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ABSTRACT 

Ph'. 0 ~ Alan H. LaZarus Microbiol~y 

& Immull,ology 

INVOLVEMENT OF TRAN~ERRIN 

NATURAL KILLER\ELL 

RECEPTORS IN HUMAN 

SPECIFICIT'i 

Natura l Kiii er (NK) ce Il s are able to releogn i ze ann 

lyse tumor cells without prior immurLization or 

senS1 tization. The lni tial events leaciing to target cell 
, ~ 

lysis by NK cells involves a poorly cief1neci recogtrlition 
1 

ano billoing phase. It has been hypothes 1 zeo howeve~ that 

human NK cella may rec<tgniz~ tranS'ferrin receptor·s as 

target structures on tumor cells. 

To cietermine the .possible lnvol vement of trallsferrln 

receptors In,human NK ce'll specificity, à correlation 

stuciy between transferrin receptor expresSlon aun 

competitive actlvity for NK cell meci1aten lysis was 
l 

unoertaken. We, have oetermlneo that the level of 

transferrin receptors expressed by dlffe,rent populations 

of K562 cells correlateo weIl wlth thelr level of 

competitive activ1ty for NK cell meriiated lysis. 

To investigate .... lf these transferrin receptors couIn 

be recogn1zeo anci bouno by NK cells, a SOl10 phase 

receptor blnolng assay was oe ve lopeC1. As a model system, 

i t wa scie m 0 Cl s t rat e ci t ha t nIt roc e l l u los e l m m o~ i l 1 Z e 0 

transferrlU reta1nen its specIfie functlonal receptor 

binolng. capaeity. Th 1S technique was quant l tat l ve auo 
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proven t 0 b e su f f i c.i en t 1 Y se il s i t i ye 

. . 

.. . 
, , 

'\. .', 

t 0' s pee i fic aIl Y 

Aetect natlogram quantities of t~ansferrir~ récepto~ 

prote i fl. 

system. 

Bir~rtir'Çg. \Jas assessert. using an ELISA b~s~rt 
~ , 

1 

Il 

Human PBL' were fractionated by <1iscontinous,Percoll et 
\ 

den.sity centrifugat>ion, boùnrl 'to nitrocel'l'Uios~ anrt 
,~ 

"evaluatec1, for transferrin reÇ-eptor blntiing cap~ci·ty. A 

sample aliquotL of cells from each Percol'l fpaction was 

-retainerl to assess ~K celi actlvity. 
tia. '" 

Lt was observed 'that 

there was, no positive reI'ùtionship betwa.en NK cell 

a c t i v l t Y a r). <1 ....... 
, 

transferrln. receptor 

these percoll fractionated cells. , 

. 
binding capacity in 

!-
These flnc11ngs inc1icate that while transferrin 

",. 

-receptors may be involved in human NK cell specificity, 

they'do Clot support a role for transferrin receptors in a 
'" 

h igh af fini ty rnechanism between NK ce Ils anrl turnor target 

cells. 
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RESUME 

Ph.D Alan H. Lazarus M icrobiolo'g 1e ; 

, 
.. 

LE ROLE DU 'RECEPTEUR DE LA TRANSFERRINE POUR LA SPECIFICTE' 

DES CELLULES "NATURAL KILLER" 

Les ce Il u les "Natura l lÜ-11er" (NK) sont capab led de 

tuer certaines cellule, 
.,. 

cancereuses en f 'absence (jt 

... ~ ~ \ ~ , 
• 1 a n tic 0 r p set e n l' a b sen c e ct' i mm uni ,Il 'a t ion pré a 1 a b 1 ~ • La 

oestruction cl.:- la cellule cible 1;>ar lés cellules NK 
. 

implique ur'lè phase lnltiale oe reconnaissance et d' 

i n ter a c t 1 0 n s' s p e c i f i que s' cl 0 n t le mecanlsme d'action . . 
~ 

oemeure en igma tique. Une hypothése actual s~ggère que la 

structure reconnue par le -cellule NK serait le récepteur 
,\ 

i " ., , .. 
cie a transferr i ne qu i se trou ve presenta l a sur face cies 

ce llules cancéreuses. 

/Dan"g---Ù4 premier temps, j'air entrepris 0 'exami~la 
re 1 ation qui ex i ste entre l 'expre ss ion rlu re-cepteur cie la 

transférrine et l'activité cytotoxique cies cellules NK .. 

Cette éturle, utilisant ciiverses populations de la cellule 
,.,. 

cible K562, ,. " a demontree que l'activité NK 

préférentiellement rlirigé vers les celll,lles canc'éreuses 

ayant le plus grand nombre ou 
", 

recepteur cie la 

transferrine. 

Pour faire suite a cette 
, , 
etuc1e, j'ai analyse 

ci'une facon pl us rtirecte l' interact ion rlu récepteur cia la 

transférrine avec les cellules NK humaines. Pour 'accompli 

v 
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" ceci, une techl')iqu~ en phase 80lici permettant (je cieteçter, 
, . '\. . 

, 1 • i nte rac t ion nu ré..çepteu r cie 
.' r' la tranferrine avec la 

~~ ,. ./ .",. ", 

t r ans fer r i ne a ete ci e v e 1 0 P p.e. Cet t e met h 0 ci e ,ou 1.-a 

t ra n 5 f é r r·i ne set r 0 uv e f i x é e sur une me mb r a ne' ci e 

,nitrocellulose, permet (je quantlfler jusqu'au nanogramme 

le récepteur cie la transférrlne. 
. \ 

Cepen(jant lorsque les 
L 

cellules NK sont utilis~es comme source ciu ligann, aucune 

interaction avec le " recepteur na la f " . trans errlne est 

observée. 

Ces resultats lnciiquent'~u'il est peux pr.obables que 

le récepteur cie la trans~érrine soit implique nans un~ 

inte~action ~ haute affinitée entre la cellule;NK et la 

cellule canc~reuse cible. Il n'est cwennant pas exclus 

J que le récepteur ne la. transférrine joue un rôle cians la 

selection cies cellules qui sont sensible à l'action cies 

cellules NK. 
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1. LITERATURE REVIEW 

, 
Natural Kliler (NK) cells were first (hscoverecl about 
Il 

15 years aga when 1t was 'Jbservert-that lymphocytes from 

U fi P r 1 me ri Cl 0 r malIn ri1 v 1(1 u aIs h a li 1 Y tIC a c t 1 vIt Y a 9 a Ul s t 

sorne tumor cells [rev1eweri III Herberman anci Holcien, 1978]. 

Since their ul1tlal rilscovery, NK cells have been shown to 
• 

eXlst ln a varlet y of species 1ncluci1ng m1ce, rats, plgS 

a n cl hum ans. The y are fou n ri Irl the p e r 1 p h e r a 1 b l 00 ci , 

spleen, llver, lymph nocies, lungs, 
/ 

lI'-ltes t 1 ne, thymus anri 

Ul almost all SItes of lnflammatlon. They are able to 

1 r 
lyse a varlet y of transformeci as weil as non-transformeri 

cells wlthout prlor lmmunization or, sensltizatlon. Thus, 

these cells represent a population ciiStU1Ct from B celols, 

T/cells, anci myeloiri type cells. 

1. NK cell function 

1.1 Control of tumor growth. NK cells have bee~ 
. 

implicatecl as a prlmary Ilfle of ciefeLce against neoplastlc 

ciiseas .. '. This 1S baseci on several Ilnes of eVlcience as 

briefly outlinecl below. FirJt, NK cells have been shown to 

be able toi lyse tumor cellis in~vltro. Seconçl, other 

s t \l'cl i e s h a v e cl e mon s t rat e cl t h a t n u ci e m 1 ce, which are 

~ cieficient in T cell ciepencient responses but cilsplay normal 

levels of NK activity, cievelopeci 3-methylcholanthrene 
t. 
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Inouceo tumors wlth a very low lllcloellce (Stutman, 1974). 

ThlS lmplles that NK'cells were the major effector 

mechanism lflhlbltlng the tumor yrowth. Nuoe mlce have 

also been shown to lnhlblt the ~n VIVO yrowth ofO'rother 

types of tumors, Inclufllng the 816 melalloma ce Il lille 

(Glovanella et al, 1974). A thlrrl source of eVlrlence 

çomes from stucÎles lnvolvlng mlce wlth the belge mutdtloll. 

" 
These mlce are selectlvely rleflclent 111 NK cell actlvlty, 

whlle their T cell, 8 cell anO myelolCi fUIlCtlOIlS are 

normal (Rocier anci Duwe, 1979). Tumor cells 1I1Jecterl lllto 

these mice oisplay an Increaserl yrowth rate, 
'\ 

faster 

inouction time anrl lncreaserl metastatlc sprearl when 

compared to those lnJected luto control mlce (Talmarlge et 

al, 1980; Karre et al, 1~80). Fourth, humans sufferlny 

from a genetlc dlsease known as Cherllak Hlyashl synrlrome, 

have rtepressed NK functlon (Rorler et al ,1980; Katz et al, 

1982). 'T h e sel n rll v 1 d u aIs aIs 0 h a ve an l,. n cre a sel fi 

malignanciE's assoclaterl wlth thlS cilsease (Dent et a;l, 

1966). Flfth, NK cells have been shown to lnhlblt tumor 

metastases (Warner anci Dennert, 1982; Hersey et al, 1982). 

Sixth, IL-2, \tlhlCh augments NK celi actlvlty (Grimm et al, 

1982; Lotzova et al, 1987), has recentIy been showll ta 

'produce a partial remlSSlon of Ilver anrl lung metastases 

(Laferniere et al, 1985; Mazunrler et al, 1984) anci 

intraperltonial &ancer (Ottow et al, 1987) aswellas 

sorne late cancer ln humanS (West et al, 1987; Rosenberg et 

al, 1987). The preceecilng eVlrlence suggests that NK cells 

are important as a prlmary Ilne of rlefence against 
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neoplastJc growth. 

J 
'f 

hl Control of v iral infection. NK èells have alse 

been implicated as effectors against viral infection 

. (revie'wed in Welsh, 1986]. These cells have been shown to 
\ 

bind and lyse sorne virally infected cells, but not their 

unil'lfected counterparts. Th i s phenomenon i s no t 

restricted to infection by only one typeoof virus. The 

list of viruses which c~use cells to become susceptible te 

NK ce11 mediated lysis -includes murine cytomegalovirus 

( C M V ) ( Lee and K e Ile r, 1 9j 2), hum a n C M V ( 0 i a mo n d e t al, 

1977), mumps virus (Harfast et al, 1975), sendai virus 

(Weston et al, 1981), vesicular stomatitis virus (Moller 

et al, 1985), and herpes simplex virus. (Munoz et al, 

l 9 8 3 ; Chi n 9 a n cl Lo p e z l 9 7 9 ; Fit z 9 e raI d e t al, 19 8 2 ; 

Fitzgerald et al, 1983). In ti'le CMV ,3ystem, additional 

evidence to support the contribution of NK èel1s in anti-

viral defence includes the following: 1) Beige (NK 
, 

deficient) mice are very susceptible to CMV infection 

(Shel1am et al, 1981); 2) in vivo depletion of NK'cells 

with antibodies to the glycolip,id antigen aGM-l (found on 

v,irtually aIl murine NK cells) renders mice more 
\.. 

susceptible (500 fold higher virus titer) to CMV i'nfectio~ 

(Bukowski et al, 1983); 3) It has been shown through 

experiments involving the adoptive transfer of nonimmune 

adulf lymphocytes" into susceptible .five day old 1tlice that 
, 

"the cell population which conferred protection w.as 

,composed "phenotypically" of NK cells (Bukowski et al,~ 

3 
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1985). In addition, interferon (IFN) which has 

demonstrated antiviral activity (Issacs and Lindenma, 
"' 

1957) and i3 produced early during viral infection, is a 
~ . 

potent inducer of NK cell activity (Targan and Stebbing, 

~982) (Schmidt et al, 1987; Ochoa et al, 19B7; Testi et al, ~ 

1986; Marini' et al ,1986). Thus IFN, acti vation of NK cell s 

may be an important secondary antiviral action of this 

prote in. 

1.3 Regulation of differentation and immune function. 

NK cells are also thought to be capable of regulating 

i mm une fun c t ion. 
'lI-., 

They have been shown to be lytically . 
acti ve against hematopoietic stem ce11s (Hansson et al, 

1982; Holmberg et al, 1984) thymie and fetal thymie cells 

(Nunn et al, 1977; Hansson et al, 1981) and bone marrow 

cells (Hansson et al, 1981). They can also suppress the 

generation of cytotoxic T lymphocytes (CTL) (Gi 1bertson et 

al, 1986), possibly by their action on accessory celis .. 
(Abruzzo and Rowely, 1983; Shah et al, 1985). It has also 

been postu1ated that NK cells may be the effector cells in 

the hybrid resistance to bone marrow grafts (Okumura et 

al, 1982; Lotzova et al, 1982; Kumar et al, 1979). Recent 

evidence also indicates that they are one of the' 

pathogenic effector cells in graft verseost disease 

(GVHO) (McGuinness' and Baines, 1988). In addition, they 

are' ~enotypica1ly very closely related to natural 

suppressor (NS) celis which as the name, implies are 

capab le of suppres~ing in vitro immune responses in an MHC 

and antigen independant manner {reviewed in Strober, 
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1984J. These NS cells cio not however possess any lytic 

pote n t i a l (e ven though they posse 55 g..,ranu les and the 

general morphology of NK cells or LGL's) and therefore 

their r;elationship to NK cells or to an NK Ilneage is 

unleJlown. 

NK cells have also been shown to mecllate other 

funct ions not assoc 1ateci w1th lysis. They are capable of 

producing various lymphok1nes (Kasahara et al, 1983) and 

Alre able to hydrolyse serum amylolci A proteul (Zucker

Frank Iln, 1984). Thus NK ce Ils may regu late the immune 

system ln a vanety of ciifferent ways. 

1.4 Cpntrol of microbia1 growth. There is a limited 

amount of informatIon concerning the role of NK cells in 

the control microb1al ciisease. The growth of the yeast-
, 

like organism Cry~tococcus Neoformans has been shown to be 

inhibited in vitro by NK cells (Hiciore anci Murphy, 1986). 

There 15 also sorne evidence that in vivo clearance of C. 

Neoformans and ParacoccHiioicies Braslliensis can be 

mediateci by NK cells (Hic1ore and Murphy, 1986; Jimenez and 

Murphy, 1984). A ,recent report using the organism Canc1 i da 

. ~.!bicans showed that this organism COUld, block lysis of 

~62 cells but that NK cells could not directly lyse thlS 

organism despite exhaustive attempts by the authors 

(Zunino and Hud1g, 1986). Thus the Importance of NK cells 

in the control of yeast infections requires further 

investigation. While there are sorne indIcations thât NK 

cells may exhibit a negative effect on bacterial growth, 
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the evicience suggesting this is inrlirect (Skamene et al, 

19821 Cheers anrl Macgeorge, 1982) • 

2 •. MechanislD of ki Il ing , 

The mechanism through WhlCh an NK cell kills a target 
1 

cell is complex anrt ulvolves several weIl rtefinért stages 

[reviewerl in Herberman et al, 1986; Henkart, 1985, 

Trinchieri and Per'Ussia, 1984: Roder and Pross, 1982]. 

The current mocle l of NK ce Il "cytotox lC 1 ty" ln vo Ives the 

secretion of a lytic factor by the NK cell which, in turn, 

binds and lyses the target celi. ThlS mode l lS supporterl 

."-by early sturties which showerl that the lysis of tumor 

~ells by NK cel1s coulcl be bloçkeci by agents that 

inhibiterl secretIon (Carpen et al, 1981~ Roder et al, 

1978 ~ Rorle r et al, 1979: We 1 s sma n net a 1, 1975). 1 n 

addition, pretreatment of NK cells with Sr++, which 

causes premature ciegranulation, lnhlbits the subsequent 

lysis of tumor cells (Nelghbour anci Herberman, 1982), It 

was also obser ved that, upon incubat ion of NK ce Il S Wl th 

tUIlIer cells, the GOlgI apparatus of the t-'K cell (which ~ 

also plays ,an Important role ln secretion) pelarizes 

towarc1 the area of contact between the NK cell anrl its 

target, presumably ~o focus secretory function on the 

target cel!. (Carpen etaI, 1982). 

Since these ear1ier finciings, much information has 

been obtainerl on the mechanism of NK c~)erliat"<1 ly"is 

6 /~ 
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ao~ the lytic process has beeo arbitrarily broken down 

ioto 5 stages [reviewed in Herberman, 1986J: 

1) binl1ing of NK cell to target cell 

2) Activatioh of NK cell by target cell 

3) re lease of lyt ic factor(s) 

4) binl1ing of lytic factor(s) to target cell 

5) target ce Il lys is. 

2.1 Binding (stage 1). 
i 

The initial èvent lea~ing to 
op 

target cell lysis involves a specifie Mg++ dependent 

binding or contact between the effector lymphocyte ao~ the 

target cel!. The binding may be via antibody bound to the 

target cell, ln which case the interaction b~tween 

effector ann target is termen antibody nepennent cell-

mediated cyt"otoxicity (ADCC). The recognition of the 

target cell cao also occur in the absence of specifie 

antibony through the direct recognition of the target cell 

1 
membrane by the NK ce Il. Both me thod s of recog nit ion 

appear to be equivalent (ie. necessary but not sufficient) 

trom the viewpoint of lytic activity. Elucidation of the 

manner in which an NK cell recognizes its target forms the 

basis of this thesis and will therefore be discussed in 

greater detail later. 

2.2 NK cell activatiQn (stage II). The events occurring 

at t<his stage are very poorly understoon. Whlle signal 

transduction must occur across the membrane of the NK cell 

in order to activate effector function,' the nature of 
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this signal is still unknown. 

. -
2.2.1 Barly steps: Al though a sequence- of events has 

n<Jt been formally proposed for the activation of NK .cells,

Oit is theught to be similar t~ that seen in T lymphocytes. 

Signal transduction in T cells involves the following 
~ 

"" 
steps [reviewe4 in Isa~ov et al, 1987; Linch et al, 1987; 

Gel fand et al, 1987]. Upen, interaction of the T ce 11 wi th , 
"major hîstocompatibility complex (M'He) + antigen", the 

CD-3 rnolecule which is juxtaposed to the T cell receptor 

(T cR) a ct i vat es ph 0 s P h 0 l i pas e C ( po s s i Q l Y v i a a G 

protein). Phosphelipase C then hydrolyses phosphatidyl 

inositol diphosphate -(PIP 2), yiel~i~ two product~; 

diacyl glycerol (DAG) and inositol triphosphate (IP 3). 
J ' 

IP 3 is released into the cytoplasm where it mobilizes Ca++ 

from the endoplasmic reticulum (wit~in 1 min). DAG a10ng 
~ 

with Ca++ now activates protein kinase C which ls 

translocated to the plasma membrane (approximately l~ mIn 

aft,er acti vation). protein kinase Chas then been shown 

to phosphorylate the Na'++ /H+ exchanger ,which is -thought 

to cause an increase in intra~11ular pij. 
~ 

This sequence of events is still somewhat hypothetical 

and how the"T cell à.Jstinguishes between a signal for 

grow'th and Killing is not clear; 
, 

The general mechanism for signal trans~uction in T 

cells is illustrated because, in the atithor's opinion, 

there is very good prel iminary ev idence to suggest that 

that NK cell,s \,ltilize a mechanism very simil'iar to that of 

O-..._~,,---'~ .. _. . T cells • 
." ~ ' .. 
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Bonavic1a's group has shown that a Ca++ influx (lnducec1 

by the Ca++ loriophore A18237) along with rlirect activatlOr\-
J\ _ 

of protein kinase C (via the phorbol ester TPA) was r' 

sufficient to inrtuce natural killer cell cytotoxic factor 

(NKCF, a lytic prortuct secretert by NK cells) release 

(Graves et al, 1986). Jonc1al anrt coworkers (1987) have 

also shown that the same treatment can induce NK cells ta 
1 

be nonselectively cytotoxic for tumar target cells. 

Similar results have been reportecl for cytotoxic T 

lymphocytes (CTL)(Berrebi et al, 1987;· .... ..Lancki et al, 

1987). In addition, Seaman et al (1987) using a rat cell 

line wlth NK cell activity have clemonstratert that 

incubation of these cells with the NK senslêive YAC-l cell 

line, but not with the NK insensitive EL-4 cell line, 

results in an Increase in IP3 (a major mertlator of T cell 

signal transduction). In arldition to the above mentionert 

similarites to T cell mertiatert signal transrtuction, ~K 

~cells may utilize a phospholiplrt methylation inrlucert 

cyclic nucleotirle balance as a means of signal 

transrtuction (Zimmerrnan et al, 1978; Hoffman et al, 1981; 
( 

Kiyohara et al, 1985; Hirata anrt Axelrorl 1980; Rorler et 

al, 1979; Katz et al, 1982; Katz et al, 1982b). 

2.2.2 Late steps. lmmertiate ly following signal 

transrluction\ it has been observert by electron microscopy 

that the micro_tuble organising cent-er--antt- the Golgi 

apparatus pos i tion themsel ves between the nuc leus of the 

NK cell anrl the area of membrane contact between the NK 

9 
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cell and the target cell (Carpen et al, 19821 Kupfe.r et 

al, 1983: Sakse1a et al, 1982). 

2.3 Re lease of l,tic factor(a) (atage III). The 

9 ra nul e s 0 f N K cel 1 sas weI 1 a sot he r c y toto xie 

lymphocytes conta in cyt91yt ic factors (Frey et al, 19821 

Hacket et al, 1982; Kay an<1 Zarling 1984; Henkart et al, 

1984; Wal'hin and Perlman, 1983). These granules contaln 
. " 

aci<1 phosphatase, lnorganic trimetaphosphatase, .. uronic . 
aCl<1, t'!e~se, proteoglycans, an<1 arYJsulfatase as weIl as 

several other proteins. They <10 not possess protease, 

peroXH1ase, or other common lysozomal enzymes (Gross~ et 

al, 1982; Frey et al, 1982; Mlllar<1 et al, 1984; Schmlot 
, 

et al, 1985; Zucker-Franklin et al, 1983). Agents that 

inhibit the re1ease of gra~ules also inhibit ~K cell 

activlty (Katz et al, 1982: Weissmann et al, 1975). 
\ 

S~eral granule-derive<1 factors have been implicate<1 

in medjating the lytic event by NK ce1ls. The 

interrelationship of these factors is currently unknown 

an<1 they are therefore .<11SCu~ed independen t ly. 

2.3.1 Perforin. The granules of LGL have been purlfie<1 

and shown to contaln a pore formlng proteln calle<1 

perforin or cytolysin. This prote!n can cause membrane 

lesions in target cells 1-16 nm in dlameter (Young et al, 

1986: Henkart et al, 1984) and has been shown to ex.hibit 

sequence homology with the lllnth component of the 

complement sys tem (Z alman et al, 1987). l t lS capable of 

10 
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lysinç target cells quickly anc1 nonspecifieally. The pore 

forming ability of thls protein is pH, temperature anc1 

Ca++ (but not Mg++) dependent (Young et al, 1986: Young 

et al, 1987). This correlates with NK cell mec1latert Iysis 

whieh is aiso pH, temperature anrt Ca++ dependent at a Iate 
\ 

stage of the lytie ~oeess (Glasgow et al, 1986; Hiserortt 

et) al, 1982). ThU~, ne possible mechanism of NK 'celi 

mediatec1 lysis of turno cells, lS the introc1uction of 

1 arge, "complernent-llke" pores in the tumor ce Il membrane 

causi~g co 110id osmot ic 1ysis. 

2.3.2 Natural tiller cell cytotoxic factor (NKCF). 

NKCF is proc1uceci by LGL upon incubatlon with target ce Ils 

anci is also postulated to be involvec1 in the lytlC event 

freviewert ln Herberman ee al, 1986]. The protein(s) lS' 

capable of binciing to and lysing tumor cells that are 

normally sensitive to NK cell medlated lysis but not NK , , 
insensitive target cells (Wright et al, 1983; Farram et 

al, 1983). Thus, it is specific for NK sensitive targets. 
~ 

There is an exceflent correlation between agents that 
.~ 

inhibit NKCF funetion (s'uch as phosphorylatert sugars, 

monensin, PGE 2 , NH 4Cl ••• ) anc1 those that inhibit NK ce!! 
. 

mediatec1 Iysis of tumor cells (Ortalc1o et al, 1985: 

Hiserortt et al, 1983). A varia,nt of the celi Ilne Yac-l, 

where the only observec1 defect was an inability to binrt 

NKCF, was also founrl to be resistant to NK cell-mertiatert 

lysis (Wright and Bonavlrta, 1983). A factor discounting 

the importance of NKCF in the lytic event is that it takes 

11 
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40 heurs te maximally lyse target cells whereas NK cells 
\ 

can lyse a target celi in 30 min anq reach a killing 

plateau in about 4-6 hours. This sharp contrast can be 

rationalised by arguing that an NT< celi deposits its lytic 
r 

factor(s) in the small area of contact between itself and 

its target, whereas NKCF mea~ured in vitro is diluted in 

the tissue culture weIl and/is therefore not "focused" 

toward the target ce Il. 

2.3.3 LymEhotoxin (Lt). This lytic factor was 

originally shown to be produced by splenocytes stirnulated 
Co 

with phytohemagglutinin (PHA) (Granger et al, ~978). It 

has since been shown to possess lytic activity against the 

NK sensitive cell line K562 (Weitzen et al, 1983) although 

• its spectrum ef lytic activity appears to b~ much broader 

than that of NK cells (Peters et al, 1986; Wright Jl'nd 

Bonavida, 1987). It has been postulated that Lt ls 

produced by NK cells based on th~ ability of antibodies to 

Lt to inhibit NK cell-mediated lysis (Weitien et al, 
1 

1983). However, in anether study, purified populations of 

human LGL were net demonstrated te preduce Lt (peters et 

al, 1986). This sarne study indicated that the LGL 

population did however produce tumor necrosis factor (TNE') 

, a related lytic protein produced by myeloid cells. TNP 

i5 produced by naturally cytotoxic cells (Ne) in mice 

(Ortaldo et al, 1986; Jadus et al, 1986) and a human 
''-

counterpart for Ne cell activity has been suggested (Rola

Pleszczynski and Lieu, 1983). Thus it i9 possible that it 

i9 the "Ne" œl1s that are producing TNr in the study by 

12 
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Petera anO co-workers (1986) rat.h/rthan true NK cells 
../' 

since Ne activity is also tound ln NK cell populations 

[revlewed in Hacket et al, 1986]. There is currently no 

other evidence to indicate that NK cells proouce TNF. 

2.3.4 Whicb lytic factor do ~ cells utilize? The roles 

played by NKCF, Lt, and perforin/cytolysln in the lytlc 

process are not necessar lly rnutua lly exc 1 us 1 ve. Lt has a 

30% sequence homology ·with TNF~. In aodition, TN~~, Lt, 

ano NKCF aIl have roughly sirnillar kinetlcs of action and 

Bonavida now suggests that NKCF shares sorne similarities 

wit~ TNF (Wright and Bonavida, 1987). 
~ 

It appears that perforin and cytolysin may be the 

. 
sarne rnolecule [Marx, 1986] and that these rnOlecules are 

responSlble for introducing pores in the target cell 

membrane. These "pores" once formert mai serve two 
( 

functions: 1) to lyse the cell by collolC'i osmotlc lysis' 

2) te allow acce\s of other granule contents into the 

target ce 11. 

In speculation, the other factors, NKCF anc1 Lt, rnay 

then be releasert into the target cell cytoplasm (through 

the pores?) anrt cause their cytopathic effects. This 

theory is supportert by sturt ies oemonstra t ing target ce Il 

nucleic acic1 rtamage following lysis by either NK or T 

ce Il s. 1 t was s hown tha t both NK ano CTL 1 nrtuc~ ta rget 

ce Il <1eoxyr i bonu cIe i c ac i rn, (DNA) oamage as pa rt of the 

1ytic everft (Gromkowski et al, 1986; Russel et al, 1982). 

The actual transfer of enc10nucleases by the NK cell to the 

13 
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target ce Il c10es not seem 11kely since the pattern of 

nuclease ciamage 1S c1e p enc1ànt j oll the target cell anci not 

·the effector cell (Gromkowski et al, 1986). Thu s the 

activation of target cell encionucleases by NK cell c1eriveri 

cytolytic factors may be occurlng. It remalns to be 

cietermineci l·f NKCF or Lt can activate enc10nucleases 

themselves. 

ThIS theory helps to explaln why NKCF anc1 Lt require 

extenciec1 perloc1s of time to lyse target ce11s; purifieri 

NKCF or Lt wou1c1 Clot have rilrect access to the targetpcell 

interior. ThlS may also be why III vltro purlflec1 NKCF 

requlres enc1ocytoslS anci energy proc1uctlon (Deem et al, 

1986) to effect cytotoxic c1amage. 

2.4 Binc1ing of lytic factors to target ce Il (stage 1 V). 

In the case of perfor:Hl, leslons in the target celi 

membrane can be visualizeci when purifieci perforln is 

incubatec1 with target ce}.ls (Young et al, 1986) as weIl as 

when NK cells are Incubatec1 wlth target cells (Poc1ack anc1 
" 

Dennert, 19if'3). In orc1er for leslons to occur, it 
oP 

appears that the perforln proteln(s} must go through 2 

stages; 

l} assembly 

2) inser~lon into membrane. 

Ca++ lS an absolute"requlrement at this stage of lyslS by 

granule-c1eriveci perforln (Young et al, 1986) anc1 there 18 

one report that Ca++ is speclf1cally requlrec1 for pore or 

tubule formatlo.n (Henkart et al, 1984). ThlS stuc1y aiso 

14 
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<1emolls t rate<1 that pore format lon cao occur l Cl the absence 

of target cell membrane lrl<llcatlng that the assembly phase 

may be uH1epen<1ent of membrane insert ion. 

It has been postulate<1 that NK sensitive tumor cells 

have speciflc receptors for NKCF. Although there is no 

<1irect eVlcience 111 the llterature to substantlate thlS 

claim, It appears to be a popular theory among those 

working on NKCF (WrIght et al, 1983; Herberman et al,1986; 

Graves et al, 1~86; Hlserocit et al, 1983). The most 

compell ing lociirect eVl<1ence to support the presence of 

blllciing sltes has come from a study on NK resl-stant 

mutants. The major factor contr' buting to thelr reslstance 

appeared to be the l~ablilty of these cells to compete for 

NKCF me<1lateci lySIS (WrIght et al, 1983). It was 

therefore assume<1 that these cel1s were speciflcally 

<1eflClent ln NKCF receptors. 

Farram an<1 Targan (1983) have reporte,d that NKCF can 

only be absorbè<1 wlth NK sensitIve cell lines and not with 

NK resistant cell llnes. In adciitlon, glutaraldehyde 

treatment of target ce1ls removes thelr ablilty to be 

lyseci or to compete for NKCF b~nciing in the above assay 

system (Deem et al, 1984). 

It has beeu suggesteci that cartlohydrates may be 

Ih vol ved in NKCF bi nd ing to target ce Ils. One ear ly study 

suggested that the lytlc factor may blnci to a target cell 

via mannose- 6-phosphate receptors (Forbes et al, 1981). 

There have been numerous stuc1ies on the inhibition of NK 

15 
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cell, activity by carbohydrates (Stutman, 1980; Pohajdak 

·et al, 1986; Kornbluth et al, 1985; Haubeçk et al, 1985; 

Werkmeister et al, 1984; Pohajdak et al, 1984; Kornb1uth 
" 

et al, 1984; Werkmeister et al, 1983; Vose et al, 1983; 

Nose et al, 1987; Chambers and Oe~ltmann 1986; Werkmeister 

et al, 1985; Young et al, 1981). The effect of inhibition 

~ of N-linked glycosy1a1:ion by both genetic means (Haubeck 

et aI, 1985; Po h a j d a k et al, 1984; ,po h a j d a k et al, 1986) 

and b Y t uni cam y c i n t r e atm e n t ( Po ha j d a c k e t < al, 1 9 8 6 ; 

Ko r n b lut h -e t al, 19 8 5; No s e e t al, 1 9 8 7) h a v e aIs 0 b e e n 

studied. In genera l, these stud ies suggest that 

carbohydrates are likely involved in a late phase of the 

1 Y tic e ven t , po s s i b 1 Y v i a ~ K C F b i n d i n 9 • Mannose-6-

phosphate which has the greatest NK inhibitory activity, 
) 

and funct ions after the Ca ++ dependa n t stage (Wer kmeis ter 

et al, 1984) does not appear to be speciflc for NK cel1 

mediated lysis (Werkmeister et al, 1983) and may not (as 

original1y thought) inhibit by occupying a specifie 

receptor (Haubeck et al, 1985). 
~ 

Thus whi1e it is highly probable that NKCF "binds" to 

the target cel1 to affect 

necessari1y specifie for 

consequence of a nonspecific 

1ysis, this binding is nct 

~ 
a rece p t6r,\:nd may be a 

uptake meehanism (Deem et al, 

1986) • Perhaps future studies using Scatchard type 

analys 1.5 eould pro v ide direct ev idence for the invo 1 vement 

of a receptor in NKCF funct ion. 

The r e i 5 1 i t t 1 e ad dit i 0 n'a 1 s p e c i fic i n for [ft a t ion 

avai lable about Lt and therefore a dissection of how this 

16 
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factor lyses its target cell is not appropriate. 
1 

hl Tarsi!:t cell lysis (stage V). Tll is stage of the 

ly~ic event is very p'oorly understood, especial1y s~nce it 

is Clot known WhlCh of the cytolyt~c molecules or 

lS respoosible for target cell lysis.· 

thlS stage of lyS1S lS that the target 
• 

cell e lys~c1 even if the NK cell lS prematurely 

detac~ec1 from the targ'el ce11 CHiseroc1t et al, 1984;

Hiseroc1t et al, 1983). This f"ioal {y tic event,ls calleo 

killer cell woepenoant lyslê (KCIL) anci OCCUl"S after the 

Ca++ c1epenc1ent phase (His'eroc1t et al, 1982)" [recall: 

perforin assembl) lS ciepenoant upon Ca++]. ThlS stage is 

sensltlve to the effects of papain whereas NKCF activlty .-
l ' 

i5 not (Hlset;"odt et al, 1983), suggesting'that NKCF aione 

lS not 9uff lClent for l'YS1S • 

.h Phenotype 
<la 

3.1 Morphology. NK cells are large granular lymphocytes 
-

(LGL) th.~t have a hlgh cytoplasI1fic:nuclear ratIo, SllÇJhtly 

indented nucleus, anci roughly 'six to twelve azurophllic' 

granules in thelr cytoplasm. Due to this morphology, they 

are often <llrectly referred to as LGL"~ Approx.lmately 15-" 

18% of human peripheral b100d lymphocytes (~BL) possess 

t.GL morphology, anc1 about 1/3 of these LGL ar"e capable o'f 
.. 

lysing K562 target cells. The current state of the art 
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in "mertium to large" scale puriflcation of NK cells, lU 

fact, relies on their large size. This rnetho<1 involves 

riensity gradient centrlfugation on perco11 as the last 

phase of separatIon of LGL from srnaller B anri T 

lymphocytes (Tlmonen et al, 1982). However, the LGL 

populatIon purif1en in this rnanner 15 Ilot 50lely composed 

of by NK cells. Only between 12 to 30 percent of LGL are 

capable of binning to an<i lyslrlg the NK susceptIble target 

cell line K562 (Bra<iley anrt Bonav irta, 1982; Bonavic1a et 

al, 1984 ; Timonenf et al, 1982). Analysis of the LGL 

population by flourescence actlvateci cell sortltly (FACS) 

analysis using the Leu-19 an<i NKH-1 antlbo<iies which 

have been shown to label the ent1re pool of NK cella 

--
(based on subseqUent kliling of K562) confirm t:hat the 

purlty of percoll separateci LGL lS only HI the range: of 

32-42 percent (Lanier et al, 1986). Thus the actual 

purity of "hlghly enrichert" NK cells lS not ex.ceptionai. 

3.2 Surface Several protelns have 

~ns.istentlY been i<ientifie<i on the 

'~ting natural killer cell acti(vity. 

surface of LGLa .. 

These Inclut1e 19G 

F~R2 (Lanier et al, 1986; Larll~j.~t al, 1983; Perussia et 

al, 1983; Perussia et al, 1983b; Rumpolci et al, 1982) an<i 

an ep i tope W l th unknown funct ion ries 19nateci NKH-l (Gr 1 f f ln 

et a -l. , 1983). NK célls rio not express surface 
l 

.i mm un 0 9 lob u lin ( J 0 n ct a l an rt Pro S 5 , l 9 7 5 i -Ba k a c a e t al, 

1977; Pross et al, 1979) or the T cell receptor (Tutt et 

al, l 9 8 7; MOI n 9 e 0 net a l~, 1 98 7;' An 9 e t al, 1 98 7; Bor a t e t 
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al, 1987; Lanier et al, 1986). The possesslon of other 

ep 1 topes by NK ce Il S is a rbi trary anc'1 often c'1epenos on the 

criterla usen for the oefinltion of an NK cell. In this 

thesis we oef1ne an NK cell as an immec'1lately ex VlVO 

lymphocyte WhlCh, can kill the cell 11ne K562 (ie. klll in 

an MHC unrestrlcteo fashion wlthout prlor actlvation). 

LikeWlse, ~n LGL 15 a lymphocyte whose flnal purlty 15 

c'1erlveo from the low buoyant oenslty fraction of a percoll 

grac'1lent conta1ning the larger, less c'1ense cells. 

The surface phenotype of NK cells has been stuc'1iec'1 by 
-' 

several olfferent methoc'1s ano each methoo Yl~S results 

WhlCh must be lnter'preteo seperately. 

In orc'1er ta 5 ~mpll fy a Cüscuss ion on the phenotype of 

an IINK cell", the relevant stuc'1les have been groupeo lnto 3 

rtifferent catagories. 1) c'1irect stuoles on NK cells 2) 

analysis of LGL populations hlghly enrlchert in NK cells anrt 

3) studies on clonec'1 (IL-2 c'1rlven) NK-llke cells. 

3.2.1 Nit cell s. In general, it can be seen from Table 

l that NK cells comprise a phenotypically heterogenous 

group of cells. The only markers that have been 

consistently founrt on the surface of the se cells are the 

FcR for IgG ano the NKH-l/Leu-ll antlgen. These 2 surface 

markers have been assessert by FACS technlques anc'1 the 

results show that the entlre pool of NK actlve cells resloe 

in these posltively selectert fractlons (Grlffin et al, 

1983; Lanier et al, 1986; perussia et al, 1983ai Perussia 

et al, 1983b; Perussia et al, 1984; Lanier et al 1983) • 

The majorlty of NK cells cimultaneously express 
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Table l. 

Phenotypic analysis ls basert on NK activity (ie. either 

FACS sorting or antiborty rtepletion stuôies followec1 by 

analysis of NK lytic function. 

NA- not available. 

