl een, l ung, bone mar r ow, andl i ver wer e st ai ned wi t h Len-

12 ( CD19) bi ot i n- conj ugat ed mAb ( Bect on Di cki nson &Co. ) . Leu- 4

( CD3 ; di l ut ed 1 : 100) bi ot i n- conj ugat ed ant i body was used as a nega-

t i ve cont r ol . St ai ni ng was per f or med by i ncubat i on wi t h st r ept avi di n

al kal i ne phosphat ase ( Cal t ag Lab. , Sout h San Fr anci sco, CA) f or

1 h, I mg/ ml of f ast r ed TRsal t ( 4- chl or o- 2- met hyl - ani l i ne; Si gma

Chemi cal Co . , St . Loui s, MO) , 0. 2 mg/ ml of napht hol ASMX



phosphat e ( Si gma Chemi cal Co. ) and 1 mMl evami sol e ( Si gma
Chemi cal Co. ) ( 28) .

To det er mi ne t he opt i mal concent r at i on of t he mAb agai nst
bi ot i n- conj ugat ed Leu- 12, a t i t r at i on of t hi s ant i body was per f or med

wi t h human l ymph node t i ssue . A 1 : 20 di l ut i on of t he ant i body
was f ound t o be opt i mal and used f or f ur t her exper i ment s .

Pol ymer ase Chai n React i on ( PCR) .

	

Mur i ne t i ssue f r om var i ous
or gans was cut i nt o smal l pi eces and ei t her di r ect l y used f or DNA
ext r act i on or f r ozen wi t h OCT compound ( Mi l es I nc. ) i n l i qui d
ni t r ogen and st or ed at - 70° C. For DNA ext r act i on, mor t ar and

pest l e wer e used t o br eak t he t i ssues i nt o smal l er pi eces i n t he pr es-
ence of l i qui d ni t r ogen . The gr ound powder was washed t wi ce

wi t h PBS bef or e st andar d phenol - chl or of or m ext r act i on and et h-
anol pr eci pi t at i on of DNA wer e per f or med. 2- 5 j i g of DNAwas
used f or each PCR. The consensus I g J, , ol i gonucl eot i de ( MC4)
and t he bcl - 2- speci f i c ol i gonucl eot i de ( MC5) wer e used . Two 0
act i n ol i gonucl eot i des, t er med act i n 1 and 2, wer e used as a cont r ol
of t he PCR r eact i on i n some cases ( 29) . The PCRwas per f or med
as descr i bed r ecent l y ( 26) . The i nt er nal ol i gonucl eot i de MC6 and
one of t he act i n pr i mer s wer e end l abel ed wi t h [ 32 P] ATP and used

f or det ect i on .

Bone Mar r ow Pur gi ng.

	

SCI D mi ce wer e i r r adi at ed t o t he l ong
l egs wi t h 400 cGy. The r est of t hei r bodi es wer e shi el ded wi t h
l ead . Ei t her 106 or 10' vi abl e SU- DHL4 cel l s wer e i ncubat ed wi t h
cyt ot oxi c ef f ect or cel l s at a r at i o of 20 : 1 E/ T cel l s . For t he gener a-
t i on of ef f ect or cel l s, per i pher al bl ood was dr awn f r omEBVnegat i ve
donor s . Bef or e use i n vi vo, cyt ot oxi ci t y of t he ef f ect or cel l s was

t est ed i n a " Cr r el ease assay. As a cont r ol , no ef f ect or cel l s wer e
added . To model pur gi ng of human bone mar r ow, 10' bone
mar r ow cel l s f r om BALB/ c or SCI D mi ce wer e al so added . I L- 2
was pr esent dur i ng t he co- i ncubat i on per i od . Cel l s wer e i ncubat ed

at 37° C i n 5%COz f or 24 h .

These cel l mi xt ur es wer e i nj ect ed i nt r avenousl y i nt o SCI D mi ce

3- 48 h af t er i r r adi at i on . 10 U/ ml hepar i n was added and t he cel l s
wer e f i l t er ed t hr ough a nyl on mesh i mmedi at el y bef or e i nj ect i on .

Cel l s wer e i nj ect ed sl owl y over 5 mi n . Cel l doses of >101 cel l s
wer e spl i t i nt o t wo equal doses and i nj ect ed 24 h apar t . Ani mal s

wer e moni t or ed dai l y f or t umor gr owt h .
Engr af t ment of BALBl c Bone Mar r ow.

	

4 wk af t er i nj ect i on, pe-

r i pher al bl ood f r om ani mal s i nj ect ed wi t h BALB/ c bone mar r ow
cel l s was moni t or ed f or evi dence of engr af t ment . The mAb AMS

9 . 1 was t i t r at ed bef or e use. Per i pher al bl ood was t aken f r om t hese
mi ce, and Fi col l - separ at ed cel l s wer e st ai ned f or BALB/ c I gD H
chai n al l ot ype usi ng t he bi ot i n- l abel ed mAb AMS 9 . 1( 30) at a f i nal
concent r at i on of 1 : 4 . St r ept avi di n coupl ed t o PE ( 1 : 40) was used

as a second st age ant i body . Cel l s wer e anal yzed on a FACS®( Bect on
Di cki nson & Co. ) .

St at i st i cal Anal ysi s .

	

Resul t s wer e anal yzed f or st at i st i cal si g-
ni f i cance by usi ng t he St udent ' s t t est .

Resul t s

Ej ect or Cel l s .

