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g 0 ABSTRACT

a

Ph’. D \\iAlan H. Lazarus Microbioiqu

& Immunology

INVOLVEMENT OF TRAN ERRIN RECEPTORS IN HUMAN

NATURAL KILLER'CELL SPECIFICITY

)
Y

Natural Killer (NK) cells agékkble to :qcognizé and
lyse tumor cells Qithout prior immunization 'or
sensitization. The initial events leading to target cell
lysis by NK céll; involves a poorly dﬂflaed recogﬁlFion
and binding phase. It has been hypothesized however that
human NK cells may recoynize transferrin receptérb as
target structures on tumor cells,

To determine the possible 1nvolvement of transferrin
receptors 1n human NK cell specificity, a correlation
study between transferrin receptor expression and
competitive activity for NK cell mediated %ysis was

undertaken. We. have determined that the level of

transferrin receptors expressed by different populations

of K562 cells correlated well with their level of
competitive activity for NK cell mediated lysis.

To investigate -if these transferrin receptors could
be recognized and bound by NK cells, a solid phase
receptor binding assay was developed. As a model system,
it was demonstrated that nitrocellulose 1mmobilized
transferrin retained its specific functional receptor

binding, capacity. This technique was qQuantitative and
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proved to be sufficiently sensitive to specifically

detect nanogram quantities of tBansferrir, réceptor

protein. {Bin'di{)’g-was assessed., using an ELISA based :

3

system. o -

Human PBL were fractionated by discontinou\s,P'erc'oll &
density centrifugation, boudnd to nitrécel'l'uiose(} and
. }h

« evaluated for transferrin receptor bintling capacity. A

sample aliquot of cells from each Percoll fraction was

»

, retained to assess NK cell activity. It Was observed 'that
= & AN o p

there was. no positive relationship betwaen NK cell

.

ac§v1ty and transferrln‘* receptor binding capacity in

these Percoll fractionated cells.
N ‘m 1

-

These findings indicate that while transferrin
”~

-receptors may be involved in human NK cell specificity,

they 'do not support a role for transferrin receptors in a
»

high affinity mechanism between NK cells and tumor target

L

cells. IR
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LE ROLE DU 'RECEPTEUR DE LA TRANSFERRINE POUR LA SPECIFICTE’

)

DES CELLULES "NATURAL KILLER"

Les cellules "Natural Ki-ller" (NK) sont capablef de
tuer certaines cellulés cancéreuses en l'absence d?
- antic&rpé et en l'absence d'immuni}étiod prealable. La
destruction de la cellule cible par 1leés cellules NK
ﬁnpl;que une phase 1nitiale de reconnaissance et d°'
interactlons'speciffques dont le mecanisme d'action
demeure éhigmatique. Uné hypothése actual syggére que la
structLre reconnue par le -cellule NK serait le récepteur
de la transférrine qui se trouve présent a la surface des

cellules cancéreuses. |
//?n§E§;§\ﬁﬂ,premier temps, j'ai- entrepris d'examinexg}a
relation qui existe entre l'expression du recepteur de la
transférrine et l'activité cytotoxique des cellules NK.
Cette etude, utilisant diverses populations de la cellule
cible K562, a démontrée que l'activité NK tft
preférentiellement dirigé vers les cellules cancéreuses
ayant le plus grand nombre du récepteur de la

transferrine. ,

Pour faire suite a cette étudé,‘j‘ai analyse

d'une facon plus directe l'interaction du récepteur da la

transférrine avec les cellules NK humaines. Pour raccompli

Y
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ceci, une techqiqué en phase solid permettant de détecter«
‘t . ‘l'interaction du régepteur de la tranférrine avec la

transferrine a été developpé. Cette methode, ou Ia

i
1

” . , I o
transférrine se trouve fixee sur une membrane de
N . » -7
_nitrocellulose, permet de quantifier jusgu'au nanogramme
\

P . .
le recepteur de 1la transférrine. Cependant lorsque les

L

cellules NK sont utilisfes comme source du ligand, aucune

. , 7 7 .
- interaction avec le recepteur da la transferrine est

L: observée., ° o

<, -

Ces resultats indiquent ™gu'il est peux probables que

le récepteur de la transférrine soit impliqué dans une

.

N

interaction a haute affinitée entre la cellule,NK et la
cellule cancéreuse cible. Il n'est cependant pas excfus
j’ ‘ que le récepteur de la transférrine joue un réle dans la
selection des cellules qui sont sensible a l'action des

. >

cellules NK. . .

O t
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I. LITERATURE REVIEW

]

A
Natural Killer (NK) cells were first discovered about
X

15 years ago when 1t was observed that lymphocytes from
unprimed normal 1ndividuals had lytic activity against

some tumor cells [reviewed in Herberman and Holden, 1978].

Since their initial discovery, NK cells have been shown to
A

ex1st 1n a varlety of species 1including mice, rats, pigs
and humans. They are found 1n the peripheral blood,
spleen, liver, lymph nodes, lungs, 1ntestine, thymus and
in almost all sites of i1nflammation. They are able to
l&se a variety of tfansformed as well as non-transformed
cells without prior immunization or, sensitization. Thus,
these cells represent a population distinct from B cells,

T.cells, and myeloid type célls.

-
-

1. NK cell function

q

1.1 Control of tumor growth, NK cells have beed

implicated as a primary line of defer.ce against neoplastfc
d}seaSc.‘ This 1s based on several lines of evidence as
brfefly outlined below. First, NK cells have been shown to
be able to'lyse tumor cellis in&yltro. Secon¢g, other
studies have demonstrated that nude mice, which are
deficient in T cell dependent responses but display normal

levels of NK activity, developed 3-methylcholanthrene
)

) ,
#




g

o

@

induced tumors with a very low 1incidence (Stutman, 1974).
This i1mplies that NK cells were the major effector
mechanism 1nhibiting the tumor growth. Nude mice have
also been shown to inhibit the n vivo growth of “other
types of tumors, 1ncluding the Bl6 melanoma cell lxneA
(Giovanella et al, 1974). A third source of evidence
comes from studies 1nvolving mice with the bélge mutation,
Tﬁese mice are selectively déflClent in NK cell activity,
wﬁlle their T cell, B cell and myeloid functions are
normal (Roder and Duwe, 1979). Tumor cells 1nj)ected 1nto
these mice display an i1ncreased growth rate, faster
induction time and 1ncreased metastatic spread when
compared to those i1njected 1into control mice (Talmadge et
ai, 1980; Karre et al, 1980). Fourth, humans suffering
from a genetic disease known as Chediak Higashi syndrome,
v
have depressed NK function (Roder et al ,1980; Katz et al,
1982)., 'These 1ndividuals also have an increase 1n
malignancies assoclated with this disease (Dent et ajd,
1966). Fifth, NK cells have been shown to 1uhibit tumor
metastases (Warner and Dennert, 1982; Hersey et al, 1982).
Sixth, IL-2, which augments NK cell actavity (Grimm et al,
1982; Lotzova et al, 1987), has recently been shown to
»?roduce a partial remission of liver and lung metastases
(Laferniere et al, 1985; Mazunder et al, 1984) and
intraperitonial gancer (Ottow et al, 1987) as well as
some late cancer 1in humans (West et al, }987; Rosenberg et

al, 1987). The preceeding evidence suggests that NK cells

are important as a primary line of defence against




s

neoplastic growth.

1.2 control of viral infection. NK cells have alsc

been implicated as effectors against viral infection

[reviewed in Welsh, 1986]. These cells have been shown to

bind and lyse some virally infected cells, but not their
uninfected counterparts. This phenomenon is not
restricted to infection by only one typeﬂof virus. The
list of viruses which cause cells to become susceptible to
NK cell mediated lysis-includes murine cytomegalo&irus
(CMV) (Lee and Keller, l%ﬁZh,human CMV (Diamond et al,
1977), mumps virus (Harfast et al, 1975), sendai virus
(Weston et al, 1981), vesicular stomatitis virus (Mollef
et al, 1985), and herpes simplex virus. (Munoz et al,
1983; Ching and Lopez 1979; Fitzgerald et al, 1982;
Fitzgerald et al, 1983). 1In the CMV system, additional
evidence to support the contributicon of NK cells in antii
viral defence includes the following: 1) Beige (Nk
deficient) mice are very susceptible to CMV infection
(Shellam et al, 1981); 2) in vivo depletion of NK'cells
with antibodies to the glycolipid antigen aGM-1 (found on
virtually all murine NK cells) renders mice T?re
susceptible (500 fold higher virus titer) to CMV infection
(Bukowski et al, 1983); 3) Ié ﬁas been shown ehrough

experiments involving the adoptive transfer of nonimmune

adult lymphocytes-into éusceptible five day old mice that

kY

“the cell population which conferred protection was

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

-~



1985). In addition, interferon (IFN) which has
demonstrated antiviral activity (Issacs and Lindenma,

1957) and is produced early during viral infection, is a

potent inducer of NK cell activity (Targan and Stebbing,

1982) (Schmidt et al, 1987; Ochca et al, 1987; Testi et al, «

1986; Marini et al,l1986). Thus IFN activation of NK cells
may be an important secondary antiviral action of this
protein.

1.3 Regulation of differentation and immune function.

NK cells are alsco thought to be capable of requlating
im&une function. They have been shown to be lytically
acgfbe against hematopoietic stem cells (Hansson et al,
1982; Holmberg et al, 1984) thymic and fetal thymic cells
(Nunn et al, 1977; Hansson et al, 1981) and bone marrow
cells (Hansson et al, 1981). They can also suppress the
generation of cytotoxic T lymphocytes (CTL) (Giibertson et
al, 1986), possibly Qy their action on accessory cells'
(Abruzzo and Rowely, 1983; Shah et al, 1985). Itwpas also
been postulated that NK cells may be the effector cells in

the hybrid resistance to bone marrow grafts (Okumura et

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

evidence alseo indicates that they are one of the

pathogenic effector cells in graft versys host disease
(GVHD) SMcGuinnesé and Baines, 1988). 1In ?ddition, they
are-@henotypically very closely related to natural
suppressor (NS) cells which as the name, implies are
capable of suppressing in vitro immune responses in an MHC

and antigen independant manner [reviewed in Strober,

\
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1984). These NS cells do not however possess any lytic
potential (even though they possess granules and the
general morphology of NK cells or LGL's) and therefore
their relationship to NK cells or to an NK lineage is
unkgpown .

NK cells have also been shown to mediate other

functions not associated with lysis, They are capable of
producing various lymphokines (Kasahara et al, 1983) and
. dre able to hydrolyse serum amyloid A protein (Zucker-
Franklain, 1984), Thus NK cells may regulate the immune

system 1n a variety of different ways.

1.4 Control of microbial growth. There is a limited

amount of information concerning the role of NK cells in
the control microbial disease. The growth of the yeast-

1 3
like organism Cryptococcus Neoformans has been shown to be

inhibited in vitro by NK cells (Hidore and Murphy, 1986).
There 1s also some evidence that in vivo clearance of C.

Neoformans and Paracoccidioides Brasiliensis can be

e

mediated by NK cells (Hidore and Murphy, 1986; Jimenez and
Murphy, 1984). A recent report using the organism Candida
Albicans showed that this organism could block lysis of
\\K’FGZ cells but that NKcells could not dir‘ectly lyse thais
organism despite exhaustive attempts by the authors
(Zunino and Hudig, 1986). Thus the importance of NK cells
in the control of yeast infections requires further
investigation. While there are some indications thdt NK

cells may exhibit a negative effect on bacterial growth,




the evidence suggesting this is indirect (5kamene et al;

1982; Cheers and Macgeorge, 1982).

2. "Mechanism of killing

The mechanism through which an NK cell kills a target
¢

cell is complex and 1nvolves several well defined stages
[reviewed in Herberman et al, 1986; Henkart, 1985;
Trinchieri and Pefussia, 1984; Roder and Pross, 1982},
The current model of NK cell "cytotoxicity" 1involves the
secretionof a lytic factor by the NK cell which, in turn,
binds and lyses the target cell. This model 1s supported
by'gérly studies which showed that the lysis of tumor
Yells by NK cells could be blogked by agents that
inhibited secretion (Carpen et al, 198l1; Roder et al,
1978; Roder et al, 1979; Weissmann et al, 197%5), In
addition, pretreatment of NK cells with sr**, which
causes premature degranulation, 1nhibits the subsequent
lysis of tumor cells (Neighbour and Herberman, 19Y82), It
was also observed that, upon incubation 0of NK cells with
tumor cells, the Golgl apparatus of the MK cell (which
also plays an 1mportant role 1n secretion) polarizes
toward the area of contact between the NK cell and its

target, presumably to focus secretory function on the

target cell. (Carpen etal, 1982).

Since these earlier findings, much information has

been obtained on the mechanism of NK C;TT\ ediated lysis

f\/
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and the lytic process has been arbitrarily broken down

into 5 stages [reviewed in Herberman, 1986]:

1) binding of NK cell to target cell

2) Activation of NK cell by target cell

3) release of 1lytic factor(s) i

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

5) target cell lysis.

2.1 Binding (stage I). The initial event leading to
ta:get cell lysis involves a specific Mg*t dependent
binding or contact between the effector lymphocyte and the
target cell, The binding may be via antibody bound to the
target cell, 1n which case the interaction bgtween
effector and target is termed antibody dependent cell~-
mediated cy€étoxicity (ADCC). The recognition of the
target cell can also occur in the absence of specific
antibody through the direct ;eéognitlon of the target cell
membrane by the NK cell. ' Both methods of recognition
appear to be equivalent (ie. necessary but not sufficient)
from the viewpoint of lytic activity. Elucidatién of the

manner in which an NK cell recognizes its target forms the

basis of this thesis and will therefore be discussed in
greater detail later.

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

at this stage are very poorly understood. While signal
transduction must occur across the membrane of the NK ceill

in order to activate effector function,' the nature of




this signal is still unknown. TS

5‘5

2.2.1 Early steps: Although a sequ\ence—of events has

. not been formally proposed for the activation of NK cells,

. it is thought to be similar to that seen in T lymphocytes.

Signal transduction in T cells involves the t;ollowing

steps [reviewegd in Isakov et al, 1987; Linch et al, 1987;

‘Gelfand et al, 1987]. Upo;, interactionof the Tcell with

"major histocompatibility complex (MHC) + antigen", the

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

(TcR) activates phospholipase C (possibly via a G

protein). Phospholipaée C then hydrolyses phosphatidyl

inositol diphosphate (PIP,), yielc}in% twe products;

diacyl glycercl (DAG) and inositecl triphosphate (IP3.).

IPy is released intc the cytoplasm where it mobili:es QCaH'

from the endoplasmic reticulum (within 1 min). DAG along

‘ with ca*t now activates protein kinase C which is

translocated to the plasma membrane (approximately 1@ min

after activation). Protein kinase C.has then been shown

. to phosphorylate the Na**/H* exchanger which is thought
to cause an increase in intracellular pH. ‘

This sequence of events is still scmewhat hypotheéigil

and how the 'T cell distinguishes between a signal for

growth and killing fs not clear. \
The general mechanism for signal transcuction in T
cells is illustrated because, in the audthor's opinion,

- there is very good preliminary evidence to suggest that

that NK cells ytilize a mechanism very similiar to that of

Qj.w,.,"-.‘mw-- .T? cells.




Bonavida's group has shown that a Ca*'t influx (i1nduced

. by the ca** 1onophore A18237) along with direct activation-~
of protein kinase C (via the phorboloester TPA) wasi
sufficient to induce natural killer cell cytotoxic factor
(NKCF, a lytic product secreted by NK cells) release
(Graves et al, 1986). Jondal and coworkers (1987) have
also shown that the same treatment can induce NK cells to

be nonselectively cytotoxic for tumor targeg cells.
Similar results have been reported for cytotoxic T
lymphocytes (CTL)(Berrebi et al, 1987;~lancki et al,
1987). In addition, Seaman et al (1987) using a rat cell
line with NK cell activity have demonstrated that
incubation of these cells with the NK sensitive YAC-1 cell
line, but not with the NK insensitive EL-4 cell line,
results in an increase in IP3 (a major mediator of T cell
signal transduction). In addition to the above mentioned
similarites to T cell mediated signal transduction, NK

-~

Ycells may utilize a phospholipid methylation induged
cyclic nucleotide balance as a means of signal
transduction (Zimmerman et al, 1978; Hoffman et al, 1981;
Kiyohararet al, 1985; Hirata and Axelrod 1980; Roder gt
al, 1979; Katz et al, 1982;.Katz et al, 1982b),.

2.2.2 Late steps. Immediately following signal

transduction} it has been observed by electron microscopy
that the microtuble organising center—and- the Golgi
apparatus position themselves between the nucleus of the

NK cell and the area of membrane contact between the NK
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cell and the target cell (Carpen et al, 1982; Kupfer et

al, 1983; Saksela et al, 1982).

o

2.3 Release of 1lytic factor(s) (stage I11I). The

granules of NK cells as well as other cytotoxic
lymphocytes contain cytolytic factors (Frey et al, 1982;
Hacket et al, 1982; Kay)and Zarling 1984; Henkart et al,
1984; Walhin and Perlﬁan, 1983). These granules contain
acid phosphqtase, 1nofganic trimetaphosphatdse,,uronic
acad, Qexgse, proteoglycans, and arylsulfatase as well as
several other proteins., They do not possess protease,
peroxidase, or other common lysozomal enzymes (Grossiy et
al, 1982; Frey et al, 1982; Mi1llard et al, 1984; Schmidt
et al, 1985; Zuckef-Franklin et al, 1983), Agents that
inhibit the release of granules also inhibit NK cell
activity (Katz et al, 1982; Weissmann et al, 1975),
\

S&veral granule-derived factors have been implicated
in mediating the 1lytic event by NK cells, The
interrelationship of these factors islcurrentiy unknown
and they are therefore,d1scu§$ed independently.

2.3.1 Perforin. The granules of LGL have been purified

and shown to contain a pore forming protein called
perforin or cytolysin, This protein can cause membrane
lesions in target ceils 1-16 nm in diameter (Young et al,
1986; Henkart et al, 1984) and has been shown to exhibit

sequence homology with the ninth component of the

complement system (zalman et al, 1987), It 1s capable of

10




lysing target cells quickly and nonspecifically. The pore
forming ability of this protein is pH, temperature and
ca*t (but not Mg**t) dependent (Young et al, 1986; Young
et al, 1957). This correlates with NK cell mediated lysis
which is also pH, t:\emperature and Ca*t dependent at a late

stage of the lytic process (Glasgow et al, 1986; Hiserodt

et_al, 1982), Thus, ane possible mechanism of NK cell

A

mediated lysis of tumor cells, 1s the introduction of

large "complement-like” pores in the tumor cell membrane
causing colloid osmotic lysis.

2.3.2 Natural killer cell cytotoxic factor (NKCF).

NKCF is produced by LGL upon incubation with target cells
and is also postulated to be involved in the lytic event
[teviewed 1n Herberman et al, 1986]. The protein(s) 1is:
capable of binding to and lysing tumor cells that are
normally sensitive to NK cell mediated lysis but not NK
insensitive target cells (Wright et al, 1983; Farrah et
al, 1983). Thus, it is specific for NK sensitive targets.

*

There is an excellent correlation between agents that
inhibit NKCF function»(shch as phosphorylated sugars,
monensin, PGE,, NH4Cl...) and those that inhibit NK cell
mediated lysisqof tumor cells (Ortaldo et al, 1585;
Hiserodt et al, 1983). A variant of the cell line Yac-1,
wher; the only observed defect was an inability to bind
NKCF, was also found to berresistant to NK cell-mediated
lysis (Wright and Bonavida, 1983). A factor discounting

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

11




40 hours tc maximally lyse target cells whereas NK cells
can lyse a target cell in 3¢ min and reack a killing
plateau in about 4-6 hours, This sharp contrast can be
raticnalised by arguing that an'NK cell deposits its lytic
factor(s) in the small area of contact between itself and
its target, whereas NKCF meadured in vitro is diluted in
the tissue culture well amjis therefore not "focused"

toward the target cell.

2.3.3 Lymphotoxin (Lt). This 1lytic factor was

originally shown tc be produced by splenocytes stimulated
¢
with phytohemagglutinin (PHA) (Granger et al, 1978). It

+

has since been shown to possess lytic activity against the

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

its spectrum of lytic activity appéars to be much broader
than that of NK cells (Peters et al, 1986; Wright/tnd
Bonavida, 1987). It has been postulated that Lt is
pféduced by NK cells based on the ability of anéibodies to
Lt to inhibit NK cell-mediated 1lysis (Weitgén et al,
1983). However, in another study, purified population; of
human LGL were not demonstrated to produce Lt (Peters et
al, 1386). This same study indicated that the LGL
population did however produce tumcor necrosis factor (TNF)
+ & related lytic prctein produced by myeloid cells. TNF
is produced by naturally cytotoxic cells (NC) in mice

(Ortaldo et al, 1986; Jadus et al, 1986) and a human
counterpart for NC cell activity has been suggested (Rola-

Pleszczynski and Lieu, 1983). Thus it is possible that it
is the "NC" cells that are producing TNF in the study by

12




Peters and co-workers (1986) r{}hé?/than true NK cells

since NC activity is also found 1n NK cell populations
. L]

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

other evidence to indicate that NK cells produce TNF.

2.3.4 Which lytic factor do NK cells utilize? The roles

played by NKCF, Lt, and perforin/cytolysin in the lytic
process are not necessarlly mutually exclusive. Lt has a

30% sequence homology with TNF . In addition, TNQS, Lt,

and NKCF all have roughly similiar kinetics of action and
Bonavida now suggests that NKCF shares some similarities
witQ}TNF (Wright and Bonavida, 1987).

It appears that perforin and cytolysin may be the
same molecule [Marx, 1986] and that these molecules are
responsible for introducing pores in the target cell
membrane. These "pores" once formed may serve two
functions: 1) to‘lyse the cell by colloid osmotic lysis®
2) to allow acce§s of other granule coﬁtents into the
target cell. )

In speculation, the other factors, NKCF and Lt, may
then be released into the target cell cytoplasm (through
th; pores?) and cause their cytopathic effects. This
theory is supported by studies demonstrating target cgll
nucleic acid damage following lysis by éither NK or T
cells. It was shown that both NK and CTL 1nduce target
cell deoxyribonucleic acide (DNA) damage as part of the

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

The actual transfer of endonucleases by the NK cell to the

13




target cell does not seem likely since the pattern of
?

nuclease damage 1s dependéntgon the target cell and not
®the effector cell (Gromkowski et al, 1986). Thus the
activation of target cell endonucleases by NK cell derived
cytolytic factors may be occuring. It remains to be
determined 1f NKCF or Lt can activate endonucleases
themselves.

