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Celluiar Immunoiogy i03: 3i2-364 (1986). 
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D. Parkinson and A K. Sullivan 
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Abstract 

Nat'Jral killer~ (NK) are a subpopulation of lymphocytes that are defined by 

their pattern of cytotoxicity against other normal and neoplastic cells of 

predominantly hemopoietic origin. Although they have been programmed to 

recognize a limited ~pcetrum of targets, their acti\ ity ean be augmented by certain 

immunoregulatory sllhstan('e~. The molecules that mediate the recognition event~ 

have not yet heen identiflcd. 

1 descrihe here the derivation and characteristies of a variant clone (Clone J) of 

the human leukemie cell line K562. These celI~, .ôieleeted for deereased binding to 

peripheral hlood lymphocytes, were les" sen"itive than the parent to Iy~is by NK in 

the resting, but not In the augmentcd <;tate. Although thcir major pla~ma memhrane 

prote:ns appearcd idcntical to tho"e of K562, they contained an additional minor 

group of fueo~ylated glyeolipiJ~. A later suhc10ne of Clone J, selecteJ for re~;istanee 

to Concanavalin A, reverted to an NK ~ensitive pattern and exhihited the parental 

profile of glyeolipids. 

These re~lIlt~ illustrate in an in vitro model how a leukemie cclI ean modulate 

It~ memhrane ln e~eape surveillance by NK eells, and sllggest that the glycolipids 

mignt he involved (directly or inJirectly) in the meehanism. 
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Résumé 

Le~ cellules t\.lCll~C~ naturclle~ (ccllule~ NK) con~titllent unc wlI"-population dl' 

Iymphocyte~ qui exercent une activité lytique ~ur certaine" ccllule~ normale, ou 

néoplasiqllc~. L'activité lytique de~ cellules NK pcut être ~timtlléc par différent\:" 

substances immllnorégulatrices, même si l'on ignore quelle .. ~ont le" 11l()IéL'llle~ qui 

déterminent la sCŒihilité des cellules aux l"mphocyte~ NK, qu'I1~ ~()Icnt au repŒ ou 

soumis à une stimulation. Le!. étuùes dont nom, rcndon!-. compte décnvcnt la 

dérivation ct la caractérisation d'une vanante (Clone 1) de la cible hahituelle dc'. 

Iymphocyte~ NK (la KS(2) qui leur ré"i~te. Le Clone 1 rb,; .... e ~péciflqllcmcnt aux 

cellules NK qUI n'ont pas été ~timulée~ et semble afficher une ré(lL:ction. ~inon unc 

absence ou une tnhihition des ~tructures que vi~ent le~ cellule .. NK La cOll1pari .. on 

des membrane'. pla~mattqlle~ de Clone 1 ct de K:-1-.2 n'a fait rc\"ortir aucunc 

différence au nIveau de~ pnncipale~ protéine ... de ~urfacc: toUtcfOI ... on a ()b~crvé ~ur 

le Clonc 1 un groupe mincu; de glycolipides membrar.aire~ fuc()"ylé~ qui n'etalcnt 

pas pré~ents ~ur KS62. Un sOll~·c1()ne de Clone l, ré .. j-.tant au Con A, e"t redevenu 

sensible aux cellule~ NK et a retrouvé le profil dc~ glycollpide~ de la cellule mère. 

Ces résultab portent à croire que la ré~i"tance à la Iy .. e affichée par le" cellule" NK 

serait le fait d'une modulation de la glycmylatlon de .. lipide~, de la memhrane et 

témoignait de l'exi,,tence d'un mécani"me par lequel une cellule tumorale peut 

échapper à la vigilance immune de~ cellule .. tueme .. naturelles La ~enl,ibllité 

différentielle de ces ~ouchcs cellulaires aux IYrilphocytel, NK, (jU'II" "OIent au rcpol, 

ou sOllmi~ à une stimulation, en fait des mtruments précieux dam, l'étude de hl 

spécificité dcs cihles de ces cellules effectrices. 
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INTRODUCTION 

It has been proposed that the immune system normally may be able to inhihit 

the progression of neopla~tic cells by destroying them before they proliferate furthcr 

and become c1inically ~ignificant (25). This concept of immune surveillance against 

tu mors initially wa~ formlilated with cytotoxic T-lymphocytes as the central mediator. 

These T-Iymphocytes exhibit an extraordinary range of specificitie~, a result of 

recombination events in the T-cell receptor gene family (31). However, the T-ccll 

receptor must interact with tllmor-associated antigens presented in association with 

major histocornpatihility molecules (225). The T-lymphocyte consequently must he 

activated and undergo a rcglllated clonaI expansion to yicld a functional population 

of cytotoxic effector cells. These reqllirements are critical in directing, controlling, 

and restricting the fllnction of T-cell mcdiated immllnity. AIthough thc~e 

requirements do not preclude T-Iymphocyte~ from playing a role in surveillance 

against spontaneolls tumors, their response is adaptive and evidence indicate~ that 

T-cell mediated immunity is more efficient in the control of tumors induccd by the 

oncogenic viru~es and chcmical carcinogem (98). The discovery of natural klIler 

eells and the concept of natural immunity have led to the notion that such 

mechanisms might be mediators of immune surveillance against spontaneou~ tumor~ 

(72,73). 

The phenomenon of natural killing initially was discovered during ~tudie~ on cell­

mediated cytotoxicity in tumor-bearing individuals (154,183). These individuals were 
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expected to exhibit specifie cytotoxic activity agains t autologous tumor cells or 

against tumor cells of a similar type. However, control studies in healthy individuals 

revealed significant Iymphocyte-mcdiated killing of sorne tumor cells and tumor cell 

lincs. The effcctor cells mediating this cytotoxicity were given the term natural killer 

(NK) celh, and have been dcfincd a~ a ~ub-population of lymphocytes with the 

potential to lyse spontaneomly val iom typ~s of target cells (72,73,154,189). The 

natural killer cell lach the propertie~ of c1as~ic macrophages, granulocytes, and 

cytotoxic T-Iymphocyte~, in that their activity does not require prior exposure to the 

target cell, and is not dependent on interaction with molecules of the major 

histocompatihility complex (72,73). Furthermore, natural killer ccli activity can be 

significantly incremed by a variety of immunoregulator~ (72,73). These 

characten~tic~ have pre~ented the natural killer cell as a pos~ible first line of defence 

in the control of ~pontaneous tumor growth, particularly in the hematopoietic system. 

Research over the past decade has produced mu ch information about the 

morphology, lineagc, mechanism of action, and regulation of the natural killer cell 

and ha~ supported the hypothesis that natural killer cells are an important part of 

the immune network. However, ~everal key questions remain to be answered, one 

of these being the nature of the target ~tructures on th~ tumm ccII membrane that 

are recognized by the natural killer cell. 

The studic~ Jc~cribed in thb di~se!"tation attempt 10 define the plasma 

membrane component~ that are involved in determining target cell sensitivity ta 

NK-mediated cytoly~b, and to determine if the specificity of NK activity changes 

upon augmentation with immunoregulatory sutlstances. 
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CHARACTERIZATION AND PROPERTIES OF NK CELLS 

Morphology and Phenotype 

Human natural killers initially were identified as nonadherent, nonphagocytic 

ceUs with lymphoid morphology (204). Saksela et al (170) extended this dcfinition, 

using the technique of adsorption and elution of effector cells from target~. The 

eluted effectors were large lymphocytes with ahundant cytopl:.tSfTl containing 

numerous azurophilic granules. Almost ail of the NK activity in the peripheral hlood 

can be attributed to cells with large granular lymphocyte (LGL) Illorphology 

(186,187). However, some activated T-lymphocyte~ may also exhlbit LGI. 

morphology (55,103,104). The LGL population makes up approximately 5!fr of total 

peripheral blood lymphocytes (187); such cells arc abo found in splc(~n, bone 

marrow and lymph node~ (72,73,186,187). Natural killer ce!! activity correlates weil 

with LOL frequency in these organs. 

Despite the homogeneous morphology of LOL, characterization of their ccli 

surface markers has revealed considerable l • .:!terogeneity. Most human NK activity 

(> 90%) is mediated by cclls hearing the CD3 ~ CD56 + (NKH 1 J, CD 16 + (Fc gamma 

receptor) phenotype (138). Sub~et~ can he derived accordin.s to the expre~~ion of 

a vast range of surface markers, sorne shared with celb of the myelomonocytic 

lineage (CDllb), sorne with cells of the T-celllineage (CD2, CD7, CD8, CD25), as 

weil as other markers (COlla, C057 or HNK-l) (73,137,138). None of these ~l1hsets 

has any exclusive functional correlate, and a cell surface marker unique to natural 
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kiIler cells has yet to be defined. The natural killer cell phenotype also can be 

defined by what cell surface markers are not expressed. Among these are most, if 

not ail B-lymphocyte markers (C020, C021, surface Ig), as well as the T-cell 

rnarkers C04 and the monocyte specifie C014 and COl5 (73,137,138,189). 

Independent of other evidence, this heterogeneity in the expression of cell 

surface markers implies that there rnay be sorne functional heterogeneity. This is 

supported by observatiom that different subsets of the COl6 +, CD2 +, CD3-

phenotype produce different cytokines (138). Conversely, natural killer cell 

heterogeneity has made it difficult to definitively study NK function because the 

operating definition of the natural killer cell phenotype has varied arbitrarily among 

different investigators_ 
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I...ineage of NK Cells 

The large granular lymphocytes that mediate natllral killing ~harc ~cwral 

morphologie and/or phenotypic features with both T-Iymphocytc!. and monocyte .... 

Beeause of this, various authors have assigned LOL to either the T-ceP lincagc, the 

myelomonoeytie lineage, or to a ~eparate lineage with a precur~or CClm1l10n to both 

T-eells and monocytes. AIternatively, others have considered the NK populatioIl to 

be a mixture of cells derived from both T-cell and rnop.oeytic precur~or~. 

It has been argued that LGL belong to the rnyelomonocytic lincagc ba~cd on 

similarities in morphology, the pre!.ence of beta-glucuronida .... e and othcr enzymc ... in 

cytoplasmic granules (72,137,170,186), apparent marrow dependcncc (62), anu 

expression of sorne common cell surface markers (e.g. CD11h) (9,93). Ilowcver, tlm, 

evidence is not conclusive became sorne of these shared characteri~tic~ arc Ilot 

specifie to myelornonocytic lineage cells. When the expression of a more mycloid­

specifie marker \Vas analysed (Le. ccli sùrface CSF-I receptors), therc appcared not 

to be phenotypic sirnilarities between LGL and rnyelornonocytic cclb (S()). 

Many other phenotypie and functional characteri~tics are ~harcd by ï' 

lymphocytes and NK. Natural killer cells can form ro~ette~ with ~hecp crythrocytc<., 

(140,204), express sorne T-ccll associated markers (103,104,137,140), and are able to 

proliferate in the pre~ence of interleukin-2 (42.102, 138). A~ weil, NK cell" and 

cytotoxic T-Iyl1lphocyte~ appear to share a cornrnon Iytic meehani~111 ... uch a ... the 

active secretion of perforin-containing granules (217). Howevcr, mature 'l'-ccII ... 

mediate their effector fllnction through the CD3 and T-cell reccptor complex (lI' 
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mol\ '.:ules amI exhibit MHC restriction. This is not the case for NK cells, which 

express neither CD3, nor require T-cell receptor gene rearrangement for function 

(105,137,213). Studies of IL-2 dependent NK cell clone .. have revealed sorne CD3 + 

cells with ~ome rearrangement of T-cell receptor genes (103,138). These celIs are, 

by dcfinition, activated hy IL-2 which may reslllt in activation of thcir Iytie potential 

in an antigen independent fashion. These cell!> appear with extrernely low freqlJency, 

and exhibit other differences from typical peripheral blood NK celIs (103,138). 

Therefore, it has been suggested that these clones represent activated T-cells and not 

NK cells. 

Further divergence in NK and T-cell behavior is found in their pathway of 

differentiation. T-Iymphocytes are typically thymus dependent (V2, 142). 

Reconstitution experiments in mice have shown a different pattern of emergeilce for 

T-cell and NK mediated immunity. NK fllnction appears weIl before T-cell fllnction. 

Athymie mouse strains often have normal NK characteristics and activity (75,96). 

In cOlltra~t, NK celb appear to originate and differentiate in the bone marrow 

(58,62,63,152). Experiments llsing lethally irradiated mice reconstituted with bone 

marrow have !>hown that NK activity (either high or low) depends on the phenotype 

of the donor marrow (18). Similar observations have been made in patients 

following therapeutic bone marrow transplantation. Both NK number and activity 

are initially depressed but are rapidly recovered after transplantation, unllke T-cell 

mediated function (8,13,41,168,189). The appearance of cells with LGL morphology 

closely follows the appearance of NK activity in the se bone marrow recipients. 

An hypothesis ha~ been proposed suggesting that NK cells exhibit T-cell and 

myelomonocytic characteristics because they are a mixture of cells representing both 
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lineages (137,189). This hypothesis has not been disproven, and has not cxplained 

how cells From two distinct lineages caI\ share LGL morphology, cytotoxic 

mechanisms, and other characteristics. 

An alternative hypothesis has been presented by Grossman and Herherman (56). 

They sugge~t that the differentiation of NK and T-cells are intimatcly relatcd, 

adaptive, and dependent on the nature of the self environment. Several key evcnl<, 

in the pathway of differentiation would decide the rate of maturation, phcnotypic 

plasticity, and subsequent functional activity. One of these event~ presumably would 

be rearrangement of the T-cell receptor genes. This model accounts for mo~t of the 

shared and divergent characteristics of T-cells and ~K cells. Gro!>sman and 

Herberman stress that knowledge of the NK recognition ~tructures is a central issuc 

in defining NK cells and in furthering the development of their hypothe~is (56). 

Regulation of NK cells 

The most potent immunoregulators of NK function are the interferom 

(73,76,187) and interleukin-2 (42,71,189), both of which augment NK œil activity 

Activation by interferons does not require the proliferation of NK cell!> (190), but 

does require de novo RNA (136) and p.otein synthesb (190). In mice, a ~LJh~ct of 

NK cells has been descrihed that is not activated by interferon (123). A parallcl 

observation has not been made in humans. Many other physiological ~ub~tance~ arc 

able to modulate NK function (72,73,86,189,and refs. within). These mcludc beta­

endorphins, arachidonic acid metabolites, cortico~teroid~" growth factor~ ~uch a~ 
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platelet-dcrived growth factor, and a variety of other cytokines and hormone!.. Viral. 

hacterial and tumor ccII products also have heen shown to modubte NK activity. 

The functional c()n!.equcnce~ of activation of NK hy either interferon or 

interleukin-2 may include the following. 1) An increa~e in the proportion of LGL 

that bind to target cells (especially targets with low susceptihility to unactivated NK) 

(47,57,176,IH7). 2) An increase in the proportion of lytically active lGL 

(57,176,187). 3) An increase in the rate of killing by Iytically active cells 

(47,176,187). 4) An increase in recycling ofLGL (187,194), or at least an inhibition 

of the LGL inactivation process following effector-target interaction (1,145). 5) An 

increase in the range of susceptible target cells. 6) An increa~e in ~ecretion of 

cytokines (137, 138,and ref!.. within). Transient expression of the proto-oncogenes 

c-myb (100) and c-fos (32) has been observed in NK cells undergoing functional 

activation with IFN and IL-2. However, this enhanced expression rnay not be an 

absolute requiremcnt for the activation proce~s. 

Activated NK ce Ils are more efficient effectors, and may commu r' "He more 

rcadily with othcr cells of the immune system. Respomiveness to interferon and IL-

2 suggests that in conditions where interferon and/or IL-2 ievels are elcvated, 

activated NK cells are generated. Such conditions could include viral and hacterial 

infections, expo!.ure of NK cells to tumor targets, or activation and proliferation of 

T-Iymphocyte~. 

NK celb, as wcll as being targets for cytokines, are themselve~ able to secrete 

the IL-l, IL-2, ILA, BCGF, BCDF, interferon alpha, beta and gamma, MAr and 

CSF (91,97, BR, 150,172,199). Studies using NK cclI clones show that most NK are 

ahle to secrete at least interferon-gamma (137,138). Many of them secrete other 
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cytokines, with a few secreting multiple cytokines. This functional segregation i~ 

supported by studies using fresh unactivated NK cells (138). 

Ali of the cytokines secreted by NK cells are able ta modulate other immune 

cells, and this firmly establishes the NK cell as an important immune regulator. The 

faet that NK cells themselves can be targets for many of the same Iymphokinc~ 

suggests that self-regulation may play a central raIe in NK phy~iol{)gy. Figure 1 

illustrates S0me components of this regulatory network. 
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In vivo Functions of NK Cells 

A large body of circumstantial evidence has been accumlilated and ~lIgge~ts that 

natural killer cells can exert their cytotoxic activity against tllmors in vivo. AIthollgh 

in vitro studies had ~hown that NK eclb could effectivcly Iy~e tumor cell~, the fiN 

cIue that this system could functi0n in vivo came when lt was uiscovereu that 

athymie, T-cell deficient mice coulu ~till eliminate tllmor~ (96). These mice have 

increased levels of NK activity (202). Further experiments lIsing animal rnouels haw 

shown that the metastatic capability of tumor celb correlates weil with thcir 

resistance to NK-mediated Iysis (49). Conversely. in strains of low-NK anu high-NK 

mice, the developrnent of metastase~ following a tumor challenge exhibit~ the 

expected pattern (160). Natural killer eell activity in rnicc can be ~ignificantly 

reduced by cyclopho~phamide (158), treatment with H'Sr (63), splIt uo~c irrauiation 

(144), and anti-asialo G\11anti~era (92,174). In mice rendered NK-deficient by the,c 

means, there is an increase in tumor takes and metastatic spread following 

inoculation with tumor cells (50,92,158,174). In sorne ease~, mice renuèreu NK 

deficient have been reconstituted with bone marrow (50), or the injection of purified 

NK cells or NK clones (201). These animaIs then are able to limit the ueveloprnent 

of primary tumors and meta~tatic spread as effeetively a~ normal micc. ln anirn<Jb 

reconstituted with bone marrow, the ability to inhibit tumor growth is depenucnt on 

the NK activity of the donor stralll (49). The beige mou,e exhlbib a gcnetically 

determined uefect in NK function, and NK cells from the~e rnicc are not Iytically 

active (164). There is a significant increa.,e in the appearance of :-,pontane()lI~ 
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tumor~ in these mlce, particularly tumors of Iymphoid ongm (60). As weIl, the 

ability of NK ~usceptible tumors to grow and metastasize is increased in beige mice 

(60,89,184). In general, mcrea~es in spontaneous tumors are seen in mouse strains 

with low NK activity. Together, these studies ~how that NK cells can he effective 

in vivo in the c()ntrol of tumor growth in animal). 

Evidence ~upporting the role of NK cell~ in tumar control in humans is not as 

extensive. Most of the data is correlational, a dbease or condition correlating with 

an alteration in l'\!( iunction and/or numher. Conversely, an aIteration in NK 

function and/or numher may he a~~ociated with certain diseases or conditions. 

Natural killer cell activity i~ altered in a wide range of c1inical conditIOns including 

infectiou~, endocrine, neurological, irnrnunological, as weil as other ~ystemic 

condition~ (see refs. 72, 73 for examples). The call~e-effect relationships are not 

c1ear in ally of thc,>c ca'>e~. i\~ weil, m many of the<;e ~tudie~ cytotoxicity é',gainst a 

lirnited ll11mhcr of wltured target Imes has heen med a~ the ~ole Indicator of NK 

function These limitation~ are apparent in ~tudles of many form~ of cancer where 

NK function often i~ depre~sed, su ch a~ sorne advanced ~()Iid tllrnors and leukemia~ 

(179,182,224 for example). The exammation of cllmuiative data in cancer patients, 

careful inve~tJgation of NK function, and analysi~ of hoth tumor-infiltrating 

lymphocytes and Iymphocyte~ from tumor-draining Iymph nodes does not yield a 

con~btent picture, and doe" not allow conclusions to be made ahout the in vivo role 

of NK cells in humans. 

The Chcdiak-Higachi ~yndrome in humans represents a condition similar to the 

beige mutation in mice. There is a drastic reduction in NK activity in these patients 

(61,99), and a concomitant increase in the incidence of neopla~ia, again primarily of 
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lymphoid origin (37). Patients with severe combined immune deficiency present a 

similar picture (130,146). These ca~es providc a somewhat c1earer correlation 

between NK activlty and the incidence of tu mors. 

Another role that NK cell~ may play in the control of neoplasia is 10 serve a~ 

precursors of Iymphokine-activated killer cells (LAK). Lymphokine activated killcr 

cells app<,ar to be distinct from resting NK cell~ in that they arc an interIeukin-2 

expanded population of cytotoxic lymphocytes with a broadcr Iytic capability and a 

more heterogeneom phenotype (116,138 and fefs. within). There ha~ been some 

controver~y concerning the nature of the precur~or cell for LAK actlvlty, based 

mostly on interpretation of cell ~urf<tce markers. However, it ha~ become 

increasingly c1ear that NK cells can function as LAK plecur~or~, although pcrhap~ 

not exclusively. The cumulative data from mou~c, rat and human ~tudic" indicate 

that LAK cells derived from the blood and bone marrow of the~e ~pecie!'l display 

morphologie and phenotypic characterbtic~ of NK cclb (74,116,139,198,211). In the 

human, this includes LGL morphology, and a CD3 jNKH 1 +/CD 16 phenotype 

(116,139,147). Rat lymphocyte population~ depleted of NK ce!l:.. ~erve a~ v'.:ry poor 

sources of LAK activity, whereas purified LGL yield high levels of LAK activity 

(198). 

Interleukin-2 IS pote nt In its ability to ,.ugment the cytotoxic ability of the 

precursor population of lymphocytes and to support the prolifer<Jtion of these 

activated effector cells. These LAK cells are important because they are able to kIll 

freshly isolated autologous and allogeneic tumor cell~, a~ weil a!'l tumor ccII line ... 

(53,117,138). Thh characteristic suggests that these celb may be more important 

physiologically than 'resting' NK in the control of tumar growth. The availability of 
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recombinant IL-2 has made it possible to produce enough LAK ceUs to attempt 

adoptive tran~fer experiments. This procedure has advanced to the stage where IL-2 

and LAK have been used in the therapeutic treatment of cancer in humans (169), 

with ~ome SllCce~~ in patients with melanoma, renal cell carcinoma, and certain other 

tumor typç~ (reviewed in 138). Concerns about limiting the side effects and 

increasing the efficacy of the treatment regimen have led to the proposaI that only 

purified NK ce1ls be used in the production of the LAK effector population (116). 

In !.ummary, there is increasing evidence that NK cells may play a major part in 

the natural resistance ta neoplasia, both in their role as Iytic effectar cells and as 

precursor~ for LAK. 

Natural killer cells appear to interact with a variety of normal cells in mause 

(159) and human bone marrow (65) and in the thymus (66). These cells are 

immature undifferentiated .',~lls, and their ability ta serve as targets has led ta the 

hypothesis that natural killer cells have a regulatory role in normal hematopaiesis. 

This hypothesis was ~upported by the work of Cudkowicz and others, who described 

a radiation resbtant lymphocyte in mice capable of inhibiting the graft of parental 

hone marrow into an FI progeny recipient (33, and ref~ within), SlIbsequently, it 

was shawn that NK cells were the effector~ responsible for this in vivo phenomenon 

(95). Later cxpcriments by Warner and Dcnnert confirmee! this observation, showing 

that reconstitution of mice with NK clones could prevcnt the take of a parental 

marrow graft in FI recipients (201). Furthf>r evidence of the capacity cf NK cells 

to actively kill bane marrow cells came from stlldies measllnng the clearance of 

intravenously injected, 12fUdR-labelled bone marrow cells (159). As in the 

experimènts mea!.uring tumor take ane! metastasis, the rejection of parental marrow 
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grafts and the clearance of radio-labelled bone marrow cells correlated with the NK 

activity in the murine strains that were used. A parallel line of cvidence exists in 

humans undergoing bone marrow transplantation. The likelihood of dcveloping 

acute graft-versus-host disease is associated with a high level of NK activity prior 10 

the transplant (114), and to the subsequent early reappearancc of NK activity (41). 

NK activity often 15 enhanced in patients exhibiting conditions of Jcpre~~cd murrow 

fum:tion, most notably apla~tic anernia (10) and in patients with NK Iymphocytmi~ 

there often is an associated led cell aplasia (109) or neutropenia (143). Howcver, 

atternpting to draw conclusions about human NK function from this kind of 

correlation is necessarily simplifying a complex, mllltifactorial clinical picture. 

In vitro experiments have not yet clarified the role of NK cell~ in the rcgulation 

of hematopoiesis. In sorne studies, purified LGL have enhanced the formation of 

erythroid burst forming units (BFU-E) from hllman peripheral blood and bonc 

marrow (94), while in other ~tudies inhibition of erythroid and myeloid colony 

formation has been reported (12,38,79). For example, the monoclonal antibody 

(9.1C3) is capable of blocking NK rnediated cytolysi<.; (87). A markcd enhanccment 

of BFU-E is observed when this antibody is added to cultures ot unfractionated bone 

rnarrow cells (87). This re~lIlt sugge~ts an inhibitorj role for NK. However, purified 

LGL and expanded LGL clones have been shown to produce colony ~timulating 

factors (34,177). The apparent differential cffecb of NK on hematopoiesb rnay he 

a reflexion of the ability of NK cells to influence their microcnvironment both hy 

secreting soluble factors and through dIrect cell-ccll contact. Thus, both 1I1hibitory 

and stimulatory signais rnay be generated by the same ccII population. AI..,o, rcccnt 

work has suggested that modulation of myelopoie~i~ by human LGL may dcpend on 
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the maturation stage of the progenitor (121). 

