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Summar y

We have i nvest i gat ed t he ef f ect of gr anul ocyt e col ony- st i mul at i ng f act or ( G- CSF) del i ver y at t he

si t e of t umor gr owt h by t r ansduci ng, vi a r et r ovi r al vect or , t he human ( hu) G- CSF gene i nt o

t he col on adenocar ci noma C- 26 and assayi ng t he abi l i t y of t r ansduced cel l s t o f or mt umor s when

i nj ect ed i nt o syngenei c mi ce. As a cont r ol , t he same t umor cel l s wer e i nf ect ed wi t h r et r ovi r uses

engi neer ed t o t r ansduce an unr el at ed gene, t he human ner ve gr owt h f act or r ecept or , or car r y

t he neomyci n r esi st ance gene onl y . Onl y cel l s t r ansduced wi t h t he huG- CSF wer e unabl e t o

devel op t umor s, al t hough huG- CSF was expr essed and pr oduced at l ow l evel as est i mat ed by

bot h RNA anal ysi s and enzyme- l i nked i mmunosor bent assay, i ndi cat i ng t hat G- CSF can exer t

an ant i t umor ef f ect at a physi ol ogi cal dose. I mpl i cat i on of G- CSF as medi at or of t umor i nhi bi t i on

was pr oven by r ever si ng t he nont umor i geni c phenot ype of G- CSF- expr essi ng cel l s wi t h ant i -

huG- CSF monocl onal ant i body i nj ect ed at t he t umor si t e . No t umor s wer e f or med by i nj ect i ng

C- 26 i nf ect ed cel l s i nt o nu/ nu mi ce, whi l e neopl ast i c nodul es appear ed af t er i nj ect i on i nt o subl et hal l y

i r r adi at ed mi ce ; such t umor s, however , r egr essed when mi ce nor mal i zed t hei r l eukocyt e count s

af t er i r r adi at i on . Tumor s wer e al so f or med af t er i nj ect i on of a mi xt ur e of i nf ect ed and uni nf ect ed

C- 26 cel l s, al t hough cr i t i cal del ay i n t umor f or mat i on occur r ed when i nf ect ed cel l s wer e 10 t i mes

mor e r epr esent ed i n t he mi xt ur e. Hi st ol ogi cal exami nat i on of t i ssues sur r oundi ng t he si t e of

i nj ect i on showed i nf i l t r at i on of neut r ophi l i c gr anul ocyt es, whose number cor r el at ed wi t h t hat

of G- CSF- expr essi ng C- 26 cel l s i n t he i nj ect ed mi xt ur e . These r esul t s i ndi cat e t hat G- CSF may

have a pot ent ant i t umor al act i vi t y when r el eased, even at l ow doses, at t he t umor si t e. The

ant i t umor al ef f ect i s medi at ed by r ecr ui t ment and t ar get i ng of neut r ophi l i c gr anul ocyt es t o

G- CSF- r el easi ng cel l s .

G
r anul ocyt e col ony- st i mul at i ng f act or ( G- CSF) t was f i r st

i dent i f i ed by i t s abi l i t y t o i nduce di f f er ent i at i on of t he

mur i ne myel omonocyt i c l eukemi a cel l l i ne WEHI - 3B, and

t hen was char act er i zed as a pot ent di f f er ent i at i on- i nduci ng

CSF, essent i al i n gr anul opoi esi s ( 1) . G- CSF shows a r est r i ct ed

act i on i n st i mul at i ng pr ogeni t or hemat opoi et i c cel l s i n vi t r o,

i n t hat no eosi nophi l , er yt hr oi d, or megakar yocyt e col oni es

ar e i nduced i n cl onal cul t ur e assays ( 1, 2) . Human and mouse

G- CSF bi nd equal l y wel l t o r ecept or s of ei t her speci es and

show compl et e bi ol ogi cal cr ossr eact i vi t y ( 3) . Thi s al l owed

1 Abbr evi at i ons used i n t hi s paper . G- CSF, gr anul ocyt e col ony- st i mul at i ng

f act or ; hu, human; LAK, l ymphoki ne- act i vat ed ki l l er cel l ; LTR, l ong

t er mi nal r epeat , NeoR, Neomyci ne phosphot r anspher ase gene; NGFr ,

ner ve gr owt h f act or r ecept or .

f or t he st udy of t he i n vi vo act i on of human G- CSF i n mi ce,

wher e i t was shown t o i ncr ease gr anul opoi esi s i n t he spl een

but al so t o st i mul at e er yt hopoi esi s and megakar yocyt opoi -

esi s, and t o i ncr ease t he number of mul t i pot ent i al st em cel l s

( CFU- S) ( 4, 5) . Chr oni c exposur e t o t he f act or , st udi ed i n

l et hal l y i r r adi at ed mi ce r econst i t ut ed wi t h syngenei c bone

mar r ow i nf ect ed wi t h a r et r ovi r al vect or expr essi ng G- CSF

cDNA, has been shown t o i nduce non- neopl ast i c gr anul o-

cyt i c and pr ogeni t or cel l hyper pl asi a ( 6) . Recombi nant human

( hu) G- CSF i s now bei ng t est ed i n cl i ni cal t r i al s f or r est or i ng

gr anul ocyt e count s i n myel odyspl ast i c syndr omes and f or

boost i ng gr anul ocyt i c r esponse af t er hi gh- dose cancer che-

mot her apy ( 7- 9) .

Gr owi ng evi dence i ndi cat es t hat sever al cyt oki nes may have
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i n vi vo ant i t umor act i vi t y, most ef f ect i vel y i f t hey ar e del i v-

er ed at t he si t e of t umor gr owt h ( 10- 13) . I n f act , gr owt h

of di f f er ent mur i ne t umor cel l s engi neer ed by gene t r ansf er

t o pr oduce I L4, I L 2, or I FN- y i s r et ar ded or i nhi bi t ed i n

vi vo ( 11- 13) . I L- 2 exer t s i t s ant i t umor ef f ect by el i ci t i ng a

syst emi c i mmuni t y bypassi ng t he r equi r ement of a T hel per

f unct i on ( 12, 13) , wher eas t he act i on of I FN- y i s pr i mar i l y

medi at ed by upr egul at i on of MHCcl ass I gene expr essi on

( 13) . On t he ot her hand, i n t he case of I L- 4, t he ant i t umor

ef f ect i s appar ent l y medi at ed by eosi nophi l s and act i vat ed mac-

r ophages abundant l y pr esent at t he si t e of t umor i nj ect i on

( 11) . Al t hough i t i s uncl ear whet her I L4 el i ci t s t hi s r esponse

di r ect l y or by st i mul at i ng speci f i c cyt oki ne pr oduct i on by ot her

cel l s, t hese st udi es suggest t he possi bi l i t y t hat phagocyt i c cel l s

may ef f ect i vel y pr event t umor gr owt h i f appr opr i at el y t ar -

get ed by cyt okknns .