This theory helps to explain why NKCF and Lt require
extended periods of time to lyse target cells; purified
NKCF or Lt would not have direct access to the target-cell
interior. This may also be why 1n vitro purified NKCF

requires endocytosi1s and energy production (Deem et al,

1986) to effect cytotoxic damage.

2.4 Binding of lytic factors to target cell (stage 1V).

In the <case of perforin, lesions in the target cell
membrane can be visualized when purified perforin is
incubated with target ce}ls (Young et al, 1986) as well as
wh?n NK qglls are 1ncubated with target cells (Podack and
Dennert, 19€3). In order ;or lesions to occur, it
appears that the perforin protein(s) must go through 2
stages;

1) assembly
2) inserjion into membrane,

ca*t 1s an absolute requirement at this stage of lysis by

0y

granule-derived perforin (Young et al, 1986) and there 18
one report that cat*t is specifically required for pore or

tubule formation (Henkart et al, 1984). This study also

14




Qemoustrated that pore formation can occur 1n the absence
of target cell membrane 1nd1c5t1ng that the assembly phase
may be 1ndependent of membrane insertion.

It has been postulated that NK sensitive tumor cells
have specific receptors for NKCF. Although there is no

direct evidence 1n the literature to substantiate this
claim, 1t appears to be a popular theory among those
working on NKCF (Wright et al, 1983; Herberman et al,1986;
Graves et al, 1986; Hiserodt et al, 1983). The most
compelling 1ndirect evidence to support the presence of
binding sites has come from a study on NK resistant
mutants. The major factor contr'buting to their resistance
appeared to be the 1nability of these cells to compete for
NKCF mediated lysis (Wright et al, 1983). It was
therefore assumed;that these cells were.speciflcally
deficient in NKCF receptors. -

Farram and Targan (1983) have reported that NKCF can
only be absorbed with NK sensitive cell lines and not with
NK resistant cell lines. In addition, glutaraldehyde
treatment of target cells removes their ability to be
lysed or to compete for NKCF bgnding in the above assay
‘system (Deem et al, 1984).

It has been suggested that carhohydrates may be
1hvolved in NKCF binding to target cells. One early study
suggested that the lytic factor may bind to a target cell
via mannose-6-phosphate receptors (Forbes et al, 1981).

There have been numerous studies on the inhibition of NK




cell activity by carbohydrates (Stutman, 198@; Pohajdak
et al, 1956; Kornbluth et al, 1985; Haubegk et al, 1985;
Werkmeifter et al, 1984; Pohajdak et al, 1984; Kornbluth
et al, 1984; Werkmeister et al, 1983; Vése et al, 1983;
Nose et al, 1987; Chambers and Oeltmann 1986; Werkmeister
ét al, 1985; Young et al, 1981). The effect of inhibition
of N-linked glycosyla%ion by both genetic means (Haubeck
. v

et al, 1985; Pohajdak et al, 1984; gohajdak et al, 1986)

and by tunicamycin treatment (Pohajdack et al, 1986;
Kornbluth et al, 1985; Nose et al, 1987) have also been

studied. In general, these studies suggest that
carbohydrates are likely invelved in a late phase of the
lytic event, possibly via NKCF binding. Mannose-6-
phosphate which has the greatest NK inhibitory activity,
and functions after the Ca*f‘dependant stége (Werkmeister
et al, 1984) does not appear to be specific for NK cell
mediated lysis (Werkmeister et al, 1983) and may not (as
originally thought) inhibit By occupying a specific
receptor (Haubeck et al, 1985).
~ Thus while ?2 islmighly'progable that NKCF "binds" to
the target cell to affect lysis, this binding'is not
necessarily specific for a receptérf and may be a
consequence of a nonspecific uptake mechanism (Deem et al,
1986). Perhaps future studies using Scatchard type
analysis could provide direct evidence for the involvément
of a receptor in NKCF function.
There is little additional speéific informaticon

available about Lt and therefore a dissection of how this

16
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factor lyses itsjtarget cell is not appropriate.

-

2.5 Target cell lysis (stage V). This stage of the

lytic event is very poorly understood, especially since it
is not known which of the cytolytic molecules or

ation thereof 1s responsible for target cell lysis.:

. What 1s kZiown about this stage of lysis 1s that the target

cell can e lysed even if the NK cell 1's prematurely

detacﬁed from the target cell (Hiserodt et al, 1984; -

3

Hiserodt et al, 1983), This final {ytic event.1s called
killer cell 1ndependant lysis (KCIL) and occurs after the

Ca** dependent phase (Hiserodt et al, 1982) [recall:

*+]. This stage is

perforin assembly” 1s dependant upon Ca
sensitive to the effects of papain whereas NKCF activity
- : ©

. { .
is not (Hiserodt et al, 1983), suggesting‘'that NKCF alone

1s not sﬁff1c1ent for lysis.

3. Phenotype

»

3.1 Morphology. NK cells are large granular lymphocytes

(LGL) that have a high cytoplasgié:nuclear rati1o, slightly
indented nucleus, and roughly six to twelve azurophilic
granules in their cytoplasm. Due to this morphology, they
are often directly referred to as LGL. Approximately 15-
18% of human peripheral blood lymphocytes (?BL) possess
LGL morphology, and about 1/3 of these LGL are capable of

»

lysing K562 target cells. The current state of the art

¢ ~ .
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in "medium to large®™ scale purification of NK cells, 1n
fact, relies on their large size. This method involves
density gradient centrifugation on percoll as the last
phase of separation of LGL from smaller B and T
lymphocytes (Timonen et al, 1982). However, the LGL
population purified in this manner 1s not solely composed
of by NK cells., Only between 12 to 30 percent of LGL are
capable of binding to and lysing the NK susceptible target
cell line K562 (Bradley and Bonavida, 1982‘; Bonavida et
al, 1984; Timonenyet al, 1982). Analysis of the LGL
population by flourescence activated cell sorting (FACS)
analysis using the Leu-19 and NKH-1 antibodies which
have been shown to label the entire pool of NK cells
(based on subsequent ‘k1lling of K562) confirm that the
purity of percoll separated LGL 1s only 1in the range of

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

purity of "highly enriched" NK cells 1s not exceptional.

3.2 Surface phenotype. Several proteins have

onsistently been identified on the surface of LGLs
;%e_cting natural killer cell acti/vity. These 1nclude IgG
FqRZ' (Lanier et al, 1986; Lanléi/et al, 1983; Perussia et
al, 1983; Perussia et al, 1983b; Rumpold et al, 1982) and
an epitope with unknown function designated NKljl-l (Grl‘ffm

et al, 1283). NK célls do not express surféce

immunoglobulin (Jondal and Pross, 1975; Bakacs et al,

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

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

18
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al, 1987; Lanier et al, 1986). The possession of other
epiltopes by NK cellshis arbitrary and often depends on the
criteria used for the definition of an NK cell. 1In this
thesis we define an NK cell as an immediately ex YIVO
lymphocyte which can kill the cell line K562 (ie. kill in
an MHC unrestricted fashion without prior activation).

Likewise, an LGL 1s a lymphocyte whose final purity 1s

derived from the low buoyant density fraction of a percoll

IS

gradient containing the iarger, less dense cells.\

The surface phenotype of NK cells has been studied by
several different methods and each method yié&ﬁs results
thch must be 1nterpreted seperately.

In order to S{mpllfy a discussion on the phenotype of
an "NK cell", the relevant studies have been grouped 1into 3
different catagories. 1) direct studies on NK cells 2)
analysis of LGL populations highly enriched in NK cells and
3) stuAies on cloned (IL-2 driven) NK-1like cells,

3.2.1 NKcells. In general, it can be seen from Table
I that NK cells comprise a phenotypically heterogenous
group of cells. The only markers that have been
consistently found on the surface of these cells are the
FcR for IgG and the NKH-1/Leu-1l1 antigen. These 2 surface
markers have been assessed by FACS techniques and the
results show that the entire pool of NK active cells reside
in these positively selected fractions (Griffin et al,
1983; Lanier et al, 1986; Perussia et al, 1983a; Rgrussia

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

The majority of NK <cells simultaneously express

\
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Table I. . - . -
Phenotypic analysis is based on NK activity (ie. either
FACS sorting or antibody depletion studies fol lowed by
analysis of NK lytic function.
NA- not available.
MAG- myelin associated glycoprotein
CRP- C-reactive ‘protein
l)Lanier et al, 1983 : '
23Perussia et al, 1983
3)Griffin et al, 1983
4)West et al, 1977
5)Pross et al, 1977 ‘ .
6)zarling et al, 1981
7)Ault et al, 1981
8)Beller et al, 1982
9)Abo and Balch, 1981 ;
10)Abo and Balch, 1983 | .
11 )McGarry et al, 1983 -
l12)Clayberger et al, 1986 - L
13)Baum et al, 1987 |

14 )James et al, 1981
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TABLE I

Phenotype of Human NK Cells in Peripheral Blood

Antigen* (% Positive) 01d Name Reference
CD-16 (>95) FcR2 (1,2)
NKH- 1 (>95) (3)

cD-2 ' 50 E-Rec;Tl1 (4,5,6)
CR-3 50 Mac-1/0KM-1 (6,7,8)
MAG (>60) HNK- 1 (9,10,11)
KC-1 (>60) (12)

CRP (>50) (13,14)

Phenotypeéﬁﬁ;lysis is based on NK activity (i.e. either
FACS sorting or antibody depletion studies.

HNK-1 MAG (myelin associated glycoprotein) (11)
CRP (C-Reactive Protein)

\
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both the NKH-1 and FcR markers (Lanier et al, 1986) and a
further 35 percent of these cells express the CD-8

antigen, commonly found on T (cytotoxic/suppressor) cells

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

1983c).

3.2.2 Percoll-enriched Large Granular Lymphocytes. A

significant percentage of LGL (see Table II) have also
been shown to express the FcR igd NKH;l antigens., In
addition these cells e%lblt relatively high NK activity
(Timoﬁen et al, 1982). With respect to other markers, it
can be seen that these cells also comprise a very
heterogeneus group. éhenotypic analysis of LGL must always
be interpreted with éxtreme caution éﬁi?use, for example,
while 1t has been shown that NK cells do not generally
express the CD-3 antigen, (Table I), as many as 47% of
percoll-enriched LGL can expréss this T cell marker

(Lanier et al, 1986) .

3.2.3 Cloned NK-like cells. There 1s now a considerable

amount of evidence that NK-like cells can be maintained
and cloned in IL-2 (Lanier et al, 1985; Allavena and
0rtaldo7 1984; Talmadge et al, 1986; London et al, 1986)
~Native NK cells were origin;lly described as
unstimulated and unprimed lymphocytes that could lyse
tumor cells in a short time period without MHC

»

restriction. Upon the discovery that lymphokines could be
o »

used to culture and clone PBL with NK-like activity, the

definition of an NK cell has become less clear cut.

It is néw well documented that PBL incubated in IL-2
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Table 1II
Phenotypic anélysis is based on studies with percoll
enriched human pe;ipheral blood lymphocytes.
NA- not available ' of
l)Lanier et al, 1986a
2)Lanier et al, 1983
3)Abo and Balch, 1983

4)Ortaldo et + 1981




TABLE II

Phenotype of Percoll Enriched Human LGL

Antigen (% Positive) Old name Reference
NKH-1 (42) (1)
CD-16 ) (32) FcR
CD-~2 NA E~Rec/T11 (2)
CR-3 NA Mac=-1/0KM-1
HNK-1 NA (3)
CD-8 (21) (4)
OKT-10 (62)
LYT=-3 (40)
CR-3 (67) °
aGM-1 (68)
MHC II (35)
TA-1 (88)
3al (59)
5A12 (50)
#
N
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give fise to cells able to 1lyse tumor cells wi;h a
similiar, albeit broader, specificity than endogenous
*:;n-activated NK cells [reviewed in Herberman et al, 1987;
Hersey and Bolhuis, 1987). These IL-2 driven lymphocytes
awed lymphokine activated killer (LAK) cells (Grimm
et al, 1982; Rosenstein et al, 1984), Cells with NK-like
activity have also been referred to as activated
lymphocyte killers (ALK), activated killers (AK),
;nomalous/killers (AK), interferon activated killers (IAK)
or interleuykin activated kill®rs (IAK) (Dalm et al, 1986)
[reviewed in Klein, 1982].

NK-like activity has also been derived from cloned
antigen-specific CTL (Brooks, 1983). When murine CTL
clones that werge originally highly antigen-specific and
had the phenotype of a mature CTL (i.e. Ig~, Thy-1%, Ly-
2%) were incubated in high concentrations of crude IL-2,
they gained the ability to lyse NK sensitive but not
resistant tumor cells (Brooks, 1983). Thus the ability to
lyse NK target cells appears to be attainable by T-
1§mphocytes.

Studies on the LAK cell precursor have corroborated
Brooks finding that "non-NK cells" can give rise to NK-
like activity. Percoll fractionaticn ¢f human PBL, human

&
bone marrcw, murine splenic lymphocytes, and murine bone
marrow cell populations, has shown that both NK enriched
and NK depleted fractions contain LAK precursors (Ballas

et al, 1987; Ortaldo et al, 1986; Rustoven et al, 1986;
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Merluzzi et al, 1986; Lotzova et al,'1987: Migliorati et
al, 1987). 1In addition, NK-1 ike activity can be elicited
by a variety of means (i.e. IL-2, IFN, PHA, and MLC
congitions) and the final phenotype mediating the NK-like
activity is similiarly heterogenous (reviewed in Hersey
and Bolhuis, 1987). Both NK cells and LAK cells are
therefore heterogenous and at present the relationship
bétween these two cell populations is difficult to
resolve. The %avantade of using cloned NK-like cells is
that they can be analysed individually for a variety of
markefs. The phenotype of some of these clones is
illustrated in Table III. It can be observed from this
‘table that these cloned NK-like cells have many
characteristics of T lymphocytes. Interestingly however;
although the CD-2 antigen-is found in a majority of these
clones there does not appear to be any single T cell
specific marker which is consistently associated with
these cloned NK~like cells. It therefore appéars that
killing of K562 cells probably does not involve any of the
T cell markers analysed in table III.

The FcR is not consistently found on all NK-1like
clones. This is 8omewhat surprising since virtually all
endogenous NK cells express this marker. This finding may

indicate that pot all NK cells are capable of ADCC, or

that the FcR and NK "recognition structure” are expressed

independently of each other. The relationship between

Cells able to mediate NK activity and ADCC was originally

unclear. However it now appears from single cell studies
~

i3
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Table III

1)Hercend etnalJ 1983
2)Schmidt et al, 1985
3)Hercend et al, 1984
4)Pawlec et al, 1982
5)Brenner et al, 1987
6)Moingeon et al, 1987
7)Nowill et al, 1986

8)Moingeon et al, 1986




8¢

Clone

JT1
JT3
JT9
JT10
JTB18
CNKS .
JTALT
JTAL9

C23-10
€23-29
C23-1
C23-2
C23-24

12-1
12-9
29-15
30-3
38-33
38-37

PBL-C1

F6C7

h’
TABLE III
Phenotype of human (cloned) NK-Like Cells
Tc Rec
CD-2 CD-3 CD-4 CD-8 CD-16 NKH-1 HNK-1 Tf Rec alpha beta gamma Reference
- - - -, + (1,2,3)
54 - - - +
+ - - + + + +
+ + + + + -
+ - - - +
+ - - - +
+ + - - +
+ + + +
+ + - + - +
+ - + + - +
+ + - - - + g
+ + - - - +
+ + + - - +
- + (4)
- +
+ + -
- + " .
+ - »
+ v
+ + - - ‘ - - + * (5)
+ + + + +
(6,7,8)

o~
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on endogenous NK cells that the same lymphocyte Ean
mediate both events (Bradley and Bonavida, 1982). While

not all NK cells necessarily mediate ADCC, it appears that
the FcR 1s required for ADCC (see Table III) and .that all

of the clones that possess the FcR can k111l via an ADCC

mechanism. »
In summary, NK cells comprise a heterogenous group of
LGL which can express a variety of surface markers. At

the 1988 International Workshop, it was decided to define
NK cells as a population of large granular lymphocytes
which possess the CD-16 and NKH-1 surface markers and kill
tumor cells 1n a non-MHC %equ1r1ng manner. They are
distinct from T cells 1n that they do not express the CD-3
antigen and do not express the alpha, beta, gamma, or

delta chain of the T cell receptor.

4. Specificity

NK cells have been shown to recognize and lyse awide
variety of cells, including malignant asawell as
nonmalignant cells. 1Initially it was thought that NK
cells were nonselective and nonspecific because a wide
variety of tumor cells were recognized and lysed by them.
In later studies, using monolayer adsorption and
competitién studies, 1t was shown that NK cells recognized
and lysed some tumor cells while leaving others intact

'

(reviewed 1in Ortaldo and Herberman, 1982). Thus the search
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for the "NK target structure” developed. Although a great
deal of effort has gone i1nto the study of NK specificity,
exactly what NK cells recognize in either the murine or

human system 1s still unknown.

4.1 Target cell spectrum. NK cells fhave been shown to

be lytically active against certain virally infected cells
(Biron and Welsh, 1982; Stein-Streillein et al, 1983; Habu
et al, 1984), hematopoetic stem cells (Hansson et al,
1982; Holmberg et al, 1984) thymic and fetal thymic cells
(Nunn et al, 1977; Hansson et al, 1981); bone marrow cells
(Hansson et al, 1981), and tumgr cells (see-chapter 111).

Tumor cells manifest the highest degree of sensitivity to

both recbgnition and killing by NH cells and for this

reason, most of the work on NK cell specificity has been -

carried out on tumor cells,

Early studies analysed NK specificity by several methods;

g1)Direct cytotoxicity: NK cells (usually PBL) are
"incubated with 51Cr-labelled tumor cells, and the
extent of tumor cell lysis is assessed by the amount
of °lcr released.

2)Cold competition analysis: This assay 1s sxmllxér
to the direct cytotéx1c1ty assay with the exception
that an unlabelled competitor cell 1i1s i1included 1in

the assay. The decrease 1n Slcr released by the

labelled target 1s a measure of the relative concen-

tration ‘of competitive target structure added.

30

[




3)Mondlayer adsorption studies: Tumor «cells are

‘. > immobilized onto a plastic dish, NK gells are allowed

A to bind to these immobilized cells and then the

-._nonadherent cells are removed. The resulting nonadherent
NK cells are then measured for their ability to lyse
a panel of tumor target cells. This type of analysis
allows one to determine the similarity between

different target cells, and to determine if all NK

{\;\\cells share the same specificity.

The results of these studies {ndibhted that:
A 1) NK cel.ls ar2 capable of reéognfzing aVarfegy of
tumor cells.
2) NKcells are capaﬁle of, recognizing at 1least
seven specificities. ' o7
3) Not all tamor cells contain the same determinant(s)
recognfzéd by NK cells, ) '
\4) The pattern of specificity demonstrated by NK

cells indicated that these cells were polyclonal in

(ie. all NK cells do not recognize the same

ant).

Other studies also showed that target cell MHC class I
and clasé II mclecules were not requéred for rEecﬁg?fion
by NK cells.(see section 4.6.5 of ;his chapter). Also,
possible in vitro artifacts such as fetal,calf serum

(Pross et al, 1978),'mycoplasma contamination, or-C-type ¢

‘ virus particles were not related to NK susceptibility



&

, [reviewed in Pross and Baines, 1980].

4.2 Target cell characteristics. It has proven

difficult to identify one particular target cell phanotypf
that consistently correlates with NK susceptibility.
While some leukemic cells such as K562 and Molt-4 are
particularly‘sen51t1ve té NK mediated lysis, several other
leukemic cells are not recdgnized or lysed by NK cells.
Furthermore K562 and Molt-4 are derived from different
éell lineages, K562 being mery}hroleukemic cell line
ghlle"Molt—4 1s of T cell lineage. Some nonleukemic tumor
cells have also been shown to be susceptible to the
effects of NK mediated lysis (Yoo et al, 1982), -

NK cells are capable of lysing allogeneics,
syngeneic, and xenogeneic tumor cells (Stern et al, 1980;
Karre et al, 1982), although fresh}n vivo derived tumor
cells appear to have the most resist®ht phenotype. This
may be due to in vivo selection pressurLg [Herberman ?ﬂ%fh
ﬁolden, 1978].

a

The degree_and state of differentiation of a tumor

target cell/also appedafs to be important. Tumor cells

tnduced differentiate become somewhat resistant to the
cell mediated lysis (Gidlund et al, 1981;
gister et al, 1982; :Torsteinsdottir et al, 1?84)

er LII section 4.2), Murine cells transformed with

o

the Cellular Harvey ras oncogene (less differentiated) gr
e

rat cells transformed with the viral Kirstene ras oncogene >

become sensitive to NK mediated lysis (Trimble et al,
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1986; Johnson et al, 1987). Since a tumor cell represents
an aberrant cell from the viewpoint of differentiation, it
is ‘not. surprising that NK cell recognition and lysis

correlates inversely with degree of differentiation of the

target. .