MAG- myelin associatert Qlycoprotein 

CRP- C-reactive 'protein 

l)Lanier et al, 1983 

2 )Perussia et al, 1983 

3)Griffin et al, 1983 

4)West et al, 1977 
# 

5)Pross et al, 1977 

6)Zarling et al, 1981 

7)Ault et al, 1981 

8)Beller et al, 1982 

9)Abo anrt Balch, 1981 

10)Abo ann Balch, 1983 

Il)McGarry et al, 1983 

12 )Clayberger et al, 1986' 

13)Baum et al, 1987 

14 )James et al, 198! 
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TABLE l 

Phenotype of Human NK Cell~ in Peripheral Blood 
ft 

(% Positive) Antigen Old Name Reference 

CD~16 (>95) FcR2 0,2) 

NKH-l (>95) (3) 

CD-2 50 E-Rec;Tll (4,5,6) 

CR-3 50 Mac-l/OKM-l (6,7,8) 

MAG (>60) HNI(-l (9,10,11) 

KC-1 (>60) (12) 

CRP (>50) (13,14) 

* Phenotypefo~lysis is basêd on NIC activity (Le. either 
FACS sorting or antibody depletion studies. 

HNK-l MAG (myelin associated glycoprotein) (11) 
CRP (C-Reactive Protein) 

\ 
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bath the NKH-l anc1 FeR markers (LanIer et al, 1986) anô a 

further 35 peroent of these cells express the CD-a 

antigen, commonly founc1 on T (cytotoxic/suppre8sor) cells 

(Lanier; et al, 1986; Abo et al,' 1982; Perussia et al, 

1983c). 

3.2.2 Percoll-enriched Large Granular Lymphocytes. A 

significant per:centage of LGL (see Table II) have aiso 

been shown to express the FeR anc1 NKH-I 
p 

antlgens. In 

additlon these celis eXlblt relatively high NK activity 

(Timonen et al, 1982). Wlth respect to other markers, it 

can be seen that these celis also comprIse a very 

heterogenfus group. Phenotypic analysis of LGL must always 

be interpreted with extreme cautlon b~use, for examp1e, 

while lt has been shown that NK ce1ls c10 not genera1Iy 

express the CD-3 antigen, (Table 1), as many as 47% of 

percoll-enrichert LGL can express this T celi marker 

(Lanier et al, 1986) • 

3.2.3 Cloned NK-like cells. There 15 now a consiôerab1e 

amount of evidence that NK-like cells can be maintained 

and cloned in IL-2 (Larller et al, 1985; Allavena and 

Ortaldo, 1984; Talmadge et al, 1986: London et al, 1986) 

----N-6tlve NK cells were originally ôescrlbec1 as 

~ uDstimulated and unprimed lymphocytes that could lyse 

tumor cells in a short time perion wlthout MHC 

restriction. Upon the c1iscovery that lymphoklnes could be 

'" ... used to culture anc1 clone PBL wlth NK-like activity, the 
~.:J' 

definition of an NK cell has become less clea'r cut • 

It i8 now weIl documentec1 that PSL incubatec1 in IL-2 
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Table II 

Phenotypic analysis is based on studies with pereoll 

enriched human pe:ipheral blood lymphocytes. 

NA- not ~vailable 

l)Lanier et al, 1986a 

2)Lanler et al, 1983 

J)Abo and Balch, 1983 

4)Ortaldo et ~ 1981 

• 
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• TABLE II 

Phenptype of Percoll Enriched Human LGL 

Antigen (, Posi tive) Oln name Reference ---------------------------------------------------NKH-l (42) (1) 
CD-16 ( 32 ) FeR 

CO-2 NA E-Rec/Tll (2 ) 
CR-3 NA Mac-l/OKM-l 

HNK-l NA i( 3 ) 

CD-8 (21 ) (4 ) 
OKT-IO (62 ) 
LYT-J (40 ) 
CR-3 (·67 ) " 
aGM-l (68 ) 
MHC II (J5 ) 
TA-l (88) 
JAl (59) 
5A12 (50 ) 
---------------------------------------------------

• 

• 
24 
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give rise to cells able to 
, 

1 ys e t u mo r cel l s w i t h a 

similiar, albeit broader, specificity than endogenous 
fa 
'non-activated NK cells [reviewed in Herberman et al, 1987; 

Hersey and Bo 1 hu i s, 1987]. These IL-2 dr i ven 1 ymphocytes 

a~ed lymphokine activated kil1er (LAK) cells (Grimm 

et al, I982; Rosenstein et al, 19,84). Cells with NK-like 

activity have also been referred to as activated 

lymphocyte killers (ALK)" activated killers (AK), 

anomalous ,killers (AK), interfercn activated killers (IAK) 

or interlel,ilkin activated kill.rs (IAK) (DaIm et al, 19,86) 

(reviewed in Klein, 1982J. 
L 

NK-like activity has also been derived from cloned 

antigen-specific CTL (Brooks, 1983f. When murine CTL 

clones that we(e originally highly antigen-specific and 

had the phenotype of a mature CTL (Le. Ig-, Thy-l+, Ly

Z+) were incubated in high concentrations of crude IL-2, 

they gained the ability to lyse NK sensitive but not 

resistant turror cel1s (Brooks, 1983). Thus the ability to 

lyse NK target cells appears to be attainable by T-

-
1 ymphocytes. 

Studies on the LAK cel1 precursor have corroborated 

Brooks finding that "non-NK cells" can give rise to NK-

like activity. Perccll fractionation of human PBL, human 
~ 

bone marrow, murine splenic lymphocytes, and murine bone .. 
marrow cell populations, has shown that both NK enriched 

and NK depleted fractions conta in LAK precursors (BalI as 

et al, 1987; Ortaldo et al, 1986; Rustoven et al, 1986; 
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Mer 1 u z z i et al, 1 9 8 6 : Lo t z 0 v a et al, 1 98 7 1 M i Q li 0 rat i et 

al, 1987). In adc1itlon, NK-'like activity cau ne elicitec1 

by a varlet y of means (i.e. IL-2, IFN, PHA, anc1 MLC 

conditions) anc1 the final phenotype mec1iatinQ the NK-like 

activity is similiarly heterogenous (reviewed in Hersey 

and B6lhulS, i987]. Both NK cells auc1 LAK cells are 

therefore heterogenous anc1 at present the relationship 

bEftween these two cell populations is dlfficult to 

resolve. The ê1vantage of using clonec1 NK-:like cells is 

that they can be analyseo indlvidually for a variety of 
, 

markers. The phenotype of sorne of these clones i8 

i 1 1 u s t rat e d in Ta b,l e l l 1. l t ca n be 0 b s e r v e ri f rom th i 8 

table that these cloneo NK-llke cells have many 

characteristics of T lym~hOCytes. Interestlr~gly however, ... 

although the CD-2 antlgen)is fouon in a majority of these 

clones there ooes not appear ta be any single T cell 

specifie marker which is consistently associaten with 

these clonen NK-llke cells. It therefore appears that 

killing of KS62 cells probably ooes not involve any of the 

T Cé Il markers ana1yseri in table 111. 

The FcR is not consistently founc1 on aIl NK-like 

clones. This is !tomewhat surprising since virtually aIl 

enoogenous NK celis express this marker. ThlS finolng may 

inc1icate that not aIl NK cells are capable of ADCC, or .. 
that the FcR anc1 NK "recognition structure" are expressed 

independently of each other. The relationship between 

èells able to mediate NK activity anc1 ADCC was originally 

unclear. However it now appears from single cell studies 

/\ 
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Table III 

1 ) Herceno et al_, 1983 
o 

2)Schmidt et al, 1985 

3 )Herceno et al, 1984' 

4)Pawlec et al, 1982 

S)Brenner et al, 1987 

6)Moingeon et al, 1987 

7)Nowill et al, 1986 

8)Moingeon et al, 1986 
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't'ABLE III 

Phenotype of human (cloned) Hl-Like Cells 

Tc Rec 
'Clone CD-2 CD-) CO-4 CO-8 CO-16 NKH-1 HNIC.-l Tf Rec alpha beta g3JllDél Reference 

JTl + (l,2,3) 

JT3 û+ + 
JT9 + + + + + 
JT10 + + + + + + 
JTB18 + + 

N CNK5, + + CO 
JTA17 + + + 
J'l'Al9 + + + + 

C23-10 + + + + 
C2l-29 + + + + 
C23-1 + + + 
C23-2 + + + 
C23-24 + + + + 

12-1 + (4) 

12-9 + 
29-15 + + 
30-3 + 
38-33 + " 

~ 

38-37 + 

PBL-CI + + + (5) 

'6C7 + + + + + 

/ (6,7,8) 

" 
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on enrtogenous NK cells that the same lymphocyte can 

mec1iate both events (Brac1ley anrt Bonavlrta, 1982). While 

not all NK cells necessarily mertlate ADCC, it appears that 

the FcR lS requirert for ADCC (see Table III) anrt .that aIl 

of the clones that possess the FcR can klll Vla an ADCC 

mechanism. 

In summary, NK cells comprise a heterogenous group of 

LGL which can express a variety of surface markers. At 

the 1988 International Workshop, it w-as rteclrtert to rteflne 

NK cells as a population of large granular lymphocytes 

which possess the CD-16 anc1 ~KH-I surface markers anrt kill 

î 
tumor cells ln a non-MHC requlrlng manner. They are 

rtlstinct from T cells ln that they rto not express the CD-3 

antlgen anrt c10 not express the alpha, beta, gamma, or 

rtelta chain of the T cell receptor. 

4. Seec:lficity 
• 

NK cells have been shown to recognize anrt lyse a wirte 

variety of cells, inclurting mal.ignant as weIl as 

nonrnalignant cells. Initially it was thought that NK 

cells were nonselective ano nonspeciflc because a wirte 

var iety of turnor ce Il s were recogni zeci anrt lyseo by thern. 

In later stuc1ies, uSlng monolayer aosorptlon anrt 
, 

competition stuciies, lt was shown that NK cells recognlzert 

anci lyseci sorne tumor cells while leaving others intact 

[revieweci ln Ortaloo ano Herberrnan, 19821. Thus the search 
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for the "NK target structure" developen. Although a great 

deal of effort has gooe loto the study of NK specificity, 

exactly what NK cells recognlZe in elther the murine or 

humao system lS still unknown. 

4.1 Target ce Il spectrum. NK ce 11 S l$a ve been shown to 

be lyt1cally active agaltlst certalll v1rally Infecte<1 cells 

( Bir 0 n a 0 <1 We 1 S h , l 98 2: Ste 1 n - St relIe i net al, l 98 3 : Hab u 

e t a 'l, 1 9 8 4 ), hem a top 0 e t 1 C ste m cel l s ( Han s son e t al, 

1982; Holmbe'rg et al, 1984) thymie and Eetal thymie eells 

(Nunn et al, 1977: Hansson et al, 1981), bOlle marrow eells 

( Han s 5 0 net al, l 9 8 l ), and t u mq r cel l 5 (s e e cha pte r 1 1 1 ) • 

Turnor cells maolEest the highest <1eyree of senSltivlty to 

bot h r e e\'o 9 nit l 0 n a n rl kil l 1f1 9 b Y _ t-l Il ce 1 1 san n Eor th i s 

reason, most of the work on NK cell speclficity has beeu 

carrleo out on tumor celis. 

Early stu<1le~ analyserl NK speclficity b~ severai methodsi 
\ • 1 )Direct cytotoxicity: NK celis (usually PBL-) are 

incubated with 51Cr-labelled tumor cells, ann the 

extent of tumor eeli lyS1S is assessed by the amount 

of SlCr releaserl. 

2)Cold competition analysis: ThlS assay 1S Slm1I1ar 

to the rlirect cytotoXlC l ty assay w l th the except lon 

that an uniabelleo eompetltor celi 15 inelurlen Hl 

the assay. The decrease ln SlCr releaseo by the 

labe lIed target 15 a measure of the re lat l ve concen

tration'''4ofcompetitlve target structure a<1deo • 
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3)MOoblayer adsorption studies: Turnor cells are 

irnmobilized onto a plastic dish, NK c;ells are allowed 

to bind to these imm::>bi 1 ized cells and then the 

~ nonadherent ce 11 sare removed. The resul t i ng nonadherent 

NK cells are th.en measured for tqeir ability to lyse 

a panel of turnor~ target cells. This type of analysis 

allows one to determine the similarity between 

different target 'cells, and to deterrnine if aIl NK 

~cell~, share the s.rne specifiCityo, 

The results of these studies indlcated that: 
" . 

1) NK cel.ls ar.? capable of recognÏzing a·variej:,y of 

tulTtor ce Il s. 

2) NKcells are capable of, recognizing at least 

seven specificiti~sG 

-
3) Not aIl tOmor cells contain 'the same deterrninant(s) 

recogl'lized by NK cells. 

4 ) The pat ter n 0 f s p e c i fic i t Y de mo n s t rat e d b Y N K 

cells indicated that these cells were polyclcnal in 

(ie. aIl NK cells do not recognize the same ' 

Other studies also showed that target cell MHC class 1 

and class II molecules were net required for I1:!'e(f~tion 
1 > 

by'NK cells (see section 4.6.5 of this chapter). Also, 

possible in vitro artifacts s.uch as fetal calf serum 

(pross et' al, 1978) ,'mycoplasma contamination, .or-C-type r r 

virus particles were not related to NK susceptibiliiy 
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, [reviewed in Pross ann Saines, 1980). 

4.2 Target ~!l' characteris,tics. l t has proven 

di fficu 1 t to i<1enti fy one particu lar target ce Il phenotype 
1 

that consistently correlates with NK susceptibility. 

While sorne leukemic cells such as K562 and Molt-4 are 

particu l ar ly senSl t l ve to NK mecilatec1 lys is, severa 1 othe r 

leukemic cells are not recognizert or lysed by NK cells. 
. . 

Furthermore K562 and Molt-4 flre rterlveo from dlfferent 
} 

cell lineages, K562 being an erythroleukemic cell line 

whlle Molt-4 15 of T cell llneage. Sorne nonleukemlc tumor 

cells have a1so been shown to be susceptlble to the 

effec.ts of NK mecÎlatec1 lySlS (Yoo et al, 1982). 

NK cells are capable of lyslng allogeneic<, 

syngeneic, anrt xenogenelc tumor cells (Stern et al, 19801 

Karre et al, 1982), althougl1 fresh"zl VlVO derivert tumor 

cel l sap p e art 0 h a v eth e mo ~ t r e sis t ~l t ph e no t Y P e. Th i s 
~ 

may be due to in vivo se ~ ~ction pressur~ [Herberman a~ 

Holden, 1978]. 

The deg ree~ __ f rtifferentiation of a tumor 

to be important. Tumor cells 

c1ifferentlate become somewhat res1.staht to the 

N cell mec1iated lyS1S (Girtlund et al, 1981; 

1982: ~Torsteinsc1ottir et al, 

cells transform~(j with 
/- -..-

.,,-

cellular Harvey ras oncogene (less oifferelltiate(1) ~r 

----rat dells transformed with the viral Klrstene ras oncogene "-
- r 

becorne sensit1.ve to NK mec11ated lysis (Tr1.mb1e et al, 
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1986; Johnson et al, 1987). Since a tumor cell represents 

an aberrant ce Il from the v iewpoint of differentiat ion, i t 

" is no~ .@urprising that NK cell recognition and lysis 

correlates inversely with degree of differentiation of the 

target. 

hl Carbohyc1rate. Several stu(He~ have investigated 

the poss-ibility that oarbohydrates may serve as target 

structures for NK cells. (Stutman, 1980; Pohacijak et al, 
\ 

1986~ Kornbluth et al, 1985; Haubeck et al, 1985: 

Werkmeister et al~ 1984; PohadJak et al, 1984: Kornbluth 
-' 

et al, 1984; Werkmeister et al, 1983; Vose et al, 1983; 

~ose et al, 1987; Chambers e,t al, 1986; Werkmeister et al, 

1985; Young et al, 1981), anci it is weIl known that tumor 

cells display profound d~fferences in plasma membrane 

carbohydrate ant igens [rey l.ewed in Hakomori, 1984]. Based 

o,n lnitia1 stuciies that simple sugars coulci inhibit 
n 

Killing of tumor cells by NK cells, it was suggested that 

NK cells recognized a carbohydrate structure on the 

surface of tumor cells (Stutman, 1980). With the exception 

of .one stuciy where it was shown tha N-a~etYl-D-glucosamine 
and beta-gentabiose specifically inhibited NK conJugate 

formation (Werkmeister et al, 1983), it has been clearly 

demC'nstrate(1 in subsequent studies that the stage of 

Killing affected by simple sugars (as weIl as 

gl'ycosylation inhibitors) 1s not at the level of conjugate 

formation but rather at a late phase in the 1ytic event 
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·(see section 2.4 of this chapter). The inhibition of NK 

activity by simple. sugars appears to be nonspeclfic in 

that ADCC, NC, macrophage, anc1 CTL mec1iatec1 lysis 

mechanisms were also affected by sorne of the sugars testen 

(Werkmeister et al, 1983; Stutman, 1980). 

EVidence that sialic acic1 1evels may.be important in 

NK recognition is founrl in repo~ts that. the lavels· of 

sialic acid on the target cell inversely correlate with 

the ability of these cells to be lysec1 (Yogeeswaran, 

1982). Sialic acic1 removal trom the target éell 

similiarly increases the abllity of that celi to be lyserl 

by NK cells (pross et al, 1978). Since sialic acirt 

carries a net negatlve charge, It 1S possible that thlS 

negative charge is soley responslble for the observeO 
o 

change in target cell lysabllity. Thus the role of 
( 

carbohyc1rate in NK cell recognition remains unclear. 

4.4 Target cel! membrane 1 iplds. In spite of the many 

rlifferences between membrane 1 ipirts ln normal an!1 

transformec1 cells [reviewec1 in Yogeeswaran, 1983J, very 

little attention has been given to the possible role G..,.f 

membrane 1 ipirts as target structures re'Cognizec1 by NK 

cells. This may be because lipirl heterogeneity is 

perceivec1 te be less extensive than the heterogeneity of 

other membrane components su ch as protelns or carbohyc1rate 

c1eterminants. On a molar basis, lipic1s are the major 

constituents of the plasma membrane, anrt the physlcal 

state of a membrane ls large ly rletermine'rl by ltS 1 ipic1 
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composition (StuObs, 1983). Lipicl composition i~ als~ 
k~own to De an important factor contributing' to cell-celI 

a<1hesion (Poste et al, 1976; Margol 15 et al, 1984) whlch 

is an import~nt factor in NK recognition and ~inding. 

Lipi<1 modification of tumor ce11s can increase their 

sensitivity to NK attack (Yoo et al, 1982) and murine 

lymphoma target cell asia10 G~2 expression was found to be 

a prerequisite for NK·attack (Young et al, 1981). In a 

very recent study, it was dertermined that purified GM 2 

could inhibit con]ugate formation between human Nk cells 

and K562 cells (Ando et al 19,,87). This same stUdY also 

showed that a correlatlon existed between target cell GM 2 

levels and sensitivity to NK cell mediated lysis. The 

authours have therefore postulated that GM 2 mqy be a 

target stucture on tumour cells recognized by human NK 

cella. 

The stage sp:::cific embryonic antigen-l (SSEA-l) has 

been implicateo as a possible target structure (Harris et 

'al, 1984). Antibodies to SSEA-l block the competitive 

activity o~ target cells displaying this antigen. However, 

there' was no a~parent c~;rre latlon between SSEA-l leve, on 

the tumor cel~s studied and their competitive activll 

(Harris et al, 1984). Thus these antibodies may ha e 

blocked NK mediated lysis via steric hindrance or some 

other nOh-spec if ic effect •• , 

,4.5 Anti~ody dependent cell-mediated cytotoxicity. 
\ 

Virtually aIl endogenous NK cells possess the Fc receptor 
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for~ggregated IgG (FCR21 CD-16), and cloned NK-like cells 
1 

that have an FcR2 can kill via an ADCC type mechanism (see 

Table III). Lymphocytes able to k i Il via ADCC were 

originally terrned Killer (K) cells. NK and K cells are 

morphologically indistinguishable. They possess the same 

tissue (llstrlbutlon, are both nonphagocytlc and 

nonadherent, have sirniliar radiation sensitivity, and are 

phenotypically identical [revlewed in Herberrnan and 

Holden, 1978]. In single cel! stu<1ies using "highly 
~ 

purlfied" LGL, th.e sarne effector cel! was shown to be able 

to lyse both an NK target celi and coated ce Il 

(ie. ADCC target) (Brac1ley anc1 2 ) .'- 1 n 

a<1ditlon, since CD-16+ FACS sortec1 ymphocytes contain 

\irtually 100% of the NK pS weIl as AUCC activity 

(Perussla et al, 1983), these two actlvities probably come 

from the same celle 

l 

It was originally thought that NK specificity coulc1 
~ 

be attributec1 soley t~natural antiboc1y arrning of K cells 

(Koide and Tagasugi, 1977). Although this appears ~~ a 

very plausible idea, it has since been shown that the FcR2 

(CD-16) on NK cells does not bind uncomplexed monomeric 

irnmunoglobulin and that fresh NK cells can lyse tumor 

cells ln the absence of serum (pross et al, 1978). 

Furthermore, in vitro propagatec1 NK-Ilke cells maintain 

their ability to lyse NK susceptible target cells for 

severai generations (Allavena ~t al, 1984; Roberts et al,' 

1985). Many NK-like clones c10 not possess Fc recepArs" 

(Table III), anc1 trypsin treated NK cells incubat~d in 
li< 
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serum do not consistently regain cytotoxicity against 

tumor cells (Kay et al, 1978). It therefo're seems highly 

unl1kely th~ NK specificity is a result of natural 

antibody coating of NK cells. 
? 

hl Membr,ne proteins. Membrane proteins have been 

implicated as target structures on tumor cells recognized 

by NK cells in both the murine and human systems. The 

removal of membrane proteins from target cells with the 

prote.?lytic enzyme trypsin both renc1ers the target cell 

less susceptlble to lysis by NK cells' (Jonc1al and Pross, 

19751 Chapter III section 4.2) and to an even greater 

extent decreases the ability of that target cell to 

compete (chapter III section 4.2). pretreat~ent of the NK 

cell itself with proteolytic enzymes also decreases its 

ability to lyse a target cell (Pross et al, 1978). This , 

indicates that the NK cell "recognition structure" may 

al~o be a membrane protein. 

Several studies have sought to speciflcally 

solubil~ze target cell membTane proteins. These stuoies 

c1emonstrate that the resul tant membrane proteln extracts 

can inhibit NK cell mediated Killing of, the parent tumor 

cell line in both the murine and human systems (Roder et 

al, 1979a; Roder et al, 1979b; Foster et al, 1985; Obexer 

et al, 1983~ Henkart et al, 1986), 'MNs it appears likely 

that target cell membrane proteins may be c1eterminants 

recognizeo by NK cells • 
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4.6.1 Vira1ll encoded antigens. Since NK cells can kill 
• 

sorne virally infectec1 cells, it has beeu suggested that 

virally encoded antigens May be specifically reco~ized by 

NK cells. One hypothesis is that NK cells May s~mply 

recognlze C-type viral particles on the surface of in 

vitro cultured tumor cells and that the recognition of 

tumor cells ln vitro is therefore an artifact (Kiessling 

et al, 1975; Herberman,et al, 1975). In one study it was 

shown that the major retroviral glycop,rotein gp 71 

inhibited NK cell merliated cytolysis (Lee et al, 1977). 

On the other hand, infection of a resistant tumor cell 
~ 

line with retrovirus f'lid not leaf'l to any ll\CreaSe in 

susceptibility (Kiessling et al, 1978) and no correlation 

could be shown between target cell susceptlbllity and 

retrov ira 1 ant igen expresslon (Becker et al, 1976). 1 t is 

therefore difflcult ta reconcile how retrovlrally encoded 

proteins could be target structures on NK susceptible 

tumor ce Il s. 

\ There are sorne preliminary results which indi"cate 

that HSV-I antigens May be involved in NK specificitYl 

human Fab fragments frem HSV-I seropositive but not 

seronegati ve indi v ioua 1 scan block ItsiS of HSV-l Infected 

WISH cells (Bishop et al, 1984). The subpopulation of NK 

cells able te Mediate lysis of HSV-l infected cells 

however does not appear to overlap wlth the population of 
r 

NK cells which lyse K562 cells in humans (Bishop et al, 

19.84; Fitzgerald et al, 1983) • 
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4.6.2" La.lnin receptor. Hiseroot et al have suqgesteo 

that the larninin receptor may be a murine NK cell target 

/ 
'\tructure (Hiseroot et al, 1985a: Hiseroot et al, 1985b). 

They repor-ted tha t NK and Ne sens i t i ve tumor ce Il l ines 

t can bind- 125I-Iabe lIed laminin and that exogenous laminin 

pretreatment of the target cell blocked its NK sensitlvity 

and competitive activity. They have also shown that murine 

splenic NK cells may express a cell surface epitope 

immunologically crossreactlve with laminin (Hiserodt et 

al, 1985b) and that NK effector cells (but not alloimmune 

CTL) pretreated with a polycl~nal anti-Iaminin sera have . 
~ 

diminisheo ability to bind and lyse Yac-l tumor target 

cells. Thus It appears that Hiseroot's group has 

provided a considerable amount of eVldence impllcating a 

laminin-laminin receptor mechanism in the murine NK 

recognition process. 

In sorne preliminary studies by this author, however, 

we were unable to oecrease murine splenic NK activity for 

Yac-l targets by competltion with commercially obtained 

laminin (ICN biochemicals; Cleveland Ohio), or with a rat 

monoclonal" antiboc1y speciflc to the Pl fragment (Serotec 

laboratories) of murine laminin (oata not shown). In the 

case of the monoclonal antibody treatment, preliminary 

data suggests that rough1y 5-10% of spleen cells react 

with the antibody in histological sections (data not 

shown) • 

4 .6 • 3 T - c .!!! L!~!.2.!: ( Ti) • The Ti lS a weIl 

documented surface membrane protein found on mature T-
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lymphocytes and plays a "maJor role in the r~oQnition of 

antigens in association with the products of MHC. The Ti 

consists of i disulfide 1inked chainsl oC. anrt!J. Both 

• 
these chaips contain both variable and constant domains . 
(,Acuto et al, 1983; Kapp1er et al, 1983; Mcintyre anrt 

~ 

A11ison, 1983). Thus the baS1C structure and ':;E>qlJence of 

the Ti molecule resernbles that of the immunug1obu1in gene 

superfamilY (Hoort et al J 1985; Novotny et al, 1986). 

Since NK cells anrt T cells have many similarities anrt 

have even been hypothesized to belong to a cornrnon lineage, 

they may also share a roughly similiar type of re,cognit1on J 

system. Severa1 studies have focused on the possibi1ity 

that NK ce Il suse or possess sorne form of the Tl (Yanagi 

et al, 1985; Biron et al, 1987; Ritz et al, 1985; Moingeon 

et al, 1986; Moingeon et al, 1987; Tutt et al, 1986; Tutt 

et al, 1987; Lanier et al,' 1986 ; Lanier et al, 1986b; 

Lanïer et al, 1987; Alarcon et al, 1987; Y'okoyama et al, 

1987; Ang et a'l, 1987; Alessandro et al, 1985; Reyonalc1s 

et al, 1985; Nakanishi et âl,1987; Brenner et al, 1987; 

Kishara et al, 1987). Analysis of Ti related genes has 

however, ino1cated that enrtogenous NK cells do not express 

Any functional transcripts of Ti 0<. or fi (Borst et al, 

1987; Reynolds et al, 1985; Lanier et al, 1986b; Tutt et 

al, 1987; Tutt et al, 1986;/Kishihara et al, 1987). 

Utilizing the antibody WT31 which i6 thought to react with 

a framework epitope of the human Ti oc.,fi structure, NK 

cells have been confirmed not to express Any Ti :H.,p 
.; 
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structure (Spitz et al, 1985; Alarcon et al, 1987; 

Moin(Jeon et al, 1987; Moingeon et al, 1986). In vivo , 

stimulated NK cells were also found to be devo-è.d of any 

futlctional Ti .)(.,~,'6,T3o,or T3~ genes (Biron et al, 1987). 

The Ti ~ chain has been founo on NK-like cells in 

several systems thus far (Moingeon et al, 1987; Alarcon et 

al, 1987; Borst et al, 1987; Ang et' al, 1987; Brewer et 

al, 1987) and antibodies directeo to the Ti associated 

moleO'Ule CD-3 (Koning et al, 1987; Brenn~t al, 1987) 
o 

do inhibit killing of NK targets by these clones (Hercend 

et al, 1983). A monoclonal antibody "NKFI" raiseo agalnst 

a fetal'ly oerlveO NK-l ike clone is thought ta recognlze 
... 

the Ti '1 chain (~olngeon et al, 1986) ano thl!,; antlbody 

also b10cks NK-like effector function by sorne clones 

(Moingeon et al, 1986). 

Whlle sorne NK cells may express rearranged 

functional transcripts of the Ti ~ chain (Moingeon et al, 
~ 

1986 Lanier et al, 1986), the vast majority of peripheral 

blood NK cells do not have any detectable rearranged Ti t 

chain message (Tutt et al, 1987: Lanier et al, 1986). NK 

specificity for tumor cells Ooes therefore not oepend on 

the e~pression of the Ti QI...,S,(t"!:.[) stru,ctures and one 

would have to concluoe that these structures are probably 

not involved in NK recognition of tumor cells. Whether or 

not these Ti structures are involved in sorne other form of 

MHC unrestricteo killing, such as NC, or a oiscrete 

population of NK cells reactive with virally infected 

cells (Bishop et al, 1984; Fitzerald et al, 1'983) remains 
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to be determined • 

4.6.4 TMK.ill...!.· Hercend's group has c1erived a monoclonal 

antibody (anti-TNKtar ) against a 140 Kd membrane aClvation 

antigen present on tumor cells. This antiboc1y blocks 

cytotoxic function by sorne clonec1 NK-like C~llS (Hercenc1 

et al, 1984). This inhlbitory effect appears to be at 

the target cell level because preulcubation of target 

cells with thls antibody also Inhibits their ability to 

compete for lyS1S by these NK-like clones (Moingeon et al, 

1985). The TNK tar antigen appears to be the sarne 

activation relatec1 protein as that recognizec! by the 

antipoc!y 4F2 (Moingeon et al, 1985). This antigen was 

found on aIl in vitro tumor cell Ilnes t,este<i, as weIl as 

on normal lymphocytes anc! monocytes (Hercend et al, 1984). 

The densi ty of TNK tar /4F 2 increases upon lymphocyte 

activation (Hercen<i et al, 1984). 

Accor<iing to Hercen<i's group, only NK-llke clones 

which express a CD-3 associate<i 90 K<i membrane protein 

(Hercend et al, 1983) recognize this TNK tar/4F2 antigen ( 

Hercend et al, 1983; Moingeon et al, 1985). In ad<iition, 

antibodies against the 90 Kd proteln a1so block effector 

function (Hercend et al, 1984). However, the clone Jt9 

use<i in this study also expressed a complete 1.3 Kb form 

of Tl b (Ritz et al, 1985) and· the relationshlp between 

this Ti ft gene product, the 90 Kd molecule, afl<i CD-3 

i 
antigen is uncertain. The relevence of thes.e flnchngs to 

'\ . 
CD-3- peripheral blood NK celi specificity also remalnS to 
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be determined. 

'4.6.5 "He encoded gene products. -It seems highly 

unlikely that NK cells recognize any MHC encoded antigens. 

In general, NK cells do not lyse normal syngeneic, 

allogeneic, or xenî;neiC cells. Antibodies to MHC class 

1 or class II anti es do not block NK-like killing of 

turnor cells (Herc nd et al, 1983). and turnor cells which 
-~~ 

are among the best targets for NK cells, either express no 

or low MHC encoded antigens (Stern et al, 1980; Cikes et 

al, 1973; Stern et al, 1973). 

In fact, it has been suggested that NK cells may 

r"ecognize a "lack of MHC" (Karre et al, 1986). The basis 

of this theory is that MHC encoded gene products are 

actually an inhibitory signal. Once a normal cell has 
,; 

evolved into a tumor cell and lost MHt expression, the 

cell no longer possesses this inhibitory signal anè thus 

i,t is lysed by the NK celle One major obstacle to this 

theory is that RBC which do not express any MHC encoded 

products shouid therefore be ly~ed by the host's own NK 

cells. This would obviously be somewhat undesirable and 

does not appear to occur. 

The "lack of MHC" hypothesis, was suggested becausl~ 

murine lymphoma celis selected for low/nil H-2 expression 

proved less malignant than wild type Iymphoma celis when 

injected into syngeneic hosts. This turnorigenicity was 

nct due to an intrlnsic inability te grow in vivo. In 

addition, NK cell susceptibility inversely correlates with 
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fi-2 expression in these variants as weIl as in the well 

known murine NK target Yac-1 (Piontek et al, 1985; Karre 

et al, 1986). This theory is consistent with reports that 

interferon treated tumor cel1s increase their MHC 
, 

expression (pionteck et al, 1985) and at the same time 

becorne resistant to NK attack (We1sh et al, 1981; Piontek 

et al, 1985). Storkus and co-workers (1987), have also 

demonstrated an inverse re1at,ionship between MHC class l 

antigen expression and target cel1 suscep~ibi1ity to human 

NK cell activity. The F 1 h yb r i d r e sis tan ce mo d el, i n 

which NK cells are "thought to lyse normal semiallogeneic 

bone marrow ce1ls may also be explained by this "lack of 

MHC" theory (Cudkowicz and Bennett, 1971; Carlson et al, 
> I!J 

1980) • 

4.6.6 .Tf receptor. In 1983 it was suggested that the ... 
Tf receptor may serve as a target structure recognized by 

NK eel1s (Baines et al, 1983; Vodine1ich et al 1983). 

Sinee then, the involvement of Tf receptors in NK 

specificity has beerf a very controversial topic. 

Initial studies in this laboratory sho'wed that the 

normal serum iron binding proteln Tf, could b10ck both NK 

cel1 activity and conjugate formation between PBL and K562 

cel1s at physiological concentrations (Baines et al, 

198 3 ) • The e f f e c t 0 f Tf 0 n N K cel lac t i vit Y wa saI 50 

~ 

confirmed by Bierman and co-workers (t984) as well as by 

Philips (1986). Borysiewicz and co-worke,rs (1986) showed 

that transferrin could inhibit NK celi mediated lysis of 
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Fig 1. Morlel of Hurnan Natural Kiiier Celi 

recognition of tumor celis via transferrin 

receptors. 

~_. 

1 
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Taken from Ba i nes et al, 1983 
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virally infected cells. 

- In viyo, human serum Tf is partially s..aturated with 

iren and only this Iron saturated form of the protein can 

bi nd to i ts recepto r at phys io log ica 1 pH (K 1 ausner et al, 

1983; Dautry- Varsa,t et al, 1983). The iron free form of 

T.f (apo~Tf) can bind to the Tf recepto-f only at low pH 

(Klausner et al, 1983) (Dautr~-varsat et al, 1983). ApO-Tf 

has also been shown ta inhibit conjugate formation (Baines 

e t-, al, 1 9 8 3 ) • Sin c e a po - T f r e t a i n s i t sin h i bit 0 r y 

capacity, it i5 possible that the inhibition observed by 

either Tf or apo-Tf does not invoI ve receptor 

participation. Studies by M. Caldwell in this 

department, ho'wever, show that apo-Tf may become partia1ly 

sat~Aated wfth iron under the conditions of the assay 

since RPMI-1640 contains significant amounts Qf free 

contaminating iron as shawn by atomic absorption 

spectroscopy (M. Ca Idwell, persona 1 communication). 

Pretreatment of PBL or LGL with either intact or 

F(ab)'2 fragments of rabbit antibodies against human 
-

se~um Tf also blocks NK cell activlty. Howev er, wh en 

target cells on the other hand were pretreated with 

a nt i bo die s a gai n 5 t Tf, no e f f e ct !Il as se e n ( Bai ne set al, 
~ 

1983; A 1 a r co net al, 1985). 

The Tf receptor is composed of 2 identical Slbunits 
6 

of 90 K-6. each and i t ls thought tha t each subun i t i s 

capable of binding 1 molecule of Tf. There a~ disulfide 

linkages near the membrane to Which the Tf binding domains 

a~e distal linked regions [reviewed in Ward, 1987 and , 
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Trowbrlc1ge et al, 1984]. Trypsin cleavage of the plasma 

membrane bound Tf receptor llberates a 70 Kc1 fraQment 

which retains the ability to binc1 Tf (Omary anrl 

~rowbric1ge, 1981; Schneic1er et al, 1982). Vodenlitch and 

co workers (1983) have shown that this Tf receptor 

ragment but not HLA-B fragments can specifically block NK 

~ell activity towarc1s KS62 cells. 

\ \ Taken together the above results suggest that the , 

t~ansferrln receptor is a t~rget structure on tumor cella 
, \ 

re'ç:ognized by NK cells. Furthermore, the inhibition 
\ 

st~dle~ on NK ce Ils wlth anti-Tf antibodies inoicate that 
, ) 

the', NK cell may also possess Tf receptors to WhlCh Tf i~ 

bOunO. This Tf receptor-Tf comp lex on 'the NK ce Il was 

postulated tp be the recognition structure utillzed by NK 

cells to bincj tumor cell Tf receptors (see Fig.l). 

Based on the abO've mOd:r-:!.y~L~"\tibOriieS against the Tf--

receptor should block NK activity at the target cell 

leveI. However, on target ce Il a 

has provided confusing and contraoictory results. The 

results ~re confusing ecause NK cells are capable of 

ADCC. Thus sensltizing target ce Il 'II i th ant iboc1y shou Id 

predispos by an ADCC mechanism 

especially s that murine monoclonal 

antibodies can be recognlzed by human NK cells (Ortaldo et 

al, 1987; Park and B~ahml, 1984; Herlyn et al, 1985). Most 

,antibody studies against Tf receptors have either blocked 

N Kac t i vit Y 0 r ha d Cl 0 me a sur ab 1 e e f f e c t (s e e Ta b 1 e IV). 

J. 
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Table IV 

I)Vodinelich et al, 1983-

2)Dokhelar et al, 1984 

3)Storkus et al, 1986 

4 )Golightly e't al, 1984 

S)Saines, M.G. (unpublisheô observations) 

6 )perl e~ al. ly6 
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TABLlIV 

Inh'ibition of NK Cell Activity..vith Honoclonal 
Antibodies to the Tf Receptor 

/ 

Monoclonal Antibody on NIC CeU Activity Reference 

-.83/25 Decrease (1) 
B3/25 Nil (2) 
5E9* Nil (3.4.5) 

L 01.1 Decresse (6) 

• 
42.6 Nil ~2) 

OKT-9 Nil (2) 

*Pretreatment of effector cells vftb tbis Antibody .1.0 had QO affect • 

.. 

• 
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Another possible Interpretation of the results of target 

cell treatme~t with antibC?dy is that the epitopes of the 

Tf receptor recognized by these antibooies c10es not 

over lap wi th the epi tope invol ved in NK :recognition. 

1 f Tf receptors are target structures on turnor ce 11 s 

recogn i zed by NK ce Il s, then the numbers of Tf receptors 

on the tumor cells shoulo correlate wlth their 

susceptibility to lysis. Since a major aspect of this 

thesis ia to cietermine the relationship between Tf 

receptor expression anci NK sensitivitYd an analysis of 

this aspect of NK specificity will be c1eferred until 

chapter 1 II. 