The dual role of NK cells in the modulation of hematopoiesis, and as effectors 

limiting the development of tumors may be especially important in an organ like the 

bone marrow where both differentiation and proliferation occur. Aberrant 

hematopoietic eclls that escape the control of regulatory systems (including 

modulation by NK ccli products) and threaten homeostasis subsequently may be 

recognized a!! aberrant and be killed by NK effectors. It follows that one of the ways 

leukemia may develop is for these early aberrant cells to escape modulation and/or 

deteetion by NK eells, possibly through changes in their ccli surface. In addition to 

their role in the control of tumor grov.-th, as precursors for LAK, and in the 

regulation of hematopoiesis, NK cells have acquired many other functions. A 

summary of the proposed functions for NK cells in vivo is shown in Table l, based 

on data derived from experiments in both human and animal systems. 
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Table 1. Functions of Natural Killer CeUs 

(adapted from 156) 

1. Control of tumor cell growth 
- inhibit the development of primary tumors 
- control the development of metastases 

2. Precursors of Iymphokine-activated killer cells (LAK) 

3. Control of hematopoietic stem cell growth and differentiation in: 
- bone marrow 
- thymus 
- spleen 

4. Immunoregulatory properties: 
- production of cytokines 
- regulation of the antibody response 
- regulation of cell-mediated immunity 
- natural suppressor cells 

5. Involvement in allograft rejection: 
- bone marrow transplantation 
- hybrid resistance 
- organ transplantation 

6. lnvolvernent in disease states 
- developrnent of graft-versus-host disease (GVH) 
- contribu tian ta sorne forrns of aplastic anemia 
- potentiate autoirnrnune and neurological disease 
- contribute to the developrnent of sorne forms of diabetes 
- involvernent in various gastrointestinal disorders 

7. Control of rnicrobial infection~ 
- viral infections 
- intracellular and extracellular parasites 
- fungi 
- bacteria 
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MECHANISMS OF CYTOTOXICITY 

The nature of the interaction between natural killer cells and susceptible targets 

is a central issue in the definition of the NK cell, the characterization of its cytotoxic 

function, and the specificity of this function. Despite intense research effort, little 

is known about the nature of the molecules involved in the effector-target interaction 

cascade. However, a model that divides the effector-target interaction into several 

intrinsic phases has been proposed based on accumulated information. This model 

is represented in Figure 2. 

The sequence of events dcpicted in Figure 2 is essentially an elaboration of the 

stimulus-secretion model, whereby initial recognition of the target is followed by 

directed emiocytosis of cytoplasrnic granule contents (26,163,165). The cytolytic 

nature of the granule contents further characterizes a primary function of the 

natural killer cell (215). 

The initial step in the sequence of events is the recognition of, and subsequent 

binding to the target cell. This is followed by activation of the lytic process: an 

increase in intracellular free calcium concentration (43), possible involvement of the 

phosphatidylinositol response (205), reorientation of the microtubular organizing 
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Figure 2. Dirccted-cxocytosis model of NK-mediatcd cytolysis. 

3. RELEASE OF GRANULE CON7--
ACTIVATION OF 

BINDING OF GRANULE 
CONTENTS 

6. RECYCLING OF 
EFFECTOR CELLS 

5. TARGET CELL DEATH (OSMOTIC) 
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complcx (101), rcarrangemcnt of the granules (210), and polarization of the Golgi 

apparatus toward" the target cell (29,101). The cytoplasmic granules fuse with the 

ccli ~urfacc membrane of the natural killer cclI at the point of communication with 

the t<Jrgct ccII, rcka~ing their content~ into the intercellular space (210). There abo 

muy be active ~ecrction of cytolytic molecules independent of those packaged in 

grunllle~. The Iytie Illolecules secreted and released from the granules then interact 

with the target cclI membrane, perhaps through both non~pecific and 

receptor-mediated mechanisms. Sorne target cell-dependent activation of Iytic 

molecules also may take place. Disruption of the target cell membrane leads to cell 

death (215). Once the natural killer cell has released its granule content~, it has the 

potential to recycle and begin the c.ytolytic proces~ anew. 

It b pre~uI1led that the initial recognition ~tep is central ta the expression of 

speeificity by the natural killer cclI; without effector ccII recognition of a target cell 

there eannot be ~llh~equcnt cytolysis. While this point is justified, and while 

recognition may ~crve as a prime regulation point, ~pecificity may be expressed at a 

numbcr of step~ in the cytolytic sequence. The natural killer ccli may recognize 

specifie molecule~ on the cell surface of susceptible target cells. In turn, specifie 

molecule~ on the target cell membrane may be required to activate the natural killer 

cell, whieh can then proceed with the cytolytic process. Once the Iytic molecules 

have been released, t hey may have 10 bind to specifie molecules on the target ccII 

membrane, and they may have to be altered or activated before they can inflict 

damage to the target ccII membrane. Ont: consequence of this complicated picture 

is that natmal killcr cclI specificity may be a reflection of the sum of these individual 

specificities and muy involve a number of molecules on the cell surface of both 
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effector and target ce Ils. Studies of the rnolecules involved in the process of targel 

cell recognition must acknowledge this apparent complexity and ~hould not focus 

simply on one species of molecule in isolation of the others. 

Recognition of target cells 

The effector-target binding step is the fir~t 111 the sequence of event~ that 

ultirnately may le ad to the death of the target celI. It is the most obvious step whcrc 

expression of specificity can be displayed, and where modulation may lead to tumor 

target escape frorn recognition. A central bsue in the ~tudy of natural killer ccli 

function is the nature of the recognition !'Itructures pre~ent on ~usceptible target 

cells. This issue rernains unresolved and has hindered progress in the undcr~tanding 

of aIl aspects of NK physiology. 

A nurnber of different approaches have been used in attempts to tlefine 

NK-target interactions, and sorne general characteristics of target cell recognition 

have been described. 

A wide variety of normal (65,135,159), virally infected (18,124), and ~yngeneic, 

allogeneic, and xenogeneic turnor cells (reviewed in 137) are lysed by natural killer 

cells. However, there is sorne specificity in target cell su~ceptibility 10 NK celb; 

many celllines and cell types are clearly resistant to NK-mediated Iy~i~. In gencral, 

undifferentiated cells are more susceptible to NK-mediated ly..,i~ than are mature 

celIs, aIthough there are many exceptions (72,73,137 for review). Furthermore, there 

appears to be sorne heterogeneity in the specificity of target cell recognition by NK 
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cells. This obse:vation is supported by three types of evidence. First, cold-target 

inhibition a:-,says indicate which target structures are shared among differt.nt target 

cells. In the~~ assay~, a variation of the Str-release cytotoxicity assay, varying 

number~ of unlabeled NK-sensitive target cells are added to a mixture of effector 

cells and labeled target cells. Information about the identity and relative density of 

recognition ~tructures between two target cells can be inferred from their 

competition patterns. Re~ults from thb type of experiment indicate that there may 

be a number of different target stuctures recognized by subsets of NK cells (181). 

Second, cellular immunoadsorption studies use monolayers ofNK-sensitive target cell 

lines to deplete target-specifie NK cells from the lymphocyte population (84,148). 

Analysis with a number of different target cell lines have confirmed the result~ with 

the cold-target competition assay, and have indicated that at least seven different NK 

~pecificities might exist (148). Third, interleukin-2 dependent NK clones have been 

used in an attempt to definitively describe the heterogeneity of NK target 

recognition. Natural killer cell clones typically are NK celb of a predetermined 

phenotype that have been c10nally expanded and maintained in Jong-term continuous 

culture in the presence of a supporting concentration of interleukin-2 (6,137,161). 

NK clones differ from c1as~ic activated NK cells in that activated NK are merely 

re~ting NK cells whose activity has been activated or boosted by short-term exposure 

to an effective activating substance (IFN or IL-2, for example). Sorne of the NK 

clones do display ~elective reactivity against sorne NK-sensitive targets, and sorne 

clones are able to ly~e target lines that are resistant to fresh NK cells, suggesting that 

sensitivity to NK eeUs is a only a matter of degree (6,78,137,161). These data appear 

to support the heterogeneity of both NK cell specificity and NK target structures, 
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and most studies assume that NK-clone specificity accurately represent~ NK 

specificity. However, NK clones are IL-2 dependent, and therefore may he defincd 

as a form of activated NK. There is little evidence to support the helief that re~ting 

and activated NK share the same target cell specificities. Many NK clones cxhibit 

a broad reactivity, not unlike activated NK. Also, many NK clones di~play un"tah1c 

reactivity, many are not cytotoxic against any of the target cells te~ted, and many 

exhibit a cell surface phenotype uncharacteristic of resting LGL. De~pitc the 

technical advantages of usillg NK clones, the se observations cali into question their 

suitability as being representative of resting NK cells, and perhaps al~() of IFN and 

IL-2 augmented NK. 

Several approaches have been used in attempts to further define the molecular 

nature of NK target structures. These inc1ude modification of the target cell ~urface 

with various enzymes, chemicals and biological agents, chemical induction of targe! 

cell differentiation, stlldies correlating the expres~i()n of certain target cel! surface 

molecules with NK susceptibility, and attempt~ at blocking effector-target binding 

with simple sugars, glycosides, and target cell membrane component~. Evidence 

linking the recognition of NK-susceptible target cells with any specifie ccII surface 

determinants has been indirect and necessarily inconclusive. Treatment of target 

cells with proteases decreases their susceptibility to NK eells, sllgge:-.ting that the 

target structures are membrane proteins (165,166). Investigation of the glycosylation 

requirements of NK target structures has not proven a role for N-linked 

oligosaccharide components in NK target recognition. Simple ~ugaI s, pho"iphorylated 

sugars, and glycosides have been added to aS!o,ays of NK function in attempt~ to 

define a raIe for specifie earbohydrates (2,4,118). The conccntration~ of 
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earhohydrates required to detect inhibition are quite high, and most inhibitory effects 

are seen at post-binding stages in the lytic process (77,197). Treatment of NK­

sensitive K562 target cells with :>-J' _Jdn is followed by an inerease in their sialic 

aeid content and a parallel deerease in NK sensitivity (14). An inverse relationship 

between neuraminidase releaseable sialic acid and NK sensitivity also has been 

reported in the mouse (212). This type of ~tudy suggc~ts that sialie acid residues are 

involved in determining sensitivity to NK cells. However, as with other carbohdrates, 

sialie acid and sialo-oligosaccharides were shown to inhibit most effectively at a 

post-binding stage (195). 

The use of cell !ine mutants with induced defects in glycosylation, and studies 

using inhibitors of oligosaccharide processing have led to conclusions that NK cells 

recognize target cells depending on the type of oligosacchari' 'es presented at the cell 

surface. A wheat gClm agglutinin (WGA) re~btant variant of the 

metastatic/NK-resistant murine Iymphoma cell line MOA y -D2 becomes NK 

sensitive (129) and abo les~ metastatic (35). Thb shift in phenotype correiated with 

the appearance of premature truncation products of more complex oligosaccharides 

(36). These incomplete oligosaccharide complexes were found to he a mixture of 

hi- and triantennary, Concanvalin A (Con A) hinding structures, terminating in 

N-acetylglucosamine residues. One conclusion from these studies was that N-linked 

oligosaccharides, including high mannose and sorne incomplete eomplex structures, 

may be recognized hy NK cells as part of glycoprotein target structure. Similar 

results have been reported by Ahrens and Ankel (3,4) using a series of lectin 

resistant mutants of Chinese hamster ovary celI !ines. Sensitivity to untreated or 

lymphokine-hoosted NK cells and the ability of specifie oligosaecharides ta black NK 
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lysis were both linked with high-mannose type structures. Similarly, PO!-lpisil .üJ!l 

(153) have defined triantennary oligosacharrides in sorne conformations which hlock 

rig NK activity against K562 target celIs. J-[owever, it may not appropriate to equate 

changes in NK-sensitivity with altered NK-Iecognition, ba!-lcd solcly on data from the 

chromiurn-release assay. 

A number of NK-!iusceptible target cell lines can he induced into limited 

differentiation by various chemical agents: hemin (40,203), bleomycin (59), !-Iodium 

butyrate (40,203), cytosine arabinoside (59), and phorbol esters (203). Although the 

extent of differentiation often was correlated with a decrease in NK-sensitivity, 

supporting the view that NK activity is predominantly directed against immature 

cells, differences in growth rate upon differentiation may have influenced the 

changes in ~usceptibility (59). 

Several molecules have been proposed to be involved in NK-target recognition, 

based either on experiments correlating œil surface expres~ion of a ~pecific moleculc 

with NK susceptibtlity, or on inhibition of target ccli recognition WIth ~pecific 

antibodies and specifie molecules. Examples include ~tage-spccific embryonic 

antigen one (SSEA-l) (68,223), class 1 histocompatability antigens (~8,149), 

ganglioside G Mi.,?), anJ transferrin receptor (TfR) (11,196). The work invc!-.tigating 

TfR involvement in NK-target recognition is in many way~ repre~entative of thi~ 

approach. Initial studies showed a correlation between cel! ~urface expres~i()n of 

TtR and both NK susceplibility and the ability to compete again~t K562 target ccl!~ 

(K562 cells express high numbers of TfR during exponential growth) in cold cel! 

competition assays (196). It was also apparent that TfR fragments and tran~ferrin 

(Tf) saturated with iron could inhibit NK-target interactions (11). Alarcoll et al (5) 
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have rea~oned that if TfR was an NK target structure it could interact not only with 

transferrin as the natural ligand, but with an NK cell receptor sharing similar tertiary 

structure to tran~ferrin. Their experiments indicate that 1) LGL treated with an 

anti-human-Tf antihody lo~e much of their Iytic activity again~t K562, 2) 80% of 

LGL immunosclcctcd on anti-human-Tf coated plates reacted posItively with Leu-ll 

antihodie~, and 3) the ability of LGL membrane extracts to block NK activity against 

K562 could be removed by pretreatmcnt of the extracts with anti-human-Tf 

antibody. Although together the~e data imply a po~~ible target structure function 

for TfR, thb is~ue is not without controversy. Were TfR an effective target 

~tructure, modulation of TfR expression on NK-susceptiblc cells ~hoùld affect their 

sensitivity. Dokhelar ~al (39) mea~ured NK sen~itivity of K562 cells during 

exponential growth pha~e whcre TfR arc expressed in high nurnbers, plateau growth 

phase or 'lemin-induced differentiation where TfR are ~ignificantly recluced, and 

after trcalment wlth cycloheximide or actinomycin 0 which abollshes TfR 

expression. Significallt changes in NK-sensitivity were not ob~erved. Blocking the 

TfR active ~ite with the monoclonal antibody 42.6 or with tran~ferrin did not affect 

NK activity again~t K562 (39). Similar result~ were obtained by Bridges et al (24). 

They induced a twofold incrca~e in K5t)2 TfR by treating the cell culture for 24 

hours with the iron chelator dc~fernoxamine, and a twofold reduction of TfR by 

24-hour trcatment with hemin. Again, changes in NK sensitivity were not observed. 

Furthèfmore, ~everal typc~ of target celIs ~elected for ~imilarity of TfR expression 

cxhibited a wide range of sensittvities ta NK eells and varied in their ability to 

compete in cold-target inhibition a~..,ays (24). Zanyk et al (222) used phorbol esters 
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expression alone does not determine NK sensitivity. Three monoclonal antibodics 

specifie for the hllman TfR have been used !:>~ Lopez-Guerrero n.ill (115) to define 

funetional epitopes on the TfR molecule. Antihody FG 2/12 blocked transfcrrin 

binding to the cellular receptor, whereas FG 1/5 and FG 1/6 did not. FG 2/12 

inhibited NK activity (cytoly~is and conjugate formation) of CD3- LGL again~t HeLa 

and Molt 4 target relis, but not again~t either K562 or U937, wherea~ rG 1/5 wa~ 

effective only agaIn~t HeLa targets, and FG 1/6 wa~ incffectivc against ail targct~ 

tested. The authors concluded that NK celb recognize an epitope different but clo~c 

to the transferrin binding site, and that although TfR b a target structure for NK 

celIs, it may function only for some target cell~. This la<;t point would help explain 

the contradictory reports on the correlation betv/een cell surface TfR expre~~ion and 

sensitivity to NK-mediated cytoly~is. 

The notion that inappropriate expression of a receptor linked to proliferation 

could le ad to the recognition and killing of a cell is appetl 1ing, although recognition 

may not neces'iarily lead to target cell Iy~i'i. Natural killer celb may only partially 

recognize ceUs with increased expression of certain types of TfR, but may r~qulre 

an additional structure in order to complete recognition of a ll1appropriate ccli and 

proceed with the cytolytic cascade. This propo~itioll is supported in part by the 

demonstratcd heterogeneity of TfR (115,191) and by experiment .... w.ing mou~e 

L-cells trall<.,fected with human TfR cDNA (131). The~e human-TfR-po<.,itivc 

transformants are not ~usceptlhle to lysis hy NK celh, hut are effective compctjtor~ 

The relationship between the ccli surface expre~~ion of major hbtucompatihllity 

complex (MHC) molecules and su~ceptihility to NK is unu .... ual in that it i.., the lack 

of expression of these molecules on target ceIls that has been correlatcd with NK 
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sen~itivity (88,149). Consequently, it has been postulateù that NK celIs may function 

a~ a defense ~y~tem against tumor cell variants lacking cell-surface MHC molecules 

uu;). This defen~e system would thereby complement CTL-mediated immunity, 

which mu~t recognize MHC moleculcs to kill a target cell. Evidence supporting this 

hypothesi~ cornes from experiments in both mouse and human systems. Piontek et 

al (149) selected H-2 deficient variants of the murine Iymphoma Y AC-l and showed 

that the~e ~ublines became highly NK-~ensitive. These, and other H2 10ss variants 

exhibit a le~s malignant phenotype when injected into syngeneic host animaIs (90). 

Further characterization of these variants ha~ indicated that despite three distinct 

defects in H-2 expression ail result in the NK-sensitive/less malignant phenotype 

(112). Similar variants have been derived from human T and B-lymphobla~toid cell 

lines, the lo~s of Clas~ 1 but not Cla".s II HLA expres~ion correlating with increased 

NK-sersitivity and conjug~te formation (67,180). The human cellline Daudi is HLA­

and has been transfected with c10ned human betaTl11icroglobulin DNA that allows 

these cells to expre~~ Class l molecule~ on the cell ~urface (155)- The Daudi HLA 

Clas~ 1 + tran~fectants showed a modest but increaseù resistance to NK and 

LAK-mediated lysis. However, transfection of HLA K562 cells with human HLA 

Class 1 DNA has produced contradictory results. K562 transfectanb with varying cell 

surface Cla~~ i expre~~ion did not ~how any change~ in NK-sensitivity or 

competitiveness in cold target inhibition studie~ (106). Although the data supporting 

loss of histocompatibility antigens as a determinant of target susceptibility in mouse 

i~ compelling, a different mechanism may be predominant in humans. Regardless, 

it has been suggested that H-2/HLA expression may only be influential at 

po~t-binding stage~ in the Iytic cascade (111,113). 
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A more direct approach to the identification of possible NK target structure!! ha~ 

been isolation of membrane components from NK-susceptible target cells anu the 

study of their effects on the binding of NK cells to target ccl1~. Roder, .tLal 

(162,167) reported in 1979 that high molecular weight (130-240 kDa), Concanahtlin 

A-binding glycoproteins eluted from SDS-PAGE geb cOllld inhibit NK-target 

conjugate formation. Further characterization of these inhibitory molccules has not 

been reported. Obexer, et al (133) and Henkart, et al (69) have rcported ~imilar 

findings using purified LGL in the inhibition assays and improved technique ... of 

membrane protein isolation and fractionation. Once again, the inhibitory molecule~ 

were glycoproteins capable of binding to Concanavalin A and covered a wide 

molecular weight range; 10 kDa and 80-200 kDa from Obexer, 30-165 kDa from 

Henkart. It is interesting that Henkart could achieve significant inhibition of 

LGL-target formation only if the isolated membrane glycoproteins were recomtitutcd 

into micelles of endogenous membrane lipids. This suggests the involvement of a 

number of membrane components in NK-target recognition. Again, there ha~ not 

been any further characterization of these molecllle~ since they were initially 

reported. 

Despite considerable research effort, the molecules involved in target ccii 

recognition remain llnknown. The study of target structures and the ability to gain 

useful information has been hampered by the lack of a definitive and objective a~ ... ay 

ta measure recognition, by a reluctance 10 accept that the recogmtion event might 

involve a complex of moleclIles on the cell surface and not just a .;;ingle larget 

molecule, and by the inveterate belief that any specifie receptor or target !'Itrllclllre 

of consequence must be glycoprotein. 
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Activation or triggering of cytolysis 

Once a natural killer cell has recognized and bound to its target, it must in tum 

be triggered to lyse that target. The reorientation of t.he microtubules, Golgi 

apparatus and cytoplasmic granules is a part of this process, and only oecurs in NK 

cells that interact with susceptible target~ (29,101). Modlilation of the NK target 

K562 with IFN renders it less sensitive ta NK-mediated lysis, and also defective in 

its ability to induce both reorientation of the Golgi and increases in intracellular 

calcium in NK cell~ (54). These uItrastructural changes seem to be required before 

Iysis can occur. Increases in întracellular free calcium (43), and an increase in the 

metabolism of several cyclic nucleotides and the phosphotidylino~itols (PI) (178,205) 

have been ohserved following effector-target interaction and may play a role in 

linking recognition to cytolysis. This idea is supported by the observations that 

natural killer cytotoxic factor (NKCF) (51), and perhaps perforin (216) can be 

released from NK cells by stimulation with the phorbol ester TP A and calcium 

ionophore, a combination that mimics the physiologie consequences of increased PI 

turnover. 

The requirement of a triggering step in the cytotoxic mechanism also has been 

suggested by !'tudies using various inhibitors. For example, inhib;tors of 

serine-dependent proteases and/or sulphydryl-dependent enzymes inhibit the release 

of NKCF, but not effector-target binding, or target cell susceptibility to NKCF (20). 

This suggests that triggering of NKCF may be mediated by a proteolytic event. 
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Antibodies against the human equivalent of murine 200/Ly-5 (94,132), and inhihitors 

of arachidonic acid lipoxygenation (22) block NK-mcdiated K562 ly~b at the 

post-binding effector cell level, indicating a role for the ... e molecules In the 

intermediate steps of the lytic sequence. In a ~crie~ of expcnment~ u~ing a calcium 

pulse technique in combination with li dextran ~uspen~ion a~~ay and 5ICr-rclca~e, 

Hiserodt, Targan and colleagues used a serie~ of inhibitors to furthcr di~scct the 

stages in the mechanism of cytotoxicity, and thcir cation reqlllrcmcnts (HO,HI). 

H0wever, the concentrations of sorne of the inhihitors (verapamil, DMSO, EGTA) 

far exceed those required to ensure specificity and minimize effecb on memhrane 

integrity, intracellular pH, and intracellular calcium metabolism. The~e limitati()n~ 

cali into question the conclusions made from thesc type~ of experiments. 

Lytic molecules and their interaction with target membranes 

The stimulus-secretion model of NK-target interaction implies that informatioJl 

about the nature of the cytolytic effector molecllies may he found by examining the 

granule contents of the natural killer cell. Support for thi~ hypothc~is come~ from 

studies that point to degranlliation as a necessary prercqui~ite tor target ccli Iy~i~. 

Natural killer cell activity in humans and mice can be inhibitcd by trcatment of NK 

cells with monensin (28,29), which blocks the intracellular trampr)ft of Ilcwly 

synthesized molecules from the Golgi, with dcgranulation inducing agent-. (127,12H), 

or with lysosomotropic agents (175). UItrastructure 'itudic~ abo have indicated that 

degranulation is a consistent featme in the cytotoxic mechanbm of NK ccll~ 
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(reviewed in 29). The isolation of cytoplasmic granules from LGL and the 

demonstratiol1 of their patent ability to lyse cells have established granule-release 

a~ the likely mechanism for delivering cytotoxic molecules (215). 

The cytopla~mic granules of natural killer cells have been shown to contain three 

serine c~tera~es (human granzymes 1,2 and 3) (64), a T- and natural killer 

cell-specific tryp~i n-like serine protease (45,48), perhaps another unique serine 

csterase (BLT-E) (126), protease-resistant proteoglycans of the chondroitin A type 

(119), and cytolytic pore-forming protein or perforin (215), aIl of which may take 

part in the killing of a target cell. As well, a range of other molecules has been 

described whose functions in the kiIling process are not clear. These include 

beta-glucuronidase (55), arylsulfatases (2'76), lipo-oxygena~es (82), and a urokinase 

type plasminogen activator (27). There is no evidence that aH of these molecules 

reside in the same type of granule, and are not functionally segregated within the 

cel 1. 

Perforin. Perforin has been isolated and purified from the granules of rat, 

mouse and human I1-2-dependent NK and CfL derived cell-lines (70,110,220,215), 

its cDNA sequence and deduced amino-acid sequence have been described (108), 

and its function has been weIl characterized. Perforin is a single protein species with 

a moleclllar mas~ of 70 kDa under reducing conditions (215). The perforin 

monomers, once released from the effector cell, binù to and insert into the lipid 

bilayer of the target cell where they polymerize inta macromaleclllar tublllar 

complexe~ or pores (215,217). Only perforin monomers can insert into a membrane, 

and polymerization mu~t take place entirely within the membrane for them ta be 

lytically active. As well, toe polymerization of perforin monomers is strictly 
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caIcium-dependent (215). These characteristics in~ure that perforin m()nOl11er~ 

escaping into the surrounding extracellular fluid polymerize quickly and therefore are 

rendered incapable of inserting into, and damaging the memhrane~ of non-target 

cells. 

The pores formed by the progressive aggregation of perforin monomers are 

functional, displaying a large unitary conductance and a high voltage-re~i~tance 

(215,219). Target cells appear to depolarize rapidly, undergo an influx of water, and 

I~akage of electrolytes and sorne macromolecules (215,218). The cells swell and 

ultimately burst. 

Perforin does not appear to display any intrinsic ~pecificity for type of target 

membrane. Although an intact effector cell containing perforin-rich granule~ 

displays target cclI specificity, the isolated granules or the purified perforin are ahle 

to kill a wide range of œIl types, and exhibit activity against Iiposome~ and 

reconstituted planar lipid bilayers that would not be ~ensitive to the intact NK cells 

(110,215,218,219). 