We, t her ef or e, f ocused our at t ent i on on t he possi bl e an-

t i t umor act i vi t y of G- CSF, whi ch i s known t o act speci f i cal l y

bot h by st i mul at i ng t he pr oduct i on of PMNneut r ophi l i c gr an-

ul ocyt es and by enhanci ng t hei r mi gr at i on t o t he cyt oki ne

pr oduct i on si t e . We used a r et r ovi r al vect or t o expr ess huG-

CSF i n a poor l y i mmunogeni c mur i ne col on adenocar ci noma,

whi ch was t hen i nj ect ed i n bot h convent i onal syngenei c and

at hymi c mi ce t o t est t he ef f ect of G- CSF synt hesi s at t he si t e

of t umor - host i nt er act i on . We r epor t her e t hat t umor i ge-

ni ci t y i s vi r t ual l y abol i shed i n t hese cel l s t hr ough a mecha-

ni sm t hat i s i ndependent of t he T cel l r esponse and i nvol ves

massi ve t ar get i ng of PMNgr anul ocyt es t o t he G- CSF- pr o-

duci ng cel l s.

Mat er i al s and Met hods

Tumor s and Ani mal St udi es.

	

C- 26 i s a mur i ne col on adenocar ci -

noma i nduced i n BALB/ c mi ce by N- ni t r oso- N- met hyl ur et han ( 14) .

C- 26 t umor was mai nt ai ned i n vi vo by subcut aneous t r anspl ant

i n syngenei c mi ce and adapt ed t o cul t ur e i n DMEM( Gi bco Labor a-

t or i es, Pai sl ey, UK) suppl ement ed wi t h 10%FCS ( Gi bco Labor a-

t or i es) . BALB/ c Ch and CD1 nu/ nu mi ce wer e pur chased f r om

Char l es Ri ver Br eedi ng Labor at or i es ( Cal co, I t al y) and mai nt ai ned

at t he I st i t ut o Nazi onal e Tumor i by st andar d condi t i ons, accor di ng

t o t he I nst i t ut i onal Gui del i nes . Tumor i geni c act i vi t y of cont r ol and

vi r us- i nf ect ed C- 26 cel l s was assayed by i nj ect i ng cel l s i nt o t he

ani mal ' s r i ght f l ank i n a 0. 2- ml vol ume vi a a 26- gauge needl e of

a 1- ml syr i nge . 3 x 10^ C- 26 cel l s/ mouse was t he mi ni mal dose

r equi r ed t o ki l l 100%of i nj ect ed mi ce . Hi gher doses wer e al so used,

as i ndi cat ed i n t he t abl es and f i gur es. The mi xed t umor t r anspl an-

t at i on assay was per f or med by mi xi ng cont r ol uni nf ect ed and vi r us-

i nf ect ed C- 26 cel l s at 1 : 1 and 1: 10 r at i os ( 1 = 3 x 10^ ) and i n-

j ect i ng t hemi nt o syngenei c mi ce as descr i bed above . Tr eat ed mi ce

wer e scor ed f or t umor gr owt h t wi ce a week. Exper i ment s i nvol vi ng

mAb admi ni st r at i on wer e per f or med by usi ng a mouse I gG1 ant i -

huG- CSF mAb ( G- CSF, Ab- 2; Oncogene Sci ence, Manhasset , NY)

and a mouse I gGant i - hu- NGFr mAb 20 . 4 ; ( HB- 8737 ; Amer i can

Type Cul t ur e Col l ect i on, Rockvi l l e, MD) at concent r at i on of 200

ng and 2 Pg/ mouse/ i nj ect i on . mAbs wer e mi xed wi t h 10 6 i nf ect ed

( C- 26/ G3) and uni nf ect ed C- 26 cel l s bef or e i nj ect i on i nt o BALB/ c

mi ce ; i nj ect i ons of t he mAb ar ound t he si t e of t umor gr owt h wer e

r epeat ed ever y 48 h f or 10 d. The i n vi t r o G- CSF neut r al i zat i on

act i vi t y of Ab- 2 mAb i s det ect abl e at r at i o of 100 ng of Ab t o 100

pg of G- CSF ( as r epor t ed by manuf act or y speci f i cat i ons) , and t he
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doses i nj ect ed i n vi vo t heor et i cal l y r epr esent 10 and 100 t i mes t he

quant i t y of Ab r equi r ed t o neut r al i ze t he amount of G- CSF pr o-

duced by G3 cel l s. Mi ce i r r adi at i on was per f or med by usi ng a 6° Co

sour ce ( - 4, 000 Ci = 148, 000 GBq; Ther at r on 780C, At omi c

Ener gy o£ Canada Li mi t ed, Kanat a, Ont ar i o, Canada) t o del i ver

a dose r at e of 28 r ad/ mi n f or a t ot al dose of 600 r ad. Tr eat ment

wi t h ant i - asi al o GM, was per f or med usi ng a r abbi t ant i ser um

( Wako Chemi cal s, Neuss, Ger many) . BALB/ c mi ce wer e i nt r ave-

nousl y i nj ect ed wi t h 0. 2 ml of di l ut ed ant i bodi es ( 0 . 5 mg) 3 d be-

f or e t umor cel l i nj ect i on and 14 d l at er . Depl et i on of NKcel l s was

assessed i n t he spl een of t r eat ed mi ce by a 4- h " Cr - r el ease assay

agai nst YAC- 1 t umor t ar get . BALB/ c NK cel l s bei ng weakl y ac-

t i ve, we per f or med t he assay af t er depl et i on of adher ent cel l s and

boost i ng t he NKact i vi t y by addi t i on of r I I r 2 ( 1, 000 U/ ml ) dur i ng

t he 4 h of t est i ncubat i on; i n t hi s way, we f ound abr ogat i on of

NKcyt ot oxi ci t y ( f r om56%i n spl een of unt r eat ed mi ce t o no l ysi s

i n ant i - asi al o GM, - t r eat ed mi ce; E/ T r at i o : 100 : 1) . I n addi t i on,

we f ound abr ogat i on of l ymphoki ne- act i vat ed ki l l er cel l ( LAK) pr o-

duct i on i n spl eens f r om ant i - asi al o GM, - t r eat ed mi ce by t est i ng

LAKcyt ot oxi ci t y on P815 t ar get cel l af t er 3- 5 d of i n vi t r o act i va-

t i on wi t h 500 U/ ml of r I l _ . 2 . Leukocyt e count s and bl ood f or mul a

wer e mechani cal l y det er mi ned by an H1 appar at us ( Techni con

Chemi cal s Company, Tour nay, Bel gi um) .