.. 
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II. A RAPID AND EFFICIENT MICROTECHNIOUB FOR THB ANALrSlS 

OF FUNCTIONAL TRANSFERRIN RBCBPTORS ON TU"OR CELLS • 

1. Abstract 

A simple and efficient method for the analysis of 

the affinity ann numbe'r of functional transferrin 

r~<?eptor5 on human tumar cells i5 nescribed. The 

technique is nesigne~ to utilize microtitration equipment, 

ann is suitable for easy comparisan of up ta eight 

nifferent celi preparations per assay. Using ,this 

technique, five esta~lishert cell lines were evaluatert for 

functlonal Tf receptor expression. The control 

erythroleukemic celi line K562 posessert 3.28xl0 5 

functional Tf receptars per cell 4 (,:t, 3.69xlO , S.E.M.) 

Krt=9.0xl0- 9 M-I. Trypsin ann heat pretreate<1 cells were 

comparen to control erythraleukemic K562 cells fram the 

same culture ta netermine bath the effects af receptor 

removal and celi viab1lity on the assay. Trypsin ann heat . ..., 
pretreatment' of these K562 cells severely necrease-c1 

receptor function as innicaten by Scatcharô analysis as 

weIl as by time course ann coIn competition analysis 

respectively. Whereas the affinity of trypsin treated 

receptors on cells was similiar ta control values, heat 

killen cells nisplayert an alterec1 cellular affinity for 

transferrin-I-125 unnerscoring the importance of utilizing 

cells af high viability in receptor assays • 
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2. Introduction 

Transferrin rece~s are ubiquitously present on 

tumor cells in high numbers (Larrick' and Cresswell, 1979~ 

Faulk et al, 1980; Schinnelman et al, 1981; Sutherlann et 

al, 1981) •• They are a principle methon through which 
l 

these cells, as weIl as normal cells acquire iron (Aisen, 

1983). The analysis of Tf receptors as a possible marker 

for malignancy (Faulk et al, 1980; Schindelman et al, 

1981), anr! as a differentiation marker (Tei et al, 1982; 

Testa et al,/1982; Yeh et al, 1982; Horton et al, 1983), 
<. _ ,.-'f: 

has recently gainer! wic1e attention. In an<1ition, the Tf 

receptor has been implicated as a target structure for 

Natural Killer cell meniaterl killing of human tumor cells 

(Baines et al, 1983; Voninelich et al, 1983). The finnings 

that the receptor 15 structulia lly and funct iona lly re 1 ated 

to the human melanoma- associaten antigen p97 (Brown et 

al, 1982) an<1 that transferrin i tse 1 f (a normal serum iron 

biryrling protein) exibits sequence homology with an avian 

oncogene pro<1uct (Goubin et al, 1983) gives further 
If 

credence to its role as a possible target structure on 

tumor cells. Many studies have quantitated the expression 

of this receptor through the use of antiborties rtirectert 

against <1ifferent epitopes on the Tf receptor (Faulk et 

al,I980; Lebman et al, 1982; Yeh et al, 1982; Horton et 



• 

• 

1l al, 1983). A major drawbÀck in the ute of antibodiea to 
1 

~ 

quantitate the receptor, is that the number of fun'ctional 

Tf receptors ofteh rliffers siQnificantIy from the number 

of hltmunologically c1etectable receptors (Frazier et al, 

1982). Whether there is a similiar rliversity between 

c1ifferent monoclonal. antiboc1ies recognizing rlifferent Tf 

receptor epitopes or not, lS a matter of speculation • 
. 

Scatcharc1 ana lysis of functiona 1 Tf receptors us i ng i ron 

saturaterl transferrin as a liganc1 thus eliminates this 

extra pararneter. The describec1 microtechnique i8 ic1eal 

for simultaneously comparing Tf receptor on several 

c1ifferent cell preparations. This shoulc1 prove to be 

useful because c1iscrepancies exist in the literature on 

comparati ve Tf receptor estimation (Fraz ier et al, 1982; 

Testa et al, 1982: Klausner et al, 1983a), anci thus 

cornparisons between rlifferent authors are c1ifficu1t to 

interpret. The methoc1 rnakes use of equipment norrnally usec1 

:rn 1aboratories which measure cytotoxicity by the chromium 

release assay (Jonc1al and Pross, 1975; Pross and Jonnal, 

1975) anc1 is similarly fast ann economical. 

\ 
\ 

3. Materials a~d Methods 

3.1 Ce 1! cul ture. The erythroleukemic human tumor cell 

line K562 (Lozzio anc1 Lozzio, 1975 ) as weIl as RAJI, 

MOLT-4 anc1 HL-GO, were grown in suspension culture anc1 

maintainert at 37°C in a humirt environment in 5% C02' The 

S4 
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cells were culturec1 in RPMI-1640 containing 10% heat 

inactivated fetal bovine serum, 2 mM glutamine, 100 lU/ml 

penicillin-G, 100 ug/ml streptomycin sulfate, 10 mM HEPES 

and 2 mg/nll soc1ium bicarbonate. The cell 1 ine MeWo which 

ts a tissue culture monolayer was grown in the same media 

as above with the adc1ition of 2-mercaptoethanol at a final 

concentra.t ion 'of 4. 29xl OE- 5M. These ce Ils were harves tec1 

from culture by scraping the cells from flasks with a bent 

glass pipette, the cells were then vigorously resuspendec1 

to break up c1umps. AlI cell li_~s were assayec1 3-4 c1ays 

post feec1ing. 

3.2 Radiolabelling of Tf. Apotransferrin (Sigma; St. 

L · 0) "" . h' . \ 1 ou l S, M. wa s sa tu rat e \1 :'f l t l r 0 n, as pre v 10 us y 

c1escribed (Holbein, 1981). Batches were perioc1ically 

verifiec1 to be )92% saturatec1 by comparing the optical 

absorbance ratio at 465/280 nro to a standarc1 regression 

l ine (Ho1bJin, 1981). Iron saturatec1 transferrin was then 
~ 

iQQinated using the methoc1 of Hunter anc1 Greenwooc1 (1962). 

Briefly, 200 ug of chloramine T (BDH; Montreal,Que.) was 

---- =~--~-~-- a=(fc1erl to 10 mg of iron eaturatec1 transf~rrin anc1 2 mCi of 

carrier free 125 I as NaI (Amersham, IMS.300; Oakville, 

Ont.) in a total volume of 500 ul of 10 mM (Ca++ anc1 Mg++ 

free) phosphate buffererl saline (PBS). After 15 minutes, 

the reaction was stoppeo with 250 ug of soc1ium 

metabisulfite anc1 th~ free 125 1 was then immeoiatly 

sepa'ratec1 from transferrin-I-l'25 on a sephadex G-25 

c co l umn. A 5 ul aliquot of each fra~tion was then 
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subjectert to precipitation in a lOt trichloracetic acict 

and 1\ bovine serum albumin mixture in a total volume of 
\ 

400ul, this sample was then centrifugeo a~ 13,100xg for 10 

minutes. Typica lly ) 9 3% of the rartioact i v 1. ty was 

precipitable, inrticating that the label was bounc1 to the 

"'" proteine Protein concentration was deterrninert using the 

Biorart protein assay with 1.rdn saturatert transferrin as 

the standarrt. Al though transferrin is generally acceptec1 

to be a non 1 abi le prote in, the trans fe rrin- l -12 5 so l ut ion 

wa s su p pIe me n te rt w i th l % B SA w / vas a st a b i 1 i z i n gag e n t 

for free rarticals prortucec1 by 125 1 decay. The specific 

activity obtainert, was usually ln the range of 200,000 ... 

cpm/ug prote 1 n. 
11' 

3.3 Binding assay. Speciflc high afflnity binc1ing of 

transferrin-I-125 to cells was evaluated by Scatcharc1 

analysis of bl.nrting data as rtetai1ert below. AlI binc1lng 

assays were performed in 96 weIl V-bottom rnlcrotitration 

plates (Linbro).Titertech; Flow laboratories,inc.). RPMI-

1640 (lOOul) was artc1ed to aIl wells except column l, l·sing 

a l2-channel pipettor (Titertech; Flow laboratories,inc.). 

Column 1 received 200 ul RPMI-1640 plus a concentration of 

transferrin-I-125 capable of fully saturating cellular .. ~t. ____ ._ 

receptor (approximatly 0.2 ug t~ansferrin-I-125/well). 

The contents pf column number 1 was then serially dilutec1 

in 100 ul steps tocolumn 11. One rnilli~cellS 1n'100 ul 

RPMI-1640 were then added to each row (ie.each row 

contained a c1ifferent celi line to be comparen) anrt the 

pla~e was transferreo to a 37°C Incubator and gently 
/ 
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c1gitate<1 at a ,a Dxnatech micro-shaker II 

(Dynatech labora (ories,inc.; Alexanoria Virginal for 45 

minutes. Upon te mination of the incubation, 50 ul of 

resuspenoert cells from aIl wells were removert anrt pipettert 

into LP/2 tubes (Luckham;Sussex, Englan<i) sealert with 

paraffin anrt counteo for 125 1• A fa~tor which makes this 

a ~ s a y e f fic i e nt 1 s th a t LP / 2 tube S (c a p a ci t Y = 6 0 0 u 1) fit 

perfect1y into 96-well fIat bottomert tissue culture plates 

(Flow Laboratories,lnc.), thus allowing the rtirect 

transfer of cells from the assay plate to LF/2 tubes with 

the 12-channel pipettor. This measurement was performen 

to rtetermine the total counts per minute (cpm) of 

transferrln-1-l25 in the assay, anrt was rtenotert as 1/4 

bounrt+free cpm of transferr in-1 -125. The remainlng 150 

ul ln the plate was then rinsert 3 tlmes 

centrlfuging the plate in an IEC DPR-6000 refrigeraten 

centrffuge in a Cooke microti ter plate carrier (Dynatech 

laboratories,inc.), for 5 minutes at 500xg. The plate was 
f 

then removert, ln vertert, anrt f lrmly but gent ly f 11ckec1, to 

cast off tlle superna~ant. It is ~portant that the plate 

be perpenrticular to the floor when casting off the 

supernatant, to ensure that each . corner of the plate 0 

recieves an irtentical force. The cell pellets were rinS,ert 

with 200 ul of PBS at 4·C, thi:; rlnsing step was rtone 

gently, 50 as not to rtisturb the cell pellet anrt increaee 

ce Il 10ss. After the above washing procedure was carriert 

out 3 times, the cells were removec1 in 200 ul of PBS, the 
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wells were susequently rinsec1 with 200 ul of PBS anrS both 

washings were placeri in LP/2 t-ubes using the 12-channel 

pipettor. These cell preparations represent 3/4 of the 

bounrl-cpm of transferrin-I-125 in the assay. 

3.4 Cell 108S. On average, 20\ of t~,e cells which shoull1 
--- 1 

be recovererl in the cell pellet are lost rturing the 

washlng phase of thlS assay system. It has been our 

experience that cell 105515 consistant from well to weIl 

within the sarne cell line, however, rli ferent celi llnes , .. 
may exhlbit rlifferences in the numb~ s of ce Ils lost. 

~ 
Whlle most cell lines were comparable, t e trypsln treatel1 

cells were partlcularly susceptIble t cell 1055. To 

"' cornpensate for this cell 1055, the celi contents of 

r e pre sen ta t Ive we 1 l s (r 0 w l 2) we r e cou n te <i a t the e n'rt 0 f 

the assay for each cell line testert. Transferrln-I-125 was 

not ac1c1el1 to these wells. Slnce Ixl0 6 cells were place<i 

into each we Il, anel 25% of these ce Ils were removel1 befora 

washing (to rneasure the bounrl+free fraction), then 7.5xlO S 

cells shoulrl have been recoverec1 from each weIl. Slnca 

cell 1055 occurert solely rlue to.washlng, the rneasurernent 

of bounc1+free was obtainel1 wlthout error anrl therefore rtirl 

not requ i re _oorrec t ion. The number of bounci cpm howe ver 
/'~-

varierl in elirect proportion to the cell loss. The values 

\ 

obtaineri in cprn for the bounrl fraction were correcteo by 

mu l t iply ing the observerl ·va l ue <ff bounel cpm by a ce Il 1058 

correction coefficient. 

3.,$ Time depenrient bin.ding. 'This assay was rione in the" 

" 
sarne plates as conventlorial ·assays, however the 

. .' 
58 

1 

/'" 

.. 



c 

• 

J 

• 
, 

... 

\ . 

concentration of traiosferri"n-I-125 in each weIl was kept 

constant. Oné million cells·were ac1c1erl tp each weIl ... 
sequentially at 5 minute intervals. The çaction was 

." terminatec1 Dy transferring the contents 9f each weIl 
( 

"\ 

" (using a 12-channel "\pipe~~tor) to ice colrl LP/2 tubes 

containing 400 ul of PBS. The tubes were precoaterl wi th a 

0.1% bovine serum albumin solution, to keep nonspecific 

• binc1ing to a minimum. These tubes were then mountec1 in a 
, " 

96-well fIat bottomed tlssue culture plate anc1 centrifugec1 

for 5 minutes at 350 xg. It shoulc1 be not~ci that only 4 

e. , ./ 
rows of tubes can be mountec1 on a plate ann centrifugen at 

. one' time because of the c1esign of the plate carrier. 

After. centrifugation," 550 ul of supernatant was re~ovec1 

wi th th'e mu l tichanne 1 pipet tor us i ng nan:'bw pipet te tiP.s 

'(BioracJ Laboratories, (Cànana)' Ltn.; cat. number 223-

9037). Five hunnred fifty ul of PBS at 4°C was then 
, " . 
forcefully anden to the~ tubes ensuring tha't the pellet was 

, 
resuspendec1. After' the' fourth wash was complete,o, the.1 

. tub e s w'e r e se ale d i n par a f fin a n c1 cou n te d in a gamma 

coun~er. This measurement re-presentec1 ,the âmount of 

transferrin-~-125 bo~n~ to the cells. 

Data analysis. Scatcharc1 plots rrOIl\ -thec binding nata 
o \ 

1 

cibtained were correctec1 for nonspecific binoing by the 
.. 

methoc1 of C~amness ~nc1 McGuire (1975). The rnethoc1 Mas 

ba~éc1 on the assumption that one cou1n discrimi~fte 
, . 

o Oetween specifie and nonspecific binding, as the the 
• 1 

nons~eci~ic component was c1~recilY proportidnal 
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avai1iable free 'ligand, whereas specifie blnrting was 

proportiona1 to receptor concentration. When the raw data 

was plotted by the methoc1 of Scatchard (1949), an 

asymptote was formert at a 1 imiting ratio of bounrt/free. 
~ 

This l,imit was then u~ed to factor out the nonspecific 

component for each data point on a Scatcharrt plo-t 

(eq.l). 

specifie bound= experimental bound- free (Lirn bounrt/free) 
B/F· ... oo 

The limit for each assay aC'\<1 cell 1ine was cieterrninec1 by 

using the weIl wlth the highest concentration of 

-Transferrin-I-125. Since receptor saturation must be 

<il 

achieveci to cietermlne the lirnit, representat ive 

experimpnts were routlnely analyzed to ensure that 

receptor saturation rtid occur. The molecular weight of 

transferrln was taoken to be 80,000 Mr (Aisen, 1983) in 

converSi~ns of binding data trom cpm/ug tr, either m<lleJ J 
bound or mo 1 ari ty of iree 1 igand. 

3.7 Trypsin treated cel}s. KSf,2 cells were pretreateci 

with trypsin (1:250 Gibco/Granc1 Island Biological,CompanY7 

Grand ISland, NY) by incubating approximately 3xlO' célls 

in 0.5% trypsin w/v solution in PBS for 20'minutes at \ 
ù' 

The ce ll~ were then WaSh(H1 3 times at 4°C anrt 

maintained at that temperat~re until1 assaye<1. 

f 
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binc1in9 of transferrin-I-125 to KS62 cel1s was 

shown to be spec if ic for transferrin at 37 Oc (f ig.2). The 
~ 
a c1 c1 i t ion 0 f col c1 t ra n s fer t" i. n t 0 a b i n c1 in 9 as s a y a t 37· C 

effectively c1isplacec1 transferrin-I-125 from the cellular 

Tf receptor whereas the ac1c1ition of cold bovine serum 

albumin dic1 not alter binding. Figure 3 shows that with 

uncorrectec1 data, binding was saturable at 37°C. As 

mentionec1 ln materials and methoc1s, saturation must be 
j) 

achieved in each assay to mathematically factor out the 

nonspecific binding. Incubation of KS62 cells for 

differing perioc1s of time showec1 that the system achievec1 
>-'" . 

egui libriurl by 30 minutes anc1 remainec1 static thereafter 

(fig.4). AlI subsequent assays were incubated for 45 

minutes to ensure that a system at equilibrium existed. 

The number of functional Tf receptors o~ KS62 cells 

derivec1 by Scatcharc1 analysis (fig.S) as averagec1 over 

fifteen <iifferent experiments was 3.28xlOS Tf 

receptors/cell (.:!::.3.69xI0 4 ) K<1=9.0xlO- 9 M-l. When K562 

cJl1s were pretreated with trypsin, the cells dit1 not 

saturate with time anc1, as can be seen from the Scatcharc1 

plot, bounc1 consic1erably 1ess 1 iganc1 then the1 KS62 

parent cells. The affinity of these trypsin-. treat~ cells 
, 

c1id not however c1iffer significantly from that of KS62. 

This show's that the Tf ,eceptor was sensltive to the 

eff~cts of trypsin anc1 ihat th~ cells'possesséd few 

measurable Tf recePt's .,.i9.S) •• KS62 cells were heat 
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Fig 2. Specificity of binciing of 125 1 _ 

transferrin to K562 tumor cells. 11.5 picomolea 

of l25I-tranferrin was artrteci to aIL wells and the 

concentration of cold competing protein was 

varied. .----.~ Compet l t ion by col t1 trans ferrin 

on K562 cells • • ---.: Competition by cold 
o 

bovine serum albumin on K562 cells. 0----0; 

Competition by coln transferrin on K562 cells 

precreateci at 56"C for 30 minutes. This graph , 
illustrates that binc1ing of the rac1ioactive 

transferrin was spec if ic for transfe rrin on K56.l 

cells, while heat {5retreateci K562, cells did not 

bind 125r-transferrin specifically. 
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Fig 3. ~aturation of binding of 125I-transfetrin 

to K562 turnar cells. The binc1ing of125I_ 

~ransferrin ta K562 cells was shown t~ be 

saturabl e at 37 "C. Sa tura t i·on was ach ie vec1 at 
1 

approxirnately 0.2 ug transferrin/ ixl06 cells. 

1 
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• Fig 4 • T\ In e de pen den t b i n d i n 9 0 f 1 2 5 1 -

transferrin to K562 tumor ~ells. 8inoing of 12SI

transferrl,n to K562 ( • ), or trypsin pretreate~/ 

K 5 6 2 cel I s ( .a ) a t 3 7 .. Cas a fun c t ion 0 f t i me • 

K562 cells bound 125i-transferrin in a time 

dependent manner whereas trypsin Jretreated cells' -

which bound low amounts of 125I-transferrin did 

nct show time dependent binding fn assays when 

the s p e c' i f i.c a ct i vit Y 0 f the l i 9 and wa s 

'cteereased. This underscores the importance of' 

usin~ 125r-transferrin whieh has ~ specifie 

activity of at least 2xl0 5 cpm/ug protei"n, for 

celi lines posessing few receptors. 

\ .... 
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Fig 5. Scatchard analysis of cellular binning of 
! .... 

12SI-transferrin to KS62 cells pretreatert with 

trypsin or heat. Ce Il s were -incubated at 37·C 

for 45 minutes. Units on, the absisca are 

femtomoles Of 1'25 I-transferrin bOUMS. e7 K562 t 

cells maintaineo in tissue culture anO feo 3-4 

oays prior to assay. • 1 Trypain pretreatert K562 

cells, the affinity of these cella for 125 1 _ 

transferrin was not signi~icantly oifferent from 

K562. A 1 K5152 ce Il s pretreated at 56"C for 30 

mi nu te s., 
, 

this heat pretreatment "abrogateo 

receptor function (see text). 

1 
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pretreated at 56·C for 30 minutes to determine lf receptor 

function would be abrogatect by this treatJent. Upon 
)' 

analysis of these heat pretreated cells, it was founn that 

they were capable of binding very 1 ittle 1 igano but th,at 

this binning was of a higher affiniiY (Kn=4.8SxIO- lO M-l P 

<.01) than with KS62 cells, (fig.S). Upon coIn competition 

analysls it was observeo that coIn transferrin coulo not . , 

'rlisplace transferrin-I-125 from the cells, innicating that 

the binding of the transferrin-I-125 was not.speciflc ann 

therefore nin not involve Tf receptors (fig.2). These 

" heat pretreated K562 cells were typically of low viability 

as judged by trypan blue incorporation. Slnce trypan blue 

stains dean "leaky" cells it is highly probable that the 

Tf reeeptor estimate from the Scatchard plot shown 15 nue 

to labellen ligand permeating dean cells. If these eells 

trapped transferrin-I-125 in a non-specifie manner,' then 
,. t\~ 

an unusually high affinity wouln be expeetec1 •. us~ this 

method of analysis, several COIMI,," turnor cell l ~s ~re 
assayed for Tf reeeptor expression,unoer normal growth 

conditions (table V). 1; was seen tyt aIl these 

establ ished human ee Il 1 fnes expresseo SUbst~tia 1 numbeJ:s 

of funetional Tf receptors. These results agree with' 

previously published valuës (Haynes et al,1981; Fraizer et 

al, 1982; Vodenlieh et al, 1983; Mattia et al, 1984) 

substant'iatlng the valiolty of this miniaturizec1 rnethorJ of 
1 

Tf receptor analysis. 
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TABLE " 

\ 

i Transferrin Receptor Express on on Human T umor C 11 L· e lnes: 
TRANSFERRIN -.,1" , 

. CELL UNE RECEPTORS/CELL S. LM • 

K562 3.28 x 105 - 3.69 x 1~04 
• J , 

> Trypsin Pr~treated K562 4.50 x 104 
- 1.61 x 104 

1 

, 

RAJI 
, 

2.28 x 105 , 4.42 x 104 

, 

MOLT-4 1.42 x 105 3.05 x 104 

HL-60 3.18 x 105 , 5.46 x 104 
,-

3.09 x 105 
~ 

5.38 x 104 MeWo 

1 

, 
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5 • Dià~uss~on 

---- , 
A tech~jque has been oevelopen to rneasure fùoctional 

• 
Tf receptors on turnor cells. Using the nescriben technique 

, , 

the number of functional Tf receptors on K562 cells ~ 

estirnated to be 3.28xl0 S Tf receptors/cell.' The affinity 
" 

of these receptors was 9.0xlO- 9 M-l. It should be noted 

that the values for receptor number ,o?tainen ln this study 

represent the tota l number of functiona l Tf receptors on 

the cell l,ines tested. Since th~ Tf receptor along with 

its llgand' ,1'" internalized wlt~in minutes (Da~try-varsat, 
et al, 1983;~Hamllton, 1983; Klausner et al, 1983b; Lamb 

\ 

et al, 1983; Wl111ngham et al, 1983), the value' of Tf 

receptoj nurnber in these experlments inclu<ies surf'ace 
~ 0 

mernbran receptors plus the active internaI receptor 
\ 

population., When K562 cells were pretreated wltp 

trypsin, the number of functional Tf'~receptors were 

se rly decreasen, however the affin~ty of the receptors 

emained unchangecL This result sugg,ests that 

the receptor population rneasured was probably elt,her an 

internaI receptor population not e>êposed to trypsin but 

expressert later on rturing the receptor assay or rte novo, 

synthesizet1 Tf receptor. Although 'the K562 cell line usen 

is culturect in suspensi6n, many tissue cultuce monolayers 

are removed from culture by treatrnent- with this 

proteolytic enzyme. It woulrt be artvlsable to use other 

rnethoc1e of ce Il remo'va l when a'na l yung surface receptors 

of any type. Another argument against the use of 
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prpteolytic enzymes fC1r harvesting-cel'ls', is that the~ 

treatment coulrt also lJllveil new ~eceptor sites, thus 

permi'tting the entry of a ne_w parameter to the system. 
\." 

KS62 cells' pret:reatert Çlt, 56°C for 30 m1nutes showen a 
, 

c1ecreas6"<i abil'ity to binti transferrin-I-125 but hart an , 
lncrease~ afflnlty for .. thlS liganc1. as analY'zec1 by 

'1 Scatcilarci analysis Kc1=4.8SxlO- lO M-l. This minimal binciing . . ' 

coulrt not be competec1 with'by co1rt t'J;ansferrin, .t-nc1icating 

t h a t the b i n ci i n g 0 b s e r v e ci' wa s 0,0 t s p e c i f 1 C for the T f 

receptor. The average Vlablilty of these cells was 

typicallj.-y 15~ of the tot~! cell number as measurec1 by 

'trypan blue incoq:90ratlon. The binc1ing of the llgaort was 

most llkely the 'result of tr~nsferrin-I-125 entering these 

rieari "leaky" cells,.ano being trappec1 there~ th us givlng 

the impression of a high aff inity receptor. Slnce the 

labe-J.lec1 ligano couIn not be competeci for, th-e bi-nrting 
( . ( 

must be consicierec1 to be nonspecific an~ not receptùr 
, .. 

mec1iaten (Cuatrecasas anc1 Holienberg 1976). From thls 
. 

result _lt ca'n be )seen that the number of cieaci cells 

present in a receptor assay coulci greatly affect the 

estimation of affinity ann this error wouln subsequently 

cause 

siope 

, ' 

an unnerestlmate of _the recepto'I- number ,because tthe 
~ . 

bf the line c1erivec1 from a Scatcharc1 plot woulc1 . . 
inèrease as a c11rect result of the proportlon of c1eart 

~ 

. 
ce Il s. Thus the ce ~ Is usert in Scatcharrt .analysls shou 1,l1 

,be scrupulously ~onitore<1 for 'viabillty. We have <lIso 

shown that multlple tissue culture cell lines (lnc~lul1ing a 

-. 
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tissue cu 1 ture monolayer) cou Ici b~ 5 imu l taneously assayeci 

wit.,h this rnicrotechrfique proviciing"'results which agree • '. . 
weIl wi,.th the pUblished't literature (Haynes et a1,1981; 

Fraizer èt al, 1982; Vodin.e1 ich et al,' 1983; Mattia et al, 

1984) • The assay ls sensitive to changes in recepto~ 

number (tryps fn-K562) as we Il as aff in i ty (heat-K562) and 
• 

is ,therefore a ~ensitive ,and efficient method of 'Tf 
- . 

receptor evall,1·ation. 
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Stunies OR the lÎIechanis. of Speçificity of Buman 
Né\ltural "iller Cells For 'l'umor Cells:Corre'lation 
between Target Ce,ll Transferrin Rec,ptor 
Expression And Competitive Activlty. ~) 

1. Abstract 

Previous stunies .to c1etermine the nature" of the 
'. 

speclficity of Natur·al Kil~er (NK) cells for leukemic .. 
cells indicated that functlonal transferrin (Tf) receptors --may be one of the oeterminants recog,nizec1 by ~~cells. To 

, 
further lnvestigate the~e observations, the rel.atl'onship 

betwe~n cellular Tf receptor expression.',anc1 abil,ity to 

C9!t\pete with a control K562 è-e11 preparation in a standard 

chromium re lease assay was ~ sèUlüec1. 

, K 5 6 2 ce 11 s W, e re \ sel e c t e d a t (H f fer e n t ph à ses 0 f 
, 

gr:owth by removing cells from tissue culture at one, 

three,' anc1 five days post feeding. Unc1er these 
__ ,fi "'., 

cond i t ions, K562 ce 115 tjBspecti ve ly 0 isp 1 ayec1 rei a t i.,e ly . . . 
high, mec1ium, and }.ow numbers ~f Tf receptbrs anc1 

• 0 

corresponoing competitive activity ag,ains1: a control K562' 
(J' 

ce~l preparation.' 'K562 cells we-re moc1ifiec1 by elther 

trypsin; he.at, or sodium b,utyrate (dlffere,ntiation 
j 

inducer) pretreatment. An NK resistant clone was a1so 
It " 

"stuc1iec1. ,. Thete was a gooo correlation between Tf 

receptor expl?ession- ann colc1 competitive activity of the 

above K562 .cell preparations (r=0.82 p<O.bll •. . , 

The oi fferent tumor targe~ ce Il 1 ines K562, Mol t-4, 
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. R.ji, HL-60, anc1 MeWo which wo~lc1 be expectec1 te:> express 
l, \ C! /) , 

c11ffer&ht-ranges of specificity oio not show a significant 

~rrèlation 

competitive 

Rabbit 

4 __ . , 

betw~.en T,f receptor ~?Cpression anc1 thei'r colo 

activ:ity against ~ICr labellèo' K562"C<l11s •. 1 
reticu'lo'cytes ·'which express ·i9h nuJbers of Tf 

, , " 

recepto;s were tested'f~r their ability to'compete ~i~~ 

K56.2 cells for NK cells. These cells were a,ble to compete 
, \. " . 

. with K562 cells while m~ture ~abbit rec1 blooc1 cells which 
1 ~ ; .. -

~? no~ express Tf receptors c1ic1 not compete weIl. These 

finc1in)~ support the qont'ention.that'the Tf receptor mé!Y 
~ 

be involvec1 in NK cell recognition of sorne \~umor ce1ls. 
p 

2. Introduction 
A-

t 
'" 

Natural K;l~ ;Nl<l- cells have been impli!,j;~"d as· a 
~ $ , ~ 

.primary l'ine of c1efence against neoplastiç c1isease 

r 
[Herberman anc1 Holden, 1978]. These cells have aise been 

shown to be lytically active against çertain. virally 
, > 

'-
infectec1 cells (Biron et al, 1982~ Stein-Streilein- et al, 

1983; Habu et al, 1984;), hematopoetic stem cells' (Hansson 

• 
et al, 1982; Holmberg et al, 1984),thymic and f~tal thy~ic 

cel1"s (Nunn et al, 1977; Hànsson et al, 1981), anc1 bone 

marrow cells (Hanss'on et al, 1981). 

The mechanism through which an NK ce~l kills a target 

cell is complex 'and involves many weIl defined stages· .. \.. 

[reviewec1.1n.?Tri.ncheiriI anc1 Perussia, 1~4]. The ioirtial· 

e ven t 1 e a 0 i n 9 t 0 ,t a r 9 etc e 1 1 1 Y 5 i s ï n vol v es a s p e c i fic 
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binoing or contact between the affector lymphocyte and 
, 'l 

target cel!. Severaf stuctie~ have been none to loentify 

the t'rget structu~es invo}veo in this recogni~io~ event 

(Roder et al, -1979; Obexer et al, 1983), ann the results 
. , 

of these studie~'pointeo tO.membrane proteins, however the 

Mr Of~ repufect targ~t' structures in thes~ tW0 studies -
) 

;.i 
turned out to be different, ~nd these protelns have yet to , 

'be charàcterized •. One.other problem.with these stunies 

was that the membrane proteins involved in both stunies 
. ~ 

we r e 't r e a te n un 0 ~ r n e n a t uri n'9 ,c 0 n dit ion s p rio r t 0 t h·e l r 
, 'J', 

evaf~ati8n in competition assays and thus the "target 

structures" were not evaluated in ~heir natural state. 

l t ha s r e c e n t 1 Y 0 b e e n s u 9 9 e s -t e n by 'several 
, 

laboratories that the Tf r~cepto~ may be a target 

struçture on. tumor ce Ils recogn.izeci by NK ce Ils (Baines et 

ai, 1983'; Vodinelich et al, 1983). The finnings that Tf 

(a normal serum Iron binding protein) may be functionally 

and structurally reiAted to the human melanoma antigen p9i 

(Brown et al, 1982) and that Tf exhibits sequenc~ homology 

'" with ao avian oncogene product (Goubin et al," 1983), gives 
1 

c.reneo-ce to ,the proposaI that its complimentary r~ceptor 

couid be a candidate as an NK celi target structure. The 
. 

generalizatioh that Tf tecepto~s are expressed on activeli . ' 
-

dividing cells such ~s tumor cells ~Larrtck and Cr~sswell, 

1 97 9; , Su t h ~ r 1 and e t a l" 1 9 8 1 ; Cha pte r ,2 1 , bone marrow 
\ 

cells (Horton, 1983; Lebman et al, 1982), and hematopoetic 
f 

progenator cells (Lesley et al, 1984), "and that NK ceIIs 
, , 

have, been generally sh01"'.iI to be actlve agalnst these celi 
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types 
'\ 

sugg"es'ts 'that NK ce 11s may have a general 
:'i 

'règu1atory role on normal proliferating cells via the 
~ , 

involvement of Tf receptors. In order to investigate this ~ 

po~nt, 'tumor, ce Il .1 ines .at Jva,rious stages of growth were 

sUbjecteo to competition,aS~ays ano assays for If recepto~ 
;'J 

number' anci affinity. In adciition, target cells with. 

rlirectly altereq Tf receptor expression were also used in 

these assays to ident:lfy the relationship between NK 
t 

recognition anci Tf receptor expression. 

r 
, , 

3. Materials and Methods 

3.1 Turnor cel!!.!.. The e'rythroleuk~mic human tumor cell 

'''-_lioe K562 (Lozzio a'nd Lozzio, 1975), as weIl as Crone 1 
~ 

(MacDougall et al, 1983), Raji, Molt-4, and HL-60'were 

, 

gro"n in sù.pension culture lnd maintained at 37·C in li 

humid environm;nt_in 5% CO 2 " The 'cells were cuiturec1 in • 
h, 

RPMI-1640 suplemente.d ,ti.th 10% heat inacti vateci fetal 
"( , , 

bovine,. &e)rum (FBS), 2 mM glutamine, 100 lU/ml penicillin-

G, 100 ug/ml streptomycin sulfate, and 10 mM; HEPES. The 

cell line MeWo which is a tissue culture mono~yër was 

grown in the same media as above ,with the adc1ition of 2-

mercaptoethanol at a final concentr~tion of 4.29xlO- SM. 

These cells were harvested from culture·by scraping the 

cells from flasks with a.bent glass pipette, the cells' "

were then vigorously resuspended to b~ak up clumps. 

K562 cells grown in culture for l, 3, and 5 days werê 
" 
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adJtlstert to a starting de.nsity, of lxlOE5 cells/ml in:' 100\ .,,",.. 

fresh med-ia, the starting time for ,theS'e,cultures was 

s taggere,d. 50' tha t the i r a~say s we re al way s d'one 

concomitantly. K562 cells were inrtuced to differentiate 

as previoùsly de5cril;>ed (Werkmeister et al, 1982) ln- 1mM 

sorHum buty'rate (Sigma: --St. louis, MO) for 5 te 25 oays in 

tissue cu1tu're prior ,to assay. K 5 6,2 ce Il s we ra, 

pr~treate<1 with tryp'sin (1:250 Gïbco/Grann ISlanrt .. " 
, " • 1 

Biological C,ompanY.i "Grann IsIanrt, ~'i) to remave-membrane 

proteins by incub~ting K562 cells in 0.5% trypsin (w/v) 

solution in Ca++ ann Mg++ free phophate buffererl sal ina 

(PBS) for 20 minutes at 37"C. The cel1s were then washec1 

3 times at 4~C and maintainerl at that temperature until 

assayen. He'a t ~retre a tan K 562 ce Il s, we re prepa ren by 

incubating K562 ce11s at 56°C for 30 minutes in RPMI·1640 

plus 10%,FBS and then washed 3 times and storing~,at 4°C 

unti l assayert. 
, 

3.2 Lymphocyte isolatiorf. Heparinizec1 bloorl was collectec1 

from, healthy volunteers by venipuncture, and incubated 

with carbonyl iron (lOmgm/ml) for 30 minutes at 37·C: on a 

rotary mixer. Af-ter incubation the bIooc1 was passert twice 

6ver a 2.5Kg magnet to oeplet~ the ac1herent population of 
.1" " , 

cells. The bloo<i was then rlilute<i with an equal volume of 

'RPMI-1640 ann the lymphocyte population was separatec1 by 

\ 
buoyant c1ensi~y centrifugatiqn on 'Ficoll/Hypaque (sp. gr.= 

, 
1.077). The cells were washeô 3 times in RPMI-1640 an<1 

-
resu-spenc1ed in RPMt--l640 + 10%, Fès at 4C>C un'ti l usec1,."", 

~ 
'- JO 
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.hl Receptor ana lysis. Tf receptor expression was assessec1 
, 

on cells by a micromethoc1 as previously (ièsot-ibec1 (Chapter fi 

'" "" 1\1 2). Brie~y, iren saturatec1 transferrin (Sigma; St. Louis l' 

, , ' 1'1 
Mo) was ioc1inatec1 using the methort of Hunter a,nc1 Greenwooc1 l, 

, 
(Hunter anc1 Greenwooc1, 1962). AlI binc1ing assays we):"e. 

. , 

" pe r f 0 rmert in 96 we Il V-bottom~ microtitration plates 

'(Linbro/Titertech; Flow labs). RPMI-1640 (lOOul) was 

artrterl 'to a Il we 1,,1 s l" using a 12-channel 

pipettor bs.). Co,lumn 1 receivec1 200 

u"l RPMI-164-G plus transr_"l"'1':.:vn-I-12S. Half the content~of 
~ 

colufun number 1 (lOOul) then serially rliluterl in 100 
, 

ul of rliluent to colurnn Il. One million cells il1 100 ul ", 

RPMI-1640 were then ac1dert to each row anrt the-plate was 

transferred to a 37°C incubator and gent1y agi-tated at a 

speert of 3 on a Dynatech micro-shaker II (Dynatech labs 

i n c .f A l,e x an c'1 ria V i r gin a) for 4 5 min u tes. Upon 

termination of the incubation", 50 ul 01' resuspendert ce Ils 

-fr.om aIl we:lls
1

were remov,ert anrl pipetted into LP/2 tubes 

(Luckham;Sussex, England) sealerl in paraffin and counted 

'for 1251• This measurement was performert to rteterînin~ the 

total counts per minute . (cpm) of transferrin-I-125 in the 

assay. The ~emaining 150 ul in the plate was then rinsec1 

3 times at 4"C by centrifuging the plate for 5 minutes at 

SOOxg. The plate was t~n removec1, 'invertert, and firmly 
• _~ ft 

put ~ently flicked, to cast off the supernatant. The cell 
. 

pellets were then rinserl with 200 ul of PBS at 4°C. , 

After the above ~ashi'ng' proc;:edure was carriert out 3""times, 

the cell s were removert in 200 ul of PBS, the we Ils were 
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susequent 1 Y r insec1 wi th 200 u 1 .9.-t PBS anc1 both wash ~ n~ 

were poolec1 anc1 countec1 for: transferrin-I-l;is.',,', • 1 

~4 Cold co.petition studies. The~abilïty of competing 
,'" - .J , 

cell preparations, to compet.~ with a control K562~--

population w~s assessed inRa moc1ification of the stanrtarn 

• chromium release assay (pross afirt Jonda~, 1975). 
\ , Te'n 

thousand 5lCr labellec1 K562 cells were ac1c1ec1 to each weIl. 

of a mièrotitration plate fo.llowed by cold cDmpetitor 

cells at ratios from 20/1 to 1.25/1 colc1 cO'mpetitors"tO 

51 Cr labelled K562 cells. Two hundrec1 thousanc1 

lymphocytes were then added to these wells to ~iv~ an 
~ , 

ef~ector'to targe~ ratio of 10/1. The spontaneous target~ 

death was derived by incubating ~'11:104 SlCr labellen 
. 

targets in the absence of lymphocytés. Replicate wells 

were resuspenc1ed prior to supernatant harvest to c1etermine 
~ 

the maximum kill possible. The percent;age of 51Cr labell·en 

,K562 cells killed was calculatec1 by formula (1,): 

51 51 
1 

% lysis of 100 (test Cr. release - Elpontaneous Cr re lease) . 