	

Cyt ot oxi c ef f ect or cel l s wer e gener at ed f r om

PBMC by i ncubat i ng t he cel l s i n t he pr esence of I L2 . A mAb

di r ect ed agai nst CD3 was used as a mi t ogeni c st i mul us t o

t hese cel l s. Fi g. 1 shows t he expansi on of cel l s cul t ur ed i n

I L2 al one or wi t h t he addi t i on of t he ant i - CD3 mAb . Cel l s

cul t ur ed i n I L- 2 al one had a 19- f ol d i ncr ease i n cel l number
by day 15 . Cel l s cul t ur ed wi t h I L2 pl us ant i - CD3 had a 754-

f ol d i ncr ease by day 15 . The addi t i on of I FN- y and I L- I had

no ef f ect on cel l pr ol i f er at i on as det er mi ned by a [ 3 H] t hymi -

di ne i ncor por at i on assay on day 21 ( dat a not shown) .
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Addi t i on of ant i - CD3 mAb has a pr ol i f er at i ve ef f ect on PBL .

PBL wer e cul t ur ed at 10 6 cel l s/ ml at 37° C i n 5%C02, and r ecul t ur ed
ever y 3 d wi t h medi um and 11, 2 . Pr ol i f er at i on of PBL f r om f i ve pat i ent s
i n l ong- t er mcul t ur e i n compl et e medi um wi t h I I r 2 al one, I L2 pl us ant i -
CD3, or 11, 2, ant i - CD3, I FN- y, and I I A i s shown . Resul t s ar e pr esent ed
as mean val ue ± SEM.

Despi t e t he posi t i ve ef f ect on cel l pr ol i f er at i on by ant i - CD3,

t hese cel l s had si mi l ar cyt ot oxi c act i vi t y on a per cel l basi s

( l yt i c uni t s per 106 cel l s) , as det er mi ned by " Cr r el ease and

t umor cl onogeni c assays . However , because of t he i ncr ease

i n cel l number , t he t ot al l yt i c uni t s per cul t ur e was i ncr eased

N45- f ol d ( Tabl e 1) .

I n an at t empt t o enhance t he cyt ot oxi c act i vi t y of t hese

cel l s, var i ous r ecombi nant cyt oki nes, i ncl udi ng I FN- y, I L 1,

and TNF ( Cet us Cor p . , Emer yvi l l e, CA) wer e added t o t he

cel l cul t ur es . The ef f ect of I FN- y on cyt ot oxi c act i vi t y, when

gi ven si mul t aneousl y or sequent i al l y t o I L 2, i s shown i n Fi g.

2 . I FN- y addi t i on r esul t ed i n an i ncr ease i n cyt ot oxi c act i vi t y

onl y i f added 24 h bef or e t he addi t i on of 11. , 2 . I LA al one had
no ef f ect on cyt ot oxi c act i vi t y, but t her e was an i ncr ease i n

act i vi t y when combi ned wi t h I FN and ant i - CD3, as mea-

sur ed by t he 5 ' Cr r el ease assay ( Tabl e 1) . Thi s was al so t r ue

f or t he t umor col ony assay, wher e t hi s combi nat i on, t er med
CI K cel l s, pr oved t o be t he most ef f ect i ve . Fur t her addi t i on

of TNF had no ef f ect . Because of t he i ncr ease i n cyt ot oxi ci t y

and hi gh pr ol i f er at i ve r esponse, CI K cel l s had a 73- f ol d i n-

cr ease i n t ot al l yt i c uni t s per cul t ur e as compar ed wi t h st an-

dar d I L- 2- st i mul at ed LAKcel l s. I n a t umor col ony assay, t hese

cel l s wer e capabl e of gener at i ng a l og cel l ki l l of 2 . 5- 3 . 5 ( Tabl e

1) . Thi s r epr esent s an addi t i onal i ncr ease of about 2 l ogs of

t umor cel l ki l l as compar ed wi t h st andar d LAK cel l s . Cel l

number peaked at - 21- 28 d, and maxi mal act i vi t y was no-
t i ced bet ween days 10 and 28 .

To excl ude t he possi bi l i t y t hat t he i ncr ease i n cyt ot oxi c ac-
t i vi t y coul d be due t o a r api d pr ol i f er at i on of a subpopul a-

t i on of cel l s, a [ 3H] TdR i ncor por at i on assay was per f or med .
None of t he l ymphoki nes added on day 12 i nduced a pr ol i f er -

at i ve r esponse on day 14 above t hat achi eved by I I r 2 pl us ant i -

CD3 ( dat a not shown) . Thi s suggest s t hat t hese cel l s achi eved

hi gher cyt ot oxi c act i vi t y on an i ndi vi dual cel l basi s, or t hat

i nact i ve cel l s ar e newl y r ecr ui t ed t o become cel l s wi t h cyt o-

t oxi c act i vi t y .

1200 OI L- 2

J
9 I L- 2 + ant i - CD3

J 1000 - A I L- 2 + I FNy+
W
V

I L- 1 + ant i - CD3

800
O
V) 600
Z
O
J 400

iJ_

200



Human PBMC wer e cul t ur ed f or 15 d i n medi a cont ai ni ng I L- 2 ( 300 U/ ml ) al one ( LAK cel l s) or addi t i onal st i mul i . Addi t i onal st umul i i ncl uded
ant i - CD3 mAb 38 . 1 ( I L- 2 pl us ant i - CD3) or I FN- y on day 0, f ol l owed by I L- 2, I L- 1, and 38 . 1 on day 1 ( CI K cel l s) . Cel l s wer e cul t ur ed at a
concent r at i on of 106 cel l s/ ml . I L- 2 and medi a wer e changed ever y 3 d . Al l cul t ur es wer e t est ed f or cyt ot oxi ci t y i n a S1Cr r el ease assay agai nst OCI -
Ly8 cel l s on day 15 . Accor di ng t o Ochoa et al . ( 4) , t ot al l yt i c uni t s ( LU) per cul t ur e wer e cal cul at ed by mul t i pl yi ng t he number of LU/ 106 cel l s
by t he t ot al number of cel l s t hat have been pr esent i n t he cul t ur e at t hat t i me . Log cel l ki l l was det er mi ned usi ng a cl onogeni c t umor assay . Li mi t i ng
number s ( 2, 000- 256, 000) of cel l s of SU- DHL- 4 wer e i ncubat ed f or 24 h wi t h t he addi t i on of cel l s f r om t he var i ous pr ot ocol s at an E/ T r at i o of
20 : 1, and t hen pl at ed i n 1 . 1% met hyl cel l ul ose . Col oni es wer e count ed af t er 7 and 14 d. Cont r ol pl at es consi st ed of SU- DHL- 4 cel l s wi t hout t he
addi t i on of cel l s f r omt he var i ous pr ot ocol s and of t umor cel l s pl us unt r eat ed PBL . The t abl e r epr esent s dat a f r om f i ve di f f er ent exper i ment s . Resul t s
ar e pr esent ed as mean val ue ± SEM.