Ret r ovi r al I nf ect i on .

	

The NSVG- CSF r et r ovi r al vect or was con-

st r uct ed by cl oni ng a 1 . 2- kb Hi ncI I / Bal I cDNA f r agment con-

t ai ni ng t he compl et e codi ng r egi on of human G- CSF ( 15) i nt o t he

Hi ndI I I cl oni ng si t e of t he NSV vect or . NSV i s der i ved f r om t he

or i gi nal N2 vect or ( 16) by i nser t i on of t he 0. 4- kb KpnI / Hi ndI I I

f r agment cont ai ni ng t he SV40 ear l y pr omot er and or i gi n of r epl i -

cat i on i nt o t he uni que Xhol cl oni ng si t e downst r eam f r om t he

Neomyci ne phosphot r anspher ase gene ( Neon) . I n t hi s vect or , t he

G- CSFcDNA i s t her ef or e under t he cont r ol of t he SV40 ear l y pr o-

mot er , wher eas Neon, used as a sel ect abl e mar ker , i s dr i ven by t he

Mol oney mur i ne l eukemi a vi r us l ong t er mi nal r epeat ( LTR) ( see

Fi g. 1 B) . The NSVNGFr vect or was const r uct ed by i nser t i ng t he

1 . 5- kb Sst I cDNA f r agment of t he human ner ve gr owt h f act or

r ecept or ( NGFr ) ( 17) i nt o t he Hi ndI I I si t e of NSV. The LXSN

vect or , cont ai ni ng Neon under t he cont r ol of t he SV40 pr omot er ,

was pr evi ousl y descr i bed ( 18) . Al l pl asmi d vect or s wer e t r ansf ect ed

i nt o t he ~2 echot r opi c packagi ng cel l l i ne ( 19) by st andar d cal ci um

phosphat e co- pr eci pi t at i on ( 20) . 48 h af t er t r ansf ect i on, 02 super -

nat ant s wer e used t o i nf ect t he amphot r opi c PA317 packagi ng l i ne

( 21) f or 12 h i n t he pr esence of 8 FAg/ ml pol ybr ene . I nf ect ed PA317

cel l s wer e sel ect ed i n medi um cont ai ni ng 0. 8 mg/ ml G418 ( Gi bco

l abor at or i es) , and t hen used t o gener at e hel per - f r ee, vi r us- cont ai ni ng

super nat ant s wi t h t i t er s r angi ng f r om 10^ t o 5 x 105 CFU/ ml .

106 C- 26 t ar get cel l s wer e i nf ect ed f or 4- 12 h wi t h undi l ut ed su-

pemat ant s cont ai ni ng 8 l Ag/ ml pol ybr ene, gr own f or 48 h, and t hen

sel ect ed i n 0. 5 mg/ ml G418 . I ndi vi dual cl ones wer e i sol at ed, ex-

panded i nt o cel l l i nes, and i nj ect ed i nt o mi ce or subj ect ed t o f ur -

t her anal ysi s .

DNA and RNAAnal ysi s .

	

Hi gh mol ecul ar wei ght DNAs wer e

obt ai ned f r omcel l s and t umor s by st andar d phenol / chl or of or mex-

t r act i on ( 20) , di gest ed t o compl et i on i n 5- hg al i quot s wi t h appr o-

pr i at e r est r i ct i on enzymes, r un on 0. 8% agar ose gel , t r ansf er r ed

t o nyl on membr anes ( Hybond- N; Amer shamI nt er nat i onal , Amer -

sham, UK) by Sout her n capi l l ar y bl ot t i ng ( 20) , and hybr i di zed t o

10' dpmof DNApr obe ol i go- l abel ed t o a speci f i c act i vi t y of 109

dpm/ , ug, i n t he pr esence of 50%f or mami de and 10%dext r an sul -

phat e. Fi l t er s wer e washed at hi gh st r i ngency ( 0 . 2x SSC, 0. 1%

SDS at 55 ° Cf or 2 h) and exposed t o Kodak X- AR5 f i l ms f or 16-

48 h at - 70° C. Tot al cel l ul ar RNAwas ext r act ed by t he guani di ne-

i sot hi ocyanat e t echni que ( 22) , r un i n 10- ug al i quot s on 1. 0%



agar ose- f or mal dehyde gel , t r ansf er r ed ont o nyl on membr anes by

Nor t her n bl ot ( 23) , and hybr i di zed, washed, and exposed as de-
scr i bed f or Sout her n bl ot s . DNApr obes wer e t he Hi ncl l / BaI I f r ag-
ment of huG- CSF cDNA ( 15) and a Hi ndI I I / Smal f r agment of
pSV2- Neo ( 24) cont ai ni ng t he Neon gene .

G- CSFAssay .

	

G- CSF pr oduct i on i n cul t ur ed cel l s was quant i -

t at ed by a humanGCSF quant i t at i ve ELI SA f r omOncogene Sci ence

( Manhasset , NY) and an EI A t est ki t f r omAmgen Bi ol ogi cal ( Thou-
sand Oaks, CA) . Cel l s wer e cul t ur ed at 106 / ml f or 48 h, cul t ur e

medi a wer e col l ect ed and concent r at ed 2 x by ul t r af i l t r at i on on a

30, 000- mol wt cut of f membr ane, and agai n concent r at ed 5 x on

a 10, 000- mol wt cut of f membr ane ( Cent r i con; Ami con, Gr ace
I t al i ana, I t al y) . Ret enat es f r om t he 10, 000 cut of f wer e t est ed ac-

cor di ng t o manuf act ur er ' s i nst r uct i ons .
Hi st ol ogi c Eval uat i on and I mmunocyt ochemi cal St ai ni ng.