Considerable evidence has accumulated relating perforin to complement 

proteins, particularly those of the memhrane attack complex (MAC). The MAC I~, 

the name given to the C5b-C9 group of complement protem~ that i~ re~pon~ihlc for 

membrane disruption and transmemhrane tubule formation. Perforin and the 

complement protein C9 share rnany characteristic~ incIlldll1g molcclilar ma~." unit 

conductance and electrical characteristics of the pores formed, fllnctional ~ize, and 

immunologie cross-reactivity (214). Anti-C9 antisera have been ll~cd in the affinity 

purification of perforin from human lymphocytes, and have been ~hown to block 

killing of K562 target cells by human LGL (220). Ultimately, dc~cription of the 

40 



cD NA sequence of human perforin has revealed 17-20% homology with the human 

complement proteins (C7,C8,C9) that form the transmembrane channel of the MAC 

(108). Thi!. relationship between perforin and complement proteins has raised the 

i~sue of homologous restriction. Natural killer cells and Cf L, as weIl as other 

nucleated cel)s, are re!-'lstant to Iy~is by homologous but not heterologous 

complement (85). It appears that the activity of perforin also may be restricted in 

thi!. manner, thereby proteeting funetional effector eeUs from self-inflicted damage. 

A soluble [orm of homo)ogolls restriction factor has been isolated from the 

cytoplasmie granules of cultured human LGL (221). However, it also has been 

shown that NK and CfL are resistant to lysis by both homologolls and heterologous 

perforin (85). This suggests that the proteetive mechanism associated with 

complement and with perforin dre different. Regardiess of this controversy over the 

nature of the protcctive effect, it is c1ear that the cytotoxic eells that use perforin as 

an effector molecule are protected from lysis, and are able to recycle. 

\!lo!.t of the biochemical and functional studies have u~ed IL-2 dependent 

NK-derived ccli li ne!. or clones as a sourre of isolated cytotoxic granules and purified 

pcrforin. These eytotoxic cells are by definition activated, and may not represent 

primary or resting NK cell!.. This view is sllpported by stlldies that failed to deteet 

the eomplement-like perforin pore struct~res on lysed targets or the presence of 

cytolytic granllle~ and perforin i n fre~hly harve~ted, unactivated cytotoxic cells 

(15,218). Moreover, the process of IL-2 activation and cellline production has been 

shown 10 lead to the acquisition of cytoplasmk granllle~, and the development of 

perforin !.taining and activity (64, for example). It appears that the expression of 

perforin ean he induced by IL-2, and therefore may be predominantly a characteristic 
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of activated cytotoxic cells. 

Further evidence dispu ting a predominant role for granule pcrfol i Il i Il 

lyrnphocyte-rnediated killing cornes from stuùie~ using cytotoxic T-lyJl1phol'ytc~ (CTI.) 

as effectors. Although initially calcium was ~aiG 10 he nccc~sary f(\1 the CIl, \ethal 

hit (120)~ and aIthough perforin-rnediated target membrane damage i ... l'ntirely 

calcium dependent (215), a reexarnination of this relationship ha~ ~lIgge~tcd that 

calcium dependence may be dictated by target cell type (141,18H) and abo hy the 

differe!lt CTL populations used (83). For example, O~tergaard and Clarh. have 

shown that the antigen-specific CTL clone KB 1.24 can ly~e EL-4 target ... in the 

absence of extracellulal calcium, whcreas B-6 hlast~ require thc prc~ellce (lI calciulll 

in order to he lysed (141). In general, antigen-~timulated, Il-:!-ucpcndcnt CTL and 

primary CTL arc ahle to kil! sorne targets in the ah~ence of calcium; CIOllCd CTI, 

lines that hehave like LAK cell~ can kIlI ail targets in the ab~cnœ of calciulll, 

murine LAK appear ta require calcium for ail target kllling (30). Other ~tlldic~ have 

shown that CTL clone~ are able to lyse target celb in the complete ah"l'Ilcc of 

extracellular calcium, and under conditions where intraccllular calcium <..,lorc ... have 

been depleted (141). The secretion of cytopla~mic granlllc~ i~ cntircly 

calcium-dependent, and therefore should not be possible undcr thc~c condition .... 

Simibr studie~ have not been pcrformcd with natural killcr ccII... 1 Jowcvcr, 

antibodies raised again~t human perforin apparcntly arc able to block botll ADCe 

(200) and ~pontaneOlls cytolytic activity of human LGL (220). /\l1ubodIC" rai"cd 

against the cytopla~mic gral1ule~ of rat LGL tumor ccII ... a!"o block NK and AI)( '(' 

activity, but are not effective again~t CTL activity (157). 

Despite convincing evidence !lupporting perforin a~ the Iytic mediator in cytotoxic 
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cell !ines (CfL and NK-derived), the role of perforin in vivo remains unclear. It is 

becoming more apparent that cytotoxic lymphocytes may possess more than one type 

of Iytic mechanbm. 

NKCF. NK cells release natural killer cytotoxic factor (NKCF) after they have 

been incubated with susceptible target ceUs (206). The active component is a 

protein of apparent moleclllar weight of 15-40 kDa (17,20,171), and appears to 

require both disulphide bonds and its oligosacçharide chain for lytic activity (20). 

NKCF may consist of more than one species of cytotoxic molecllie (20,171). lt has 

not yet been determined whether NKCF is present in the granules of unactivated NK 

cells or if emiocytosis is the meehanism of its release from NK eeIls. Treatment with 

monensin or Sr2+has been shown to interfere with the secretory process of cells, Sr 2+ 

by causing a degranulation of the cell (128), and monensin by interrupting toe 

transport of newly synthesized membrane proteins and ~ecretory molecules from the 

Golgi apparatus to the cell membrane (52). Both of these agent~ also inhibit NK 

activity (29,127), and both have been shown to inhibit NKCF production (19). 

However, granules from NK-derived celî lines have not been shown to contain 

NKCF, aItholigh the pre~enee of significant amounts of perforin in the5e granules 

may mask the activity of NKCF. The small percentage of LGL in peripheral blood 

has not permitted isolation of enollgh granules for adeqllate analysis. 

NKCF-mediated and perforin-mediated cytoxicity differ from one another in a 

nllmber of eharacteristic~. The stimulation of NKCF release seems to be rather 

non~pecifie. Sorne target cells that bind NK effector~ but are resistant to lysis have 

heen shown to ~timulate the release of NKCF (207,208,209). Although the release 

step may be nonspecific, NKCF itself demonstratps inherent specificity. Cell-free 
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supernatants containing NKCF are selectively cytolytic for NK-sensitive target celb 

(206,207). Therefore, it has been proposed that the majority of NK target ~pecificity 

(with target cell death as the end result) may be determined by target ~ensitivity 10 

NKCF, most Iikely through NKCF-specific membrane binding ~ites. III contrast. 

perforin is presumably released upon direct interaction of NK cell receptors with 

specifie structures on the target cell membrane. Once released, perforin displays 

\ittle specificity in the membranes with whic:l it interacts. 

Subsequent to its interaction with a specifie binding site. NKCF may require an 

activation step bcfore it can inflict damage to the target ceII (20). Perforin activity 

c"n be enhanced by the simultaneous secretion of a 60-kDa senne protea~e (126). 

but this does not represent an essential activation process and i~ not dependcnt on 

the serine protease activity of the molecule. 

It is not yet known how NKCF mediates Iysis of target cells. Further. insight 

into the biochemical pathways involved will require the more rigorous purification 

and characterization of the NKCF molecule~. Overall, biochemical information ha~ 

remained elusive beyond the initial description of NKCF. 

The possibility of natural kiIIer cells posse~sing two distinct cytolytic mechani~m~ 

raises the issue of their relative roles in mediating NK function. There i~ no c!car 

evidence revealing either NKCF or perforin as the predominant lytic mechanism in 

unactivated NK cells. It ha'i been ob~erved using a double conjugate modification 

of the single cell assay that a single LGL can lyse both NK and ADCC target~ 

simuItaneously (21). If NKCF is the predominant Iytic molecule. then a J11cchani~m 

for sidestepping the target specificity of NKCF mu~t rxbt in order for the ADCe 

target to be kiIIed. Thus far, this has not been addre~~ed. Perforin. once relea~ed. 
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would not have to overcome any specificity barriers. However, perforin cannat be 

immunolocalized in the granules of unaetivated NK (218). This may represent an 

inability to physieally deteet minute yet funetional quantities of perforin. 

Alternatively, the NK cell may be capable of a sufficient level of intracellular 

organelle sorting to ullow the cell to speeifically direct two distinct Iytic mechanisms. 

Evidence for the independent degranulation of two different granule fractions exists 

for CfL effector cells. Clark et al have shown that the lyticalIy active CfL ceIlline 

L3 (with demonstrable perforin-containing granules) is not able ta lyse 

CD3-derivatized red blood cells, although they have measured proteoglycan and 

serine esterase release from these CfL effectors (30). If perforin is found in the 

same granule!' as serine esterase and proteoglycam, then the CD3-RBC-induced 

degranulation of the CfL effectcm, ~hould have led to Iysis of the~e targets. This 

dis!'ociation of the Iytic and degranulation evenb in CfL !'upport~ the hypothesis that 

different populations of granules m<.ly exist within the celI and muy be under 

independent control. Precedent for this mechanism is found in celb of the anterior 

pituitary where growth hormone and prolactin are packaged in separate granules 

(46), and in primary ver!'us secondary granule release in human neutrophils (107). 

Antibodies raised again!,t perforin have been shown to block both the NK and 

ADCe activity of LGL (200,220). This type of antibody will block also the activity 

of NKCF (19.77). The reasons for this apparent cross-reactivity have not been 

dctermined. 

Serine proteases. A number of serine protcases have been isolated from the 

granules of NK-derived cells. Those with identified catalytic activity have neutral pH 

optima, suggesting that they may be most active ufter exocytosis (64). They are not 
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directly lytic to target cells, and may be involved in the activation, release or 

modulation of cytotoxic: molecules (126). Protease inhibitors do inhibit the releasc 

of NKCF, implying a role for serine proteases. 

Proteoillycans. Protease-resistant proteoglycans of the chondroitin A type have 

been shown to he present in NK cell-derived cytoplasmic granules, and are activcly 

exocytosed during contact with NK-sensitive target cells only (119,173). A number 

of functions have been proposed whereby proteoglycans may indirectly participatc 

in the cytolytic proce~s (192). Proteoglycans may facilitate transfer of cytolytic 

molecules to target cells. However, pure perforin is as effective as intact granule~, 

which suggests proteoglycans are not required. Proteoglycans may be involved in the 

packaging and condensation of eytoplasmic granules, and may proteet the effector 

cell from autolysis by inaetivating cytolytie moleeules within granules. The latter 

possibility is supportee! by observations that proteoglyeans bind and inactivate 

perforin, especially at the low pH present within cytoplasmie granule~ (193). 

In summary, researeh over the past ten years has eonfirmed a role for natural 

killer eells as effeetors and regulators in the immune system. De~pite thi~ progre~\ 

many areas of NK physiology remain speculative. It is e~~cntial that there be a 

better understanding of the molecular and bioehemical nature of natural killer œil 

specifieity before one can fully exploit them for therapeutie ends. 
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MATERIALS & METHOnS 

RESULTS 

DISCUSSION 

The three papers that follow represent the MateiÏaIs and Methods, Results and 

Discussion sections of this dissertation. These papers are reprints of articles 

puhlished in the established literature and subsequently will be referred to by the 

following lahels: 

Publication 1: Target Cell Specificity of Human Natural 
Killer (NK) cells I. Development of an 
NK-Resistant Subline of K562 

Stephen L. MacDougall, Chaim Shustik and 
Arthur K. Sullivan 

Cellular Immunology 76: 39-48 (1983). 

Publication 2: Target Cell Specificity of Human Natural 
Killer (NK) Cells II. Apparent Change with Activation 

Stephen L. MacDougall, Chaim Shustik and 
Arthur K. Sullivan 

Cellular Immunology 103: 352-364 (1986). 

Publication 3: Increased fucosylation of glycolipids in a 
human leukemia ccli line (K562-Clone 1) with 
decreased sensitivity to NK-mediated Iysis 

S. L. MacDougall, G. A. Schwarting, 
D. Parkinson and A. K. Sullivan 

Immunology 62: 75-80 (1987). 
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The initial step in the interaction of an NK effector cell with a susceptible target 

celI is the formation of effector-target c::lnjugates. This inti mite intermemhrane 

communication is thought to be specific, and to involve distinct membrane-associated 

molecules. Although a variety of experimental approaches have been used to try to 

gain insight into the nature of these molecules, they have not produced firm 

knowledge about the membrane characteristics that define ~ensitivity to 

NK-mediated cytoly~is. 

Our experimental approach to the study of NK-target interactlor.~ has heen 10 

raise NK-resbtant variants of the standard NK-susceptible target ceIl line K562, and 

ta compare these variants with the parent ceil line in order ta disctrn the 

biochemical nature of their resistance to NK-mediated ly~is. The selection 

procedure for deriving NK-resistant variants was designed with the hope of limiting 

the basis of N K-resistance to the initial recognition event~. This was attempted using 

a modification of an experimental method developed by Saksela et al (170), and 

described in the Materiab and Method~ section of Publiclltion 1. The Saksela 

method used the formation of effector-target conjugates a~ a meam of i~oiatll1g the 

lymphocytes that bound ta K562 target cells. Briefly, they mixed peripheral hlood 

lymphocytes (containing NK effector~) with K.')()2 target ccli" and allowcd 

effector-target conjugates to form. This mixture wa~ then layered onto a cu..,hion of 

17% Percoll and gently centrifuged, sedimenting the NK-K562 effcctor-targct 
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conjugates and leaving the free lymphocytes and free K562 cells at the interface. 

The NK-K562 effector-target conjugates were collected, the conjugates were 

di~rupted and the lymphocytes that had bound to K562 cells were isolated and 

suh~equently characterized. Our modification of this approach sought to remove 

NK-K562 effector-target conjugates and to isolate K562 cells thm did not form 

conjugates with Iymph()(.;ytes. We reasoned that if some K562 cells did not form 

conjugates they may represent variant cells that were not recognized by the majority 

of NK lymphocytes, and therefore they may be resistant to NK-mediated Iysis. 

There are a number of advantages to our approach. First, and most irnportantly, 

NK-resistant cell variants selected in this manner allow direct biochemical 

comparison betwecn cell lines (the K562 parent and an NK-resistant variant) that 

rnay differ only in their sensitivity to NK-rncdiated lysis. This circumvents many of 

the shortcomings of indirect comparison of unrelated cell :ines. Second, the 

NK-sensitive/re~i~tant cellline pair all0ws comparative analysis of a numoer of cell 

membrane components and their interactions. Third, the selection procedure does 

not involve treatment of the taIget cells with mutagens and can be considered an in 

vitro parallei to selection mechanisms that may operate in vivo. 

!"Iblication 1 describes the derivation of an NK-resistant subline of K562, and 

it~ initial characterization. The development of ~uch an NK-resistélnt cell line and 

its Jifferential sensitivity to resting and activated NK cel!s raises two important 

bsues. Fir~t, what is the biochemical basis for the resistance ta NK-mediated lysis, 

or conversely, what de termines the NK-sensitivity of a given target cell? Second, is 

there a change in target œil specificity as NK cells are activated, and how may this 
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change in spedficity manifest itself biochemically? Publication 2 and Publication 

3 address these issues. 

These three publications represent the deliberate development of a rcsearch 

approach ta these two central and unresolved questions in NK cell physiolo!:,'Y. 
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Publication 1: Target Cell Specificity of Human Natural 
Killer (NK) cells 1. Development of an 
NK-Resistant Subline of K562 

Stephen L. MacDougall, Chaim Shustik and 
Arthur K. Sullivan 

Cellular Immunology 76: 39-48 (1983). 

The following statement regarding experimental contribution and authorship is made 

in accordance with the "Guidelines Concerning Thesis Preparation, Section 

7: Manuscripts and Authorship", Faculty of Graduate Studies and Research: 

The ideas, experiments, and writing represented in Publication 1 were produced by 

Stephen L. MacDougall, with the supervision and input of Arthur K. Sullivan as 

thesis supervisor. Chaim Shustik worked out the conditions for protein A activation 

of effector cells (Figure 5) and performed these initial experiments. AlI subsequent 

repeats and modifications were done by Stephen MacDougall. 

Publication 1 reproduccd by pcrmi~siol1 of Academie Press, Ine. 
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( ot:\\n~rl\ 1( l''lF 1 t,\ '\llli~irrnli l-'rr,. In 

A.I' flp.ht .. HI rt"prodUllllli II"' .. rl\ h.nn. rt"~r\e'l' 

Target Cel! Speclflclty of Human Natural Killer (NK) Cells 

Development of an NK-Resistant Subhne of K562 

Sll:PllEN L MACDoUGALL. CHAIM SIl! ,.., Il''-. AND ÂR IIIUR K St 'IIIV AN 

,\1,(1/1/ ('(JII(er (,'1I/rl' und Iii, 1>11/11"" (If 1I1'm<lI"/",'l !\,I\<l/II,I<lrrll IIIl'I"11l1 
/IId,lil l'llIll'nlfl \[olllrl',r/ (JIII'i','( Ille, 1) (, (1111,1.1<1 

B) deplctwn of effellor-wrgct conJug,ltes and tlonll1~ a ',ln.mt 01 the hum.m ku~enlll hm' 
1-.562 that lS partlally reslst.mt to 1)51511\ nolturoll klllcr (NI-.) ldh .... hen te~tcd undcr Clllldltlllm 
ofculture and aSS.ly Identicoii to that of the parent hol.'. been daned Ils ~oIf)ot)pe show\ m,lrkt~ 
simllar to the ongw.!1 K562 The rcslSlant phenotype rcrn,uO\ swhlt after (),,~r l "l'.lf of wn­
tlnuous passage and perslstS \0 multiple rcphC4tc suhc\()l\c~ Ho .... cvcr, It tan b<: killed Ill.! dcgrcc 
equdl to the parent by anubod}-actlvatcd complement, dntlhod)-<lepemknt ct:llul,if meChdntsmS, 
l:nd b) effector cells actlvàtcd by staph)lococcal protern A l he>c OhSCf\oItlom .lIld c~penmen(, 
on cold target compelltlon sugge~t that on lb surface Ihcre I~ .\ ~1r.l\lflCal\lh dl·(fe.l~d, ah'>el\t, 
or bloclo.ed effective targel structure for a major popul,lllon of unstlmulafed penpheràl blood 
NK cclls 

INTRODUCTION 

ln rodcnts and ln man thcre appears to he a natural ffiechamsm that may contnbute 
ta the control afhematalogIc and sohd tumors (rcvte\l.ed ln (1,2)) ThiS phcnomenon 
IS rnedlated by a subpapulatIOn af lymphOld cells that have the cap3C1ty ta lyse 111 

l'/lm a wldc range of tumar-denved target cells (2) These same eflectors may ly~ 
also a small numbcr of normal cells from the thymus and banc marrow (J, 4) Thus, 
Jt has becn proposed that these "natural klllcrs" (NK) ffiJy functlOn to regulatc 
hcmatopOlesls and ta defcnd the argalw,m agatn<;t neoplasta ln the carly stage~ of 
growth 

The maleclliar ffiechanlsm by wlllch NK cclls rccogmzc ~Usc.cptlble tJrgct~ I~ un­
known Through stlldlCS usmg techmques of competitive mlllbltlOn among ~u'>Ceptlblc 
ceUs (5), depletlOn of cffl'ctors on IInmllbll!zcd targl'ts (6) and direct ob:,crvatlOn of 
slllgie target--effcctor canjut;aIes (7), a rnultlcomponcnt mode\ has evolved that 10-

cludes bllldlllg as an essentlal fIrst ~lep III the actJvutlon of the lylle mccham'im (8) 
Wlthm the munne system, others have sought to dCClpher the heterogenelty by de­
velopmg reslstant vanall\S of susceptible target ccllimes Attempts to select re!>lsWnt,> 
by senal pas'X\gc III l'II'() I.as been mhlhlted bl' reverslOn oce the œIl IlIlc hJ\ becn 
retumed ta culture III l'/lm (9) Others have rcparted stable resl~tJ.nt \'anant~ of munne 
Iymphoma hnes whlch appear to lack a surface recogmtlOn structure (JO, Il) Colhns 
el al. (12) have descnbed a hoe, denved from transformed fIbroblasts, WhlCh putatlvely 
has acqulred r('sistance on the basls of an ctTectar-mactivatlllg meChaOl'im Hawcver. 
direct companson of these studlcs mu!>t he madc wlth cautIOn SIOCC dlf1crent ~ystem .. 
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may bc oper:ltmg 10 the recogmtlOn of : • .::matologlc and sohd tumar; ( 13) At present, 
no slmllar model has been develaped wlth human cells 

Wc report here the char.lctemtH:<; of the first stable human kukenw: cCll hnc that 
ha., been made re51stant ta spontancauc; Iysl~ by penpheral blaod lymphOid ecUs 
Tlm denvatlve of the myclOld-crythrOid Icukemlc Ime K562 (14) has remamed phe­
notYPlcally stahle for over 1 year of contmuous passage and through two further 
cyc1e~ of rcclonmg 

MAl [RIALS AND METHODS 

SC/CC{U!f1 0/ wmalll I/l/l' Target K562 cclls were mlxed wlth a twentyfold excess 
of fre.,h pcnpheral hlood lymphocytes and IOcubated at 3rC m 5% COralr at­
mO'iphcre for 2 hr In a total volume of 6 ml Three mllhhters of the suspensIOn were 
then layered onto 3 ml of 17% Percoll and spun for 10 mm at 50.f,' as modlfied from 
Sak\aIJ el al (15) This procedure effectlvely scdlmented ail of the lymphocyte-K562 
conJugates and left very few free K562 cells at vanaus levels abave the mterface 
Layers of 05 ml were taken from above the mterface and cultured ln 24-well plates 
Thase wells ln whlch vigarous gro~1h was observed were tested for sensltlvlty to 
natural Iysls The cells from the Icast !>ensltlvc wells werc then uscd to repeat thc 
cntlre proccdure After two cycles of cOnjugale cl~pletlOn wlth the same e!fectar ccli 
donar, the mast reSlStant af the subhncs was IOcubated Wlth fresh penpheral blood 
lymphocytes at a 201 lymphocyte target ratio alld cultured at 37°(' wlthoul further 
separatIOn to allow maximum cytolysl~ WlthIn 14 days afler rcgro~1h of unkliled 
targets, ccII., were passaged untll debns was no longer ob~rved At thl5 stage, the 
subhne was c10ned by placmg 02-ml ahquots of ccII ~uspemlOn al 1 ccli/mI mto 
cach weil af flat-bottomed 96-well culture plate~ Ali wells that grew up were tested 
for resistance and the most resistant W.l<; rccluned Cell hnc 3e3 angmated from the 
flrst c10mng procedure and was the must resl~tant of the Imes tested Clone 1 descnbed 
below wa., ohtalned as a 'iubclane of 3e3 Ali cclls were growll m RPMI 1640 media 
wlth 10% fetal calf serum (FCS) and were pJ!'~aged tWlce a week 

Of note I~ the fa ct that wc were not able to ohtalO stable resistant hnes, wlthout 
the bmdlOg step, by selectIOn through r~g.rov.1h after two cycles of exposure ta ef­
fector<; 

Cdllmc und cullUre (Ondu/()!I\ The human tumar cell~ used as targets were the 
crythrOld-myelOid hne K562, the B-lym~hobl,l~tOld hnc Ra)l, and the K562 vanant 
3e 3 or Clone 1. Culture conditIOns for aIl of the ccII hnes w.:re Identlcal Cells were 
passaged twa ar three Urnes weekly m RPMI 1640 supplcmented Wlth 10% FCS and 
kept at 37°C In a humldlfled 5% COl Incubator PenpheraJ blaod lymphocytes for 
effectors were obtamed from hcalthy donors by veOlpuncture The separation of 
lymphocytes from whole blaod was by centnfugatlOn on Ficoll-Hypaque harncrs 
(Lymphoprep, PharmaCla) Lymphocytes .vere washed three tlmes JO RPMI-FCS 
and resuspcnded at the deslft~d concentratIOns 

For some studles, cultures of the RaJI, Clone 1, and K562 lmes were passaged m 
RPMI-FCS supplcmented Wlth 24 pg/ml tylocme (Glbco) After 1-2 weeks of ex­
posure ta the agent, the cells were harvested and used as targets In the CytOtOXIClty 
as~y descnbed abave. 