As shown i n Tabl e 2, t he i ncr ease i n cyt ot oxi c act i vi t y had

l i t t l e t oxi c ef f ect on nor mal human bone mar r owcel l s . CFU-

GMact i vi t y of human bone mar r ow cel l s was onl y par t i al l y

i mpai r ed ( 75% of cont r ol ) when t he di f f er ent ki nds of cyt o-

t oxi c ef f ect or cel l s wer e t est ed .

Cel l s gener at ed accor di ng t o t he most ef f ect i ve cyt ot ox-

i ci t y pr ot ocol wer e st udi ed by f l owcyt omet r y anal ysi s af t er

14 d . The maj or i t y of t hese cel l s wer e posi t i ve f or T cel l

mar ker s ( TCR- a/ o and CD4 or CD8) . About 10%of t he

cel l s wer e posi t i ve f or CD16 ( Schmi dt Wol f et al . , manuscr i pt

i n pr epar at i on) .

I L- 2

I L- 2 +
ant i - CD3 + I L- 1

I L- 2 + ant i - CD3 + I L- 1 +
I FNy 24 hr s pr i or t o I L- 2

p : 9 . 05

Fi gur e 2 .

	

I nf l uence of sequence of I FN- y on t he cyt ot oxi c act i vi t y i n

combi nat i on wi t h ot her cyt oki nes . PBL wer e cul t ur ed wi t h 11, 2 al one,
I L2 pl us ant i - CD3 pl us 114, I FN- y 24 h bef or e I L2 pl us ant i - CD3 pl us
I Ll , I FN- y gi ven si mul t aneousl y wi t h I L2 pl us ant i - CD3 pl us I L 1, and

I FN- y added 24 h af t er addi t i on of 11, 2 pl us ant i - CD3 pl us I Ll . A s 1 Cr
r el ease assay was per f or med on day 15 . Resul t s ar e pr esent ed as mean val ue

± SEM. p val ues of each pr ot ocol wer e cal cul at ed by compar i ng l yt i c uni t s

f r omeach pr ot ocol wi t h l yr i c uni t s f r omt he pr ot ocol i n t he t op bar ( I L2
al one) . The f i gur e r epr esent s dat a f r om t wo separ at e exper i ment s .
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SCI D mi ce

wer e i nj ect ed ei t her i nt r aper i t oneal l y or i nt r avenousl y wi t h

t he human B cel l l ymphoma cel l l i nes SU- DHL4 and OCl -

Ly8 . These human t umor cel l l i nes wer e sel ect ed because bot h

har bor a t ( 14 ; 18) chr omosomal t r ansl ocat i on, al l owi ng bet t er

det ect i on of smal l number s of cel l s by PCRassay. Al l ani mal s

i nj ect ed wi t h 106 or 107 SU- DHL4 cel l s ei t her di ed wi t hi n

100 d af t er i nj ect i on or wer e ki l l ed when suf f er i ng f r omt umor
si gns . Sur vi val of t he mi ce was dependent on t he cel l dose

i nj ect ed . Thi s was t r ue f or i nt r aper i t oneal ( Fi g . 3 A) as wel l

as f or i nt r avenous ( Fi g. 3 B) i nj ect i on of t umor cel l s . Ani mal s

i nj ect ed wi t h 105 or l ess SU- DHL4 cel l s i nt r avenousl y had

no t umor si gns and sur vi ved f or >100 d af t er i nj ect i on ( Fi g.

3 B) . Ther e was no si gni f i cant di f f er ence i n sur vi val bet ween

i nt r avenous and i nt r aper i t oneal i nj ect i on usi ng ei t her cel l l i ne

( dat a f or OCI - Ly8 not shown) . Mi ce i nj ect ed i nt r avenousl y

of t en devel oped hi nd l eg par al ysi s, a si gn known t o occur

Tabl e 2 .

	

Ef f ect s of Ef f ect or Cel l s Gener at ed by Var i ous Pr ot ocol s

on Hemat opoi et i c Pr ecur sor Cel l Gr owt h

I n Vi vo Eval uat i on of Cyt oki ne- i nduced Ki l l er Cel l s

CPU- GMcol oni es wer e st i mul at ed wi t h 15%pl acent al condi t i oned me-
di um ( PCM) , pl at ed i n t r i pl i cat e i n 0. 25 ml met hyl cel l ul ose medi um,
and scor ed on day 10 . No col oni es f or med i n t he absence of PCM. Resul t s
ar e r epor t ed as number of col oni es per 5 x 10^ cel l s pl at ed . CI K cel l s
wer e i nduced wi t h I FN- y, and added 1 d bef or e I L- 2, ant i - CD3, and
I L- 1, as descr i bed i n Mat er i al s and Met hods . Resul t s ar e pr esent ed as mean
val ue ± SEM.

I L- 2 + ant i - CD3 + I L- 1 +

I FNy at
NS

same t i me as I L- 2 Pr ot ocol

No .