	

Ti ssues

at t he si t e of t umor cel l i nocul at i on wer e f i xed i n Boui n, bl ocked

i n par af f i n, sect i oned at 4 l Ami n t r i pl i cat es, and st ai ned wi t h hema-

t oxyl i n and eosi n . For I mmunocyt ochemi cal st ai ni ng, t i ssues wer e

embedded i n OCT compound ( Ames Di vi si on, Mi l es Labor at o-

r i es, El kar t , I N) , snap f r ozen i n l i qui d ni t r ogen, and st or ed at
- 80° C. Acet one- f i xed 5- l Am cr yost at sect i ons wer e bl ocked wi t h

r at ser um and t hen i mmunost ai ned wi t h opt i mal di l ut i on of t he

f ol l owi ng r at mAbs : Ml / 9 . 3 . 4HL . 2 ( TI B 122) ant i - CD45 ; 53 . 6 . 72

( TI B 105) ant i - CD8; GK1. 5 ( TI B 207) ant i - CD4; M3/ 84. 6 . 34 ( TI B

168) Mac3 ; and M1/ 70. 15 ( TI B 128) Macl wer e al l obt ai ned f r om

t he Amer i can Type Cul t ur e Col l ect i on as hybr i doma cel l l i nes. The

sl i des wer e t hen sequent i al l y i ncubat ed wi t h goat ant i - mouse I gs

( Zymed Labor at or i es I nc. , San Fr anci sco, CA) and r at PAP ant i -
bodi es ( Abbot t Labor at or i es, Nor t h Chi cago, I L) . Each i ncuba-

t i on st ep l ast ed at l east 30 mi n and was f ol l owed by a 10- mmPBS

wash . Sect i ons wer e t hen i ncubat ed wi t h 0. 03%H202 and 0 . 06%

3 . 3' di ami nobenzi di ne ( BDH Chemi cal s, Pool e, Engl and) f or 2- 5

mi n, washed i n t ap wat er , and count er st ai ned i n hemat oxi l i n .

Resul t s

Mur i ne Col on Adenocar r i noma Cel l s I nf ect ed wi t h NSVGCSF

Lack Tumor i geni ci t y I n Vi va NSVG- CSF vi r al super nat ant

pr oduced dur i ng 24 h of semi conf l uent cul t ur e of PA317 pack-

agi ng cel l s was col l ect ed, t i t r at ed, and used t o i nf ect t he C- 26

mur i ne col on adenocar ci noma . Ei ght i ndependent G418-

r esi st ant C- 26 col oni es wer e i sol at ed, gr own, and t est ed f or

t umor i geni ci t y i n vi vo by i nj ect i on i nt o syngenei c mi ce at

a dose ( 3 x 104 cel l s/ mouse) t hat pr oduces t umor s i n 100%

of ani mal s i nj ect ed wi t h cont r ol C- 26 cel l s . None of t he NSV

G- CSF- i nf ect ed col oni es gave t umor s i n syngenei c mi ce ( Tabl e

1) . Two col oni es, named C- 26/ G3 and C- 26/ G4, wer e chosen

f or f ur t her st udi es. These cel l s showed no di f f er ence i n bot h

mor phol ogy and gr owt h char act er i st i cs wi t h r espect t o uni n-

f ect ed C- 26 cel l s ( dat a not shown) . Tumor i geni c act i vi t y of

C- 26/ G3 and G4 cel l s was compar ed wi t h t hat of uni nf ect ed

C- 26 cel l s and unr el at ed r et r ovr us- i nf ect ed C- 26 cel l s, i n-

cl udi ng : ( a) C- 26 cel l s i nf ect ed wi t h t he NSVNGFr r et r ovi r al

vect or , i n whi ch t he human NGF r ecept or cDNA r epl aced

G- CSF i n t he same r et r ovi r al backgr ound ; and ( b) C- 26 cel l s

i nf ect ed wi t h t he LXSN vect or , cont ai ni ng t he NeoR cas-

set t e under t he SV40 pr omot er ( see Mat er i al s and Met hods) .

The r esul t s ( Tabl e 2) i ndi cat e t hat among C- 26 cel l s t hat ac-

qui r ed t he G418 r esi st ance phenot ype by r et r ovi r al i nt egr a-

t i on, onl y t hose t hat or i gi nat ed f r omt he NSVG- CSF i nf ec-

t i on wer e nont umor i geni c .
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Tabl e 1 .

	

I n Vi vo Tumor i geni ci t y of C- 26 and C- 26

NSVG- CSF- i nf ect ed Cel l s

No . of mi ce wi t h t umor / No . of mi ce i nj ect ed wi t h
3 x 104 cel l s of :

NSV- G- CSF- i nf ect ed C- 26 col oni es
Uni nf ect ed

C- 26 1 2 3 4 5 6 7 8

10/ 10

	

0/ 10 0/ 10 0/ 10 0/ 10 0/ 10 0/ 10 0/ 10 0/ 10

I nt egr at i on and Expr essi on of HuG- CSF i n C- 26- i nf ect ed

Cel l s. I nt egr at i on of t he NSVG- CSF r et r ovi r al genomes was

anal yzed by Sout her n bl ot t i ng of DNA f r omcol oni es C- 26/ G3

and G4 . Fi g . 1 A shows t hat a maj or 4 . 5- kb band, cor r e-

spondi ng t o t he expect ed si ze f or an i nt act i nt egr at ed pr ovi r us,

was obser ved i n DNAs di gest ed wi t h Sst I , whi ch cut s once

i n bot h vect or LTRs ( Fi g. 1 B) , and hybr i di zed t o bot h huG-

CSF and Neo pr obes . An addi t i onal hi gh mol ecul ar wei ght

band hybr i di zi ng wi t h G- CSF but not t he Neo pr obe was

obser ved i n t he Sst l di gest f r omcol ony G3 ( Fi g. 1 A) , i ndi -

cat i ng t he pr esence of at l east one r ear r anged pr ovi r al genome.

A band cor r espondi ng t o t he cr osshybr i di zi ng, endogenous

mur i ne G- CSF gene was obser ved i n al l sampl es hybr i di zed

t o t he huG- CSF pr obe . Di gest i on wi t h Hi ndI I I , whi ch does

not cut i n t he pr ovi r us, gave r i se t o mul t i pl e bands i n t he

DNA of bot h col oni es, i ndi cat i ng t he pr esence of di f f er ent

i nt egr at i on si t es per hapl oi d genome . Expr essi on of vect or -

der i ved t r anscr i pt s was anal yzed by Nor t her n bl ot t i ng of t ot al

Tabl e 2.

	

I n Vi vo Tumor i geni ci t y of C- 26 Cel l s I nf ect ed or Not

wi t h NSV- G- CSF and Di f f er ent Ret r ovi r al Vect or s and Sel ect ed

wi t h G418

' No . of t umor cel l s i nj ect ed.

C- 26 i nf ect ed wi t h :

No . of

No .

3 x 10" '

mi ce wi t h t umor /

of mi ce i nj ect ed

10 5 106 107

None 30/ 30 10/ 10 5/ 5 5/ 5

NSV- G- CSF

col ony 3 ( G3) 0/ 30 0/ 20 0/ 20 0/ 10

NSV- G- CSF

col ony 4 ( G4) 0/ 20 0/ 10 0/ 10 0/ 10

NSV- NGFr

col ony 3 5/ 5 ND 5/ 5 ND

NSV- NGFr

col ony 5 5/ 5 ND 5/ 5 ND

NSV 5/ 5 ND 5/ 5 ND

LXSN 5/ 5 ND 5/ 5 ND
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Anal ysi s of NSVG- CSF r et r ovi r al i nt egr at i on i n C- 26 cel l s .