K562 cells ~ = ~~ .... 

51" 51 
maximum Cr re lease s~ontaneous Cr release 

~ 

Ma x'i mum k i Il i og bye f f e ~ tor cel l s wa s e val ~ a te c1 b y' 

incluning w~without colr:l competitor cells. The 50\ 
. \ 

inhibition level was determined by oivir:ling the p(Jrcent 
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\ 1 ,-

" ki~! ôue tollO/l effector cells without cornpetitors by 2. 
fi" \ 6 

,. Values of inht.bitor~ units at 50, % iA~ibition (IU50/10 

colô cornf>etftors) were 'ôerive<1 by calqulating the col'"!. 

cornpetitor to 5l,C; {abel1ed KS62 cell ratio which gave ?o% 

iFlhibition from a regression analysis of -the linear 
(, 

portion of the nose response curve. Once~the ratio of , 

. -- ~ 
competitor to target cell ratio was known, ~he value of 

111 
competitors was calculate<1 accor<1.ing to 

1 

1 

6 
lxlO compet.itors 

6 . 4 
lU /10 col<1 cornpetitors =(competitor/target ratio)(lxIO targets) 

50 at 50% inhibition 

(2 ) ... 

4. ResU'l ts~ - t' 

4.1 K562 cells in cul ture fO,r different periods of time. 

)K562 cells were analyse<1 u~<1er weIl <1efine<1 
- , ~ ... 
conôi·t ions 

f~om tissue culture to investigate if a relationshi~ 
" 

existte .. <1 b~tween Tf recep~or expresslon on K562 cel;ts an<1 

the Iength of time the cells were grown in tissu~<?ulture. 
, ' 

Coaiis w'ere see<1ed in "large tissue culture flasks at a 

siarting <1ensity of IxIaS viabi~ cells/ml in domplete 

me<1ium. C~lls were then taken fro~ culture after ), 3, 
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and 5 d a ys, the 'C e Il s we re su b s e q ~ eil t 1 yan a 1 y se d- for 
. 

functional Tf receptor expressiqn by Scatcharc1'analysis 
, 

G' .. 4 1 _ ~ 

(Scat~harc1, 1949) (fig.6), as we~l as col<1 competitive 

activity against SlCr labellec1 KS62 ".lIs in a stanc1ard 

chromiuttl relea$e assay. ~s cal'P be obsèrved in tatHe VI, 

the number of functional Tf receptors is greatest in K562 

cells which have b~en maintainec1 in fresh 'mec1ia 1, clay 
\ 

prior to assay. As the lenqth of incubation in"tissué . 
culture inèreases, a concurrent clecrease in Tf receptor 

expression is observec1 with cells at clay 5 exhibiting 65% 
) \ . . 

less Tf receptors then c1ay 1. Control cells were feo 3-4 
. 

~ays prior to assay anc1 exhibitec1 reteptor rtumbers 

chàracteristic ,o~ c1ay 5 K562 cells. Th~e control cells 

'" .~ jI e r e we r e n.o t s t ~ rte cl i n 1 0 0 % 'f r e s h me cl i a, but h a <1 f r e s h 
, . , 

meclia· a"c1c1ec1 tto the flasks so that ~hat their starting 

c1ensity woulo be ,between O.75-2.5.xl0 5 cells/ml at the time 

of feeding: Inhibitory units ~~re derivec1 from col<1 

competition experiments, PSL were matcheo against 51Cr 

labellec1 K562 ce'11s ~IUS c~lcl,competing cells from clay 1,\ 

3, 5, anc1 control K562 cells. A gooo correlation can be 
, 

seen between Tf receptor express~?n ancl colcl competitive 

activity· in K562 cells when comparec1 by this methoc1 

~r=O.97 P(O.OI). 
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Fig 6. Scat"charc1 plot 0,f 125I-transferrin to K562 0"' 

o 

cells grown in tissue cu'lture for 1,3, anrJ S' 

ciays •. Cells were rnaintainec1 in tissue cul ture at 

a st art in 9 den s i t Y 0 f l xl 0 5 ce.1/1 s / ml in f r es h 

mec1ium .anc1 analyserJ for trans~errin receptor 

express ion after the tirnes inci icated. Va lues for 

receptor number/ ce11 were:., S.90x10S/cell :0, 

4.74xIO S/cell :., 2.65xl0S/celi. 

The affinity of K562 ce1ls remainec1 constant over 

aIl time perioc1s testec1 Krl=9.0xl0-9 M-l. The 

results of this experiment were repeated wit~ 

almost irlentical results_ 
Il 
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Table VI. Rel a t ion s h l P b e t we e n t ra n s fer r i.n r e cep t 0 r 
... 

expreSSlon ano competitlve activity of K562 cells for NK 

ce rls ~ 

\ 

f 

'. 
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TABLB VI 

RELATIONSHIP BETWEEN TF RECEPTOR EXPRESSION AND COMPETITIVE 
ACTIVITY OF K562 CELLS FOR NK CELLS . , 

-----------~------------------------------------------ -----------
c~l type cell density 

at time o~ 
assay xlO 

net doubling 
time in cul

ture at time of 
assay· (in hoursl' 

receptors 
per cell 

xl0 5 

inhibltory 
un i ts 

50\ 
-' -----------------------------------------------------------------

control pooled -a ,. 37.0 b \ 2.97 28.74 
K562 

day l 0.95 0.0 8.11 42.07 .. 
, 

3\.8 39.68 day 3 2.85 4.66 

day 5 7.4'Ü 36.2 2.77 29.76 
----------------------------------~------------------~-----~----~ a 

b 

Cells were harvested from 3 control culture flasks "at varying 
denslties (5-8xl0 5 cells/ml). 
Typlcal doubling tlme as tested in an independent experiment. 
The net or overall doubling time is based upon gross viable 
celi counts and does not take into account cell losses during 

t cul ture. 

1 
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4.2 - Morlu lation of /,- Tf receptora ~ competition in ~ 
- ... 

~ 1 

cella. K562 cells were subjecte<1 to (hfferent treatments 

anc1 analysec1 for both Tf receptor expression anc1 col<1 

competitive activity against 51 Cr labellec1 control KS62 

cella. The following metho<1s of Tf recept,or moc1ulation 

were chosen to investigate if the relation$hip between Tf 
1 • 

receptor expression an<1 competitive activity as o~scribe<1 

ln table V woul<1 con,t-inue when 'ra(ilcally oiffe~nt 

approaches were emp10yeci ,to effect changes in either one 

of the -ab 0 ve par a me ter s. K 5 62 cel 1 s h a ve b e e n s h 0 won t 0 

possess hlgh levels of Tf receptot'.s (Voctinlech et al, 

1983; Chapter 2). K562 is aiso a very sensitive cell line 

to NK cell- mec1iateci cytotoxicity anc1 was therefore 

arbltrarily assigneci values o~' 100% for Tf receptor 
, 

expression as weIl as colci compet~tive activity. When 

K562 cells mooulatect by oifferent means were comparen on 

this scale, it was shown that 3 out of 4 preparations of 

K562 cells <1emonstrateci a gooci correlation between'Tf 

receptor expression anci ability tQ compete with sfCr 
'1 

labelleci K562 cells (fig.7,8). 

An NK resistant clone of K562 ciesignate<1 as clone l 

(MacDougall et al, 1983) oici not show correlation be~ween 

Tf receptor expression anci colci competitive activity. 

Since Tf receptors are probably not the only target 

structure on K562 cells, it is possible that seme other 

target structure has been changeo-or ciecreaseci on tnis 

ce Il l ine causing ciecreaseo -recogni t ion by NK ce 1.1 s. 

<lià88 
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Fig 7. Relationship between transferrin receptor 

expression ano competitive activity of mooulateo ... 
K562 "cells. AlI values for transferrin receptor 

expression a"no competitlve act~vity were 
1 

expresseo as a 'percentage of that obtaineci with 

control ~562 cells (lane 1). Trypsin pretreateo 

cells were incubateci wit.h\ 0.5% trypsln for 20 

minutes then washeci. The heat pretreateci cells 

were subjecteq to 56 "c for 30 minutes which 

totally abolisheci transferrin receptor function, 

the value presenteci inolcates nonspeclflc label 

uptake by these heat treaterl cells. The bars 

r e p r-e sen t the 0 Il e raI l me a n 0 fin 0 e pen ci e n t .. 
experiments + l S.E.M •• 

r 

; 

1 
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F'ig 8. AbilityOof mo<1uIated KS,62 celis ta . 
compete with control K562 cells for NK cells. 

~ c 

The inoicate<1 celIs were aoded ta a standard 

chramium release ass'ay at competitor to -target , 
ratios of 1.25, 2.5, 5; 10, aoo 20 ta 1 using 

51Cr-labelled KS62 celis as the targets. Heat 
"f-. 

pretreated cells were testeo"ïn an in<1epenrtent 

experiment. 
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Since differentiation has been " sHown to al ter Tf 

receptor ,expression, K562 cells were,pretreateo with 1mM 
" , 

soc1ium-butyrate in tissue cu 1 ture at 1east 5 l1aya prior to 

assay to inl1uce oifferentiation (Werkmeister et al, 1982). 

~~ese treatec1 ce 1,1a oisp1ay an intermec1iate leve 1 of 

,compétition as weIl as Tf receptor expressjon whi"h i5 in 
- <:> 

gool1 agreement w i th the resu 1 ts obta ineci by other au t.hora 

for both the se parameter::s (Werkmeister et al, 1982: Garaon 

et al, 1983; Testa et al, 1982) (fig.7,8). 

~~ If Tf receptors are the major target structures on 
1 

K562 ce Ils then KS62 ce Ils cievoic1 of Tf receptors shou 10 

result in a popu-lation of cell-""S l;rith>--lltt-le competitiv.e 

activity. Two treatmeQts to severly oecrease Tf receptor 

expression on competing cells were employed. The number 
)~ 

of fünctional Tf receptors were reciuceci to 13.7% of the 

original number by trypsin pretreatment of K562 cells, an~ 

. 
K562 cells pretreated at 56~C for 30 minutes ciisplay~ci no 

,1 

receptor function as illustrated in chapter 2. When these 
',,-

two cell preparations were analyseci for colo competitive 

acti v i ty i t was founo that both K562 subtypes compe te~o 

very poorly with 5l Cr labellen K562 celrs (fig.7,B). 

4.3 Other target cel! 1 ines. Differ~nt tumor target cell 

lines 'were êvaluatec1 for Tf receptor expression, colc1 

competitive activity, and NK suseptibllity to lys{s to 

investigate 
r 

parame terse 

if a relationship existeci between these 
, 

The cell lines K562, Molt-4, MeWo, RaJi, anc1 

HL-60 were comparec1. No correlation was evicient when , 
, 

. comparing Tf receptor expression to lytic sensitivity,. 
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(r-O.38 P>,O.OS), or tolc1 competitive activity against S}Cr 

labelled KS62 cells (r=O.55 P>O.05). This inc1icates that 

the expression of Tf receptors is not a major factor ~hen 

comparing target c~ll~ of c1ifferent origins. The proQosal 
, v 

. . " that mul tiple.,recognition struètures exist on target ce Ils 

has been previously proposed by several authors (Obexer et 

al, 1983; Ortaldo and Herberman, 1982), and the results 
.. 

reporteo here corraborate this proposaI • 
.. 

4.4 Reticulocyte studies. It is weIl known that a major 

oifference between normal reticulocytes and erythocytes 
) 

is that reticulocytes possess high numbers of Tf receptors,_ 
, ~;~ J 

W11ereas nia'ture erythocytes 00 not express measurable / }'..,< 
numbers of Tf receptors (Enns et al, 1981; A. Lazarus and 

.. M~ Baines, unpublisneô c1ata-L- Rabbit reticulocytes have .. 
been shown to bino human transferrin (Schulman et al, 

1981) and ChOUld therefore be functional in a human 

system. If Tf receptors are true recognition structurErs 

ont a r g etc e Ils, the n the 5 e r e t i ~ u l d c'y tes s hou l d 
. 

specifically compete withK562 cells for NK cells. The 

') . 51 
ability of ra'bbit reticulocytes to c'ompete with Cr 

labellec1 K562 cells in a human NK cell chromium release 

assay is il1ustrateo in table VII, Rabbit reticulocytes 

s,howed dose deptndent competition whereas mature 

erythrocytês from normal r~bits did not compete. It i8 

)oncei vable th!'t\ the anemic rabbits cou ld contain sorne 

other factor \'Or cell type other than. reticulocytes which 

may have causerl the competitive activity. To investigate 
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Table VII. 

Cold competition analysîs-of labelled K562 cells by 

rabbit reticulocytes. New Zealand White rabbits ( 2.5 

Kg. ), were bled via the central ear arteriole for 50 

mIs p~r day for 5 consecutive days On the 6th day, 

whoie rabbit blood ~~s collected i~ntaining 
heparin and the blood was layered on a Ficoll-Hypaque 

densi ty step gradient specifie gravit y l.fJ77 gm/cc ), 

and centrifuged for 31iJ minutes at 40fJ G as previously 

descr i bed. The ma ture erythrocytes and 1 eukocytes 

,sedirnented through the density medium to the bottom o'f 
, . 

the t~be and the cells at the interface were collected. 
• 1 

The ce Il u lar content of the upper layer was found to be ' 

up to 95% reticulocytes as determined by the New 

Met h"y l e n e B lue s t a i n i n 9 pro c e dur e • l n ter m e dia t e 
, ,-

PFrcentages of reticulocytes were o~tained by mixing 
4 _ 

tOJether mature~eryth~oc~tes and reticu~ocytes to obtain 

the desired suspens~on in balanced salt solution. 
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TABLE VIl 

COLO COMPETITION OF LABELLEO K562 CELLS Bï ~BBIT RETICULOCYTES 
----~---~-~--~--~.~---~------------------------------------------

cold 
competitor 

actual , of 
reticulocytes 

in populationa 

-~-----------_._-------------------------------------------------
normal rabbit ::>1.5 3.0 
erythrocytes 

rabbit 82.8 # 105.7 
reticulocytes 

1 . 
~ K562 30,352.0 

-----------------------------------------------------------------
a as measured by the "new methylene blue" staining procedure.-
P~O.OOI foroall values of lU 50/109 

.. 

\ 

. . 
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Fig \ '9. Abil ity of rabbit reticulocy,tes to 

- compete with 5lCr-labelleo K562 cells for NK 

_ cells. Reticulocytes were purifieo to 95% purity 

and <iiluteci with normal autologous erythrocytes 

to the concentrations innicaten. The ratios of 

reticulocytes to 51cr - K,562 ce Ils is depicte<i in 

the lower abslsa. Colo K562 cells were,useo in 

the sarne èxperiment as competitor cells anrt the 
/ . 

ratios of KS62 cells to SlCr-labellert K56-2 cells 

ls ctepictect in the upper absisa. 
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this possibility, reticulocytes were enrichen trom anemic 

rabbit bloon to 95% purity and then diluten to c1ifferent 

concentrations with mature autologous erythrocytes ann 

analysec1 for their competitive activity (fig.9). A 9000 

correlation between the percentage of reticulocytes in the 

population and the abil,ity"to compete with 

SlCr iabe len K562 ce Ils can be seen. 
, 

This innicates that 
~ 

the reticulocytes themselves are responsible for the 

competitive activity. It shouln be notec1 that although . ' 
re ticulocytes were compet i ti ve, the l eve l of compet i t ion 

\ 
by the se cells was relativély weak when compared to that 

\ 

of K562 cella. This could have been oue to requirements 

for spec les spec i f ic i ty of thé Tf receptor '. receptor 

c1ensity, or the c'o-expr,ession or -absence of other relevant 

target structures. 

A .-
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Correlation analysis. To assess the cumulative 

resu l ts between Tf receptor expr.essioti and colrl 

competitive actîvity in K562 cells from the data obtained, 

apI 0 t 0 f fun c t ion aIT f ré cep to r exp r e s s ion ver sus col rl 
, 

competitive activity was constn,lcterl (fig.IO). As can be 

seen, a good correlati-on exists between Tf receptor 

ex-pression anrl cold competitive activlty in K562 cel1s. 

ThIS further supports-the contention that the Tf receptor 

may be one of the target strvctures on K562 cells. 

Since it has been prevlously shown by this laboratory that .. ' 
fun c t l 0 na l Tf r e cep t 0 r exp r e s s i o,n m a y be in vol v e d i n N K 

cell recognition (BaI.nes et al, 1983) anrl that the number 

of immunologically measurab,le Tf receptors can differ 

s 19n if icant l y from the number, of funct 10na l Tf receptors, 
"< 

f unc t 1 ona l receptors we re measurerl by Sca tcharci ana lysis 

on aIl cell preparations testeci. The correlàtiorv is 

therefore .rlirectly between functlonal receptors anci 

comp'etition in this sturly. 

~ 1 
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10. Correlation analysis between 

tra·nsferrin receptor eXRress i on and compe t i t ive 

activity against control K562 cells for NK cells. 

K562 cells grown in culture for; (1) 1 <1ay, (2) 3 

<1ayll.' (4) 5 ciays, (3) control K562 cells, (5) 

clone l cells, (6) 'socilum butyrate incluceci K562 

cells, (7) Trypsin pretreate<1 K562 cells, (8) 

heat pretreatecl K562 cells. r=O.82 P(O.Ol. 

" --~----
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5. Discussion 

. 
In this correlation stuc1y competitive activity has 

~ 

been compared to Tf recept6r expression. We ha ve been 

carefu l not to use "Ki Il iog" as a measure of recogo i t ion 

because the final lytici event is rie~enrient on 'many 

parameters whereas competition 15 acce~tert as a c1irect 
• 

measure of recognition (IHerberman anrl Ortairlo, 1980) • . , 

Further, the"'ability of rK562 ce1ls to be killeri by NK 

cells is not a valid measiUre of the recog[)ition state of 

that cell since it has b~en riemonstratec1 by Hagner that 

the Iyt lC phase of k i 11109 can be rlramat ica 11y a l te reri by 
.( 

the growth phase of K562 cells (Hagner, 1984). He founc1 

that K562 cell s could be k 111ed with chffering degrees of 

effic,lency depenrliog on the proportion of target blast 

cells ln a given culture which was dlrectly attributab1e 

to a more effective i-ytic mechan1sm. 

Hagner also showec1 that while the total number of 

conjugates betweeo unfractionaterl lymphocy_tes anrl K56'2 

cells remaineo constant over a range of different Tf 

.... " --
receptor densities on the target cells, the propurtion of 

OKTS+ lymphocytes forming conjugates var1ert with the 

nensity of Tf receptors on K562 cells. Since it has been 

shawn by two different investigators that' a signiflcant 

propor:tion of acti ve NK ce Ils carry the OKT8+ phenotype 

(Abo et al, 1982; PerUSSla et al, 198-3), it is ~ible 

that this subpopulatlon of "OKT'-:S+ NK cells" may uti ize 

Tf recept,.?rs as a target structure on K562 c; Ils. 
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Alternatively, Slnce the OKTS+ phenotype 15 incllcative of 

a T suppre5sor cel l, it is possible that these liT 

suppressor cells" are capable of c1irectly or indj-rectly 

ptortulating the actlvlty of NK cells. 

In this sturly a s;igniflcant correlation between Tf' 

recept.or expreSSIon and coicl competitive activlty of ,... 

mooifieo K562 cells was founcl. It is interesting that 

within this correlat·ion 5turty there was a direct 

relation"shlp between Tf receptor exp'ression ano 

competitive activity in"K562 cells grown unoer "lOentlcal 

c Xt u, r e con 0 i t ion s for cl i f fer e n t t i rn es. l t i s no t k no w n 

why. K562 ce Il s express more Tf receptors our lng tne short 

terrn incubati.on, however it is possible that the cells 

themselves are initially passing through a stress inoucec1 

lag phase of growth prIor to the start of log phase growth 

on approxim~tely clay l (data- not shown) ta a late log , 

phase--of growth on ciay 5. Alternatively, it is possible 

that sorne factor in the growth meciia which is altererl or 

oecreaseci with time i5 contributing to the expression of 

Tf recept<?r~. 

r 
Tc rletermine if the correlation between Tf receptor 

exp,ression anc1 competitive activity woulcl remain intact 
" ' . , 

when' Tf receptor levels were extreme-ly low or' absent, 

two inc1epencient treatments were ernployecl to severely 

.. c1ecrease Tf receptor function. K562 cells were either heat-"

pretreateo at 56"C for 30 minutes or treateo, with trypsin 

(0.5% for 20 minutes). In Qoth of ~hese treatments· the 
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numbers of Tf receptors as weIl as competitive activity 

,were severely rtecreasen. However, when the ~rYPsin 

, ' 

treaten cells were tested as direct targets, their 

sensitivity to I<illing was founrt to decrease by 21%, thus 
r ~v ~- -

they were still relatively sensiti~e to I<illing (rtatà not 
., 

shown) • \. 

In a further attempt to effeét the competitive 

activity of ~562 cells ann then monitor the' ~xpression of 
1 

.Tf receptors, nifferéQtiatert K562 cells as weIl as a 

resistant clone of K562 "cells were employert. The sonium . 
butyr~te differentiated K562 cells nisplayect renuced 

competitive activity anrt correspondingly rertuc~c1 Tf 

receptor expression, however the NK~esistant clone, while 

being d poor competitor'displayec1 su~antial levels of Tf 

receptors. This clone was selected by McDougal anc1 co-

workers (1983) primarily on the basis of its inability ta 
• 

form conjugati'es with 'NK cells. Clone l exhibits an . 
increasec1 leve l of a"c id le ann neu tra l l ipids ( A. Su Il i van 

"\ 
anrt S. MacDougall, personal communication), which should 

contribute to an alteration in membrane charge. It has 

been shGwn that the negative charg~ imparted to cell 

membranes by sialfë acio residues (Warren, 1976) may lead .. 
to a rlecrease in sensitivity in Killing target cells by-N~ 

cells (Yogeeswaran et al, 1982). The point is germaIn ta 

this stuc1y because if membrane charge is in fact an 

important tpa~ameter in cel1 to cell bir:tding an,c1 

recognition, then the effect of Tf ,receptor expression on 

Clone l cells may be oominated by this other membrane 
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parameter. It i5 interesting to note that the original 

r 

clone l cell 1ine displayed a lower number of Tf receptors 

and a lowèr doubling time than K562 cells A. Sullivan 

and S. Ma~Douga Il, personal communication) howè ver undef 
\ 

the conditions-in this laboratory, clone 1 cel~s 

rtisplayed high numbe.rs of Tf recEfptors and hart a f aster 
\ 

rtoubling time than K562 cells while retaining their degree 

of NK resistance. (see aiso appendix VI) ..., 

Bai.nes et al (1983) found that ir,on saturated 

transferrin couid inhibi~ kliling of K562 target cells at 

the level of the effector cell, as weIl as conjugate 

formation betw~en lymphocytes an; targei cells. In~ 

adoition it was founc1 that antibodies to transferrin 

itself coulo block effector cell function, this later 

parameter has since been conf irmed by AIarêon anci Fresno 

(1985) Thes~ findingd specifically implicated the 

involvement of the Tf receptor at the functional level. 

To determine if "functional' Tf receptors are tar~et 

s truc t ures on K562 ce Il s a; opposeci to an epi t(ope of the 

1 native Tf receptor (or a neighbouring protein), rabbit 
~ 

reticulocytes were teste<1 for their competitive activity. 
, 

The r~tional was that epitopes of the Tf receptor in 

rabbit reticulocyti~ are most [ikely different from Tf 

receptor epitopes on human tumor cells, however, rabbit 

reticulocytes can binci human transferrin jSchulman et al, 
1 • 

1981) which~inciicates that these retieulocytes possess Tf 
. Il 

receptors that are functionally simil iar to their human 
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counterparts. These reticulocytes were capable of 

cO,rnpeting wit'h K562 cells (albeit weakly) in li c10se 

dependent manner. Mature rabbit erythrocytes on the other 

hand which do nct possess measurable levels of Tf 

. receptors (Lebman et al r 1982) cou lei not compete wi th K562 

cel1s for NK cel15. This further implie5 a raIe for-
" 

funct,ional Tf re,ceptors as target structures on K562' 

ce 115. It was 5ubsequently founcf that the rabbit 

• reticulocytes and erythrocytes could not be lysec1 by human 

NK ceI15 (data not shown). The possession of Tf receptors 

was therefore only involved in recognition and not a 

sufficient conc1ition for target ce1l lysis to proceed in 

these cells. Thus it seems unlikly that Tf receptors are 

iovol ve-l'1
o 

in the lyt ic phase of NK ce Il méd ia ted lys is. 

Work by Dokhelar an<i co-workèrs (1984) appearec1 to 

have data which contrà<iicts the hypothesis that---.Tf 

re:ceptors are a poss,ible target structure on tumor ce-Il s. 
III; 

Upon careful scrutiny of this c1ata, the experiment which 

compared K562 ceIIs grown at either log phase- or plateau 

phase of growth actually displayed in 3 out of 4 

experiments that ~the log phase cells (which c1isplayec1 

higher levels of Tf receptors) could be kiiied more 

reârlily than the cells maintainec1 in the plateau phase of 

gr.owth. Although the c1ifference in killin~ appearerl small 
'l> 

by utilizing a single data point, a small c1ifference may 

in fact be significant. There have been several 

10<", publication-s which have elealt with the mathematical 

evaluation of cytotoxicity rlata (pross et al, 1981; 
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Callewaert .et al, 1983). Howev'er, many authors continue to 

express differences in activity as absolute percentage 

cyto~oxicity, and often utilizin~ a single data point (E/T , 

ratio). It has been previously stated that this is not a 

valid meanS\Of data analysis due to the dose response 
\ 

nature of the\ c-ytotoxicity assay (Pross et ~l, 1981) and 

the need to uJilize data from the reliable linear portion 

of the graphe 

Different tumor cell 1 ines were evaluated to assess 

1 the contribution of Tf receptor expression on the 

competitive activity of these cells. No significant 

correlatibn'between these two parameters was- obtained. It 

has been proposed by several laboratories that more than 

one target struc~ure may be present on tumor cells 

(Phillips et al, 1980; Obexer et al, 1983) and thus the 

modu lation of Tf receptors may not be a major paràmeter 

when comparing different cell lines. It has also been 

shown in cloned NK cell lines that heterogeneity exists a~" 

the level of the effector cell (Allevena and Ortaldo, 
r 

1984). Thus aIl effector cells may not recognize the same 

. determinant on target ce Ils and there may in fact be 7 or 

more specificities demonstrable by NK cells (Phi~lips et 

al, 1980). This would minlmize the contribution of a 

single determinant as measured in a chromium release 

assay. In addition, Clone l cells displayed sufficient 

levels of Tf receptors to compete with K562 cells but were 

sti Il somewhat resistant to NK mediated recogni tion. This 
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has impl ications concerning the nature of the i'nvol vernent 

of Tf receptors in NK recognition. The recognition system 

employed by NK cells may be more cornplex t~an originally 

conceiv.ed, in that Tf receptors rnay only be a m'1nor but 

specifie target st~ucture. Alternatively, Tf receptors may 

serve soley as an affinity structure between effector and 
, f 

,target cell thûs facilitating the interaction between 

effe-ctor anrt target ce Il. 

ln conclusion, there was a goo<1 correfation (r=O.82 

P(O.OI) between the expression of Tf receptors on KS62 

cells and the ability of these cells to compete ln a 

~tanctar<1 chromium release assay using c?ntrol K562 target 

cells: These results support previous stu<1ies which have 

inoicatec1 that Tf receptors are involved in NK cell 

mediatec1 specificity of human tumor cells • 

• 

.. 
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\rIV. TRANSFERRIN RECEPTORS IN HUMAN NATURAL KILLER CELL 
1 

SPECIFICITY: ANALYSIS OF TRANSFERRIN RECEPTOR 

BINDING TO PERCOLL FRACTIONATED LYMPHOCYTES USING 

A SOLID PHASE ASSAY SYSTEM. 

1. Abstract 

The initial event leading to tardet cell lysis by 
../' . _ v 

Natural Killer (NK) cells invo~~es binding between the NK 

cell and a target celle It 'was postulated that 

transferrin (Tf) receptors on the tumor cell could serve 

as target structures for human NK cells. Treatment of PSL 

with -antibody plus complement intiicated that at least a 

subpopulation of NK cells expressed a Tf-crossreactive 

epitope. Since Tf receptors on tumdr cells bound Tf with 
, 

high affinity, it was possibl~ that NK cells could use 

this epitope to interact with tumor cells eo form a high 

affini ty conjugate. 

To investigate if these Tf receptors cottld be 

recognized by NK cells, a solid phàse receptor binding 

assay was developed •. As a model system, it was 

demonstrated that nitrocellulose immobilized Tf 'retained 

its specifie functional receptor binding capacity. 

technique was quan~Jtati v,e and froved, to be sufficiently 

sensJtive to specifically detect nanogram QU,antities of 

Tf receptor ~rotein. Binding was assessed using an ELISA 

based system. 

Human PBL were fractionated by discontinous Percoll 
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density centrifugati'On, bouno to nitroc~llulose, anc1 

evaluated for Tf receptor binding capacity. A sample 

aliquot_of cells from each Percoll fraction was retained 

to assess NK ce1l activity. It was observec1 that there was 

no positive relationship tietween NK cell activity and Tf 

receptor binding capacity in these Percoll fractionaten 

cells. In addition, analysis of the abo~e parameters with 

1L-2 boosted lymphocytes did not lean to a~y positive 

relationship between NK cell activity ann apparent Tf 

r e cep t 0 r b i n n1 n g cap a c i t yin P e r col 1 f r ~c t ion a t en 

lymphocytes. 

These f1nnings no not therefore support a role for Tf 

receptors in the NK çell:target cell interaction. 

2. Introduction 

NK cells ~omprise a group of MHC unrestricten 

lymphocytes that have the ability to lyse tumor cells 

without prior sensitization or immunization (Herberman ann 
", 

HOlnen, 1978). The molecules present on the tumor cell 

recognized by the NK cel1 in both thé murine,ann human 

systems have not however been. oefinitively established. 

The recognition structure usen by the NK cel1 has also not 

been established anô stunies on the T cell receptor (Ti) 
e 'li 

have indicated that this molecule(s) does not appear ta be 

involved in endogenous NK' cell mediateô recognition 

. 
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(Reyonolos elll al, 1985-, Lanier et al, 1986; Tutt et al~_ 
1986; Sorst et al, 19871 Kishihara et al, 19871 Siron et 

al, Y987). Several rnolecules have been proposed as NK 

target structures including, the Tf receptor (Saines et 

à 1, 198 3 1 Vod i ne 1 i che t al, 1983), GM 2 ( You ng et al, 1981: 

A n -ci O· e t al, 1 9 8 7 ), S S E A - 1 ( H arr i set al, 1 9 8 4 ), F c 

receptors (Perl et al, 1986), TNKtar- ,(Hercenci et al, 1983: 

Hercenci et al, 1984), ~nci the laminin receptor (Hiserodt 

et al, 19851 Hiserocit et al, 1985). The Tf receptor is 

conceptual.1y the most interesting canciiciate.because, in 

contrast to the other proposeci target structu~es, it is 

expressed on roughly the sarne specLrum of cells that are 
, 

also sensitive to NK cell rneciiated lysis. This list 
1 

inclucies tumor cells, bone marrow cells, fetal cells, 

thymie cells, an~ virally transformed cells. 

" 

The possible involvement of the Tf receptor in NK 

specificity was first suggested in 1983 (Saines et al, 

1983J Vodinelich et al, 1983). Since then, however, the 

fnvo1 vernent of Tf rectPtors' in NK specifici ty has been a' 

very controversial tapie. Initial studies in this 

laboratory sh~wed that, at physiological concentrations, 

the r.ormal seru'rn iron binciing protein Tf could block both 

ce Il activity and conjugate 
P • 

formation between 

peripheral blood lymphocytes (PSL) anci K562 cells (Baines 

~e-t al, 1983). The inhibitory effect of Tf on NK cell 

activity against K562 cells was also fou~d by Bierman and 

co-workers (1984), and Ph'illips (1986), Borysiewicz and 
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co-workers showeô similiar effects against virally 

-infecteô cells (1986) • ... 
Data from antiboôy stuôies on effector cells indicateo 

tha~ pretreatment of PBL or LGL with either intact or 

F(ab)'2 rabbit anti'boôies raj.sec1 ~gainst human serum Tf 

block NK cell activity (Baines et al, 1983; Alarcon et al, 

1985). When target cells were pretreated with these 

antiboôies against serum Tf, no effec~ was seen (Baines et 

al"1983). These results were interpreteô to suggest that 

NK cells possess Tf on théir surface (Baines et al, 1983) • 

" The Tf rece,ptor is a homo-c1imeric ,glycoprotein 

(ôimer Mr=180Kd) and each (Umer in turn is composeô of 2 

iôentical subunits of 95 Kd each (Schneiôer et al, 1982). 

It is thought that each subunit is capable of binc1ing one 

molecule of Tf (Schneiôer et al, 1982). Trypsin cleav,age 

of the plasma membrane bound Tf receptor libèrates-a 70 Xd 
~ 

fragment wh~ch ret,aina the ab\lit y ~.? binô Tf (Omary et 
~ J .J ~ , 

al, 1981; Schneider et al, 1982; Voé1inellch et al, 1983). , . 
Vodenlitcn and co workers (1983') have shown that this Tf 

receptor fragment but not HLA-B fragments can bJ..pck NK 

ce 1-1 'aèti vi ty towarôs K562 ce 11S'7 

. r 
Taken together, the above results suggest that the 

transferrin receptor is a targe·t structure on' tumor celJs 
-

recognizeô Dy NK cells9 and that NK cells utilize membrane 

bound Tf to interact with the tumor cell Tf receptor. 
< 

J 1 f the. a b 0 ve pro p 0 s e ci m 0 deI i 6 -c 0 r r e ct, the n 
~ 

anç.iboôies against the Tf -receptor shou ln, block NK ce Il 
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activlty ~t the target cell level. Antiboc1y blocking 
. . 

stuciies on target cells, however, ,ha"e provlcieci confusing' 
~ ~ " 

anci contrachctory results. Since 'rnurlne monoclonal 
;-- . 

antlboc1ies can be recogniz'eci' by human NK cel~alc1o et 

al, 1987; Park et al, 1984; Herlyn et al, 1985), 

sensltizing a target cell.wlth antiboc1y ~lrt pr~cii-s~os,e 
tha't cell to attack by an ADCC rnect.la-nism (see chapter I) • . . 

~ , 
Thus antiboc1y blocklng stuciies at the target cell .level 

s ~o u l c1 pro v i c1 e Con fus i n 9 ,r e s u ~ t s; 0 n the 0 n e h a" n d , , . ( . 
autibodies to T~ receptors shoulci sensitize the target 

cell to attack by ADCC while dn the oth~r hanrt, if Tf 

receptors are target st.r~ctures 0\ turnor cel,ls recognizec1 
/ 

by NK cells, then the killing of the targêt cell 'shoulc1 be 

blockec1. Most antibociy stuci.leq against NK target ,'cells 

have either blocked NK activity'or hac1 0...0 me.asurable, 

effect_fVodinellch et al, 1983; Perl et al, 1986; 

Golightly et al, 1984; Dokhel'ar et al, 1984) .. Perhaps the 

use of F(ab')2 antAibociies woulc1 be a better choice as a 

b lock in,g agent. 

If Tf receptors are target"st:flct~res on turnor 
-

cells which are recognlzed by NK cells, then Tf receptor 
\ . 

expression on tumor cells shoulci correlate -wii:h target 

cell "competItive activity. We ,have re'portec1 a. 

corre lation between Tf receptors on K562. turnor cells and 

competitiVe activity (chapter III) and.this is supported 

by several other groups (Vodineliçh êt al, 1983; 

Borysiewicz et al, 1986; Newman et al, 1984) although s~ 
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rtisagree (Reiber et al, 1886; PhilllPS, 1986; Storkus anc1 

Dawson, 1986: Schurman et al, 1985: Lauzon anc1 Roc1er, 

1985; Dokhelar et al,1984). 

To further lnvestigate the involvement of Tf 

receptors in NK specificity, this sturty has usec1 
. 

nitrocellulose immobilizert lymphocytes as an afflnity 

matrix to rtetermine if NK cells binrt Tf receptors. The 

results inrticate that there 15 no relationship between NK 

ce Il acti v i ty anrt apparent transferr in receptor binci i ng in 

both perco Il fractionatert lymphocytes anrt pereoll 

fract ionatect IL-2 act l vateci 1 ymphocytes. Thus this rtata 

ooèS not support the hypothesls that Tf receptors are 

involve<i ln a high aff1nl\Y a~soclat~on between NK cells 

anc1 tumor cells. 

3. Materials and methods 

3.1 Tumor <1el18. Thé' erythroleukemic human tumor cell 

1ine KS62 (Lozzio anrt Lozzio, 1975), ~ 
anci HL-60 were grown 

in suspension culture "anrt maintaine<i at 37"C ln a humic1 

environment ln 5% C02' :rhe cells were :Ult~rt in RPMI-

1640 sup1emente<i with 10% heat inactivated fetal bov ine 

serum (FBS), 2 mM glutamine, 100 lU/ml peniclilin-G, 100 

ug/ml streptomycin sulfate, anrt 10 mM HEPES. K562 (rH) 

ce Il s were g rown in tissue cu 1 tuie" a t a starti ng c1ells i ty . 
of IxlO S ceIIs/ml ln 100% fresh mec1la. Control K562 cells 

" 

were fed every 3-4 days an<1 generally use<1 on <1ay 3. 

3.2 . Lymphocyte isolation. ~eparlnlzed blood was collectert 
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J 
from hea 1 thy volunteers by verllpuncture, anc1 incubatec1 on 

tlssue culture grade pLastic for l Hr @ 37 1 C. The non

ac1herent ce Ils were gently rinsec1 ~f and then niluten 

with an equal volurtle of RPMI-1640.\. The .lymphocyte 

population was separatec1 by buoyant c1ènsity centrifugation 

o~ Ficoll/Hypaque (sp. gr.::: 1.077). The cells were washen 
J 

3 times ln RPMI~1640 anc1 resuspennec1 in lOmM Ca++ ann Mg++ 

free PBS at 285 mOsM/Kg. The lymphocyteswere then put-

into the bottom fraction of a niscontinuous percoll 

granient anc1 centrifugec1 at 13,500xG for 30 min. Each 

lymphocyte fraction was carefu lly removed wi th a Pasteur 

pipette, wa~hen 3 times in RPMI-l640, and resuspennec1 ln 

RPMI-1640.+ 10% FBS for analysis of NK cell activity. 