CFU- GM

of

col oni es

Per cent of

unt r eat ed cont r ol

I L- 2 + ant i - CD + I L- 1 +
p 5 . 05 BM 47 . 3 ± 5 . 0 100I FNy 24 hr s af t er I L- 2 W, 1 L A I I BM + I L- 2 42 . 3 ± 2. 1 89 . 4

0 10 20 30 40 50 60 70
BM + LAK 46 . 3 ± 1 . 7 97 . 9

LYTI CUNI TS
BM + CI K 35 . 3 ± 3 . 8 74 . 6

Tabl e 1 . Ef f ect of Var i ous Pr ot ocol s on

Regi men

Cyt ot oxi ci t y and

LU/ 106

Cel l Pr ol i f er at i on

cel l s Cel l number

Tot al LU

per cul t ur e

Log cel l ki l l

( r ange)

x 10,

11- 2 25 ± 1 . 5 19 ± 2. 0 475 1 ( 0 . 5- 1 . 5)

I L- 2 pl us ant i - CD3 28 ± 0. 8 754 ± 31 . 8 21, 112 ND

I FN- - y + ant i - CD3 + I L- 2 + I L- 1 49 ± 0. 6 708 ± 11 . 1 34, 692 3 ( 2 . 5- 3 . 5)
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( A) Dose dependence of i nt r aper i t oneal i nj ect i on of SU- DHL4

cel l s i nt o 12 SCI D mi ce. Ei t her 50- 100 x 10 6 or 1- 45 x 10 6 t umor cel l s

wer e i nj ect ed. ( B) Dose dependence of i nt r avenous i nj ect i on of SU- DHL4

cel l s i nt o 12 SCI D mi ce . Ei t her 2- 10 x 106 , 0 . 5- 1 x 106 , or <0 . 1 x

106 t umor cel l s wer e i nj ect ed . Shown ar e dat a f r om t hr ee di f f er ent ex-

per i ment s .

af t er i nj ect i on of mur i ne B cel l l ymphomas ( 31) . I n vi vo, SU-

DHL4 cel l s wer e mor e aggr essi ve t han OCI - Ly8 cel l s . I n

14 of t he 28 i nj ect ed ani mal s, t umor masses coul d be det ect ed

macr oscopi cal l y ( Tabl e 3) , most l y i n t he l ower abdomen .

Tumor nodul es measur ed 1- 3 cmi n di amet er , and wer e f ound

ei t her i n t he mesent er y, par aaor t i c, or r et r oper i t oneal l oca-

t i ons . Because of t he l ar ge t umor masses ent er i c obst r uct i ons,

Tabl e 3 .

	

Gr owt h of Two Di f er ent Human B Cel l , Lymphoma Cel l Li nes i n SCI D Mi ce af t er I nt r avenous or I nt r aper i t oneal I nj ect i on

of Var i ous Number s of Tumor Cel l s

143
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i l eus and ur i ne r et ent i on wer e f ound. I n addi t i on, spl eno-

megal y was f ound i n t hr ee cases . Enl ar ged l ymph nodes wer e

f ound i n mesent er i c and r et r oper i t oneal ar eas. To t est t he ef f ect

of pr e- i r r adi at i on on t umor cel l engr af t ment , f our ani mal s

r ecei ved whol e body i r r adi at i on wi t h 175 cGy 1 d bef or e i n-

j ect i on wi t h t he l ymphoma cel l s . No di f f er ence was not ed

i n sur vi val as compar ed wi t h t he noni r r adi at ed ani mal s .

Hi st opat hol ogy .

	

Fr ozen sect i ons of t he t umor t i ssue and

var i ous ot her t i ssues ( bone mar r ow, spl een, l ymph nodes, and

l ung) wer e pr epar ed. The t umor t i ssue was st ai ned wi t h

Mayer ' s haemat oxi l i n . Masses of l ymphoi d- l i ke cel l s coul d

be demonst r at ed ( Fi g. 4 A) .

Leu- 12 ( CD19) - posi t i ve cel l s coul d be det ect ed i n al l t i ssues

( f or t umor shown i n Fi g. 4 B) . However , i t shoul d be not ed

t hat t her e was some nonspeci f i c backgr ound st ai ni ng i n SCI D

mi ce t hat had not been i nj ect ed wi t h t umor cel l s, however ,

t he st ai ni ng was st r onger i n mi ce i nj ect ed wi t h t umor cel l s .

No cel l s wer e f ound t o be Leu- 4 ( CD4) posi t i ve ( Fi g. 4 C) .

Cl onogeni c Tumor Assay.

	

The cl oni ng ef f i ci ency of t he SU-

DHL4 cel l l i ne was 1- 5%, as r epor t ed el sewher e ( 26) . When

cel l s i sol at ed f r ommur i ne t umor t i ssue wer e t est ed i n a cl ono-

geni c assay, t her e was no si gni f i cant di f f er ence i n cl onoge-

ni ci t y as compar ed wi t h f r eshl y cul t ur ed SU- DHL4 cel l s ( dat a

not shown) .

Det ect i on of t ( 14 ; 18} car r yi ng Cel l s i n Ti ssue by PCR.

	

Con-

di t i ons have been est abl i shed f or per f or mi ng PCR t o det ect

mi ni mal r esi dual t umor cel l s i n si ngl e cel l suspensi ons and

i n mur i ne t i ssues . Resul t s of a di l ut i on ser i es t o demonst r at e

t he sensi t i vi t y of t he t ( 14 ; 18) PCR assay f or SU- DHL4 cel l s

ar e shown i n Fi g. 5 . Thr ee maj or ampl i f i cat i on pr oduct s wer e

det ect ed at - 230, - 600, and - 1, 300 bp. The l ar ger am-

pl i f i cat i on pr oduct s ar e i n gener al l ost f i r st at i ncr easi ng t umor

cel l di l ut i ons. A semi - quant i t at i ve est i mat e of t he t umor cel l

concent r at i on i s t her ef or e possi bl e. Asi gnal coul d be det ect ed

t o a 10 - 5 di l ut i on of SU- DHL4 cel l s, whi ch cor r esponds t o

DNA f r om l ess t han f i ve t umor cel l s i n t he r eact i on .

