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ABSTRACT

Natural killer (NK) cell cytotoxicity is initiated by

recognition of an appropriate target cell with subsequent

killing. The K-562 cell line has been used in many lab

oratories as a target cell for NK activity but the molecular

site(s) of recognition is not known. We find that human

NK cells from peripheral blood competitively reduce a

specific antibody-dependent, complement-mediated cytotox

icity (ADCMC). The antibody used was present in the gamma

globulin fraction of goat antiserum to K-562 cells that had

been extensively absorbed with normal human peripheral

blood leukocytes and normal bone marrow cells. Furthermore,

extracts of K-562 cells, from which a specific antigen can

be isolated, specifically and competitively inhibited NK-

lysis of K-562 cells as well as the ADCMC. These findings

suggest that NK cells recognize the same antigen as does

the antibody. Lymphocyte populations from human donors,

containing NK cells, were fractionated by their adherence

to plastic, nylon wool, and K-562 monolayers. Cells non-

adherent to plastic or nylon wool but adherent to K-562

monolayers and eluted gave NK cytolysis of K-562 cells.

Goat immune globulin added to unfractionated human lymph

ocytes gave antibody-dependent, cellular cytotoxicity (ADCC)

and it was possible that NK activity could be interpreted

as antibody-dependent. However, this ADCC activity was
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associated with Fc receptor positive (sensitized E-rosettes)

cells that showed partial, non-selective adherence to K-562

monolayers. Furthermore, trypsin treatment of the lymph

ocytes removed the Fc receptor so that no E-rosettes

formed or ADCC occurred, hut trypsin treatment did not

affect NK activity. From 80 normal humans, 52 (6^%)

showed NK cell activity and a level of natural antibody

(ADCMC) to K-562, 2^ additional showed antibody only, and

^ had neither activity. The natural antibody from several

donors did not bind to protein A-Sepharose, migrated as 19S

in sucrose gradients, and was rendered inactive by 2-

mercaptoethanol. These criteria identified it as I^.
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CHAPTER I

INTRODUCTION

Natural killer (NK) cells have been described as null

cells in that they do not express B or T-cell specific

surface markers (1,2). It has been shown that NK cells do

have receptors which bind sheep erythrocytes, which is

characteristic of but not specific for T-cells (5»6).

Although NK cells do not express typical T-cell markers,

Herberman et al (1) reported that following the incubation

of NK cells with a thymic hormone preparation, the cells

lose their natural killer function and express Thy antigen.

The findings that NK cells can bind erythrocytes in a

resetting technique and can be converted to Thy-bearing

cells suggest that NK cells may be of T-cell lineage.

Although the molecular recognition of target cells

by NK cells has not been resolved, some workers have pro

posed that antibody may be involved. West et al.,(5)

demonstrated that NK cells express receptors for the Fc

portion of IgG, suggesting that NK cell activity may be

an antibody-dependent cellular cytotoxicity phenomenon.

However, Kiessling et al., (6)showed that no detectable

surface immuneglobulin could be found on active NK cells.

One cannot conclude from this that antibody is not involved

in NK cell activity since this later study was carried out



in vitro and does not necessarily rule out an ADCC reac

tion by the same cells in vivo.

Various other characteristics of NK cells have been

examined. It was demonstrated that NK cells are non-

adherent to plastic or nylon wool (3,11,12,13). Another

feature is that about one-third of the NK cell population

bears receptors for complement (10).

NK cells can lyse various target cells in vitro,

most notably the K-562 multipotential cell line (3^)•

K-562 cells are also sensitive to antibody-dependent

cellular cytotoxicity (ADCMC) (3»8), making them an ideal

cell line for study. This project has several aims. The

first is to determine whether peripheral blood lymphocytes

and serum from normal individuals can be cytolytic for

K-562 cells. Second, lymphocyte subpopulations will be

examined to determine which can participate in ADCC reac

tions. A third focus of this work will be to determine by

means of competitive inhibition assays with antigen pre

parations and lymphocyte subpopulations whether the

antigen on the K-562 cells recognized by the NK cell is

the same as that recognized by Ab in the ADCC and ADCMC

reactions.