4.3 Carbohydrate. Several studies have investigated

the poséibility that carbohydrates may serve as target
structurgs for NK cells. (Stutman, 1980; Pohadjak et al,
1986; Kornbluth et al, 1985; Haubeck et al, 1985;

Werkmeister et aléﬂl984; Pohadjak et al, 1984; Kornbluth

-

et al, 1984; Werkmeister et al, 1983; Vose et al, 1983;
Nose et al, 1987; Chambers et al, 1986; Werkmeister et al,
1985; Young et al, 1981), and it is well known that tumor
éells display profound differences in plasma membrane
carbohydrate antigens [reyiewed in Hakomori, 1984}. Based
on 1nitial studies that simple sugars could inhibit
killi%g of tumor cells by NK cells, it was suggested that
NK éells recognized a carbohydrate structure on the
surface of tumor cells {(Stutman, 1980). With the exception
of .one study where it was shown tha N-aéetyl—D-glucosamine
and beta-gentabiose Qpecifically inhibited NK conjugate
formation (Werkmeister et al, 1983), it has been clearly
demcnstrated in subsequent studies that the stage of
killing affected by simple sugars (as well as
glycosylation inhibitors) is not at the level of conjugate

formation but rather at a late phase in the lytic event
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.
(see section 2.4 of this chapter). The 1nhi£ition of NK -
activity by simple. sugars appears to be nonspecific in
that ADCC, NC, macrophage, and CTL mediated 1lysis
mechanisms were also.affected by some of the sugars te;ted
(Werkmeister et al, 1983; Stutman, 1980).

Evidence that sia}ic acid levels may.be important in

i

NK recognition is found in reports that the levels of
sialic acid on the target cell inversely correlate with
the ability of these'cells to be lysed (Yogeeswaran,
1982). Sialic acid removal from the target cell
similiafly increases the ability of that cell to be lysed
by NK cells (Pross et al, 1978). Since sialic acid
carries a‘net negative charge, 1t 1s possible that this
negative charge 1is soley responsible for th? observed

change in target cell 1lysability. Thus the role of

carbohydrate in NK cell recognition remains unclear.

4.4 Target cell membrane lipids. In spite of the many

differences between membrane lipids 1in normal and
transforged cells [reviewed in Yogeeswaran, 1983], very
little attention has been given to the possible role af
membrane lipids as target structures recognized by NK
célls. This may be because lipid heterogeneity is
perceived to be less extensive than the heterogeneity of

other membrane components such as proteins or carbohydrate

determinants. On a molar basis, lipids are the major

constituents of the plasma membrane, and the physical

state of a membrane is largely determined by 1ts lipid
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composition (Stupobs, 1983), Lipid composition if also
known to be an important factor contributingito cell-cell
adhesion (Poste et al, 1976; Margolis et al, 1984) which
is an importént factor in NK recognition and -binding.
Lipid modification of tumor cells can increase their
sensitivity to NK attack (Yoo et al, 1982) and murine
lymphoma target cell asialo GM, expression was found to be
a prerequisite for NK.attack (Young et al, 198l). In a
very recent study, it was dertermined that purified GM,
could inhibit conjugate formation between human Nk cells
and K562 cells (Ando et al 1987), This same study also
showed that a correlation existed betwéen target cell GM,
levels and sensitivity to NK cell mediated lysis. The
authours have therefore postulated that GM, may be a
target stucture on tumour cells recognized by human NK
cells.

The stage specific embryonic antigen-1 (SSEA;l) has
beeﬁ implicated as a possible target structure (Harris et
‘al, 1984)., Antibodies to SSEA-1 block the competitive
activity of target cells displaying this antigen. However,

there' was no apparent correlation between SSEA-1 leve on

the tumor cells studiéh and their competitive activi
(Harris et al, 1984). Thus these antibodies may have
blocked NK mediated lysis via steric hindrance or some
other non-specific effect., .,

) e
4.5 Antibody dependent cell-mediated cytotoxicity.

Virtually all endogenous NK cells possess the Fc receptor
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for aggregated IgG (FCR2; CD-16), and cloned NK-like cells

that have an FCR2 can kill via an ADCC type mechanism (see
Table III), Lymphocytes able to kill via ADCC were
originally termed Killer (K) cells. NK and K cells are
morphologically indistinguishable., They possess the same
tissue distribution, are both nonphagocytic and
nonadherent, have similiar radiation sensitivity, and are
phenotypically 1identical ([reviewed 1in Herberman and
Holden, 1978]. In sihgle cell studies using "highly
purified" LGL, the same effector cell was shown to be able

to lyse both an NK target cell and an antibady coated cell -

(ie. ADCC target) (Bradley and Bona 1982).- In
addition, since CD-16% FACS sorted Lymphocytes contain
virtually 100% of the NK as well as ADCC activity
(Perussia et al, 1983), these two activities probably come
from the same cell,

It was originally thought that NK specificiﬁy could
be attributed soley to natural antibody arming of K cells
(Koide and Tagasugi, 1977). Although this appears LB/BE a
very plausible idea, it has since been shown that the FcR2
(CD-16) on NK cells does not bind uncomplexed monomeric
immunoglobulin and that fresh NK cells c;n lyse tumor
cells 1n the absence of serum (Pross et al, 1978).

Furthermore, in vitro propagated NK-li1ke cells maintain

their ability to lyse NK susceptible target cells for
several generations (Allavena et al, 1984; Roberts et al,-

1985). Many NK-like clones do not possess Fc recep rs:

(Table I1I), and trypsin treated NK cells iancubated in

™
i
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serum do not consistently regain cytotoxicity against

tumor cells (Kay et al, 1978). It therefore seems highly

unlikely thalt NK specificity is a result of natural

antibody coating of NK cells.

9 °

4.6 Membrane proteins. Membrane proteins have been

implicated as target structures on tumor cells recognized

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

¢

removal of membrane proteins from target cells with the
proteplytic enzyme trypsin both renders the target cell
less susceptible to lysis by NK cells (Jondal and Pross,
1975; Chapter III section 4.2) and to an even greater
extent decreases the ability of that target cell to
compete (chapter III section 4.2). Pretreatment of the Nk
cell itself with proteolytic enzymes also decreases its
ability to lyse a target cell (Pross et al, 1978). This
indicates that the NK cell “"recognition structure" may
also be a membrane protein.

Several'studies have sought to specifically
solubilize target cell membrane proteins. These studies
demonstrate that the resultant membrane protein extracts
can inhibit NK cell mediated killing of, the parent tumor
cell line in both the murine and human systems (Roder et
al, 1979a; Roder et al,‘1979b; Foster et al, 1985; Obexer
et al, 1983; Henkart et al, 1986). T™wus it appears likely
that target cell membrane proteins may be determinants

recognized by NK cells.

-
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4.6.1 Virally encoded antigens. Since NKcellscankill
some virally infected cells, it has been suggested that
virally encoded antigens may be specifically recognized by
NK cells. Oﬁe hypothesis is that NK cells may simply
recognize C-type viral particles on the surface of in
vitro cultured tumor cells and that the recognition of
tumor cells 1in vitro is therefore an artifact (Kiessling
et al, 1975; Herberman .et al, 1975). In one study it was
shown that the major retroviral glycoprotein gp 71
inhibited NK cell mediated cytolysis (Lee et al, 1977).
Onfthe other hand, infection of a resistant tumor cell
line with retrovirus did not lead to any 1increase in
susceptibility (Kiessling et al, 1978) and no correlation
could be shown between target cell susceptibility and
retroviral antigen expression (Becker et al, 1976), It is
therefore difficult to reconcile how retrovirally encoded
proteins could be target structures on NK susceptible
tumor cells.

There are somé preliminary results which indicate
that HSV-1l antigens may be involved in NK Specific;ty;
human Fab fragments from HSV-1 seropositive but not
seronegative individuals can block l$§is of HSV-1 1nfected
WISH cells (Bishop et al, 1984). The subpopulation of NK
cells able to mediate lyéis of HSV~1 infected cells

however does not appear to overlap with the population of
s

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

1984; Fitzgerald et al, 1983).
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4.6.2 Laminin receptor. Hiserodt et al have squested

that the laminin receptor may be a murine NK cell target

Btructure (Hiserodt et al, 1985a; Hiserodt et al, 1985b).
They reported that NK and NC sensitive tumor cell lines
 can bind- 125I-1abelled laminin and that exogenous laminin
pretreatment of the target cell blocked its NK sensitivity
and competitive activity. They have also shown thag murine

splenic NK cells may express a cell surface epitope

immunologically crossreactive with laminin (Hiserodt et

al, 1985p) and that NK effector cells (but not alloimmune
CTL) pretreated‘with a polyclonal anti-laminin sera have
diminighed ability to bind and lyse Yac-1 tumor target
cells, Thus 1t appears that Hiserodt's group has
provided a considerable amount of evidence implicating a
laminin-laminin rebeptor mechanism in the murine NK
recognition process.

In some preliminary studies by this author, however,
we were unable to decrease murine splenic NK activity for
Yac-1l targets by competition with commercially obtained
laminin (ICN biochemicals; Cleveland Ohio), or with a rat
monoc lonal “antibody specific to the P; fragment (Serotec
laboratories) of murine laminin (data not shown). In the
case of the monoclonal antibody treatment, preliminary
data suggests that roughly 5-10% of spleen cells react
with the antibody in histological sections (data not
shown) .

4.6.3 T-cell receptor (Ti). The Ti 1s a well

documented surface membrane protein found on mature T-
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lymphocytes and plays a major role in the recognition of
antigens in association with the products of MHC. The Ti
consists of 2 disulfide linked chains; ot and 8. Both
these chaips contain botﬁ variabk¥e and constant domains
(Acuto et al, 1983; Kappler et al, 1983; Mcintyre anrli
Allison, 1983). %huﬁ the basic structure and seguence of
the Ti molecule resembles that of the immunoglobulin gene
superfamily (Hood et al, 1985; Novotny et al, 1986).
Since‘;‘ NK cells and T cells have many similarities and
have even been hypothesized to belong to a common lineage,
they may also share a roughly similiar type of recognition
system. Several studies have focused on the possibility
that NK cells use or possess some form of the Ti1 (Yanagi
et al, 1985; Biron et al, 1987; Ritz et al, 1985; Moingeon
et al, 1986; Moingeon et al, 1987; Tutt et al, 1986; Tutt
et al, 1987; Lanier et al, 1986; Lanier et al, 1986b;
Lanier et al, 1987; Alarcon et al, 1987; Yokoyama et al,
1987; Ang et al, 1987; Alessandro et al, 1985; Reyonalds
et al, 1985; Nakanishi et al,1987; Brenner et al, 1987;
Kishara et al, 1987). Analysis of Ti rglated genes has
however, indicated that endogenous NK cells do not express
any functional transcripts of Ti  or 8 (Borst et al,
1987; Reynolds et al, 1985; Lanier et al, 1986b; Tutt et
al, 1987; Tutt et al, 1986;- Kishihara et al, 1987).
Utilizing the antibody WT31 which is thought to react with
a framework epitope of the human Ti & ,B structure, NK

cells have been confirmed not to express any Ti x,B

-
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structure (Spitz et al, 1985; Alarcon et al, 1987;

Moing?on et al, 1987; Moingeon et al, 1986). 1In vivo
stimulated NK cells were also found to be devodd of any

functional Ti x,ﬂ,x.T3J)or T}e genes (Biron et al, 1987).

The Ti X chain has been found on NK-like cells in
several systems thus far (Moingeon et al, 1987; Alarcon et
al, 1987; Borst et al, 1987; Ang et al, 1987; Brewer et
al, 1987) and antibodies directed to the Ti associated
molecule CD-3 (Koning et al, 1987; Brenner et al, 1987)
do lnhibit killing of NK targets by these clones (Hercend
et al, 1983). A monoclonal antibody "NKF1" raised against
‘a fetally derived NK-like clone is thought to recognaize
the Ti y Chain (Moingeon et al, 1986) and thisg antlbod;
also blocks NK-like effector function by some clones
(Moingeon et al, 1986).

While some NK cells may express rearranged
functional transcripts of‘the Ti 4§ chain (Moingeon et al,
1986 Lanier et al, 1986), the vast}majority of peripheral
blood NK cells do not have any detectable rearranged Ti Y
chain message (Tutt et al, 1987; Lanier et al, 1986). NK
specificity for tumor cells does therefore not depend on
the eipression of the Ti &JB'inJ) strugtures and one
would have to conclude that these structures are probably
not involved in NK recognition of tumor cells. Whether or
not these Ti structures are involved in some other form of
MHC unrestricted killing, such as NC, or a discrete
population of NK cells reactive with virally infected

cells (Bishob et al, 1984; Fitzerald et al, 1983) remains
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to be determined,

4.6.4 TNK Hercend's group has derived a monoclonal

tars

antibody (anti-TNK ,./) against a 140 Kd membrane acivation
antigen present on tumor cells. This antibody blocks
cytotoxic function by some cloned NK-like cells (Hercend
et al, 1984). This inhibitory effect appears to be at
the target cell level because preincubation of target
cells with thais antibddy also i1inhibits their ability to
compete for lysis by these NK-like clones (Moingeon et al,

1985). The TNK antigen appears to be the same

tar
activation related protein as that recognized by the
antibody 4F2 (Moingeon et al, 1985). This antigen was
found on all in vitro tumor cell lines tested, as well as
on normal lymphocytes and monocytes (Hercend et al, 1984).

The density of TNK,,,/4F2 increases upon lymphocyte

activation (Hercend et al, 1984).

According to Hercend's group, only NK-like €lones
which express a CD~3 associated 90 Kd membrane protein
(Hercend et al, 1983) recognize this TNKtar/4F2 antigen (
Hercend et al, 1983; Moingeon et al, 1985). In addition,
antibodies against the 90 Kd protein also block effector
function (Hercend et al, 1984). Howevér, the clone Jt9
used ;n this study also expressed a complete 1.3 Kb form

of Ti1 b (Ritz et al, 1985) and the relationship between

this Ti‘ﬁ gene product, the 90 Kd molecule, and CD~3
{
antigen is uncertain, The relevence of these findings to

CD-3" peripheral blood NK cell specificity also remains to
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be determined. N

€4.6.5 MHC encoded gene products. -It seems highly

unlikely that NK cells recognize any MHC encoded antigens.
In general, NK cells do not lyse normal syngeneic,
allogeneic, or xenogeneic cells. Antibodies to MHC class
I or class II antigens do not block NK-like killing of
tumor cells (Hercend et al, 1983). and tumor cells which

are among the best targets for NK cells, either express no
or low MHC encoded antigens (Stern et al, 1980; Cikes et
al, 1973; Stern et al, 1973).

In fact, it has been suggested that NK cells may
recognize a "lack of MHC" (Karre et al, 1986). The basis
of this theory is that MHC encoded gene products are
actually an inhibitory signal. once a normal cell has
evolged into a tumor cell and lost MHC expression, the
cell no longer possesses this inhibitory signal and thus
it is lysed by the NK cell, One major obstacle to this
theory is that RBC which do not express any MHC encoded
products should therefore be lysed by the host's own NK
cells. This would obviously be somewhat undesirable and
does not appear to occur,

The "lack of MHC" hypothesis, was suggested because
murine lymphoma cells selected for low/nil H-2 expression
proved less malignant than wild type lymphoma cells when
injected into syngeneic hosts. This tumorigenicity was
not due to an intrinsic inability to grow in vivo. 1In
addition, WK cell susceptibility inversely correlates with

»
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H-2 expression in these variants as well as in the well
known murine NK target Yac-1 (Piontek et all 1985; Karre
et al, 1986). This theory is consistent with reports that
interferon treated tumor cells increase their MHC
expréssion (Pionteck et al, 1985) and at the same }ime
become resistant to NK attack (Welsh et al, 1981; Piontek
et al, 1985). Sterkus and co-workers (1987). have also
demonstrated an inverse relationship between MHC class [
antigen expression and target cell susceptibility to human
NK cell activity. The F, hybrid resistance model, in
which NK cells are "thought to lyse normal semiallogeneic
bone marrow cells may also be‘explained by this "lack of
MHC" theory {Cudkowicz and Bennett, %971; Carlson et al,

¥

1989) .

4.6.6 .Tf receptor. In 1983 it was sugggsted that the
Tf receptor may‘;erve as a target structure recognized by
NK cells (Baines et al, 1983; Vcdinelich et al 1983).
Since then, the involvement of Tf receptors in NK
specificity has beeff a very controversial topic.

Initial studies in this laboratory showed that the
normal serum iron ginding protein Tf, could block both NK
cell activity and conjugate formation between PBL and K562

cells at physioloegical concentrations (Baines et al,
1983). The effect of Tf on NK cell activity was also
confirmed by Bierman and co-workers (1584) as well as by
Philips (1986). Borysiewicz and co-workers (1986) showed

that transferrin could inhibit NK cell mediated lysis of

e
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Fig 1. Model of Human Natural Killer Cell

recognrtion of tumor cells via transferrin

receptors,
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‘_____._.— TRANSFERRIN RECEPTORS ——
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Taken from Baines et al, 1983
%
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virally infected cells,

" In vivo, human serum Tf is partially saturated with
iron and only this iron saturated form of the protein can
bind to its receptor at physiological pH (Klausner et al,
1983; Dautry-Varsat et al, 1983). The iron free form of
Tf (apo-Tf) can bind to the Tf receptor only at low pH
(Klausner et al, 1983)(Dautry-Varsat et al, 1983). Apo-Tf

has also been shown to inhibit conjugate formation (Baines
et.al, 1983). Since apo-Tf retains its inhibitory
capacity, it is possible that the inhibition observed by
either Tf or apo-Tf does n&l invélve receptor
participation. Studies by M. Caldwell 1in this
departm;nt, however, show that apo-Tf may become partially
ggf%rated with iron under the conditions of the assay
sigce RPMI-1640 contains significant amounts of free
contaminating iron as shown by atomic absorption
spectroscopy (M. Caldwell, personal communication).

Pretreatment of PBL or LGL with eithef intact or
F(ab)'2 fragments of rabbit antibodies against human
serum Tf also blocks NK cell activity. However, wﬁen
target cells on the other hand were pretreated with
antibodies against Tf, no effect was seen (Baines et al,
1983; Alarcon et al, 1985).

The Tf receptbr is composed of 2 identical subunits
of 90 K& each and it is thought that each gubunit is
capable of binding 1 molecule of Tf. Tﬁere art disulfide
linkages near the membrane to which the Tf binding domains

N :
afe dis;al linked regions ([reviewed in Ward, 1987 and
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Trowbridge et al, 1984], Trypsin cleavage of theﬂplasma
membrane bound Tf receptor liberates a 70 Kd fragment
which retains the ability to bind Tf (Omary and
Trowbridge, 1981; Schneider et al, 1982). Vodenlitch and
co workers (1983) Bave shown that this Tf receptor

ragment but not HLA-B fragments can specifically block NK
ell activity towards K562 cells.

K \ Taken together the above results suggest that the
tﬁaAsferrln receptor is a target structure on tumor cells

\

recognized by NK cells. Furthermore, the inhibition
st&gles“on NK cells with anti-Tf antibodies indicate that
the\NK’éell may also possess Tf receptors to which Tf ié
bound. This Tf receptor-Tf complex on the NK cell was
postulated to be the recognition structure utilized by NK
cells to bingd tumor cell Tf receptors (see Fig.l).

Based on the above moqigzjuxtibodies against the Tf

receptor should block NK ce activity at the target cell

level. However, antibody/blocking studies on target cells
has provided confusingfand contradictory results. The
results are confusing pecause NK cells are capable of

ADCC., Thus sensitizing target cell with antibody should

predisposé\ that cell/ to attack by an ADCC mechanism

especially s has been shown that murine monoclonal
antibodies can be recognized by human NK cells (Ortaldo et

al, 1987; Park and Brahmi, 1984; Herlyn et al, 1985). Most

antibody studies against Tf receptors have either blocked

NK activity or had no measurable effect (see Table 1V).

4 -
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Table ]V
l1)Vodinelich et a1,~1983'
2)Dokhelar et al, 1984
3)storkus et al, 1986
4)Golightly et al, 1984
5)Baines, M.G. (unpublished observations) .

6)Perl et al, 13?6
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TABLE IV

Inhibition of NK Cell Activity with Monoclonal
Antibodies to the Tf Receptor

/

Monoclonal Antibody i\ ygc/ton NK Cell Activity

Reference
B3/25 A Decrease (1)
B3/25 Nil (2)
SE9* Nil (3,4,5)
L 01.1 ) Decrease - (6)
. N
42.6 Nil (2)
OKT-9 Nil (2)
*Pretreatment of effector cells with this Antibody also had po effect.
]
3 - G4 )
-

o
-
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Another possible interpretation of the results of target
cell treatment with antibody is that the epitopes of the
Tf receptor recognized by these antibodies does not
overlap with the epitope involved in NK;recognitiOn.;

If Tf receptors are target structures on tumor cells
recognized by NK cells, then the numbers of Tf receptors
on the tumor cells should correlate with their
susceptibility to lysis. Since a major aspect of this

thesis is to determine the relationship between Tf

receptor expression and NK sensitivity, an analysis of

this aspect of NK specificity will be deferred until

chapter 1III.
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II. A RAPID AND EFFICIENT HICROTBCHNiQUB FOR THE ANALYSIS
OF FUNCTIONAL TRANSFERRIN RECEPTORS ON TUMOR CELLS.

:

1. Abstract

A simple and efficient method for the analysiérof
the affinity and number of funétional tr;nsferrin
receptors on human tumor cells is described. The
technique is designed to utilize microtitration equipment,
and is suitable for easy comparison of up to eight
different cell preparations per assay. Using this
technique, five estenhlished cell lines were evaluated for
funcylonal TE receptor expression. The control
erythroleukemic cell 1line K562 posessed 3.28x10°
functional Tf Yreceptors per cell (i,3.69x104, S.E.M.)
Kd=9.0x10~2 M-1. Trypsin dnd heat pretreated cells were
compared to control erythroleukemic K562 cells from the
same culture to determine both the effects of receptor
removal and cell viability on the assay. Trypsin and heat
pretreatment of these K562 cells severely decreased
receptor function as indicated by Scatchard analysis as
well as by time course and cold competition analysis
respectively. Whereas the affinity of trypsin treated -
receptors on cells was similiar to control values, heat
killed cells displayed an altered cellular affinity for
transferrin-I-125 underscoring the importance of utilizing

cells of high viability in receptor assays.