PCRwas per f or med on var i ous mur i ne t i ssues f r om ani mal s

af t er i nj ect i on of SU- DHL4 or OCI - Ly8 cel l s. I n gener al ,

posi t i ve si gnal s wer e f ound i n DNA pr epar ed f r om spl eni c

t i ssue, when t he mi ce wer e ki l l ed bet ween days 9 and 50 .

Lymph node i nvol vement , whi ch was t he most common

Tumor cel l s wer e det ect ed by usi ng PCRt o ampl i f y a t ( 14 ; 18) chr omosomal t r ansl ocat i on i n t i ssues ( l ymph nodes, spl een, l ung, l i ver , bone mar r ow,

and ki dney) f r om SCI D mi ce i nj ect ed wi t h SU- DHL- 4 or OCI - Ly8 cel l s .

Tumor

t ype

Met hod of

- t umor i nj ect i on

No . of cel l s

i nj ect ed

Mi ce wi t h macr oscopi c

t umor per mi ce

i nocul at ed

Mi ce wi t h t umor

cel l det ect i on

by PCR

SU- DHL- 4 i . p . 2 x 106 - 108 4/ 12 6/ 6

i . v . 5 x 105 - 101 4/ 7 4/ 4

OCI - Ly8 i . p . 5 x 105 - 3 x 10' 3/ 5 3/ 3

i . v . 106- 10' 3/ 4 3/ 4
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I n Vi vo Eval uat i on of Cyt oki ne- i nduced Ki l l er Cel l s

Fi gur e 4 .

	

Hi st opat hol ogy of a f r ozen sect i on of

a SCI: ) mouse i nj ect ed wi t h a human Bl ymphoma

cel l l i ne. A SCI D mouse was i nj ect ed i nt r aper i -

t oneal l y wi t h 106 SU- DHI >4 cel l s and ki l l ed on

day 115 af t er i nj ect i on . At t hat t i me, a mass was

pal pabl e i n t he l ower abdomen . Fr ozen sect i ons

wer e pr epar ed f r omt he exci sed t umor by st andar d

t echni que ( see Mat er i al s and Met hods) . ( A) Un-

st ai ned sect i on of t he t umor af t er f i xat i on wi t h

gl ut ar al dehyde . ( B) Fr ozen sect i on st ai ned wi t h a

mAb agai nst a human B cel l ant i gen, Leu- 12 . ( C)

Fr ozen sect i on st ai ned wi t h a mAb agai nst a human

Tcel l ant i gen, Leu- 4. St ai ni ng was per f or med usi ng

t he st r ept avi di ne al kal i ne phosphat ase met hod.



Fi gur e 5 .

	

Di l ut i on ser i es f or det ect i on of t umor cel l s by PCR. Var i ous

number s of SU- DHL4 cel l s wer e added t o mononucl ear cel l s der i ved f r om

human per i pher al bl ood at t he i ndi cat ed di l ut i ons . Af t er pr epar at i on of

DNA, PCRwas per f or med usi ng 2 Fi g of DNA. Mol ecul ar wei ght mar ker s

ar e as i ndi cat ed.

f i ndi ng, was det ect ed t hr oughout t he t i me cour se, but PCR-

ampl i f i ed t ( 14 ; 18) pr oduct s wer e mor e pr omi nent at l at er

st ages . A t ypi cal r esul t af t er i nt r aper i t oneal i nj ect i on of SU-

DHL4 cel l s i s shown i n Fi g. 6 . Det ect i on of t umor cel l s was

enhanced usi ng PCR as compar ed wi t h macr oscopi c t umor

det ect i on ( Tabl e 3) .

I n Vi t r o Pur gi ng of SCI D Bone Mar r ow.

	

CI K cel l s wer e

used i n t he SCI D model f or t he pur pose of t r eat i ng bone

Fi gur e 6 .

	

The use of PCR t o det ect SU- DHL4 t umor cel l s i n mur i ne

t i ssues . ASCI D mouse was i nj ect ed i nt r aper i t oneal l y wi t h 106 SU- DHL4

cel l s on day 0 . The mouse was ki l l ed on day 115 . At t hat t i me, t he ani mal

appear ed i l l and had a l ar ge pal pabl e mass i n t he l ower abdomen . Tumor
cel l s wer e det ect ed by usi ng PCR t o ampl i f y t he t ( 14 ; 18) chr omosomal

t r ansl ocat i on i n t i ssue DNA. Mur i ne t i ssues exami ned i ncl ude l ymph node

( l ane 1) , spl een ( l ane 2) , l ung ( l ane 3) , l i ver ( l ane 4) , and bone mar r ow

( l ane S) . DNA f r om r egul ar SU- DHL4 cel l s was ampl i f i ed i n l ane 6 as

a cont r ol , The band i n l ane 4 does not r epr esent a t ypi cal band f or a t ( 14 ; 18)
t r ansl ocat i on, and was scor ed as not i nt er pr et abl e .
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mar r owi n vi t r o i n an ef f or t t o r emove t umor cel l s. To car r y

out t hese exper i ment s, 10 7 SCI D bone mar r ow cel l s wer e

cont ami nat ed wi t h ei t her 106 or 10 7 SU- DHL4 cel l s. The

cyt ot oxi c cel l s wer e added at an E/ T r at i o of 20 : 1 . The cel -

l ul ar mi xt ur es wer e i ncubat ed i n vi t r o f or 24 h and t hen i n-

j ect ed i nt o SCI D mi ce t hat had under gone l ong bone i r r adi -

at i on . Cont r ol ani mal s, whi ch r ecei ved unpur ged cont ami nat ed

bone mar r ow ( cur ves 1 and 2 i n Fi g. 7) , al l di ed wi t hi n 40

d. I n cont r ast , when bone mar r ow cul t ur es cont ami nat ed wi t h

ei t her 106 ( cur ve 4) or 107 ( cur ve 3) SU- DHL4 cel l s, whi ch

had been t r eat ed wi t h CI K cel l s, wer e i nj ect ed, t he maj or i t y

of ani mal s showed no si gns of t umor cel l gr owt h f or >100

d . I n ani mal s t hat di ed of t umor gr owt h, a posi t i ve t ( 14 ; 18)

PCRsi gnal coul d be r ecover ed f r om a var i et y of t i ssues ( Fi g.