CHAPTER II

SURVEY OF THE LITERATURE

I. CHARACTERISTICS OF NATURAL KILLER CELLS

Natural killer (NK) cells are defined as a suLpopula-

tion of spleen cells in mice or peripheral "blood leukocytes

in humans that can kill appropriate target cells in the

absence of any immime stimulation. Morphologically, these

cells resemble lymphocytes. They are described as null

cells in that they do not express B or T-cell surface

markers, including surface immunoglobulin (1,2,3)* Murine

NK cells express H-2 K and D alloantigens, but not Lyt-1,

Lyt-2, or Qa-1 T-cell associated antigens (^). A subset

of either human or murine NK cells does possess receptors

for binding sheep erythrocytes, which is a property char

acteristic of, but not specific for, T-cells (5f6). Al

though the NK cells do not express the typical T-cell

markers, they can be stimulated to undergo blastogenesis

by incubation with thymic hormone preparations (7)*

After stimulation, the NK cells express Thy alloantigens

and are not functional in NK assays (7)* These findings

suggest that the NK cells are normally of the pre T-cell

lineage,

There appear to be fractions of both mouse and human

NK cells which express receptors for the Fc portion of



IgG (8,9) and the Oyo component of complement (10).

Neither human nor murine NK cells adhere to plastic or

glass and do not bind to nylon wool (3»11»12,13)•

Human NK cell activity may be associated with large

granular lymphocytes, which have azurophilic granules in

their cytoplasm and a hi^ cytoplasm to nucleus ratio

(11,13). These large granular cells were found to adhere

to target cells and appear to cause cytolysis. The cells

were separated on a discontinuous density gradient of

hiiman peripheral blood lymphocytes (1^). The gradient con

sisted of seven layers, ranging from ̂ 0% to 57% Percoll,

with each consecutive fraction increasing by 2.5?5. Of

the cytolytic activity recovered from these fractions, Qlfo

was detected in two low density fractions (^-2.5% and ̂ 5-0%) f

which were enriched for large granular lymphocytes (15)•

II. NATURAL KILLER CELL CYTOTOXIGITY

Natural killer cell cytotoxicity has been proposed

to play an important role in immunosurveillance of trans-

fonned cells that could become malignant. A prime example

of this mechanism is in the nude mouse model. Although

these mice are athymic and lack mature T lymphocytes,

they do not show a high incidence of tumors and they reject

tumor transplants. This has been attributed to a relatively

high level of NK activity (16,17). On the other hand,

beige mice, which have very low NK activity, have a high



incidence of spontaneous tumors and tumor transplants grow

rapidly with metastases (17).

Of particular interest in the study of NK cells is

the observation that interferon is capable of enhancing

murine and hiiman NK activity both m vivo and m vitro

(18,19). This was first evident when Oehler ejt al., (20)

showed that rat NK activity could be elevated by treat

ment of the animals with poly I:C, a potent interferon

inducer. Various studies have shown this effect to be

most pronounced in mice that are greater than 12 weeks of

age, a time when NK activity declines to low levels (18).

The enhancement of NK activity with interferon inducers

can be reversed by the injection of specific anti-inter-

feron serum (21).

It seems probable that the enhancement of NK activity

by some agents is mediated by the production of interferon.

For example, NK activity of spleen cells is increased after

mice are treated with Corynebacterium parvum (22). C.

parvum induces the synthesis of interferon which has the

characteristics of IFN . NK activity is elevated after

the injection of NK-sensitive target cells, which also will

induce the production of interferon (1). The augmentation

of depressed NK activity has led to the use of interferon

in the treatment of human cancer, since a low level of NK

activity, analogous to the beige mouse model, has been

suggested as predisposing individuals to cancer growth.



Although the mechanisms of recognition and destruc

tion of target cells hy NK cells have not been resolved,

some evidence suggests that antibodies may be involved in

the recognition phase. Since some cells in the NK popula

tion express Fc receptors, it has been proposed that low

levels of antibody (IgG) could bind to these cells and NK

activity was actually antibody^-dependent cellular cyto-

toxicity (ADCC) (8,2). The antibody was suggested to have

been produced in response to heterologous antigens and be

cross reactive with the tumor antigens. Thus, the target

cell antigens would be recognized by the bound antibody

(8,2,3»2^). In support of this possibility, the trypsin-

ization of effector lymphocytes, under conditions which

remove surface-bound immunoglobulins, eliminates NK cell

cytotoxicity against cultured cells (25). Furthermore,

ADCC does occur when target cells coated with antibody are

incubated with trypsinized NK cells, which does not remove

the Fc receptor (26).