1
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2. Introduction

Transferrin receEEbts are ubiquitously present on
tumor cells in high numbers (Larrick  and Cresswell, 1979;
Faulk et al, 1980; Schindelman et al, 1981; Sutherland et
al, 198l), «They are a principlf method through which
these cells, as well as normal cells acquire iron (Aisen,
1983). The analysis of Tf receptors as a possible marker
for malignancy (Faulk et al, 1980; Schindelman et al,
1981), and as a differentiation marker (Tei et al, 1982;
Testa et al, |l982; Yeh et al, 1982; Horton et al, 1983),
has recentlykéained wide attention. In addition, the Tf
receptor has b;en implicated as a target structure for
Natural Killer cell mediated killing of human tumor célls
(Baines et al, 1983; Vodinelich et al, 1983)., The findings
that the receptor is structugally and functionally related
to the human melanoma- associated antigen p97 (Brown et
al, 1982) and that transferrin itself (a normal serum iron
binding protein) exibits sequence homology with an avian
oncogene product (Goubin et al, 1983) gives further
credence to its role as a pos;ible target structure on
tumor cells. Many studies have quantitated the expression
of this receptor through the'use of antibodies directed
against different epitopes on the Tf receptor (Faulk et

al,l1980; Lebman et al, 1982; Yeh et al, 1982; Horton et

“
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al, 1983), A major drawback in the uLe of antibodies to
quantitate the receptor, is that the number of %uﬁctional
Tf receptors often differs significantly from the number
of iMmunologically detectable receptors (Frazier et al,
1982). Whether there is a similiar diversity between
different monoclonal antibodies recognizing different Tf
reéeptor epitopes or not, is a matter of speculation,
Scatchard analysis of functional Tf receﬁtors using iron
saturated transferrin as a ligand thus eliminates this
extra parameter. The described microtechnique is ideal
for simultaneously comparing Tf receptor on several
different cell preparations. This should prove to be
useful because discrepancies exist in the literature on
comparative Tf receptor estimation (Frazier et al, 1982;
Testa et al, 1982; Klausner et al, 1983a), and thus
comparisons between different authors are difficult to
interpret. The method makes use of equipment normally Jsed
¥n laboratories which measure cytotoxicity by the chromium
rélease assay (Jondai and Pross, 1975; Pross and Jondal,

1975) and is similarly fast and economical.

\
\

3. Materials and Methods

~

3.1 Cell culture. The erythroleukemic human tumor cell

line K562 (Lozzio and Lozzio, 1975 ) as well as RAJI,
MOLT-4 and HL-60, were grown in suspension culture and

maintained at 37°C in a humid environment in 5% CO,. The
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cells were cultured in RPMI-1640 containing 10% heat
inactivated fetal bovine serum, 2 mM glutamine, 100 IU/ml
penicillin-G, 100 ug/ml streptomycin sulfate, 10 mM HEPES
and 2 mg/ml sodium bicarbonate. The cell line MeWo which
is a tissue culture monolayer was grown in the same media
as above with the addition of 2-mercaptoethanol at a final
concentration of 4.29x10E-°M. These cells were harvested
from culture by scraping the cells from flasks with a bent
glass pipette, the cells were then vigorously resuspended
to break up clumpsl All cell 1{535 were assayed 3-4 days
post feeding.

3.2 Radiolabelling of Tf. Apotransferrin (Sigma; St.

Louis, MO.) was éaturated:yith iron, as previously
described (Holbein, 1981)., Batches were periodically
;érified to be »92% saturated by comparing the obtical
absorbance ratio at 465/280 nm to a standard regression
line (Holbgin, 1981)$ﬁ Iron saturated transferrin was then
iodinated using the method of Hunter and Greenwood (1962).
Briefly, 200 ug of chloramine T (BDH; Montreal,Que.) was
added to 10 mg of iron saturated transferrin ;nd 2 mCi of
carrier freel?I as NaI (Amersham, 1IMS.300; Oakville,
Oont.) in a total volume of 500 ul of 10 mM (Ca** and Mg++
free) phosphate buffered saline (PBS). ‘After 15 minutes,
the reaction was stopped with 250 ug of sodium
metabisulfite and thé free 12371 was then immediatly
separated from transferrin-I-125 on a sephadex G-25

column., A S5 ul aliquot of each fraction was then
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subjected to precipitation in a 10% trichloracetic acid

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

)
400ul, this sample was then centrifuged at 13,100xg for 10

minutes. Typically »93% of the radiocactivity was

~

precipitable, indicating that the label was bound to the
protein. Protein concentraEZOn was determined using the
Biorad protein assay with 1ron saturated transferrin as
the standard. Although transferrin is generally accepted
to be a nonlabile protein, the transferrin-I-125 solution
was supplemented with 1% BSA w/v as a stabilizing agent
for free radicals produced by 1251 decay. The specific
act}vity obtained, was usually 1n the range of 200,000
cpm/ug protein.

*

3.3 Binding assay. Specific high affinity binding of

transferrin-I—iZS to cells was evaluated by Scatchard
analysis of binding data as detailed below. All binding
assays were performed in 96 well V-bottom microtitration
plates (Linbro)@itertech; Flow laboratories,inc.). RPMI -
1640 (100ul) was added to all wells except column 1, using
a l2-channel pipettor (Titertech; Flow laboratories,inc.).
ColumA 1 received 200 ul RPMI-1640 plus a concentration of
transferrin-I-125 capable of fully saturating cellular Tf
receptor (approximatly 0.2 ug transferrin-I-125/well).
The contents of column number 1 was then serially diluted
in 100 ul steps tocolumn ll. One millio\rg cells 1n 100 ul
RPMI-1640 were then added to each row (ie,each row
contained a different cell line to be compargd) and the

plate was transferred to a 37°C 1incubator and gently

4
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agitated at a \speed of 3 on a Dxnatech micro-shaker II
(Dynatech labora pries,inc.; Alexandria Virgina) for 45
minutes. Upon termination of the incubation,£50 ul of
resuspendéd cells from all wells were removed and pipetted
into LP/2 tubes (Luckham;Sussex, England) sealed with
paraffin and counted for 1257, A factor which makes this
agsay efficient 1s that LP/2 tubes (capacity=600ul) fit
perfectly into 96-well flat bottomed tissue culture plates
,
(Flow Laboratories,inc.), thus allowing the direct
transfér of cells from the assay plate to LP/2 tubes with
the 12-channel pipettor. This measurement was performed
to determine the total counts per minute (cpm) of
transferrin-I-125 in the assay, and was denoted as 1/4
bound+free cpm of transferrin-I-125, The remaining 150
ul 1n the plate was then rinsed 3 times at 4°C by
centrifuging the plate in an IEC DPR-6000 refrigerated
centrifuge in a Cooke microtiter plate carrier (Dynatech
laboratories,inc.), for 5 minutes at 500xg. The plate was
then ;emoved, inverted, and firmly but gently flicked, to
cast off the supernatant. It is jmportant that the plate
be perpendiculgr to the floor when casting off the
supernatant, to ensure that each '~ corner of the plate
recieves an identical force. The cell pellets were rinsed
with 200 ul of PBS at 4°C, this rinsing step was done
gently, so as not to disturb the cell pellet and increace
cell loss. After the above wasping procedure was carried

N

out 3 times, the cells were removed in 200 ul of PBS, the
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wells were suseqguently rinsed with 200 ul of PBS and both
washings were placed in LP/2 tubes using the l2-channel
pipettor. These cell preparations represent 3/4 of the

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

3.4 Cell loss. On average, 20% of tﬂ@ cells which should
be recovered in the cell pellet are lost during the
washing phase of this assay system. It has been our
experience that cell loss 1s consistant| from well to well
within the same cell line, however, di ferent cell lines
may exhibit differences in the numbens of cells lost,
While most cell lines were com;%rable, the trypsin treated
cells were particularly susceptible to cell loss. To
compensate for this cell 1loss, the cell contents of
representative wells (row 12) were counted at the end of
the assay for each cell line tested. Transferrin-I-125 was
not added to thése wells. Since 1x10% cells were placed
into each well, and 25% of these cells were removed before
washing (to measure the bound+free fraction), then 7.5x10>
cells should have been recovered fromeachwell. Since
cell loss occured solely due to washing, the measurement
of bound+free was obtained without error and therefore did
not requir%/g?rrection. The number of bound cpm however
varied in direct(proportion to the cell loss. The values
obtained in cpm for the bound fraction were corrected by
multiplying the observed -value o¢f bound cpm by a cell loss

correction coefficient.

3.5 Time dependent binding. 'This assay was done in the~<

same plates as conventional ‘assays, however the

p]
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concentration ofngrﬁhsferrin-l-lzs in each well was kept

-

constant. Oneé hillion cells were added top each well

-
at

sequentially at 5 minute intervals, The;i?action was

terminated by transferring the contents each well

4
(using a li—channel‘pipegtor) to ice cold LP/2 tubes
contaiﬁing 400‘ul of PBRS. The tubes were precoated with a
0.1% bovine serum albumin solution, to keep nonspecific
bin&ing to a minimum, These tubes were then mounted in a
96-well flat bottomed tissue culture plate and{centrifugéd

for .5 minutes at 350 xg. It should be ﬁotgd that only 4

A v -
rows of tubes can be mounted on a plate and centrifuged at

‘one time because of the design of the plate carrier.

After centrifugation, 550 ul of supernatant was removed

with the multichannel pipettor using narrbw pipette tips

*(Biorad Laboratories, (Canada) Ltd.; cat. number 223-

9037). Five hundred fifty ul of PBS at 4°C was then

A . .
forcefully added to the_tubes ensuring that the pellet was

resuspended, After‘khe‘fourth wash was completed, the,

.tubes were sealed in paraffin and counted in a gamma °

counter. This measurement represented the amount of

transferrin-I-125 bound to the cells.

3.6 ?ata analysis. §catchard plots Trom the binding data
obtained were corrected for nonspec;fic sindind by the
method of CHamness and McGui;e (1975). The method ﬁfs
bad@d on the assumption that one could discriminate

fetween specific and nonspécific binding, as the the

nonspecific component was directly proportidnal to the
) o s

4

- -
) 7
! - . —_
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availiable free 'ligand, whereas specific binding was
proportional to receptor concentration. When the‘raw data
‘ was plottedkby the method of Scatchard (1949), an
asymptote was formed at a limitingbratio of bound/ free.

This limit was then used to factor out the nonspecific

component for each data point on a Scatchard plot

(eq. 1).

specific bound= experimental bound- free [Lim bound/free]
B/F o0

The 1imitvfor each assay and cell line was determined by
using the well with the highest concentration of
;Transferrin—I-IZS. Since receptor saturation must be
“ achieved to determine the limit, representative
experiments were routinely analyzed to ensure that
receptor saturation did occur. The’molecular\weight of
- transferrin was taken to be 80,000 Mr (Aisen, 1983) in
conversions of binding data from cpm/ug to either molest

_bound or\aolarity of free ligand, ) .

3.7 Trypsin treated cells. K562 cells were pretreated

with trypsin (1:250 Gibco/Grand Tsland Biological ,Company;

Grand Island, NY) by incubating approximately 3x107 cells

%

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

, .
[» 37°C. The cell% were then washed 3 times at 4°C and

*

' maintained at that temperatuire untill assayed.
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4. ults

he binding of transferrin-I-125 to K562 cells was

shown to be specific for transferrin at 37°C (fig.2). The

./ [
addition of cold transferrin to a binding assay at 37°C

effectively displaced transferrin-I-125 from the cellular
Tf receptor whereas the addition of cold bovine serum
albumin did not alter binding. Figure 3 shows that with
uncorrected data, binAing was satgrable at 37°C. As
mentioned 1n materials and methods, s%turation must be
achieved in each assay to mathematically factor out the
nonspecific binding. Incubation of K562 cells for
differing periods of time showeiﬁipat the\;ystem achigved
equilibriuﬁ by 30 minutes and remained static thereafter
(fig.4). All subsequent assays were incubated for 45
minutes to ensur; that a system ;t equilibrium existed.
The number of functional Tf receptors on K562 cells
derived by Scatchard analysis (fig.5) as averaged over
fifteen different experiments was 3.28x105 T¢f
receptors/cell(+3.69x104) Kd=9e0x10"? M-1. When K562
chls were pretreated with trypsin, the cells did not
saturate with time and, as can be seen from the Scatchard
plot, bound considerably less 1ligand then thi?; K562

parent cells, The affinity of these trypsim treatdd cells

did not however differ Significanfly from that of K562,

. This showk that the Tf jeceptor was sensitive to the

effects of trypsin and that these cells possessed few
» /‘ L )
measurable Tf receptorsuéiig.SL K562 cells were heat

. &
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Fig 2., Specificity of binding of 1)25‘1-
transferrin to K562 tumor cells, 11,5 picomoles
of 1251-tranferrin was added to all wells and the
concentration of cold competing protein was
vari;d. 0----@; Competition by cold transferrin
on K562 cells. M---M; Competition by cold
bovine serum albumin on K562 cells. Q----0;
Competition by cold traﬁsferrin on K562 cells
pretreated at 56°C for 30 minutes. This graph
‘illustrates that binding of thg radicactive
transferrin was specific for transferrin on K56¢

cells, while heat pretreated K562 cells did not

bind 1251-transferrin specifically.
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Fig 3. \§aturation of binding of lzsl-transfetrin.
to K562 tumor cells. The binding oflzsl-
transferrin to K562 cells was shown to be
saturable at 37°C, USqturation was achieved at

! .
approximately 0.2 ug transferrin/ 1x10® cells.
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*Fig 4. T\me dependent binding of 1251-
transferrin to K562 tumor cells. Binding of1231-
Fransferrig to K562 (@ ), or trypsin pr;treateg/
K562 cells ( A ) at 37°C as a function of time.
K562 cells bound 12%i-transferrin in a time
dependent manner whereas trypsindgretreated cells ¢
which bound low amounts of 125I-transferrin did
not show time dependent 'binding in assays when
the specific activity of‘ the ligand was

"decreased. This underséores the importance of '
ugin& 1257 transferrin which has a specific
,activity of at least 2x10° cpm/ug protein, for 3

cell lines posessing few receptors.

" ‘\{‘1
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Fig s, Scatcharq%analysis of cellular binding of
1251-transferrin to K562 cells pretreated Qith
trypsin or heat. Cells were incubated at 37°C
for 45 minutes. Units on the absisca are
femtomoles oflbsl-transferrin bound. @; KS62"
cells maintained in tissue culture and fed 3-4
days prior to assay. M; Trypsin pretreated K562
cells, the affinity of these cells for 125;.
transferrin was not significantly different from
K562, A ; K562 cells pretreated at 56°C for 30

minutes., this heat pretreatmeht“abrogated

receptor function (see text).
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pretreated at 56°C for 30 minutes to determine 1f receptor

function would be abrogated by this treatment. Upon
;

analysis of these heat pretreated cells, it was found that

they were capable of binding very little ligand but that

this binding was of a higher affinity (Kd=4.85x10"10 M-1 p

‘¢,01) than with K562 cells, (fig.5). Upon cold competition

,analysis it was observed that cold transferrin could not
~dispiace transferrin-I-125 from the cells, indicating that
the binding of the trénsferrin-l—l25 was not .specific and
therefore did not involve Tf receptors (fig.2). Thesé
heat pretreated K562 cells were typically of low viag%lity
as judged by trypan blue incarporation. Since trypan blue
stains dead "leaky" cells it is highly probable that the
Tf receptor estimate from the Scatéhard plot shown 1s due
to labelled ligand permeating dead cells. If these cells
trapped transferrin-I-125 in a non-specific manner, then
an unusually high affinity would be expgcted.‘Usﬁég this
method of analysis, several common tumor cell 1ig swgﬁre
assayed for Tf receptor expression under normal growth
conditions (table V). I: was seen t t all these
established human cell lines expressed substintial numbers
of functional Tf receptors. These results agree with’
preQiously published values (Haynes et al,1981; Fraizer et
al, 1982; Vodenlich et al, 1983; Mattia et al, 1984)
substantiating the validity of this{miniatprized method of

Tf receptor analysis.
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‘ TABLE V
N

Transferrin Receptor Expression on Human Tumor Cell Llines:

TRANSFERRIN , -~

CELL LINE RECEPTORS/CELL S.E.M.
5 ‘ 4
K562 3.28 x 10 - 3.69 X 1\?
|Trypsin Pretreated Ks62 4.50 x 194 ] 1.61 x 104
. : 5 ’ 4
RAJI 2.28 x 10 1 4.42 x 10
5 ) 4
MOLT-4 1.42 x 10 3.05 x 10
5 4
HL -60 3.18 x 10 . 5.46 x 10
5 t 4
MeWo 3.09 x 10 5.38 x 10

-

-
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5. Discussion "

—

A technique has been developed to measure functional

Tf receptors on tumor cells. Using the described technique

the number of functional Tf receptors on K562 cells \uu(’

estimated to be 3.28x105 Tf receptors/cell.: The affinity
of these receptors was 9.0x1077 mM-1. It should be noted
that the values for receptor number,o?tained 1n this study
represent the total number of functional ?f receptors on
the cell lines tested. Simce the Tf receptor along with

7

its 1ligand is internalized within minutes (Dautry-Varsat

S
-

et al, 1983;%amilton, 1983; Klausner et al, 1983b; Lamb
et al, 1983; Wllllngham\et al, 1983), the value of Tf
recepto;Snumbegzin these experiments includes suﬁfacé
membran receptors plus the active internal receptor
population. . When K562 cells were pretreated with
trypsin, the number of éunctiOnal Tf“receptors were
sewerly decreased, however the affinity of the receptors

measure emained unchanged. This result suggests that

the receptor population measured was probably ei1ther an

internal receptor population not exposed to trypsin but’

expressed later on during the receptor assay or de novo
synthesized Tf receptor. Although the K562 cell line used
is cultured in suspensién, many tissue cultucre monolayers
are removed from culture by'treatmenﬂ with this
proteolytic enzyme. It would be advisable to use other
methods of cell'redeal when analyzing surf§ce receptors

of any type. Another argument adainst the use of

-
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proteolytic enzymes for harvesting‘cells} is that the

treatment could also uynveil new receptor sites, thus

permitting the entry of a new parameter to the system,.
\'.7 -
K562 cells pretreated at 56°C for 30 mirnutes showed a -

[¥g

.y N 4 .
decreased ability to bind transferrin-I-125 but had an \

increased affinity for-this ligand as anal}%ed by . 1
+w Scatchard analysis Kd=4.85x10“10 M-1. This m}himal‘binding
3 could not be competéd wfth‘by cold transferrin, rndicating
that the binding observed was not specific for the Tf
| i receptor. The average viability of these éells was
typicq{}y 15% of the totﬁ; cell number as measured by
‘trypan blue incorporation. The binding of thé Ilgand was
most likely the result of trénéferrin—l-lés entering these 8
dead "leaky" cells, and being trapped there, thus giving

4 4
the impression of a high affinity receptor. Since the

Ol;?

labelled ligand could not be competed for, the binding ("
must be considered to be nonspecific and hot reieptor
mediated (Cuatrecasas and Hol lenberg 1976). F?oh this o
result 1t can be yseen that the numbeé of dead cells
present in a receptor assay could greatly affect the
estimation of‘aff}ni;y and this error would éubsequently
cause an underestimate of the receptor number because the
slope oOf the line derived from a Scatéhérd plot would
;nérease as a direct result of the proportion of deag ’
cells, Thus the ceils'used in Scatchard analysis shou{d
’ .be scrupulously honi:o?ed fBr'viabillty. We have d1so

: L shown that multiple tissue culture cell lines (1ncfluding a

-
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tissue culture monolayer) 'co'ulld be simultaneously assayéd
Lwit.h this microte’chn’ique providing"‘resuits whi’ch agree
well witr; the publ ished,‘ literature (Haynes et al,l1981;
Fraizer et al, 1982; Vodinelich et al, 1983; Mattia et al,

1984). The assay is sensitive to changes in receptor

number (trypsin-K562) as well as affinity (heat-K562) and

is therefore a "sensitive ,and efficient method of "Tf

‘

receptor evalwation. . ~——
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III. Studxes on the Mechanism of Spegificity of Human
Natural Killer Cells PFor Tumor Cells:Correlation
between Target Cell Transferrin Receptor
Expression And Competitive Activity. Y

1. Abstract

Previous studies .to determine the nature of the
specificity of Natural Killer (NK) cells for leukenmic
cells indicated that functional transferrin (Tf) receptors
. may be one of the determinants recognized by Nﬁrcells. To
further 1nvestigate these observations, the relationship .

betweetn cellular Tf receptor expression and ability to

¢

c¢ompete with a control K562 cell preparatio; in a standard
ch;omium release assay was studied.

' K562 c;lls were , selected at different phases of
g}owth by removing cells from tissue culture at one,
three,’ and“five day% post feeding. dnder these,
conditions, K562 cells qpspectivel;\displayed reﬁétiuelyt
high, medium, and low numbers of Tf receptors and
corresponding‘cbmpetitive acti&ity against a gontrol K562
cell preparation."KSGZ cells were modified by eltﬂer
trypsin, heat, or sodium butyrate (differentiation
inducer) pretreatment. Aq NK resistant cane‘was also
nstudied.,"%hefe was a good correlation between Tf
receptor expression-and cold c0mpetitive°activity of the

above K562 celi preparations (rf0:82 P<0.01).

The different tumor target cell lines K562, Molt-4,

-
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- R§ji, HL-60, and MeWo which would be expected to express

1
N Q o ,
different ~-ranges of spegificity did not show a significant

14

. cgrfblation between Tf receptor qxpressibn and their cold

competitive activity against $1Cr labelled'KSGZ cqlls._%

. w

Rabbit reticuiqpyteé~which express°Algh nuJbers of Tf

receptors were tested for their ability to compete with

K562 cells for NK cells. These cells were able to compete

- {

.with K562 cells while mature rabbit red blood cells which

4o no@ express Tf receEtors did not compete well. These

CeN .
flndlngs support the contention.that the Tf receptor may
be involved in NK cell recognition of some ‘Lumor cells.

W '

2, Introduction ‘ ’ s

G,

Natural Killer (NK) cells have been impliégxed as. a

e

.primary 1l’ine of defence against neoﬁlgstic disease
[Herberman and Holden, 1978]. These cells have also been
éhown to be lytically activg agaipst qertain,virally
infected cells (Biron et al, 1982; Stein—Streerin'et al,
1983; Habu et al, 1984;), hematopoetic stem cells (Hansson
et al, 1982; Holmberg et al, 1984),thymic and fétal thymic
cells (Nunn et al, 1977; Hansson et al, 1981), and bone
marrow cells (Hansson et al, 1981).