( A) DNA f r om uni nf ect ed C- 26 ( l ane 1) and f r omG418 sel ect ed col oni es

G3 and G4 ( l anes 2 and 3, r espect i vel y) wer e di gest ed t o compl et i on wi t h

Sst I or Hi ndI I I i n or der t o per f or m Sout her n bl ot t i ng. Hybr i di zat i ons

wer e sequent i al l y per f or med wi t h huG- CSF ( l ef t ) and pSV2- Neo ( r i ght )

pr obes ; ( e) i ndi cat es t he endogenous G- CSF sequences . A Xphage Hi ndI I I

di gest was used as si ze mar ker . ( B) Schemat i c map of t he NSVG- CSF

r et r ovi r al vect or ; Sst l ( A) , Hi ndl l l ( H3) , Hi ncl l ( H2) , and Bal l ( B) r e-

st r i ct i on si t es ar e i ndi cat ed . Rest r i ct i on si t es i ndi cat ed wi t hi n par ent heses

wer e abol i shed dur i ng t he NSVG- CSF vect or const r uct i on .

cel l ul ar RNA ( Fi g. 2 A) . As expect ed f or t hi s t ype of vect or

( 16) , abundant unspl i ced and spl i ced 5' - LTRgener at ed t r an-

scr i pt s wer e det ect ed i n RNA f r ombot h col oni es, af t er hy-

br i di zat i on wi t h ei t her G- CSF or Neo pr obes . A f ai nt , 2 . 4-

kb band hybr i di zi ng t o t he G- CSF pr obe was al so det ect ed,

cor r espondi ng t o t he subgenomi c, SV40- pr omot ed G- CSF

t r anscr i pt . Thi s i ndi cat es t hat act i vi t y of t he i nt er nal SV40

pr omot er i s l ow i n mur i ne C- 26 cel l s.

Pr oduct i on of huG- CSF by i nf ect ed C- 26 cel l s was eval u-

at ed by i mmunoassay of t he G- CSF l evel s i n t he cul t ur e

medi um. Condi t i oned medi a f r oma 48- h cul t ur e of 106 cel l s

f r om col oni es C- 26/ G3 and G4 and f r omuni nf ect ed C- 26

cel l s wer e 10 t i mes concent r at ed over a 30, 000- and t hen a

10, 000- mol wt cut of f , and assayed by t wo di f f er ent commer ci al

ki t s. Secr et i on of G- CSF f r om C- 26/ G4 and G3 amount ed

t o 900 and 200 pg/ ml , r espect i vel y, t he l at t er val ue bei ng

at t he edge of t est sensi t i vi t y, whi l e no G- CSF coul d be de-

t ect ed i n t he cul t ur e medi umof uni nf ect ed C- 26 ( Fi g . 2 B) .

Rever si on of t he C- 26/ G3 Nont umor i geni ci t y by Ant i - G- CSF

mAh To t est di r ect l y t he r ol e of huG- CSF on C- 26/ G- 3

t umor suppr essi on, 106 G3 cel l s wer e i nj ect ed wi t h 200 ng

or 2 l ag of ant i - huG- CSF neut r al i zi ng ant i body . Si nce t he

G- CSF pr oduced by 106 G3 cel l s i n 48 h was est i mat ed t o

be 200 pg, mAb was gi ven r epeat edl y ever y 48 h ar ound t he

si t e of t umor i nj ect i on . I n t hi s way, we est i mat ed t hat we

shoul d del i ver t he amount of mAb t hat i s 10 and 100 t i mes

i t s nomi nal i n vi t r o bl ocki ng act i vi t y, r espect i vel y ( see Mat er i al s

and Met hods) . As a cont r ol , we i nj ect ed G3 cel l s t oget her

wi t h an unr el at ed mAb and t he uni nf ect ed C- 26 cel l s wi t h

ant i - huG- CSF mAb . The r esul t s of t hi s exper i ment ar e

r epor t ed i n Fi g . 3 and i ndi cat e t hat G3 cel l s wer e abl e t o f or m

t umor s ( si ze r angi ng f r om 6 t o 10 mm3 ) af t er t r eat ment

wi t h ant i - huG- CSF, but not wi t h an ant i - huNGFr mAb used

as unr el at ed cont r ol . However , t he ant i body ef f ect was t i me

r est r i ct ed and not l i mi t ed t o t he t r eat ment per i od si nce t umor

r egr essi on began bef or e t he i nt er r upt i on of mAb i nj ect i ons .

Thi s shoul d be expl ai ned ei t her by a di l ut i on of mAb per

Fi gur e 2 .

	

Expr essi on and pr oduct i on of huG- CSF i n NSVG- CSF- i nf ect ed cel l s . ( A) Nor t her n bl ot anal ysi s of t ot al cel l ul ar RNA ( 10 Rg) f r om

C- 26 and C- 26 NSVG- SCF- i nf ect ed col oni es 3 and 4 ( G3 and G4) and schemat i c r epr esent at i on of t r anscr i pt s f r omt he LTRand t he SV40 pr omot er s,

as det ect ed by t he huG- CSF pr obe. SD and SA i ndi cat e spl i ce donor and spl i ce accept or si t es, r espect i vel y . ( B) ELI SA det er mi nat i on, by t he assay ki t

f r om Oncogene Sci ence, of huG- CSF pr oduced by col oni es 3 and 4 . ( 0) The aver age absor bance val ues, f or bot h C- 26/ G3 and G4 cel l s, t hat i nt er sect

t he st andar d cur ve pr epar ed by pl ot t i ng t he aver age absor bance vs . t he concent r at i on of t he G- CSF st andar d sol ut i ons .
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106 cel l s/ mouse .

DAYS

cel l dur i ng t umor f or mat i on, or by an i nef f i ci ent del i ver y of

t he mAb .

Gr owt h of C- 26/ G3 and G4 Cel l s i n I mmunol ogi cal l y I m-

pai r edMi ce. Al t hough G- CSF shows a r est r i ct ed act i vi t y on

neut r ophi l i c gr anul ocyt es i n vi vo, we deemed i t i nt er est i ng

t o know whet her t umor suppr essi on act i vi t y r equi r ed t he

cooper at i on of ot her ef f ect or cel l s. To t hi s ai m, C- 26/ G3 and

G4 cel l s wer e i nj ect ed i nt o : ( a) at hymi c ( nui nu) mi ce; ( b) mi ce

depl et ed of NK cel l s by t r eat ment wi t h ant i - asi al o GM, an-

t i ser um; and ( c) subl et hal l y i r r adi at ed ( 600 r ad) mi ce. The

r esul t s showed t hat C- 26/ G3 and G4 cel l s wer e unabl e t o

devel op t umor s i n nu/ nu and NK- depl et ed mi ce ( Tabl e 3) ,

Tabl e 3 .