There exists, however, an opposing school of thought

in regard to recognition of target cells by NK cells.

For example, some investigators have observed cytotoxicity

against tumor cells by NK cells which do not bear Fc recep

tors for IgG (27). Also, the elution of cytophilic IgG

has no effect on human NK activity (28). Therefore, it

cannot be concluded from these m vitro studies to what

extent NK activity is actually an ADCC reaction m vivo.
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However, significant levels of NK activity can be demon

strated in some patients with agammaglobulinemia, suggest

ing the lack of ADCC to explain NK activity.

NK cells are capable of lysing many different types

of target cells. Rat and mouse NK cells can lyse murine

and non-murine targets, including certain human cell lines

(29). Lymphoma cell lines such as the mouse YAC cell line

and human leukemia cell lines, such as K-562, are used

primarily as targets for in vitro assays. Some of these

cells when grown as ascites in vivo decrease in number.

This decrease has been attributed to NK activity (30).

Recognition of the target cells does not necessarily lead

to cytolysis, as normal cells will bind to NK cells and/

or compete with NK-sensitive targets in lytic assays (31).

For example, Collins et al.,(32)showed that a normal fibro-

blastic cell line not susceptible to NK cytolysis would

compete with susceptible transformed cells derived from

the original cell line.

Studies on NK activity can yield information concern

ing immune regulation in the body. The cytolysis of tumor

cells by NK cells and augmentation of this cytolysis by

production of interferon ensures that NK cell activity

will be further examined to determine possible therapeutic

benefits.
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III. THE K-562 LEUKEMIA CELL LINE

The K-562 leukemia cell line was isolated in 1970

"by Dr. Carmen B. Lozzio from a patient with chronic

myelogenous leukemia (CML) in blastic crisis. This cell

line is the first reported to have a positive Philadelphia

(Ph'+) chromosome (33)- The K-562 cells are multipoten-

tial stem cells which, upon cultivation for ten to eleven

days in conditioned medium, are able to differentiate

into early progenitors of the erythrocytic, granulocytic,

and monocytic series (3^)• Differentiation into the

various cell types was determined by the appearance of

enzymes that are characteristic for cells of the granu

locytic and monocytic series, and by the production of

hemoglobin in the erythrocytic series.

A specific leukemia-associated antigen has been

isolated and characterized from the K-562 cell (35)•

Furthermore, antisera to the cell antigen produced in

rabbits, monkeys, and goats have been studied (36). The

antisera injected into nude or lasat (Lozzio asplenic

athymic) mice that have been transplanted with K-562

cells will abrogate the growth of the cells, indicating

the continued presence of the antigen (37).

K-562 cells are used in many laboratories worldwide,

particularly as targets in NK cytotoxicity assays (38).

Vose et al.,(39)have shown that cultured K-562 cells are

more sensitive to NK lysis than cells freshly isolated from
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lung tumors in patients. NK activity to K-562 cells

can be enhanced by pretreatment of effectors with inter-

feron, which appears to recruit new NK cells and increases

the activity of committed NK cells. Thus, K-562 cells

are of great value in the study to understand the role of

NK in immunosurveillance.



CHAPTER III

MATERIALS AND METHODS

I. CELL CULTURE

The human leukemia cell line K-562, extensively

descrihed elsewhere (33»3^)» was used in this investiga

tion. The cell line has "been maintained in the laboratory

of Dr. Bismarck Lozzio at the University of Tennessee

Memorial Research Center in Knoxville and was used at pass

age 275• Passage 275 was recovered from liquid nitrogen

storage and examined for karyotype and morphology. The

cells were grown as a suspension in Eagle's Minimum Essen

tial Medium (MEM) with Earle's salts (Flow Laboratories,

Rockville, Maryland) supplemented with L-glutamine

(292 mg/L) and 15?^ fetal calf serum (heat inactivated at

56°C for thirty minutes) to a density not exceeding 2 x 10^

cells/ml.