The mechanism through which anﬂNK cell kills a target

’

cell is complex‘and involves many well defined stagés
" .

[reviewed i1ndTrincheiri: and Perussia, 1%84]. The initial-

event leading to‘targef cell lysis involves a specific

L]
-
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binding or contact between the %ffector lymphocyte and

target cell. Several studies have been done to 1identify

the target structures involved in this recognition event
8
(Roder et al, -1979; Obexer et al, 1983), and the results

‘

of these studies“pointed to . membrane proteins, however the

-

Mr of th4 reputed target structures in these twoe studies -
El

turned out to be Qifferent, ;Bd these proteins have yet to
‘be characterized. . One .other problem.with these studies
was that tﬂe membrane proteins involved in both studies
were treated uﬁder denaturing condiﬁions prior to their
evafﬁatign in competition assays and thus the "target

structures" were not evaluated in 4¢heir natural state.

It has recently been suggested by wseveral

[

laboratories that the Tf receptor may be a target .

structure on tumor cells recognized by NK cells (Baines et

al, 1983; Vodinelich et al, 1983). The findings that Tf

(f normal serum iron biﬁding.brdtein) may be functionally
and structurally related to the human melanoma éntigen p97
(Bran et al, 1985) and that Tf exhibfts sequence homology
with an avian oncgagne product (Goubin et al,>1983), gives
credegce to-thé proposal that ité éomplimentary réceptor
csuld be 5 candidate as an NK cell target structure. The
generalizatioh that Tf recebtors are gxpressed on actively
dividing cells such as tumordcelis (Larrick ané Cresswell,
1979; "Sutherland et al, 1981; Chapter 27, b%?e ﬁarrow
cells (Horton, 1983; Lebman et ai, 1992), and hematopoetic
piogenator cells (Lesley et al, 1984), “and that NK cells

have been generally sﬁorg to be active against these cell
' o . ~— '
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_types suggests ‘that NK cells may have a general

o .
‘ ‘regulatory role on normal proliferating cells via the

. involvement of Tf receptors. In order to investigate this
A} —

point, - tumor cell lines.atharious stages of growth were

subjected to competition,as ayé and assays for Tf receptor

W

directly altered Tf receptor expression were also used in

3

these assays to idqntify the relationship between NK

' recognition and Tf receptor expression. .
i S}
y

~ kY '
3. Materials and Methods

¢

\

3.1 Tumor cells. The efythroleukemic human tumor cell

lﬁ}ine‘KSGZ (Lozzio and Lozzio, 1935), as well as Clone I
(MacDougall et al, 1983), Rajf)<Molt—4,/and HL-60 were

grown in suspension culture and maintained at 37°C in a

S 7 humid environment in 5% COZ.ZThe‘cellsﬁhere cultured in

' RPMI-1640 suplementeQJWith 10% heat inactivated fetal
¢£ ‘ N »

G, 100 ug/ml streptomycin sulfate, and 10 mM, HEPES. The
cell line MeWo which is a tissue culture monolayé} was
grown in the same media as above with the addition of 2-

mercaptoethanol at a final concentration of 4.29x107 M.

)

These cells were harvested from culture-by scraping the

cells from flasks with a .bent glass pipette, the cells:

'[‘ were then vigorously résuspended to beeak up clumps.

K562 cells grown in culture for 1, 3, and 5 days were

78

number: and affinity.' In addition, target cells with.

bovine, serum (FBS), 2 mM glutamine, 100 IU/ml penicillin-




s N 3
a

adjﬂstéd to a starting density of 1x10ES5 cells/ml in* X00%

fresh media, the starting time for these cultures was
staggered. so that their assays were always done

®

concomitantly. K562 cells were induced to differentiate

as previously described (Werkmeister et al, 1982) in- 1mM

sodium butyrate (Sigma: .St. louis, MO) for 5 to 25 days in
tissue éultdfe prior .to assay. K562 cells were.
pﬂbtreétei with tfypéin (1:250 Giﬁco/Grand Island
Biological Cpmpanif“érand Island, NY) to removeimembrane
proteins by incubating K562 cells in 0.5% tryps1n (w/v)

++ and Mg++ free phophate buffered saline

solution in Ca
(PBS) for 20 minutes at 37°C. The cells were then washed
3 times at 4°C and maintained at that temperature until
assayed. Heat g%etreéted K562 cells were prepared by
incubating K562 cells at 56°C for 30 minutes in RPMI1640
plus 10% FBS and then wished 3 times and.gtoring:pt 4°C

-

until assayed.

3.2 Lymphoéyte isolatiomn, Heparinized blood was collected
from healﬁhy volunteers by venipuncture, and incubated
with carboﬁyl iron {10mgm/ml) for 30 minutes at 37°C, on a

rotafy mixer. After incubation the blood was passed twice

éver a 2.5Kg magnet to depleté the adherent population of
“ 1

éells. The blood was then diluted with an equ§l volume of
‘'RPMI-1640 and the lymphocyte population was separated by
buoyank density centrifugation on Ficoll/Hypaque (sp. gr.=
1.077). The cells were washed 3 times in RPMI-1640 and

resuspended in RPMI-1640 + 10% FBS at 4°C until used,,

}

2
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3.3 Receptor analysis. Tf receptor expression was assessed

[

on cells by a micromethod as previously déscfibed (Chapter{

» 5 i

2). Brieﬁ}y, iron saturated transferrin (Sigma; St.Louis
Mo) was iodinated using the method of Hunter and Greenwood
(Hunter and Greenwood, 1965). All binding assays were.

,berformed in 96 well V-bottom~ microtitration plates

v

\

£

I

(Linbro/Titertech; Flow labs). RPMI-1640 (100ul) was

added to all wells except column 1, using a l2-channel

A

ul RPMI-1640 plus trans -I-125. Half the content& of

column number 1 (100ul) s then serially diluted in 100
_ul of diluent to column 11. One milliép cells in 100 ul

R?MI—1640 were then added to each row and thg‘ﬁlate was

transferred to a 37°C incubator and gently agitated at a
' speed of 3 on a Dynatech micro~shaker II (Dynateéh labs
inc.; Alexandria Virgina) for 45 minutes. Upon
termination of the incubation, 50 ul of resuspended cells
-from all wals'were removed and pipetted into LP/é tubes
(Luckham;Sussex, England) sealed in baraffin and counted

§

‘for 1251. This measurement was performed to determine the
total cgunlé per minute (cpm) of transferrin-I~125 in the
" assay. The femainiﬁg 150 ul in the plate was then rinsed
3 times ;t 4°C by centrifuging the plate for 5minutes at
SQOxg.ﬁnThe plate was then remaved,‘inverted, and firmly
. puh gently flicked, to caét off the supernatant. The cell
pellét; were then rinsed with 200 ul of PBS at 4°C.

After the above washfng-procedure was carried out 3Mtimes,

the cells were‘removed in 200 ul of PBS, the wells were

-
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sdsequently rinsed witﬁ 200 ul of PBS and both washingi\

.

were pooled and counted for transferrin-I-125:.: o |

3:4 Cold competition studies. The ability of competing

K562 cells killed was calculated by formula (1):

+

- o Sae l’-.‘
cell preparations. to compete with a control K562~

)
population was assessed in-a modification of the standard e
chromium release dssay (Pross and Jondal, 19?5): Ten e
thousand 2lcr labelled K562 ceils were added to each well .

of a mic¢rotitration piate fo.llowed by cold competitor

célls at ratios from 20/1 to 1.25}1 cold competitors o

5lcy j1abelled K562 cells. Two hundred thousand
lympﬁbcytes wére then added to these wells to -give an‘
effecto;'to target ratio of 10/1. The spontaneous target .

death wds derived by incubatinghlxlo4 5‘1Cr labelled

targets in the abséhée éf lymphocytes. Replicate wells

were resuspended prior to sternatant harvest to determine

the maximum kill possible. The percentage of Slep labell}d

51 51
$ lysis of 100 (test Cr release - dpontaneous (Cr release).

K562 cells s 5 (1)

51. 51

maximum Cr release -~ spontaneous Cr release
N r
‘l

PR
!

Maximum killing by effector cells was evalpated by
including w;TTE’without cold competitor cells, The 50%

inhibition level Gas determined by dividing the peréent'

o - $
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\ ki}% due to11lQ/1 effector cells without competitors by 2.
. Values of in:i"bi‘tory\ units at 50.% inhibition (IUgq/10®
cold competftors) were derived by calﬁulating the cold
competitor to SIﬁ;’iaSeilea KSFZ cell ratio which gave 50%
imhibition from a regression analysis pf:jhe linear
portion of the ;ose response curve. Once,the ratio of
competitor to target cell ratio was known, the value of
6'cold éompetitors was calculated acco;;ing to

' 6
1x10 competitors

6 i
IU /10 cold competitors =(competitor/target ratlo)(lxlo tatgets)

50 : at 50% 1nh1b1t10n
_ ' 2y
- “ i
4. Results. ’ . o . -

. 4.1 K562 cells in culture for different periods of time.

3
/

JK562 cells were analysed under well defined conditions

from t1ssue culture to investigate if a relationship
eXLqud S%tween Tf receptor expression on K562 cells and
the length of time the cells were grown in tissuesyculture.
Cells were seeded in "large tissue culture flasks at a

sfarting density of 1x10° viable cells/ml in complete

medium.c Cells were then taken from cultufe after 1, 3,

&




-~
v

and 5 days, the 'cells were subsequehtly analysed for

functional Tf receptor expressiqQn by Scatcﬁard'analysis

(Scatchard, 1949)(@ig.6), as well as cbid cémpetitive“

activity against °1Cr labelled K562 chlls in a standard
\}

chromium releage assay. As cane be obse€rved in tabBle Vi,

‘

the number of functional Tf receptors is greatest in K562

cells which have been maintained in fresh media 1 day

N

prior to assay. As the length of incubation in ' tissue

v

culture inéreases, a concurrent decrease in Tf receptor
expression is observed with cells at day 5 exhibiting 65%
- ) .

less Tf receptors thén day 1. Control cells were fed 3-4

days prior to asséy and exhibited reteptor numbers

characteristic of day 5 K562 cells. Thege éontrql cells

,were were not started in 100% fresh media, but had fresh

meéid added 'to the flasks so that @hat their starting
density would be .between 0.75-2.5x105 cells/ml at the time
of feeding., Inhibitory units were derived from cold
competition experiments, PBL were matched against 51Cr
label ded K562 célls blus cald,compeﬁing cells from day 1>
3, 5, and control K562 ;ells. A good correlation can be
seen between Tf~receptor exéress;pn and cold competitive

activity in K562 cells when compared by this method

(*’r=0.97 P(0.0l)c




Fig 6. Scatgchard plot oleSI—transferrin to K562 -°

<Eells grown in tissue culture for 1,3, and 5-

days. . Cells were maintained in tissue culture at
a starting density of 1x10° celfls/ml in fresh
medium .and analysed for transferrin receptor
expression after the times indicated. Values for
receptor number/ cell were: B, &90x165/ce11 :0,
4.74x10°/cell :e, 2.65x10°/cell.

The affinity of K562 cells remained constant over
all time periods tested Kd=9.0x1079 M-1l. The

~

results of this experiment were repeated with

-~

almost ;dentical results.
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Table VI,

cells,

Relationship between transferrin receptor

-
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(g TABLE VI

»

RELATIONSHIP BETWEEN TF RECEPTOR EXPRESSION AND COMPETITIVE
ACTIVITY OF K562 CELLS FOR NK CELLS

call type cell density net doubling receptors inhibaitory

at time o time in cul- per cell units

assay x10 ture at time of x10° 50%

- assay- (in hoursh
control pooled a w 37.0 b v 2.97 28.74
K562

day 1 0.95 . 0.0, 8.11 42.07

day 3 2.85 3%.8 4.66 19,68

day 5 7.40 36.2 2.77 29.76
» e e e e e e ——————————— e e e e e e e -

a Cells were harvested from 3 control culture flasks at varying

densities (5-8x10° cells/ml).
b Typical doubling time as tested in an independent experiment,

The net or overall doubling time is based upon gross viable
cell counts and does not take %pto account cell losses during

culture. ‘
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4.2 Modulation of Tf receptors and competition in K562
-

ta
-

cells. K562 cells were subjected to different tréagments
and analysed for both Tf receptor expression and cold
competitive activity against Slcr labelled control K562
cells. The following methcds of Tf receptor modulation
were chosen to investigate 1f the relation§hip betwgen TE
receptor expression and competitive activity as deécribed
1n table V would contdque when ‘radically difféﬁ§nt
approaches were employed to effect changes in either one
of the above paraqeters. K562 cells have been shown to
possess hlgh levels of Tf receptors (Vodinlech et al,
1983; Chapter 2). K562 is also a very sensitive cell line
to NK cell mediated cytotoxicity and was therefore
arbitrarily assigned values of; 100% for Tf receptor
expression as well as cold competitive activity. V-When
K562 cells modulated by different means were compared on
this scale, it was shown that 3 out of 4 preparations of
K562 cells demonstrated a good correlation bet&een*&f
receptor expression and ability tqQ compete with Slbr
labelled K562 cells (fig.7,8).

An NK resistant clone of K562 designated as clone I
(MacDougall et al, 1983) did not show correlation between
Tf receptor expression and cold competitive activity.
Since Tf receptors are probably not the only target
structure on K562 cells, it is possible that séme other
targeﬁistructure has been changed or decreased on this

cell line causing decreased recognition by NK cells.
]
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’

Fig 7. Relationship between transferrin receptor

expression and competiti:e activity of modulated
K562:cells. Al; values for transferrin receptor
expression and competitive activity were
expresséd aé a’'percentage ofnthét obtained with
control K562 cells (lane 1l). Trypsin pretreated
cells were incubated with 0.5% trypsin for 20
minutes'thgn washed. The heat pretreated cells
were subjected to 56°C for 30 minutes which
totally abolished transferrin receptor function,
the value presented ind;cates nonspecific label
upgike by these hq@t treated cells. The bars
represent the over;ll mean of independent

-~
experiments + 1 S.E.M..
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Fig 8. Ability° of modulated K562 cells to
compete with control K562 ceklsrfor NK cells.

The indicated cells were added to a standard

chromium release assay at competitor to ‘target
Y

ratios of 1.25, 2.5, 5, 10, amd 20 to 1 wusing
Slcr-1abelled K562 cells as the targets. Heat
pretreated cells were tested 'in an independent

experiment.
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% LYSIS of S'cr-k562
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Since differentiation has been‘*sHhown to alter Tf

i
receptor\expréssiqp, K562 cells were pretreated with ImM
sodium-butyrate in tissue culture at least 5 days prior to
assay to induce differentiation (Werkmeister et al, 1982).

hese treated cells display an intermediate level of

v

compeétition as well as Tf receptor expressjon w?iqh is in
good agreement with the results obtained by other éuthorsA
for both these parameters (Werkmeister et al, 1982; Garson
et al, 1983; Testa et al, 1982) (fig.7,8).

If Tf receptors are the major target structureé on
K562 cells then K562 cells devoid of Tf receptors should
result in a popu-lation of cells with>littde competitiVﬁ'
activity. Two treatments to severly decrease Tf réceptor
expression on competing cells were employed. The number

: ”

of functional Tf receptors were reduced to 13.7% of the
origi?al number ?y trypsin pretreatment of K562 cells, and
K562 cells pretreated at 56°C for 30 minutes displayqﬁ no

3

receptor function as illustrated in chapter 2. When these

two cell preparations were analysed for cold codbetitfve
activity it was found that both K562 subtypes competed
very poorly with Slcr labelled K562 cell's (fig.7,8).

4.3 Other target cell lines. Different tumor target cell

lines were évaluated‘for Tf receptor expression, cold
competitive activity, and NK susebEibility to lysis to
investigate if a relationship existed between these
parametefgil The cell lines K562, Molt-4, MeWo, Raji, and

HL-60 were compared. No correlation was evident when
¢ ’

« comparing Tf réceptor expression to lytic sensitivity.
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(r=0,38 P»0.05), or told competitive activity against 2ler
‘ labelled K562 cells (r=0.55 P>6.05). This indic’ates t‘hat
the expression of Tf receptors is not a major factor when
' comparing target cells of differegt origins. The proposal

that multiple,recognition structures exist on target cells

has been previously proposed by several' authors (Obexer et

>

al, 1983; Ortaldo and Herberman, 1982), and the results =

reported here corraborate this proposal.

4.4 Reticulocy'te studies. It is well known that a major

difference between normal reticulocytes and erythocytes
is that reticulocytes possess high numbers of Tf receptors _
I

r  wHereas mature erythocytes do not express measurable(( )“/-

numbers of Tf receptors (Enns et al, 1981; A, Lararus and

* M. Baines, unpublished data). Rabbit reticulocytes have

o been shown to bind humanotransferrin (Schulman et al,

‘ 1981) and (s:hould therefore be‘functional in a human
sys‘tem. If Tf receptors are true recognition structures

on target cells, then these reticulocytes should

specifically compete with.-K562 celis for NK cells. The

ability of ra%bbit reticulocytes to compete with Sler

labelled K562Ncells in a human NK cell ch;:'ornium release

assay is illustrated in table VIJ, Rabbit reticulocytes

showed dose dep?ndent competition whereas mature

erythrocytéé from normal radpbits did not compete. It is

EOnceivable that, tt{e anemic rat;bits coulr; contain some
other factor\wor cel; type other than reticulocytes which /

‘ | may have caused the competitive activity. ‘To investigate
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Table VII. . b , .

?

Cold competition analysis 3f labelled K562 cells by ‘ N

~

rabbit reticulocytes. New Zealand White rabbits ( 2.5

Kg. ), were bled via the central ear arteriole for 59
mls per day for 5 consecutive days, On the 6th day,
whole rabbit blood was collected i;\}&beS“ﬁantaining

heparin and the blood was layered on a Ficoll-Hypaque

density step gradient ( specific gravity 1.677 gm/cc ),

and centrifuged for 30 minutes at 4@8@ G as previously

described. The mature erythrocytes and leukocytes

sedimented through the density medium to the bottom of

the tube and the cells at the interface were collected.
The cellular content of the upper layer was found to be
up to 95%Ireticulocytes as determined by the New ) : 3‘
Metﬁylege Blue staining procedure. Intermediate
ercentéges of reticulocytes were obtained by mixing
to;ether mature;érythgocites and reticu}ocytes to obtain

the desired suspension in balanced salt solution. -

&

o~
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TABLE VII

COLD COMPETITION OF LABELLED K562 CELLS BY .RABBIT RETICULOCYTES

g cold actual § of 1050/109 .
competitor reticulocytes _ .
in population? N
normal rabbit 21.5 : 3.0
erythrocytes !
rabbit 82.8 ) p 105.7

reticulocytes . ,

; K562 - c 30,352.0

as measured by the "new methylene blue" staining procedure.
P~0.001 for’all values of IUgy/10?

‘e
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Fig \ ' 9. Ability of rabbit reticulocytes to
\

compete with Sler-1abelled K562 cells for NK

. cells. Reticulocytes were purified to 95% purity
and diluted with normal autologous erythrocytes

to the concentrations indicated. The ratios of

°

reticulocytes to 51Cr—K§62 cells is depicted in

the lower absisa. Cold K562 cells were used in

the same experiment as competitor cells and the
ratios of K562 cells to °lCr-labelled K562 cells

is depicted in the upper absisa.
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this possibility, reticulocytes were enriched from anemic
rabbit blood to 95% purity and then diluted to Aifferent
concentrations with mature auto;ogous erythrocytes and
analysed for their competitive activity (fig.9). A good
correlation |between the percentage of reticulocytes in the
competitivé population and the ability to compete with
5lcr labe{led K562 cells can be seen. This iﬁd}cates that
the reticulocytes themselves are responsible for the
competitive activity. .It should be noted that although
reticulocytes were competitive, the level of competikion
\ :

by these cells was relatively weak when compared to that
\

of K562 cells. This could have been due to requirements

for species specificity of the Tf receptor, receptor

density, or the co-expression or absence of other relevant

&

target structures. -
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:%5 Correlation analysis. To assess the cumulative

results

between Tf

receptor expressiofi and cold

competitive activity in K562 cells from the data obtained,

a plot of functional Tf réceptor expression versus cold

competitive activity was constrycted (fig.1l0). As can be

seen, a good correlation exists between Tf receptor

i

expression and cold competitive activity in K562 cells.

This further supports-the contention that the Tf receptor

may be one of the

w

target stryctures on K562 cells.

2

Since it has been previously shown by this laboratory that

functional Tf receptog'gxpregsion may be involved in NK

cell recognition (Baines et al, 1983) and that the number

©

of immunologically measurable Tf receptors can differ

significantly from the number,of functional Tf receptors,

A

functi1onal receptors were measured by Scatchard analysis

on all cell preparations tested,

therefore .directly between

competition in this

The correlations is

-~

functional receptors and

study. ’ 0

By
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Faig 10. Correlation analysis between .
transferrin receptor expression and competitive
activity against contrql K562 cells for NK cells.
K562 cells grown in culture for; (1) 1 day, (2) 3
daysg,(4) 5 days, (3) control K562 cells, (5)
clone I cells, (6) ‘sod@'um'butyrate induced K562

cells, (7) Trypsfn pretreated K562 cells, (8)

heat pretreated K562 cells. r=0.82 P<0.01.
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5. Discussion )

Y

In this correlation‘study coﬁpetitive éctivity has
been compared to Tf receptor expres:ion. We have been
careful not to use "Killing" as a measure of recognition
because the final lytic event }s dependent on'many
parameters whereas competition is accepted as a direct
meésure of recognition (Merbermag and Ortaldo, lQbO).
Further, the ability 6f k562 cells to be killed by NK
cells is not a valid measure of the recognitio& state of
that cell since it has béen demonstrated by Hagner that
the lytic phase of killing can be dramatically altered by
the growth phase of K562 cells (Hagner, 1984). He found
thaﬁ K562 cells could be killed Jiéh differing degrees of
efficiency depending on the proportion of target blast
cells 1n a given culture which was directly attributablé
to a more effective lytic mechanism.