6) . When SCI D mi ce wer e i nj ect ed wi t h CI K cel l s al one,

al l ani mal s sur vi ved f or >100 d ( dat a not shown) . I nt er est -

i ngl y, t r eat ment of cont ami nat ed bone mar r ow wi t h LAK

cel l s gener at ed wi t h 11, 2 al one had no pr ot ect i ve ef f ect on

sur vi val of ani mal s ( onl y f our mi ce t est ed ; dat a not shown) .

These dat a i ndi cat e t hat t he CI K cel l s ef f ect i vel y l ysed at l east

1 . 5 l ogs of t umor cel l s and t hat t he SCI Dmouse model syst em

coul d be used t o st udy t he ef f i cacy of t hi s t r eat ment appr oach .

Hemat opoi et i c engr af t ment of human cel l s can not yet be

r out i nel y st udi ed i n t he SCI D mi ce . I n an ef f or t t o demon-

st r at e hemat opoi et i c engr af t ment of BALB/ c mar r ow cel l s,

t he BALB/ c- speci f i c I gD H chai n al l ot ype mAb AMS 9 . 1

was used . SCI D mi ce t hat r ecei ved BALB/ c bone mar r ow

t r eat ed i n vi t r o wi t h CI K cel l s had evi dence f or hemat opoi -

et i c engr af t ment , as demonst r at ed by t he emer gence of AMS

9 . 1- posi t i ve cel l s 4 wk af t er t r anspl ant at i on ( Fi g . 8) . Ani mal s

wer e r echecked f or engr af t ment on day 100, when t hey wer e

st i l l f ound t o be AMS 9. 1 posi t i ve . Al l ani mal s sur vi ved

>150 d .

J
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W
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Ef f ect of i n vi t r o pur gi ng of SCI Dbone mar r ow on sur vi val

of SCI D mi ce. Ei t her 106 ( n = 10) or 107 ( n - 10) SU- DHL4 human

l ymphoma cel l s wer e i ncubat ed wi t h human CI K cel l s at a r at i o of 20: 1 .

As cont r ol s, no ef f ect or cel l s wer e added ( 107 SU- DHL4 cel l s, n = 9 ;

10 6 t umor cel l s, n = 4) . To r esembl e t he si t uat i on of pur gi ng bone

mar r ow, 10 7 bone mar r ow cel l s f r om SCI D mi ce wer e added at t he same

t i me. These cel l mi xt ur es wer e i nj ect ed i nt r avenousl y i nt o SCI D mi ce 3- 48

h af t er i r r adi at i on of t he l ong l egs wi t h 400 cGy, as descr i bed i n Mat er i al s

and Met hods .
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I n t hi s r epor t , a mur i ne SCI D/ human l ymphoma model

has been devel oped t o eval uat e t he ef f i cacy of cul t ur ed cyt o-

t oxi c cel l s t o speci f i cal l y l yse a human t umor cel l l i ne. An

exper i ment al pr ot ocol was devel oped i n an ef f or t t o expand

and enhance t he cyt ot oxi ci t y of ef f ect or cel l s di r ect ed agai nst

non- Hodgki n' s l ymphoma cel l l i nes . The B cel l l ymphoma

cel l l i ne SU- DHL4 was used because i t has a t ( 14; 18) chr o-

mosomal mar ker t hat al l ows f or sensi t i ve det ect i on usi ng PCR.

These cel l s have been used f or t est i ng cyt ot oxi c act i vi t y of

LAK cel l s i n a S' Cr r el ease assay, a cl onogeni c assay, and

PCR has been used t o moni t or t he ef f ect i veness of ex vi vo

t umor cel l pur gi ng wi t h ant i bodi es and compl ement ( 26) .

I n Vi vo Eval uat i on of Cyt oki ne- i nduced Ki l l er Cel l s
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Engr af t ment of BALB/ c bone mar r ow when

i nj ect ed i nt o SCI D mi ce t oget her wi t h human CI K cel l s .

4 wk af t er i nt r avenous i nj ect i on of SCI Dmi ce wi t h bone

mar r ow cel l s f r omBALB/ c mi ce, ani mal s wer e t est ed f or

engr af t ment of BALB/ c bone mar r ow cel l s . BALB/ c bone

mar r ow cel l s had been cocul t ur ed wi t h human ef f ect or

cel l s and human l ymphoma cel l s, as descr i bed i n Mat er i al s

and Met hods. Per i pher al bl ood was t aken f r omt hese mi ce,

and cel l s wer e Fi col l separ at ed and st ai ned f or I gDHchai n

al l ot ype usi ng t he mAb AMS 9 . 1 ( 30) . A t ypi cal exampl e

i s shown her e ( SCI D d8) . Cont r ol s i ncl ude st ai ni ng pat -

t er ns f r oma BALB/ c mouse ( BALB/ c) and f r om a nor mal

SCI D mouse ( nor mal SCI D) .