Karyotypes were analyzed by standard methods ofGlemsa bmdmg by Dr. M Jean­
Jacques Vekemans of the Prer.atal Dlagnosls Umt of The Montréal Children's 
Hospital 
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Allllsera W6/32 (antl-HLA p44). EC-3 (antl-t3rmlcroglohuhn), and antl-fiLA-DR 
(DA-2) were a generous glft of Dr W Bodmcr. Impenal Canccr Re\Can:h Fund. 
London, England Ruorescent conJugate~ were ohtdlned through comn1l'rClal M1UICl'\ 
(Cappel Laboratoncs) Rabblt antl-K562 was ohtall1cd hy Illllllumzmg Ne .... Zt',lIand 
white rdbblts on two occasion<; 2 .... eek., apart Wlth 107 parent K562 ccIh ~u~pl'ndl'd 
JO complete Freund's adjuvant 

CllIOloxlClly GHaJ'. The cytotoxlclty assay was modlfied from PnN. el al (16) 

Target cells were harvested from su<;pcn~lOn culturc~ 111 log phJ\C of gnm th, IlllulMted 
at 37°C for 1 hr wlth 100 IlCJ 51er (Ne .... l:ngl,tnd Nuclear), WJ~hcd tlHCC tllne., III 

RPMI-FCS, and rcsuspended at thc deslred conccntratlon Appropnate Ilumhe~ of 
penpheral blood lymphocj1eS wen: mJl(cd wlth 5 X 101 laheled targe! ccII., III l 'iO 111 

of RPMI-FCS In 96-well polyvmyl culture plJte~ and mcuh,ltcd for 4 hr at :no(' 111 

a humldlfled 5'7t CO2 mcubator Aftcr mlld ccntnfugatlcn. 75 /lI of sllpeIll,lt,lIlt~ w.I\ 

rccovercd and countcd In a gamma counter (Nuclear Chicago, Inc) Percclltagc 
speclfic Iysls was caIculatcd from counts pcr mll1utc accordll1g to the followmg 
equatlOn 

samplc - spontaneous rclease of 51Cr 
% speclfic Iysis .-: X 100% 

maxImum control - spontancous rclcd~ 

Spontaneous release consisted of supcrnatant from wells lackll1g eflèctors Ma>'lmum 
control conslsted of rcsuspended samples from rephcate wells 

For analysls of antlbody-dependent cellular CytotOXlClty, thc targel relis wen: rd­
dwchromlUm labeled as above, Incubated wlth a 1 4 dilution of decomplemented 
rabblt antl-K562 antlscrum, washed thnce ln media, and assayed In a manner Iden­
tlcal to untreated cells 

Complement-meèlated Iysls was measured hy IIlcubatlllg the ccII mixtures for 90 
mm at 1 X 104 5lCr_labeled cells wlth JO III of antlsera at the noted dIlutIOn and JO 
/JI of rabblt complement (Low-Tox-H Rabblt Complement, CcdarIdne Laboratone~ 
Ltd , Hornby, Ontano, Canada) at a dilutIOn determmed for each IfldlVldual lot 

Cold ccII mhIlWlOn Cold cciI compctltlOm were perfonned by a modificatIOn 01 
that desenbed by Masueel el al (17), uSlOg K562, RaJ!, or Clone 1 ccll~ as cold 
competltors agalOst labeled K562 or Clone 1 Appropnate numbers of unlabeled 
compeung eells were mlXed \\<lth 25 X IO~ PBL as etfecto~ ln 100 /lI RPMI-FCS 
(10%) III 96-well polyvInyl culture plates and Incubated for 1 hr at 3rC ln a CO} 
humidifted IIlcubator Labcled target ceIls, 50 jll at 1 X 105 Iml, were then added to 
ail weIls Plates were Incubated for a further 4 hr at 37°C and analY.lcd as ahove 

ActIvatIOn of NK cel/s. LymphOJd ceUs were actlvated as descnbed by Catalona ('1 

al. (18) by IIlcubation for 12 hr w!th 50 /lg/ml ofStaphylococaIl protelfl A (Phannacla) 
III RPMI-FCS at 37°C, washed three lImes III medIa, and used as etfectors III the 
standard cytotoxieHy assay 

RESULTS 

Analysis of Lmeage Der/vatlOn 

For the studles reported here, wc used Gone 1 denved from C1on! 3C3 The~ 
cells grow III suspensIOn and by hght mlcroscopy appear Identlcal to the parent K562 
By fluorescence microscopy, they bcar no surface !mmunoglobuhn, .Brmlcroglohuhn, 
HLA p44, or Ia-hke antigens Karyotype analysls of K562, 3C3, and Clone 1 ail show 
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nG 1 Natural cytotOlOClty agamst cellimes by e/fcctor ecUs from seven subJecIs Each pomt represents 
the mean of tnpltcate values for each ~ubJect, the bars rcpresent the overall mean ± 1 5D The arrows 
denote one subJe<.1 whose aCllYlty agamsl the re:\lstant ltne was markedly dllfercnt from all othep.>, no simllar 
lindmg was noted m over 20 ather subJccts At e/fcctor to target r.!IJos of 5, 10,20, and 100, the dl/ferences 
hetween K562 parent and Gone 3C3, and betwcen 3C3 and RaJI are all slgntlicant Wlth P < 0001 by 
Student's 1 test 

a modal number of 66 chromosomes, and all possess the Phtladelphla-hke and E­
group anomalies ongmally descnbed (14) Thus, we conc\ude that these clones are 
denved from K562 and are not an unrelated contammatmg hne 

SusccplIblllly ta LyslS by NK Cplls 

Shown m the graph In Fig 1 IS the speclfic Iysls of parent K562, selected vanant 
3C3, and RaJI cells plotted as a functlOn of effector cell number Even at an effector/ 
target ratIo of 100 l, the K562 vanant IS slgmficantly less sensItIve to lall than IS the 
parent, yet, at ail pomts It remalIl~slgmficantlymoresensltlvethanRaJI.Aslmilar 
pattern results from bath the standard 4- and 12-br assays ThiS resistant phenotype 
has becn stable when assayed scveral tlmes over a pcnod of 18 months usmg effectors 
from multiple donors A slmllar degree ofreslstance shawn by subclones of 3C3 (FIg 
2) IS further eVldencc 10 support of the phenotyplc stablhty of the vanant. 

Recent reports ( 19) have Imphcated mycoplasma 10 the actIvatIOn of NK actlVlty 
Although bath parent and reslstant Imes wère negahve for mycoplasma as determmed 
by StalOlOg Wlth Hoechst 33258 (24), to mlOlmlze the poSSlblhty that the character­
IstlCS of the variant represcnts slmply a mycoplasma-free status, we grew both !ines 
10 antl-PPLO medIa Upon retestlOg, the dlfference 10 susceptlblhty rt!mamed un­
changed To assess thls further by dIrect transfectlOll and to elimmate the posslbùlty 
that the vanants may secrete a product that would mask the target structures, the 
parent and denvatIve llOes were retested after two passages in supcrnatants in WhlCh 
the other hnc had been grown Agam, the resistance of Clone 1 In the NK assay 
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FIG 2 Lysis of sulx:loncs of 3C3 hom 3C3 cciI, culturcJ al Itmlltng J1Iull<)II, ten ~uhdolll" dt "1',I1,lIt-<I 

b~ Icttcrs A-J, were selectcd at random and ~ycd <1.\ ln hl'. 1 l.!lh bar n:prl~nt~ Ihe spcuh, Iv,,, III 

companson ta the parcnt K562 and R.I) 1 Itn~ Ufl'ctor wrgc:t r.lliO 20 1 

remamed unchangcd (data not shawn) On the basl~ of thcse cxpcnment<" wc COI1-

cIude that th,s hnc IS a stable dcnvatlvc resistant ta NK-medlatcd ly~ls on the b.ISI\ 

of an alteratlOn Jntnn~lc ta the ccII 

SII~ceptlbll/Ty al Clone 1 10 Olher Mechan/Wn\ 0/ Ly\/\ 

Shown In Fig 38 15 the tltratlOn curve of sensll,vlty of p,uent K562 and Clone 1 
to complement-medlated kIll by dlfferent dtlutlOns of a rabblt antl-K562 antJtxxl) 
The 1>upenmposable curve5 mdlcate that the resistance of Clone 1 IS due not mcrcly 
to a generally stronger membrane or to a slower capaclty to release chromlUm dunng 
the tlme of incubatIon Shown ln FIg. 3e 15 the behavlOr of the two hne~ ln .1 

companson betwecn spontancous and antlbody-dcpendent cellular cytolysl~ Agam, 
~)th parent and vanant are klIlcd equally weIl by the effectars of AIXC Thus, the 
:";K-reslstant cells can he kIlled by cellular mechamsms If the eftccto~ an: armed 
appropnately. Wc conclude that the vanant IS rcslstant OP. the hasls of a mechdnJ\m 
other than refïdctonncss to a œllular Iytlc mechamsm 

CompelltlOn bClw/!(!n SW;ceplib/c and Rcsolafll L/fIl'\ 

Studlcs companng the capaclty of parent K562 and Clone J ta mhlblt the l)~l~ of 
the other JO the cold ccli competItion assay IS shown m Fig 4 FIgure 4A show~ that 
whlle Rajl does not mhlblt the lysls oe'Cr-labeled K562, Clone 1 docs 50 JO a manner 
mtermedJate to that observed for K562 agalOst Itsclf ln contrast, when the targct .. 
are slCr-labeled Clone l, there 15 shght mhlbltton by RaJI but equal mhlbltlOil by 
Itself or parent K562. Wc condude that the rcslstance to lysls of Clone 1 I~ hac;ed 
upon a surface dlfferencc that renders It unrecogmzable by the major p'JpUlatlOn of 
unstlmulatl!d pcnpheral blood NK ecUs 

LYSIS by AClivaled EfJector Cells 

Interferon actlvates NK ceUs through possIble mechamsm~ Involvmg maturatIOn 
from precursors, augmentatIOn of target bmdmg, or mcreased efflclency of Iysis (20, 
21) Staphylococcal protem A al50 has bcen reported to achvate through the stim­
ulatIOn of Interferon secretIOn (18) Shown JO Fig 5 IS the actlvlty agamst Clone 1 of 
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FIG 3 (A) Lysls of target hnh as a functlOn of effeetor cell number ID the standard cylotoXlclly assay 
shown for eompanson Sohd dots. parent K562, open dots, Clone l, tnangles, RaJI (B) Lysls oftarget hnes 
as a funtliOn of dllulion of a rabbI! anu-1\.562 antlserum m the presence of complement Sohd dots, parent 
K562, open dots. Clone 1 (C) Lysls of target cells as a funetlon of effetlOr cells m the ADCC assay Sohd 
hnes, untreated targel relis, da!;hed tmes, cells prelfeated W1th a 1 4 dilutIOn of the rabbI! antl-K562 antlbody 
Sohd dots, parent K ~62, open dot.'., Clone 1 

lymphOld cells that had been Jncuhated for 12 hr ln the presence of protem A These 
data mdtcate that, although the lySlS of the parent K562 IS shghtly mcreaM!d, that of 
the vanant IS slgl11f!cantly augmented to wlthm the rdnge of the parent Thus, Clone 
1 can he Iallcd by effector cells whose efficlcncy or numher have been 1I1creased by 
the activatIOn process 

DISCUSSION 
The~e data sho\\ that rcslstant vanants of NK-scnsltI"C human lcuJ."cmlc hnes can 

oc !.Clectcd wIthout pnor exposurc to mUldgcn by rcpcatcdly dcplctmg effcctor-targct 
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FIG 4 Cold tnhtbillon of labeled targeL~ ell.pressed as a funCI.Ion of klU ln the presence (lf the noll-o rJllo 
of mhlbllors to target ceUs (A) <·Cr·labeled parent K562 (6\ ~'Cr-Iabeled Clone 1 InhJtlltor cclh ~ohd 
doIS unlabeled parent K562. open dots. unl.ülClcd Clone l, tnanglcs. unlabelcd Rd)1 

cell conJugates and clonmg Furthermore, the new Imes that grow mamtam the rc­
Slstant phenotype mdefinnely Smce these yanant cel\s can be k1l1ed at a \cycl ..:qual 
to that of the parent by complement, antlbody-depcndcnt cellular CytOtOXIClty, and 
by protem A-actlvated effectors. the reslstancc occurs through mcchamsms other than 
a general refractonness to cytolysls Because of the close slmllanty ofNK and K ccll~, 
It IS probable that the medlators of lysls are the same In both Thm, we must secl-. 
an expia natIOn for reslstance at the level of stlmulatlon of the tOXIC re.lctlOn The 
expcnmcnts on the eftect of cold ccli competItIOn shown m FIg 4 suggest th,il the 
leslOn IS m a ccli surface target structure ThIS would be consIstent wlth the d,ums 
of others that recogmtlOn and bmdmg of the NK ccII to ItS preprogrdmmed target 1\ 

a necessary first step m the actlyatlOn of the lyllc mechamsm (8) Howcyer, thc\C 
studles do not enable a dlfferentmtIon between the p:JSStbIlltles of an ahsent versu<; 
a masked bmdmg sIte 

There have been prevlOus daIms ta the denvatlOn of NK-resl<;tant Imes of mou~ 
cells (9-12) but, to our knowledge. thl~ IS the flrst de!.CnptlOn of ~uch a ~y~tenl 10 

man. A companson of thelf charactenshCs wlth the KS62 lm es de!.Cnbed herc pol:1t 
ta potentl3Jly Instructlve dlfferenœs. Flrst, at sorne pemt ail of the munne hrles werl 
subJected ta ln wvo passage where selectIve pressures may opcrate other than tho\C 
cdused by endogenous NK l'clis In fact, sorne of them revert to the semltIvc statc 
when returned to ln vitro culture (9) Moreover, nelther group pubhshed cytogcnetlc 
data to venfy that thelr dcmatlVcs truly were denved from the allcgcd p,uenl and 
not from a tumor aoslOg de flOl'O 10 the? host aOlmal dunng passage Indced, Durdl~ 
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11(, 5 ACllon of protCIn A-treated effcelOr eclls upon target hncs Dashed hnc. eells prelncubated for 
I:? hr wllh 50 "g/ml prOleln A Sohd hnc. eells WllhoUI protcln A tre.lIment Sohd dOIS. p.uenl K562 
~uhd squ.lrc~. Clone 1 

e/ al (10) noted slze and serologlc dltferences that mlght lead one to suspect that 
posslblhty On the other hand. the K562 clones descnbed here evolved totally through 
/fi l'lfm selectIOn techlques based upon the functlOnal parameter of bmdmg and 
mamtamed surface anllgenlc and karyotyplC markers of the parent ConveThely, the 
report by Hcrberrnan (22) of unsucccssful attempts to obtam reslstant K562 lmes by 
c10mng alone may have bcen due to the lad.. of stausucal advantage enabled by 
preselectIOn 

The resls13nt munnc Iymphoma hne of Ourdlk el al (i 0). deslgnated a cl 27av, 
was observed to be to13ll1' refractory to NK actIOn ThIS corr.plete reslstance was 
mterpreted. wlth thelr other studles (23). to support the hypothesls that the general 
capacJty ofvanous Imes to compcte agamst cach other was due to a umspeclflc effector 
populatIOn and not to subgroups wlth dlfferent target-dlrected c;pectficltles This 
contra~ts \\1th our observation that Clone 1 IS parllally sensItIve m relatIOn to the 
more absolute resls13nce of the B-IymphoblastOld hne Ra]1 Slnce our mltlal ncgatlve 
l>electlOn procedure was based upon interactIOn of sensItive targetl> wlth a relatlvely 
large numbcr of lymphOld cells \\1th hlgh affimty receptors for bmdmg. It IS pos'ilble 
that we have Isolated K562 celle; wllh elther decreased, absent, or low affil'Ity target 
structures for the quantltatlvel; prdommant NK-cell population We conslder low 
affimty to be unhkely for, were a smgle NK-cell populatIOn attackmg such a target. 
one would expect Clone 1 to compete 19m nst Itself to a lesser degree than would the 
;mrent This IS not what was ob~rvcd lT1 the expcnment Illustr.lted ln Fig 4B Fur­
thcmlOrc, the fallure of prolonged incubatIon of 12-16 hr to narrow the klll ratIO 
between the components of the cell paIr makes un tenable an explanatlOn based upon 
kmetlc consideratIOns alone Assummg that multIple accumulatlve mutatIOns dld not 
occur JO these clones, we f1nd our data to he most consIstent wlth the hypothesls 
IlIu<;trated ln Fig 6 ln thls mode), Clone 1 lacks an effective target structure pre~ent 
on !l<; parent that 1<; recogOlzcd by a ma]onty NK populatIOn ln unstlmulated pc­
nphcral blocxl, but rctame; anothcr corn mon site recogmzed hy a mlnonty suhpop-
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nc, (, GrdphlC represcnwtlon oft.trgct Jnd ""·relcptor ~trullurc~ COn\l\tl'nt "ilh thc fl'\Ult\ plC\l'ntld 
hcrc TnanrJc~ and half-C1rclc~ on thl K56~ ('cll~ rcprc..ent t.lrget strullurl'\ thl' rlupnK.J1 "OIIHI" Oll the 
N" Lcll~ rl'prescnt then complement.tr. rcccptor\ 1 or further cxpl.Jn.tllon. ~'C te\t 

ulatlon Wlthm the hmlts of sen!>ltl\'lty of the tecllOllJUe~ u<;cd 111 the comentlon.!1 
competItion studles and 10 tho<.e of Durdl~ el a/ (23), the efleet of su ch .1 mInor 
populatIOn may he maskcd a~ long a~ cclls be.!nng the major tJrget werc pre\ent 

ln summary. our present InterpretatIOn propŒe~ that the parent K562 n1.ly he.1r 
two target structures, one of \\ hlch I~ recogmzcd by a predomlllant .1Ild one b) ..t 

1c5ser subpopulauon of frcsh human penphcral blood NK cclh ln contr.\st. Clone 1 
IS equally sensItIve to Iysls but ap~Jrs not to be recoglllzcd hy the m..Jjor group 
Interferon stImulatIOn of lymphOld cells could mcrcase the number and/or .!ctt\ It~ 
ofboth effector types to a lc\'el where thrre would he mJ .... lmal kllhng for hoth pJrl'nt 
K562 and Clone 1 These ~tudle~ do not negate the pO'>Slhlht) thJt other typc\ or 
cells eXlst wlth totall) dlfièrent or polynlOrplllc tJrgct~ that are reeognlled by the 
same or other NK cells that bear the complementary rcccptor~ Wc ant\(·lp.tte that 
expenments observmg the e!feets of punfied and c10ned NK cells upon slmll.tr de­
n\'atlves of other ccli hnes and Its modulatIOn b) II1terrcron WIll dcfme thcse stru<.turc<, 
further 
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Target Cell Speclflclty of Human Natural Killer Cells 

Il Apparent Change wlth Activation 

.., 1 1 l'III "1 1\1\( DOlit ,>\1 1 • Cil \1\1 SIIlI<.,lIK. A:--ID AR 111111{ K SUI 1 IV A:--; 

\/, ( ,ili ( ,JlI. ,', ( ,'/11 rc illld 1 h,' I>/l 1\/"" ", /l''I/I,iI,,I''~1 N., '1 ,d l "le>! /il l/'I\l'llill 
\!dl/lll'I/II<'1I111 IJ,'I1/1t'({IIj/lt'II,,, 111(, /lI, (lillad,1 

R,'«'III'd \lm l'IQ ({t«'J'f"" II/Ii _'} /YS() 

1 hc ,ILlI\ III <lI Il,llurJI !"Iller (N hl n'II, ,.III hL" .Iu~mt'nl<:d ll\ III' Ub,llIolI "Ith IrII<:rtèron~. or 
Il III! nthL r ")IIIPI)Ulld~, ~1Il h J~ \1,lpll\ Ill'lll \,11 prllleill A, Il Ilich \11f11ul.ltl' Intcrkron prodllc­
lltlll ln Ih,' C\IWnIllClll~ dC~Lnbt'd hen.' ",' llllllll.\red Ihe pJItL'rn~ or 1\ Ill' Jclt\ Il, 01 hUIIIJn 
hl\1 pllOhll'lktlnr ,dh !>l'IOIe( N K-B) ,lIhl ,JtlL'[ (" h-'\) ,h<lrt-Icrm JCII\ ,Illon 1 Jrgcl c<:11~ u~cd 

Il,'1l h "/I~ (IOlIl 1 (,1 p,lIlIJlh Nh-rl\I'I.llIt h ~62 \Jn,lII!) Jndlhase Ihal h,ld hcen prClOlU­
h,llld \\ Ith nl'lIr.lmlllldJ~e or Ir}p'ill fh,' rc,ull> onlJllIcd Indudc Ihe folltmllll: (1) protca~c~ 
hUI '1ll1 T','ur,lIl1InldJ~," dClrl'J~ed I}~I\ h\ ""--B hut 1101 by N"-- \ 01 bOlh K562 and Clone 1 III 
Ih,' ',I,lIld.lrll Cr-rdL"J'L" ,I~'J~ (2) ln Ihe '1I1g.lclCIl ,I~~,I~. tl)p~ln mlrllnlJll} dellcJ~ed conJugJte 
l"rm,IlI"11 ,lIld the Ir,lclIllll 01 bound ,_cil> thJI \I<!rC !"lIled h\ ~K-B hUI dld nol re\erse Ihe 
IlIcl e,ht'd hllc ~t1ll'leT'l} 01 NK-A (') III Ihc loIJ-I,lrgell'llmpClllion ,1\5.1\. Clone 1. \\'llIch doc_ 
Il< '1 \\1111 ['ctl' .1' \\ c'lI \1 1 th h 562 hll N h- Il ,litl '0 ('<1 udl" \I,'III"r "h- \ (4) T 1\ pstntll'd lJrg,els 
reg,lrdle-" III th~lr equJI ~enSlllvlt, ln h~l\ n~ 1\"_-';'. \\ere not .1<; Jlll\e lûmpctllors lor NK-'\ 
\\ e LOlI.lutle th,lllhe lIIlJ\1 reJson,lblc Interpr~lalloll I~ thJI K '6~ lells he,1r ~url".!cc ~lrudures 
Il 11IL'lll.1I1 IIldUll' rdeJ<;e of I} lie medldlllr~ from ~ K-A undcr condlll(JII~ IhJI MC not sulhclcnl 
t" ,umul,llc J'.:"--B \lthllllgh It dpPCJr., IhJI NK-A mJ} re<;plllld ta .1 smJlIer number of lhe 
\,lllll' IM!!d n1lJlet uk., recogllllcd hy NI\..-B the procc~~ musl be neller delillcd Jt the molclular 
kl cl III e\dllde lhl' pOS~lhlht\ Ih,1I lhen: .. rc qUJltllJlI\l' dillerence~ bct\\l!l!n lhe propmed relûg.-
IlltlOIl o.,u Ul turt.~'" 1,,)1 thl.!"'c 1\\ n ~tatC's of ~ K Jetl\ 11\ ,C II)~o A~.lJl.ml~ Pre\' .. InL 

INTRODUCTION 

1 \ mphold cells that I~~e susceptible targct~ /1/ \'11/0 wlthout dehberate pnor expo­
'lIlC III an .\nttgcn ha\'c been callcd natllral killers (NK) (1) Thl~ actlVlty IS not 1I1d1S­
Ct 11l1111ate hut ~hows "peClfielty 111 the typc~ of cells that l'an be attaeked (2) Although 
rl'cngl11tlOn Jnd btndtng arc thought to be .ln essentlal tlrst step (3), thc moleeular 
n,ltlll c of t he 111\ oh cd ligands and receptors .lre largcly unknown (4. 5) 

Il hJ~ ht.'cn ob~cf\ed that NK aCl1\ll~ can be tncrcased by the Ilnmunon:gulators 
llltClku\..1l1 :: (11-2) (6) and lIltert"erùns (7.8). \\lllCh ma~ operate throllgh mtereon­
llcl'll'd p,lIh\~ ,1\' ((1 l)) Other compl)Und~. ~lleh as slaphylocLlcc,il protem A (10. Il). 
~tttl1l1IJte Intcrklon productIOn A comclIlIenœ ot thl~ Jugmentatioll 11/ Vl//O I~ an 
c\panded range of vulnerable ccII lllles and a greater number of cells klllcd at a faster 
rate E\penments uSlIlg the smgle ccli cytOtOXIClty assay have shown that contnbut­
mg Cletor ... Inl'Iudc rccrultment or nonfllnctlOnal "pre-NK" cells as weil GS lIlcreased 
l'th'nor eelh rec\'chng (12-15) Althollgh the,>c ub~ervatlOns account 1Il part for the 
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'>1'1 ( Il I( Il) (lI \( Il'' \ 'Il> 'J \ 1[1({,\1 "-1111 ({ l III ... 

gn:,llcr èegrel' or l,II get I! .,1'0. the~ do not l'\ pl,lIn hm\ Ihe l'\ Il'EH,kll \Pl" Il'' Il \ 1 'l< III \ 
(jln'n Ihe 'lai roh.: orthe Illtt 'rll. '1 un., and Il -~ ,,\ IUI11<1\ ,lIld 1I11111lllh<lhll,q','UII' 
agent,;. It IS 1 .. "" lnt to under'it,lIld 11\)\\ ,ICll\,llcd l'cll-, hdl.I"· l,m.lId 1.1I~~l'h Ih.!1 
arc \C~S ~cnsltIVl:" ,In~llmlllatcd NK 

SIIlCC multiple .,uhpopulatlOns 01 NI.... l'l'Il., Ill,\~ c'"..,1 (Ill) .lIld l',llIl Pllll'IIII,li l.lIgl'l 
may pos~e.,~ mOle th.1n one recognitIon 'ille (17) 11IrlhcI \llllpllltl.ll\!lIl'llllld hdp!ll 
dl'i,>ect .,uch a mUlllCOf:1pOnent .,~,>ICIll [\l:n whcII t\\Odlllcll'lIllcllllll," ,<1 tilt, \,lIlll' 
bneage are compal cd, m.my ullcon tIol\cd \ <l1l.1hlc., rl'nl.llll 1 lI( Ihl\ 1,'.1\. III \l l dc\ l'I­
oped vanants ofk'i(,2 \\hll'h dtfrerl'd III IhclI IIltl'I.lllilltl \\Ith N" 1 Ill' 1111.' l,dll'" 
Clone 1 wa~ .,dL'l'led 1'01 dCL'le,l\cd 1)"'1'" h~ uIIIIL'alcd PBI .1Ild ... IHl\\l'lIl'l111.l1 ,,'11\111\­
It~ to antlhod~-dcpcndcnt l'~t()t()\'ll'It~ Jnd tll pllltcln \-.I,II\.lll'd l'!I" 1111 \ Il S) ln 
thlS papcr \H~ descnhe further ,>tlldEC'" on the.,e n:ll ... lI\ln~ .11I~1l1L'llll'd "''' .111.1 ll1111-
parc them to the beh.l\ lor of protea~c-ll calcd t,lrgch "'Hlllll' pl 1 hL''''l' Il'\Ulh Il,1 \ l' IWl'1I 
rcported In .\ prehmJl1J.f) co III I11U 111 <..ItlOIl (ILJ) 

MAI[RI.\LS \!\l[) r-.1l 111l)j)\ 

Ali n::agcnt'> \\en: obt,1I ned Imm routl ne l'om merl'Ial \. llii Ll'" l'\'lL'pl 1. II ku k III \ 1,'­
denvcd reeomhmant Interferon-o \\hlch \\<I~ .1 gin II\lIll DI I> P.II~II1 .... 11l ( lull\ 
UllIvcrslt), Boston. Mao;o;) Cdl culturc \\a\ h~ ... t,lndJld I11l·thlllh 1 h, dL'II\,ll\!IIl 
and charactenslics of the t\K-re'>l ... tant 1....562 .,ubhne (lllnc I. .Ind Iltl' ,\ l<ll< 1\1111\ 
and competition as ... .l)s h,l\c bt:t:n dt:~l'nhed ebt:\\lJcrL' (1:-1) 1 \pmUIl' (lI ""1.... ,L'II~ 1(\ 
staphylococcal protl?ll1 -\ (Pharm.lcI.l) \\ ,1., .1Cl orJ 1 ng lu IhL' l11l'thod ut ( .11.11.111,1 ,'1 c" 
(II) a~ u~cd prc\lou~l~ ·\cl1\JI10n h\ Il1tel tcmn \\.1\ l.ll IIL'd 0111 h\ IIILld'.tlllIIl lit 
PBL from hcalth~ donor~ lor 12-1 ~ lu III RPM 1 1640111\',11,1 '>lIppknh'ntl'd \\ Il: 1 H)', 
FCS and 1000 U Iml of IIlterferoll -\\1 01 thL' leprL'~CI1I,IlI H' ~I ,Iph\ \h, 1\\ Il ,Ill' IIll' 
result of al least thrcc J eproduClblc c\'peIlIllL'nb 