Hagner also showed that while the total number of
conjugates between unfractionated ly;phocy;es and K562
cells remained constant over a range of different Tf
receptor densities on the target cells, the propurtionmbfu
oKT8" lymphocytes forming conjugates varied with the

density of Tf receptors on K562 cells. Since it has been

shown by two different investigators that a significant

proportion of active NK cells carry the okT8* phenotype

({Abo et al, 1982; Perussia et al, 198§), it is Sbsgible
that this subpopulation of "OKT-8% NK cells" may utiYize

Tf receptors as a target structure on K562 cells,
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Alternatively, since the okTs* phenotype 1s indicative of
a T suppressor cell, it is possible that these "T
suppressor cells" are capable of directly or in@jrecﬁly

modulatiné the activity of NK cells.

In this study a significant correlation between Tf-

receptor expression and cold competitive activity of
modified K562 cells was found. It is interesting that
within this correlation study there was a direct
reiationéhip between Tf receptor expression and
competitive activity in K562 cells grown under “identical
o ,
cd{iqre conditions for different times., It is not known
why. K562 cells expreés more Tf receptors durlpg‘the short
"term incubation, however it is pﬁssible that the cells
themseives are initially passing through a stress induced
lag phase of growth prior to the star’ﬂt of log phase growth
on appfoximqtely day 1 (data not sQown) to a late log
phase of growth on day 5. Alternatively, it is possible
that some factor in the growth media which is altered or
decreased with time is contributing to the expression of
Tf receptors. ' -
To determine if thecorfelation between Tfrecebtor
expresgion and competitive activity would remain intact
when® Tf receptor levels were extremely low or absent,

two independent treatments were employed to severely
.

.decrease Tf receptor function, K562 cells were either heat- -

pretreated at 56°C for 30 minutes or treated, with trypsin

(0.5% for 20 minutes). In hoth of these treatments: the

X
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numbers of Tf receptors as well as competitive activity
were severely decreased, However, when the ;rypsin
'. treated cells were tested as direct targets, their
sensitivity to killing was found to decrease by 21%, thus
they were still relatively sénsitive to killing (data not
shown ) . 3 \ o

In a further attempt to effect the competitive
activity of K562 cells and then monitor the'Fxpression of
Tf receptors, differéftiated K562 cells as well as a
resistant clone of K562 'cells were employed: Thé sodium
/2%? butyrate differentiated K562 cells displayed reduced
< ’ competitive activity and correspondingly reduced Tf
receptor expregsion, however the NKfresistant clone, while
being a poor competitofsdisplayed subdtantial levels of Tf
receptors. This clonévwas selected by Mcbougal and co-
workers (1983) primarily on the basis of its inability to
form conjugates with NK cells. Clone I exhibits an
increasedQlevel of acidic and neutral lipids ( A. Sullivan

a

and S. MacDougall, personal communication), which should

'3

contribute to an alteration in membrane charge. It has

been shown that the negative charge imparted to cell

membranes by sig;i% acid residues (Warren, 1976) may lead

to a decrease in sensitivity in killing target cells by .NK
cells (Yogeeswaran et al, 1982)., The point is germain to
this stgdy because if membr;he charge is in fact an
important @aéameter in cell ¢to ce;lﬂbinding and

recognition, then the effect of Tf receptor expression on

' . Clone I cells may be dominated by this other membrane
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parameter. It is interesting to note that the original
r

clone I cell line displayed a lower number of Tf receptors
and a lowér doubling time than K562 cells ( A. Sullivan
and S, MaéDougall, personal communication) however under
the conditions in this laboratory, clone 1 celké
displayed high nquers of Tf recéptors and had a faster
doubling time than K562 cells w@ile retaining their degree
of NK resistance. (see also appendix VI) o
Baines et al (1983) found that iron §aturated
transferrin coul; inhibit ki1lling of K562 target cells at

the level of the effector cell, as well as conjugate

'S

formation between lymphocytes an&itargef cells. In-

addition it was found that antibodies to transferrin
itself could block effector cell function, this later
parameter has since been confirmed by Alarcdon and Fresno

(1985) These findings specifically implicated the

involvement of the Tf receptor at the functional level.

To determine if "functional) Tf receptors are target

.

structures on K562 cells a$ opposed to an epiébpe of the

native Tf recgbtor (or a neighbouring protein), rabbit
,r"" 3
reticulocytes were tested for their competitive activity.

The rational was that epitopés of the Tf receptor in

rabbit reticulocytes are most likely different from Tf
receptor epitopes on human tumor cells, however, rabbit
reticulocytes can bind human transferrin (Schulman et al,
1981) whichy indicates that these reti¢uloc;€§s %;ssess TE
receptors that are functionally similiar to their human
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counterparts., These reticulocytes were capable of
competing with K562 cells (albeit weakly) in a dose
Al [

dependent manner. Mature rabbit erythrocytes on the other

hand which do not possess measurable levels of T

- receptors (Lebman et al, 1982) could not coﬁééte with K562

4

cel{ﬁ for NK cells. This further implies a role for-
functional Tf rqcéptors as target strﬁciures on K562
cells. It was subsequéntly found that the rabbit
reticulocytes and erythéocytes could not be 1lysed bf human
NK cells (data not shown). The possession of Tf recéptors
was thefefore only involved in recognition and not a

sufficient condition for target cell 1lysis to proceed in

these célls. Thus it seems unlikly that Tf receptors af;

involved in the lytic phase of NK cell mediated lysis.
Work by Dokhelar and co-workérs (1984) appeared to

have data which contradicts the hypothesis that _Tf

- receptors are a possible target structure on tumor cells.

L 3 )
Upon careful scrutiny of this data, the experiment which

compared K562 cells grown at either 1log phase:or pléteau
phase of growth actually displayed in 3 out of ¢
experiments that;the log phase cells (which displayed
higher 1levels of TE£ receptors)'could be killed more
readily than the cells maintéined in the plateau phase of
growth. Although the difference in killing appeared small

d

by utilizing a single data point, a small difference mSQ
»

in fact be significant. There have been several

publications which have dealt with the mathematical

i

evaluation of cytotoxicity data (Pross et al, 1981;
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Cal lewaert .et al, 1983)., However, many authors continue to

express differences in activity as absolute percentage
cytotox%city, and often.utilizing a single data point (E/T
ratio). It has been previously stated that this is not a
valid means |of data analysis due to the dose response
nature of th;lqytotoxicity assay (Pross et al, 1981) and

ilize data from the reliable linear portion

1

the need to u

of the graph.

~ Different tumor cell lines were evaluated to assess

the contribution of Tf receptor expression on the "

competitive activity of these cells. No significant
correlétfbn'between these two parameters was obtained, It
has been proposed by several labo%atories that more than
one target structure may be present on tumor cells
(Phillips et al, 1980; Obexer e£ al, 1983) and thus the
modulation of Tf receptors may not be a major parameter

when comparing different cell lines. It has also been

shown in cloned NK cell lines that heterogeneity exists at

the level of the effector cell (Allevena and Ortaldo,

r

1984). Thus all effector cells may not recognize the same

, determinant on target cells and there may in fact be 7 or

more specificities demonstrable by NK cells (Phillips et

al, 1980). This would minimize the contribution of a
single determinant as measured in a chromium release
assay. In addition, Clone I cells displayed sufficient

levels of Tf receptors to compete with K562 cells but were

still somewhat resistant to NK mediated recognition. This

P
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_has implications concerning the pature of the involvement

of Tf receptors in NK recognition. The recognition system
enployed by NK cells may be more complex ihan originally
conceived, in that Tf receptors may only\be aminor but
specific target structure, Alternatively, Tf receptors may
serve soley as an affinity structure between effector and
‘target cell thus facilitating the interéction between
effector and target cell. -

In conclusion, théqg was a good correfation (r=0.82
P¢0.01) between the expression of Tf receptors on K562
cells and the ability of these cells to compete 1n a
standard chromium release assay using c?ntrol K562 target
cells. These results support previous studies which have
indicated that Tf receptgrs are involved in NK cell

mediated specificity of human tumor cells.

-

»
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IV, TRANSFERRIN RECEPTORS IN HUMAN NATURAL KILLER CELL

SPECIFICITY: ANALYSIS OF TRANSPERRIN RECEPTOR
BINDING TO PERCOLL FRACTIONATED LYMPHOCYTES USING

A SOLID PHASE ASSAY SYSTEMNM.

1. Abstract ' ‘ . E

Thfrinitial event leading to tardet cel{dlysis by
Natural‘Killer {NK) ceils invoﬂ.es binding between the NK
cell and a target cell. It "'was postulated that
transferrin (Tf) receptors on the tumor cell could serve

as target structures for human NK cells. Treatment of PBL

3

o v S

withantibody plus complement indicated that at least a
subpopulation of NK cells expressed a Tf~crossreactive
epi;ope. Since Tf receptors on‘tumdr cells bound Tf with
high affinity, it was possible that NK cells could use
this epitope to interact with tumor cells to form a high
aff{nity conjugate.

To investigate if these Tf - receptors cowyld be
recognized by NK cells, a solid phase receptor binding
assay was developed. Aé a model system, it was
demonstrated that nitrocellulose immobilized Tf 'retained
}ts specific functional receptor binding capacity. This,
technigque was quantitative and proved to be suféiciently
sensitive to specificall} detect naéogram quantities of
Tf receptor protein. Binding was assessed using an ELISA

based system.

Human PBL were fractionated by discontinous Percoll
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density centrifugation, bound to nitrocellulose, and

evaluated for Tf receptor binding capacity. A sample

aliquot of cells from each Percoll fraction was retained
to assess NK cell activity. It was observed that there was
no positive relationship between NK cell activity and Tf

N
receptor binding capacity in these Percoll fractionated
cells. 1In addition, analysis of the above parameters with

[

IL-2 boostedklymphocytes did nét lead to any positive
relationship between NK cell activity and apparent Tf
receptor binding capacity in Percoll fractionated
lymphocytes.

These findings do not therefore suﬁporta role fér Tf

receptors in the NK gell:target cell interaction.
o

2. Introduction

N

NK cells compfise a group of MHC unrestricted
lymphocytes that have the ability to lyse tumor cells
without prior sensitiz;tion or immunization (Herberman and
Holden, 19783. The molecules present on the tumoé cell
recognized by the NK cell in both thé murine. and human
. systems have not however been definitively established,
The recognitién structure used by the NK cell has also not
been established and studies on the T cell receptor (Ti)
have indicgted th;t this molecule(s) does not appe;r to be

involved in endogenous NK' cell mediated recognition

-
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(Reyonolds et al, 1985; Lanier et al, 1986; Tutt et al,

1986; Borst et al, 1987; Kishihara et al, 1987; Biron et

al, 1887). Several molecules have been proposed as NK
target structures including, the Tf receptor (Baines et

al, 1983; Vodinelich et al, 1983), GM, (Young et al, 1981;

]

Ando- et al, 1987), SSEA~1 (Harris et al, 1984), Fc

receptors (Perl et al, 1986), TNKtar"jHercend et al, 1983;
Hercend et al, 1984), and the laminin receptor (Hiserodt
et al, 1985; Hiserodt et al, 1985), The Tf receptor is
conceptual-ly the most interesting candidate .because, in
contrast to the other proposed target structures, it is
expressed on roughly the same spectrum of cells that are
also sensiti;e to NK cell mediated lysis., This list

! R -
includes tumor cells, bone marrow cells, fetal cells,

thymic cells, and virally transformed cells.,
The possible involvement of the Tf receptor in NK

specificity was first suggested in 1983 (Baines et al,

1983; Vodinelich et al, 1983). Since then, however, the

involvement of Tf rec%ptorS'in NK specificity has been a’

very controversial topic. Initial studies in this
laboratory showed that, at physiological concentrations,
the rormal serum iron binding protein Tf could block both
NK cell activity and conjugate formationcbetweén

peripheral blood lymphocytes (PBL) and K562 cells (Baines
~et al, 1983). The inhibitory effect of Tf on NK cell

activity against K562 cells was also found by Bierman and

co-workers (1984), and Phillips (1986), Borysiéﬁicz and

rw
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co-workers showed similiar effects against virally

infected cells (1986).

-

Data from antibody studies on effector cells indicated
that pretreatment of PBL or LGL with either intact or
F(ab)'2 rabbit antibodies raised against human serum Tf
block NK cell activity (Baines et al, 1983; Alarcon et al,
1985). When target cells were pretrea}ed wi;h these
antibodies against serum Tf, no effect was seen (Baines et
al, 1983). These results were interpreted to suggest that
NK cells poisess Tf on their surface (Baines et al, 1983).

The Tf receptor is a homo-dimeric glycoprotein

(dimer Mr=180Kd) and each dimer in turn is composed of 2

identical subunits of 95 Kd each (Schneider et al, 1982).

It is thought that each subunit is capable of binding one

molecule of Tf (Schheider et al, 1982). Trypsin cleavage

of the plasma membrane bound Tf receptor libérates-a 70 Kd
¢

fragment which retains the ab&lity to bind Tf (Omary et

i

al, 1981; sSchneider et al, 1982; Vodinelich et al, 1983).
Vodenlitch and co workers (1983) have shown that this Tf

receptor fragment but not HLA-B fragments can block NK

cell activity towards K562 cells.j7 :
e

Taken together, the above results suggest that the

transferrln receptor is a target structure on’ tumor cells

recognlzed by NK cells, and that NK cells utilize membrane
bound Tf to interact with the tumor cell Tf receptor.
4+ If the above proposed model is Tcorrect, then

antibodies against the Tf receptor should block NK cell
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activity at the target cell level. Antibody blocking

studies on ta}get cells, however, have prov1ded‘00nfus§nga
. . )

and contradictory results.\\ Since 'murine monoclonal

antibodies can be recogniied'by human NK cel)é/iaftaldo et

‘al, 1987; Park et al, 1984; Herlyn et al, 1985),

L
‘ «

sensitizing a tardet cell.with antibody sthld predispose

tg;t cell to attack by an ADCC mechanism (see chapter I).
qus antibody blocking stud}es at thértarget cell level
should providetconfusing.resu;ts; on gpé one hand,
antibodies fo Tf receptors éhould sensit}ze the t;rget
cell to attack by ADCC while dn'the ophér‘hand, if Tf

receptors are target structures oY tumor cells recbgnized
y

by NK cells, then the killing of the ta}gét cell should be

blocked. Most antibody studies against NK target :cells

have either blocked NK activity‘dt hadlao heasurable;

ef%éct/(Vodinellch et al, 1983; Perl’et al, 1986;

Golightly et al, 1984; Dokhelar et al, 1984). Perhaps the

use of F(ab')2 antibodies would be a better choice as a

»

blocking agent.
If Tf receptors are target-stryctures on tumor

cells which are recognized by NK cells, then Tf receptor

-

\

expression on tumor cells should correlate with Earget
cell competitive activity. We have reported a
correlation between Tf re;eptors on K562 tumor cells and
competitive activity (chapter III) and“tﬁis is supporte&

by several other groups (Vodineligch et al, 1983;

"

Borysiewicz et al, 1986; Newman et al, 1984) although some,
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disagree (Reiber et al, 1886; Phillips, 1986; Storkus and

Dawson, 1986; Schurman et al, 1985; Lauzon and Roder,

/

1985; Dokhelar et al,1984). *

To further 1nvestigate the involvement of Tf
receptlors in NK specificity, this study has wused
nitrocellulose im}nobilized lymphocytes as an affinity
matrix to determine if NK cells bind Tf receptors. The

results indicate that there 1s no relationship between NK

4

cell actiVvity and apparent transfgrrin receptor binding in

both percoll fractionated lymphocytes and percoll
fractionated IL-2 activated lymphocytes. Thus this data
doés not support the hypothe51s that Tf receptors are
involved 1n a high afflnl\y associlation between NK cells

and tumor cells.

3. Materials and methods

3.1 Tumor gells. The¢ erythroleukemic human tumor cell

line K562 (Lc?zzio and Lozzio‘, 1975), and HL-60 were grg)wn
in suspension culture and maintained at 37°C 1n a humid
environment 1in 5% CO;. The cells were cult d in RPMI-
1640 suplemented with 10% heat inactivated fetal bovine

o>

serum (FBS), 2 mM glutamine, 100 IU/ml penicillin-G, 100

ug/ml streptomycin sulfate, and 10 mM HEPES. K562 (dl)

cells were grown in tissue culture at a starting density
of 1x10° cel ls/ml 1n 100% fresh media, Control K562 cells

were fed every 3-4 days and generally used on day 3.

3.2 . Lymphocyte isolation. Heparinized blood was collected
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from healthy volunteers by venipuncture, and incubated on
tissue gulture grade plastic for 1 Hr @ 35' C. The non-
adherent cells were gently rinsed Q&f and then diluted
with an equal volume of RPMI-1640.v. The ,lymphocyte
population was separated by buoyant dénsity centrifugation
on Ficoll/Hypaque (sp. gr.= 1.077). The cells were washed
3 times 1n RPMI-1640 and resuspended in 10mM Ca** and Mg++w
free PBS at 285 mOsM/Kg. The lymphocytes were then put
into the bottom fraction of a discontinuous percoll
gradient and centrifuged at 13,500xG for 30 min. Each
IQmphocyte fraction was carefully remo&ed with a Pasteur
pipette, washed 3 times in RPMI-1640, and resuspended 1n
RPMI-1640 + 10% FBS for analysis of NK cell activity.

Fresh lymphocytes that were used directly for dot-blot

analysis were washed in PBS and resuspended in PBS without

protein. These cells were either uséd i$mediately or
frozen at -80'C until used:.

3.3 Electron Microscopy. Human PBL pellets were lightly

fixed in 0.02% gluteraldehyde for 5 min and then in 2.5%

paraformaldehyde for 60 min. The cells were then

incubated in 1% osmium tetroxide for 1 Hr, rinsed in PBS,
dehydrated 1n acetone and embedded in epon. The blocks
were then cured for 3 days-at 60'C. Ultrathin sections
were cut on an LKB micrdotome, qolleéted on copper grids

and then etched with sodium metaperiodate. The grids were

e

thenblocked 1n I% BSA for 30 min and transferred to a

o

;/200 dilution of either rabbit anti-human transferrin or

normal rabbit serum in 1% BSA for 60 min. The grids were
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rinsed in PBS and incubated with protein A-bold (23nM ~

(#6) in diameter) for 30 min at 25'C. The grids were then

-

washed extensively in PBS, followed by ﬁ20, and then
stained with uranyl’ acetate and examined under aﬂphillips
médel 300 electron mlcroscop:. The percentage of .

»
positively stained cells were evaluated as follows; a
field of cells were photograpped-at random and the
"resulting prints were analysed blind. Cells were
evaluated for the number of gold grains observed on the
outer leaflet of the plasma membrane. The mean number of
colloidal-gold grains on normafkrabbit serum stained
lymphocytes was 8 grains/cell. The percentage of cells
containing more than 8 electron dense gold grains\from the
normal rabbit serum controls were sueractéd %rom the
percentage of cells containing more than 8 gold grains®
from the anti-Tf treated cells. The expression qf Tf-‘
crossreactive epitopes on lymphocytes were also evaluated
using a monoclonal antibody to TF (MOAb~TE; Serptéch
laboratories inc.). Antiﬁodies NKH-~1 and MoAb~-Tf were used
at a 1/20 gnd 1/100 dilution respectively. Lymphécytes
with more than 5 grains of gold were counted as posit;ve
for MoAb—#f as well as the‘isdéype identical NKH-1
antibody (IgGl; Coulter Electronics_inc.).

5

3.4 Flow cytometry. Percoll fractionated human PBL were

1 \

resuspended in RPMI-1640 containing 5% FBS plus 4 \
dilutionsiof anti-Tf antibody HTF-14 gl/lS to 1/500) at

4'C for 30 min. Antibody HTF-14 was a kind gift from Drs.

117




V. Vicklicky and J., Bartek (Czechoslovak Academy of
Sciences) The .cells were then washed 2 times and
incubated“i—n 10ug/ml ;)f Fab'2 sheep anti-mouse IgG:FITb
for 30 min. The cells were washed, resuspended in RPMI-
1640, 5% FBS with propidium iodide and analysed for
fl'Bu;'escence.\ Dead cells and RBC were gated out of the

analysis by red flourescence and size respectively.

Background binding was evaluated by leaving out the

primary antibody.

3.5, Antibody depletion. Human PBL (flxlOG/ml) were

‘incubated wigh’ a monoclonal antibody to human transferrin
(HTF-14),a commercial monoclonal antibody to human
transferrin (MoAb-Tf) (Serotech laboratories inc.) or
anti-transferrin receptor (Becton Dickinson, hMountain
View) At 4'C for 30 min. The cells were then washed and
developed with 10ug/ml of a goat anti-mouse IgG at 4'C for
30 min. The cells were washed and resuspended in 10% low-
\
‘tox rabbit complement (Cederlane laboratories inc.,
Toronto) at 37'C for 30 min. The cells were then washed
and tested for residual NK cell activity without adjusting
the cell concentration. <Control cells recieved only the
developing anti‘body. Complement controls cells received

R ¢
all reagents with the exception of the primary antibody.

K

3.6 ‘Assay for NK cell activity. The abilaty of NK cells

to lyse K562 target cells was assessed by the standard

chromium release assay (P)ross and Jondal, 1975). Fifty ul

of 51Cr-lapelled K562 cells were added to each well of a

V-bottom microtiter plate containing six serial dilutions
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1
Ly

of lymphocytes in 100 ul, The plates were centrifuged at
200xG for 5 min, and then incubated @ 37'C for 4 hrs.

' Subsequent to incubation, the supernatants were collected

for gamma counting., The spontaneous target deakh was

e

-2 n-Aerived biﬁincubating 1x104 Slcr-1labelled targets in the

absence of lymphocytes. Replicate wells were resuspended
prior to supernatant barvest to determine the maximum kill -

‘possible. The percentage of%lcr-labelled K562 cells killed

was calculated by formula (1):

& " ;

51 51
$ lysis of 100-(test Cr release - spontaneous Cr release)
K562 cells (1)

.
~

51 51
maximum CFt -release - spontaneous- Cr release
Values of lytic units (Lu20/106 effector cells) were
derived from a. regression -analysis of the linear portion
of the dosé response curve. Once the ratio of effector to
target cell was calculated, the value of LUzo/lO6 effector

‘cells wds calculated according to formula (2).