11. GOAT ANTISERUM TO THE K-562 CELL LINE

Antiserum to K-562 cells was raised in goats according

to the following procedure (37)• K-562 cells were grown

in medium containing 15?^ normal goat serum for four pass

ages. They were then injected intramuscularly into nine

to twelve month old goats at a concentration of 10^ cells/
kg in complete Freund's adjuvant. After four weekly

10
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muscular injections of cells in complete Preund's adjuvant,

a final injection of cells without adjuvant was given in

travenously. Blood was collected on day 35$ the serum

separated and heat inactivated at 56°C for 90 minutes. The

inactivated serum was absorbed with normal, washed human

AB positive blood cells until agglutination and cytotoxic

activity against normal human leukocytes was not micro

scopically detectable. This first absorption was carried

out at 25°C and was repeated five to seven times at 4°C.

The serum was then absorbed with normal human bone marrow

(5*7 X 10*^ cells/ml serum) for 2 hours at ̂ °C.

Gamma globulins were isolated from preimmune and

immune absorbed sera by three precipitations with ammon

ium sulfate at a concentration of The resulting precip

itate was pooled and left as a slurry at until used.

To prepare for use, the slurry was centrifuged and the

precipitate dissolved in phosphate buffered saline (PBS,

0.1 M phosphate, 0.1^5 M NaCl, pH 7.2). This solution was

dialyzed against PBS (1 liter for 8 hours x 3) and filter-

sterilized. The globulins prepared and used averaged 13

mg/ml at final concentration.

III. SEPARATION OF HUMAN LYMPHOCYTE SUBPOPULATIONS

Human peripheral lymphocytes subpopulations were

separated according to the following procedure (^0).

Whole heparinized peripheral blood from normal human

donors was mixed with a solution of 10% dextran (Dextran
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500, Pharmacia) to yield a final concentration of 1%,

Erythrocytes were sedimented within 30 minutes at room

temperature. The leukocyte rich plasma was removed and a

sample (50 pi) was taken to determine the cell concentra

tion and viability by the trypan blue dye exclusion test.

The plasma was diluted 1:3 (plasma:medium) with Eagle's

Minimi;™ Essential Medium and layered on Ficoll-Hypaque

(Pharmacia) in a polypropylene centrifuge tube (Coming).

The tube was centrifuged at ̂ 00 xg for k-S minutes. The

lymphocyte-containing layer was removed from the interface

between the plasma and Ficoll-Hypaque with a Pasteur pip

ette and suspended in MEM. A sample (50 pi) was taken for

a cell count. The cell concentration was adjusted to 1 x

10^ cells/ml with MEM and three 50 pi samples were placed

in separate wells of a microtiter plate (IS-MRC 96 Linbro)

to assay for cytotoxicity against K-562 cells. The remain

ing suspension was incubated in a plastic tissue culture

flask (Falcon) at room temperature for one hour to remove

adherent cells. After incubation, a sample (50 pi) was

taken to determine the cell number. After adjusting the

concentration of the non-adherent cell population to

1 X 10^ cells/ml, three 50 pi samples were placed in
separate wells in a microtiter plate to assay for cyto

toxicity against K-562 cells. The remaining suspension

was divided into two parts, one for passage over nylon

wool and the other for incubation on K-562 cell monolayers.
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Nylon wool coliimns were prepared "by packing washed

nylon wool to a 5 ml bed volume in a 10 ml syringe. The

concentration of one part of the non-adherent cell sus

pension was adjusted to 2 x 10^ cells/ml and 1 ml of the

suspension was added to the nylon wool column with k ml

of MEM. The column was closed, incubated at 37°C for ̂ 5

minutes, and then the nylon non-adherent cells were washed

from the column with 20 ml of MEM at a flow rate of

1 ml/minute. The nylon adherent cells were eluted by

adding 5 ml MEM and vigorously shaking the column. The

fluid was collected and the nylon wool was washed two

more times. Samples were taken to determine the cell

number. After adjusting the concentration to 1 x 10^

cells/ml, three 50 ̂ al samples of the nylon adherent cell

population were placed in separate wells of a microtiter

plate to assay for cytotoxicity against K-562 cells. The

same was done for the nylon non-adherent cell population.