	

Tumor i genci t y of C- 26 and NSV- G- CSF- i nf ect ed C- 26
Cel l s I nj ect ed i nt o I mmunol ogi cal l y I mpai r ed Mi ce

No . of mi ce wi t h t umor / No . of mi ce i nj ect ed

893
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0- O

ant i - hu- G- CSF ( 2 ug)

O

8 10 12 14 16

+ ant i - hu- G- CSF ( 2 vg)

i ndi cat i ng t hat T and NK cel l s ar e not r equi r ed f or t umor

suppr essi on of G- CSF- pr oduci ng cel l s. Conver sel y, t r ansi ent

t umor gr owt h was consi st ent l y obser ved i n i r r adi at ed mi ce:

t umor s gr ew t o t he si ze of N1 cm3 f ol l owed by r egr essi on

i n 8 out of 10 mi ce i nj ect ed wi t h C- 26/ G3 and 9 out of 10

mi ce i nj ect ed wi t h C- 26/ G4 cel l s . Regr essi ons wer e t o com-
pl et i on, wi t h r eabsor pt i on of t umor s and r esol ut i on of even
ski n ul cer at i ons when pr esent . Fol l ow- up of t r eat ed mi ce i n-

100 .

80-

60-

U 40
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Rever si on of t he C- 26/ G3
nont ut nor i geni ci t y by ant i - huGCSF
mAb. A mur i ne ant i - huG- CSF ( A, B,
and D) or ant i - huG- NGFr ( C) mAb

wer e mi xed t o 106 G3 cel l s ( A- C) or
C- 26 cel l s ( D) bef or e i nj ect i on; mi ce

wer e t hen i nj ect ed per i t umor al l y, at days
2, 4, 6, and 9 wi t h t he gi ven mAb.

12 16 20 24 28 32

DAYS

Fi gur e 4.

	

Ami xed t umor t r anspl ant at i on assay: t umor out gr owt h af t er
i nj ect i on of t he C- 26/ G4 and C- 26 cel l mi xt ur e . C- 26/ G4 cel l s ( 106) wer e
i nj ect ed al one ( A) or mi xed at a 1: 1 (zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" ) or 10: 1 ( O) r at i o wi t h C- 26
cel l s. ( A) The C- 26 cel l s i nj ect ed al one.

0 0- O

G3 + ant i - hu- G- CSF ( 200 ng)

0 Q- - - O- - O

G3 +

8 10 12 14 16

4 C D

z
3

7
F-
2 2
F-

3
W 1U

0 0 0 f - - ~
Z I G3 + ant i - hu- NGFr ( 2 gg) C- 26

. . .8 1 ,0 1 , 2 1

-
4

-
1 6

Cel l s

i nj ect ed" BALB/ c

BALB/ c

Day 30

( 600 r ad)

Day 60

BALB/ c

a- asi al o

GM1 nu/ nu

C- 26 5/ 5 5/ 5 5/ 5 5/ 5 5/ 5

C- 26/ G3 0/ 10 10/ 10 2/ 10 0/ 10 0/ 10

C- 26/ G4 0/ 10 10/ 10 1/ 10 0/ 10 0/ 10
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Hi st ol ogi cal and I mmunocyt ochemi cal anal ysi s of t he si t e of t umor i nj ect i on . Hi st opat hol ogy and i mmunoper oxi dase st ai ni ng of t umor

sect i ons f r om mi ce t r anspl ant ed wi t h uni nf ect ed C- 26 ( A) , a mi xt ur e 1: 1 ( B) and 10 : 1 ( C) of C- 26/ G4, or 1 : 1 ( D- F) of C- 26/ G3 and uni nf ect ed C- 26

cel l s . I nt r at umor al r eact i ve cel l s showed mai nl y t he mor phol ogi cal l y or neut r ophi l s, and t hei r amount appear s t o be r el at ed t o t he number of i nf ect ed

cel l s pr esent i n t he mi xt ur e ( B vs . C) ( A- D/ hemat oxi l i n- eosi n ; x400) . The neut r ophi l i c or i gi n of t he r eact i ve cel l s i s suppor t ed by i mmunoper oxi dase

st ai ni ng showi ng posi t i vi t y f or Mad ( M1/ 70 . 15) ( E) and negat i vi t y f or Mac3 ( M3/ 84. 6. 34) ( F) ( PAP met hod; x400) .

cl uded a weekl y det er mi nat i on of whi t e bl ood cel l count s

and f or mul as, whi ch i ndi cat ed t hat nor mal i zat i on of l euko-

cyt es count s af t er t he i ni t i al , r adi at i on- i nduced r educt i on was

necessar y bef or e any t umor r egr essi on became cl i ni cal l y ap-

pr eci abl e. These dat a i ndi cat e t hat gr owt h of GCSF- pr oduci ng

t umor s i s no l onger suppr essed i n t he absence of gr anul o-

cyt es, and t hat mi ce sel f - r econst i t ut ed af t er subl et hal i r r adi a-

t i on ar e st i l l abl e t o dest r oy pr evi ousl y f or med t umor s .

G- CSF- secr et i ng C- 26 Cel l s Do Not Suppr ess Tumor i geni ci t y

of Uni nf ect ed C- 26 Cel l s i n a Mi xed Tumor Tr anspl ant at i on

Assay. Addi t i onal i nsi ght i nt o t he mechani sms by whi ch

G- CSF pr oduct i on causes i nhi bi t i on of t umor gr owt h i n vi vo

came f r ommi xed t umor t r anspl ant at i on exper i ment s i n whi ch

1 : 1 and 10 : 1 mi xt ur es of C- 26/ G4 and uni nf ect ed C- 26 cel l s

wer e i nj ect ed i n syngenei c mi ce. Tumor s ar ose i n 100%of

t he ani mal s, al t hough a l onger l at ency was scor ed wi t h t he

10 : 1 r at i o mi xt ur e ( Fi g . 4) . Af t er t he i nj ect i on of t he 1 : 1 mi x-

t ur e of C- 26/ G3 and C- 26 cel l s, t umor s devel oped i n al l t he

t r eat ed ani mal s as wel l as t he G4 pl us C- 26 mi xt ur e ( dat a

not shown) . Sout her n bl ot anal ysi s of DNA ext r act ed f r om

t hese t umor s f ai l ed t o det ect t he pr esence of NSVG- CSF se-

quences ( dat a not shown) , suggest i ng t hat t hey or i gi nat ed

f r omuni nf ect ed C- 26 cel l s. These r esul t s i ndi cat e t hat i nhi -

bi t i on of t umor cel l gr owt h by G- CSF i s onl y occur r i ng i n

cel l s act ual l y secr et i ng t he hemopoi et i n . Thi s concl usi on was

cor r obor at ed by exper i ment s showi ng t hat r ecombi nant huG-

CSF i nj ect ed t oget her wi t h C- 26 cel l s, and subsequent l y gi ven
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ar ound t he i nj ect i on si t e t wi ce a day f or 20 d at a dose of

400 t t g/ day, was unabl e t o i nhi bi t C- 26 t umor f or mat i on ( dat a

not shown) .