LAKcel l s can be used as cyt ot oxi c ef f ect or cel l s f or adop-

t i ve i mmunot her apy ( 32, 33) . Lar ge number s of LAK cel l s

ar e necessar y f or ef f ect i ve i mmunot her apy i n vi vo ( 2, 34) .

I n some pat i ent s, i t i s di f f i cul t t o obt ai n suf f i ci ent ef f ect or

cel l number s, f or exampl e, af t er chemot her apy. St andar d I I ,

2- act i vat ed LAK cel l s have modest cyt ot oxi ci t y agai nst l ym-

phoma cel l s. Cel l s wi t h hi gh cyt ot oxi c act i vi t y may have cl i n-

i cal pot ent i al , f or exampl e, f or i n vi t r o pur gi ng of bone mar r ow

i n t he cont ext of aut ol ogous bone mar r ow t r anspl ant at i on.

Ther ef or e, our goal was t o i ncr ease t he cel l number and en-

hance t he cyt ot oxi c act i vi t y of t hese popul at i ons of cel l s .

mAbs di r ect ed agai nst CD3 have been shown t o t r i gger



pr ol i f er at i on of T cel l s . Thi s i ncr ease i s i n cel l number onl y,

as no i ncr ease i n cyt ot oxi c act i vi t y on a per cel l basi s was

f ound ( 4) . We have expl or ed t he use of ot her cyt oki nes i n

an ef f or t t o enhance cel l ul ar t oxi ci t y. The r ecombi nant

cyt oki nes st udi ed i ncl ude I FN- y, 11, 1, and TNF. The t i me

cour se of I FN- y addi t i on was f ound t o be cr uci al i n enhanci ng

cyt ot oxi c act i vi t y . The addi t i on of I FN- y af t er t he addi t i on

of I L2 r educes cyt ot oxi ci t y ( 4) , however , t he r ever se or der

l ed t o an i ncr ease i n cyt ot oxi ci t y . Thi s i s i n agr eement wi t h

ot her r epor t s ( 35- 37) . Af t er exposur e t o I FN- y, t he expr es-

si on of r ecept or si t es f or 1172 on PBMC i ncr eases ( 36) . The

enhanced r yt ot oxi c act i vi t y may be due t o t he i nduct i on of

I L- 2 r ecept or s on t he ef f ect or cel l s, r esul t i ng i n a mor e ef f i ci ent

act i vat i on or r ecr ui t ment of addi t i onal cel l popul at i ons t hat

ar e not act i vat ed by I L2 al one ( 35) . Si mi l ar l y, El l i s et al . ( 38)

have shown t hat I FN- y i nduces cl assi c LAK act i vi t y and pl ays

a par t i ci pat or y r ol e i n t he opt i mal i nduct i on of LAK cel l s

by I L2 .

Fur t her mor e, t he combi nat i on of I FN- y and ant i - CD3

combi nes t he pr ol i f er at i ve ef f ect of t he ant i - CD3 t r eat ment

wi t h t he i ncr ease i n cyt ot oxi ci t y by I FN- y . The addi t i on of

1171 i mpr oved t he cyt ot oxi c ef f ect sl i ght l y, but si gni f i cant l y .

I L- 1 has al so been shown t o pl ay an i mpor t ant r ol e i n i n-

duci ng t he expr essi on of I L2 r ecept or s ( 39) . Usi ng t hi s com-

bi nat i on of cyt oki nes, a cel l ki l l of 2 . 5- 3 . 5 l ogs was achi eved,

as measur ed by a cl onogeni c assay. Thi s l evel of l og cel l ki l l

compar es f avor abl y wi t h cur r ent bone mar r owpur gi ng r egi -

mens, whi ch r emove 2- 4 l ogs of t umor cel l s f r om bone

mar r ow( 40) . For exampl e, wi t h a cockt ai l of mAbs and com-

pl ement af t er t wo r ounds of t r eat ment of B cel l l ymphomas,

a l og cel l ki l l of 3 was r eached ( 26) . Usi ng t he pr ot ocol de-

scr i bed her e i n combi nat i on wi t h cur r ent met hods of bone

mar r ow pur gi ng, i t may be possi bl e t o i mpr ove t he ef f i cacy

of t he pur gi ng pr ocess .

The ef f ect of LAKcel l s on human bone mar r owpr ecur sor

cel l s i s st i l l cont r over si al . Savar y et al . ( 41) have shown t hat

LAK cel l s ar e pot ent i nhi bi t or s of mar r ow pr ogeni t or cel l s .

Van den Br i nk et al . ( 42) demonst r at ed t hat gr owt h of col ony-

f or mi ng cel l s i s not i mpai r ed af t er i ncubat i on wi t h LAKcel l s.

The CI K ef f ect or cel l s descr i bed her e show sl i ght i mpai r -

ment of gr owt h of nor mal hemat opoi et i c col ony- f or mi ng cel l s.

Thi s i mpai r ment coul d be medi at ed by var i ous cyt oki nes pr o-

duced by t he ef f ect or cel l s, l i ke TNF, l ymphot oxi n, and I FN.

These cyt oki nes have been shown t o i nhi bi t bone mar r ow

pr ogeni t or cel l s i n vi t r o ( 43) .