- 6 4
. . 1x10 effectors
a— 6‘ J 4
LU /10 effectors =(lymphocyte:target cell)(1x10 targets)
20 , - ratlo at 20% lysis '

- (2)
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3.7 Cold competition analysis. The ability of cell

lysates to compete with a control K562 population was
—assessed in a modification of the standard chromium
release assay. Ten thousand 5lcr-labelled K562 cells
were added to each well of a microtitration plate followed
by cold compgtftor cell lysates. 'The lysates were
evaluated as Lell equivalents and were added to the assay
at ratios from 200/1 to 6.25/1 <cell equivalents to2lcr-
labelled K562 cells, Two hundred thousand lymphocytes
were then added to these wells to give an effector to
tagget ratio of 10/1. The spontaneous target death was
derived by incubating 1x104 Slcr 1abelled targets in the
absence of lymphocytes. Replicate wells were resuspended
prior to supernatant harvest to determine the maximum kill
' possible. The percentage of >lCr-labelled K562 cells
killed was calculéted by formula (1). Maximum killing by
effector cells was evaluated by including wells without
cold competitor cell lysates. The %0% inhibition level
was determined by dividing the percent kill due to 10/1
effector cells without competitors by i. Values of
inhibitory units at 50 % inhibition‘(IU'SO/lo6 cold
competitor equivalents) were derived by calculating the
cold competitor to 5lcr-1abel Yed K562 'cell ratio which

gave 50% inhibition from a regression analysis of the

linear portion of the dose response curve. Once the ratio

of competitors to taéget cells was determined;»the value

e
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3

of IUg/10® cold competitor equivalents was calculated

according .to formula (2). !

3.8 IL-2 boosting of NK cell activity. &ne million

Percoll fractionated lymphocytes/ml were 1incubated in 25
BRMP U/ml of cIL-2 (Cet'ushs Ceglular products inc_.,
‘Buffalo, N.Y.) for 18 Hr in RPMI-1640 supplemented with
iO% autologous human plésma at 37'C. The lymphocytes were
then washed 3 times in RPMI-1640 and resuspended in RPMI-
1640 with 10% FBS. The'optimal incubation time and dosage
of ,IL-2 utilized was previously determined in' an
indegendant experiment using unfractionated PBL.

To %ssess the net increase in NK cell activity due soley

, .

to exogenous IL-2, net lytic unit values were derived

"Taccording to formula (3).

*
net increase lytic units . lytic units
in lytic units = of lymphocytes - of lymphocytes
due to IL-2 incubated with incubated without
IL-2 for 18hrs IL-2 for l8hrs

(3)

*

3.9 Tumor cell lysates. The stability of specific NK

target structures was assessed by subjecting NK sensitive
(K562)qand NK insensitiye (HL-60) tumor target cells to a
freeze-thaw and sonication procedure. The competitive
nature of the resulting cell lysates was then evaluated,
- Tumor cells were removed from tissue culture at log phase
growth, counted for viability using trypan blue ana

processéd concomitantly. Cells were washed 3 times in

RPMI-1640 and resuspended to 1x107 ceils/ml. They were
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then subjected fo 3 cycles of freezing id?dry ice and
ethanol} followed by thawing in a 37'C water bath. The
lysates were then subjected to intermittent soni?ation e
4'C for ca. 1 Ain. fﬁis treatment resulted in total cell
disruption as assessed by light microscopy. Large debris
and nuclei were then centrifuged out ;t'350xG for 5
minutes and the lysates were tested for competitive
activity. Tranpsmission electron microscopy of the cell
lysates indicated that this treatment resulted 1in the

generation of unilaminar microsomes (data not shown).

3.10 Dot-Blot. The basic dot-blot technique was performed

on a Bio-dot apparatus (Bio-rad laboratories; Misissauga,
ont.). Pure 0.45 um nitrocellulose (Schleicher & Schuell;

Kegne, N.H.) was equilibrated in 20 mM Tris, 500mM NaCl,

¢ .. .
pH 7.5 (TBS) for 30 min prior to the application of the

p;imary protein/lysate. The nitrocellulose was then
inserted:fnto the dot-blot ;pparatus and reacted with the
primary.pfotein/lysate in 100ul of TBS. The membrane was
then rinsed with TBS, removed from the apparatus, and
blocked overnight in 3% gelatin (Difco laboratories;
Detréit MI.) in TBS at,25'C.’ Al 1l subsequent incubation
were performed on the free membrane. Thelas;;y was
performed in this manner because whole cell lysates (evgp
when clarified €13,000 xG for 15 Min.) clogged the

nitrocellulose and interferred with the results.,

3.11 Tf receptor binding assay. K562 cell lysates were

used as described above except that sonlcation was nct
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. ;ggformed and freeze-thawed cells were résuspended at

1x10% cells/ml in TBS plus 1% gelatin. These K562 cell

3

lysates were then incubated with nitrocellulose that had

been previously reacted with the primary protein or

‘ s -

lysate. Tﬂis incubation was always performed overnight,
and the unbound material was then extensively washed with
TTBS, and the nitrocellulose was probed for the presence
of bound Tf receptors. A

The extent of Tf receptor expression on blotted membranes

was performed as follows: Nitrocellulose was 1ncubated
, with the antibody HuLy-M9 (Australian monoclonal
dgvelopment Pty. Ltd; Artarmon, Australla) at a dilution
of 1/5,000 1in TBS w1Fh 0.5% polyoxyethylene sorbitan
monolaurate (Tween 20) (TTBS) (Sigma; St Louis, MO) for 2
Hr at 25'C. The membrane was then extensively rinsed with

TTBS and incubated in a 1/1,000 dilution of affinity

purified alkaline phosphatase conjugated goat anti-mouse
IQG(H+L) immunoglobulin (Jackson Immunoresearch
laboratories, Inc. cat. No. 02BLEUK1l; West Grove, PA) for
1 Hr at 25'C., The membrane was subsequently washed in

TTBS, TBS, and then 1incubated 1n 0.3 myg/ml nitro blue

tetrazolium salt 0.15 mg/ml 5-bromo-4-chloro-3-indoyl
‘ phosphate p-toluidine salt (Sigma; St. Louis, Mo) in 0.1 M

NaHéO3, 1.0 M"MgCl,, pH 9.8 unti1l the desired level of
developﬁent was achieved. The reaction was stopped @y
;ﬁmer31hg t?e hitrocellulose 1n 'H,0 ‘ Note, all

immunological reagents were previously. titrated for

‘ optimal working concentrations 1in the dot-blot assay and ~
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all incubations were carried out in 1% gelatin in TTBS,
Lymphocytes contain a small amount of endogenous alkaline
Phosphatase and some containxminute levels of Tf
receptofs. To circumvent the contribution of this

background noise, binding 1s assesed by formula 1:

TE réégﬁtor absorbance of Tf absorbance of Tf
binding = receptors on K562 ~ receptors on K562
treated lymphocytes untreated lymphocytes
’ﬁ-:

(1)

The values for net Tf receptors Pfund by ,IL-2 activated

-

NK cells were assessed according to formula (2):

-

(abs. of IL-2-lymphocytes - (abs., of IL-2~lymphocytes
net Tf with K562 lysate treatment) without K562 treatment)
receptors..= ——-=————--———————- e e e e e e e e
bound (abs. of control lymphocytes - (abs. of control lympho-
with K562 lysate treatment) cytes without K562 lysate
treatment)

(2)

a

3.12 Lysate adsorption with Tf, K562 cell lysates at

8x10%cel1 equivelants/ml were specifically blocked
{adsorbed) with or without human serum Tf at 20 mg;ﬁl for
30 min @ 25'C. The lysates were then diluted to 1x100cell
equivelents/ml i1n TBS with 1% gelatin and used, The
absorbed lysates were not centrifuded at this poaint
because the Tf receptors are still embedded i1n the plasma

membrane and extensilve centrifugation results in lower Tf

receptor yields as measured in an 1independant experiment

(dat% not shown),
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3.13 Dot-blot gquantitation. Dot-blots were quantitated by

a photoreproducion method. The darkened imaée produced on

nitrocellulose using the dot-blot template is
superimposable on a enzyme-linked immunosorbant assay
(ELISA) miérotlter plate reader by affixing the matrix on
top of a 96 well ELISA plate. Since nitrocellulose 1s
oﬁﬁque, however, the developedq membrane 1s fairst
photoreproduced onto acetate (using a high qhallty Xerox

1048) .and this acetate 1s affixed on top of the ELISA

plate and quantitated at 69anh This method of
reproduction gives a consistant result. As can be seen

in figure 3 there 1s a good correlation between the' *
darkness of a dot and the relative absorbance as assessed

by this photoreproduction method. The two previo;sly

defined K562 cell populations, 5562(control) and K562(dl)

(Chapter III section 4.1) wesr analysed by th%s technique

fof Tf receptor expression and the results were compared

to Scatchagd analysis. 4The relative quantity of Tf
receptors ex?ressed in these two populations generally
coincides, Thus the analysis of Tf receptors by this dot- \-
blot method is a valid method of quantitatively measuring
Tf receptors on nitrocellulose. While most
photoreproduction methods produce an image which 1s ca. 2%
larger tha® the original, 1t has been our experienge that
this enlafgement is not a problem with the ELISA plate
reader used (Titertech multiscan MC;Flow lagboratories) as -
longqas the acetate 1s carefully aligned on the plate.

Alternatively, the xerox 1048 as well as most similiar -
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machines can be easily modified by the manufacturer to

give a 0% enlargement of the original upon special request.

'

) . )

4. Results 2

4.1  Identification of an epitope on human peripheral

blood lymphocytes crossreactive with human serum

¢
transferrin. Human PBL thin sections were lightly fixed

and labelled with elthér a polyclonal sera raised against
human serum Tf or normal rabbit serum. The sections were
then incubated with protein A coupled to collodial gold
and examined under an electron microscope (fig.11). The
percentage of positively stained 1lymphocytes yére
evaluated as described in materials and methods, Figure
12 1ndicates that 9.9% of PBL contain a Tf-crossreactive
epitope using a pol}clonal antisera and roughly the same
number using a monoclonal antibody raised against Tf., For
comparison, the percentage of NKH-1 stained cells 1s
presented, the frequency of positively stained cells using

this monoclonal antibody was somewhat higher than expected

(ie. 23%).

To characterize the nature of the @f~crossreactive
lymphocyte, human PBL were subjected to percoll
fractionation, stained with the Tf specific monoclonal
antibody HTF-14, and then analysed by flow cytometry.
Table VIII indicates that the majority of Tf-

crossreactive PBL reside in the low density fraction of

percoll separated lymphocytes. The 42.5% and 45%
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Fig. ll.\ Electron micrograph of a Tf* human
peripheral blood lymphocyte. This cell was stained
with rabbit anti-human transferrin antisera plus

protein A-gold. The number of gold graines on this

cell is 217 The mean number of gold grains on a NRS
stained lymphocyte was 8 q~rains/ce11. Note the la‘rge
bilobed nucleus and cyt?sp_lasmic granules.
(Magnification X 16,408).

!
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Fig. 12. Electron microscopy analysis of TEY H-PBL.
Tf*Y PBL were assessed by enumerating randomly sampled
1mmuno—g§1d sta.aed lymphocytes by electron microscopy.
RaHuTf is a pédlyclonal rabbit antisera raised against
human serum transferrin. Control sections for this
polyclonal sera were stained~with normal rabbit serum and

the values obtained subtracted from data derived with the

RaHuTf sera. MoAb-Tf is an anti-transferrin monoclonal

antibody from serotech laboratories inc.. NKH=1 is a
monoclonal antibody purshased from Coulter electronics

that reacts with human NK cells. Thgse results

3

indicate that a small .proportion of human lymphocytes’

contain an epitope cross reactive with human serum. .

-

b tranqﬁétrin.

e
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Electron microscopy analysis

Percent positive staining H-PBL's

. " S — S 8w Aoty o —— ————— T v — -

Ant ibody $ Positive S.E.M. n

RaHuTf 9.9 2.1 ~ 4
3

MoADb-Tf 12.5 4,2 2

~ . NKH"]. 23»3 3.3 2

[
{

. g 7
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Table VIII. Analysis of Tf' percoll fractionated
PBL. - Flow cytometry was used to analyse the
phen-o{:'ype ofb percoll ifractionated’ H-PBL's.
Lymphocytes isoclated from the specified fraction were
reacted the monoclonal antibody HTF-14 v;hich is known
to react with human serxrum transferrin (Viklicky and
Bartek, 1984). The cells were then stained with a
F(ab')2 sheep anti-meouse IgG:FITC antisera and
analysed for flourescence. Dead 'cellis (as assessed
" by propidium iodide uptake)l"7 were gated out of the

anglysis. Background flourescence w%sﬂassessed by

excluding the primary antibody. These results /\‘

indicate that the cell displaying a th:/;ﬁepagype/i/s

e

a low density PBL.(n=1l)

F
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TABLE VIII

FACS analyéis: Tf-crossreactive lymphocytes

T S S S T D D e L Sy iy G T T - —— ) - — - = ——— oo =

" Percoll Lytic $ Kill $ Positive
Fraction units € 5/1 cells
42.5 § 146 60 6.9
45.0 % 173 56 1.1
50.0 & 21 21 0.6
60.0 % 20 21 0.9

H-PBL's 110 54 . 2.9
---T ——————————————————————————————————————
- @
\ ) |
"
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fractiPns display roughly the same level of NK cell
activity, yet only the lower density 42.5% cells displa} a
significant increase in Tf-crossreactive cells compared to
unseparated lymphocytes. This may indicate that only a
subbopulatlon of low density LGL are Tf-crossreactive.

To further analyse if NK cells contain a Tf-
crossreactive epitope, antibody depletion studies were
performed using 2 independent monoclonal antibodies to Tf.
PBL pretreated with fhese antibodies plus complement
displayed a decreased ability to kill K562 target cells

. bl
after depletion (fig 13). These data suggest that a

'subpdpulation of NK cells express a Tf-crossreactive

epitope on the plasma membrane.

4.2 K562 lysates contain functional NK, target structures.

To investiga%e the stability of NK target structures, the
NK sensitive cell line K562 was subjecéed to a freeé&;thaw
and sonication procedure. As ;an be observed in figure
14, K862 ccll lysates retain their ab%lity to compete with
51Cr-labelled K562 cells, whllg the lysates generated from
the NK insensitive cell line HL-60 dompete poorly. Thus
lysates from K562 cells appear to retain fupnctional NK

target structures.

4.3 Model system. It has been well documented that

nitrocellulose is capable of irreqersibly binding a wide
variety of proteins. The ability of these immobilized
proteins to function has not, however, been exteqsively

studied., Human serum Tf (Calbiochem Bering; La Jolla

CA), bovine Tf (Sigma; St. Louis), bovine serum albumin
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Fig. 13 Antibody plus complement depletion of NK cgll
activ&ty using antibodies to transferrin. Human PBL were
pretreated with tpe indicated monoclonal antibody. The
cells were then reacted with a rabbit anti-mouse IgG and
incubated in rabbit complement, The cells were then
‘tested for NK cell activity. Cells were treated with
eithér secondary antibody alone (Control), secondary
antibody plus complement alone (&'L a monoclonal anti-
human transferrin (HTF-14), Cedarlane monoclongl,anti—

human transferrin (MoAb-TF) or anti-trangfer;in receptor

(anti~TfR).

» ot ra

134




13

tig.

vene

N A R ARILA A LA 00 A2 A T AR R A0 AT A A AR AR AN

AR RN AN sy //fV///A///M/

AT AU SO

AN
- . ololr! % -’vl POWCY rl(f =) -/
Wﬂwﬂ%wﬁy/ﬂﬂﬂ,../»%.a..v%/wﬂ%%%%

ARV IALA VTR

v~ ARRARANRA

R T T s T’
N ﬂhyéVZ&Z%ﬂ?&%%E%WWMM%%&// N
A Y

B A L A N N A N L N N N NN

AVRURRRN,

\j

o,

1004

‘1207

~
a
@

80

:
M [o43u0] 0 %

2004

HTF—-14 MoAb—Tf anti TfR

Cl

CONTROL

et T

135



e oy e e

o

Fig. 14, Ability of €562 and HL-60 cell lysates to
compete with 5lcr-labelled K562 cells for NK cells.
 Thevx-axis represents competitor cell equivelents to
target cell ratios. The tuhor cell lysates were <
aaded to a standard Olcr release asssay. X---X;
- com?etition by NK4sensitive K562 cell lysates, O0~--0; .
competition by NK insensitive HL-GQ cell lysates. .-

! Shown is a éepresentitive experiment (n=6).

-
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(BSA)(Sigma), and human serum albumin (HSA) (Sigma) were

applied to nitrocellulose. After blocking, the

nitrocellulose was then incubated with K562 cell lysates}

which we have shown above retain target structures. After
incubation, the nitrocellulose was washed and probed for
TE ﬂ%ceptor protein aé descriéed in materials and methods.

Nitrocellulose iﬁmobilized Tf was able to bind human Tf

receptors from K562 cell lysates (fig. 15). This binding

was shown to be specific for human Tf because, bovine Tf, .

bovine serum albumin, and human serum albumin did not bind
detectable levels,of Tf receptor protein (fig. 16).

To ensure that the apparent binding of K562 Tf receptors
was true receptor binding and’not due to adherance by some

nonspecific mechanism; K562 lysates were preabsorbed with

human Tf (fig. 17). By pre-saturating these K562 Tf

Receptor—iysateS*with Tf, the ability of these absorbed
preparations to bind to immobilized Tf were dgasticall)r
redu;ad. Thus, the protein detected by this technique is
specific for a "Tf receptor”. This dot-blot technique is
also sensitive to changes in Tf receptor expression in
K562 cell lysates. We have previously shown that K562
cells grown in tissue culturé for differentﬂlengths of
time and different starting’conditions, express different
levels of Tf receptors (cpaPter.Z). k562(control) and
K562(d1)‘tumor cells were absorbed onto nitrocellulose,
blocked, and E?en directly probed for Tf ‘receptors.

Figure 18 shows that K562(dl) cells expressed more Tf

receptors than K562(control) cells. This result is in

138
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Fig. 15. Binding of transferrin receptors by -

nitrocellulose immobilized human transferrin.
Nitrocellulose membranes were reacted with,
transferrin or bovine serum albumin} The membranes
were._then blocked with gelatin, and then incubated in
K562Wpe11 lysates (as a source of ttanstrrin
receptors) for 16 Hrs. The membranes were fhen
washed and probed foxr bound transferrin receptors
using a monoclonal anti-transferrin receptor antibody
followed by an alkaline phosph?%ase conjugated goat
anti-mouse secondary antisera. The results were then

analysed by a colorimetric assay as described in

materials and~methods~(chapte{“lv). (n=8)

Sq? -

-
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Fig. ;6. Demonstration that transferrin receptor binding
by nitrocellulose immobilizZed ;f;nsferrin is specific for
human transferrin.b Nitrocellulose was reacted with the
proteins H-Tf; human serum transferrip, B-Tf; bovine serum
transferrin,‘HSA; human serum albumin, and BSA; bovine
serum albumin. The .membranes were then blocked, reacted
with K562 cell lysates, and probed for bound transferrin

receptors as described in figure 12. S.E.M. bars were

derived from quadruplicat determinations,

e~
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>
Fig. 17. specificity of binding of transferrin receptors
to nitrocellulose immobilized transferrin. Nitrocel lulose
‘ .
was reacted with Tf, and then reacted with-either K562

Cell lysates (TfR), or K562 cell lysates that Kad bosmi
preabsorbed with Tf (Blocked-TfR), control wells did not

receive any lysate treatment. The menbranes were then
probed for bound transferrin receptors as described in
figure 12. . S,E.M. bars were derived from quadruplicate

determinations.

143 ,




L 3

| E:o% 10 Scceomn«.




Fig, 18, Photoreproductive technique for analysis of
transferrin receptors correlates wéll with visual
_results. K562 cell lysates were directly reacted
with nitrocellulose by adding between 2x10° to
3.lx1&3 cells/dot. The membranes were then ana_lysed
for transferrin receptors using a mouse monoclonal
anti-transferrin receptor antibedy followed by a
alkaline phosphatase conjugated goat anti-mouse IgG
immuncglobulin. The membranes werg t;\*en d'ev-éloped
and quantitated in, the coio;imetric assay as
described in materials and methods (chapter 1V).
a)Photograph of nitrocellulose illustrating the
visual difference between Tf receptor expre‘ssion in
K562 control cells (upper row) and K562 day 1 cells
(lower row). b)The nitroceilulose sho,;vn above was
reproduced onto acetate d the absorbance at 690nm
was measured using ;mibplate reader, (see also
figure 6 and table V for comparison to Scatchard
analys;s) (n=7) )
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direct agreement with Scatchard lanalysis (chapter 2) and
. indicates )
‘ 1) that cell lysates één be apsorbed to nitrocellulose
and specific membrane proteins detected.

2) that this dot-blotting jtechnique is sensitive to

changes in the levels of Tf receptor expressed in

K562 cell lysates.

The quantity of Tf recéptors etectable by this technique

<. was 5 femtomoles/dot (lng) jof Tf receptor protein as

tested in an independent experiment.

4.4 Analysis of transferrin receptor binding gl_gercoll'

fractionated lymphocytes. sing the above des¢ribed model

system, nitrocellulose immohilized lymphocytes were tested
for their ability to bind Tf receptors from K562 lysates,
It has thus far been demonstrated that, 1)K562 1¥sates
contain NK competitive material, 2)th§t these lyéates
-contain immunologically dgtectabfe levels of Tf receptors,
3)that these receptdrs retain functional specificity,
4)that at least some NK éelis possess a Tf crossreactive
epitope and concurrent’studies have shown that this

L]
epitope is 1mmunologlcally detectable on nitrocellulose

filters (Pannunzio, 19§8) and 5) that as a model gsystem

) "Tf" retains its receptor binding capacity on
nitrocellulopse.