Fresn lymphocytes that were usen nirectly for dot-blot 

analysis were washed in PBS anc1 resuspennec1 in PBS without 
, .' 

proteine These cells were either used immediately or 
1 

f rozen a t -80 IC unt i l useO'; 

3.3 Electron Microscopy. HUman PBL pellets were lightly 

fixe<i in 0.02% gluteralc1ehyde for 5 min ann then in 2.5% 

paraformalciehyde for 60 mln. The cells 'were then 

incubaten in 1% osmium tetroXlde for l Hr, rlnsed in PBS, 

dehynraten ln acetone anc1 embedned in epon. The blocks 

were then cured for 3 days> at 60 1C. Ultrathin sections 

were cut on an LKB mi~tome, collecten on copper grids 

and then etched wi th sod ium metaperioc1ate. The grins were 

~/200 ni l ution of e i ther rabbi t an ti-human transferrin or 

no.rmai rabbit serum-ln 1% BSA for 60 min. The grids were 
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ri nsed 
, 

in PBS and incubateô with protein A-golrt (23nM 

(.:!:.6) in c1iameter) for 30 min at 25'c. The grids were then 

wa s h e d ex te n s ive 1 yin PB S , folIo w e c1 b Y H 20 , a-nô the n 

stained with'uranyl' a~etate and ~xamineô unc1er a Phillips 
4 

model 300 electron mlcroscope. The percentage of 

positiveYy stainec1 cells were e~alua'ted as follows; a 

field of cel1s were photograp.hed at ranôom allô the 

-resultlng prints we~e analysed blind. tells were 

evaluated for the number of gol<1 grains observec1 on the 

outer leaflet of the ,plasma membrane. The mean number of 

cOlloirtal-gol<1 gralns on normaTh rabbit serum stainec1 

lymphocytes was 8 grains/cell. The percentage of cells 

c9ptairllng more than 8 electron rtense gold grains from the 
\ 

• • 1 
normal rabbit .serum controls were sUbtracte<1 from the 

percentage of cells containing more than 8",g01rt grains' 

from the anti-Tf treate<1 cells. The expresslon of Tf-
J 

crossreactive epitopes on lymphocytes were also evaluatert 
, , 

using a monoclonal antibody to TF (MoAb-Tf; Serotech 

laboratories inc.). Antiboc1ies NKH-I and MoAb-Tf were usec1 

at a 1/20 and 1/10~ riilution respectively. Lymphocytes 

w i th mo r eth anS gr a i n s 0 f go 1 c1 we r e cou n t e c1 as po s i t ive , 
, 

for MOAb-Tf as we,ll as the isdtype iden t Ica 1 N KH.-l 

antiboc1y (IgGI; Coul ter Electronics. inc.). 

3.4 Flow cytometry. percoll fractionated human PBL were 

resuspenc1,ed in 'RPMI-1640 contalning 5% FBS plus 4 

dilutlonslof anti-Tf antibody HTF-l~ (1/15 to 1/500) at 

4'C for 30 min. Antlbody HTF-14 was a kind gift from Ors • 

117 



c 

1 

V. Vlcklicky ann J. Bartek (Czechoslovak Acac1emyof 

Sciences) The 'c e 1 l s we r eth e n wa s h e ~ _~_ t i m-e san c1 

i n c u bat e c1 i n 1 0 u 9 / ml 0 f Fa b '2 s h e e pan t i - mo use l 9 G : FIT C 

for 30 min. The cells were washec1, resuspenc1ec1 in RPMI-

1640, 5% FBS with propic1iurn ioc1ic1e ann analysec1 for 

fU:>uresceClce. Dean cells and RBC were gatec1 out of th~ 

analysis by rec1 flourescence anci size respectively. 

Backgrounc1 binc1ing was evaluatec1 by leaving out the 

primary antlbody. 

3.5"1 Antibody ~leti.on. Human PBL (lxI0 6 /ml) were 
1 

incubatec1 wi \h a monoc l:o~al antiboc1y to human transferrin 

(HTF-14),a commercial monoclonal antiboc1y to human 

" transferrul (MoAb-Tf) (Serotech laboratories inc.) or 

anti-transferrin receptor (Becton Dickinson, Mountain 

Vie w) At 4' C for 3 D, min. The cel l s we r eth en wa s he c1 an c1 

r:levelopec1 with lOug/ml of a goat anti-mouse IgG at 4'C for 

30 min. The cells were washec1 anc1 resuspenr:lec1 in 10% low-
1 

tox rabbit compl~ment (Cec1erlane laboratories inc., 

Toronto) at 37'C' for 30 min. The cells were then washed 

and tested for resinual NK celi activity without adjusting 
-"-
the cell concentration. -Control cells recieved only the 

c1eve loping ant iboc1y. Complement controls cells received 
> + 

, aIl reagents with the exception of the primary antibony. 

hl Assay f'or!i!. cel! activity. The abil;lty of NK cells 
-,\ 

to lyse K562 target cells was, assessec1 by the stanc1arc1-
, 

1 

chromium release assay (~ross ann Jonc1al, 1975). Fifty ul 
• 

.of 51Cr-Iabelled K562 cells were ac1c1en to each weIl of a 
" 

V-bottom rnicrotiter plate cont~ining six seriaI c1ilutlons 
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of lymphocytes in 100 ul. The plates were qentrifuQeo at 

, 
200xG for 5 mi~, and then incubated @ 37'C for 4 hrs. 

Subsequent t'a incubation, th~ superhatants were collecteo 

for gamma counting. The spontaneous target ~ea~h was 

7_ --::::--ner-i--V-ed bt -~ubating lxl04 SICr-labe-lled targe~s in th'e 

absence of lymphocytes. Repl icate we Il s were re~uspendeo 

prior to supernatant harves~ ta <1etermine the maximum kill 
, 

~possible. The percentage of 51 Cr-labelled K562 cella kiiied 

was calculated by formula (1): 

51 51 
% lysis of 
K562 cells 

100-(test Cr release - spontaneous Cr rel~ase) 

= 

-
51 51 

maximum Cr 'release - spontaneous- Cr release 

Values of ~ytic units (LU20/106 effector cella) were 

derived from a, regression-analysis of the linear portion 

of the dose response curve. Once the ratio of effector to 

target cell was caiculated, the value of LU20/106 effector 

'cells ~ calculatec1 accorc1ing to formula (2). 

6 
IxlO effectora 

~ 4 
LU 110 effectors =(lymphocyte:target cell)(lxlO targets) 

20 . ratio at 20% lysis ' . 
(2 ) 
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• hl ~!!! co.petition analysis. The ability of ce,!1 

lysates to compete with a control K562 population was 

assessec1 in a moc1ification of the standard chromium 
-~ 

release assay. Ten thousand 51 Cr":labellec1 KS62 cells 

were addec1 to each weIl of a microtitration plate followed 
-, . 

by cold compètitor cell lysates. "The lysate_s were 
( 

evaluate,p as cell equiyalents and were added to the assay 

at ratios from 200/1 ,to 6.25/1 cell equivalents to 51Cr-

labellec1 K562 ce Ils. Two hunnren thousand lymphocytes 

were then added to these wells to give an effector to 

target ratio' of 10/1. The spontaneous target death was 

derived by incubatipg lxl0 4 51Cr labelled targets in - the 

absence of lymphocytes. Replicate wells were resuspended 

prior to supernatant harvest to determine the maximum ki11 

possible. The percentage of 51Cr-labeIlec1 K562 cells 

killed was calculatec1 by formula (1). Maximum killing by 

effector cells was evaluated by including wells without 

coIn competitor cell lysates. The '0% inhibition level 

was determinec1 by dividing the Q~rcent kill due to 10/1 

effector .cells without competitors by 2. Values of 

inhibitory units at 50 % inhibition (I~50/l06 colc1 

competitor eq~iva-lents) were derived by ca~culating the 

colc1 competitor to SlCr-labell-ed K562 1cell ratio which 

gave 50% inhibition from a regression analysis of the 
" 

linear portion of the c10se response curve. Once the ratio 
, 

of COl1}pét,~tors to target cells was determined, the value 
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of lU SO /106 colc1 competitor equivalents was c'al-culate<t 

accorc1ing ,to formula (2) • 

..h.! 1 L-2 bo08ti.ng of !'!! ~!! act'iyi ty. ~e mi Il ion 

Percoll fract 10na ted lymphocytes/ml we re lncuba ted in 25 
. 

BR M P U / m lof rI L - 2 (C e tus, C E!(i l u 1 a r p rb c1 u c t sin c • , 
, 

,Buffalo, N.Y.) for 18 Hr in RPMI-1640 supplementec1 with 
h" 

10% auto logou's human plasma at 37'C. -The lymphocytes were 

then washec1 3 times tn RPMI-1640 anc1 resuspenc1ec1 in RP:'U-

1640 with 10% FBS. The optimal incubation time and c10sage 

of rIL-2 utilized was previously c1etermined in' an 

inde~endant experiment using unfractionated PBL. 

To assess the l1et increase in NK cell activity due soley 

ta exogenous rIL-2, net lytic unit values were derived 

'accorc1ing to formula (3). 

net increase 
in lytic units = 
due to IL-2 

• 
lytic uni ts 
of lymphocytes 

incubated with 
IL-2 for 18hrs 

lytic units 
of lymphocytes 

incubateô wi thou t 
IL-2 ,for 18hrs 

( 3 ) 

3.9 Tu.or cell lysates. The stability of specifie NK 

target structures was assesseci by subjecting NK sensitive 

(K562) and NK insensitive (HL-60) tumor target cells to a 

freeze-thaw and sonication procec1ure. The competitive 

nature of the resulting cell lysates was then evaluatect. 

Tumqr cells were removed from tissue culture at log phase 

growth, counted for viat?ility using trypan blue anc1 
" 

processed concomitantly. Cells were washed 3 tim~s in 

RPMI-1640 ano re~;uspenc1ec1 te IxI0 7 cells/mi. They were 
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then subjecteci to 3 -cycles of freezing in~~dry ice and 

ethanol, followed by thawing in a 37'C water bath. The • 

" t lysates were t~en subjected to intermittent soni:ation @ 

4'C for ca. 1 min. This treatlnent resu l t.ed in tota l ce Il 

disruption as assessed by l ight microscopy. Large debr is 

anci nuciei were then centrifuged out at 350xG for 5 

minut~s and the lysates were tested for competitive 

activity. Transmissio.n electron microscopy of the cell 

lysates indicated that this treatment resulted ln the 

generation of unilaminar microsomes (data not shown). 

hl!!. Dot-Blot. The basic dot-blot technique was performed 

on a Bio-dot apparatus (Bio-rad laboratories; Misissauga, 

Ont.). Pure 0.45 um ni trocellulose (Schleicher & Schuell; 

Ke~ne, N.H.) was equi 1 ibrated in 20 mM Tris, 500mM NaC1, 
( . 

- pH 7.5 (TBS) for 30 min prior to the application of the .q 

primary protein/lysate. The nitrocellulose was then 
1 

inserted -t'nto the dot-blot apparatus and reacted wi th the 

primary.protein/lysate in IOOul of TBS. The membrane was 

then r~nsed with TBS, removed from the apparatus, and -

blocked overnight in 3% gelatin CDifco laboratories; 

Detroit ML) in TBS at 25'C. AlI subsequent incubations 

rwere performeci 0!1 the free membrane. The /assay was 

performed in this manner because whole cell lysates (even 

when. clarifieci .@l3,.OOO xG for 15 Mln.) c~ogged the 

nitrocellulose and interferred with the results. 

~ If receptor binding assay. K562 cell lysates were 

used as described above except that ionlcati~n was nct 
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~ormect anct freeze-thawerl cells were resuspencterl at 

lxl0 6 cells/ml in TBS plus 1% gelatin. These KS62. cell 

lysates were then incubated with nitrocellulose that had 

been previously r~actèc1 with the prirnary- protein or 

lysa te. This incubation was always performerl overllllJht, 

anc1 the unbounO materlal was then extenslvely washeci with 

TTBS, anrt the nl troce Il U 10se was probeo for the presence 
\ 

of bound Tf receptors. 

The extent of Tf receptor expression on blotteo membranes 

was performed as follows: Nitrocellulose was lncubaterl 

, with the antiboc1y HuLy-M9 (Australlan monoclonal 

c1evelopment Pty. Ltc1; Artarmon, Austr_al-la) at a c111utiOIl 

of 1 / 5 , 0 0 0 l n TB S w l th O. 5 % pol Y 0 x y eth Y 1 e ne soED i t a 1\ 

monolaurate (Tween 20) (TTBS) (Sigma; St LOUlS, MOr for 2 

Hr at 25'C. The membrane was then extenslvely rlllseo wlth 

TTBi and incubatec1 in a 1/1,000 ciilution of affillity 

purified alkaline phosphatase cOflJugateo goat antl-mouse 

IgG(H+L) immunoglobulin (Jackson Immufloresearch 

laboratories, Inc. cat. 'No. 02HLEU,Kl1i West Grove, PA) for 

l Hr at 25'C. The membrane was subsequently washeci tll 

TTBS, TBS, and then lncubateo ln 0.3 my/ml nltro blue 

tetrazollum salt 0.15 mg/ml 5-bromo-4-chloro-3-inooyl 

phosphate p-toluidine salt (Sigma; St. LOUlS, MO) Hl 0.1 M 

NaHC0 3 , 1.0 M' MgC1 2 , pH 9.8 untll the <iesire<i level of 
\ 

development was achieved. The reactlon was stopped K.Py 
j 

immerslng the ll1itrocellulo~e lCi 'H 20 Notei a 11 

immunologlcal reagents were previously, tltrated for 

opt ima l work ing concen tratlOns ln the ciot-blot assay and 
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aIl incubations were carri~d out in 1% gelatin in TTBS. 

Lymphocytes cO'ntain a small amount of endogenous alkaline ., 

Phosphatase and sorne contain minute levels of Tf 

receptors. To circumvent the contributlon of this 

background noise, bindlng lS assesed by formula 1: 

, 

Tf r~~tor 
blndlng = 

absorbance of Tf 
receptors on K562 
treated lymphocytes 

/" 

absorbance of Tf 
receptors on K562 
untreated lymphocytes 

(1) 

The values for net Tf recept:ors f\und ~y rIL-2 actlvated 

NK cells were assessed aç~ordlng to formula (2): 

(abs. of IL-2-lymphocytes - (abs. of IL-2-lymphocytes 
net Tf Wl th K562 lysate treatment) Wl thout K562 treatment} 

receptors-= -----------------------------------------------------
bound (abs. of control lymphocytes - (abs. of control lympho-

wlth K562 lysate treatment) cytes without K562 lysa te 
treatment) 

( 2 ) 

3.12 Lysate adsorption ~ Tf. K562 cell lysates at 

8xl0 6cell equivelan.ts/ml were specifically blocked __ 

(ac1sorberl) with or without human serum Tf at 20 mg/ml for 

30 min @ 25'C. The lysates were then ciiluterl to lxl0 6ceil 

equivelents/ml ln TBS with 1% gelatin and userl. The 

absorberl lysates were not centrifuged at this pOlnt 

because the Tf receptors are stlll embedrlerl ln the plasma 

membrane and extensl ve centr ifuga t ion resu 1 ts ln lower Tf 

receptor y le Ids as measurerl in an l.nciepenrlant exper iment 

(dat~ ilot shown). 
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3.'13 Dot-blot guantitation. Dot-blots were quantitatec1 by 
i 

a photoreproc1ucion methoc1. The c1arkenec1 image proc1uceo on 

nitrocellulose usiog the dot-blot template is 

superimposable on a enzyme-l inkec1 immuno'Sorbant assay 

(ELISA) mierotlter plate reac1er by affixlI\l] the matrix on 

top of a 96 weIl ELISA plate. Since Ilitrocellulose 15 

~que, however, the cievelopeo membralle lS f Irst 
, 

photoreproc1ueecl on to aeeta te (us 1 ng a hlQh qua Il ty x~ rox 

1048) .ancl this aeetate 15 affIxec1 on top of the ELISA 

plate anc1 quantitatec1 at 690nm. ThIS methoo of 

reproouction glves a consistant result. As ca Il be seen 

in fIgure 3 there 15 a gooc1 correlatIon betweell the 

c1arkness of a clot anc1 the relatIve aUsorbance as assesser1 

by _thi5 photorepl:"or1uction methoc1. The two ~l:"eviously 

" defineri K562 cell populations, K562(eontrol) auo K562(r11) , 

(Chapter II~I section 4.l) we? analysecl by th~S technIque 

for Tf receptor expresSlon al\o the resu1 ts were compareci 

ta Seatchalfc1 analysis • ."The relatIve quantity of Tf 

receptors expressec1 in these two populat 10llS yellera lly 

coine HIes. Thus the alla lys 15 of T-f receptors by th is oot- \_ 

blot methoc1 is a valIr1 methoc1 of quantitat1vely measuring 

Tf reeeptors on nItrocellulose. Whlle most 

photoreproc1uetion methoc1s proc1uce an image WhlCh 15 ca. 2% 

larger that' the orIgInal, It has been oue expeeiena,e that 

thlS enla'rgement is Ilot a pro'blem with the ELISA plate 
lj 

reader usec1 (T itertech mu l tiscan MC; Flow IfoDra toe les) as 
, 

lOIlg as the acetate lS earefully allgnerl 011 the plate. 

Altel;"natively, the xerox 1048 as weIl as most simlliar 
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machines can be easily mooifie9 by the manufacturer to 

.. give a 0% enlargement of the original upon special request. 

4. Resul ts 

4.1- I~entification of ~ epitope on human peripheral 

~!~ lymphocytes crossreactive with human serum 
~ 

transfe rr in. Human PBL th in sect Ions were 1 ight l Y fI xe~ 

an~ labellerl with elther a polyclonal sera ra1sed aga1nst 

human serum Tf or normal rabbit serum. The sections were 

thell incubateo wlth protein A coupleo to collorllal gol~ 

ano examinerl unrler an electron mIcroscope (flg.II). The 

p e r c en ta 9 e 0 f po S 1 t l' V e lys t a 1 ne d l Y m ph 0 c y tes le r e 

evaluateo as oescribed in materials and methorls. FIgure 

12 Inrlicates that 9.9% of PBL conta1n a Tf-crossreactlve 

epitope using a polyclonal antisera and roughly the same 

lIumber USlllg a monoclonal antibody raised against Tf. For 

comparison, the percentage of NK~-l stained ce 1 ~s IS 

presented, the frequency of ~ositively stalned cells using 

this monoclonal ant1borly was somewhat higher than expecterl 

(ie. 23%). 

To charactenze the nature of the Tf-crossreacti ve 

ltymphocyte, human PBL were subjecterl to percoll 

fractionation, staineti with the Tf specifie monoclonal 

antiborly HTF-14, and then analyserl by flow cytometry. 

Table VIII inc!icates that the ma)ority of Tf-

crossreactive PBL resirle in the low density fraction of 

percoll separaterl lymphocytes. ~~e 42.5% and 45% 
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Fig. 11. Electron micrograph of a Tf+ human 

peripheral blood lymphocyte. This cell was stained 

with rabbit anti-human transferrin antisera plus 

protÉdn A-gold. The number of gold graines on this 

cell is 21. The rnean number of gold grains on a NRS 
; 

stained lymphocyte was 8 grains/cell. Note the large 

b i lob e d n u c leu san dey t-o pla s m i c 9 r a nul e 5 

(Magnification X 16,4(0). 
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Fig. 12. Electron ffilcroscopy analysis of Tf+ H-PBL. 

Tf+ PBL we're assessed by enumerating randomly sampled 

immuno-gold stal,lec1 lymphocytes by electron microscopy. 

RaHuTf i q a p6lyclonal rabbit antisera raisec1 against 

human serum transferrin. Control sections for this 

polyclonal seia were stained with normal rabbit serum and 

thi values obtained subtractec1 from c1ata c1erivec1 wlth the 
, 

RaHuTf sera. MoAb-Tf ,is an anti-trans_f~rrHI monocloRal 

antlbooy from serotech laboratories inc •• NKH-l is a 

monoclonal antlboOy purshasec1 from Coulter electronics 

that reacts with human NK cells. These resu 1 ts 

indicate that a small -proportion of human lympnocyteg. 
1\ 

contain an epi't:ope cross reactive w'ith human serum,_ 

~ transfet-rin. 

1· 

( 
\ 

" 
.. 
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Electron microscopy analysis 

Percent positi-ve staining ~-PBL "s 
<::::::::: 

Ant ibooy % Positive S.E.M. n 

----------~-----------------------------------
RaHuTf 

MoAb-Tf 

NKH-l 

9.9 , 
12.5 

23.3 

2. 1 ~ 

4.2 

3.3 

4 

2 

2 
----------------------------------------------

Fig. 12 
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Table VIII. Analysis of Tf+ percoll fractionated 

PBL. Flow cytometry was used to ana lyse the 

phenot'ype of perco 11 fractionated- H-PBL's. 

Lymphocytes isOlated from the specified fractiôn were 

reacted the monoclonal antibody HTF-14 which is known 

to react with human serum transferrin (Viklicky and . 
Bartek, 1984). The cells were then stained with a 

F ( ab' ) 2 s he e p a-n-t-i---mê use 1 9 G : rIT C an t i se r a and 

analysed for flourescence. Dead 'cells (as assessed 
1 

by propid,ium iodide uptake~ were gated out of the 

analysis. Background flouresc~nce w~~,assessed by 

excluding the primary antibody. These results 

indicate that the cell displ aying a Tt~~O-tYPèi; 
a low density PBL.(n=l) __ ~-------

t-
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TABLE VIII 
- . 

FACS analysis: Tf-crossreactive lymphocytes 

-------------------------------------~-----
Percol1 Lytrc % Kill % Positive 
Fraction units @ 5/1 ce1·1s 
---~-----------------~---------------------
42.5 % 146 60 6.9 

45.0 % 173 56 1.1 

50.0 % 21 21 0.6 

60.0 % 20 21 0.9 
------------------------------~-----------
H-PBL's 110 54 2.9 

" 1 

---~-~------------------------------------

\ 

• t 

\ 

\ 1 -c 
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~----------------------.................. . 
fractions display roughly the same level of NK cell 

activity, yet only the lower density 42.5\ cells display a 

significant increase in Tf-crossreactive cells compared to 

unseparated lymphocytes. This may indicate that only a 

subpopulatlon of low density LGL are Tf-crossreactive. 

To further analyse if NK cells contain a Tf-

crossreactive epitope, antibody depletion studies were 

performed using 2 independent monoclonal antibodies to Tf. 

PBL pretreated with these antibodies plus complement 

displayed a decreased ability to kill K562 target cells 
~ after depletion (fIg 13). These data suggest that a 

• 
SUbpopulation of NK cells express aITf-crossreactiv~ 

1 

epitope on the plasma membrane. 

4.2 K562 lysateS' contain functional NK: target structures. 
[, 

To investigate Lhe stability of NK target structures, the . , 

NK sensitive ~e1l line K562 was sUbjected to a fre~~-thaw 

and sonicatlon procedure. As cao be observed in figure 

14, K~62 cell lysates retain their ab~lity to compete with 
/ 

SlCr-labelled KS62 cells, while the l sates generated from 

the NK insensitive cell line HL-60 ompete poor1y. Thus 

lysates from K562 cells appear to etain fUDctional NK 

target structures. 

4.3 Model system. It has been ell r1ocumenter1 that 

nitrocellulo&e 15 capable of irre~ersibly binding a wide 

variety of proteins. The ab i 1 i t Y 0 f the sei mmo b i l i z e d 

proteins to function has not, howe er, been exter,tsively 

,_ studied • Human serum Tf (Calbio hem Bering; La Jolla 

CA), bovine Tf (Sigma; St. Louis), bovine se'rum albumin 
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Fig. 13 Ant iborly pl us comp lement deplet ion of NK ce Il 
~ r 

activity using antiborlies to transferrin. Hurnan PSL were 

pretreatec1 with the indicatec1 rnonocloAal antiborly. The 

cells were then reactec1 with a rabbit anti-rnouse IgG and 

incubaterl in rabbit cornplernent~ The cells were then 

'testec1 for NK cell activity. Cells were treated with 

either sec0nnary antibody alone (Control), seconc1ary 
1 

antiboc1y plus complement alone (C'), a monoclonal anti

human transferrin (HTF-14), Cedarlane monoclon~1 ,anti-

human transferrin (MoAb-Tf) or anti-trao_s,ferrin receptor 

(anti-TfR) • 

... 

- ... -
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Fig_ 14. Ability o( tS62 and HL-6g'cell lysates to 

compete wi th SlCr-labelled K562 cells for NK cells. 

'The" X-axis rep~esents competi tor cel i equi velents to 

target cel l, ratios. The tu'ibor celi l)'sates were 

added to a standard 51cr rel~ase asssay. X---Xi 

competition by NK sensitive K562 ce1I lysates, 0---0; 

competi'tion by NK insensitive HL-69 cell lysate~. 
, 

Shown is a representitive experiment (n=6). 
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(BSA)(Sigma), anrl hüman serum albumin (HSA) (Sigma) were 

a.p pli e <1 ton i t roc el luI 0 se. After blocking, the 

nitrocellulose was then incubate<1 with K562 cell lysates, 

which we have shown above retain target struct~res. After 

incubation, the nitroceliûlose was washec1 anc1 probed for 

Tf !eceptor prote in a~ c1escribed in materials and methods. 

Nitrocellulose immobilized Tf was able to bind human Tf 

recept-ors from K5i2 ee Il lysates (f ig. 15). This binding 

was shown to be specifie for human Tf because, bovine Tf," 

bovine serum -albumin, and human serum albumin did not bind 

detectable levelslof Tf receptor protein (fig. 16). 

To ensure that the apparent binding of K562 Tf receptors 

was true reeeptor binding and not due to ~dheranee by sorne 

nonspeeific mechanism~ K562 lysates were preabsorbed with 

~ human Tf (fig. 17). By pre-satu~ating these K562 Tf 

" Re cep t 0 r 1 y s a teS" w i th Tf, the a b i 1 i t Y 0 f the se a b sor b e <1 

preparations to bind to immobil ized Tf were drastically 
c 

reduced. Thus, the protein detecteo by this technique is 

sp~cific for a "Tf rece,ptor"_. This dot-blot technique is 

also sensitive to changes in Tf re~eptor expression in 
-

K562 ce Il lysa tes. We ha ve pre v ious ly shown tha t K.562 

cells grown in tissue culture for different lengths of 
, . 

time ana different starting conditions, express different .. 
levels of Tf receptors (c~arter" 2). K562{control) and 

K562(c1l) tumor cells were absorbed onto nitrocellulose, . 
blocked, and then directly probed for Tf -receptors • 

.0 

Figure 18 shows that K562(dl) cells expressed more Tf 

receptors than K562(control) cells. This result is in 
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Fig. 15. Binding of tran~ferrin receptors by \ 

nitrocellulose immobilized human transferrin. 

Ni'trocellulose membranes were reaeted wit.h, 
, 

transferr in or bov ine serum al bumin: The membranes 

were_then blocked with gelatin, and then incubated in 
, \ 

K562 cel! lysates (as a source of transférrin 

reeeptors) for 16 Hrs. The membranes were then 

washed and probed fo~ bound transferrin reeeptors 

using a monoclonal anti-transferrin reeeptor antibody 

fo 110wed by an alkal ine phosPh~\ase eonjugated goat 

anti-mouse secondary antisera. The results were then 

analysed ~y a colorimetrie assay as deseribed in 

materia!s and-methods- (ehapter IV). (naS) 

Il 
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Fig. 16. Demonstration that transferr,in receptor binc1ing 

by nitrocellulose immobilited transferrin ls specifie for 

huma n t ra n 5 fer ri n • Nit roc e l l u los e wa s r e a ete ci w i th the 

proteins H-Tf1 human serum transferri?, B-Tf1 bovine serum 

transferrin, \~SA; huma~ serum album"in, and aSA; bovine 

serum albumine The .membranes were then blocked, reacted 

with K562 cell lysates, and probed for bound transferrin 

receptors as described in figure 12. S.E.M. bars were 

deiived from quadruplicat deterrninations. 
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Fig. 17. Spec if ici ty of bin<1ing of transferr in receptors 

to nitrocellulose immoôillze<1 transferrin. Nitrocellulose 
l , 

was re,cted w'th Tf, and then reacted with"eith8r K562 

cel- t ~at~Ls LTf~)#- ~-KS.6--2 ce 11 l-ys-ate-s-that haô be-en 
preab-sorbed with Tf (Blocked-TfR), control wells dio not 

receive any lysate treatment. The rnenbranes \1E're tnen 

probed for bou~d transferrin receptors as described in 
, 

figure 12 •. S.E.M. bars were oerived frqm quaoruplicate 

determinatlons. 
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Fig. 18. Photoreproductive ,technique for analysis C?f 

transferrin receptors correlates weil with visual 

results. K562 celi Iysates were directIy !eacted 

with nitrocellulose by adding between 2xHJ5 to 

3.lxl~3 cells/dot. The membranes were then analysed 

for transferrin receptors using a mouse monoclonal 

anti-transferrin receptor antibody followed by li 

aikaline phosphatase conjugated goat anti-mouse IgG 
! 

immunoglobul in. The membranes we;~ tlten ~eveloped 

and quantitated in t~ cOloFimetric assay as 
f 

described in materials and methods (chapter IV). 

a)Photograph of nitrocellulose illustrating the 

visual difference between Tf receptor expression in 

KS62 contro 1 cells (upper row) and K562 day l ce"lls 

(lower row). b)The nitrocellulose sh~wn above wa~ 

reproduced onto ace.::..te ~ the absorbance at 699nm 

was measured using an~plate reader. (see also 

figure 6 and table V for comparison to Scatchard 

analysis) (n=7) 
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.direct agreement with Scatchard nalysis (chapter 2) ann 

indicates 

1) that cell lysates can be a sorben ta nitrocellulô<àe 

and specifie membrane pro eins netecten. 

2) that th is dot-blot t ing sensi t i ve to 
r' 

changes in tn.e leve ls 0 Tf receptor expressed in 

K562 cell lysates. 

The quantity of Tf receptors etectab!e by this technique 

was 5 femtomo 1 es/not (lng) receptor protein as 

tested in an independent expe iment. 

4.4 Analysis of transferrin receptor binding ~, percoll 

fractionated lymphocytes. 5 ing the above c1esyriben mode l 

system, nitrocellulose immo ilized lymphocytes were testeci 

for their ability to bind T receptors from K562 lysates. 

It has thus far been: demonstrated that, l )K562 lysates 

contain NK competitive material, 2)that these lysates 

contain immunologiQally detectable levels of Tf receptors, 
1 

3 )that these receptd'rs retain functional specif icity, 

4)that a't least sorne NK cells possess a Tf crossreactive 

epitope and concurrent stucHes have shown that this 
• 

epitopiè is immunologica~ly detectable on nitrocellulose 
/ -

filters (Pannunzio, 1988) and 5) that as a model system 
1 

"Tf" retains its rfceptor binc1ing capacity on 

ni trocellulpse. 

Percoll separatec11 lymphocytes were aD~~-rbed onto 

nitrocellulose, blocke~, and then rE!acted with K562 c~ll 
lysates in the presenc of 1% g'e'latin @ 37'C overnight in 
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Fig. --19. Comparison of lytic activity and binding' 

liJ\t 

of transferr ir, receptor ~ by perco Il fractiona ted 

human peripheral blood lymphocytes. (a) Human 

per~pher8l blood lymphocytes were fractionated on 
fOl' 

d!séontinous percoll density gradients from 49-59% 

per co Il. The lymphocyte band s were co Il ected and 

assessed for lytic activity agalnst SlCr-labelled 

K562 cells. Cb) Percoll fractionated lymphocytes from 

the Bame bands were Isimultaneously reacted with 

n,ittocellulose. The nitro'cellulose was then blocked,- ~ 

i ncubated in K562 ce Il lysates (as a source of 

transferr!n receptors), and developed for transferrin 

receptor binding as . in t'igure 16. (n=3) 
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TBS. The nitrocellulose was then extensively washed and 

prOben for Tf receptors. Figure 19 shows the relationship 

between the NK cell activity ann the net apparent Tf 

re~eptor binding by perc!=>ll fracti~ted lymphocytes. As 

can be seen, there" is n_?_~_~sJ. ti ~.~_~_~lationship be:.-:t~w~e:-:.::::e~n,---___ _ 

apparent Tf receptor binding by lymphocytes and NK ce Il 

activity (Fig. 19).' 

" Interestingly, this experiment does however show 

that the 's~all lymphocytes (depleted in NK celi activity) 

in the higher density bands may bind Tfreceptors. 

It has been ~ell documented that IL-2 pretreatment of 

NI< cells leads to a mark'd increase in NK cell'activity. 

In an independant experi~ent, it was observed ct'hat the 

optimal in vitro dose of IL-2 for maximal NK activity was 

25 BRMP Units/ml for 18 hr (data not showm).' Percoll-, 

fractionated rIL-2 boosted PBL were thus analysed for 

possible Tf receptor binding àctivity. These cells were 

incubated in rIL-2 for 18 hr @ 37'C, and the extent of Tf 

receptor bind ing 
-...... - ~\ 

percoll fractions. 
1 

was ass-èssed in aIl rIL-2-boosted 

Figure 20' shows the results of a 

representative experiment. As can be observed, there ls 

maximal receptor binrJing in the 60% fraction. This 

fraction of lymphocytes does not contain a significan~ 

number of NK cells as assesserJ by NK cell activity (fig. 

20) or flow cytometry using the NKH-I antibody (data not 

shown). Thus a "non-NK fraction" displays maximal 

apparent Tf receptor binding activity. There ls also no 

relationship between apparent Tf receptor binding activity 
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Fig. 20. Comparison of lytic aptivity arrc1 bincting of 

transferrin receptors by, ~rcoll (fractionated 'rIL-2 
. \-

actlvatec1 human peripheral blooc1 lymphocytes. (a) Human 

periphera1 blood ly~phocytes were fractionatec1 on 

dis con t i no,u s p e r col 1 de Cl s i t Y 9 rad i e n t s f rom 4 0,::,_ 6 0 % 

percoll. The lymphocyte banc1s were collectec1 anc1 

activatec1 in the presence of recombinant IL-2 for 18 Hrs. 

Activatec1 lymp.hocytes were then assessed for lytic 
, -

acti:vity against 51Cr-labelled K562 cells. (b) Lymphocytes 

from the same banc1s were simultaneous1y reactec1 with 

nitrocellulose. The nitrocellu'lose was then bloçked, 
~ 

incubated in K562 cell 1ysates (as a source of transfer~in 

t receptors), and deve l open for tran.sferr in receptor binc1 ing 

as in figure 16. 
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ann NK cell activi~y when aIl of the percoll" fractions are 

comparen • 
, 

The net minimal increase in apparent binding of the 

lymphocytes in the 42.5% band was not reproduced in any of 

the other experiments, ann even in this experi!ilent the 

sma Il pe~k increa-se in fapparent binning at 42.5% percoll 
1 

nid not correspond to m~ximal NK cell activity. (ie. at 45% 

p'ercoll). The net apparent binning of Tf receptors in the 
, 

.- . 
60% fraction was however seen in 3 out of 4 r IL-2 

boosting experimen_~s. This resul t inrli'ca tes that the~ 

n<?- relationship between Tf receptor binning and NK cell 

activity in pereoll fractionated rIL-2 boo.sten 

.,.ùYmPhocytes. 

5. Discussion \ 
\ 

If a lymphocy~e binds Tf receRtors" then i t must 

possess sorne ': l iganr.f" t_hrough which it cao accompl ish this 
, 

task. Stuoies by Baines and co'-workers (1983) in this 

laboratory illustrated that antibodies to human serum Tf 

could block NK cell function at the level of the effector 

celle -

To determine if NK cells possess a Tf crossr~_activ~ 
epitope, 3 approaches were used; 

I)H-PBL's were stained with a polyclonal antiserum 

rais~d agaïnst Tf ~ollowed by protein A-co"lloidal 

~ald. and then examined by electron -microscop~ • 
. . 
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c 
2)FI'JW cyt'Jmetry wa~ used t'J examine if the Tf+ 

phen'Jtype c,;>-purified wi.th NK cell activity 'Jn 

perc'J!! fract i'Jnated _H-PBL's. 

3)Antib'JC1y plus comprement depletion studies were 

perf'Jrmen using 2 innependent m-.:>n'Jclonal antib'Jd·ies 

against serum transferrin. 

/' 

The results of these investigati'Jns suggest that at least ----- , 
a sUbpopulati'Jn -.:>f NK cells do p,;>ssess a neterminant 

immun-.:>l'Jgica lly crossreacti ve wi th human serum Tf. -W.~_él_~~ __ . -
n'Jt yet able to determine if NK cells simply have Tf 

1 j 
r 

1 receptors to which Tf is bound or if they possess a de 

facto transmembrane protein that resembles Tf such as th~ 

-p97 antigen found on melanoma cells-(Br-.:>wn et-al~-~19B2). --~!~---

Indications by b'Jth S~atchard analysis as weIl as antibody 

plus complement s~udies, suggest that the numbers of Tf. 

receptors -::>n NK cells to be minimal to n-.:>nexistant (data 

not shown). Howeve r, a-~major cri tici zm of, this approach 
'. 

that if NK cells possess; _T_f __ recept'Jrs to which Tf 

b-::>und, then Scatchard analysis will not yield meaningf 

results since the recept'Jr shouln be 

marker analysis f-.:>r Tf and Tf receptors by flow 

. should pr'.)v ide a m-.:>re de ini ti ve resU 1 t. 
o J 

Since Tf recoptors on tumor cells bind Tf J'th high 

affinity, and NK c~l!s Tf-ci'Jssre~ epitope 

on their surface. i t was 1\yp.,~-;'-zed 'that' NK 
o 

ce!ls \,Ise this "Tf-!ike epitope t-.:> nteract with tumor· 
\ 

, 
ce!ls to form a high affinity çonju ate. This study has-

l 4 
/ 

1 

1 
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used nitrocellulose Immpbilized percoll fractionated 

lymphocytes as an affinity matrix to ask if NK cells bind 

Tf receptors. The results indicate that, although the 

method used is sensitive and specifie for Tf receptors, 

there is no relationship between NK cell activity and 

apparent Tf receptor binding in percoli fractionate<1 PSL. 