Hi st ol ogi cal and I mmunocyt ochemi cal Anal ysi s of t he Si t e of

Tumor I nj ect i on. To el uci dat e whi ch host cel l s wer e act i vat ed

and el i ci t ed by G- CSF- pr oduci ng cel l s i n vi vo, mor phol og-

i cal and I mmunocyt ochemi cal anal ysi s of t he r eact i ve popu-

l at i ons pr esent at t he t umor si t e was per f or med 5 and 10 d

af t er i nj ect i on of C- 26, C- 26/ G3, C- 26/ G4, and of t hei r 1: 1

or 1 : 10 mi xt ur es . C- 26 t umor showed a sol i d gr owt h, wi t h

cent r al necr ot i c ar eas . I nt r at umor al r eact i ve cel l s wer e absent ,

and onl y a f ew gr anul ocyt es and macr ophages wer e obser ved

i n t he f at t i ssue ar ound t he t umor ( Fi g . 5 A) . I n mi ce i n-

j ect ed wi t h G3 and G4 cel l s, t i ssues sur r oundi ng t he si t e of

i nj ect i on di d not showany hi st ol ogi cal al t er at i ons . Compar ed

wi t h C- 26, t umor s ar i si ng af t er mi xt ur e i nocul at i ons wer e

of smal l er si ze and devoi d of necr ot i c f oci . Fur t her mor e, t hey

wer e char act er i zed by a pr omi nent i nt r at umor al r eact i ve

i nf i l t r at e, t he amount of whi ch was r el at ed t o t he number

of G- CSF- pr oduci ng cel l s pr esent i n t he mi xed popul at i on

( Fi g. 5, B and C) . The r eact i ve cel l s wer e posi t i ve t o Macl

st ai ni ng and negat i ve f or bot h Mac3 ( Fi g . 5, E and F) and

a mi xt ur e of ant i - CD4 and ant i - CD8 mAb ( dat a not shown) .

Macl st ai ns gr anul ocyt es and macr ophages whi l e Mac3 onl y

st ai ns macr ophages . The r est r i ct ed posi t i vi t y f or Macl and

mor phol ogi cal f eat ur es i dent i f i ed t he r eact i ve cel l s as PMN

neut r of i l i c gr anul ocyt es . Pr esence of eosi nophi l s was r ul ed



out by t he absence of spont aneous per oxydase i n cont r ol and

Mac3- or CD4/ CD8- st ai ned sl i des .

Di scussi on

The st udy of t he ef f ect of l ymphoki nes di r ect l y r el eased

at t he si t e of t umor host i nt er act i on has been made possi bl e

by t r ansf ect i on pr ocedur es t hat al l ow i nt er l euki n genes t o be

expr essed i n t umor cel l s i nj ect ed i nt o mi ce ( 11- 13) . I n t hi s

st udy, we have used a r et r ovi r al medi at ed gene t r ansf er t o

t r ansduce t he human G- CSF gene i nt o t he mur i ne col on ad-

enocar ci noma C- 26 t o st udy how G- CSF- pr oduci ng C- 26

cel l s behave i n vi vo . Our r esul t s show t hat onl y C- 26 cel l s

t hat t r ansduced t he human- GCSF gene l acked t umor i geni ci t y

( even at t he dose of 10' cel l s/ mouse) , wher eas uni nf ect ed

C- 26 cel l s and cel l s i nf ect ed by t he same r et r ovi r al vect or ,

ei t her empt y or car r yi ng a cont r ol gene, caused t umor s when

i nj ect ed at t he dose of 3 x 104 cel l s/ mouse. The ef f ect of

huG- CSF i n t hi s t umor was r emar kabl e consi der i ng i t s l ow

l evel of expr essi on . Thi s i s a nor mal dr awback of t he NSV

der i ved vect or s, whi ch al t hough t hey gener at e hi gh- t i t er

vi r uses, of t en r esul t i n l ow expr essi on of t he i nt er nal , SV40-

pr omot ed gene ( 25) . Thi s boost s t he evi dence t hat G- CSF

can exer t an ant i t umor al ef f ect at a concent r at i on possi bl y

cl ose t o t he physi ol ogi cal one, and suggest s t hat a l ocal ,

mi cr oenvi r onment al r el ease of GCSF may be mor e act i ve t han

a l ar ge and syst emi c avai l abi l i t y . I ndeed, t he t umor suppr es-

si on act i vi t y of G- CSF was l i mi t ed t o t he G- CSF- pr oduci ng

cel l s and not t r ansf er r ed t o t he nonpr oduci ng C- 26 cel l s i n

a mi xed t umor t r anspl ant at i on assay ( Fi g . 4) . We hypot he-

si ze t hat a gr adi ent of G- CSF concent r at i on ar ound G- CSF-

pr oduci ng C- 26/ G3 and G4 cel l s i s i nst r ument al i n t ar get i ng

ef f ect or cel l s, t hus causi ng t he dest r uct i on of G3 and G4 cel l s

over t hat of C- 26 cel l s. C- 26 out gr owt h was onl y del ayed

when G4 wer e 10 t i mes mor e r epr esent ed t han C- 26 cel l s

i n t he i nj ect ed mi xt ur e . I t has been descr i bed t hat cel l sur f ace

cont act or cel l - cel l i nt er act i ons ar e essent i al t o t r i gger t he r e-

spi r at or y bur st of PMNact i vat ed by sol ubl e st i mul i ( 26) . Li ke-

wi se, an i nt i mat e cont act bet ween ef f ect or and G- CSF- pr o-

duci ng cel l s i s st r i ct l y necessar y, si nce we have f ound t hat

G3 or G4 cel l s segr egat ed by mi l l i por e f i l t er s i nt o a di f f usi on

chamber pl aced subcut aneousl y i n si ngenei c mi ce wer e not

dest r oyed ( dat a not shown) . The i mpl i cat i on of G- CSF as

t he medi at or of t umor i nhi bi t i on was st r engt hened by ex-

per i ment s showi ng t hat a mouse ant i - huG- CSF mAb was

abl e t o r ever se t he nont umor i geni c phenot ype of i nf ect ed

C- 26/ G3 cel l s ( Fi g. 3) ; such r ever si on was, however , t i me

r est r i ct ed, suggest i ng t hat t he mAb needs t o be pr esent i n

t he mi cr oenvi r onment sur r oundi ng t he GCSF- pr oduci ng cel l s
i n or der t o exer t an ef f i ci ent bl ocki ng act i vi t y .