The remaining nylon non-adherent cell suspension was

incubated with a 1:15 dilution of anti-human thymocyte

serum and Low Tox-H Rabbit Complement (Cedar Lane) diluted

1:4 with MEM (4l). After 1 hour incubation at 4°C, the

cells were centrifuged at 1500 xg for 5 minutes, and the

pellet was suspended in MEM. A sample (50 pi) was taken

to determine cell number and the concentration of the cell

suspension was adjusted to 1 x 10^ cells/ml. Three 50 pi

samples were placed in separate wells of a microtiter

plate to assay for cytotoxicity against K-562 cells.
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IV. ISOLATION OF CELLS ADHERENT TO K-562 MONOLAYERS

To isolate cells that are positive for NK activity,

the T-cell depleted and the plastic non-adherent cell

suspensions were incubated on K-562 monolayers (4-2).

One ml of poly-L-lysine Jm.W. 80,000 (SIGMA) 50 ug/ml

in PBSj was added to a 60 mm polystyrene tissue culture

dishes (Falcon) for one hour. K-562 cells were washed

twice with PBS and adjusted to a concentration to 9 x 10^

cells/ml. The K-562 cells were added to the tissue cul

ture dishes and incubated at room temperature for 30 min

utes. The fluid was gently decanted and 2 ml of cold

0.2% formaldehyde in PBS was added to increase the stabil

ity of the monolayers. The plates were then incubated

at 4-°C for 1 hour, washed 5 times with PBS (pH 7.2),

and left to stand at room temperature for 20 minutes. The

monolayers were then ready for use.

The different cell suspensions were adjusted to a

concentration of 6 x 10^ cells/ml and two ml of each were

added to separate monolayers and incubated for 6o minutes

at 37°C. After incubation, the cells non-adherent to K-562

were removed. Cells adherent to K-562 were eluted by

adding 1 ml of PBS containing EDTA (5 rnM EDTA in PBS,

pH 7«2), rocking the plates for 10 minutes at 37°C, and

removing the mediiim with a pipette (4-3). The concentra

tion of each suspension was adjusted to 1 x 10^ cells/ml,
and three 50 pi samples of each were added to separate
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wells of a microtiter plate to assay for cytotoxicity

against K-562 cells.

V. TRYPSINIZATION OF EFFECTOR CELLS

For removal of antibodies bound to effector cells,

lymphocytes which were non-adherent to plastic and nylon

wool, depleted of T-cells, and either adherent or non-

adherent to K-562 monolayers were washed with PBS and

centrifuged. The cells were suspended to a concentration

of 1 X 10^ cells/ml in MEM containing 0.025?^ trypsin (25)
(Reheis Chemical Co.) with EDTA (0.2g disodium salt/liter).

The suspension was incubated for 30 minutes at 37°C with

shaking. The cells were collected and washed 3 times with

PBS, and the cell concentration adjusted to 1 x 10^ cells/

ml. Three 50 jal samples were removed and added to separate

wells of a microtiter plate to assay for cytotoxicity

against K-562 cells.

VI. SEPARATION OF Fc-RECEPTOR BEARING CELLS

Effector cell subpopulations which were non-adherent

to plastic or nylon wool and were depleted of T-cells

were subjected to standard E rosetting techniques (^0).

This included the cells which were either adherent or

non-adherent to the K-562 monolayer. Neuraminidase-

treated sheep RBC were prepared by incubating 50 units

of neuraminidase (Calbiochem) with 1 ml of a sheep
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RBC suspension for 30 minutes at 37°C. The treated cells

were then centrifuged at 700 xg for 7 minutes and suspend

ed in PBS to a final concentration of 1%. Equal volumes

of effector cells x 10^ cells/ml) and treated sheep RBC

were mixed and incubated for 10 minutes at 37°C. The cell

suspensions were then centrifuged for 5 minutes at 150 xg

and incubated at for 60 minutes. Rosette forming

cells, those to which 3 or more sheep RBC were attached,

were microscopically observed and counted with a hemocytom-

eter. The suspension was gently layered on a Ficoll-

Hypaque solution in a polystyrene centrifuge tube and

centrifuged for 15 minutes at 400 xg. The non-rosette

forming cells at the interface were removed with a Pasteur

pipette and washed. The pellet was removed and suspended

in one part PBS to which three parts HgO was added for

30 seconds, followed by the rapid addition of one part NaCl

(3.5?^) • This hypotonic shock treatment lysed the sheep

RBC. The rosette-forming lymphocytes were then washed

with MEM and incubated for 18 hours in MEM-10^ PCS to

allow membrane restoration. A portion of the non-rosette

forming cells was subjected to the hypotonic lysis and

18 hour incubation as a control. The remaining non-rosette

forming cell suspension was incubated on a K-562 monolayer

as previously described. After removal with EDTA, the

K-562 adherent cell concentration was adjusted to 1 x 10^

cells/ml and three 50 pi portions were removed and placed
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in separate wells of a microtiter plate to assay for