In contrast, It appearert that Tf receptors pref'erentially 

bound to 'Iysate's from, high density lymfocytes. This 

ability' of high den;;ity no-n-NK cells to binc1 Tf receptors 

may be a result of the release of internaI stores of Tf 

from T-lymphocytes. Sever-al previous studies on T-

y lymphocytes have indicated that these cells possess stores 
- - -

-- -~-orTf (Nis-tiiya oyt al, 1980b~-i.um et al, 1986; Lu et al, 

1986). Since these non-activated lymphocytes possess 

e i the r v e r'y lit t I e 0 r no Tf r e cep t 0 r s (L ume t al, 1 9 8 6 ) 1 

and our preliminary ~ACS analysis did not show any Tf-like 

proteil1. on the surface of high dans,i ty lymphocytes, we 
-" ) 

hypotheaize' that the "Tf-l ike" pool measurerl must therfore 
1 

come from internaI stores. 
.. " 

The levei of Tf in CD-8+ T-lymphocytes was calculated 

',bY Lu and co-workers (1986) to be 8ug of Tf/IxI0 7 

lymphocytes. Based on the molecular weights and . ' 
stoichiometry 'of Tf,:",T-f receptor interaction, this is 

, 
equivilent to 1 ng of Tf/12,SOO lymphocytes. The 

detection limit of Tf receptors in our system is 1 ng of 

receptor· protein, and we use be,tween 3,125 and 200,000 

lymphocytes/dot in our ddse response curves, therefore the 
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level of Tf in T-Iymphoc is we l t wi thin the measuraole 
J 

.; 
~ 

range of our dbt blot m. Our %esults therefefe 
..1 

corrobora te previous flndings that T-Iymphocytes contain 

an jnternal Tf réceptor binding.protein and that rIL-~ 

'a-cti vation of these lymphocyt"es .increases· the expression 

of th.is Tf ~\ePtor bin<iir~ pro~ein (Lum -et al, 1986). 

" Our f'îridings in<iicate that NK c.ells possess an 
, ~ 

epi tope that i5 immunologica Ily c·rossreacti ve Wl th serum 
o • 

Tf. ~ Con c u r r e n t + y, N K cel lac t i vit Y a P p e are d 1!1 0 t . t 0 

corre fate wi th Tf rece,ptor binding acti v i ty. rhis paradox 
<,; • .f 

ma}' be expIa ine<i by several PQSSibi l i ties: 
~ . 
1) NK cells are actLvate<i lymphocyte's that possess Tf 

receptors to wh ic~ Tf is al readi bound. Sinçe i t appears 

that Tf only has one. binding site (Lazarus et al, 1987), 
., , ;' 

this surface T'f is not: available for exogènous rece'ptor 

_ b i nd i-og. ' • . (' . , 

. 2) The T;-l ike 'prote in on .t~e','lrfàce. qf NI<' ce ils may 

'be an i'ntegral membrane prote in' such as p97 and does not 

bind to Tf re~ep~ors. 
, 

3) This Tf-like membrane protein i's more labile. 
. , 

than Tf a'nd ,is inactivater1 by nitrocellulose b'inding. 

4)The.,.leve.l of Tf receptor binding protein i5 below the 

det~ction limit of \;his assay. 
, 

5) The relevant epitope itself is unrelated to Tf. 
l1':l<, 

6) or finallY, th~ NK recognition structure i5 someh0W, 

6~mi l iar t~ t~e T cell receptor -in 'that it d,oes not bind 
. 

free antigen but req'u~res the ,:rf receptor .ço be associated 

Wl th some.,ol:.he,r, membFane 'complex. \ 
'" 
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While it- ls ctifficult to ascertaln whlch of ,the above 

possibilities is correct, it seems somewhat Un~kelY that 

the protein .. is simply too labile to function .in this' 

system' because Tf it:se,.lf proved ~ to be exceptionally 

stable. Ina ct dit i 0 Cl , -w h i 1 e i t i s po s s i b 1 eth a t the 

protein qf 1nterest is a mtnor membrane protein and is 

below tha detection level ·of this assa~; dot blotting ie 

noted for its sensitivi.ty to small quantitiesO of prote in. 

Since a Tf crossreacti ve epi tope was measurert by elect,ron 
Il 

micrpscop~ which itself is a relatively insensitive method . , 

of de te'ct ion, i t,wou 1 d be hypothe si zeo that the prote in , 
detected is\pres~nt ~tt substant(al q~antities. 

, 
In "conclusion,. NK cell ~c,tivity of both percoll 

.• èt'ionated lymPhOCYt~s ~s weIl as IL-2' activated NK 

ce ~s not cor~~ l,at~ wi th apparent Tf rec,eptor 

bin~ng,. T~US the resul ts ,of this st.,uc:iy do not support. 

the hypothesis that Tf, rece,ptors are involved- in NIÇ cell 
~ ~ 

to tumor 'cell binding. ' . -

) ç 

( , . 
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V. GENERAL CONCLUSIONS 

The Tf recept'Jr has been hyp'Jthesised t-:> Oe a target 

structure 'Jn 't:-ttm'Jr cel1s rec'Jgnized by -human NK celfls 

(Baines et al, 1983; V-:>dine1ich et al, 1983). If this 

the-:>ry is C'Jrrect, then there sh-:>uld be a c-:>rrelati~,m 

between Tf recept'Jr èxpressi.,n and the abi 1 i ty to be 

rec-:>gnize<1 by NK cells. 

It was f')und thâ~ when the cel1 1ine K562 was 
, 

m'Jdulated f'Jr Tf' recept')r expressi'Jn, t:(t1ere was a gO'Jd 
.~ (\ 

c')rre1ati.,n between th·:) level of Tf recept.,rs ':I,n ~S62 

cells and the ability -:>f those ce1ls t') c-:>mpete wlth~ 

c'Jntrol K562 cell preparation. It-was a1so f ....... ·..-i that 
- .- 41 i ~. 

a~th'Jugh Tf receptor expression corre1ated with NK 

competitive activity on K562, '(Ihen (Hfferent'ce1l line's 

were eva1uated there was n-:> éllPparent correlation (chapter 

2). It shouid he noted that in earlier studies when 
4 Q 

different celi 1ines' were eva1uated in checkerboard type 

experiments f')r the re1atedness of target structures, it 

was general1y 

could p'Jssess 

Ortaldo and 

conc1udect that ciifferent tumor cel' ,1ines 

differeJ;lt- target st.ructure·s [r~v,ieweci in 
~ , ,j 

Herberman~ 1982]. In additi-:>n to this, 

nonspecific- physical 'factors affect target cell 

'sensitivity to lyais. 
~ 

These inclucie sialic acid content' 
~ 

and membrane cha rge ~ Yogeeswarn et al, 1982; Wa_rre n, 
, f' 

1976), lipici c')mp'Jsitlon (Young ef~l, 1981; Yoo et al, 

" 198~), membrane f1uidity (R-:>ozemond and Bonavida, 19'85), 

anô'target cell metabolism·(Deem et al, 19"8fl. "Thus when 
....,. 
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diverse celi types are c'Jmparec1, the contribution 'jf these 

n'Jnspecific physica). factors, coupleô with c11fferent 

spectrums ?f specificity at both the effect'Jr anci target 

cell level, may obscure the significance 'jf difterences 

in Tf recept'Jr expressi'Jn in ôiffererit celi 1ines. 

Because" many c1ifferences exist between c1ifferent cel! 

lines, the competitlve activity of these celi lines may 

"n-:>t necessarily c'Jrrelate with the number of target 

s t ru C tu r es. For e x am pIe, i t i s k n ow n th a- t the lev e lof 

sialic acid f'Jund '<:>n a tumor celi inversely c'Jrrelates 
, , 

with its ability t? be lysed by an NK cell (Y?geeswarn et' 

al, 1982). Thus if target cell "B" posseses m?re target 

structures than target cell "A" and target celi "Sil also 

posseses higher levels 'Jf sialic acid than target cell 

liA", then target cell "B" will not necessarily cornpete 

better than target cell "A" f?r NK celi attention. 

To further verify 
- . 

recept'Jr expression and c0mpet.itive activity t$ relevant, 

a 'system utilizing n'Jn-tum'Jr cells was evaluateci. N-:>t 

surprisingly, it, was f?unci that rabbit erythr'Jcytes. which 

do ~not p-:>ssess ~f recept-:>rs dic1 not c?mpete with K562 

cells for human NK cells. However, rabbit reti-=ul'Jcytes 

which d'j express Tf recept'Jrs c'Julc1 C0rnpete with K562-
, .... ~ i .. 

ce.lls ~'Jr human NK rec-:>gn,ition. Thus Tf recept'Jr 

expression was f')u~~ t'J co[relate wit~ c0mpetitive 

activity even in this n'Jn-tuffiO[ celI system. 

Several, 0ther investigators have since stuciied the 
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re1ati"nship between Tf recept")r expressi-:>n and NK cell 

mertiatert lysis (Newman et al, 1984; D-:>khelar et al, 1984; 

Brioges anrt Smith, 1985; Lauz"n and R"der, 1985; Schuurman 

et al, 1985; B-:>rysiewicz et al, 1986; Phillips, 1986). 
- -cr'"' 

in H"wever, ~as was menti-:>nert in chapter 3~. rti,,-~culties 

rtata interpretati"n arise when Tf recept-:>r expressi-:>n is 

c"rre1atert with NK, mertlated lysis (as '::5pp"sed to 

c')mpetiti-:>n ')r c')njuga~e f-:>rmation).. ~~ 

-c_.., In this c")rrelati-:>n study, c-:>mpetltive' activity has ~-. 

been c"mparéd t" Tjf recept0' expressi?,n. We have been 

careful n-::>t t-:> use "killing" as a-measure -:>f rec"gnition 
'-

because the final lytic event is rtepenrt~nt 0n many 

parameters whereas competiti"n fs a direct measure of 
-

rec'lgniti'ln-(Herbe'rman and Ortalrt0, 1980). Within the' 

c"ntext 0f r'ec?gnition anrt lysis, it has been, weIl 
!il, 

rt"cumentert that in 0rrter f"r an NK cell t0 lyse the target 
.1 

"cell, it must fir:.:st bil'!d to the tum0r cell and then be . , . 
activated t? secrete its lytic fact"r. Once secreted, 

,",this fac~0r mUl=>t bind. 'lr interact w{th the tU~0r ce Il and 

~nly roay lysis pr0ceert. If àny step. ')f thij ~rocess 

is bl-:>ck d then the flnal lytic event will n t ensue~ 

Further, he ability 0f K562 cell::; t'l be killed Dy NK 

cells is n-::< a va-li<i measure "f the re.c0gnition state 0f 

that:cell sifee it has been <iem0nstrated by Ha~ner that 

the lytic phase ')f killing can be <iramatically altered by 

the gr')wth phase ')f K562 cells (Hagner, 1984). ,He f..?&nd 

that K562 cells c?uIc1 be killed Wl~h c1iffering d~greeS ''Of 

efficiency rtepen<iing ~n the pr')p~rti')n ')f targ~t blast 
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cel1s in a given culture, ~his increased sensitivity to 

1ysis was found to be attributable s~ley to a more 

efficient lytic m chan\sm. If can therefore be 

conc 1 uded on the is Qf H~gner's resul ts (as we Il as 

ours that lysis lS a pOQr rneasure of "NK recogn i t t'Jn". 

Among the sev 
"" 

1 receptor expre~sion 

" modu 1 atec1 Tf rece~t 

expression of ~ecept 

first, rnouse L cell 

studies that.. have comparec1 Tf 

cel1 functi'Jn, two have direct1y 

and then correlated ,the resu 1 tant 

with cQmpetitiv~ activity. In the 
~ ~~ 

were transfected with high M.W., DNA 

from a human tum':)r c Il l ine (Newman et al, 1984). l t was 
\ 

.f':)und that the exp ession -::>f hl}man Tf receptors by, a 
1 

par tic u l arc Ion e c Q,'r rel a te d w i t h i t a 
1 

competitive activit • In the sec-::>nd study, alth'lugh the 
1 

tit1e 'Jf this manus ript suggest~ that data i.s pro v i-ded 
~ 

which shows' a lack -::>f c-::>rrelati6n between Tf recep~tQr 

,expressi-::>n and NK r c-::>gniti-::>n (Br/dges and Smith, 1985), 

_upon careful scru i~y of this data, thè manuscript 

examines tw-::> separat phenQmenaf' 

\ 

1) NK'recognitiQn anc1 lysis of vira11y infecten HeLa 

ce11s. 

2)' NK rec?gnitiQn of K562 tumor cel +s. 

) 0 , 

With respect tQ irally infected cells,: it has been 

previ'Jusly indicated that a) dlffer~nt subset Qf NK cella ~ 

may'rec'Jgnize s-::>me Vl ally lnfectec1 cells (Fitzgerald et 

a '1, 1 9 8 3) and i t ite p-::>ssibl,e tilat the subset -::>f NK 
~ , " 
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cells which rec-:>gnizes virally infected cells d'Jes n'Jt 

rec'.)gnize Tf reeept'.)rs. The auth'Jrs d'J h'.)wever sh'Jw,very 
#' 

elegantly ~hat K562 cells ~reated with desferr'.)l (an ir'Jn 

che 1 a t -:> r -, '.) r hem i n (a n i r 'J n s u P'P ! e men t) c an i n cre a s e 'J r 

decrease re'spectively the expressi'.)n 'Jf Tf recept'ors 'Jn 
D , 

these ce Il s. When the Tf recept'Jr m'Jdu 1 a ter,! ce Il s we re 

tested f'.)r c-:>mpetitive ~ctivity, the auth'.)rs interpreted 

their results as indic'ating that Tf recept'J,r eJpressi'Jn 

n'.)es n'.)t c'.)rrelate wlth c'.)mpetitive actiyity. [In 'Jrder 
- .. 

t'.) discuss the data" by the auth'.)rs their data' fr-:>m "table . . 
II" is presented in graphie f'Jrrn in appendlx III.] H'Jwever 

• this d'.)el3 n?t appear t.'.) be s':>, as can De se en in b':>th 

experiments hemin treat~~~ K562 cells (which have l?we"r, 

levels ?~ Tf recept'Jrs) actually c?mpete less weIl than 

base !ine K562 cells. Thus using a specific m'Jnulat'Jr 'Jf 

Tf recept'.)rs, they sh'Jw a c'Jrre lati-:>n between Tf recept-:>r 

ê'xpressi-:m and c'J~petitive activity in ;~562 cells in 2 ':>ut 

'.)f 2 experiments. It sh'.)u!n be menti'Jned that their 'Jther 

experiment which uses hemin treated K562 cells as targets 
, 

and c'Jnt.r':>l K562:,\ cells as c':>mpetit':>rs has n?t been, 

tepr,:>duced here because the data is t':>':> eratlc t':> , 

~interpret. 

" Since Tf recept'Jrs ,:>n tum-:>r cells bind Tf'with . 
high affinity, and It was previ':>usly sh'Jwn that ~ntlb'Jdies 

t':> Tf c')uln bl'Jck NK cell actlvity at the effect':>r cell 

1 e' v el, N K cel 1 s we r e e x ami ne d f 'J i a p ':> S S l b 1 e T f 
-'\ 

cr'Jssreactive epit':>pe. The results indicat;e thé:lt a 
~-

1-62 1 
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subp':lpulati::>n ':lf NK cells p':lssess a Tf-like epit':lpe ':>n 
i 

the1r surface, th1s result h~s c':>rr':loarateo by Alarc':ln anrt 

Fresn':l (1985). It was,,,hyp':>thesizert t~at NK cells use this 

"Tf-like" epit':lpe t':> interact with,tum':lr cells anO f':lrm a 

high'affinity c':lnjugate. 
1 

. . 
,In this,sturty we have usert nitr':lcellul':>se imm':>bilize<1 

pet'c':lll fracti':>nated lyrnph':lcytes t? examine if there 1s 

any relati':lnship between NK celi activity anrt apparent Tf 

recept':>r binding in these fracti':>ns. The x.esults 

\/indicdte that alth':>ugh the meth,:>rt used 1s sensitive an<1 

, 

speci1f ic f':>r Tf recept':lrs, the r e i s <.' n':l a p par e n ~ 

c':>rrelati':ln between NK cell activity an<1 Tf recept':>r 

br~ding activity in the nitrocellul':lse imm~bilize<1 pereoll,1 

fractions. Thus even if Tf recept':lrs are someh':lw invQlved 

f • i n N K cel 1 me dia t e d 1 ys i s ':l f tu m ~r cel l s, th i s <1 a ta <1 ':> e s. 
, ~ 

n':>t sUPP':lr~ a role fo~ Tf receptor inv':llvement in 

c':>njugate f')rmati')n between NK ce Ils and tum')r cell s. 

The mechanism via which an NK cell f')rms a high i .. 
affinity cè':lnj'ugate b'etween Itself and a tum')r cell i5 n".:>ts 

known. There have been h')wever severai membrane pr':lteins 

that have been Implicated in "lymphocyte adhesi')n". These 

incluc1e; CD-2, LFA-3, CD-4, CD-B, anô the weIl kn,:>wn LFA-I 
\ ~, - ~ 

m':>lecule which shares a c'::>mmon fi chaln with p150,95 and 
" 

MAC-l [revieweô ln Sprlnger et al, 1987]. The CD-4 anc:h 

CD-8 antigens have b~en p'::>stulated t0 reC?gnlze 

n':>np01ym':>rphlc regions ':lf MHC enc':>oecl gene pr':>oucts, . 
\ 

alth':>ugh this has been questlonec1 (FlelSC'1er et al, 1986} 
\-

and the CD-2 rnolecule appears to recognize the LFA-3 
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antigen (Springer et al, 1987; Shaw et al, 1986). The 

m~st relavent ~f these pr~teins may be the LFA-1 antigen. 

This membrane pr~tein is f~unc1 ~n virtually aIl 

lymph?cytes and is th~ught t? be c1irectly inv~lved in 

lymph?cyte c?n]ugate f?rmati?n. Since this antigen is 

wic1ely c1istributec1 ?n lymph?cytes, it may acc?unt f?r the' 

the ~ccasi-:>nal stuc1y where "NK pat terned binding" is f?unc1 

in n?n-NK cells (Pi'Jntek et al, 1982). 

It is p?sslble that Tf recept-:>rs are inv~lvec1 in s?me 

?ther aspect ?f NK cell rec'Jgnlti-:>n, such as "triggering". 

If Tf recept?rs c1? serve as triggering m?lecules ?n the 

target cell, then this may explain why alth'Jugh NK cells 

ci? n?t appear t? bind Tf recept?rs directly, Tf recept?r 

expressi?n is c'Jrrelatec1 with c?mpetitive activity. Any 

m?lecule that "triggers" the NK cell ?r, in essence, 

attracts the NK cell 's attenti?n, sh?uld be an exce lIent 

c?mpetit?r. 

1 n summary, a g'J'Jd c'Jrre l ati':>n between the 

expressi?n ~f Tf ':>n K562 cell s and the abi l i ty, 

?f these cells t':> c':>mpet ~n a standard chr':>mlum release 

assay. It wa,s aIs? f,:>un that rabbit 'reticul'Jcytes which 

express high numbers ':>f Tf recept'Jrs c'Jmpeted with. K562 

cells f?r NK cells where s rn,ature rabbit erythr':>cyteswhich 
o 

d,:> n':>t express Tf rec n?t c?mpe te. These 

resul ts supp~rt previ':>u,s studles which have Indlcated that 

Tf recept?rs are inv?lve i.n NK celi me(hate~ speci\ficity 
\ 

f~r tum?r cells. The In\V? 1 vemen,t ':>f T f ~ecept?rs ln NK 

\. 
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specificity c':>uld be at either ')f 2 stageS. 

, l) as an affinity structure between NK ce11s and 

tumor cells, or 

2) as an activation ')r triggering ;Structure. 
1 

The results fr-;:>m this thesis indicateJthat there i9 h? 

rel'ationship between NK cell activit \ and Tf receptor 
1 

binrling ~apacity in nitr".)cellul')se imm')biltzen perc')ll ' 
\ 

fracti'Jnaten lymphocytes. This data does not theref'Jre 

-'support the hypothesis that NK cells utilize a Tf-like 

m'Jlecule t~ bind t'J tum'Jr cells.' T us if Tf rec::ept':>rs are 

inv-;:>lved in NI< cell specificity, it is likely that they 

play a 1:-01e in NK·activati')n or triggering. One way t? 
, 

test this hypothesis w-;:>uln be t~ react tryptic peptides 'Jf 

the Tf rec-eptor protéin (V,:>dinélich et al, 19~3) with LGL

an.n _ mon i t ~r ea r ly ê vents iris ig na l tr a nsduc t i ':>n (see 

) 
; 

• 

165 

, 
, , 



c 

c 

, ' 

REFERENCES 

< 

AbO T. anc1 Balch C.M. 1981. A rtifferentiation antigen of 
human NK anc1 K cells irtentifiert by a monoclonal antibody 
(HNK-l). J. Immunol. 127:1024-9. 

Abo T., Cooper M.D., anrt Balch C.M. 1982. Characterization 
of HNK-l+ (Leu-7) human lymphocytes.!. Two rtistinct 
phenotypes of human NK cells w~th different cytotoxic 
capability. J. Immunol. 129:1752-1757. 

Abo T. anc1 Ba,lch C.M. 1983. The use of monoclonal 
antiborties to 'characterize human natural killer cell 
ontogeny anc1 function. IN: Monoclonal antibodies. Academie 
Press, New York. p.97-1l3 \ 

Abruz z 0 L. V. and Row 1 ey D.A. 19 &.lB. Homeos tas i s of the 
antibody response: Inununoregulation by NK cells. Science 
222:581-585. 

Aputo O., -Hussey-:-R.E.,-F~tzgeralc1 K.A., Protentis J.P., 
Heuer S.C., Schlossman S.F. and Reinherz E.L. 1983. The 
human T celi receptor: Appearance in ontogeny and o 

biochemical relationship of . 0( anrt,4' subunits on IL-2 
rtepenc1ant clones and T cell turnors. Cell 34: 717-726. 

Artes E.W. anc1 Hinson A. 1982. Effector ce~l sensiA:1~ity to 
sugar moeities: Inhibition of human naturai ki~-l-er cel'l 
acti v i ty by tunicamyc in. Ce 11. Immuno!. 72: 326-)1. 

Aisen P. 1983. interactions of transferrin with cells. 
IN:' Biological aspects of metals and metal-relatert 
rtiseases. (B. Sarkar, Ert.) Raven Press, New- York. p:,7-80 • 

. 
Allavena P. anrt Ortaldo J.R. 1984. Characteristics of 
human NK clones: Target specificity and phenotype. 'J. 
Immuno 1. 132: 2363-9-. 

Alarcon B. and Fresno M. 1985. Specifie eff~ct of anti
transferrw antibodleS on natural ki 11er cells. EVIdence 
for the transferrln receptor being one of the target 
structures recognlzed by NK cells. J. Immunol. 134:1,286-

~ 91. " 
Alarcon B., De Vries J., Pettey C., Boylston A.t Yssei H., 
Terhorst C. and Spits H. 1987. The T-cell receptor ~ 
chain-CD3 complex: Impllcationin the cytotoxic activity of 
a CD3+ CD4- CD8- human naturai killer clone. Proc. Natl. 
Acart. Sei. USA 84:3861-5. "" 

, , 

16E? 



, • 

• 

t> 

Anasetti C., Martin P.J., Morishita 'i., Bartger c.e., 
Bernstein 1.0. anrt Hansen J.A. 1987. Hurnan large granular 
lymphocytes express hlgh affini~y receptors for murine 
monoclonal antibodies of the IgG/3 subclass. J.Immunol. 
138:2979-2981. '-, 

Anrto I~, Hoon D.S.B., Suzuki 'i.,~saxton R.E., Go'fUb S.H. 
and Irie R.F. 1987. Gangliosic1e G 2 on the K562 cell 11ne 
is recognized as a target stru ture by human natural 
killer cel 1 s'.' lnt. J. Cancer 40: 2-17. 

~ng S-L., SeirJman J.G., Peterman G.M., Duby A.D., 
a Benjamin,p., Lee S.J., anrJ Hafler D.A. 1987. Functional ~ 

chain-associatec1 T cell receptors on cerebrospinal fluirt 
derived natural killer7"like T cell clones. J. Exp. Mert. 
165:1453-8. 0 

Ault K.A. and Springer T.A. 1981. Cro'ss-reaction of a rat
anti-mouse phagocyte specifie monoclonal antibody (anti
Mac-l) wlth human monocytes and natural killer cells. J. 
Immunol. 126:359-64. 

B~ir1es M.G., Lafleur FoL. and Holbein B.E. 1983. 
lflvolvernent of transferrin arfY'l transferrin receptors in 
human natural killer effecto~:target interaction. Immunol. 
Letters 7:51-55. , 

" 
Bakacs T., Gergeley P., Cornain S. 1977. Characterization 
of human lymphocyte sub-populations ~for cytotox'icity" 
against turnor-deri ved rnono1ayer cu 1 tures. l'nt. - J. Canëer 
19:441-9. 

B ,a lIa s Z • K. , Ras mus sen, W. a' n d Van 0 t e 9 ha m J. K. 19 8 7 • 
Lymphokine-activated killer (LAR) cells. II. Delineation 
of distinct murine LAK~pre_cursor subpopulationss. <1. 
Immuno!. 138:1647-52. 

Baum L.L., Jonnson B., Barman S., G;aha: 'O. and' MOl~~. 
1 987. C - re-a ct ive pro tel n i 5 i n vol v e c1 in na t rua 1 kil 1 e r 
celltmediated lysis but rioes not merilate effector-target 
cell recognitlon. Immunol. 61:93-9 • 

• 
Beck f1 S., Fenyo E.M. and Klein E. 1976. The natural 
kill@r ~el1 in the roouse ,rioes not requlre H-2 horno1ogy anc1 
is not c11recteri agalnst t~pe.or group-speclflc antigens of 
murine C viral proteins. Eur. J. Irrununol. 6:882-5. 

BelIer D.1., Sprlnger T.A. anri Schreriber R.D. 1982. Anti
Mac-l selectlvely Inhiblts Lh~ mouse and human type three 
comp~~ment receptor. J. Exp. MerJ. 156:1000-9. 

,~ 

1 

\ 

... 
161 

1 



c 

--- " 

Cr 
Berrebi G. Takayama H. anel SitkPV~j{~_M'?v. 1987 Antigen
receptor interaction requirement for conjugate formation 
and let]la-i hi t triggering by cy'totoxic T lymphocytes c~n 
be bypassed by protein kinase C activators anrt Ca +. 
ionophores. Proc • .Nafl. Acad. SCl. USA 84:1364-1368. ~ 

Bierl!'an P.J-., petri~ H.T._, Klassen L.W. anel Kay H.D. 1984. 
Inhibition of hum~n antura1 killer (NK) lymphocyte 

\ activlty by apotrans>(errin (TF). Feel. Proc. June ·p.2272. 

Biron C.A. and Welsh R.M. 1982. Activatio~ anel rOl~.)of 
na~ural killer cells in virus infections. Mert. Microbiol. 
Immuno!. (Berl) 170: 155-72. 

Biron C.A., Van den E~sen P., Tutt M.M., Meel~eczky P., 
Kumar V. and Terhorst C. 1987. Murine natural killer cells 
stimulated in vivo do not express the Tt,cell receptorO<., 
~, r, T3cf or T3E genes. J. ~mmunol.139:1704-l0. ,~ 

'Bishop G.A., Marlin S.D.,Schwartz S.A. and GlorVoso J.C. 
1984. Human natural killer cell recogrlition of Herpes 
Simplex virus type 1 glycoproteins: Specificlty analysis 
with the use of monoclonal antibodies anrt antigenic 
variants • .:{. Immunol. 133:2206-14. 

Bohavida B., Lebow.. L.T., and Brartley T.P. 1984. Mechanism 
of cell-mediatert cytotoxicity at the single cell level. 
VI. Direct assessment of the cytotoxic potentia1 of human 

: peripheral blood non-lytic effector-target, cell 
c-onj ugates. J. Immuno!. .~13(2: 594-8. 

Borysièwicz L.K., Graham S.: and Sissons, J.G.P. 1986 .... Human 
natural 'killer cell lysl.s of viru~-infected cells. 
Relationship to expression of the transferrin' receptor., 
Eur. J. Immunol. 16: 405-11.' 

__ J 

Borst J., van de Griend R.J., van Oostveen J.W., Ang S-L, 
Mel i e f C. J • , Sei dm an J. G. and Ba.Lh u ï sR. L. H • 1 9 8 7 • A T 
cell receptor ~/CD3 complex found on clonert functional 
lymphocytes. Nature 325:683-8. 

Br a fi l e y T. P ~ an rt Bon a v i el aB. 1 9 8 2. M e'c han i sm of ce 11-
mertiateel cytotoxlcity at the si~ cell level IV. Natural 
killing anel antiboely-elepenelanta cellular cytotoxlcity can , 
be meeliatert by the saroe human effector cell as eleterminert 
by the two-target conJugate assay.,~ J.~ Immunol. 129:2260-5. 

- .L .~ 
Brenner M.B., McLean J., Scheft H., Rlberely J., Ang S-L";, 
Seirtman J.G. Devlin P.' and Krangel M.S. 1987. Two forms of 
the T-ce11 receptor r protein founel on perlphera1 b100rt 

cytotoxic T lymphocytes. Nature 325:689-94. 

Bridges K.R.' anrt Smith B.R. 1985. Dlscordance between 
transfer~in receptor expression and susceptibility ta 
lysis by natural killer cells. J. Clin. Invest. 76:913-8. 

f 

168 

1 

" ,. 



• 

, 0 

• 

\ 

d 

Brooks C.G •. 1983. Reversible inrtuct ion of natura 1 k iller 
ce,ll activity in clort"éo murine cytotoxic T lymphocytes. 
Na tu re 305: 155-8. 1 

Brooks C.G., Urda 1 D. L. ano Henney C.S. 1983. Lymphok ine
oriven "diffeI'entiation" of cytotoxic T cell clones iuto 
cell.with NK-li~e specificity: Correl'atiorîS w~th oisplay 
of mèmbrane macromolecules. Immunol. Rev. 72: 4 3-72. , 

Brown J.P., Hewiçk R.M., Hellstrom.l., Helstrom K.E., 
Doolittle R.E. anrt Dreyer W.J. 1982. Hurq,an melanoma
associated antigen p97 ls structura 11y anrt' functionally 
relateo to transferrin. Nature 296': 171-3. 1 • 

Bukowski J.F.,Woda ,B.A .. , Habu S., Okumura K. and Welsh 
R.M. 1983. Natural ki 11er ce Il depletio.n enhances v,irus 
sStnt'hesis and virus inducert hepatiti$"lin vivo. J. Immuno!. 
1.31 : t5 ~ 1-8. . . ~j , ' ' 

Buko ski J.F., Warner J.F.', Dennert G. and Welsh R.M. 
1985. Aooptive transfer studies demonstraing the antLviral 
effects of NK ce11s in vivo. J. Exp.' Med. 161:40-52., . 

Ca11awaèrt D.M., Ma~le N.H.f" Dayner S., Earnshaw B., 
Bowman S. and orconn~J M. 1983. Kinetic analysis of the 
specÎ'1ficity of huma~ naty.ra1 cytotoxicity. Scand. J. 
Immuno!. 18:429-38. \-

V\, C a + 1 son G. A. , M e 1 n y chu k D. a CI d Mee k e r M • J • 1 9 B O. $' H - 2 
~ associ.~ted resistance to leukaemia transplantation: 

natural killing 'v~vo. Int.J. Canoer 25:111-22. • 

P , 

Carpen O., Virtanen 1. nd Saksela E. 1981. The' cytotoxi'c" 
actlvity of human natur,a killer cells requires an in)tact 
secretory appara tus. Ce 11. Immunol. 58: 97-106. 

Carpen O., Vittanen 1.- and Saksela E~ 1982.·Ultrast~uctur~ 
of h uman na t u raI ~à Ile r ' ce Ils; na tu re dlf the c y toI Y tic 
contacts in rela1.ion to cellular _seçre,tion. J. Immuno-l. 
128: 2691-7.. ( - ,- - . . 

Chambers W.B. -'and ~Geltmann T.N. '1986. The effect of hê~ose 
6-0-sulfate esters on human natural~killer celi lytic 
function. J. Immuno!. 137:1469-74. 

• • 
Chamness G.C. and MeGùire W.L. 1975. Sc;;tcharo plots: 
comm.on errors in correction and interpretation. Steroide 
26:538-42. 

\ .. )j> • 

Cheer~ C. and Ma6george J. 1982. Genetic and callular 
mechanisms of natural resi~tance to intracellular 
bacteria·. IN: 'NK c'ells am:l other natura1 effector cel l's. 
(R.B. Herberman Ed.) Academie Pre~s, New' York. p. 1521-6. 

,t!'I. 

169 

,l, 
l , 

, '~ 

l ' 
, ( 



.' 

• 

E 

; 
Ch~ng C. and Lopez C. 1979. Natural ki11inQ of herpes 
virus type-I infected target cells: normal hum4!Ul responses 
and ul'fluence of antiviral antit>ody. Infect. Immun. 26t49-
54. 

Cikes M., Friberg "S:Jr. ann Klein G. 1973. Progressive 
loss of H-2 antigens with concomittant increase 06 celI . 
surf'ace ~nt igen (s) determinert by Moloney leukemia v i rus in 
cultured murine 1ymphomas. J. Natl. Cancer Inst. 50:347-
62. 

~, 

, ~) 
Clayberger C., Dyer B., Mclntyré B., Koller T.D., Harny 
B., Parh~~ P., Lanier L.L. and K-rensky A.M.,1986. Functiorf 
and ce l:.i" dis tri bu t ion 0 f K C -1 , a n~ v e 1 na t u ra 1 kil 1 e r 
'cell-assocrated antigen. J. ~mmunol. 136: 1537-41. 

/" 
Cuatrecasas P. ahn Ho11enberg M.D. 1976~ Membrane 
réceptors and hormone action. 1 Ac1v. Prot.· Chem. 30: 251-451'. 

1 

.. 

. ~urtkÔW1C-R; G. 'anci Bennett M. 1971. Pecu1 iar immunobio1ogy 
of bone marrow allografts. II Re)ection of parental grafta 
by resistant FI hybrirt ffil.f;e. J. Exp. Mert. 134: 1513-28. Î') 

Damie N.K.""·Doyle L.V. anc1 BracHey E.C. 1986. InterIeuk'in 
2-activater1 human killer ceIIs are rterivert from-

. phepotypical1y heterogenous precursors. J. Immunol. 
137: 1814-22. 

Dautry-Varsat A., 
ann the reçyc1ing 
endocytosis~ Proc. 

Ciechanover A. anr1 Locllsh H.F. 1983. pH 
of transferrin r1uring receptor-mediatec1 
Natl. Acart. Sei. U,~A 2258-62. 

1 
\ 

Decker J.M., 1ii",oson A. ann Ades E.W. ,1984. Inhibition of 
~uman NK cell cytotoxicity against K562 cel1s with 
glycopeptides from K562 plasma membranes. J. Clin. Lab. 
Immunol. 15:137-43. • 

D\em R.L. and Targan 8)R. 198~. Sequentia1 substages 'of 
natural kil1er cell-derived çytolï,tic factor (NKCF)
meniated cytolysis as ciefineci by glutaral<1ehyc1e mortu1ation 
of the target cel!. J. Irnmunol. 133:1836-40. 

Deem R.L., NeirlerLehner A. ann Targan S.R. 1986. AC,tive 
target cell processes, possibly involving receptor
meniated enrlocytosis, are critica1 for expression of 
cytotoxicity by natural ki 11er ce1l-derive<1 cyto1ytic 
factor. Cell. Immunol. 102:187-97. -

De..nt P.B., Fish L.A., White J.F. ann Goon R.A. 1966. 
Chediak-Higashi syndrome: ob::lervations,on the nature of 
the associated ma 1 ignancy. Lab. Invest. 15: 1634-7 • 

170 



• 

') 

c 

\ 
'" 

. ;' 

Diamonc1 R.D., Keller ~., Lee G. an<1 Finkel D. 1977. Lysis 
of. c y tom e 9 a 1 0 v i rus - i n f e ete c1 hum an f i br 0 b las t,s an <1 
transformec1 human ce1ls by peripheral blood 1ymphoid cells 
f rom norma l human oonors. Proc. Soc. Exp. B iol. Med~. 
154: 259:"63. 

" ~ , 

'Dokhelar M-C., Garson' D., Testa U. an<1 Tursz T. 1984. 
Target structure for nat,urê,l killer; ee1ls: evfc1ence 
against a unique ro1e for th'e transferrin receptor. Eur. 
J. In.munol. 14:340-44. "\ 

, 
Enns C.4:, Shinc1elman-'J.E., Tonk: S.E. anc1 Sussman H.H. 
1981. Rac1ioimmunochemical measurement of the transferrin 
receptor ~n human trophOblast and reticulocyte memb~s 
wi~h a specific anti-recept~r antibody. Proc. Natl. Ac;a~ 
SC1. USA 78:4222-5. . . 

" Farram E. anc1 Targan S.R. 1983. IdentifiJation of human 
natur~l ki11er soluble cytotoxic factor(s~ (NKCF) c1erived 
(~om NK-enriched lymphocyte population~:lspecificity of 
generation anc1 killing. J. ImmunoL 130:1252-6. , 
Faai:'k W.P., HSl B-L. and Stevens P.J. 1980. Transferrin 
~nn transferrin receptors in carcinoma of the breast. 
Lancet 2: 390-2. 

Fitzgeralci P.A., von Wussov P: and Lapez C. 198? Role of 
interferon in natural k i Il of HSV-l infectec1 f ibrobi asts. 
J. Immunol. 129:'819-23. 

Fitzgeralci P.A., Evans R., Klrkpatr-ick D. and Lopez C. 
1983. Heterogeneity of human NK cells: c'omparisoB of 
e f fec tors tha t -lyse HS V-1-linfected f ibroblas ts and K562 
erythroleukemia targets. J,. Immuno1. 130: 16&3-7. 

F1eischer B., Schrezenmeler H anc1 Wagner H. 1986. Function 
of the CD4 and C08 molecu les on human cy totcx ic T 
lymphocytes: regulation of T cell triggering. J.' 
lmmunol.136: 1625-8. 

F OB ter, J • ..t., W,u st, ·C. J., Lo z z i 0, c.. B. B ambe r;SJ e r, E. G. , 
IChiki, A.1f. 1985 Natural kiiier cell resistarlce in K-562 

'cell sublines. lnt. J. Can-c. 35:343-9. 

Forbes J.T., Bretthauer R.K. and Oeltmann T.N. 1981. 
Mannose 6-, fructose 1- ann fructose 6-phosphates inhibit 
h_uman 'natura1 cell-mec1iated cytotoxicity. Proc. Nat1. 
Acac1. Sei. USA 78:5797-5801. ~ 

Fra Z 1er J. L. , Cas k e y J. H. , y 0 f f e M. and Sel i 9 ma n P • A. 
1982. Stuc1 i es of the t ransfe rr in receptor on both human 
reticulocytes and, nucleated human cells in cul ture: 
Comparison ot factors ~egulating receptor density. J. 
Clin. loves t. 69: 853-65. 

) 

171 

' ..... r 



• 

• 

\ 

Frey T., Petty H.R. anO McConnell H.M. 1982. Electron 
mi-croscopic study of natural killer cell-tumor cell 
conjugate~. Proc. Nat1. Acan. Sei. USA 79~2l • 

Garson O., Dokhe'lar M-C., _ Vainchenker W. anc1 Tursz T. 
1983. Protective effects of differentiation inrtu~s on 
Natural 1iller sensitivity of K562 cells: ~nal~si8 on a 
slngle-cell level. Cell. Immuno!. 78:400-.6. 