EI/::\'IIIL' {leal/llelll (/f h"lil'I tcl!, rJrgct L'dl... WL'le I.lhl'lL'd \\llh I( 1 .I~ ,k\lIlhL-d 
pre\'lousl~ (1 R) and \\ cre re~u~pendcd ln 2 ml PBS l'onl.lI 111 ng l'II hCI 1 Ill);! Illi II \ P\1I1 
CfPCK-treated. Wonhll1gton). 'i mg/ml cllymntr;'INIl (-Il).2 lI/lllb \\llllhlllgtllIl), 
or 01 U/ml neuramI'1Id.1~e (prote.lsc frce l'rom 1 thl/C l • !t"!t'I'lt' (,t1hll,,-llt_'IllI ,\IIl'1 
10 ml n of 1 ncubJtlon at rnom lL'mpcr .1ture Ihe Cll'~ Illl' Il',ll t l' 1Il ... \ll l,' 1,llllIIUI,'d \1\ 
dIlution 01 the m\\,tllrt' to 12 ml \\llh RPr-.lI Ill-WII()' 1 (~\\lIl'\1lh\I'I.1\1 1'\111 III 
lleurJmlllld.\\e \\.1<; u,>cd, or h~ thc ,IJJllllIJ1 of ~ 'i mg. ml "'ll~ hl',11l 11\1 ' \111 1 11111\111lll 
(Mtlhpore) \\hel1 tf)p\ln wa~ u.,eJ Ccli ... \\erc \\.l ... hed Ihll',' tJI1ll'\ Illlll\l1pktl IlIL'lll.! 
and then checked for \lJ.blht\ b~ tr.p.l11 blue c\'dml,11l \\hILlI IllUlllllh \l.\\ 11\('1 
95 0 , Control targcb \\ere ml'ubateJ ln en/ymc-fre.: hull,'1 ,11lL! \\.I\IlL'd III ,1 1,1 ... 1t11111 
Identlcal to the tre.1teJ l'elh '111L' l\:k J~"'J~" \\ltl1 thL''''l' ll'lh \\l'Il' .1\ d,"ld'ld (1:-;) 
but \\ere shnrtened Il),) hr to III IIlI III Ile ctkl'h ofmemblJI1L' lL'p.11I 

!'Il'I'(Uilllc!l101!(,( !Iud/el/l 1 JIgeg.I,lIluIJrl~Illplllll\ll'\(1 (.1 )\ILll .lhLlllll'dll\ 
folll)\\lIlg a l'Ombll1,ltllHl Ollk~lTlhed mcthlllb (2() 21) Il1lludlll[' l'l'lU':. 1I'It,II 
maCla) gradient fractlOn.1tlon of penpherJI hlooJ I~ IIlphocyte ... pll'\ep.lr,llùl 1111 ,1 
Flcoll-Paque (PharmacI.l) harner, .1nd depleted of adherent l'l'Il,. on .1 Il~1111l \\Iltll 
column (22) Rndl~, 1-2 >- \0' l db 1 nO ",-1 () ml l'rom tlll' l 01 li 111 Il 1\ l'r,,' 1.1,1\ kd tl111C1 

a dl'iContlIluOU\ PCIL'oll gradient III 1:'-I1l1 (ollll.ll pllh ... l\IL'IlL' luhl'\ Iltl ,:I,ldll'lIl 
conslsted 01..,1\ 'itep\ 111 2 5';, IIlLrcmCnl\ lrom 42 'i-~"'. 1\/\) \ILL" ,III "'-1ll1 I(J()', 
cushlOn, 100'/;, \\'.1'> ddincd a~ IlInc pMh Perloll • .lI1d olle p.lrt 1 (). l\lIlll'lItl JIllII'\l\ 
to malIltalIll~ot()IlIl'll!I he 11Ibe~ \\ere l'entnlugcd dl rlHlIll lL'mpL'I.lIUrl ,II "1 Hl!; lOI 
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11(, l '\i.ltur.IIl'~totil\"ltv ,lg,lIn~t lcllltnc~ h~ t:tk.:tur ldb lneUb.IICd \\Illt t.trgcr\ lor IX hr ",uhout 

11I1t Il l \P,)\UII'lo protCl11 \ or 1111l'rfcmll "'lllllllh)l~. K "62. OllL'll doh ( IlHl<' 1 tn lI1~k\ R.lll 

j{l 111111 The hlghest NK actl\'lty WJS found to be at h,lfner~ 3-4 ,lIld 4-5. and thl' 
ccli ... \\Ith httk actl\'lty. the maJoflty. were at b,lrner 5-6 ln ail L'\.pcnments U'>l!1g 

LC j L the cells at the 3-4 and 4-5 IIltcrfaœs \Vere poolcd \\ a\heJ tlm:.: I1m.:~ \11 1640/ 
lOf, FCS mcdlum. and u~ed for furthl'r e'\pcnmcnt,> 

)/IIs.:!e (<,II <II laI DetermInation 01 conJugale-foflntng l'ell\ Jnd I~ tll l'\)nJllg,lte\ 
\\ ,1'" ,IS de~l'flbcd by Br Jdk) and Bonal Ida \\!lh 1111l10r mOdlhl,ltlOl1\ (23) Bnct1~. 0 1 
ml of cllcctOI l.'clh (frJctlonated a~ large grJl1tllar 1)l11plllll\te ... ) ,li 5 > lOO/mI WJ~ 
IllI\L'd \l'Ith Olmi 01 target cc\b at 2 X IO~/rr.11Il JO /' 75-mm plll~ ... t)Iene cultun: 
tuhe .... L'entnlllged lor 5 mIn at 250g. and 1l1cubated for 30 lIllll ,tt3-0C ·\ltcr InluhJ­
tl\)n the ... upernatant WJS removed, 50 J-LI of RPMI 1 ('40/ 10', 1 C" \\ ,1" ,Idded. ,lnd thc 
pelkt \\.I~ gentl) n:,>u~pended bl' ml\lI1g fuur tlllle~ \\Itll a 50-J-L1 [pp~ndOlfmlcropI­
pette Ag,lr, 50 J-LI at 3rc \las added and the nmture \\.1\ IJlned onto gl,I~~ ~ltde~ 
fm tnL'uba!lon .md ~ub~cqlleIlt enumeratlOn 

RLSULTS 

( OIll/Jt'l//1011 hl'[11 l'l'II 1\56:: and ('!Oll(, 1 tOI ·IC[t1'iI[cd i.//t (10/ ('!'I!I 

Prc\ IOU\ ~tLldle~ ha\'L' \hO\II1 that the K562 \',lflJ.nt. Clune I. \\..1~ not klill.'d tn the 
",\Ine (.kglel' ,l' the pJrellt hy rre~h penpheral blood Iymphllld lell,> and llid not COI11-

petc a ... dlH l, J, III the cold t,Hget ll1hlhltlOIl a~~JJ (18) 10 eltmtnatc the pO~'>lhlltly 
th,lI the dllklcl1t "'Cll'>ltI\ It) to I~,I~ het\\een 1\.562 ,ll1d ( lone 1 \\..1~ mL'rel~ duc tll 
dltIcIcnt r,ltl',>nfklihng, the L'Jtnt IL a,>~..1! \\.1 ... prolonged hum ~ III Il' III 1 hl' re ... ulh 
lI1 1 Ig 1 1l1ÔIL',lIC that althuugh the mef..111 ktlltng of both hne, \\..1:' Inl'lc,l~ed. tlle 
dlflcrencc belli ecn the two 1lI1es rema1l1cd ln contra,>t tu tlm pattern li \\a~ round 
tl1.lt If the dfcctor ccII'> \Vere 1l1cubated 111 the presence of protelI1 A for j 2-18 hr 
bl'fml' ,I ...... ,I~. the t\lO target l'dI... weIe "Illed equal1~ \\cll 1 he npellmenl\ ... 110\\ n III 

1 Ig\ 2 and 7 e'\tcnd thc~c ob~crvJtlom to ~Ill)\\ thJ.t ln .lddltlon tll hClng .1\ ... en"'lt!vc 
to I~ ... 1 .... ('lolll' 1 belJme a potcnt compctllor 01 K5<J2 l he ob ... cfI LI Il 0 n ... that RJ.JI 
I.:db remall1ed both .1 \l'ea"er targL'l and competltor lI1dlCJted thJt ~oll1e ... ekLllvIty 01 
"tilt ng \1',1'" n:t,1l ned 1 he~e tind1l1g~ on the bchJVIOf of prote1l1 1\-,lL'tl\ ated N K hJ.VL' 
bel'n lonlll mùlu\lI1!? 1l'L'Olnhlnanl \Iltcrfcron cr (dat,1 not ... ho\l'n) 
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rl(. 2 (llid t.Jr~l't ClImpdltlOIl .1",1\" \llth pllltl'Ill \-,1111\ Jtl'd l'Ilc, tll" ""lid d, 'h 1\. 'l,' 111 il II>< l, d 
1IInlr>,'tI1l1r \lp~1l d<lh CI'\lh'l ,nbd Ifl.Jll!!k R,l)! \ "'112IJlx'l,d l..1r>':1 t 1\ ( 1"111 1 1 .b, le dl'", 1 

C (}/l/jlt:1I110/l /1('(1\('('11 (J(lit'! l_If/CI /0/ I( ({\'(/(ctl '-Ileuo, \ 

SubpopulJtlOns mlght C,\lst wnhtn the re!>l1ng NI\. poul "lmiI ululd hd\l' dtlkll'I!! 
spectra oftarget dlsCnmtnatlon and dlilcrent rl'\plln\l'\ tu ,lcll\.Itnr,> (Ill) Rd,lllll' 
changes ln thclr proportIOns could ha\(: Ied to the ahl)\l' nIN'r\,lllllll'> 1 O,I\\l'\\ tlm 
furthcr. the ahlhty of the K562 Itnc~ to compctl' \\'a\ L'lmlp,trl'd lu Ilut llt ,1 h rnpllllHl­
derl\ed tJrgct CCRF-CEM, seleclcd lor Il1terrlll'lh,llL' \L'n\III\I!\ tol~"'I ... Il\ UIIIll'''IL't1 
cncctor~ (le, bct\\ccn Ih.1t of K56/ Jnd th.ll nt (1IlllL' 1) hui (Jll'qu,t! ... ,'mlll\ll\ III 

l\~l~ h~ ,.lUgmented NK ln thesc C\p"llll1enh "llh .lltl\.IlL'd '\1-. (lIt: ~I h,'lh 1-. "",' 
and ClLml' 1 cùmpetcd l'qll.llI~ \'l'Il \\llh :tlltolo!;tHl\ t.lrlc!l'h ,lIld \\1111 ( 1 \1 'lI! tltl' 
other hand, CFM \\J'; nol .IS potl'nt J (0f11f1elllllr \\ cre thl'rl' \Imph .t Il'I,III\e ... hlll 
m the proportIon of etlector suhpopul..lllon\ Wllh ltlllcrl'Ill \jlL'uIILltIl'\ Ullt' lllltld 
h .. 1\e antIclpated that thl' mere.l\" 111 ktlhng orCi '1 \\ould iI.IH' hL'cll Il'IlL'tll't! .. JI\i) 
111 Its capJ 'tt\' to COmpl'lC ag:l1 n\1 11\t'l1 1 he<,c re\l1lt\ l'on IiI III tlt,lt thl' .1\\.11 l.11I 1 L'\ t'.11 
J degree of lI1hlhlttnll grcJtl.'r than Ihat 01 .11l .Il1l11lllgIHl\ lumhlTl.llIllll (1 l' (1 \1 
aga1l1';t CI 1\1), and Ihat the .lbl!Jlv III L'IHnpelc dlll'\ nlll Ill'Ll'\\,Ut!\ lilll,)" Ildlll \\ lt.11 
mtght hc predlcteo Imm thl' p.lltcrn 01 ~en~ltlvlt~ III "\1" (24) 

EllCC(1 of '\'('wamlllldal(, 

It has bl'l'n reported that the qu.mtll\ ofneur.IIllIIllOd\e-rl'lc.I\Jbk \I.IIIL .Il1d Lorr\'­
late,> ll1\crscly wHh clkctor-tJrgl't bllldll1g ,lI1d ~lIb\L'qul'nl I\\I~ 12';;) 1 () ehrnlll.llL' 
the posslbiitty that sucl! ~tructurc~ ma~ contnbutc 10 the dllJcrl'nll''' hèl'\l'l'n Ihl' two 
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II<, 1 ("Id l.lr!!<'1 U)mp~I"llm .I!-'-'\\ \lIlh pr<l!~111 '\-.Ic!I\.lled t:1I~c!(\I\ \Ihl\\lllg bdl,\I\Or "llh<' (1 \1 
hllt: '>ohd dnt\ "'!12 unl"bt:kJ lllll1pt:lIIllr Ilpen dOl, (IOllt: 1, \llhd tn.lIlgk\ R.lJI \llhd 'llU.tr<' l 1 \\ 

1 h< l.lllIol.lhekd l.lrg<·1 l~lIl' Illd" Jted Jt thl hllltlllll III t:Jdl l'JIJel 

K5621'nes \\e ~tudled the dlel't of tlus en/~ me on ly~l~ b~ hoth b<l'>JI Jnd augmcnted 
dlcl'tor l'clis (Fig 4) Neur.lmlllldJsc trcatment resulted l!l J .,lIght lI1Cfca,>e 111 I-llIlll 
hoth IlI1c~. hut It dld not changc thelr relatlvc scnsltl\'ItICS tll elther ha,>al or aet!\ .lIed 
:--JI\. llm II1dlCatc~ thJt chJngc~ other than those 111\ olvlng en/) I11c-~cn"ltl\ e slJlle 
Jud JrId the dTcch ofthelr ncgatl\ e eh,lfgc~ on lI1terccllular dl~t<H1ee 111u,>1 hL' re~pon­
'>Ihlc Il)r the pJttcrm oh,>ened l\lth (Ilmc 1 tJrget<; 

L'leul 0/ 1'101l'ot"l/( /.//::\ fIIl'l 

Cell ~urtdCC target !>tructure~ for N K recognitIOn arc semltl\ e to ccrtJlI1 protCJ~e,> 
(26. 27\ E\.po,>ure of K562 and Clone 1 to clther tryp~l!l or chY111otrYP<;II1. undcr 
L'lllldilions suthclcnt to rC1110\'( greJter than 95', of the ethanol-pleclpltJhk 1~<1 
L'ounh II1corpor<lIed h\ IdL'topero\ldJ'>c. re,>ulted 111 dll11l1mhcd ly<'l'> of hoth Itne,> 1)\ 
unIIL'<l!ed L'tll'L'tLm 1Ill\\c"el. K562 rcmall1ed ~lIghtl: more ,>en<'ll1\e th,lI1 ( lone 1 
Whcn the '>..lme cnlyme-treated target!> were exposed to actIvated cell~, hoth 11I1e,> 
were "Illed a~ \\ell as the parent K562, whlch had not heen <,uhJected to external 
protcoh <;I~ (Flg<; 5, 6) Thus. the surface structure<; necdcd to actl\,ate and re~pond 
to the htlL' medlJnl,>m~ ofuntrcated ctkL'tor, wcre rcndercd Il' ,potenl h~ trC..ltmen! 
\\lth !1mtcJ<,e, \\hcrea,> tho<;e 111\'01\ cd wlth ..lugmentcd NK let l 'llwd ,>ulhucnt 

ft the C<IP<lL'I!\ of protc,lse-tre,ltcd K562 and Clone 1 to 1I11tl<l!e kllllllg h~ ..lug­
men!ed etlector<; I\ere medlall'd through a ~et oftdrgct ~trlll' ure~ Lbllcrent from thl)'>C 
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11(, .j I-tlt'cll'I Il~Ur,mlI111JJ'~ lHl 1,lrg~h ,1\\,tlCd III ,1 ,-hr '" "'.1\ ",Iil IInlll,tlld IIld 11111 Il' d 

~11~l")r~ [)l'~II!Il,ltll)nI1ICl'lIhne',I"IlI,g 1 o.,,,lldhnc, l!ntrc,ltldlll~lh dl,h\\lhnl\ 11l/11ll1 !lllle,1 

t,ll~l'" \ 1l1l1ll,Itcd dkLlU" H Plllll'ln \-trl'1l1'd l'II"d,", 

recognlled h\ b,lsal NK ù:ll~, the nc\\ p,llll:rn 01 L(llllpl't1t1\111 ~hllllid ht' ... 1Il1l1.1I 1"1 

.111 four ~t,ltc ... 01'''-562 (1 e, 1\.5(1~ ,ll1d Clone 1 tlcdted .llld Illlt lle.t!t'd \\lth ClI/\Ill,'j 
\\ hC.l tr~ ........ Ill-trc • .Itcd cl'll~ \\l'rl' J ...... c ... '>cd !tIr thclr C,lp.tllly III Il't.lld h" ... ul "- '\(12 h\ 
prutCII1 ·\-'rc.ttcd ctkctor"'lll the Ulld-t,lIgl't .1'>"'.1:, lhe P,lllL'fll'> ... hu\\11 III 1 Ig 7 Il,'1, 

oht.llnl'd ln Ilelthl'l l'lm1l1111,ltll)1l ull.lhl'kd Indlt,IlIH ll'II ... \\,'1,' thl'll\p'>ln-lll',lt,d 
CLllllpCtltùl'> .I~ clhC\cnt d~ thl' untrl'dled \1111 t'd\ l'I lI".ttl'Li ( l'lIll' IlllllllK'lL'd iL", 
agalll~t bùth the parcnt • .\lld Ihell th,lll dlll tIe,lll'd 1\.5(12, "'l1~l'.C,>tlllg lh.1l lhl'lt' \\,1'>.1 
dls~oclatlon betwccn thc qUJlltlt! ufmL'lllbl.tIlC cuml)()[,l'nt~ nL'cdl'd Illr 11l111,11Illg lhL' 
li tiC prucess and those rcqulrcd tu dlmllll~h the Jcculllul,lll'd bllldlllg t'\l'llh Illl'.l­
... url'd h: ClllllpctltllHl 

n('hui/t'/ /l1I1/{' \'/ll~/<, ( l'!I I\\tll 

1: \po ... u n: Lli 01 "- l'l'Il" to III ll'r! CI on h,l'" bcen ... lhlWIl 10 Illl rc.I ... \' thl'Ir r.l tc of 1 t'I \ 1" Il).' 
,md,ln ~omc ulldchncd mallllcr, tOlll,re.I"'C thl' clhcH'lll\ III \...1lhng (Olllll\.thl\ the 
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II<, " 1 Il,et ni rrllt~,I'C:, ,ln tJr~~t, ,1'''''1 t'd l'ith l/Illrt',l/t'<l, //", l, ," ln .1 ,-Ill ,1'\.1, Dl'lgn,lutln "l'l'II 
Itllt" ,l' JJ1 Iig 1 \ IIlltrl'.Itl'd t,lrgl't, B prtlt~,,'l'-trl',tt«l t3r~l'h IJ..t,htJ hm' lr'INn tr,',ltml'Ilt tl,'t!ul 
Itll" lh\JIl,'lrl)l'11l trl'.t!Jl1lnt "'(lltd dllt' ",(,~ Op~J1 d"l\ (ltlll,'1 

1ll.1I "~d 1llL'fL'.I\L' III "III 01 ClnnL' 1 and th~ pI01L'.N'-trl'..lt~d t.lrgL't~ lould ha\ L' hL'en 
dll~ 10 3ugmcntL'lÎ cfkctor~ ha\ ln)!. ..llllorc r..lpld r..!tL' ofl~"'I'" and rL'l\cltng. Th~ \Illgk 
cL'lI :\ ... .,:\\ me.l~urL'" "JI<. actl\ll~ nt l..!rgetjelrector cllnJug.lt~., Immohtl\l~d ln a ~cml­
\nltd I11dtn \ whL're rel ycl lOg c.1O nnt OClur l h~ r~\ul'\ of<;ever.11 \lIch a., ... a \ ,>, ,>u mma­
II/cd 1 n 1 Ig X, \IH m thc patt~rn ... 01 hl ndlOg. and "Iulll!! aller alll\ atlon of ctlcclor,>. 
nI tl ~ p'>lll Irc.llmcnt ofurgcl\ 1 hc lh,lOge~ III hlndll1g .llter ,l\.'tl\dtIOIl 01 ellcllor,> or 
pllltca.,~ tITdtment oft..!rget<; \\cre Il1lll1mal More dehnIle trend., wcr~ oh.,ef\~d ln 
thl' capaclty 01 bound cclls ta kIlI Although klll:ng cthclcncy by 11.1<;al NK l'Clis was 
derrea<;ed hy trYP'>tn. the IOcrcased actlvlty of 3ugmented eftechm \\a<; not 

DISCUSSION 

11'>1I1g. two mampUI,lIlOl1<; 01 1<.562 ccll~ thdt decred~~d thelr ~el1'iltl \ Il~ to ly~l~ h) 
un.,tl III ul.llcd NI<. (1 C . ~e1cctlon of vanants and prote..!,>e tre,ilment). \\~ have "hown 

09 



''l'I< Il 1< Il '\ DI \( ,,\' \ " 1> " \1 l ,1{ \ l "Il 1 1 H ( 1 1 1 ... 

80 

60 

o~~~~----,-----------------,----
5 10 

80 

60 

40 

20 50 

E T Rallo 

DEnlyme Treatment 

01 Ta,,~~! C~II. 

O~-T~~---r--------------,----
5 10 20 50 

E T Rallo 

1 H, h l tfu.t~)fpr(ltt·.l'l." ... (,)n t~rgl.tLdl'hl"'\.l\l'd ~'llh/J'I){t'l!/ ',,"n(l/t'dl'fl,d'l/\ (J!.lphll lh \1}'ll.ltI\Q, 

h ldf II~ " 

th.lt <;uch targel'> c.m he I-.Illc:d In.1 'ICr-rck.l~e J~""\ h) dkll,)f~ Lh.1I h.lll' heL'1l .1,11-
\ .lted b) ~hort-term 1I1cuh.lt \On \\ Ith protCII1 '" 1 hl" 111Igh 1 (K lllf Il '\ 1\. - \ 1",11 l "Il'd 1 
and :'\IK-B(ba~al) could rl'cognlle dllkrent f •• r~'et ,>trudulc" 01 " '\1\.- \ llllllt! Il'­
spond to a les,; potent '>t1mulu,> 1 hL' ~lI1gl: l'l1.1"".I''> IndlL.lIl'd Ih.tt th,'ll' 1\.1" !l11l.1 
gre.lt dltlL-rcnce 111 the q \J.I nt Il \ 01 hll1dll1b l II elt hCI l'IlL'LlllI ll'II tll ( III ilL 1 1 li t 1 1 P"III­
I1cd K562 '\Ithough tnp'>ln dCL'lc.I"l'd tlll' pelll'!lt.lgc (lI !lllUIlll 1\. ':;Il~ Ih.11 l\l'Il ""kt! 
ln :'\h-B,ltdld ntlldlrl1ll11"h klllll11'.l1\ '\h- \ 1 hl\L<IUld Il11pll 1\lt11l11 Ilil "l'I1"ltlllll 
ofthls techl1lque. th.1t the ctll'l'b Ollurn:d .liter Lill' hll1dln1'. "tep lü "lIll" ul thl Ul[Jl­

petitIOn assays. ~ugge~tL'J that the "ur/ace ~tructule,> rl'cognl/ed Il) :--';h-,\ 1\l'fL' '>111111.11 
on parent K562 and Clone I. but thme on proteJ~e-trc.ltL'd l.trgl'h I\l're tell el III llUI1l­

her Smce ail ofthls mference 1'> \ul1jell II) .lltL'rI1.Ill' IntL'lprL'I.llIoll .Illd ,htlldd Ilot hl 
c'\ tcnded heyond the hmltalHH1<; nI the comple\ .h'"I~' 111\ nllet!, lhL"L' l OIl"ldl'r.1111 Hl, 

\\111 bt'dl~cussed bchm \\lthll1 the Ir.lll1L'WOr~ tlllUIH'IlI mollet, lOI ~I\. .lllltlll 

It ha" becn propoSL'd tlut .1 L'omple\ ~eLJlIenll' 01 t'\l'nh 1e.ILI, Ir()1ll 1Il11i.iI Il'L ()gIlI­
lIOn ofa t.lrget h\ .111 NK cl'lL ln tr.II1~ll'r ol..!"" tllL nmpll'\" tll tht' t,II gel ll'il \lIrl.llI 

70 



nI 

.. 