The maj or i t y of ef f ect or cel l s descr i bed her e have T cel l

phenot ype and t her ef or e r esembl e TI L ( 44) . Al t hough most

of t he l ymphocyt es i n TI L cul t ur es ar e CD3+, t he r yt ot oxi c

cel l s ar e pr i mar i l y Leu- 19+, and can be ei t her of t he CD3'

or CD3 - phenot ype ( 45) . LAK cel l s have been shown t o

be most l y of t he NK cel l phenot ype . I n compar i son wi t h

TI L, our ef f ect or cel l s need no cont act wi t h t umor cel l s f or

st i mul at i on and pr ol i f er at i on . Al t hough t he maj or i t y of CI K

cel l s expr esses CD3 and t he TCR- cx/ a ki l l i ng by CI K cel l s

seems t o be non- MHC r est r i ct ed . Non- MHC- r est r i ct ed T

cel l s have al r eady been descr i bed by Lani er et al . ( 46) . Mor e

exper i ment s about t he mechani sm of ki l l i ng by CI K cel l s

ar e bei ng per f or med .
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I n t hi s st udy, we have used SCI D mi ce as a model f or i n

vi vo gr owt h of human B l ymphoma cel l l i nes. These mi ce

can be used f or eval uat i ng novel t her apeut i c appr oaches f or

t he t r eat ment of l ymphoma. The B cel l l ymphoma cel l l i ne

SU- DHL4 gr ows i n t hese ani mal s pr oduci ng t umor s i n a

dose- dependent f ashi on .

To det ect t umor cel l s i n t he SCI D mouse model , sever al

appr oaches wer e used . The cel l s t est ed her e ar e of B cel l l i n-

eage and t her ef or e bear human B cel l ant i gens on t hei r cel l

sur f ace. Unf or t unat el y, t her e i s a sur pr i si ng degr ee of unspeci f i c

st ai ni ng of SCI D mouse nonl ymphoi d cel l s ( 47) , i ncl udi ng

t est s wi t h ant i - human B cel l mAbs ( 47, 48) . Thi s phenomenon

has not been encount er ed i n nor mal mi ce. Ther ef or e, FACS®

anal ysi s wi t h mAbs agai nst human B cel l mar ker s i s ham-

per ed i n SCI D mi ce ( 47) . These t umor cel l s can al so be de-

t ect ed usi ng t he t ( 14 ; 18) chr omosomal t r ansl ocat i on. Thi s

t r ansl ocat i on coul d be r eadi l y det ect ed by PCR of mur i ne

t i ssues cont ai ni ng SU- DHI r 4 t umor cel l s . Thi s assay i s ex-

t r emel y sensi t i ve and a si ngl e t umor cel l i n 10 5 nor mal cel l s

can be det ect ed . Wi t h such a hi gh degr ee of sensi t i vi t y, PCR

i s an i deal t echni que t o det ect mi ni mal l y cont ami nat ed t i ssues .

To ensur e t hat t he l oss of t he PCR si gnal was not due t o

t echni cal ar t i f act s, mur i ne ( 3 act i n pr i mer s wer e added t o t he

r eact i on mi x . Thi s r esul t ed i n t he ampl i f i cat i on of 0 act i n

t r anscr i pt s, i ndi cat i ng t hat t he PCR i t sel f was f unct i oni ng

pr oper l y .

CI K cel l s gener at ed i n vi t r o wer e t est ed i n vi vo usi ng t hi s

mur i ne SCI D/ human l ymphoma model . The addi t i on of a

20- f ol d excess of cyt ot oxi c cel l s had a pr ot ect i ve ef f ect on sur -

vi val of t hese ani mal s . Thi s r ef l ect s at l east a 1 . 5- 2- l og cel l

ki l l , as t est ed by t hi s i n vi vo model , as i nj ect i on of at l east

0 . 5 x 106 t umor cel l s i s r equi r ed f or t umor cel l gr owt h i n

t he mi ce.

To t est whet her t he CI K cel l s pr event bone mar r ow cel l s

f r om engr af t i ng, we i nj ect ed r yt ot oxi c cel l s t oget her wi t h

BALB/ c bone mar r ow cel l s i nt o SCI D mi ce. We f ound t hat

BALB/ c bone mar r ow engr af t ed i n al l cases t est ed, as mea-

sur ed by a mAb agai nst an I g H chai n al l ot ype. Thus, t hi s

popul at i on of cel l s seems t o have l ow t oxi ci t y agai nst mur i ne

bone mar r ow st em cel l s . I n addi t i on, t her e was mi ni mal t ox-

i ci t y agai nst human hemat opoi et i c pr ecur sor s . To dat e i t i s

not yet possi bl e t o moni t or f or human hemat opoi et i c engr af t -

ment . Anewmodel syst emhas been devel oped ( Dr . C. Baum,

per sonal communi cat i on) , and t he ef f ect of CI K cel l s on

human hemat opoi et i c engr af t ment wi l l be t est ed usi ng hi s

model .

I t i s i mpor t ant t o keep i n mi nd t hat so f ar onl y i n vi t r o

pur gi ng has been t est ed i n t hi s model , and t hat t hese mi ce

had no t umor cel l bur den bef or e i nj ect i on of t umor and CI K

cel l s . Our goal was t o t est t hese cel l s as a r egi men f or pur gi ng

of bone mar r owcel l s f or aut ol ogous bone mar r owt r anspl an-

t at i on . I t r emai ns t o be seen i f t he CI K cel l s wi l l be abl e

t o cyt or educe est abl i shed mi ni mal r esi dual di sease. However ,

t hi s pr ot ocol may have an i mpor t ant i mpact on t he use of

r yt ot oxi c cel l s as adopt i ve i mmunot her apy, f or exampl e, t o-

get her wi t h aut ol ogous bone mar r owt r anspl ant at i on . I n t hi s

cont ext , i t i s i mpor t ant t hat t hese cel l s have l i t t l e t oxi c ef f ect s

on hemat opoi et i c pr ecur sor cel l s. The hi gher number of



ef f ect or cel l s and t he i ncr ease i n ef f i cacy of t hese cel l s coul d

l ead t o a l ower dose of 11, 2 necessar y f or t r eat ment . Thi s

may al so decr ease t he t oxi ci t y of LAK cel l t her apy, whi ch

has been a maj or pr obl em.

I n concl usi on, we have devel oped a newpr ot ocol t hat l eads

t o hi gh cel l number s of ef f ect or cel l s wi t h i ncr eased cyt ot ox-
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