Gelfand E.W., Mills G.B., Che.ung R.K., Lee J.W. ann 
Grinstein S. 1987. Transmembrane ion fluxes nurin~ 
activiation of human T lymphocytes: role·of Ca 2 +, Na+/H 
exchange and phospholiPlO turnov~r. Immuno!. Rev. 95:59-
87. 1 

Ginlund M., Orn A., Pat'tengale P.K., Jansson M., Wigzel1 
H. and Nilsson K. 1981. Natural killer cel1 kill tumour 
cells at a given stage of differentiation. Nature 292:848-
50. ., 

Gilbertson S.M., Shah P.D. and Rowley D.A •. 1986. NK cells 
s u pp r e s s t he g e ne ra t i on of L Y t - 2 + C y t (1 1 Y tic T ce Il s b y 
suppresstng or eliminating tiendritic cells. J. Immunol. 
136:3567-72. 

Giovanella, B.C., Yim S.O., Morgan A.C., Stellin J.S. and 
Williams L.J. 1973. Heterotransplantation of hurnan 
malignant tumors in "nude" thymusless mice. II. Mal i,gnant 
tumors inducen by injection of cell cultures deriven from 
~ sol id tumors. J. Na t 1. Cancer Inst. 52: 921":' 30. 

Glasgow K.A., Lazarus A.H., Pannunzio P.L. ann Baines M.G. 
1986. Functional discrimination of natural killer (NK) 
cel lac t i vit Y f rom 0 the r c y t 0 t 0 x i c mec h-.a n i s ms b y 
modulation of pH. 6th International Congress of Immunology 
( abstract) • . 

Golightly M.G., Koren H.S., Travis W.W., Bran~t C.P., 
Haynes B.F., Kraft D. ann Rumpoln H. 1984. Selecti-ve 
inhibition of natural killer activity by the monoclonal 
antibodies OKTIO and VEPIO at the single cell leve!. Cel!. 
Immunol. 88:382-92. 

Go u b i n G. , Go l n man D. S., Luc e J., Ne i man P. E • an 0 Co 0 p e r 
G.M. 1983. Molecular cloning and nucleotide sequence of a 
transformlng gene detected by transfection of ohicken B-
celi lymphoma DNA. Nature 302: 114-9. . 

Granger G.A., Yamamoto R.S., Fair O.S. ano Hiseroc1t J.C. 
1978. The human LT system. 1. Physical-chemical 
het~rogeneity of LT mol~cules releasec1 by mitogen 
acti va tect human 1 ymphocytes in vit rOt Ce 11. Immuno 1. 
38: 388-402 • 

" 

172 



c 

-
Graves S.S., Brarnhall J. and Bonavida B. 1986. Stuc1ies on 
the 1~tha1' hit stage of natural kll1er cell-mec11atec1 
cytotoxicity. 1. Both phorbol ester anc1 ionophore are 
requirec1 for, re1ease of natural killer cytotoxic factors 
(NKCF), sUJ~g.esting a role for protein kinase C activity. 
J. Immunol.137:1977-84. 

Griffin J.D., Hercenc1 T., Beveridge R. and Schlossman 5"". 
1983. Characterization of an ahtigen expressed by human 
natural killer cells. J. Immuno!. 130:2947-51. 

Grimm E.A., Mazunder A., Zhang H.Z. and RosenQerg S.A. 
1,982. Lymphokine-activatec1 killer celi phenomenon. Lysis 
of natural killer resistant fresh solid tumor cells by 
interleukin 2-activated autologous human perlpheral blood 
lymphocytes. .,. Exp. Med. 155: 1823-41. ' 

., 
Gromkowskl S.H., Brown T.C., Cerutti P.A. and Cerottini J
C. 1986. DNA of human RAJI target cells is damaged upon 
lymphocyte-merl ia terl lys is. J. Immuno!. 136~ 7 52-6. 

Gronberg A., Kiessling R~ and Fiers W. 1985. Interferon-~ 
ls a strong modulator of NK susceptibility and expression 
of ~ 2-mi crog 1 obu l in but not of t rans ferr ln re.ceptors of 
K562 cells. Cel!. Immunol. 95:195-202. 

Grossi C.E., Cadoni A., Zicca A., Lèprlni A. and Ferrarini 
M. 1982. Large granular lymphocytes in human peripheral 
blooc1: Ultrastructur~l and cytochemicai characterzation of 
the granules. Bloorl 59:277-84. 

Ha bu S., Sh imamu ra K., Akama tsu K., Okumura K. and Tamaok i 
N. 1984. Protective role of natural killer cells in tumor 
Çlrowth and viral infection in mice. Exp. Cell B101. 52:40-
3. 

Hackett C.J., Sullivan K. and Lin Y-Le 1982~ 
Ultrastruct:te of an influenza virus-specifie cytotoxic T 
celi clone nd its interaction with P8l5 and macrophage 
targets. Cel Immuno!. 68:276-86. 

Hackett J., Bennett M., Koo G.C. and K\l"rnar V. 1986. Orlgin 
and rlifferentiation of naturai k111er cells. III. 
re)ationship, between the precursors and effectors of 
na t u ra 1. kil 1 e r a n ct na tu ra 1 c y t 0 t 0 x i cac t i vit y. 1 mm u no 1 • 
Res. 5:16-24. 

Hagner G. 1984. Natural kill ing ang growth inhibitIon of 
K562 cells by subpopulations of rnononuclear cells as a 
function of target cell proliferation. Irnrnunology 52:555-
62. 

Hakomori S. 1984. Tumor-assoclatec1 carbohydrate ·antigens.~ 
Ann. Rev. lnUnunol. 2: 103-26. 

\ 

173 , 

\ 



• 

, \ 

• 

... ' ' 

.' 

Ham 11 ton T .A. ,19.83. Receptor -meô i a teQ ent10cy tos i s anô 
exocytosis of, tr.~nsferrin in Concanavalin A-stimulate<i rat 
lympho~las ts. J. - Cell. Phys iol.' 114: 222-8 • 

Hansson M., Kiessling R. an<i Anôersson B. 19&1. Human 
fetal thymus and bone marrow contain target cells for 
natural killer cells. Eur. J. Immunol. 11:8-12. 

Hëlnsson M., Se.ran M., Andersson B. and Keissling R. 1982. 
InhibitIon of Hl vitro granu10p,oeisis by autologous 
allogeneic hûman NK cells. J. Immunol. 129:126-32. 1 

J 

Harfast B., Andersson T. and Perlmann P. 1975. Human 
lymphocyte cytoxlcity against mumps vi;us-infected tarQet 
'cells. Requlrement for non-T cells. J. Immunol. 114:1820-
3. 

Ha r ris D. T • , Mac Do n a l d H • R. and Ce rot tin i J-C. l 9 8 4. 
Direct transfer of antigen specIfic cytolytic activity to ,tt 

noncytolyt ic ce Il s upon fuS'ion WI th 1 iposomes der ~ved f rom 
,-cytolytlC T cell clones. J. Exp. Med. 159:261-75. 

Haubeck H-D, Ko l sch E., Imort M.: Has i 1 i k A. and Von Figura 
K. 1985. Natural kille,r cell-rneciiateci cytotoxicit:y·does 
not depenH on recognition of mannose 6-phosphate residues •• 
J. Immunol. 134:65-9. 

H a y n e sB. F ., Hem 1 e r M., Co t ne r T., Man n D. L., E l soe n bar th 
G.S., Stromlnger J.Li and Fauci A.S.- 1981. 
Characterization of a 1\I1onoclonal antibody (5E9) that 
ciefines a human cell surface antigen of cell activation. 
J. Immunol. 127:347-51. ' 

Henkart P.A., Mil1ard P.J\, Reynol<is C.W. and ,Henkart M.P. 
19é4. Cytolytic ac~ivity Of purified cytop1asmic granules 
from cytotoxic rat large granular lymphocyte tumors. J. 
Exp. Med. 160: 75-93. 

Henkart P .. A. 1985. Mechanism of lymph'o~yte-me<1iateri 
cytotoxlcity. Ann. Rev. lnununol. 3:31-58. 

Henkart P.A., LeWIS J.T. an<1 Ortal<1o J.R. 1986. 
Preparation of target antigens speclfically recognized by 
human natural killer cel1s. Nat. Immun. Cell Growth Regul. 
5:113-26. 

Herbe rman 
cytotoxic 
syngeneic 
reactivity 

R.B., Nunn 'M.E. and Laurin D.H. 1975. Natural 
r e a,c t i vit Y 0 f mou se '1 y m p h 0 id ce 1 l s a gai n st, 
and a110geneic tumors. 1. Distribution of. 
and speciflclty. Int. J. Cancer 16:216-229. 

Herberman R.B. an<1 Holden H.T. 197~ Natural cell-mertiatert 
immunity. Adv. Cancer Res. 27:30,5-76 • 

174 



• ,' 
. " 

( 

Herberman _R.B. anc1 Ortalc1o J.R. 1980. Specificity of NK 
cells. IN: Natural ce·l1 mec11atec1 immun1ty agai.'nst tumors. 
(R.B. Herberman Ec1.) Acac1em1c Press, New York. p.873-8 • 

HerLerman R.B., Reyno1c1s C.W. anc1 Ortalc1o J.R. 1986. 
Mec ~a n i sm 0 f c y t 0 t 0 X 1 C i t Y b Y na t u ra l kil 1 e r ( N K) cel 1 5 • 

A"nn. Rev. Immuno!. 4: 651-80. 

Herberman R.B. 1987. Lymphok1ne-act.ivatec1 kliler cell 
activity. Characteristics of effeçtor cells anc1 their 
progenitors ln blood and spleen. Immunol. T'oday, 8:178-80. 

Hercenc1 T., Meuer S., Brennan A., Ec1son M.A." Acuto O., 
Re in h e r z E. , Sc h los sm anS. F • and R'l t z J. 1 983. 
Identification of a clonally restricted 90 kD heterodimer 
on two human clonec1 natura1 kliler cell lines. Its role ln 
cytotoxic effectoc fun~tion. J. Exp. Med. 158:1547-60 • .., 

,Hercenc1 T., Meuer S., Brennan A., Enson M.A., Acuto O., 
Re i n h e r z E., Sc h 1 os sm a.Jl S. F. an c1 R l t z J. 1 9 8 4 a • Nat u raI 
killer-l1ke function of act1vated T lymphocytes: 
DifferentiaI blocklng effects of monoclonal antibodies 
specific for a 90-kDa clonotypic structure. Cell. Immunol. 

,86:381-92. 

Herc'enc1 T., Schmic1t R., Brennan A., Edson M.f.., Reinherz 
E., Schlossman S.F. anri Ritz J.' 1984b. Identlfication of a 
140-kDa act1vation' ,antigen as a t~rget st'tl:"ucture for a 
series of hurnan clonec1 natural .killer cell 1ines. Eur. J. 
Immuno!. 14: 844-52. 

Her lyn D., Her lyn M., Step lewsk i Z., anri Koprowsk l H. 1985. 
Monoclonal anti-human tumor antibodies of six isotypes in 
cytotoxic reactions with human and murlne effector cells. 
Cell. Immuno!. 92:105-14. • 

Hersey P., Ec1wards A., McCarthy W. and M11ton G._ 1982. 
Tumor re1atec1 changes anri prognostic significance of 
natural killer cell activity in melanoma patients. IN: NK 
cells anri other natural effebtor cells. (R.B.Herberman 
Eri.) Acariem1c Press, New York. p.1167-74. 

Hersey P. and Bolhuis R. 1987. INonspecif1c" MHC
unrestricted kil 1er cells and thelr receptors. ImmunQl. 
Today 8: 2f_-9. 

H1dore M.R. and Murphy J.W. 1986. Correlatlon of natural 
. killer c~ll activity and clearance of Cryptococcus 
neoformans f rom mice af ter adopt"'e transf~r-of sp l enic 
ny Ion wool-nonadherent ce Ils • .I.nf'ct. Immun'. 51: 547 .. 55. 

, 
Hirata F. anri Axelrod J. 1980. Phospholipiri methylation 
and biological signal/~..ansmis.Sim:u- 'Science 209:1082-9~ > 

175 

. 
,f 



~. 

" 

• 

H l S e r 0 d t J. C ", B rit van .. L. J • a n <1 T a r 9 a n ~ • R • 1 ~ 8 2 a • 
Characterization of the cytolytic reaction meçhanism of 
the human natural killer (NK) lymphocyte: reso1ution into 
binding, programml ng, an<1 k i 11er ce 11- inc1epen<1ant steps. 
J. Immuno1. 129:1782-7. 

Hiserodt J.C., Britvan L.J. an<1 Targan S.R. 1982b. 
Dlfferential effects of various pharmacologie agents on 
the cytolytic reaction mechanism of the human natural 
killer lymphocyte: Further resolution of programmin(j for 
1ysis and KCIL into chscrete stages. J. Immuno1. 129:2266-
71. 

Hlserodt J.C., Brltvan L.J. anc1 Targan S.R. 1983a. Stu<1ies 
on the mechanlsm of the human natural ki11er cell letha1 
hit: Analysis of the mechanism of protease inhibition of 
the lethal hit. J. Immunol. 131:2705-9. 

Hiserpdt J.C., Br,itvan L.J. and TU'gan S.R. 1983b. Stu<1iei 
on the mechanism of the human natural kil 1er cell lethal 
hit: evid1ence for transfer of protease-sensitive 
s t ru c t ure s r e qui s i t e ~ 0 r . ta y9à t cel l lys i s. J. I mm u no 1 • 
131:2710-13. \j 

Hiserodt J., Britvan L. and Targan S. 1984. Studies on the 
mechanism of the human natural killer celi lethal hit: A 
new methoc1 for rapic1 physical lsolation of lethally hit 
K562 targets anc1 Inhlbition of cytolysis by reduced 
temperature or trypsine Cel!. Immunol. -83:43-51. . 

Hiserodt J.C., Laybourn C.A. and Varani J. 1985. Laminin 
inhiblts the recognition pf tumor target cells by murine 
natural kliler (NK) and naturai cytotoxic (Ne) 
lymphocytes. Am. J. Pathol. 121:148-5'5. 

\ 
Hoffman T., Hirata F., Bougnoux P., Fraser B.A., Goldfarb 
R.H. Her.berman R.B. and AxelroQ J. 1981. Phospholipid 
methylation anc1 phospno1ipase A2 activation ln 
cytotox"iClty by human natural killer cells. Proc. Natl. 
Acad. SC1. USA 78:3839-43. 

Holbeln B.E. 1981. Enhancement of Neisseria meningit1<1is " 
infection ln mice by addition of iron bound ~o 
transferr in. Infect. Immun. 34: 120-5. 

Holmberg L.A., Miller B.A. and Ault K.A. 1984. The effect 
of natural kil.le,r cells on the c1evelopment of syngeneic 
hemé\topoietic progenito,rs. Jo II{UTlUnol.. 133: 29.:p-9. 

Horton M.A. 19B3. Expression of transferrin receptors 
durlng erythroid maturation. Exper. Cell Res. 144: 361-6 • 

176 
"' 

• 



• 

n 

, 

c 

Horton M.A., Ce<1ar S.H. Maryanka .o., Mills F.C. and 
TUberville C. 1983. Multlple <1ifferentiatlon programs ln 
K562 erythroleukemia cells ano their regulation. IN: 
Globin gene expression ano hematopoietic c1ifferentlation. 
Alan R. Liss,Inc. New York, N.Y. p.30S-322. 

Hunter W.M. an<1 Greenwooc1 F.C. 1962. Preparation of 
100ine-131 labe11ec1 human growth hormone of high specifie 
aetivity. Nature 194:495-6. 

Isaacs, A. anc1 Linc1enma, J. 1957 Virus interference l. 
The interferon. Proc. Roy. Soc. Lond. 147:258-67. 

1sakov N., Mally M.!., Seholz W. anc1 Altmam A. 1987. T
lymphocyte activations the role of protein kinase C âno 
the bifurcatlng inositol phosphollpic1 signal transduction 
pathway. Immuno!. Rev. 95:89-111. 

Janus M.R., Sehumnk G., \ DJeu J.Y. and Parkman R. 1986. 
Morp'hology and lyt ic mechanisms of 10 ter leuk in 3-dependant 
natural cytotoxic cells: tumor neerosis factor as a 
possible mediator. J. Immuno!. 137:2774-83. J 

James K., Hansen B. and Gerwurz H. 1981. Binding of C
reactive protein to human lymphocytes. II. Interaction 
with a subset of cells bearing the Fe receptor. J. 
Immuno!. 127:2545-50. 

) 

Jimenez B.E. and Murphy J.W. 1984. In vitro effects of 
natural kliler cells against Paraeoccioioides brasiliensis 

t phase. Infect. In\rnuri~' 46:552-8. 
, 

Jone B., Mjolsness S., Janeway C. ano Hayoay A.C. 1986. 
Tr scripts of funetionally rearrang-e-d gamma genes, in 

imary T cells of ac1ult immunocompetent mice. Nature 
323: 635-8. 

Johnson P.W., Trimble W.S., Hozurni N. and Roder J.C. 1987. 
Enhanced lytie suseeptibility of Ha-ras transformants 
after<oneogene induction is specifie to activatec1 NK 
eells. J. Immuno!. 138:3996-4003. 

Jondal M. and Pross H.F. 1975. Surface markers on human B 
and T lymphocytes. IV. Cytotoxicity against cell Ilnes as 
a functional marker for lymphocyte subpopulatlons. Int. J. 
Cancer 15:596-602. ' 

Jonoal M., Kullman C., Alter M-B. ano Ljunggren K. 1986. 
'Monoclonal antibor1ies against th$ NK cell-FeR anc1 the T3-
complex potentiate normal lymphocyte killing. Celle 
Immunol. 100: 158-66. 

177 



• 

\. 

I-
I 

Kapler J." Kubo R., Haskins K., _Hannum C • ., Marrack P., 
. / Pigeon M., Mclntyre B., Allison J. ano Trowbringe l. 1983. 

... 

The ma]()r histocompatibitlity complex-restricted antigen 
receptar on T cells in mouse ano man: Inentification of 
constant and variable peptides. Cell 35:295-302. 

Karre K., Kl~in G.O., Kiessling R., Klein G. and Roder 
J.C. 1980. Law natural in vivo resistance to syngeneic 
leukaemias in naturaL .killer-deficient mice. Nature 
284:624-7. 

Karre K., L]unggren H.G., Piontek G. and Keissllng R. 
1986. Selective reJectlon of H-2 c1eficient lymphoma 
var i an t s su 9 9 est s a 1 ter n a t i v -r--!.!nm une ci e f e ne est rat e 9 y • 
Nature 319:675-8. . . 

Karre K., Klein G.O., Kiessling R., Argov S. ano Klein G. 
1982. The beige model in studies of natur,al resistance to 
syngeneic, semisyngeneic, and primary tunors. IN: NK ce1ls 
ano ç,ther natural effector cells. (R.B. Herberman Eri.) 
Acac1emiç Press 1 New Yo'rk. p. 1369-78. 

Kasahara T., Djeu J.Y. Dougherty S.F., anÔ' Oppenheim J.J. 
1983. Capacity of human large granular 1yinphocytes (LGL) 
to produce multiple lymphokines: interleukin 2, 
interferon, anc1 colony stimulating factor. J. Immunol. 

31: 2379-85. ,; 

Katz P., Zaytoun A.M. ano FaUCl A.S. 1982a. Mechanisms'of 
human cell-mec1iated cytotoxicity 1. ,,\oc1ulation of natural 
killer cell activlty by CyC11C nucleotiries. J. Immunol. 
129: 287-96. 

P., Roder J.C., Zaytoun ,A.M., Herberman R.B. anc1 
Faucl A.S. 1982b. Mechanisms <J<?f human cell-mediatec1 
cytotoxicity II. Correlation of the selective defect in 
na t u.r a l kil lin gin the Che dia k - H i 9 a shi s y Cl d rom e w i t h 
inducers of intraee llu 1ar cyc lie GMP. J. Immuno!. 129: 297-
303. 

Kaudewitz P., Zie.gler H,W" Pape G.R. ann Riethmuller G. 
1982. Inhibition of spontaneous and antibody-dependent 
cellular ~ytotoxicity using mono- and oligosaccharirtes. 
IN: NK cells and other natural effector cells. (R.B. 
Herberman Ec1.~ Acac1emlC Press, New York. p.77J-6. 

Kay N.E. ancl Zarlin9 J.M:~1984. Impairec1 natural killer 
activity in patients with chronic lymphocytic leukemia is 
assoeiated with a cieficièncy of azurophilic cytoplasmic 
granules in putative NK cells. Blood 63:305-9. 

178" 

\ 



• 

, 
'" 

c 

• .. 

Kle&sling R., Hal1e',:- O., Fenyo E.fil., Stelnit~ 
G. 19,78. Mouse natural killer (NK) cell activlty again~ 
human cell 1ines is not inf~uenced by superinfection of 

(the target cell with xenotropic murlne C-type virus. Int. 
J. Cancer. 21:1160-5 __ 

1 

Kiessling R., Klein E. "anc1 Wigze11 H. 1979. Natural killer 
cells in the rnouse. I.Cytotoxic cells with speci1ficity for 
mouse Maloney Itlukemia cells specificity anc1 c1istibution 
accorc1ing t? gerfotype. Eur • ...,J. Immunol. 5:112-11'. ) 

, 
K i shi ha ra K. , y 0 shi k.a l ' Y • Mat su z a k i G. , M a kT. W. and 
Nomoto K. 1987. vFunctionc11 0< anc1 If T cell chain receptor 
messages can be detected in olc1 but not in young athymie 
mice. Eur. J. Immunol. 17-:477-82. 

) Kiyohara T., Dennis J.W., Boegman R.J. anc1 Roc1er J.C. 
- 19&5. An d'xog1ycosic1ase-sensltive triggering site on ~K 

cells which is couplec1 to transmethylation of membrane t-
phospho1ipic1s. J. Immuno!. 135:659-64. _ ' 

J 

Klausner R.D., Ashwe11 G., van Renswoude J., Harford J.E, 
and· Br ic1ge s. 198 3a. B inc1 i ng of apotr~nsfe rr in to K562 

,cel,ls: Explanation of the t~ansferrin cycle. Proc. Nat!. 
Acac1. SCI. USA 80:2263-6. 

, , 
Klausner R.D.,Van Renswoude J., Ashwell G., 
Sc he ch t ~ rA. N., . De a nA. and Br i dg es K. R. 1 98 3 b • 
mediatec1 enrtocytosis of transferrin in K562 
Biol., Chem. 258:47'l5-24. y 

. 

.. 
Kempf C., 
Receptor- 1 

ce Il s. ~. 

Klèin E. 1983. 
Immuno!. Today 

Killing often spoken of as natural. 
4: 97-99. 

Koning F., Maloy W.L., Cohen D. and Collgan J.,E'. 1987. 
Independ,ent association of T cell receptor t5 and 't chains 
with CD3 ln the sarne cel!. J. 'Exp. Med. 166:595-600 • 

. 
Kornbluth J., Raab S.S. and Wilson D.B. 1984. Inhibition 
of cell-rnediâted lympholysis by clonert anc1 urtcloned lines 
of natural killer ceJ.ls and cytotoxic T.)lymphocytes with 
sugars anrt lectins. C81!. Immuno!. 88:162-73. 

K 0 r n b lut h J. 1 .. 9 8 5. Hum an na t u raI kil 1 e r cel l san d 
cytotoxic T lymp~ocytes require cell surface ca~bohydrate 
determinan ts for lyt ic function .. Ce 11. Immuno!. 95: 276-87. 

~ ij 

Kumar V., Leuvano E. and Bennett M. 1979. Hybrlc1 
resistance to EL-4 lymphorna cel1s. I Characterization of 
natural killer cells that lyse EL-4 cells and their 
c1istinctlon from marrow-c1ependent natural ki1ler cells. J. 
Exp. Mec1. 150:531-47. 

1'79 



• 

. , 
... 

-' 

1 

• 

] 
.. 

Kupfer A., Dennert G. and Slnger S.J. 1983. Polarization 
of the Golgi apparatus and the microtubule-organlzing 
cente~ within cloned natural' killer cells bound to their 

• t·argets. Proc. Nat1. Acad. Sci. USA 80:7224-8. 

Laf-reniere R. anc1 Rosenberg S.A. 1985. Successful 
immunotherapy.of murine experimental hepatic metastases 
with-lymphokine-activëfted kil1er cells a.nrt recombinant 
interleukin 2. Cancer R~. 45:3735-41. 

Lamb J.E., Ray F., Ward J.H., Kushner J.P. ann Kaplan J. 
198~. Internalization and subcel1ular localization of 
transferrln anrt trahsferrin receptors in HeLa cells. J. 
Bio~. Chém. 258:8751-8 • 

Lancki D.W., Weiss~. anrt F J.tch F.W. 1987. Requirements 
for tiigg~rlng'of 1ysis by cytolytic T lymphocyte clones. 
J. Immuno!. 13.4l:3646-:53. 

L a l'Y i e r L. L ., Le A • M ., P ..111 1- 1 i p s J. H ., Wa r n e r N • L • a n c1 
Babcock G.F. 1983.':Subpopulations of human natural killer 
cells elefined by expression of the Leu-~ (HNK-l) an<'1 LtU-

" Il (NK-15) antigens. J. Immuno!. 131: 1789-96. 

Lanier L.L., Benike C.J., 'Ph111ips J,H. anctEngleman E.G. 
19.85. Recombin'ant interleukin 2 enhance<'1 natural killer 
cell-mec1iatert cytotoxicitë' in human- lymphocyte 
subpopulations expressing the LEU 7 anrt LEU Il antigens ... 
J. Immuno!. 134:794-801. ~ 

t 
Lanier L.L., Le A.M., Civin C.L, Loken M.R. anel PhilllpS 
J.H. 1986a. The relationship of COl6 (LEU 11) and LEU 19 
(NKH-l) antigen expression on human 'periphera1 blooel NK 
cells anc1 cytotoxic T lymphocytes. J. Immunol. 136:4480-6. 

<~ 

Lanier L.L,., S~irla S. anrt Phlilips J.H. 1986b. Genomi)c 
organization of T cell l genes iR human peripheral blooc1 
natural k11ler cells. J. immuno!. 137:3375-7./ '. . 
Larrick J.W. anrt Cresswell P. 1979. Modulation of cell 
surface iron transferrin reeeptors by cellular density and • 
state of aeti vation. J. Supramol. Struct. '11: 579-86. 

Lau'zon R.J. anc1 Roeler J.C. 1985. Segregation of the NK
sensltive phenotype in human X mouse somatic cell hybrins 
reveals separat~ genetie control of recognition anc1·. 
postrecognition rteterminants'. Cel!. Immuno!. 94:85-99. 

Lauzon R.J., Siminovitch K.A. and Rooer J.C. 1986. T "cell 
reeeptor gene rearrangementfi in cells with natural killer 
activity in the mouse. Immuno!.. Res. 5:191-200. 

Lazarus A.H. and Balnes M.G. 1985a. A rapic1 and ..efficlent 
microtechnique for the analysis of functional transferrin 
reeept,ors on tumor ce Il s. J. Immuno!. Meth. 79: 213-21. 

18.0 • 



• 

; { . 

-

l 
Laz a r u 8 A. H. a cl d Bai n e 8 M. G. 1 9 8 5 b ~ \. S t u die sr. ôri the 
mechanlsm of specificity of human natural ~l.l...~!-.Yèlls for 
tumor celle: correlatJion between target ce Il transferrin 
receptor expression and cO'l!'petiti ve acti~ity. Cel!. 
Immunol. 96: 255-66. 

LazarU8 A.H'., Pannunzio P.L., Caldwell M.A., Archlbald 
F'.A. and Baines M.G. 1987. Studies on the intera.ction 
between human transferrin and its receptor. 8th 
1 nternationa l Conference on Proteins of Iron transport ann 
Storage. 

Lazarus A.H. and Ba ines M .G. 1987. So l ubi 1 i zation of human 
natural killer cell target structures. Canadian Society 
for Immunology Spring Meeting. 

Lebma'n O., Trucco M., Bot tero L., Lange B." Pessano S. ann 
Rovera G. 1982. A monoclonal antibody ~hat detects 
expression of transferrin receptor in hurnan erythroin 
precursor cells. Bloon 59:671-8 • 

...... 
Lee J.C. and Ih1e J.N. 1977.) Characterlzation of the 
blastogenic and cytotoxic responses of normal mice to 
ecotropic C-type viral gp71. J. Immuno!. 118:928-34. 

Lee G.D. and Keller R. 1982. Natural cytotoxiClty to 
murine cytomegalov irus- i nfected ce Il s med:la ted by mouse 
lymphoid cells: role of interferon in the endogenous 
natura 1 cytotoxic i ty reaction. Infect. Immun. 35: 5-12. 

Lesley J., Hyman R., Schulte R. and Trotter J. 1984. 
E1Cpre(Jsion of transferrin-t. receptor on murlne hernatopoetic 
progenitors. Celle Immunol. 83:14-25. 

,/ Linch D.C., Wallace D~L. alld OlFlynn~ K. 1987. Sllgnal 
transnuction in hurnan T lymphocyt;es. Immuno!. Rev. "95: 137-
59. 

Lonnon LOI Perussia B.' and Trinchieri G. 1986. Induction 
of proliferation in vitro of resting hurnan natural killer 
cells: IL 2 induces into cell cycle 'rnost peripheral blood 
NK cells, but only a minor subset of low density T cells. 
J. Immunol. 137:3845-54. 

L'otzova E., Pollack S.B. and Savary C.A. 1982. Direct 
evidence for lnvolvement of natural kliler cells in bone 
mârrow transplantation. IN: NK cells and other natural 
effector cells. (R.B. ijerberman Ed.) Academic Press, New 
York. p.l535-40. 

1 

f,.otzova E. anrtl Savary C.A. 1987. Generation of NK cell 
acti v 1 ty from tAtman bone rnarrow. J. Immunol. 1390: 219-84. 

181 

• 



•• 

v 

• 

Lotzova E., Savary C.A. an<1 Herberman' R.8. 1987. In<1uct ion 
of NK cell activity against fresh human 1eukemia _ in 
culture with interleukin 2. J. Immuno!. 138:2718-27 • 

Lozzio C.B. and Lozzio 8.B. 1975. Human ch'ronic 
myelogenous leukemia cell line with positive Philadelphia 
chromosome. Blood 45:321-4. 

'Lu L., Bicknell D.C., Pl.acibello W. and Broxmeyer H".E. 
1986. Purified human ~ransferrin and "transferrin" 
re leased from sorted T8+ lymphocytes suppress re lease of 
granulocyte-macrophage colony-s't.tmulating factors from t 

so,rte<1 T4+ lymphocytes stimulate<1 by phytohemagglutinin. 
Exp •. HematoI. 14:955-62. 

, • t ., • 

Lum J.B., Infante A.J., "Makker D.M., Yang F. and Bowman 
B.H. 1986. Transferrl.n'synthesis by inducer T lymphocytes. 
J. C Il n. l n ve s.t. 77: 8 4 1- 9 • 

~ 

.." MacDougall S.L., Shustlk C. an<1 Sul11van A.K. 1983. Target 
ce)l specificity Qf human natural ki11er (NK) cells. 1. 
Development of an NK-resistant subline of K562.' Celle 
Immunol. 76:39-48. 

Margolois LoB. 1984. Celi interaction with mortel 
membranes. Probing, modification and simul~tion of cell 
surface functions. BIOchl.m. BiQphys. A"cta 779:161-89 • 

• 
Marini S., Guadagni F., Bonmassar E., Potenza P. an<1 
Giulianl A. 1986. Influence of interferon on the 
functional expression of naturai kiiier target structures 
,of murine lymphoma cells. CelI. Immuno!. 102:113-25. 

Marx J.L. 1986. How' k111er cells kill their targets~ 
Science 231:1367-9. 

Mattia E., Rao K., Shapiro O.S., Sussman H.H. anrt Klausner 
R. D. 1 984. Bio 5 Y nt h et i cre guI a t ion 0 f the h U11I an 
~ransferrin receptor by desferrioxamine ln K562.çells. J. 
Biol. Chem. 259: 2689-92. , 

M a z u m der A • 'a<n rt Ros e n ber.g S • A • 1 9 8 4 • Suc cess fuI 
immurtotherapy of natural killer resistapt establisheo 

opulmonary melanoma metastases by the intra~nous aooptive 
.transfer of syngeneip lymphocytes activateo in vitro oy 
inter leuk in 2. J. Exp. Med. 159: 495-507. 

McGarry R.C., Helfano S.L., Quarles R.H. anO Rooer J.C. 
1983. Recognition of myelin-associate.d glycoprotein by the 
monoclonal antiborty HNK-1. Nature 306:376-8. 

McGuinness U.M. and Balnes M.G. 1988. The role of non-MHC
restricted klll er ce Ils in murine neonatal Graft versus 
Host disease. Submitted. 

182 

, 

] 



• 
.. 

c 

, 

,McIntyre B.W. ahc1 AIl ison J.P. 1983. The mouse T cell 
receptor: structural heterogeneity of molecules of normal 
T cells c1efin~n 'by xenoantiser-um. Cell 34:739-46 • 

Mer l u Z Z l V • J • , T rai l P • A • a n n Las t - Bar ne l K • .1 9 8 6. ' 
o i f fer e n t i ale x pre s s ion 0 f l Y m p ho k i ne - a c t i vat e n kil I-e r 
cel l san c1 na t u raI kil 1 e r cel) sin a c1 0 pt l ve t r ans fer 
experlments utllizing fract~onaten bone marrow. J. 
Immunol. 137:2425-7. 

Migliorati G., Cannarile L., Herberman R.B.,Bartocci A., 
S~nley E.R. ann Riccarc1i C. 1987. Role of interleukin 2 
(IL 2) ann hemopoietin-l (H-l) in the gener'ation of mouse 
nattl.ral kil1er (NK) cells from primitlve bone marrow 
precursors. J. Immunol,. 138:3618-25. . , , 

Mil1arn P.J., Henkar.t M.A., Reynol<1s C.W. ann Henkart P.A. 
1984. Pur if ication ano pr9pert ies of cytoplasm~c granu les 
from rat LGL tumors. J. Immuno!. 132:3197-204. 

Moingeon P., Nowill A., Courtois G., Azzarone B., Motte 
P., ~thler A., Bohoun. C. ano 1'erceno T. 1985. A target 
structure for a serles of human clonen natural kl11er cell 
lines is recognlzen by both anti-TNKtar ano 4F2 monoclonal 
antiboc1ies. J. Immunol. 134: 2930-4. 

Moingeon P., Ythier A., Goubln G., Faure F., Nowill A.,' 
Delmon L. Ralnau<1 M., Forestier Fo, Daffos F., Bohoun C. 
and Hercend T. 1986. A unique T-cell receptor complex 
expressen on human feta l lymphocytes <1isplaying' patural-

~ kliler-like activlty. Nature 323:638-40. 
1 

Moingeon Po, Jitsukawa So, Faure Fo, Troalen F., Triebel 
F., Grazianl M., Forestier F., Bellet D., Bohoun C. ann 
Hercenc1 T. 1987. A ~-chain complex 'forms a functîonal 
receptor on clonec1 human lymphocytes with natural killer
like activity. Nature 325:723-6. 

Holler J.Ro, Rager-Zisman B., Quan P., Schattner A., 
Panush D., Rose J.K., anrt Bloom B.R. 1985. Natural killer 
cell recognition of target cel) s expressing <1ifferent--
aJltigens of vesicular stomatitid virus. Proc. Natl. Acan. 
Sei. USA 82:2456-9. 

"P 
Hunoz A., Carrasco L. a~<1 Fresno M. 198~. Enhancement of 
susceptibil ity of HSV-l infect~c1 cells to natural kil 1er 
lysis by interferon. J. Immuno!. 131;783-7. 

Nakanishi N., Maec1a K., Ito K., HelIer M. ann Tonegawa S. 
1987. T~ protein i5 expressec1 on murine f,e~al thymocytes 
as a <1isulfic1e-linken heteroc1imer. Nature 3125:720-3. 

Neighbour P.A. ann Huberman H.S. 1982. Sr++-innu.ced 
inhibition of human natural kit'ler (NK) c~ll-mediated 
cytotoxicity. J. Immunol. 128:1236-40. 

183 

J 

• 



• 

J 

.. 

• 1 

Nishiya K., Chiao J.W: and De Sousa M. 1980a. tron binc1inÇ) 
proteins in se1ectec1 human periphera1 blooc1 cell sets: 
immunof lourescence. Br. J. Haemato1. 46:235-45. 

Nishiya K., De Sou~a M., Tsoi E., Bognackl J.J.. anc1 cie 
Harven E. 1980b. Regulation of expression of a human 
lymphoic1 cell surface marker by irone Celle Immunol. 
53:71-83. 

Nlshiya K. and Horwitz D.A. 1982. Contrasting effects of 
lactoferrin on human lymphocyte and monocyte natural 
Rliier activity and antibody-c1ependent cell-mec1iatec1' 
cytotoxicity. J. Immuno1. 129:2519-23. 

Nose M., Gidlund M., Hosein Z., Axberg 1., Wigzell H. anc1 
Yogeeswaran. 1987. The effect of tunicamycin on tarçaet 
cell susceptibitl1ty to natural killer cell cytotoxicity~ 
Sc and. J. l mm u no 1. 25: 149 - 57. 

Novotny J., Tonegawa S., Saito H., Kranz D.M. and Elsen 
H. N. 1986. Secondary, tert i ary anc1 qua ternary struc ture of 
T-cell-specific immunoglobulln-llke polyp~ptic1e chains. 
Pro:::. Nat1. Acari. SCI. USA 83:742-6. 

Nowill A., MOlngeon P., Ythler A., Graziani M., Faure F., 
Delmon L., Rainaut M., Forrestier F., Bohoun C. anc1 
Hercenc1 T. 1986. Natural killer clones c1erivec1 from fetal 
(25 wk) blooc1. Probing thEl human T calI receptor WI th WT 31 
monoclonal antibody. J. Exp. Mec1. 163:1601-6. 

Nunn. M.E., Herberman R.B. and Holc1en H.T. 1.977. Natural 
ce ll-med iatec1 cytotoxic i ty in mice against non-Iymphoic1 
tumor cells and sorne normal cells. Int. J. Cancer 20:381-

Obexer G., Rumpolc1 H. and Kraft D. 1983. Target-ef fector
cell interactions in the human natural-kiIIer(NK)-system: 
isolation of target stuctures. Immunobiol. 165: 15-26. 

Ochoa A.ë., Gromo G.,Alter B.J., Sonc1el P.M. anc1 Bach F.H. 
1987. Long-term growth of lymphokine-activatec1 killer 
(LAK) cells: Role of antl-CD3, b-IL l, interferon-~ anc1 -
li. J. l mm u no 1. l 38 : 27 28- 3 3. . 