V> 

Vi'" 
~ 
u 
c:: 2~ 

8 
a 
v> 
.. 20 

.. 
'0 

A 

B 

-- ---- --- -----------~-- -~~--------, 

• 

K.562-N 

K562-T 

o 5 ID 

COMPETITOR/EFFECTOR 
!..ABELLED TARGET K562 

'\ 
\ 
\ 

K562-N 

CL I-N 

K562-T 

CL I-T 

• 

\ 
\ 

"'-
"'-
" " 

"' "' • 

20 

• 
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COMPETITOR/EFFECTOR 
LABELLED TARGET CLONE 1 

1 1<, -; ( Illd t.lrt!ct llllnpclllilln 01 .IU~ml'lltl'J CIlCllor ccII, ( .l[l.lllt\ ul ntllltrl P\lllI/CJ ( .... 1 ) .Incl t r. p\ln­

IILd 1 1 ) Ldi'> tlllllllllH:ll' \\Ith <t( I-J.lhekJ "-S(,::! ( \ 1 01 ( JOlll' 1 (RI l..tlt!LI' lor ,,,,,> h\ .lLlgllll'ntl'J t IILL IIlT'> 

RL PTC\Cllt.ltl\l' l LIn col tlnl'l' L1111\I\tL nt L \1"lt:nmel1h 

J nd Il n.llI) to local releJse of C) tolo\ Il' factor (N KCI-) \\ lm h m u~1 hl no 10 J rL'Lcptor 
III clkcl It<; damage to the mcmhr JnL' (27) l he recognl tlon \lle and "1) tic corn pk\ . 
\\ cre ~enSlllve to the proteJ~e~ trYPslI1 and chymoll) p~lI1, but the putatl\ c reccplOr 
for cytotoxlc factor was not (27) Other studles have Impltcated proleascs as v.ell a, 
complemcnt-hke componcnts al lI1tcrrnedlalC SICpS 111 ly,l~ (28. 29) Although most 
of tho~e studles u~ed untreated Iymphold ccll\. (';..penmlnt~ on Sr' Inhlbltlon 01 
clll:ctor degranulJtlon and k.llhng IIldlCJtC thJt the tO;"1I1 ~ecret()r) medlJIlI,>m,> of 
hoth Intcrlcron-expo\cd ;.l1ld bJ'>JI ellector ... po<;\e~, commOll Ic.lturc~ (20.30) (on'>I\­
tent \\lth ,he granule C\OC) tu\l~ model (31) Aiso. Wnght and Bon,l\ IdJ (2) ha\e 
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BASAL (8) OR "CTIVATEO (A) EFFECTORS 
NON-TRYPSINIZED lN) OR TRYPSINIZED (T) TARGETS 

1 1(, X 1 lied .. III .Il tl\.It Ion III 1 (ri li Il 1"" 01 tn. P""l1/111 ( 1 1 .lIlJ ll11ntn P\lIlI,,'<1 l'\, 1 l,II get, III the" 111'1. 

ldl.lv",l' .\ umlug.lll' Illrl1l.IIIl1Tl Il p\rLlIlt.Jgl III nl'und lllIlJu~.Jte, III "llIdl thl t.lr"l't ".1' ~!lllll ln 
l1rdl'r (() CllmpJre the fl:~Ulh t'Ct'\een "q'.lr Jte e\[\Crlml'llh thl \ .llul "bt.llnld Illr l'.l, h dctl'rTllITl.ttl' III " l' 
e\[m:ssed a~ a [\Cn:ent.lgc 01 the \Jlue l1le.ht,rl'd Illr the unul·.IIl'd /'\) t.lf~lt l\i ll,,'d tll IIn.!ltl\.IIL<I 1111 
dkltnr\ Ih"bJ,,·iln"\.lIl1e\\J"Jrbllr.,1l11 J"lgllld 1I111'"thu .. thehc'Ightllll'ilh h.lIll'1l11t,th, ,h.III'" 

Irom tH>chnc th.1I fL,ulted lrllr., the de .. ,ntxd TIl.Jlllpul.llilln, 1 hl' kit \Id" "t \ .lll.! Il ,h"" th, Il 'LIli 
obt.uncJ wllh "-562 compJfcd ln the bJ'Lhnl IOU, \Jluc ddlnLd .1!>lI\l, thl IIght ... d" ,h,,,, thl I,·.ull. 
obtalllcJ '\lIh Clone 1 com(lJn:d tu the l'lune 1 1 (l(j", bJ'>l'hllc Illr llllllpJmllll, thL I.tlue ,,!>t.Jlllle! 1,,1 
untreated Clone 1 rel.llile ID the K56~ h.l>chlle ' .. ~hll"n bl the ppcn hJ' (1 Il '\!) .lt the hq'lllnlnl' 01 
each pJncl l he .. tars IlldlCJte the ctlcct<lf/tJf~et cOlllhln.lUOn, for \\Imh th, 111l.!n' ohtdl1lld 1[1'11' ',1\ 

mdcpcndcnI c\lJ(:nmcnl'> lor c.lch h.lf, Jfe dlltcrent lrom 1\)(1', .11 thc J'. () Il' Il It'I .1\ d, tlll11ll1l d 111 th, 
~t.ll1d.mj une-Idil".! { te>1 
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fillllld that the NKCF actl\ It) IIKrea.,e<; ln Cl1lture~ th,lI contalll mterferon. Thus. It 
appe,ll, th,lt the hnalleth,11 mnlecule~ ma} be the "Il1le 101 both basal and .lcl1vated 

"""ng 
It ha, bel'n ,>hllwn th.lt NI\. ccII ,Il tl\ It) ("In be ,1lIgIllelïted!>0 thdt known tdrgets dre 

"Illed 1ll00C vlgorou!>ly. and re!>l\t,lIlt Imc!> becoll1c ~cnslllvc McchaOlsms proposed to 
cxphlln the.,c f1nd1llg~ have 1I1dudcd thc reerUltment of In.lctlve eclls. Increased rate 
nf """ng. and InlTed~ed rec}c"ng (13. 14) Werc the gredter k"l oftrypslOIzed K562 
,mo Clone 1 b) dctlvated NI\. \llllph duc to a gredter rate ofrecycImg. a longer tlme 
01 e\po,ure to un.lctlvatC'd l'db ,hllUld have brought It c1o~er to that of the ongmal 
11I1e. \\ Illch It (110 not NClther wOllld onc have C\pl'cted the pattcrn 01 competitIOn 
tn h,lve changed alter eflector l'l'Il ~tlO1Ulat\On a, Il dld rUl thennore. the Increa~e m 
""llI1g nI tryp\lIli/cd tdrgd~ occurred also III the s1l1g.1c l'dl a"ay 111 whll'h recycllllg 
\\.1, plllhlbited 

1 () e\pl,lIn \\hy the I)w.; 01 tr)psml7ed l'cils h) hdSdI NK decre..ised and that hy 
,lllgrnentl'd Nh remalncd Intact. the follow1I1g t\\O posslblhtles must be consldercd 
'·Ir"t. the t,lrget !>tructure, recognl/cd hy actlyated ct1ector cells rmght be dlffcrent. as 
\\dl~" proteasc re"lstant Altcrn.ltl\e\y. actlvated l'l'Ils Illight be stmlUlated ta relcase 
thelr 1) tiC medlators after Illteractlon wlth fewer of the salllc target structures Such 
'>llggc,>tlOn..,..Ife compatible \\ IIh ..,ol11e of the "nown efiècts oflllterfèron. such as sUm­
ul.lIlon of ccII, to prodllcc new l'} topl..ismlc and surf..lce protelns. In a tlme penod 
510111ar ta that of the present ~tudles (33-35) Ho\\eyer. an II1dependent receptor­
Itgdnd ~\<,tem !caves unexpla1l1ed \\hy the protcasc-treated cclls dld not compete 111 

proportion to thelr klll The second po~slblhty nllght occur through a morc sen.,ltlve 
couphng of stlmulu~ to secretIOn of the Iytlc apparatus. !>llch as mlght result through 
changes 111 membrane fluldlty (36. 17) SII1CC 1I1terferon has been shown to stlmulate 
re!cJse of measurable NKCF (32). and the secretIOn of NKCr and 1I1terferon-')' ta be 
under slOlIlar control (38). lurther c\penments could be de'ilgned to determll1e If the 
quantitative reqUirements oftarget eclls to stlmul..itc '\iJ(CF arc dlfl'crent 10 ba!>al and 
II1tcrlcron-trcatcd cflèctor<, 

\\'CIC the Iytlc proce~s of cell-mcd.ated cytotoxlclt) an110gous to that follü\\cd by 
complement. a~ ha~ been proposcd. 0ne mlght expect that such a cascade. II1ltlated 
h) cont.lL t dnd comequently amphlled. \\ould 1I1cludc slte'i \\ here altcrnate path\\ay.., 
could lnlcrdct ln such system, the edrly steps wllh the greate~t ",pcClliclt:- serve to 
focu<; chlute amblent actlvltles (e g. complement or coagulatIOn factors) to \\here 
thl'Ie l, Immediate nced. the 131er alternate path\\a:-s arc less dlscnm1l1atll1g M . .l1ly 
charactenstlc!> 01 the N K re'>ponse to II1terferon appear to follow tlm pJfadlgm edr\y 
"peCtltc recogl1ltlOn of target bj l'nectar, stlmuldtlon of 1I1terfcron-')' plOductlOn by 
NI\. l'l'Il ... and augmentatIOn of 1\ tiC actlvlty bj se\ eral mechal1lsms. II1cllldll1g one 
111 \\ hlch \tlmulatlon and action of the finallytlc comp!cx may "hort CIrCUit the u'iudl 
roll te 1 ndel'd. Ro,>,>c .Illd CO-\\ orker!> ha ve ~hown 111 ..Ill othcr "y~tem that tf) P..,1I1 treat­
ment olen throcyte,> !cad'> to tncre.l~ed C3 btndlllg ..ind dlllyatlOn, and that the aber­
r,mt cr} throcyte pla'ima membr.lnes 01 some p.ltlents wlth paroxysmal nocturnal he­
moglobilluna can passlve\y absorb C5b-9 from the flUld phase (39) wlthout prereqUl­
,,!lc antlhody bmdlllg From the cxpenments descnbed here, we can not exclude the 
pO'>'>lblht\ that augmented NK cells "Ill trypsl\ll/ed K562 and Clone 1 by an alternate 
p.lthway. \uch a~ one WhlCh nllght l'IrcumVCl1t the tryp,I\l-,>en!>lllve component<, of 
the "I)tll' cnmplC\" (27) lIowl'vl'f. tn e\pl.l1n the resulb 01 thc compctltlOn .. ,><,ay~. 
\H' \\mlld \l't ha\c tllllnp"c.lle .llurther change at the recognition levcl 

73 



h 

~I'I t IIlt 1" 01 ·\CIIVAII DN<\llJH<\1 l\.llii Ht III" 

Th\., ~K phenomenon ha~ hren studled Iw ~evcral thtlclcnt lcdll1lqlll· ... \\ 11Il h 111.1\ 
Icad to confllctll1g mterprctatlon~ Many extrapolatIOn'. ha\ l' hl'cn madl' In)11l ... tUtlIC'> 
oflysl~, bmdmg, and cold-targct competitIOn, hut then: 1\ httlt- "-nown ,It thl' moh u­
lar levcl of the requirelllent~ necc~sary for cdch dctlVlly 1 or n.unpk, ,lltllllUgh lt h,l'> 
heen reported that "NK-patterncd hmdlllg" wlthout I)'~I~ nu\' OCCllr III .1 panel 01 
ccli Ime<; (24), the ~pt'clflClty and affimty of the ~urfacc molel ulc ... Illvol\l'd m.ly he 
<;ufficlently dllferent to glve dlverg~'nt resulte; among the thrcc Illt'lhod ... Ike,IU'.c 01 
the greatcr number of cells IIlvolved, competitIon Ill.t)' he more ... en"'It"c, .lI1d 111l1ll' 
accurately reflect accumulated mteractlom hetwccn potentl.tI t,lIgl'l ,lIltl dkLloJ Ll'II,> 
than do the somewhat subjective slngk ccII hmdlllg .I ...... "y ... Sudl a dl\tlllL'lIOll LOuld 
explam why the ablhty ofClonc 1 to compctc wlth b,I~al Nh l'und,lIcd mOle dmch 
wlth Its decreac;ed sensltl vit Y to 1) SIS than dld lb tendenl'~ to 10I!l1 L'on IU)'.,ltC'> \\ Itll 
lymphOld l'clis ln the slIlgle c<.'ll as<;ay When the potcnc~ of ctlcLtnr cl'l\<', me,l",ulcd 
111 the standard Cr-retcase ase;ay, was mcreased hy actIvatiOn, and the ... emlt1\'lt~ 01 

target cells was decreased by protcasc, the dillerence~ betweell "-dl. blmhng. and Ullll­

petItion became more eVldent At thls end orthe spcl'trum, tr) p~ll11/ed t,Irgel'> lorlllct! 
conJugates and were ktlled as emclcntly as the untreated, hut the)' \\l'rC Il )t ,Ibk tll 
competc to the Sdme degree Alternatl "cly, It IS pO~~lhk that the protc.t ... C\ IllIght h,1 \C 

decreased the number oÏ spect!1c bmdlI1g Sites, but concurrcntl) IIll J L',I"'L'd the gl'nL'f,II 
stlc"-lI1ess of the surf:lce Ali of these po\slblhtles Will remall1\pecul.ltlvl. unttl tllL' 
rclc\ant ccII surface rnolccules have hcen Identtflcd dntl char.tctl'rl/cd, ,ll1d Itl".1ll hl' 
shawn wlth preCISion what and ho\\ many arc reqlllrcd for hll1dlllg, \\hatl\1ter.ILllnm 
are necessary for ctlt:ctor ~tlmulatlon, and what Jre the qUJntlt.lIl\c rdJtlllll ... hlp,> 
bet\\een bll1dlllg, competllton. and ktlhng 
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III" 1'1 l, Il . hl l, "'(1 

Incrcascd fllcosylation of glycohpids in a hllll1an ICllkacmia celllinc 
(KS62-Clonc 1) wilh dccrca~cd scnsitivity to NK-mediatcd lysis 

" \1\< 1)()(I(,i\11 • (, \ '>( 11\\ \R ll~(, i Il l'ARh.IN'>ON!.1... \ h. '>lIlll\ ·\N° ·\[,(,,11 ((/1/,," 

( f 111" \l, (,,1/ ( 1111 t nltl IJ/ld nll/\I"" tl/ /l'II ft/,III Ilot' 1 N,PI 01 , Il/flf 1(/ 1I1I\l'lfill \1111111('ul Ouch('( (cillada 1 f)t'fJ,"/l1h'1l1 tll 

Iid1lhlf/l/lrll 1" )/UII" (,I/tl' li'd'tl.lII, ( \ f oIIZJ!/)UI\f/lI1/1/l/t'ItlIl(O/OI:1 lJtllll/{/l'l III/l' (11111'/\/11 \,hoo/,,' 

\/, JII l'II /(tI\ltlfl ,\I,n'/h IIl,\t'lI' li \ 1 

..,( \11\1 \In 

.\ ,"I>I"'l'lIl '1/""111 h11Ill.II' hllll'hllld L~I[' L.tlkd n.lIl1r tI f...tlkr, l' .,hk Il) ",~ LLrl.nn n<>rlll tI.,nti 
IlLIlpll."P" t Ifl'l·t, III .lll 1/1 111'11 1.. \ t\'t()\ILll\ .1\",.1' l hl' nll)kLUk-; \\ hl... h cn.lhll' thl'm lI..) (l'Lllgl1l/l.' 

'L1l'"I\L L~I". nr JlL'fln'l 1 1111lnllr LLiI, hl 1',.'pL lem.'ln unkno\\n ln Ihc ,IUL1i~, d~"nbcd hcr~ \\e 

h.I\L Lllllll'.lfLd ,,)Ille of Ih, 1'1.'''11' Illullhr.ln, ,h.,r.ILICfI'lll' ni .1 ~K-'CnSIII\~ hum.,n kuLl~ml., 
LLiI hm Ih. ~1i2) \\llh Iho,,' ni ., 1'.1 ri , tll- r~",1 ,ni 'lIhel'l!1l' d~m~d trl)1ll It (h. <;(,2-Clune 1) Gel 

lk·.trtlphnrl'l'" n, u~1I 'lJrJ.II..L rlntull .... r Idldllhtlk'd h) 1.IL(opl..[()\ld ''''L 1...lt Ih'ld !\lJul . .ltIOn 
plI Il hi t IL hdr~llll. d 1 Ilk t nt I.tt 1\ ln ~ '1 hl\"- \ III hLll!".d 1\ h\ 1110... U h.ltl~)fl \\ 1 t Il [III JI li 1.. o .... \.. dlll '11)! rI.: \ l.d .111\ 

Iqll\,dl1l..Ihk dtlh.n TllL, hL"~lLII thl' 'Llhdl\L .Hld IL" .... t Illt IlIh ..... f{,I\\t:\Cr .1I1 d\)!"1 ni !:!1)L.üllpILh 

,htl\\ld 111.11 (1ImL' 1 IIH.L1IPili I(ld "P!Jlltll.. Intl\ 1I10rl:' IULU .... L th III dld tilL P IILIlI.il!!IIL .llld th,lIlt 

\, !'tl\l'l/ld.l IIlIIlP! pdpUJ.tlllHl (1! 1.. ".III plt. ''-IllldUfI..'\ rhlt I.)und III thl... tlll~11I il ~ ':;(,2 ",ubLldlH' 01 

( 1,1111.. 1 ( ItlllL 1 (.Hl VII III hk Iv.,h! Il,~ hl thl. It)\'L dhd' III Ul/h .• !IlI.\.tlm -\ hLl.lmL' \Ln"(l\L 

\IIIL~ "t'.lInl,' 1'\h. .,ncl ,1t"\\LJ IhL I).trélll.d ~hL"llp,d pmille l h~,~ ré'lIlt, ,ugge,llh.llllté ( 1,)111 1 
IIIIL' 'ékll~d lor r ~,,,I.IIILL' h' '\ f,. Ill.! \ h ,\ ~ .tlILr~d on .. or more 01 '" tntcrlll~d,.,I~ ohgo,.I"- h.lnti" 
,fI p.lth\\.\\\ ollUll1,C Ifll lH ["h.H.l.tIl.1fl Into f!hLtlllpld .lnJ pùlnt~ to Olle prtJL'c!'!", b\ \\.hlch J tumourccl! 

11l1ghl nHll"'l.ll~ ", ,url.1'-L ln " ... lpC rCLl'~IlIIIl)1l h) n.!tur.ti ~I/I .. I' 

I:-'IIWDUCIIO" 

N Ilul ,1 ~I/l11 ll'il, IdLllllllet!.I\.1 'Ubp\l{1l1l.'tlnll ni Ilr~'e 

l'I.\!lullr 1\l1IjllhlL~t~,. 1""'''' th~ l.lp.!L11\ 10 I"c LLrI.lln 
11\)1111.,1 h.llIllOP\)IC't h ... c.:th (1 f.ll1 .... ..,on K IL.."IIIl~ 1..'-. ~\pdl r'l'l\lll 

II).~ 1) .wel III\llllllr LL II- (lierberll1.111 &. lIolden 197X) III II/Ii' 

\\ ,III"ut th~ rrel~qll"lle 01 dellher.tIL ho,lllI1mUnll.III111l [1 Il.!> 
1",1' l'r,'jll''Ld Ih.lt th~\ 111.1\ pClfnr." .t rok ln tUIl1(lur 
'"IHIII.,n,L III 11/0 (\V.lrnl'r &. D~nll~rt 1%2) [or 'lleh .1 

pl \lLe""'" ln OHur, \U'u:ptlhle llll" (11\1"t Pl)" ... l..,.., (j[xullc clement--. 
th.ll C'1l.lhk thclr ... deLtI\c n:u)gllltilln fi ont thl' m.tln nl.l\ .... l)! 

lh'rl11 LI tl ...... Ul,. ... , .lIld c\ul..e the \ub"equent h tlL ('\cnl'; (HI"L.r\ldt 

/1111\ Ill .... 1.lIf.11l '''~2) lhndl'\lIII\ "f,uLh 1.lrgLlIl111ILLltlL' 
Il l' t'lo(\.(1 dthl\l AIIIJ~HH'h Rth!"r el a! (I(n'J) .tlld ()llL\U, 

Rtllllpdid .. \...I\.r.lIl (Ith '1 Il tH \ 1.1 1 r1h.d hl h,IHI .... l)lltLd rd 'Ihh 

Abbre\I.ltlllO':. AOC C, .lnlllxK1)-dt.pcndent ecHul.if C) Illt<..l~lClt). 

\(''11 ",,,10 (l,,, CDI! cer.,mld, d,hexo\ld •. CMII œranlldL 
nhllh,he"l'"\ld~ ("\ln A ,~("n\..IJl.l\allll A (1ft, ccr.lmlde tnhcJl:osloe, 
(;[ OB yJoh;",J" 'iD'> PA(, SI1dIU111 dod"ql sulph.tle 1'ol)Jlf\1 
.\lllIde l'li 

(, lHU "'r"-lnd(,lll(~' DI \ h "UIlI\.111 ~1d' "II C,lnl..er Ccnler ROI 

'1-1 ,f}"" DIUlllllhlllJ ",t ~1\lntn.!I,()llL II3<..J 1\6 (an.I\.1t 
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IJrg-:t p~pl1d~, It rLnl.lIn> UnL~rI.lln If ,>uc:h JlJrlIJ"~ dl!n.llul~d 

or .!ltered produch M~ tllll>e th.1l mCdl.ltl 5~Cltic rc.Lplor 
Itg,\nd rl'cognltlon Othlr v.od,cr', hJ\C SU~~l'"tcd th..!t n..· ... Lrtor ... 

f.lr trJmlernn (B.II1 :'. L.lneur & Holbcln. 1%1. Vodtnc"dl ('( 
al 19H3) nughl cn •• bk btndlll)! Jnd JUI\ •• IIOIl (11)," 

Alloth~r "pproJlh h.!> been ln dcrl\~ .lIId JnJly'c c\lllur~d 
ccii IInc, refr.,etor) to l''K-ml'dl.,telt h", Young l'lai (19XI) 

.WII Yllg~C,\\.lrJn PI al (19Xl) h ... c ,ho"n Ih.!1 œil, nt rnllfln~ 

"ne, r~",I.!nl tn both umtlllll1l.!I~d dnd .!LI1\JICd l"" 1.lc~ 

J\I.llo G". HOI" IhL) conLillded th.l! Ih~,~ gl\loill'Id, "'Lfe 

nlli the t.trgd' Ihern,chc, U\lng hum.ln lc1l\. \\~ h.l\e dC:fI\ed.1 

\.trI.lnl of the IcIl~JemIC Ime KSIl2 "llIch" p.trIIJ/ly-r""1 tnllo 

helng kdlcd 0) fre,h pLflpher.d blo\ld l}mphOld u:lI, bul" 
\111 III\C to .\!Illhod) .Intl LOlIlpkn, .. nt. /1 De( .Ind Int~lkfl)n 

.\Lm.lled cllLelol' (M.IL[)ollr.lil. '>hu'lIf... ,f, ~u/ll\ .. n 19H1 , 

~lllel! thl' ,ubllllL ".IS ,ekcl~d prllllJflly for Indhllent btndtng . 

.Ind Lom~lcd les, weil "Ilh the {1.!rcn! K562 In the cold urget 

ass.lY, we preposcd thJt It mlghl bear decreascd or deficlcnt 

tM)!"t structures, and bc !css competent In achvatIng tht' J Jill 

", .. 'Lh.llmm oCthe m.lJor l'OrUIJlIOn oC un.lugrncnlcd NK .db 
1 hls p.l~r descnbcs an lntllJI blolhcrnlc,,1 companson or th~ 
,urf.lel eomronenls of thc,c NK-<;t'n\lll\c and rc\"t.lnt K562 

hn" 



1\1 A Il RIAl" A:'I.1l 1\11 111(1)., 

\1 (1111/11""11011 01 l (,1/, and d( III /111/11/ /II , ( Il /tilt \ 

(lll l.uItUfl' Ilh .. th~ h ,1Ih.J Lhl dL'II\.llhlll ,llld dlll,tl.lllhlh ... III 

IhL ~ 1\. ,,,"1,1111 1\. .,(,~ ,"hhIlL (hmc 1 h,IH hLLlI Lh" Ilh,,1 III 
dl'I.liI ~I ... ~,\-hl'IL (~l.ll()\JlI~,dl ,/ fil 1')\ ~1 

1 (lI !lov. L\IOIllClnl .111.1" .... '\ ~ .. lOt llll" \\.Llt.. Ilh.uh llul h\1 

,0 Illltt \\11 III \\Ith 0') nll ,li thl d1illtl.d ,tllllihlLh lilll t.1I III Ill' 

,"UIIL tlllid ,lIld ,\l'tel \\,,,hlll~ 1IIIhO ~ 1I11"llhelllll>r"CIII,II,,1 

'l'Lond 41nt'''oLrum (~O.lt .tflll-1110lht.' I~(J l dppd 1 .thtll Itl)lll .... 

Wc,ldll"lcr, l'A) 

()crl\.IILllll ofu..1h fc... .... ' .... t.tllt to ~lhl\\lll 1I1hdlJhlf\ lllllh tl\ 

Wlle,lIl,,,,,hn A (( (lll Al \\,1' III ,1 ,ILP ,,"c Illdlhld III IhL 
,dhl.lhl' 01 .111\ dddl'd lll11t.lFl'Il'l IllItl,dI) LLlI .... \\-L'I .. !!ld\\11 Il 1 

llllleCIlII,III'"1111 lU /1ll11i1 10 IlllelillUIL III ., III RI'\II I,,JII 
10' 1 ( ") Illc.:dltllll \\Ilh ~"' JI1' 1111 ni lllll \ \ld"[ ni tlll l ... l1--
dll'd bUl tllll"ll \\ hlLh 'lH \ 1\ ld \hll L '1l11\tkd .llld III ult Ull ,llli 
ml'dl.! \\llh ~() JIS ml (nll \ llll'lL '1''''1''1 \\llL 1Lt'I..Ilql li Il 

tllll~ IIh ... IL,I"-lIlg tlll' kLllIl L\lIh.Lllll.lllllll h\ 'II) jl~' 111 lI/lltl 2\)11 

Jlg. Inl \\d'" tl..ILhLlt <. dl .... IhLIl \~l"l !!Iil\\ Il III ,lh .... Llh.l (lI ll)\l \ 

lor::! \\Cl''''1 \\I:n: r;':-L\pl"U.: tu ~lItl/Hl III 1 dlld dlli 11\)[ .... !JIH' Il \ 

'l'oU il ..... Ign ... ot tn\lut \ r\ 11er thl'l l. \rU'I11I L rl.llh) il l \l.. h. \, 1 .... 

n:r1l'.ltcd fC\lJr tHll~') the ccII .... "l'rt: rlldlHLd Ill)111 lhl IlLtIll!,)f 

1\\0 P,I",!!!" ,lIld .Ill ,dlqU'll \\ ,h lUllulLd ,II 1 (j eLlh Il cil III ," 
IIlli cullure dl,hc, "ml,lInlllg 0 ~S' .IgJr \\ ~lell e.,I'"l1c' 
1''':LdlnL \ bibi\.!' m.h. .. n .. hLtlpl .... llh 'lJmpk::a" L Il J1ILkul r .tlldll!l h 
.lIld L"\p.lndui IIH lurthLr .... lu,h Ail donL" \I.,LlL tdl"tld I,H 
'llfhltl\ll\ ll.1 (on A dlld r":Ill.1 !lL'd luth \Ilhk .lllLl I,lllf 

p.I ........ lgC .... III ::!()d Il!!- ml 

41111" \/\ ,,1 [d' {"O(CIII' 

Cclb IIlIh J \lJbdll) ot grc,lIcr Ih,lI' ,}5 '" hl Inp,ln bille 
,',clu"on lIerc u,cd from J cullurc subdll Ided 2 dJ.' prcl lou,l) 
For .ln,d) SI> of surfJce protclIl>, 10' c~lh \\crc rJdl .lodln,tt~J b. 