Al t hough t he G- CSF have a r est r i ct ed act i vi t y on neu-

r ophi l i c gr anul ocyt es, we i nvest i gat ed whet her t umor sup-

pr essi on act i vi t y r equi r ed t he cooper at i on of ot her host cel l s

by i nj ect i ng C- 26/ G3 and G4 cel l s i nt o mi ce i mmunol ogi -

cal l y def i ci ent f or ei t her t he T or t he NK l i neage. The

G- CSF- pr oduci ng cel l s di d not devel op i nt o t umor s when

i nj ect ed i nt o nu/ nu mi ce, but t hey di d when gi ven t o i r r adi -
at ed ( 600 r ad) BALB/ c mi ce, i ndi cat i ng an i mmunol ogi cal
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nonTmedi at ed mechani sm of t umor dest r uct i on . I mpl i ca-

t i on of NKcel l s was r ul ed out by t r eat i ng mi ce wi t h ant i - asi al o

GM, ant i bodi es, by t he known NK r adi or esi st ance and by

t he poor l ysabi l i t y of t hi s t umor by NK cel l s . Si nce G- CSF

has a r est r i ct ed act i vi t y on neut r ophi l i c gr anul ocyt es, we as-

sumed t hat t hi s popul at i on was t he most i nvol ved at t he si t e

of t umor gr owt h . Eosi nophi l i c gr anul ocyt es, macr ophages,

and T l ymphocyt es wer e pr evi ousl y r epor t ed t o be st i mu-

l at ed by 11. 74 or per i t umor al i nj ect i on of I L- 2 ( 11, 27) . To docu-

ment whi ch cel l s wer e el i ci t ed and act i vat ed at t he si t e of

t umor i nj ect i on, al l t i ssues sur r oundi ng t he poi nt of i nj ec-

t i on of t he G3 or G4 pl us C- 26 mi xt ur es wer e hi st ol ogi cal l y

exami ned . The r esul t s i ndi cat ed t hat neut r ophi l i c gr anul o-

cyt es wer e t he onl y cel l s i nf i l t r at i ng t he mi xt ur e and t hat

t he ext ent of PMN i nf i l t r at i on cor r el at ed wi t h t he number

of G- CSF- pr oduci ng cel l s i nj ect ed .

The f i ndi ng of ant i t umor al ef f ect of neut r ophi l i c gr anul o-

cyt es st i mul at ed by t umor - r el eased G- CSF i s i nt r i gui ng i n

t he l i ght of t he known abi l i t y of some t umor s t o i nduce neu-

t r ophi l i a and t o secr et e CSF. I n t he case of mur i ne mammar y

car ci noma CE, neut r ophi l i a was due t o t he t umor - der i ved

G- CSF and, i n vi t r o, gr anul ocyt e st i mul at i on was enhanced

by t he syner gi st i c act i on of G- CSF and pur i f i ed M- CSF ( 28)

but no ant i t umor al act i vi t y was f ound . Thi s can suggest t hat ,

i n our syst em, some ot her f act or ( s) r el eased by C- 26 may

cooper at e wi t h t he G- CSF i n suppr essi ng t umor gr owt h i n

vi vo. I nt er est i ngl y, C- 26 i nduces cachexi a and neut r ophi l i a,
as f ound by f ol l owi ng t he bl ood f or mul a dur i ng t he t i me

of t umor gr owt h, t he onset of neut r ophi l i a bei ng associ at ed

wi t h at l east 1 cm3 of t umor si ze . However , we coul d not

det ect endogenous GCSF expr essi on i n C- 26 cel l s by Nor t her n

bl ot usi ng t he cr ossr eact i ve human pr obe . Mi ce i nj ect ed wi t h

G3 cel l s never devel oped t umor and never devi at ed f r omt he
nor mal bl ood f or mul a. Al t oget her t hese obser vat i ons woul d

suppor t t he r equi r ement of addi t i onal f act or s concur r i ng wi t h
G- CSF t o exer t t he obser ved pot ent ant i t umor al ef f ect . Fur -

t her mor e, i t seems l i kel y t hat di f f er ent t umor s behave di f f er -
ent l y when at t acked by neut r ophi l i c gr anul ocyt es . I n t hi s r e-

spect , i n vi t r o st udi es r eveal ed t hat dependi ng on t he t ar get
cel l t ype and t he condi t i on under whi ch t he i nt er act i on occur s,

t he PMNs may di sr upt a monol ayer ar chi t ect ur e wi t h or

wi t hout cel l ki l l i ng ( 29) . I nsensi t i vi t y t o PMN- medi at i ng

ki l l i ng may expl ai n why, even i n t he pr esence of l ar ge number s

of PMN, t he t umor gr ows pr ogr essi vel y . I n addi t i on, di f f er ent

t umor cel l s di spl ay a di f f er ent suscept i bi l i t y t o t he same

cyt oki ne, as exempl i f i ed by t he f act t hat f or ced expr essi on
of 11, 2 gene i nt o C- 26 col on adenocar ci noma can st i mul at e

host T cel l r esponse ( 12) , wher eas 11, 2 t r ansduct i on by
r et r ovi r al vect or i nt o t he CTLI 72 l ymphoma i s associ at ed wi t h

t he f at al out come of t he i nj ect ed mi ce ( 30) . Recombi nant
huG- CSF was al r eady descr i bed as bei ng abl e t o st i mul at e

bot h di f f er ent i at i on and sel f - r enewal pr ocesses of mur i ne l eu-

kemi c st em cel l s i n vi t r o, but al so of suppr essi ng l eukemi a

devel opment i n vi vo, pr obabl y t hr ough t he cyt ot oxi c act i on

of PMN ( 31) . However , t he mechani sms by whi ch G- CSF
pr i mes neut r ophi l s f or enhanced oxi dat i ve met abol i sm ( 32) ,

ant i body- dependent cel l - medi at ed cyt ot oxi ci t y ( 33) , and ar a-
chi doni c aci d r el ease ( 34) r emai n t o be el uci dat ed .
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