Percoll separated/lymphocytes were aoéékbed onto

L and then rgacied with K562.cgll

nitrocellulose, blocked,

. lysates in the presence of 1% gelatin @ 37'C overnight in

147




[

Figqg. 19& Comparison of 1lytic actibity and binding“‘

of transferri)n, receptors;t by percoll fractionated

human peripheral blood lymphocytes. (a) Human

peripheral blood lymphocytes were fract1onated on

disc:ontinous percoll density gradlents from 40- 50%
percoll The lymphocyte‘_bands were collected and
assessed for lytic activity agalnst 51Cr-1abe11ed
K56>2‘ cells. (b) Percoll fractional:ed lymphocytes from

the same bands were simultaneously reacted with

nitrocellulose. The nitrocellulose was then blo<:ked,* .

incubated in K562 cell lysates (as a source of
transferrin receptors), and developed for transferrin

receptor binding as in figure 16.(n=3)
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TBS., The nitrocellulose was then extensively washed and

probed for Tf receptors. Figure 19 shows the relationship

between the NK cell activity and the net apparent Tf
regeptor binding by percoll fractiggited lymphocytes. As
can be seen, there is no positive relationship between
apparent Tf receptor binding by lymphocytes and NK cell
activity (Fig. 19).°

Interestingly, this experiment does however show

that the small lymphocftes (depleted in NK cell activity)

'in the higher density bands may bind Tf receptors.

It has been well documented that IL-2 pretreatment of
NK cells leads to a mark?dincrease in NK cell activity.
In an indepéndant experiment, it was observed that the
optimal in vitro dose of IL-2 for maximal NK activity was
25 BRMP Units/ml for 18 hr (data not showﬁ)f Percoll-
fractionated rIL-2 boosted PBL were thus analysed for
possible Tf receptor binding activity. These cells were
incubated in ,IL-2 for 18 hr @ 37'C, and the extent of Tf
receptor binding was assessed in all _IL-2-boosted
pefzoll‘fractiows. Figure 20 shows the results of a
representative experiment. As can be observed, there is
maximal receptor binding in the 60% fraction. This
fraction of lymphocytes does not contain a significant
number of NK cells as assessed by NK cell activity (fig.
20) or flow cytometry using the NKH-1 antibody (data not
shown). Thus a "non-NK fraction" displays maximal

apparent Tf receptor binding activity. There is also no

relationship between apparent Tf receptor binding activity

1
¢
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20. ‘Comparison of lytic activity and binding of

Fig.

transferrin receptors by .p#rcoll fractionated ' IL-2

4

activated human periéheral blood lQmphécytes.(a) Human
peripheral blood lymphocytes were fractionaled on
discoﬁtinqus percoll density gradients from 40-60%
percoll. The lymphocyte bands were collected and
activated in the presence of recombinant IL-2 for 18 Hrs.
Activated lymphocytes were théh assessed for_}ytic

actiwvity against 51Cf—labelled K5ﬁ2 cells. (b) iymphocytes
from the same bands were simultaneously reacted with
nitrocellulose. The nitrocellulose was then blocked,
incubated in K562 cell 1ysa£es (as a source of transfe;fin
receptors), and?developed for transferrin receptor binding
as in figure 16.
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and NK cell activity when all of the percoll fractions are
compared.

The net minimal increase in apparent binding of the
lymphocytes in the 42,5% band was not reproduced in any of
the other experiments, and even in this experiment the
small peak increase in ;apparent binding at 42.5% percoll
‘did not correspond to m‘i;auximal NK cell activity (ie. at 45%
percoll). The\net apparent binding of Tf receptors in“the
6&)‘"% fraction was however seen in 3 out of 4 ., IL-2
boosting experiments. This result indicates that ther)g";:

no relationship between Tf receptor binding and NK cell

activity in percoll fractionated [ IL-2 boosted

wlymphocytes.
.
5. Discussion - \

I

oA ' - ' |
" If a lymphocyte binds Tf receptors, then it must

possess some "ligand" through which it can accomplish this

task. Studies by Baines and co-workers (1983) in this .

laboratory illustrated /that antibodies t:;a human serum Tf

could block NKcell function at the level of the effector

cell.- ) .
To determine if NK cells possess a Tf crossrévactiv;> .

epitope, 3 approaches were used;

1)H-PBL's were stained with a polygional antiserum

raised against Tf followed by protein A~colloidal

g‘S]:cL and then examined by electron microscopy.

o NN 153 o



‘should provide a more de$initive result.

2)Flow cytometry was dggd to examine if the TEf"
phenotype co~purified with NK cell activity on

percoll fractionated H-PBL's,

3)Antibody plus compfgaént depletion studies were
performed using 2independent monoclonal antibodies

against serum transferrin.

The results of these investigations suggest that at least

—— 3

a subpopulation of NK cells do possess a determinant
immunologically crossreactive with human serum Tf. -We are
notmyet able to detéfmine if NK'cells simpiy have Tf
receptors to which Tf is bound or if they possess a ée
facto transmembrane protein that resembles—Tf such as the
P97 antigen found on melanoma cells (Brown et al, 1982).  /
Indications by both Scatchard analysis as well as antibody ‘/

plus complement s;udies, suggest that the numbers of Tf.

receptors on NK cells to be minimal to nonexistant (data
not ;hown). However,‘alhagbr criticizm of this approach is
éhat‘if NK cells%possess«Iﬁﬂreceptors to whic¢h Tf i
bound, then Scatchard analysis w;ll not yield meaningf

results since the"receptor should be blocked. Doyble

markernanalysis for Tf and TEf receptors by flow cytometry

Since Tf recuptors {on tumdor cells bind Tf w/@h high
affinity, and NK cells ppssess a Tf~cfosspquﬁgééfepitope
on their surface, ijt was hypothesized that NK

cells use this "Tf-1like? epitope to interact with tumor.

cells to form a high|afflinity conjugate. This study has -
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——— -~ —of Tf (Nishiya et al, 1980b;

[

used nitrocellulose immobilized percoll fractionated
lymphocytes as an agfinity matrix to ask if NK cells bind
Tf receptors. The results indicate that, although the
method used is éensitive and specific for‘Tf reéeptors.
there is no relationship between NK cell activity and
apparent Tf receptor binding in percoll fractionated PBL,
In contrast, it appeared that Tf receptors preferentially
bound to'lysatés from high density lym%hocytes. This
ability’ of high deﬁ§ity non~NK cells to bind Tf receptors
may be a result of the release of internal stores of Tf

from T-1lymphocytes. Several previous studies on T-

lymphocytes have indicated that these cells possess stores

ium et al, 1986; Lu et al,
1986). Since these non-activated lymphocytes possess
either very little or no Tf receﬁtors ({Lum et al, 1986),

and our preliminary FACS analysis did not show any Tf-like

protein on the surface of high density lymphocytes, we

. s )
hypothesize that the "Tf~1like" pool measured must therfore

come from inte;nal stores. .

The level of Tf in CD-8% T-lymphocytes was calculated
by Lu and co-workers (1986) to be 8ug of Tf/lxlO7
lymphocytes. Based on the molecular weights and
stoichiometry of Tf-Tf receptor interaction, this is
equivilent to 1 ng of ?f/12,500 lymphocytes. The
detectionllimit of Tf receptors in our system is 1 ng of

receptor protein, and we use between 3,125 and 200,000

lymphocytes/dot in out dose response curves, therefore the
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Qur results the refef:e

ot

corroborate previous findings that T-—lymphocytes contain

_an internal Tf réceptor binding protein and that ,IL-2

'_ binding.

activation of these lymphocyt“es‘ increases the expression

of this Tf rec\epi:or bindinyg protein (Lum et al, 1986).

Our f'i:ridings'indicate that NK c‘ells possess an
epitope that is immunélogically c’réssréactive with serum
Tf..Concurrently, NK cell act1v1ty appeared not to
corre Fate with Tf receptor binding activity. This paradox
may Deﬂ ex;;lained by' severadl pqssibiliti'es:,

215) NK callsr are‘acti,,vated lymphocyte's that possess Tf
reéeptaors to. which Tf is already bound. Since it; appears
that Tf only has one. binding site (Lazarus et al, 1987),
this surface Tf is not available for ex"ogénou\s receptor

&~

- 2) The Tf-like ‘protein on the §urface of NK cells may

r

‘be an integral membrane protein such as p97 and does not

N

bind to Tf regep,toz:s.

KY

3) This Tf-1like membrane protein is more labile-.

. than Tf and .is inactivated by nitrocellulose binding.

4)The level of Tf recept‘or binding protein is below the

detection limit of this assay. B

3

~5) The relevant epitope itself is unrelated to Tf.

6) or ‘finally, the NK recognltlon structure is somehow .

:s'{m111ar to the T cell receptor in- that it does not b1nd

free ant1gen but requires the Tf receptor .to be associated
° #

with some. o\ther membrane -complex., !

A
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While it- is difficult to ascertain which of the above

s L4

possibilities is correct, it seems somewhat un;ﬁtely that

the protein is simply too labile to function in this

s ’ a

system because Tf itself proved.to be exceptionally

-

stable. In addition, while it is possible that the

protein of 1nterest is a minor membrane protein and is

. below the detection level .of this assay; dot blotting is

noted for its sensitivity to small quantities® of protein, - |
Since a Tf crossreactive epitope was measured by electron
%,
- microscopy which itself is a relatively insensitive method

/ of detection, it would be hypothesized that the pfotein

.S ’ . 4 . Ly
detected is present in substantial guantities.

A
» o

In conclusion, NK cell gctivity'of both percoll

ZQE?étionated lymphocytes as well as IL-2 activated NK

L}

cells~does not corrjel‘ate with apparent Tf receptor

pinding, “Thus the results of this study do not support
Fl .

the hypothesis that Tf. receptors are involved. in NK cell

/ . ' B , ! 3
to tumor ‘cell binding. ‘ Co ) ' .

.
/ o
b <
.
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V. GENERAL CONCLUSICNS

2

The Tf receptor has been hypothesised to be a target
structure on tum2r cel ls recognized by human NK celils
(Baineé et al, 1983; Vo&inelich et al, 1983). 1If thié
theory is corréct, then there should be a correlation
betwéen ?f‘receptor expressiosn and the ability to be

recngnized by NK cells.

It was found thég when the cell line K562 was
modulated for Tf receptor expr%ssion, ere'was a good
correlation between th=2 level ofj&f receptors on K562
cells and the ability of those cells to compete with™a
control K562 cell preparat§9n. It-was also foupd that
aléhougﬁ Tf receptor expression correlated with N%
’competitive activity on K562, when different cell lines

{
were evaluated there was no apparent correlation (chapter

2). It should be noted that in earlier studies w%gn
L}

" different cell lines were evaluated in checkerboard type

experiments for the relatedness of target structures, it
was generally concluded. that different tumor cel .lines

could possess différent~target structures [reviewed in
. - .

N J
Ortaldo and Herberman, 1982]. In addition| to this,

nonspecific physical ‘factors affect target cell

f )

"sensitivity to lysis, These include sialic acid content’

4
and membrane charge {Yogeeswarn et al, 1982; Warren,

, , ¢ n
1976), lipid composition (Young et Aal, 1981; Yoo et al,
o \ £l N

- 1982), membrane fluidity (Roozemond and Bonavida, 1985),

and target cell metabolism-(Deem et al, 19ﬁ§ﬂ.-Thus when

-

)
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diverse cell types are compared, the contribution 2f these

nonspecific physical factors, coupled with different
spectrums of specificity at both the effector and target .
cell level, may 2bscure the significance of difterences
in Tf receptor expression in different cell 1lines. c‘»"j
Because many diEferences exist between different cell
lines,‘ the competitive activity of these cell lines may

o ‘not necessarily éorrelate with the number of target
structures, For example, it is known that the level of
sialic acid £ound \:)A»n a tumor cell inbersely correlates
with its abpility to be lysed by an NK cell (Y¥Yogeeswarn et
al, 1982), Thus if target cell "B" ;;osseses more target
structures than target cell "A" and target cell "B" als»o
posseses higher l/evels\of sialic acid than target cell
"A", then target cell "B" will not necessarily compete
better than target cell "A" for NK‘ cell attention. )

. 7z
To further verify if a c(olrrela'tion between TE£

o . .

- »

receptor qxpression and competitive activity is relevant,
a system utilizing non-tumor cells was evaluated. Not
surprisingly, it was found that rabbit erythrocytes which
. do not possess Tf receptors did not compete with K562
. cells for human NK cells. However, rabbit rﬂeticulocytes
which do express Tf recept’:or;e, ‘could coméete with K562

® . ‘cells for human NK recognition. Thus Tf receptor .

»

«

expression was found to correlate with competitive

activity even in this non-tumor cell system. A

. ) Several other investigators have since studied the

i ' \
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relationship between Tf receptor expression and NK cell

mediated lysis (Newman et al, 1984; Dokhelar et al, 1984;

Bridges and Smith, 1985; Lauzon and Roder, 1985; Schuurman

et al, 1985; Borysieﬁigz et al, 1986; Phillips, 1986).

However, as was mentioned in chapter 3, di&{ieulties in
.

data interpretation arise when Tf receptor expression is

correlated with NK.mediated 1lysis (as opposed to

competition or conjugate formation)., ‘<i:%ﬂ

=  In this correlation study, competitive-activity has -

been comparéd to QE recepto- expressiqp. We have been

!

careful not to use "killing" as a measure of recognition
. .

because the final lytic event is dependent on many
parameters whereas competition is a direct measgre of
- recognitionf(ﬂerbé}man and Ortaldo, 1980). Within the

context of recognition and lysis, it has been. well

+cell, it must fi:ét bind to the tumor cell and then be

& activated to secrete its lytic factor. Once secreted,
'~ % this facLor must bind.or interact with the tumor cell and

only then may lysis proceed. If ény siép_of this process

is blocked then the final lytic event will n?t ensue.

Further, the ability of K562 cells to be killed by NK

cells is no\. a valid measure 92f the recognition|/state of

vce it has been demonstrated by Haqner that

the lytic.phase of killing can be dramatically altered by

that:cell s i

the growth phase of K562 cells (Hagner, 1984). {He fp&nd
. | 3

that K562 cells could be killed with differing degrees of

efficiency depending on the proportion of tar@ét blast
| «
- ' )
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documented that in order for anNK cell to lyse the target -
. J .
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cells in a given culture, Fhislincreased sensitivity to
‘ lysis was found to be attributable spley to a more
efficient lytic m chan&sm. I§ can therefore be
concluded on the basis of Hégner’s results (as well as

ours that 1lysis is al poor measure of "NK recognition®.

“&AmOng the several studies that have compared Tf

4

receptor expression to NK cell function, two have directly

~

modulated Tf recegtcrs and then correlated the resultant

expression of @eceptors with competitive activity. In the
.
first, mouse L cells were transfected with high M.W. DNA

from a human tumor cell line (Newman et al, 1984). It was

.found that the éxpfession of ﬁgman Tf receptors by. a

I
particular transflected clone correlated with its

competitive activity. In the second study, although the
v !

title of this manus¢cript suggests that data is provided

ha - N )
which shows a lack |of correlation between Tf receptor

.expression and NK recognition (Brfhges and smith, 1985),

.upon careful scru iQy of this data, the manuscript

P ‘. With respect t»o

b
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i .
cells which recognizes virally infected cells does not

f

‘ recognize Tf reteptors. The authors do however show. very

elega;n:ly that K562 cells treated with desferrol (an iron
Mchelator') or hemin (an iron supplement) can increase oOr
decrease respectively the expression of .Tf receptors on
these cellé. When the Tf receptor modulatéq cells were
tested for competitive .?ctivity, the authors inte;cprete:'l

their results as indicating that Tf receptor eﬁression

does not correlate with competitive activyity. [In order
. \

to discuss the datas by the authors their data’ from "table
N II" is presented in grapf\ic form in appendix III.] However

s this does not appear to be so, as can be seen in both

. experiments hemin treated K562 cells (which have lowe¥,

levels of Tf receptors) actually compete less well than
base line K562 cells. Thus using a specific modulator of
Tf receptors, they show a correlation between Tf receptor

éxpression and competitive activity in 'R562 cells in 2 out

2f 2 experiments. It should be mentioned that their other

experiment which uses hemin treated K562 cells as targets

&

and control K562, cells as competitors has not been .

4

?ﬂ‘ teproduced here because the data is too eratic to
‘interpret.

. Since \Tf receptors on tumo‘r célls bind‘ Tf with

‘ high affinity,' and 1t was previously shown that antibodies

to Tf c»ould t;lock NK cell activity at the effector cell

le'vel, 3NK cells were examined fo; a possible Tf¢

crossreactive epit'opt;. The results indicalfe that a

.
P
g -
- ! ! -U .

N
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subpopulation of NK cells possess a Tf-like epitope on
their surface, this result haszcorrobarated by Alarcon and
Fresno (1985). It was hypothesized that NK cells use this

"Tf-like" epitope to interact with: tumor cells and form a
high affinity c¢onjugate. f
In this study we have used nitrocellulose immobilized

percoll fractionated lymphocytes t5 examine if there is
1

any relationship between NK cell activity and apparent Tf

receptor binding in these fractions. _ The .results

t

'L/indicate that although the method Qsed is sensitive and
. specific for if receptors, thére is~'no apparent
correlation bétween NK cell activity and Tf receptor
binding activity in the nitrocellulose immobilized percoll
fractions., Thus even if Tf receptors are somehow involved

.in NK cell mediated lysis of tumqf cells, this data does
' Y . -
not support a role for Tf receptor involvement in

£ »

conjugate formation between NK cells and tumor cells. _

The mechanism via which an NK cell forms a high|

affinity 3onjhgate petween 1tself and a tumor cell is ﬁb@‘
known. There have been however several membrane proteins
that have been i1mplicated in "lymphocyte adhesion". These
- include; CD-2, LFA-3, CD-4, CD-8, and the well known LFA-1

[ N R
molecule which shares a common 8 chain with pl150,95 and

MAC-1 [reviewed 1n Springer et al, 1987). The CD-4 and

CD-8 antigens have been postulated to recognize

nonpolymorphic regions o2f MHC encoded gene products,

A
although this has been guestioned (Fleiscner et al, 1986}

%.
and the CD-2 molecule appears to2 recognize the LFA-3

163 &
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antigen (Springer et al, 1987; Shaw et al, 1$86). The
most Qelavent 2f these proteins may be the LFA-1l antigen.
This membrane protein is found o2n virtually all
lymphocytes and is thought to be directly involved in
lymphocyte conjugate formation. Since this antigen is
widely distrib&ted on lymphocytes, it may account for the
the occasional study where "NK patterned binding" is £found

in non-NK cells (Piontek et al, 1982).

It is possible that Tf receptors are involved in some
other aspect of NK cell recognition, such as “trigéering%
If Tf receptors do serve as triggering molecu;es on the
target cell, then this may explain why although NK cells
do not appear to bind Tf receptors directly, Tf receptor
expression 1is correlated with competitive activity. Any
molecule that "triggers" the NK cell or, in essence,
attracts the NK cell's attention, should be an excellent
competitﬁr.

In summary, there wag a good correlation between the
expression of Tf receptors on K562 cells and the ability
of these cells to compete in a standard chromium release
assay. It was also founq that rabbit reticulocytes which
express high numbers of |Tf receptors competed with K562
cells for NK cells whereas mature rabbit erythrocyteswhich

d2 not express Tf“receptors did not compete. These

results support previous |studies which have i1ndicated that

. . & Ao
Tf receptors are involved in NK cell mediated spec1&1c1ty
for tumor cells. The 1@volvement of Tf ®*receptors 1n NK
|

‘ 11;4

~
*
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specificity could be at either 2f 2 stages.

- -

l) as an affinity structure between NK cells and

tumor cells, or - ; ~

2) as an activation or triggering ?tructure.

The results from this thesis indicate that there is no
relétionship between NK cell activity and Tf receptor
binding ?apacitynin nitrocellulose immobil%zed percoll
fractionated lymphocytes. This data does not therefore
“support the hypothesis that NK celils utilize a Tf-1like
molecule to bind to tumor cells. Thus if Tf receptors are

involved in NK cell specificity, it is likely that they

play a role in NK.activation or triggering. One way t»o
test this hypothesis would Bé to react tryptic peptides of
the Tf receptor protein (Vodinélich et AETKEEQB) with LGL.
and monitor éarly évengs in signal transduction (see

4phaptefl); ' SN T

o8 . : -
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APPENDIX 1
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=PBL's were pretreated at the above pH for 1 Hr

at 37'C in either scine or HEPES balanced salt
solution. The lymphOtytes were then washed, counted
for viab§l1ty using trypan blue and tested in a-
standard lCr-—release assay.

pH 5.5 has been shown by several 1nvestigators to
strip the iron co-factor from transferrin. When the
cells are subsequently adjusted to pH 7.0; transferrin
dissociates from its receptor (Dautry-Varsat et al, /f\\
1983; Klausner et al, 1983),

The decrease in NK cell act1v1ty seen in the pH
5.5 treated lymphocytes may be due to the dissociation
of traneferrin from its receptor resultlng in a reduced
level of recogn1t1on. (see fig.l) .




Appendix II. In the correlation studies between
transferriﬁ‘ receptor expression and competitive
acti;ity it was observed that clone I cells vwere
more resistant to NK mediated lysié than control
K562 cells. In the previous appendix it was
‘demonstrated that decreased pH is inhibitory, for NK
cell mediated lysis. Clone I cells and K562 cells
were analysed for there ability to produce acidic
Dypﬁpducts as a poséible resistance mechanism.

K562 and Clqne I cells were removed from tissue
culture, washed and resuspended to 1x107 cells/ml
1n RPMI-1640 supplemented with 10% FBS. The cell§
were incubated in a 37'C water bath and pH readings
taken at the times indicated, The slopes of the
lines (calculated by linear regression) obtained
for K562 and Clone I cells was -3.49x10”3 and -
5.75x1073 respectively; this indicates that clone I
cells produce more acid byproducts than the parent
K562 cell line and this may contribute to the

resistance of clone I cells to lysis by NK cells.
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Appendix III. Data from Bridges and Smith (1985).

(V

The data from "table II" in the above publication

has been repro&uced in graphical form soley for

discussion (see chapter V). The experiment is a
cold competition assay comparing, O———0, hemin-

treated and X

X, untreated K562 competitors. -

~

. The hemin treated cells possess fewer Tf receptors

than the nontreated cells because they are in an
iron rich environment. As can be clearly seen in
both experiments, untreated cells appear to compete

~
better than hemin treated cells.
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APPENDIX 111
Experiment 1
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