1,lctoperoXld,l\e catdl"" and elhanol prcclptlè tlon 1 rom J 
Triton ),,- \00 C\lr .ICI, dccordJ'lg 10 W Jhh & Crumploll ( 1 <)-7) 

Il Ilh 1ll0dlficJIIOll> dc>cnbed by Pc) IllJn, Sdl\\.lrllng &. Sul!JI ,Ill 
(1986) Delergenl solub!J7.ltlùn Jnd Icctlll .1Ihn,t) ChrtllllJhl­
grJphy IIcrc u~d dccordlllg 10 pubbhcJ mtlhoJ, (\UIlIlJIl ,'( 

"l, 1979) \\.llh the modlilcalion 01 J mO-'ltp dUllLlIl Irllm 
Scph.Ho~c-Con A (PhJrm.lel.l) The lo\\. dlhnll, gill<lprOICIll' 
IIcre clutcd by 50 Ill'! ex-mcthyllllJnllosldc ... Ild Ihe 1ll01l1lghlh 
bound componenls b~ 3 M KSC:.J 1nllJtll)n 01 cc:llllcmbrJnc 

glycoprotcms IIdS dccordmg to Ih~ plOL.cdurc "t GJhmtxri' 6-
Andcr"on (1977) Gel elcctrophorc,,, IIJ' c,ltncd OUi b, Ihe 

mcthod of Laemmlt (1970) SJmplc'COnldlllln! c'lu,d 'lu.!IlItItC' 
of r,ILlIO.1CllVlty wcrc addcd 10 c,llh Llne 

BIOl 1'11111"(,, /tJ"t'I/III~ o} g/I l O{'fO("1II1 

l'or fucosc Incorpor,lllOn Into gly\"nrr,}t~lIl. 1 <'0 IlC, 011-1 ULlhL 

(5,6-- JH) (ICN R,I,!JochcmllJh CJn.Jd,1 Lld, MLlnlrcJI 

Quebcc), wcre added 10 25 X 10' cclb/ml III 10 ml ni RI'Ml-
1640/10% FCS medium and mcubated G,ernlghl dt 37 After 
washtng thrce IImc~ wlth PBS, ,Iock Tnton X-IOO '''IS Jdded 10 
make a 1 % final con:entratlOn NucJcl wcrc SCdllllenlcd, Jnd 
pdrtlculdtc rnJtter remo,cd by ccnlnfug,lllllll,lt 10' 1: for 60 min 
1 or clcclrophorcsl~, protctns I\crc prcup'llI,d III ah,olulc 
clh~lnol dt -20 o\crlllght and rCnHl\Ld h~ I...CIllntugdllon 

7H 

,",,/1\/\ II/I...·/IIII/t/'I/I 

IllI.ll1lh"hlllltptd'l.'1 Ill' (1~IO'llll \\llll\ttlll\dtll"'tllll 

IlllhlllfOhlfllll1l\lhlflid (~"'t 1) 1111 'lu ttlhllli Ihlu h 

l,II.Il .. lujllllllhlll)II)11ll Il\llllUhlltl 1)1"11 tl! IIH ltll1\hl1\ld 

l,ll.ld ... \I.LfL Ihllhizlui L'}.. .. " tlplllllldh \lh,I.llld pllllt! ,11\ l ' 

LIll' ., l\llll ",li Illil ,,1 1 >1 \1 ~'I'h"d" \" 1 h. III "" 1: 

fhulliplli'l \\lrl llUlut \\1l11 ),Il ml \'1 IIlll11 1111\1 IIld 1111 

l!.lllglh1 ... ,dl'l \\.-llt tlHlld \\1111 101111 ni Il ,\\ .tllllllllllllllll I\llll 

III flH!lhall1pl.llld i,11. .... d\L·d 1'1 Plll.l1111,h dl .... Lldhd ~\\llh\1l1'.\.. 

~1l( IlIrl' IlJSO) Tht I\llltl.d 1'J\Ulltl'ld ... \\dl h,l'Il III Illd t.' 

IUlh"l phthl'lwllPld, d, .... dhd Illd pllllilld \Ill ,dllh .Il,d 1 

lil, .. llhldll't\\hlll ~"~II\\ IIIIIII',\. ~lilll[lltil l'I'!)I 

1 \\11 \.!I.o!lk!!II1'\lll'I\~\dqlld ... Il) 1\11 \''dll 1111,,1111,,\1,. 

1\ III ""h 1"" I( 1 .. 1 ",Ihl IIIP",,', ,., 11I1'dl.l', 
LII\l'!ld 111 .. 1\\11111,,11 t1hl\' Ihllll! ,1 '['l'IIIIIIII'! Ij'! 

l'! dl' l \I!l! Il!llll'' r ,,1111 '. 11\, ,'I\llliq 11,\ \\\ 'l l '1"1 , • t " 

l lit tfll.lI (1 h.. H Br Il 1111 l ,","1 dl III Il'1 1,.\ 1\ Il l,'" 

11..111l'll 11 III \. 

IH '>1 1 1'> 

l ,ILl0fh.?rll\lltl ... 1. l.ILlh",~ ... th~ 1,ldlti 1I1lilll ttlll\l lit I"tt. [qll l fil 

l\HI ... ,nC'-l.l)nl.t1f 'IH' \lHt.IL\.. (1lllluII ... th,ll nlll'ht III l \(llllld l,' 

III\c.1 fllk IIlIllIll\..tlllllll 1Il1l.lllIHIIl, f\VII,1I ,\. (1111\1[11,11, 

1'J77) 'lIHI\\1I11' Il'' III~ .11l(lI~,(IlI\II\l Ull1lJ'lll-..11l1 ,~l \1, 

I1\ljdr Ilhdkd p"I\I'\ . .'ptldl' \lI jllflnt J....",t,' ,lIId (!,qll 1 
~LI[htl qu tilt 111\1. Bdl LL 1 [ \11\ qtl IIIII!.III\ ( d,Ill [l III \ '1 III l, ! " 

dJ'llllt'lJhhld"ll\\lLl1lh\,.~"'llllljllJhllhh,I!III\I\\I)!IIl, III{. 

lilL phllllH\Pll dl:lllllh.l III 'lfhLII\Jl\ Il) 1\'1 .. 11\ ....... t. ,Il d" 
IHlt III 111 ~I.'''''' Lhlll~l' III thl I1Il'mll1l'1\ l'II1Iltllll\llql",lllltJ\ 

( Jchoh\drJh.I -4..0nl.llnmg pqHHil"'l 

Rlhkr Il h LllIllIl'd th,11 tltl 1.1[1.'ll 'III IllllJll') hl h,l\ Idl lilI/li.! 

hlllJ Il) <. lIll ,\ (Rodl.·\ ," ul Il);!)) 1\'1 \flU\\1l11l 1 I~I 1 Il Ifht l li, 

1H.. .. lthlr ni thl' Cll.'lIluphna.tlt P,lltlllh dl [.Idlt) Illdlll tlll! th Il 

lIJl''I th Il \\\..'tl dUlLd fll)!ll (Ull .\ "tph trlhl h\ J \lld" l j 

1l1.11ll11"H .. il llr "' \' 1 hll)l. \ III III \I.lfl. ,111 \ l dll"'h III dtllllt. Il' t 

notcd t}('( "HL n thl.' 'l lhltl\l..- .llld Il '11,1.ll)ll L Il ... "111\ l 1 hl, 1111.. 1 h, I~' 

dt'tl~Lh tin" .1 'lUhpllpll!.ttH Il oll'l\loprnttlll"'lh Il h tH \ Il" t. 
Lllnlcnt 01 IIl.1 llllti'l t hl flh)rl 1I~,l\ 11\ 'l.tI ... 1.1 lui 'Il llll 1 \II \ .... V. li, 
Ilhc1kd ln the pUltlJ.lll b\lln!tHlrtdl tu IlIllqtJL ,lIld Illl III 1)0' 

IUU1,e-i...\Hlt llTllfll! ... tllHlurt .... 1,\ hlll'\rJlltllll Ifll..lllplH 1111111 ll' 

th~ tnl1~tl..:d llHlnn.., lllh Indl' \1' 1111 Il fl(IIIL lit Illl)/l Ih III "lit 

L'kLlrllphorLlll h.lnd'l ,hO\\.11 III I,!.!'l Id tH =' \HII. ,111\ IIIIJIH 

dlfktl.:'tlLL .... nOluj hl t\\ U.ll thl prlldlh 1 ... nI ttH lVoll'" --'(1) IInl • 

t\ltlllHJt~1J 1 1I1'~llltl 'Llhltl\lI\ 1'1 'U"'Llp1lhll hl Jlfll(! 1111 

(PIn ...... , 1 li 1.. A B.tlllL'" 1\)7X) IIl1phlllt- .J plult.lJl IIltd •• tl',j 

pnlLe .... ' .dtt~rJtlllll'lln thl ghu)ltr1dt n\lflHIIIH..IlIIll.1Y ITII)dul.llt.. 

Ihc lunLilon 01 Ihl hlll(bnr \llc, (Brelll.:r ,'( (J/, 1'JX4, Mullu &. 
ShlllltLlcy, 197'i) To d~'>L'~ po,,,hlc ch.tnge, IIllhel'l)LOhpld" 
holh thc 10ldillpld frJLlwn and Iho'oC hlOwlltllcllc,tllv Idh..llcd 

\I.lth r.llho,llli\C Tilt .1 ,)\~H .. 'Lh.trHil \\Ul c\tr.H.lcd .uId Ml.lh\.ld 

h} 111111 I,!;CI ,hrolll l!Ll!'r .phl Il,,,, "Il "II' I""til" ,,1 1\. ./, 
\~UL \Lr\ ..,111111.11 10 ""h.ll h.ll bU.1l Ilpn[ll'J IlIr trll, lLlI 1111 

2& 



(,Il/(/f,I'ld/lflO\'!dflflnlll \f.,.-1/\!\!1f}1I f....;,()_ .... 

"IJI ( r I)ff y ~(H~ Clone v~b2 Clone 1 K562 Clone 1 

130~ 130~ 130'-

! 
.. 

~ ... 90 ao~ 

~ 
ao~ 90" 

... 67 &7 .. 
67~ RIt 67" .. ., 

.... 45 .1S", li • 
~"M 

45" 45~ 

Il .... 3 .. 34>- 34>-

1 34'-
.... 20 70" 

20~ 
20~ ... .. 

.... 125 llrl .- --- 125" 125 .. 

IDl 
" 

(d) 

I,,:uh 1 il) \ 11\' Il .'\1"11 Ill, ,.1 \I)l", " \( 1 t.1~ ... IIl1phl"l -'1-'1111 1(1 h [\ 1 111.1,il lll!..!!\ 11h11 1'1 '1111! IL.\ p,.lh Ill, 111l .... 11" l ,dll I,Hiln III ,\ 

b\ 1 h, 1,. 'npl rl)'l, Id 1" III hlllqtJ~ J h .... l'[llld h fl pl v"'ll1l 111" t ,'1 , hr u lIl,i, p ... Il' Il' ...... P '11110..11 h ln Il il" h ,Ill Int~ 1]'-,11 .. Ilhl r"hllhl!i • II 

tlH III Il Il Il Lod" ,~~ Il Ill'l ()dlh lhl ..... (II1h. 1Il1lHlI b Ilhl-. ,lhl\Hd dl.!. Il IllL '11/1 1111111'111\ 111 dltl"I,,!!1 l ,p"llI1h ni" (b 1 \IIIPI IlhllJ.!1 1111 lIt 

1 1\1 111 It "ILLl lit d I\{ 111111." lln!lll l" JIll "Il ph Inl~l ( • III 1\ Il, 'Il Il,\1 ) IlILI li, lm 11l1l/j'lldl (, 1 \ ut. 1/ Il11".'1 11111 11 r Id 1\) Ilht'Il 1 Ill! I~ plldl ... 

~ltJlullr"111 \lphtflhl l ')11 \ ln ~ '" .... 1.,( .... (d) \ultlTIdl'I\'f1111 tll t.1!111l'.j prlUl'lll1 ... d rl\l.l'p ... pllth .... llhl.ll...tJ b, tl1~ 1"'lohllll 

IllIllluI11tl't,ll\lll,k htlllllqlh 

1 2 

--c200 

--c116 

--C92 

--c66 

IIJ.!lIfl 2 l\uloroJJhl!, tlll of 7"" SD\ l'}\(, dtLlropIHHLW" 01 Llh Will 

pru .. lpll.tltd !lI dit 111' nf l.t Il, hlll'l\lllhllll dl\ 1.lhl !.td ln· tntl..1kd IU ... O\L 

d,t\\hLrl. (\ulld· .. , (t.rI IllSl) ln bpth Iml.''1 the m,lJllr rh,utl Il 

l!1""hl'"h h.ld lll"btlIlIL' Ill.11 !h",c of (Mil (DI! JIl.! 
P Il,lpldbtY,,dL\ li IL' ~.J) ••. tIld (hl nt.Jj\.H g~lngl!o~lde.., nl,..Jr tho,,\! 
of G,,", G,,", G'l{, ünd Go" (Ilg 3h) lIuv.evcr, Clune 1 
l'o,,e,~cd a group of glycohp"h (lt l(lw moblh!) th,1t Yocre not 
"~,,'Il 11\ I",rent K56~ (lll!' 1.1.lIld hl COIl'''!Cn! <llfll'rullC' v.crl' 
Illli ('"\Idt'nl III (hl.." l'lhltll'Hl hl! .I~I.t!,' (l" • \~JlIl..h \~ \ .... d rt..~'ltl\lh 

IllllhH U)l1llhlllllll ·1 hl\ \\." tonllrmcd lU the pJucrn\ oot.lInul 

.ltrcr 1I1lllh.1llon of tells wtlh thr r.Jdlo~h ... tl\e IlHHllh •. lI .. l..h,lf Id!.! .... 

~.ll .. H.tt.l ... C ~lnd fuco"-C OVt'r~11l HH..Orpor~ltlon or g..tllictoo"e mIn 

ho!h lll'utr.11 glveoltpI<h .Ind g.lnghosldc. "JS the s,1Ine for hoth 
11I1C,. but th.ll of fu('o\c \\.l\ 111.1 Il Y tulle ... grt.ItCT III <. lonc 1 ( l.thk 
1) 1 h~· dllom.lt\.lgr.lphIL p.ltt~'rn\ ,lhH\11 1111 It! ·k dl'Tll' 1 Ilo...tr.ltl 

th tt !2 tlld~hl \~ 1'\ d"lIlhlllLli IIlln .... IIlUIIf UIIll!'IHll Il''' ln /lll!1l 

tdl 11111..· ... IIU'~L'l' <. Il)Tll 1 U)llt.llIlI...d .1 t'l,Ill!, \ll IU"'lh\llllll 

"Inldult ... th.1I \\CCl [hl{ 'lLU ln (hL P IIUIt ~ "11.2 

l 'prl· .... 'IOfl uf J 1II.IJor flH.tI"I.lled "urf.Ht' Jllfl:..!tU 

1 \1 ddl."lllnL Il tilt dltll r LIl'!.. 'Il Illl.P .... L l..\ lnh.·,l1 '\.h rLlkduJ III .J 

Ul.lJ\.>r tUl ... l..l~\ 1.1It..J In ...... lt..l.h.lfltk u .. 11 o"urt.lt...C ,trHlgUl the 1\'0 

..... 56.1 hne ... v.crL l.ulllp.lrt...d for thclr L.lpJllt\ ln hilld .1 rllllIln 

L Inn.1I J n!1 bod) 1 Il 1(, 71 l'cym.11l cr III l'J~(,) rc Il! i\ è '\l, h the 
1.11.tont..l)lu('o~nt,ln'è III ddl"rrnltl.ln' 1 hl ... dt \t..Il.lpnlèntdl 

,lntlgcn .11'0 t..Jlkd '\.-Jl..'tullIlll.lot ... 1.lge-'::tpLl.llh. cnlhr\llnll 

.1J1!lgcn Jnd /-,1\ 1. Lün he b,'rnc on hoth liplJ JnJ l'rotLlIl, .IIlJ 
lum,," 01 ".dJeto", III 1 4 .lnd rUL\"~ ln 1 1 hnl.I!,L 10 Il 
,ILLI) II'IUClh.Il1111lC (rL" 1L'\\ccl Il) 1 U/{, l')~') Il 1 rr" , l ,,/ (11)\.1) 

h l\è ... U!!t!t... .... lu.i th.n thl ...... lrUltllrt.. 111.1\ IUlh..lhl!l .. ,.1 t.11~l t lUI 

!'-h.. ~..:Ih 1\, .... hÜ\\lllrl J I~J o.l of thL plufill ... dht.tlIlU111\111l tl~m 

L\ tOtllLtril .ln.d~'JI-:' of p.HUlt K .c,(,2 .... nd <. JOIlI..' 1 h\){h lin!"'" 
L\PIL~'U.i t~\Lfltl.illv IdèIlllL.d qU.llllltlt .... ut thl ~lIltl1!él' nu thur 
\lIrl.lu.~ Thu .... the IIlcrc..t\l.d fULÜ,)1.. IIlLOlpnr.tth.Hl oh"l..r\cd III 

( Il'l1L 1 1" !ln{ fullll\\l.d hy d glllèr,ll IIlUl I ... l III prodlll1HHl of 

fUl.u ... e-bL.lnng ~1)(,..tlllpllh, JIl<j tht.: nè\ .. ~tl uLlllll.." .... Ill)\\. n ln Iig. 

1 nl.l~ rcplv"Icnt J ~pU..::dll.. '}uhpnpul.llhlll 

..... lIh ... ltHH: .... 01 (I,lllt 1 \Hll "l..ILL!ul Illf fL",,,IIIll..e 10 glo\\tll 

IllillhllWIl b\ '_un A .. lnÔ thul tlltld 101 ~t...Il,ItI\It) 10 r-.... ..... 1),1. 

01 1 ~ r,lndol1ll) 'CkLlul ,ulxlon" plLkcd lrom ''l'.Ir Jlld 
exp.lnded III Lulture (dc,Lnocd III the MJlen.Ii, ,md Method'l, 
tl\L v..Lre .. 1\ \Ln..,ItI\C to NK ly\l~,J~ the p.uer.1 KS62, ')1'( \"cre 

\\ Itlllll 7" ' . .Itld OIlL Itlll.UI1! d 1t...\I\t.Hlt I,"c Clone 1 Olle (li IItl 

fI\L \\IIILllh,ld Ilt'llllt..'J fllll\Llhlt'\!lti.d~"'lgnJtcd(ItH1L 1 (on 

N', ".IS "kLled fot further ,,,,dl' (1 'l! 5) To delLlllwlL Il !he 
.dIL'r"l !'.((!cm offulo,c II1corpOrJllOn IIIto gl}cohpld rcr."'cd 
ln th"L revert.lnt' celh, olo;l'nthctlc 1.loclhng ~tudlc, "cre 
pu hHtllu1 .1\ dL\t...flht...d III tilt \cc..llon ..!bovt... In the ... e C\~fI· 

1l1t..llh th ... dt...grt...!.! 01 ftlt...no..,l.. IIh.orpor ,Hlon (l.lhk 1)..1'" ,\cll ,t ... the 
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(0) 

(b) 

(c) 

•• 
i 
~ _.-

2 

-

• • • • • 

• • 
• • · : 

2 

234 

... 
-. 
-

3 

3 

eTH 

CDH 

eTH 

GLOS 

AG .. 

G .. 

G 

G 
G_ 

GLOS 

5 

hl!ur~.J (.1) Thin l..J\cr Lhrùrn.llùgT.Jm of th\! n~lJtr Il gl\\.nllpld ... tWtll 

1\.562 I..c..Ih L.inc 1 J....5h2 p.uent IIne IJne ~. K ~6~ C!Ollt' 1 IJnL 1 
~t.tndJnh Tht. ~1.lndJrd mdr~er, .lTl IJtxllcd ~1l1H1H ~"''ItLIl1 dli ... HIl 

form 011".Ih.J1'1ll1-Yt3h:r (60 15 S) DC'IL'\..t1un "\lh urclnol "'prJ\ on 
111'1 Le ,dle,l plJte, (Malk, D,lfnl,t,tlT. 1- RU) 1 hl ''''Illlllcl lIu, 
\lruLtufL ,Ind mobill e~ ~\f ~1.tndJrd llt. utr JI ~1\L\lltpllh .tnd!! tllflHhlt1t. '1 

.He a~ dt. \LTltx.d n\ ~I IU!..1 rr ill (19~ 1) l hl". Inllhllll\ 01 ( ~111 (!lnt 

",11l)"-tl) I!) .tb0\1.. Ih,j{ 0 ('Dl{ (th. if IhL Hull t! PJl1d llll..llll .. ") 1 .lm! ~) 

p.H,lg!übl.l,)ldL~, ~t"eel th.ll of globu\lliLs .IIlJ A{' .. lI on thl. hgurt. 
JSI.li" G M , b<t"l'ln th.1l of l ï Il Jnd globmlJl' (,ce) oung ('( ul 
190 1) (0) Thll1la)er chronlJtogrJnI of the !!Jngho>ldes Irom h.562 cclb 
Sol\cnt S}~llm chloroform methanol "3ter (55 45 10) contJ.lOlIl~ 
025"" C.ICI, Dct ..... tlOn wlth resarctnal spr., lhe G", and G ... I 
ganghosldc stand.trd, (not shown) m'rrJteabmc the position ofC' MI on 
the figure (c) AUloradlOgram of thm layer chromatogram of '11_ 
IJbelied gJnghosldes Lanes 1 and 2. K562,Ianes 3 and 4, Clone l, IJne, 1 
and 3, cdls Inlubated ",th 1'1I1g.l.lcto<;c. lanes 2 Jnd 4"",11> mcubatcd 
... lIh ('1I1fuco;c, lane 5, st,mddflh 

HO 

1.J"ll 1 I~\ 111\, II""II"'II'\'\.'!I"I, 1;I,.lI.ln '110"",11111,1, 11\1' 

\\11 

l ,l' hlll 

Ir h, 1 f..', ( 1"11. 1 

1.d l' li 111'1\111 il,· 
*\, Idr 1. l'I. .. ,l q", 

1 PtI I l .... (\ 1 

h 111<' 

tlill tlill 101; 

1 ~ Il Il' 

,1 th (Ill 111: 

, l " [ 1 \ Il ' • 

• l' 

r 1111\, l'','ll,,r h. .... /,' 

" 1 

,II 
1',,1 

," 

,', 

l, 1 

\!Il 

1 1.11 

,/Il 

l ' 

t 1\1\. 1" 'fil" III III ,01 1 il ,1 If 1 • 1 l,,, 1 1\1.\ l' \ 'II 

,'[' Il III "lIr,,' l, l", 1 .'j,I.! l, 11 11 

, 

1 

, 
" , ., \ 

"',,11 

111.,1 " 
1" , 

" " , " 

, 'l' 

1 III 

: 1 J, \ 1 Il 1'1 l" 1 1 : 1\ , 1 1', 1 Il " "l, \ Il, 1 1 , 1 

è , 

.. 
a 

Clone , 

fluol •• c.nc. Ir\tenalty 

1 

l, 

~1J.!urc 4 An.iI\\I,) hi nO" l\tolllltn. 01 HTHIlUrwflulIll'llllll .. t 111I1I1~' III 
r..."r<! .mu (hl/II. ull\ h) .tnllhot!\ (Jtil, 711 H,It.lI\,,(' \o\,lIh tlu. 