Okumura K. The role of asial0 GM 1+ (GA1+) cells in the 
. resistance to transplants of bone marrow or other tIssues. 
1 9 a 2. IN: N K ce 1 l san dot he r na t u raI e f f e c_t 0 r cel 1 s • 
(R.B. Herberman Ec1.) Acac1emic Press, New York. p. 1527-33 • .. 
Omary M.B. anc1 Trowbric1ge loS. 1981. Covalent binrJing of 
fa t ty ac id to the trans,ferrin receptor in cu l turec1 human 
cells. J. Biol. Chem. 256:4715-8 • 

184 



• 

c 

-
Ortalc1o J.R., Sharrow S.O., Timonen T. and Herberman R.B. 
1981. DetermiQation of surface antigens on highly purified 
human NK cells by flow cytometry wlth monoclonal 
ant iboc1 ies. J. Immuno!. 127: 2401-9. 

Ortalc1o J.R. and Herberman R.B. 1982. Specificity of Nk 
cells. IN: Human Cancer Immunology; Vo1.4; Natural killer 
cells. (B. Serrou, C. Rosenfield and R.B. Rosenfield, 
Eds.) Elsevier Biomedical Press. p. 17-36. 

Ortalc1o J.R., Blanca 1. and Herberman R.B. 1985. Studies 
of human natural killer cytotoxic factor (NKCF): 
Characterlzation and analysis of its mode of action. IN: 
Mechanisms of cell-mediated cytotoxicity II. ( P. Henkart 
and E. Martz, Eds.) Academie Press, New Y'Jrk. p.203. 

Ortaldo J.R., Mason A. and Overton R. 1986. Lymphokine 
activated killer cells: analysis o,f progenitors and 
e f f e c tors. J • E X'p. ~ e d. 1 64 : Il 9 3 -12 05. 

Ortalc1o' J.R., Mason L. and Herberman R.B. 1986. 
Rel a t i 0 Tl shi P 0 f mou sen a t u raI vk i 1 le r cel ~ tom 0 use 
natural cytotoxic cells: Effector cells and possible 
mechanlsm of action. Immunol. Res. 5: 25-32. 

Ortalc1o J.R., Woodhouse C., Morgan A.C., Herberman R.B., 
Cheresh D.A. and Reisfeld R. 1987. Analysis of effector 
cells ln human antibody-dependent cellular cytotoxicity 
with murine monoclonal antiboc1ies. J. Immuno!. 138: 3566-
72. 

Ottow R.T., Steller E.P., Sugarbaker P.H., Wesley R.A. and 
Rosenbe rg S.A. 1987. Immunotherapy of in traper i toneal 
cancer with interleukin 2 and lymphokine-activated kil 1er 
cells reduces tumor load and prolongs survival" in murine' 
mode ls. Celle Immunol. 104: 366-76. 

PannuTlzio, P.L. 1988 (M.Sc. Thesis) McGill University. 

Park M.M. anc1 Brahmi Z. 1984. Monoclonal antiboc1y against 
K562 cell 11ne accelerates killlng of the target cells by 
large granular lymphocytes. Cel.!. Immuno!. 84:94-103. 

Pawelec G.P.~Hadam M.R., Ziegler A., Lohmeyer J., Rehbein 
A., Kumbier 1. and Wernet P. 1982. Long-term cultrue, 
cloning, and surface markers of mixed leukocyte culture
derived human T lymphocytes with natural killer-like 
cytotoxicity. J. Immuno!. 1~8··1892-6. 

Per 1 A., Looney R.J., Ryan D.H. and Abraham G.N. 1986. The 
low afflnity 40,000 Fc~ receptor and the transferrin 
receptor can be alternative or simultaneous target 
structures on cells sensitive for natural ki lling. J. 
Immunol. 136:4714-20. 

185 



• 

• 

Perussia B., Starr 
Trinchieri G. 1983a. Hu 
by B73.1, a monoclona 
functions. 1. Characte 
reactl ve wi th B73.1. 

Abraham S., Fanning V. ano 
an natura1 ki11er cells analyseo 

antibony blocking Fc receptor 
ization of the lymphocyte subset 
Immuno!. 130: 2133-41. 

Perussia B., Acuto 0 , Terhorst C., Faust J., Lazarus R., 
Fanning V. ann Trinchieri G. 1983b. Human natura1 killer 
c.e1ls ana1ysed by B73.1, a monoclonal antibooy blocking Fc' 
receptor funct ions. Ir. Stuo ies of B 7 3.1· antiboc1y-ant ioen 
interaction on the lymphocyte membrane. J. Immunol. 
130: 2142-9. 

Perussia B., Fann'ing V. and Trlnchieri G. 1983c. A human 
NK anc1 K cell subset shares with cytotoxic T cells 
expression of the antigen recognized by antibony OKT8. J. 
Inununol. 131:223-31. 

Perussia B. and Trlnchierl G. 1984. Antibody 3GB, specifie 
for the human neutrophil Fc receptor, reacts with natural 
kil1er cells. J. Immuno!. 132:1410':"5. 

Peters P.M., Ortalno J.R., Shalaby M.R., Sveciersj(y 
L.P.,Nedwin G.E., Bringman T.S., Hass P.E., Aggarwal B.B., 
Herberman R.B., Goedoel D.V. and pallac1ino M.A. 1986. 
Natural-killer sensltive targets stimu1ate production of 
TNF-~ but not TNF-8 (lymphotoxin) by hlghly purlfieci'human 
perlpheral blood large granular lymphocytes. J. Immuno!. 
~37: 2592-8. 

Phillips J.L. 1986. Transferrin receptors and natural 
kliler cell lysis. A stuny using COLO 205 cells exposed to 
60 Hz electromagnetiè fielc1s. Immunol. lettera 13:295-9. 

Phillips W.H., Orta1oo J.R. and Herberman R.B. 1980. 
Selective depletion of human natural killer cells on 
monolayers of target cells. J. Immunol. 125:2322-7. 

Piontek G.E., Kiessling R., Gronberg A. aflr1 Ahr1und
Richter L. 1982. Non-NK leukocytes oemonstrate NK
patterned bindlng. IN: NK cells ann other natural effector 
cells. (R.B. Herberman Ed.) Academic Press, New York. p. 
70S-Il. 

Piontek G.E., Tanig~chi K., Ljunggren H.G., Gronberg A., 
,Kiessling R., Klein G. and Karre K. 1985. YAC-l MHC class 
1-- variants reveal an association between r1ecreased NK 
sensitivity and increased H-2 expression after interferon 

~ treatment or ln vivo passage. J. Immuno!. 135:4281-8. 
\ 

Podack E.R. and Dennert G. 1983. Assembly of two type's of 
tubules with putatlve cytolytic function Oy cloned natural 
killer cells. Nature 302:442-5 • 

186 



• 

c 

POhaJc1ak B., Wright J.A. anc1 Greenberg A.J. 1984. An 
-:>1igosaccharine bi':)synthet~"defect in concanavalin A
resistant Chinese hamster ovary (CHO) cells that enhances 
NK reactivity in vitro and in vivo.-J. Irmnuno!. 133:2423-
9. , 
P-:>hajc1ak B., Lee K-C., Sugawara 1., Miller V., Wright J.A. 
and Greenberg A.H. 1986. Comparative analysis of natural 
killer cell and macrophage recognltion of Concanavalin A
resistant Chinese hamster ovarv cells: Role ':)f membrane 
o1igosaccharldes. JNCI 76:257-67. 

Poste G. anci PapahadJopou10s D. 1976. FUSlon of mammalian 
"-cells by 1ipid veslcles. Meth. Cell. BI01. 14:23-32. 

Pross H.F., Luk S.S. and Baines M.G. 1978. Spontaneous 
human 1ymphocyte-mediated cytotoxicity against tumor 
target cells. V. The role of serum-cieriveci heterol0gous 
membrane antigens. Int. J. Cancer 21:291-8. / 

Prb'ss H.F. ann J0nnal M. 1975. Sp0ntaneous cytot0xic 
activity as a test-of humah lymph0cyte function. Lancet 1 
(7902):335-6. 

Pross H.F., Baines M.G. and Jondal M. 1977. Spontane0us 
human lymphocyte-meo iated ,cytot0xic l ty against tumor 
target ce Ils. II. Is the complement -receptor necessari 1y 
present on the killer cells? Int. J. Cancer 20:353-8. 

Pross H.F., Gupta S., Good R.A. and Baines M.G. 1979. 
Spontaneous human lymphocyte-mec1iateci cyt0toxicity against 
tumor target ce Ils. VII. The effect of immunodef iciency 
diseases. Cel1. Immunol. 43:160-75. 

Pross H.F. Baines M.G., Rubin P., Shragge P. and Patterson 
M.S. 1981. Spontaneous human lymphocyte-mediated 
cytotoxicit,y against tumor target cells. IX. The 
quantification of natural kl11er cell activity. J. Clin. 
Immuno!. 1:51-63. 

Reynolcis_ C.W., Bonyhadi M., Herberman R.B., Young H.A. and 
Hedrick ~.M. 1985. Lack of gene rearrangement and m'RNA 
expression of the beta chain of the T cel1 receptor in 
spontaneous rat large granular lymphocyte 1eukemia l ines. 
J. Exp. Me(i. 161:1249-55. 

Rieber E.P., Rank G. anci Reithmuller G. 1986. Transferrin 
recept0rs 0n tum0r and bone marr..,w cells: Laël< ..,f 
involvement as target structure for natural kil1er cells. 
Klin. Wochenschr. 64:1119-23. 

Ritz J., Campen T.J., Schmidt R.E., Royer H.D., Hercend 
T., Hussey R. and Reinherz E.L. 1985. Analysis of T-cell 
recept-:>r gene rearrangement and expression ln human 
natura1 ki11er clones. Science 228:1540-3. 

187 



• 

• 

Roberts K. and Moore M. 1985. A clonaI analysis of human 
peripheral blo.oc1 lymphocytes displaying natural ki ller-
like activity. Eur. J. Immuno.!. 15:448-56. ' 

Ro.ôer J.C. and Duwe A. 1979. The beige mutation in the 
mo.use selectively impairs natural kliler function. Nature 
278:451-3. 

Roder J.C., Kiess l ing R., Blôerf ie lc1 P. and Andersson B. 
1978. Target-effecto.r interaction in the natural kiiier 
(NK) cell system. II. The isolation o.f NK cells anc1 
stuc1les o.n the mechanism o.f killing. J. Immunol. 121:2509-
17. 

R o.d e r J. C ., R <;) sen A., Fen y 0 E. M. and T r 0. y F • A • l 9 7 9 • 
. Target-effecto.r interaction in the natural killer cell 

system : isolatlo.n Qf target structures. PrQc. Natl. Acad. 
Sci. USA 76:1405-9. ) 

Roder J .C. and KI e in M. 19~ Target-ef fector i nteracti on 
in the natural killer celi system. IV. Modulatio.n by 
cyclic nucieoticies. J. Immuno.!. 123:2785'-yO. 

R o.d e r J. C., Hal lOt i sT. , KI e in M., K 0. r e cS., Jet t J. R. , 
Ortaldo J.R., Herberman R.B., Katz P. and Fauci A.S. 1980. 
A new immunDdeficiency riisorrJer in humans invo1ving NK 
cells. Nature 284:553-5. 

~ Roder J.C.,' Helfanc1 S.L., Werkmeister J., McGarry R., 
Beaumont T.J. and Duwe A. 1982. Oxygen intermediates are 
triggered early in the cyto.lytic pathway o.f human NK 
cells. Nature 298:69-72. 

Roder J.C. anc1 Pro.ss H.F. 1982. The biology of the human 
natural killer cel!. J. Clin. ImIDunol. 2:249-63. 

Ro1a-P1eszczynski M. anc1 Lieu H. 1983. Human natural 
cytDtoxic lymphocytes: Definition by a mDnoclonal antibody 
Df a subset which klils an anchorage-riepencient target cell 
line but n-:>t the l<562 cell line. Cel!. Immuno!. 82:326-33. 

RODzemond R.C. and Bonavlda B. 1985. Effect 'Jf altered 
membrane fluiciity on NK cell-meciiateci cytot'Jxlçity. 1. 
Selectlve inhibition of the rec'Jgnltion or post 
reco.gnltlo.n events in the cytolytic pathway of NK ce Ils. 
J. Immuno!. 134:2209-14. 

Rosensteln M., Yron 1., Kaufmann Y. anc1 Rosenberg S.A. 
1984. Lymph-:>kine acti~ated killer cells: Lysls of fresh 
syngeneic natural killer-resisltant murlne tumor cells by 
lympho:>cytes culturec1 in interleukin 2. Cancer Res. 
44:1946-53 • 

188 " 



• 

c 

Rumpo1n H., Kraft D., "i)bexer G., B-:>ck 
1982. A mon-:>clona1 antibooy against 
sharec1 by human large granular 
çranu l-:>cytes. J. Immunol. 129: 1458- 63. 

G. anct Gebhart W. 
a surface antigen 
1 ymph o'c y te sand 

Rusthoven J.J. anc1 Osoba D. )986. Characterization of 
culture-inctucect cytot-:>xicity from human peripheral 
lymphocyte subpopu1atl.ons. Cell. Immunol. 97:307-15. 

Saksela E., Carpen O. ann Vlrtanen 1: 1982. Cellular 
sec r e t i -:> n as s -:> c i a t e ct w 1 th huma n na tu ra 1 k l. Il e r ce 1 1 
activity. IN: NK cells anc1 other natural effector cells. 
(R.B. Herberman E<1.) Acac1emic Press, New York. p.983-8, 

Scatcharn G. 1949. The attractlon of proteins for small 
mol ecu les a n n ion s. An n. N. Y. A c a <1 • S c L 5 1 : 66 Û\.- 7 2. 

Schmic1t R.E.,MacDermott R.P., Bartley G., Bert-:>vich M., 
Amato D.A., Austen K.F., Schlossman S.F., Stevens R.L. and 
Ritz J. 1985. Specific release of proteoglycans from human 
natural kliler cells ciuring target lysis. Nature 318:289-
91. 

Schmi<1t A.t Crisp B., Krause D., Sl.lverman R.H., Herberman 
R.B. anc1 Ortalc1o J.R. 1987. Involvement 'Jf the 2'-5' A 
pathway in the augmentation of natural killer activlty. 
Nat. Immun. Cell Gr-:>wth Regul. 6:19-27. 

Schneic1er C., Sutherland R., Newman R.A. and M.F. Greaves. 
1982. Structural features of the ce Il surface receptor f'Jr 
transferrin that lS recognizeci by the m'.:>noclonal antibody 
OKT9. J. Biol. Chem. 257:8516-22. 

SChulman H.M., Wilczynska A. and ·Ponka P. 1981. 
Transferrin anc1 iron uptake by human lymphoblastoid anc1 K-
562 cells. Biochem. Biophys. Res. C0rnm. 100:1523-30. 

Schuurman H-J., Kluln P.M., de Gast G.C. an<1 Kater L. 
1985. HNK-l+ cells ln non-Hoc1gkin's lymphoma: Lack of 
relation Wl.th transferrln receptor expression on malignant 
cells. Br. J. Cancer 51:171-77. 

Seaman W.E., Eriksson E., Dobrow R. and Imb-:>den J.B. 1987. 
Inositol triphosphate is generatec1 by a rat natural killer 
cell tumor in response ta target ce Ils or to cross l inked 
monoclonal antibody OX-34: Possible signa11ing role for 
the OX-34 cieterminant ouring acti va tian by target ce Il s. 
Proc. 'Natl. Acad. SC1. USA 84:4239-43. 

Shah P.O., Gilbertson S.M. and Rowley D.A. 1985. Den<1ritic 
cells that have interacted with antigen are targets for 
natural killer cells. J. Exp. Med. 162:625-35. 

189 



,) 

o 

Shaw S., Luce G.E.G., QUlnones R., Gress R.E., Springer 
T.A. and Sanders M.E. 1986. Two antlgen-lndependent 
adhesion pathways use<t by human cytotoxic T cell clones. 
Nature 323:262-5. 

S-h e lIa mG. R., AlI an J. E ., P a pa d i mit rio u J. M. and Ban c r 0 f t 
G.J. 1981. Increased susceptibility to cytàmegalov,irus 
infection in beige mutant mice. Proc. Natl. Acad. Sei. USA 
:78:5104-8. "-

Shindelman J.E., Ortmeyer A.E. 
DemonstratIon of the transferrin 
cancer tIssue. P-:>tentia 1 marker 
cells. Int. J. Cancer 27:329-34. 

and Sussman H.H. 1981. 
receptor in human breast 
for Identifying dividing 

Skamene E., Stevens~n M.M. and Kongshavn P.A.L. 1982'0 
Natural cel1-mediated irnrnunity against bacteria. IN: NK 
cells and 0ther nat~ral effector ce11s. (R.B. Herberman 
Ed.) Academie Press, New York. p.1513-20. 

'Spit's H., Borst/J., Tax W., Capel P.J., Terhorst C. anô c1e 
Vries J.E. 198'. Characteristics of a monoclonal antiboOy 
(WT-31) that/recbgnizes a common epitope on the human T 
cell recept'o/' for antigen • J. Immuno!. 135:1922-8. 

Springer T •• > Dustin M.L., Kishim0t0 T.K. anc1 Mar1in S.O. 
1987. The ymphocyte funct i on-assoc l ater1 LFA-l, C02, and 
LFA-3 mol cules: Cell adhesion receptors of the Immune 
system. An • Rev. Immunol. 5: 223-52. 

Stein-Stre °lein J., Bennett M., Mann O. anc1 Kumar V. 1983. 
Natural k 11er cells in mouse lung: Surface phenotype, 
target preference, and response to l oca l inf 1 uenza v i rus 
Infection. J. Immuno!. 131:2699-704. 

Stern P., Gidlund M., Orn A. and Wigze1l H. 1980. Natura1 
killer cel1s mediate lysis of embryona1 carcinaoma cells 
lacking MHC. Nature 285:341-3. 

1 
·St0rkus W.J. and Daws0n J.R. 1986. B cell sensitivity t-:> 
natural ki'lllng: C0rrelation with target celi stage ')f 
d i f fer en t i a t ion and s t a te -:> f a c t i vat i 0 n • J • 1 mm u n 0 1-
136:1542-7. 

Storkus W.J., H')wel1 D.N., Salter R.D., Daws0n J.R. anc1 
Cresswe Il P. 1987. NK suscept ibi 1 i ty varies inverse 1y "'Ii th 
target cell class I HLA antigen expressl-:>n. J. Immun01. 
138:1657-9. 

Stubbs Ç't.D. 1983. Membrane f1uidity: Structure anrt 
dynamlcl' ~f membrane 1 ipi~s. Essays in Bi0chem. 19: 1- 39. 0 

Stutman o. 1974. 1 Tumor development after 3-
methylch0Ianthrene in immun0logically deficient athymic-
nuc1e mice .. SClence 183:534-6. ( 

• 



• 

c 

Stutman O., Dien P., Wisun R.E. anc1 Lattime E.C. 1980. 
Natural cyt~toxic cells against s~lic1 tum~rs in mice: 
Bl~cking ~f eytotoxicity by D-mannose. Proc. Natl. Acac1. 
SeL USA 77:2895-8. 

Sutherlanc1 R., Delia D., Schneic1er C., Newman R., Ke'msheac1 
J. anc1 Greaves M. 1981. Ubiquitous cell-surface 
9 lycoprotein on tum~r ce Ils ls proliferati~n-associatec1 
receptor for transferrin. Proc. Natl. Acac1. ScL USA 
78:4515-9. 

Talmange J.E., Meyers K.M., PrIeur D.J. anc1 Starkey J.R. 
1980. Role of Nk cells in tumour growth anc1 metastasis in 
beige mlce. Nature 284:.622-4. 

Talmange J.E., Wiltrout R.H., Counts D.F., Herberman R.B., 
McDonalc1 T. anc1 Ortalc1o J.R. 1986. ProlIferation of hum9n 
peripheral bloon lymphocytes Inducen by recombinant human 
interleukin 2: Contribution of large granular lymphocytes 
anc1 T lymphocytes. Cell. Irnrnuno1. 102: 261-72. 

Targan S. ann Stebbing N. 1982. In vItro Interactions of 
purified clonen hutnan interferons on NK cells: Enhancec1 
activation. J. Immunol. 12'9:934-5. 

Tei L, Makino y., Sakagami H., Kanamuru l. ann Konno K. 
1982 Decrease of transferrin receptor receptor during 
m-:;,use myeloin leukemia (Ml) cell dlfferentlation. Biochem. 
Biophys. Res. Comm. 107:1419-24. 

Testa U., Thomopoulos ~., Vinci G., TlteUX(M., Battai~b 
A., Vainchenker W. ann Rochant H. 1982.~ Transferrln 
binning to K562 cell 1lne: effect of herlte and sonium 
butyrate innuctIon. Exper. Cell Res. 140:251-60. 

Testi R., Gall i M.C., Piccoli M., Herberman R.B., Frati L. 
anc1 Santoni A. 1986. Sequential metabt:>lic events and 
morphological changes nueing in vivo large granular 
lymphocyte activation anc1 prolIferation. Cell. Immunol. 
102:78-88. 

Timonen T., Ortaldo J.R. and Uerberman R.B. 1982. Analysis 
by a single cell cytotoxicity assay of naturai killer (NK) 
cell frequencies among human large granular lymphocytes 
anc1 of the effects of Interferon on their actlvity. J. 
Immunol. 128:2514-21. ' 

Timonen T., Reynolns C.W., Ortaldo9 J. nd Herberman R.B. 
1982. Isolation of human anc1 rat na raI iller cells. J. 
Immunol. Meth. 51: 269-77. 

191 



• 

T'.)rsteinsdottir S., Masucci M.G., Lenoir G., Klein G. and 
Kleln E. 1984. Natural l<iller cell sensitivity of human 
lympholo lines of B-cell ':>rigin ooes not correlate with 
tumorigenicity 'Jr with the expression of cer,tain 
ni fferent lat ion markers. Ce 11. Immunol. 86.: 278-86. 

" Trimble W.S., Johnson P.W., Hozumi N. ano Roder J.C. 1986. 
Induc lbl e ce Il u l ar transformat ion by a meta Il':>thione in-ras 
hybric1 oncogene leans to ntltura1 ki11er cell 
susceptibility. Nature 321:782-4. 

Trinchierl G. ano Perussia B. 1984. Biol'Jgy ':>e oisease. 
Human natural killer cells: bi010gic and-pathologic 
aspects. Lab. Invest. 50:489-513. 

Tr':>wbr,idge loS.,' Newman R.A., Domlngo D.L. ano Sauvage C. 
1984. Transferrin recept,:>'rs: structure ano function. 
B iochem. Pharmac'.)l. 33: 925- 32. 

Tutt M.M., Kuziel W.A., Hackett J., Bennett M., Tucker 
P.W. ano Kumar V. 1986. Murine natural killer cells 00 not 
express functional transcrip,ts '.)f the 0(-, fj-, or t-chain 
genes of the T ce Il recept'.)r. J. Immun':>!. 137: 2998- 3004. 

1 

Tut t M. M • , Sc huI e r W.," Ku Z leI W • A ., Tuc k e r P. W., Ben net t 
M., Bosma M.J. and Kumar V. 1987. T cell recept0r genes (h 
not rearrange '.)r express functlonal transcripts iri naturai 
kiiier cells 9/ SCID mice. J. Immunol. 138:2338-44. 

Viklicky V. and Bartek J. 1984. Utllization '.)f mon'.)clonal 
antibonies for mapping of antigenlc oeterminants 0n the 
transferr ln mo l ecule. EOS 4: 263-7. 

Vooinelich L., Sutherlano R., Schneioer C., Newman R. and 
Greave\ M. 1983. Receptor fDr transferrin may be a 
"target" stucture f'.)r natural killer ce1ls. Proc. Natl. 
Acad. Sci. USA 80:835-9. 

V0se B.M., Harciing M., White W., M00re M. anc1 Gallagher J. 
1983. Effect '.)f simple sugars on natural ki11ing: e~ioence 
a gai n st the in v ':> 1 v e me nt':> f ale ct i n. 1 i k e me cha n i sm i n 
target recognition. Clln. Exp. lnununol. 51:517-24. 

Walhin B. and Perlmann P. 1983. Characterizati0n of human 
K cells by surface antigens and m0rph01-::>gy at tne single 
cell level. J. Immun01. 131:2340-6. 

Ward J.H. 1987. The structure, functi0n anc1 regu1ati0n ':)f 
transferrln recept0rs. In vest. Rao101. 22: 74-8 3 • 

.. 
Warner J.F. and Dennert G. 1982. Effects '.)f a cl':)nec1 
line with NK activity '.)n b?ne marr'.)w transplants.! 
development and rnetastaslS in viv':>. Nature JOO:31-j • 

\ 

192 

ce Il 
tum':>r 



c 

/ 

• 

• 0 

, ~ 
Warren L. 1976. In: Bi-:>l-:>gical r':>les ':>f sialic aci<1. 
(R":)senberg A. anc1 Schengrunc1 C-L. Ec1s.) Plenum Press, New 
y.,rk. p.l03-119. 

Weiss A. Newt-:>n M. anc1 Cr-:>mmie 0.1986. Expressi-:>n of T3 
in a soluble cell-lytic molecu1es with anti-human LT 
antisera anc1 various saccharic1es. Celle Immun-:>!. 77:42-5l. 

l 
Welsh R.M., Karre K., Hansson M., Kunkel L.A. and 
Kiess11ng R.W. 1981. Interferon-mec1iated pr':>tecti anc1 cGl1P 
on mlcrotubule-oepen<1ent release -:>f lysosomal enzymes. 
Ann. N.Y. Acac1. SCI. 253:75-62. 

~eitzen M.L., Innis E., Yamam-:>t-:> R.S. anc1 Granger G.A. 
t'g83. Inhibiti-:>n of human NK-inc1uced cell lysis and 
s-:>luble cell-lytic m-:>lecules wlth antl.-human LT antisera 
and vari-:>us saccharides. Cell. Immun':>l. 77:42-51. 

Wcelsh R.M., Karre K., Hansson M., Kunkel L.A. and 
Kiessling R.W. 1981. Interfer':>n-mec1iatec1 protection of 
normal anc1 tumor target cells against lyS1S by moJse 
natural killer cells. J. Immuno!. 126:219-25. 

'Welsh R.M. 1986. Regulation of virus Infections by natural 
killer cells. Nat. Immun. Cell Gr-:>wth Reg. 5:169-99. 

Werkmeister J.A., Helfanc1 S.L., Hali-:>tis T., Pr-:>ss H.F. 
and R':>c1~r J.C. 1982. The effect ':>f target cell 
c1ifferentiation on human natural killer cell activity: A 
specific c1efect in target cell binc1ing and early 
activation events. J. Immuno!. 129:413-8. 

Werkmeister J., Helfanc1 S.L., Haliotis T., Rubin P., Pross 
H.F. and R-:>der J.C. 1982. Tumor celi c11fferentiati'.:>n 
modulates susceptibility t0 natural kl.l1er cells. Cel!. 
Immun-:>!. 69: 122-8. 

) 

Werkmeister J.A., .R0c1er J.C., Curry C. anc1 Pr-:>ss 'H.F. 
1983. The effect ':>f unphosphorylqtec1 anc1 phosph':>rylated 
sugar moieties -:>n human anc1 m-:>use natural killer ce11 
activity: Is there selective inhibiti0n at the level of 
target rec0gni t i 0n and lyt ic accaptor site? Ce l!. Immun-:>!. 
80: 172-86. ,l . 

Werkmeister J.A., Burns G.F. anc1 Trigi ia T. 1984. Anti
ic1i0type antlboC"hes t0 the 9.IC3 bl0cking antib0c1y used t-:> 
probe the letha l hi t stage -:>f NK ce II-mec1iated cyt0lysis. 
J. Immuno!. 133:1385-90. 

Werkmeister J.A., Triglia T. and Burns G.F. 1985. The 
is-:>lation -:>f natura1 kil1er (NK)-resistant vari"ants -:>f the 
KS62 q.e11 1ine by mutagenesis and selecti-:>o with 
antib-:>dies·.;which i'l1hibit NK cell-mec1iatec1 lysis. Ce11 • 
Immunol. 92:123-33. 

193 



• 

) 

• 

West W.H., Cann':>n G.B., Kay H.D., B':>nnarri G.D. a Il li 
Herberman R.B. 1977. Na tura l cyt'Jt':>x ic reacti vi ty 'Jf human 
lymphocytes against a myel':>:Lo celi line: Characterizati'Jl\ 
'Jf effector cells. J. Immun':>l. 118:355-61. 

West W.H., Tauer K.W., Yannelli J.~., Marshall G.D., Orr 
D.W., Thurman G.B ... and Oldham R.K. 1987. Constant-infusion 
rec':>mbinant interleukin-2 ln ad':>ptive immunotherapyof 
advancec1 cancer. N. Eng. J. Med. 316: 898-905. 

1 

West':>l);? P.A., Jensen P.J., Levy N.L. and Karen H.S. 1981. 
Spontaneous cytotoxicity against virus-infected cells: 
relati'Jnship to NK against uninfected cell l ines and t'J 
ADCC. J. Immun'Jl. 126: 1220-4. 

Willingham M.C., Han':>ver J.A., Dicks':>n R.B. anc1 Pastan 1. 
1983. M'Jrphological chara'èterizati'Jn ':>f the pathway of 
transferrin endocytosis anc1 recycling ln human KB ce11s. 
Pr'.)c. Natl. Acad. Sci. USA 81:175-9. 

Wright S.C. and Bonavida B. 1983a. Stuc1ies 'Jn the 
mechanism 'Jf natural killer cell-mec1iated cyt':>t'Jxicity. 
IV. Interfer'Jn-inducec1 inhibiti'Jn '.)f NK target cell 
susceptibillty t'.) lysis is due t0 a c1efect 'in their 
ability t'J stimulate release '.)f natural kl11er cyt':>t9xic 
fact':>rs (NKCF). J. Immuno!. 130:2965-8. 

Wright S.C., Weltzen M.L., Kahle R., Granger G.A. and 
S0navida B. 19B3. Stuc11es an the mechanism ':>f natural 
ki11er cyt0toxicity. II. C':>cu1ture 'Jf human PJjL with NK
sensitive 0r resistant cell lines stimulates release 'Jf 
natural killer cyt'Jt':>xic factors (NKCF) selectively 
cytt':>xic to NK-sensitive target cells. <S.Immunal. 
130:2479-83. 

Wright S.C. and Bonavic1a B. 1983b. YAC-l variant cl':>nes 
selected f':>r resistance to natural kil1er cytot':>X1C 
factors are als'J resistant to natural kliler cell-me<1iatec1 
cyt'Jtoxicity. Proc. Nat!. Acac1. SCI. USA 80:1688-92. 

Wright S.C. anc1 Bonaviria B. 1987. Studies 'Jn the rnechanlsm 
':>f natural killer cell-rne<11ate<1 cyt-::>t'Jxicity. VII. 
Functi'Jna1 c':>mparison ':>f human natural killer cytot'Jxic 
fact-::>rs with recombinartt lymph'.)t'Jxin an<1 tum,:>r necr'Jsis 
fact0r. J. ImmunoL 138:1791-8. 

Yanagi y., Caccia N., Kr':>nenberg M., Chin B., Roder J., 
R')hel D., KiY'Jhara T., Lauz-;,n R., T'JY'Jnaga B., R'Jsenthal 
K., Dennert G., Acha-Orbea H., Hengartner H., H':)')d L. anc1 
Mak T.W. 1985. Gene rearrangement in cells with natural 
ki11er activity and expressi'Jn 'Jf thep>-chain 'Jf the T
cell antigen recept0r. Nature 314:631-3 • 

194 
/" 



• 

c 

Yeh C-J.G., Papamichae1 M. anc1 Fau1k W.P. 1982. L-:>ss -:>f 
transferrin recept~rs f~11-:>wing inc1ucec1 c1ifferentiation -:>f 
HL-60 pr-:>myel-:>cytic 1eukemia cells. Exp. Celi Res. 
138:451-5. 

/ 

Y':>geeswaran G., Wels'h R., Gr-:>nberg A., Kiessling R., 
Patarr':>y':> M., Klein G., Gic11unc1 M., Wigze11 H. and Nilss':>n 
K. 1982. Surface sialic acic1 -:>f tum'Jr cells inversely 
c':>rrelates with susceptibility t':> natural ki11er cell 
mec1iated 1ysis. IN: NK r:el1s anc1 'Jther natura1 effector 
cells. (R.B. Herbermati Eo.) Acac1emic Press, New Y0rK .. p. 
765-70. 

Y,:>geeswaran G. 1983. Cell surface glyc-:>lipids anc1 
glyc':>proteins in ma1ignant transf':>rmation. Adv. Cancer 
Res. 38: 289-350. 

Y~k0yama W.M., Koning F., Stingl G., B1uest'Jne J.A., 
C':>ligan J.E. anc1 Shevach E.M. 1987. Pr'Jnucti'Jn -:>f a T ce11 
h y br i d 'J mat 0, a tex pre s ses, the.fT cel 1re cep t 0 r ~ / cS 
heterodlmer. J. Exp. Meo. 165: 1725-30. 

Y'Jo T-J., Kuo C-Y., Spector A.A., Denning G.M., Floyc1 R., 
Whiteaker S., Kim Ho., Kim J., Abbas M. and Bund T.W. 1982. 
Effect 'Jf fatty acin mooificati0n of cultured hepat'Jma 
cells 'Jn susceptib11ity to natural killer ce11s. Cancer 
Res. 42:3596-3600. 

X-::>ung J.D:, Hengartner H., P-:>dack E.R. and Cohn Z.A. 1986. 
Purification anc1. characterlzation ':>f a cyt'Jlytic pore
f-::>rming protein frdm granules of cl':>nec1 lymph0cytes with 
natural killer activity. Cell 44:849-59. 

Y':>ung J.O., Nathan C.F., P'Jdack E.R., Pa11adin':> M.A. anQ, 
C-::>hn Z.A. 1986. Functional channel f':>rmation a('Jciated 
with cytotoxic T-cell granules. Pr-:>c. Natl. Acac1. Sci. USA 
83:15.0-4. 4 

Y':>ung J.O., Damian':> A., DiN0me M.A., Le'Jng L.G. and C':>hn 
Z.A. 1987. Diss0ci çition 'Jf membrane binc1ing anc1 lytic 
activities of the 1ymph0cyte pore-f'Jrming pr-:>tein 
(perf':>rin). J. Exp. Med. 165:1371-82. 

Y-::>ung ~'.W., DurdlK J.M., Urc1al D., Hakomori S-I. and 
Henney C.S. 1981. G1yc-::>lipic1 expressj':>n in lymphoma"
variants: chemical quantity, immun'Jlogi1c reactlvity, and 
c-::>rrélations with susceptibllity'to NK cells. J. Immun':>!. 
126:1-6. 

Za1man L.S., Martin D.E., Jung G. and Muller-Eberhard H.J. 
1987. The cyto1ytic protein 0f human lymphocytes related 
t~ the ninth c-::>mp':>nent (C9) -:>f human complement: Isolati-::>n 
fr':>m anti-CD3-activatec1 peripheral bl'J-::>c1 m-:>nonuclear 
cells. Pr'Jc. Natl. Acac1. Sci. USA 84:2426-9. 

195 



• 

• 1 
1 

Zimmerman T.P., W-:>lberg G. anc1 Duncan G.S. 1978. 
r inhibition ~f lymphocyte-mediatec1 cyt-:>lysis by ]

c1eazaaden'.)sine: Evic1ence f':)r a methylati'.)n reaction 
essential t~ cy~olysis. Pr'.)c. Natl. Acari. Sci. USA 
75:6220-4. 

( 

z u c k e r - Fra n k ). i n D. 1 Gr u s k y G • a n ri Yan 9 J - S • 1 9 8~-3 • 
Arylsulfat)lse in natural killer cells': Its p'.)sslôle r'.)le 
i~ cyt~icity. Proc. Natl. Acad. Sci. USA 80:6977-81. 

Zucker-~ranklin D., Yang J. and ~~ks A. 1984. Different 
enzyme classes ass-:>ciateo with hyman natural killer cella -
May meoiate disparate functi'.)ns. J. Immun')l.~ 132: 1451-S. .... 

Zunin') S. ann Huc1ig D • .1986. Human NK lymphocytes d'.) n-:>t 
kill Canrtina albicans, alth'.)ugh Cannina can bl-:>ck lysis -:>f 
K562 cells. Nat. Immun. Cell Growth Reg. 5:166. 

,. 

196 



c 

• 

!ffect 2!. acic1 striping 2!! human 
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'1 ... APPEND 1 X 1 

~ activity 

------------------------------~---- -------------------
pH Lytic units S.E .M. n 

-------------------------------------------------------
7.0 

5.5 

14.4 

5.2 

4.6 4 

1.6 4 
---------~---------------------------------------------

-ePBL'. were pretreatec1 at the above pH for 1 Hr 
at 37'C in either bJ.,scine or HEPES balancec1 salt 
solution. The lymph~ytes were then washec1"countec1 
for viab~lity using trypan blue and testec1 in a' 
stanc1aro lCr-release assay. 

pH 5.5 has been shown by sev.eral lnvestigators to 
strip the iron co-factor from transferrin. When trre 
ce Ils are subsequently aOJusted to pH 7.0: transferrin 
c1issociates from its receptor (Dautry-Varsat et al, 
1983f Klau~ner et al, 1983)., 

The decrease in NK cell activity seen in the pH 
5.5 treatert lymphocytes may be due to the dissociation 
of traneferrin from its receptor resul ting in a redu~d 
levei of recognition. (see fig.l), 

- , 
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Appenoix II. In the correlation stuc11es batveen 

transfe rrin receptor expression ano comp.etitive 

activity it was observert that clone 1 cells vere 

I}\ore resistant to NK meoiatec1 lysis than control 

K562 cells. 1 n t h,e pre v i 0 usa p pen dix i t 'fi a s 

~emonstrated that rtecreaserl pH is inhibitory,for NK 
.. 

celi mediated lysls. Clone 1 cells and K56-2 cells 

\I1ere analysed for t!here abi1ity to proc1uce acirlic 

~prortucts as à possible resistance mechanism • 
• 
K562 anci Clone 1 ce11s 'fIere removerl from tissue , 

culture, washeci and resuspenrl.ed to IxI0 7 c.ells/ml 

ln R]?MI-1640 supplementeri with 10% FBS. The cells 

were incubated in a 37'C water bath anrl pH rea('hngs 

taken at the times indicated. The slopes of the 

l ines (c,plculated by linear regression) obtainert 

for K562 anci Clone 1 cells 'fias -3.49xlO- 3 and - . 
5.75xlO- 3 respectivelYi this inciicates that clone 1 

ce Il s produce more ac ici byprociuc ts than the parent 

K562 c~ Il 1 ine and this may contr ibute to the 

resistance -of clone 1 cells to Iysis by NK cells. 
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APPENDIX II 
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Appenoix 1 II. Data from Bric1ÇJes ano Smith (1985). 
i 

The oata from "table II" in the above publication 
, 

has been reproouceo in grapryical form soley for 

c1iscussion (see chapter V). The experiment is a 

colo competition assay' comparing, 0-0, hemin-

treatec1 ano X-X, untreatec1 K562 competitors.·· 

The hemin treate<1 ce Ils possess fewer Tf receptors 

than the nontreated cells because they are in an 

iron rich environment. As can" be clearly seen in 

both experiments, untreaterl cells appear to compete 
-< 

better than hemin treatec1 ce Ils. 
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APPENDIX III 

Experiment 1 
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