IdltonLofulOlxnt III )(fudurc HOfifont..lI.u.I') 1\ thl flUoh~t"l(" 
Inltn~lty. (xpre... th.11 10 of the )mdl1~1 dIVI\llJfI~ rcpr('~nh d 

douhlmg of Illt· Inlln'ilt) 1 he vcrtlC.,t1 d"'l~ 1'0 tlte Id tll'oC 0-11 numOc:r 

norrndlllcd 10 pc..rl..CnldgL or tot Il Rdll 1\ J ES hmphllhl , ... IOl(j lrl! 11fI(, 

1 H."lUf lhl fi ~t) 71 dlitl!!Ln .wd u'.ld hlrl .1\ J nef.lll\( {onlrol u Il 



('/1' ,,1,/>,,/ {'I< //\ 11<11/1>1' /II ,\ A-II 11\11/1/1 A '1>_' 

i 
'i 

1"' ",t,} 

r tt , " 

,,1 

/ 

/ 
1 

/ 

/ 

f, !Ult " Pllq\ t nllll\l pr.dtk (lllhl \l n"'lll\lI\ III f'.,~ ... h ... l ... 1'1 l,uhlillL 

t ( 1 li" 1 Itllltt Il '01 ! III! hllh1.. IIl\ll t Illl h ( tin .\ "uh"lh dl'1"!! llul 

( ! III~ 1 ( 011 \' 

l 1111 \111 \(l)"1 Ipllll... P IltL 1 0" (Ihll ,l\ll\\ (1) \H rL l'l'\" Iltl.dh lI"h. nllL.tI 

h t \\.llll thl (nn .\ B.'\I\t.lllt IlIlL .lIld P H(!J11 k "(1; 1 hl Ill\' 
11111hllll\ 'PLUl ... "tUl III thl P' hlULh III (lllll1.. 1 \"L1~ rh)( 

\ l ,\1 tll/ld 

()h( l "~I(}"'" 

1 Il Illl' l' 1 P'" [ \\f" il 1 \ l • 111111'.11 '..li .... nllle nt the pl,t"'lll 1 T11Lll1hl.tIH. 

[''l'l'lllll\III,1 hUllll1l h lI~ 11"-l1ll1U .. "1I11111"("- ~(12)\.\l1h ,IH1'lllll.1 

\ III IIlI ( ..... ~(J~ ( 11111L 1) 'l'kl tLJ tlH Il'l.ltl\.C fL\I\l.lnlL lu h "'1'" ln 

1" IIl'hl/.1I blnnd 1'.1\. ccII, l"nnc of th, nlJJ"r L\tCrIlJliI 
l'"c'ntctll'flllCm, ,lctl,,,blc to r.IJlo-lo<1!nJtlllll h~ 1.lcropcro\1 

"1" pr"tlue"" .In\ dltl,ren,_c\ ln [!JCI[ h.lnd 11J!teln on ,\Ln!.1 
l\lldl l'L'ho 1fH..llIdlng ll!U\l pcptHll" \I.lfh ~ulhlll.·nt m.lflilthl 

ulllil nllo i><: llifiehull" .llhntt~ Ihft)m,lt()~r.lph~ on 1[\1[\1obl 
Illuf ( 011 .\ NLllhu \\Lre .111\ J,ffcrcncl" nlllcd ln tlH" 1ll.IJ"r 

".Ihillui r"'''l'rotum 1.lbcl!td b~ the l'Crltld.IIL-horoll\drJd, 
l,dulIquc nr th, m.IJIH luu"\!.!lcd \truLlllre, 1.lbdkJ 0\ 
hlll'l\lllhLlll Inulrpor.llioll 01 trlll,tted fUUY,L' l hl\C fL')UI!'l 

Illdll It~ Ih Il Ihe ,tltcrcJ "n"tl\lt\ 01 (Ionl 1 ccII, to l"I-. \\.1' 

Ih li thl IL'\UIt <,' .. 1 ~II O"''''l.h,tngt 111 thl" protem lomp0'lltlnn of thl.. 
1'1 "'ll 1 1Il1lllhr.lnc IH In.1 gcncrJI mndlfll.I1tOn ln the cornpk\-
11\ 01 protl'Ill OII\..!d~lL(.h.Hlde~ HOWC\lr. thl\ doc .. not nLg.HL 

th, p",,,hlilt\ tlt.lt the lh.lngc, rel':\Jnt to NI-. m.l) bL ,ubtlc 
.t'hl nH~'ht lx. \1\l1Jllled U\lflg morc- \.ensltll.e or ~peCdK PIUO(!.., 

An.li"" ni tlte ghcnhpIlh IIlJ,c.tted thJt the o\cr.1I1 p,lttern 
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Itpl''1 ln the l on ~\ bmdl/ll' 01 lhclr fTl tjllf rrlltul1\ 

On th~ nth" h.lncl th, (on A-r",,,t Int (IIHIL 1 ( Il'lIc 1 CIIII 

A") rLiurmu to the Ort!,ul.tllc\cI 01 "562 ><.n"tl\I[\ and 1."1 

th~ .lddcJ f'roul' 01 fU'll" IJtcJ ghclll"I'"h LI~e\\ l'c, Poh.IJJJ~ 
h 1\ rCl'ortld th.1I .1 ( on A-rc'htJnt ( 1 IIlL'L h.ll1l"cr O\.trl cdl 
III'" h" IIIU,.I"J ,~n"tl\t!1 tl) lIlunn' NI-. ,dh (l'ùh.IJd.lk 
\\ nght i'.. (j[I~n~q I<JS4) J tm" LI"l' ,tenl "Ilh tlll Il''''lhl 
111\ th.tt thu, m.l\ ~ !(I)col'l",h .... h,CII CMI he IIhldlhLd to 
rt...ndLr J :-';1'\. tJrgct "ItruLlurc 1Tl •. H .. II\L A ptllUlll.d rolL fltf 

~I~co"rld, 111 mtlJulJIIIl~ thc NK rll_o~ntll,l\1 pfl),.,,~ h.h oun 
"1~g"lcd b\' Iltc "or~ ni Young ( l ,,/ (lYS 1) \\ltl, .lnolhcr \Ct of 
mUfinc tUllltlur 11I1l' AlthllUI!h th,) llb,el\uf .1 JLLfC.I'L trl thc 
tjuJntlt\ ol.I'lllo G M _ HI th~1I 1'.K-rc,,,tJnt hnc(cI 27.1\). dlle"l 

hpld trJn,fu dlJ not rl'l.On,tllutc "-r"lll\lI) 1 rom Ih" thc, 
Clllleludu.l thJt Ihe .lIlclcd ''l',d, \H rc nol thc J"tll.ll bln,lin!, 

"IIIL \ B t...,Ld on oth~r \ludll' ll1 thl' 1110U\L S\ 'tll'm, YO!!«..t...::,\.\ • .u.Ul 

(1')~1) 1''''I'",ullh Il Lh,III!,C' 111 lcllul If rhUlllp,d\ InLiudln~ 

Inue.",,! ".Iii Iltlon, m.l\ contnhute to thL ncopl.I'IIC pheno 
t"pc IIICIJ\t.I,I\ .ind Ihc e,c.lr<: from lInlllUne ~lI[\c!lIJIICC ln 

the "')<>2 rnodd lI,cd hLr:. the ."Idlo G M , fr,lcllOn ".1\ or \Imllar 
trltcrl!ilty on the ChrOmJlOgr.lnl' of the two hne" JnJ the 
decrc."cd SCOSltlVlty of Clone J remame<! unch.Hlgcd after 
trC.ltment v.llh ncurarlllr,da>;c (MacOougJII et a/, 1986) 
Noncthl!c". It I~ f'O"lole tltJt nlodulltlOO or thl Itpld cnvlron­
mcnt ,urrllundlng a tMgct prolun nlJy Jlrer lb eunfurmJtlon. 
C\po\ure. or moblllt) \\Itlllll the nllmbrJnc Jnd IC.ld to .tltcrcd 
fund"'" "u,h cflcch "l\l hcln n:ptlftcd for rL'CLpt(H' f,H 
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CONCLUSIONS 

Thl~ ~cric~ of pllhlication~ presents the re~u1ts of an integrated approach to NK 

cffector-targct rccognition. An NK-re~i~tant suhline of the standard NK-susceptiblc 

target ccII K562 ha" heen dcrivcd and u~ed to addre~s the b~ue of target specificity, 

hoth h«)(.:hcmicaily and a.., It relatc~ to NK cell activation. 

Clone: I, an NK-rc"'l~tant variant of K562, was selected without prior expo~urc 

to l1111tagcn by rcpcatedly depletlllg effector-target œil conjllgate~ and c1oning. Such 

ccll~ can he kIllcd at a Icvel eC/ual to that of the parent hy complement and 

4lntihody-dcpcndent cellular cytotoxlc mechanl..,m~ indlcating that they arc re~i..,talll 

"'peciflcally to NK-mediatcd cytoly~i" and are not generally refractory to cytolytic 

mecharmm". Cold ccII competition experiments "hl>w that Clone 1 1" not able to 

compcte a~ eftcctlvcly a" K56~ for labelled K562 targetl" although hoth K562 and 

Clollc 1 compcte eqllally weil for iabelled Clone 1 targeh. Togethcr, the..,e data 

Indil'atc that Clone 1 1.., ~peclflc III Ih rC<"I..,tance to a major population 01 

1I11'1tlllll11atcd NK celb, probably through an ah"ent or ma"ked NK recogl1ltIon ..,ite 

Etfèctor l'l'Il.., activated hy ~taphylococcal protell1 A are able to kill K5()~ and Clonc 

1 cqually \\c11 Clollc 1 and K562 "hare lucnucal cell culture charactcri"tlc"" 

ll1orphology. I-aryotype profile, and a lack of cxprc~~ion of -,urface immu!loglobulin, 

heta"lllicroglohulin, IILA p44, or la-like antigen~ a~ determined by f10lJl c",ccnœ 

mil'w",copy. 

Togcthcr, thc:-,c charactcn~tic~ de~cribe a cell line pair tl1at ma)' differ ollly in 

their "llsceptibility tl> NK cd! recognition and cytolysb. The comparison of the~c ccII 
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lines ha~ led to a number of observat:'m~ addres~ing several central 1~~L1e" 111 NK l'l'li 

physiology. 

Biùchemistry of intcractions hctwccn NK and target cclls 

A comparative analy~i" of the pla~ma membranc propCI tic.., of K562 ami CIUlll' 

1 cells ha~ not revealcd ally difference.., in thc cxpre~~ion of any of thc IllaJor l'l'II 

surface proteIn~, or in the nature ot the protell1 oltgo\<ll'ChanllC\ Thl~ Illcludc,> 

SOS-PAGE analy .... is of cell ~urface protelm <lcce~~ible 10 lactopcro\.lda,>c-GllalY/cd 

radioiodination, proteins enriched hy afhlllty chroI1latography on 1111111ohJllll'd 

Concanavalin A, ~ialylatèd protèlm, labeled by thc PCfI()(lttc-borohy drille tCl'hllll\lll', 

or prote\l1-bou nd 01 ig()\~l,cchande" hio'>ynl hel lcally \abc lied hy t ri ua t cd j lll'O\l' K:'tl2 

and Clol1e 1 arc Idt>ntical ln thelr Ic\'cl ... of e\.\HC'''IU!1 of bl'tOlwotucopclltamL III 

determillallb (1.1\-'0 Ixllown a~ SSEA-1 or Cl) 15), and do not change tlll.'lr ~h­

semitivity profIle aiter incubation \VIth neLlraminida~e Further al1aly"l~ of thc"c l'l'II 

11l1e~ ha~ been undcrtakcn hy BClnier ami Sullivan (16) U'>l1l6 a vandy 01 Icctlll~:I,> 

probe ... lor differcnl \ugar ... , They have .... 110\\ n th,tl Illtroœllul(hc 1)loh ur pro'elll'" 

l'rom pla"'ll!it membrane ennchcd fraction.., ot KSCl2 and Clone 1 glve l<..k'llltcal 

~taining pallèrn~ whcn eithu Con 1\ (ll1ann{)~c), WhCdl gerlll agglutll1l11 (\VC,A 

N-acetylglucosamll1cj __ lalic acid), ~()yhean UgglUtllll1l (SB!\ - N-acl'tylgalacto":ll11l11\:;' 

galacto~e), pcanut agglutl!1in (P~A - galacto ... c), or Ule\ cur\lpaeu.., aggllltll1ll\ 

(UEA-l - fllco~e) i~ u~ed u\ a probe. Treatmenl 01 tlie membrane\ 'vith 

ncuraminida~e bcfore eleclrophore~,i~ and 1lIlrocellulo..,e blotting dlCJ Il()t 11IlIl1U ... k ,illY 
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differcnccl., in the I.,taining patterns. 1.1 their ~tudy, KS62 and Clone 1 abo were 

identlcal in thelr kctin rc~Î~tancc propcrtie~ whcn a~se~~ed with the Icctll1~ Con A, 

WGA, lJEA-I, and RicinLl~ CLimmllnl~ lectin (Re A). Togetl1cr, thcl.,e data ~ugge~t 

that although ( Îonc 1 appear~ to be rCI.,I~tant to a major population of NK cclb, tlm 

rel.,i~tancc canl10t bc a~~ociated with any detectahle change in ccii ~llrfacc 

glycoprotein~. 

Allalyl.,i~ of cellullir glycoliplds by thin layer chromatography indicated that in 

both the neutral and ganglimidc fraction~, the products \Jf the NK-rc<.,btant Clone 1 

variant contalI1cd a group of low mohility ban(!~ tilla wcrc not ~CCl1 ln thol.,c of the 

parent I\:.S62. Clonc 1 hall a <.,cvcral-fold higher incorporatIOn of tritlatcd fuC()',e into 

hoth grollp~ of glyc()llpid~ than did KS62, and tllil., incorporation \\a, locallzed 10 

tho~e low mohllity han dl., that were not pre,cnt in the K562 parcnt. Thc Con 

A-re~i<.,tant Clone 1 variant returned to the origlOallevel of KS61 NI\.-<.,cmiti\'ity, and 

concurrclllly Iml thc added group of fuco"ylatcd, low J11()blllty glycollpid~. Thu~, it 

i~ p()~~ible that the"e cornple\ glycolipid~ arc them,chc" :\K targct ... tructure~, and 

that thc inlTea"ed fuco,ylatIoll could Il1terfcre with lrclr rccognition fu lctIon and 

render thc œil ... NK-n.,,,,,tant. Ilowevcr, the cxpcrimcnh de"L"rihed 111 Publication 

2 (Fig .... 5,7 and x) ~h()w that the ... cn~itivity of Kl 'b2 and Clone 1 to rc,ung i\K 

decrea ... e ... markedly UpOll trcatment of the~e target œlb with the prolèa~,c ... tryp~1Il 

or chymot ryp'" Il. ;\ Il h()ugh t he~c da ta ~llggC"t that protei n 1., t ructll rc ... arc i Ilvolvcd i Il 

the recogllitioll ~l'qucncc, they do Ilot prccIlIùc the !,o ... "ibllity that the putat\Vc 

peptide NK targe! ~tructllrc may requm: a di-,tlIlet glycolipld envi'ul1l1lcllt 111 ortler 

for its fUllctlOI1 to be cxprc~~cd. It I~ important to note that putative K561 targel 

proteins i~()lated by IIcllkat t ct al (69) reqllire recomtitution into eml,Jgenom 
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glycolipid micelles hefore they can inhihit effector-target interactiom r-..10dulatlol1 

of membrane glyc!llipid .... ~uch a~ tho~e that OCCUI III the Clollc 1 cell, may rClHkr ,111 

NK larget ~trllcture lI1effective. Such a Illodulation of ccII "llrf,\ce protelJ1 fllnL"lloll 

hy change~ in the glycollpld cnvironl11cnt ha ... been reported for rl'CeptOf'" lUI 

tran~ferrin (125,134) and platelet-derived growth factor (23) 

The NK-re~i~tance of Clone J doc ... not conforrn 10 any o! tÎle de\crihed motlcl ... 

of NK target recognition, almmt ail of which fucu ... on membrane protcin ... 01 

glycoprotein~ 80th Roder et al (162,167), and Henkart et al (hl) have de~cnbcd 

the i~olati()n of Con A-bll1ding glycopeptidc ... that appeal 10 Inl1lblt e!fector-target 

interactions. \Vere the re~istance of Clone 1 due to li lac\... of one of thl''''l' 

glycopeptide~, the protein~ which elllted from the Imll1obIll/ed Con A colllllln,> 

should have been different between the two ce Il 1 Irlc ..... No difference ... between K5tJ2 

and Clone 1 Con A-binding protein" were ob~erved. 

LactoneofLlcopenta()~c III ~trllcture" (Lc~ SSEA-I antigen or CDI5) have hccll 

propm.ed a~ NK target ~trLlcture~. Harri ... ct al (6X) <":elllol1'.trated that the ahllily 01 

an anti-SSEA-I mCi1oclonal antlhody to inlllbit NK-mediated IY"I'" o! targèt l'l'II" wa" 

proportional to the expre"'~lon of SSEA-l on the ccII ~urfal'e A more rccclii "tlld\ 

ha~ ~llggcstcd that t~lIget ... capable of bindll1g NK œil ... cxpre"" Iactnnèoluc()pclltamc 

hapten, and cl!! not expre~~ ~urfal.e L-fuco"c rC~I(.Iuc~ capable 01 interactlllg \vlth thc 

Ulex europacu" agglutiI1II1 (223). Our data ,,11OW'" that K562 and the NK-rc\l,>tant 

Clone 1 arc cqually reactlve \VIth a mOIloclllnal ,\l1tihody (I 136/71) tktt rccognl/l'\ 

the lactoncofucopel1tamc III ~trUClLJrc. Tl1c~e œil 11I1c~ incorporale tfillatctl fllC<hC 

into protcJl1 equally weil, and exhibit Idcnt:cal profIle::. when the~e protCIIl ... ,lIl' 

separated by SOS-PAGE. Furthermore, Bernier and Sulllv;d1 (16) have ~h()wn that 
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pla~ma memhrane fraction~ of Clone 1 and K562 are equally reactive with the Ulex 

europaeu~ Icctin. Conversely, the Clone 1 Con Arl celb are a~ ~ensitive to 

NK-medmted Iy~ll, al, the origl/lal K562 parent, yet do not bear a detcctahle quantity 

of membrane 55I :A-l antigen. ThiS c1ear dissociation between S5EA-l antigen 

cxprcs<,ion and NK "e""itivlty arguc~ against thi~ type of ~tructure as a unique NK 

target molecule ll1 K562 ccII". 

It ha,; been "uggested that the ganglio~ide G\f2 i~ recognized as a target structure 

by natural k.iller cells. This b based on the ability of thb ganglio~ide to specifically 

mhibit NK binding to KS62 ccli", as weil as a correlation betwccn thc quantity or 
G:\12 on a glvcn target ecll and It ... <,cnsitivity 10 NK-mediated lysis (7). Thin layer 

chromatography of gangllOsldc<, did not rcveal any differences in the intensity of the 

G M2 bands hetween K5()2 and Clone 1. 

Other ccll IInc~ have been described with altered scnsitivity to NK-mcJiated 

cytolysi~. The work of Dcnl1i~ and Laferte with WGA-re<'l<.,tant mutants of the 

MDA Y-D2 IllUrInC Iymphoma (35,36), and the work of Ahrcm and Ankel (3,4) with 

a scric~ of lcctin reSl ... tant mutants of Chinese hamster ovary (ClIO) cell ... ha ... 

demonstratcd that in thc~é systems natural killer cells recognl7c and kiii targets 

depcnd1l1g on the nature of N-linkcd oligosaccharide" prc<,ent on the ccl! "urface. 

Speciflcally, tho..,c 1l111tant:~ mmt <,emitivc to NK-mcdiated Iysi~ (and suh~eqllently Ic~~ 

Illcta ... tatlc in the Oèl1ni~ and Laferte model) expre~sed highcr densities of 

high-manno ... e type, hybnd-type, or incompktc complex-type (ovcrall dccrcase in 

galactose and/or ... iallc acid 111 glycoconjllgatcs) oligo\accharidcs. Ahrcll~ and Ankel 

(4) have subsequel1tly ~hown that only high mannose-typl' glycopeptidc\ and none of 

the complex-type block the lySlS of NK targets Many of these proposed NK target 
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structures are, or woulù he, capahle of hinùing to Con A. The thrcc 1\.5h2 llllc~ 

described here are similar in their complement of immobilil~d Con A-bll1dll\t­

proteins, a~ weil as in their exprc~~i()n of fucmylated and ~Ialyhtcd pw(cin ... a ... 

described in Publication 3. Tlm suggC~b that the biochcmÎcal ba ... i ... for the 

difference~ in their ~en ... itivity to NK celh re~ult~ l'rom anothcr mcchaIll ... m. 

The K562/Cloncl/Clone l Con A ri model can be in ... tructlvc in that change ... in 

susceptibility 10 NK-mediated cytoly~i~ DCCur in parallel with changc~ in n:llular 

glycolipids. While this model does not entirely ncgatc any of thmc previOlI"'I)' 

disclissed, it raise~ the i~sue of how sen~ltivity 10 NK ccII ... i~ dctcrmincd. Our model 

sllggests that target cell recognition is a more complcx prore ...... than ha ... hecn 

addre~sed in the literatlll e. Clearly, a numbcr of rla~ma membrane cOll1pOnC!1h 

acting in concert may dctermine whethcr a tar~et I~ ... emitlvc (0 NK cell-medlatcd 

Iysb. Re~btance 10 NK ccll-mediated ly~i~ may nol have ln he .tccompalllcd hy li 

10:-':-' in ~ome Cèll-~urface glycoprotell1 compone m, l'ven thoug,h thi ... componcl1t l1Iay 

function a ... a reqUl~ite targèt structure. Furt;,ermore, our mouel Indicatc ... hlm 

readily, and by wh~,t mechani~m~ a tumor cell may mouulatc it~ mcmbranl' 

components to avoid ùetection by natural killcr cclls. 

Changes in specificity of natural killer cells after activation 

It ha~ been a~ ... umcd that activatIon of NK ccII.., with eithcr IFN or 11-2 lead ... to 

an increase in the efficiency or vigor of the cytotoxic re"'pomc (~cc Regulation of NK 
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eclls) with little change in the recognition specificity of the response. The increa~e 

in cytotoxlc efficiency ha~ been u~ed a~ an explanation for the increased range of 

target cclI type ... following NK activation. Thi~ implies that ~u~ceptibility of a given 

target i~ not a recognition-limited event, but may be a result of differing thresholds 

of "'ll~ceptibJllty to cytotoxic molecult>, The is~ue of target cclI specificity in relation 

to rc~ting or augmented NK ccli ... ha~ not been resolved. The data presented and 

di~cm~ed in Publication 2 ~uggest at lea~t two possibilities. Although tryp~in 

treatment of Clone 1 and KS62 ~ignificantly reduced their sen~itivity to basal NK, it 

Jid not affect ~en~itivity to augmented NK. ResuIts in the ~ingle cclI assay were 

similar; tryp~in decreased conjugate formation and the fraction of boul1d cells that 

were kJlled by ba~al NK, l)llt did not affect the increased lytic efficiency of 

augmented NK TryP".I111lCU targeb, regardles~ of their equal semitivity to ly~i~ hy 

allgmcnted N K, were not a ... active competitor<; for allgmented effector~. The mo~t 

rea~onable cxplanation for thc~e data i~, that K5h2 cells exhibit surface structures 

that can trigger relea-.e of lylie molecules from augmented NK celb under conditions 

that arc not ~llfticleI1t 10 lngger their relea~e from resting NK. AIthough thb 

sllgge~h that allgmcnted NK may re~pond to a much ~maller 1111I1lher of target 

Il1()IcClIle~ than re~ting NK, it is ab<I po,,-.ihle that the two ~tateli of NK activity 

rè~ponu to different target structure~. Ckarly. the glycolipid structures pre~ent on 

Clone 1 that ll1ay he re~po!1'.ible for ll10dulatlIlg the fllIlction of target structureli for 

rc-.ting NK arc trrc\evant to augmenteu NK. A ~Imilar situation 1<; pre~entcd by the 

tryp~iIl trl'atmcllt data (Publication 2, Fig. 6), where greater than 90% of the ,urface 

protcin~ accc~slble to lactopcroxida~e catalyzed radioiodination were removed. 
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Analysis of target ceIl recognition by NK and LAK effectors has heen attemptl'd 

using 1<562 (NK target) and FEMX cell~ (LAK target) in cold-target competition 

assays (138). When K562 cells were used as the labelled targel with frc~h teiL. 

unlabelled K562 but not FEMX were ab!e to inhihit the Iysi~ of the labellcd K~()2. 

The same pattern was obtained when LAK effectors were mco. Howevcr, wlll'Il 

FE MX cells were used a~ the labelled targets, FEMX and K..'I62 competed equally 

well for both NK and LAK effectors. In further experiments, LAK effcctor~ wcr\.' 

separated into FEMX binders and nonhinders and then te~ted for lytlC activity 

against K562 and FEMX. FEMX hinding effcctor~ Iyscd only FEMX, wherea~ bulh 

FEMX binding and nonbindmg effectors Iy~ed K562 tar~et~. The data l'rom th:~c 

experiments were interpreted to indicate a difference in recognitlOll "truclurc'-. 

involved in NK and LAK activity. However, the di~tlllction betwccil 

lymphokine-activated killers and augmented NK ha~ not heen clarilïcd, and therefore 

differences in specificity between these two may also exi"t. 

The characteri~tics of NKCF-mediated in contra~t to perfnrin-medialed ly .... l .... 

suggests that a ~h:rt in the predominance of the~e Iytic moleculcs may be a 

functional consequence of activation. The charactcri~tic~ of NKCF-mcdiatcd kdling 

appear to reflect those of resting ~K celb: rdatlvcly ... Iow kll1ètlC.., of Iy .... l" ~ll1d a 

limitcd range of specificitie~. The characterbtic:. of perforin-mediatC{1 kIlling appcar 

to more closely re~emble thme of augmcnted NK celb: 1 apid ~~ll1ctlc .... of ly .... l'> and 

a reiative l,~ck of ~pcciflcity. Were targ~>t ccli ~pCClflcity dClllonqratcd ill bOlh a 

recognition step ami in the relative ~pecificity of the lytlc l11o!eculc'- th.::llN.:I'Ic .... tl1<.'11 

sllch a shift in the predominance of thc~c Iytic moleculc ... would e>.plain many of the 

observation!-l previollsly dbcussed. The presence and activity ot rcrtonr~ !la" hcen 
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closely Iinked to cytolysis mediated by LAK and NK-derived ccII lines. 

The continu~d use of IL-2 dependent NK-clones and NK-derived ccli lin\?., 

without regard to their activated status, lack of a unified definition of NK ccli 

activation, and a lack of knowledge about the molecules involved in effcctor-target 

interactions have impeded progress in the analysis of NK ccli activation and ~ù. ,ct 

celI specificity. The ut-.e of closely relatcd celI lines su ch as the K562jClonc (jelon\? 

I-Con A ri series described here offert-. an important alternative, and allow~ the 

complex issue of target cell specificity of augmented NK 10 be more effectively 

approached experimentally. In summary, the study of K562, the NK-resistant variant 

Clone l, and Clone 1 Con Arl provides a unique model for the investigating NK 

effector-target interactions. Analysis of these variants, selected in the absence or 

mutagen, indicates that altered sensitivity to NK-mediated cytolyt-.b may not 

necessarily be accompanied lJy major changes in the predominant ccli-surface 

glycoprotein structures. The biochemical definÎtÎon of NK-sen:-.itivity muy he 

complex and involve several plasma membrane components, ÎncIuùÎng both proteÎIl., 

and glycolipids. Furthermore, the modulation of cellular glycolipids under selective 

environmental pressure may be one mean~ whereby a tumar ccli can e~cape 

surveillance by NK. Further investigation of these K562 variants should provide 

additional insight inta the regulation of thi~ mechanism as weil as the mechanism 01 

effector-target interactions of resting and augmented NK cell~. 
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Statement of Originality 

The three published papers contained herein represent the following contribution ta 

original kn0wledge: 

1. A subpûpulation of cultured human leukemia cells contains spontaneous 

variants that are resistant to the cytotoxic effects of NK cells. 

2. In this K562 model a quantitatively mmor suhgroup of fucoslyated 

glycolipids of Clone 1 and Clone 1 Con A ri appears and disappears 

concurrently with changes in sensitivity ta NK-mediated lysis. This association 

is suggestive of, but not proof that the glycolipids may be related ta or 

modulate one or more of the early events of the recognition process. 

3. The differential sensitivity between K562, trypsin-treated K562, and Clone 

1 to unstimulated and augmented NK activities suggest that the early steps in 

the recognition mechanism are different for the two states of cytotoxic cell. 
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