cytotoxicity against K-562 cells. After the 18 hour incu-

hation, the rosette forming cell concentration was adjusted

to 1 X 10^ cells/ml and three 50 Ml portions were removed

for the cytotoxicity assay. The separation procedures

are summarized in Figure 1.

VII. ASSAY FOR NK-SPECIFIC ^^Cr RELEASE

FROM K-562 cells

The cell suspensions obtained by the lymphocyte

separation procedure previously described were assayed

for cytotoxicity against -^^Cr-labeled K-562 cells by the

following procedure. K-562 cells were washed 3 times with

PBS and the concentration adjusted to 4 x 10^ cells/ml.

One hundred pCi of Na-^^CrOZf (New England Nuclear) were

added to the cell suspension and incubated for 45 minutes

at 37°C on a rocker plate (Labquake). The cells were then

washed 3 times with PBS, and adjusted to varying concentra

tions. Fifty fil of the -^^Cr-labeled cells were added to

separate wells in a microtiter plate with the various

lymphocyte subpopulations, giving varying effector:target

ratios. Labeled cells were placed in additional wells

with MEM to provide a control for spontaneous release. The

plate was covered, incubated for 4 hours at 37°C, and

centrifuged at 300 xg for 5 minutes at 4^0. Fifty fil of

the supernatant fluid was removed from the wells and
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placed in separate test tubes (12 x 75 mm, Fischer) for

measurement of radioactivity. Fifty jxl of O.lfo Triton

X-100 was added to the wells to solubilize the cells and

the solution was removed by absorption to the wicks of

a Titertek Collection System (Flow) from which the cell

retaining pads were removed. The wicks were also placed

in tubes for measurement of -^^Cr content in the pellets.

All measurement of radioactivity was done in a Beckman

4000 Gamma Spectrometer. Specific -^^Cr-release due to

lysis by the lymphocytes is calculated as:

fo Cytotoxicity =

(Experimental Sup x 2)-(Control Sup x 2) ̂
(Experimental Sup+Wick)-(Control Sup x 2)

VIII. ASSAY FOR ANTIBODY-DEPENDENT

CELLULAR CYTOTOXICITY (ADCC)

Anti-K-562 serum raised in goats was added to add

itional wells of microtiter plates with 50 p.1 samples of

the various lymphocyte subpopulations to determine anti

body-dependent cellular cytotoxicity. Cytotoxicity against

K-562 cells by plastic adherent cells, both with and with

out anti-K-562 serum, was determined. Anti-K-562 serum

was also added to wells containing trypsinized effectors

to examine the effects of trypsin on ADCC. The ADCC was

determined after a four hour incubation by subtracting

the amount of cytotoxicity measured in the wells with

lymphocytes and labeled K-562 cells from the cytotoxicity
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found in wells with lymphocytes, anti-K-562 serum, and

labeled K-562 cells• Additional wells containing anti-

K-562 serum and labeled K-562 cells served as antibody

controls. All assays were performed in triplicate.

IX. ASSAY FOR ANTIBODY-DEPENDENT COMPLEMENT-

MEDIATED GYTOTOXICITY (ADCMC)

Fifty )il samples of ̂ ^Cr-labeled K-562 cells were

placed in separate wells of a microtiter plate with 50 pi

of anti-K-562 serum and 50 pi of Low Tox-H Rabbit Comple

ment (Cedar Lane) diluted 1:^^ with MEM. The anti-serum

dilutions varied from 1:100 to 1:1000. When demonstrating

the presence of natural antibody to K-562 cells, normal

human serum was used in place of goat anti-seriua in 1:^,

1:8, l:l6, 1:32, and 1:6^ dilutions. All assays were done

in triplicate. Complement was added to additional wells

with labeled K-562 cells to serve as complement controls.

After a 2 hour incubation at 37°C, the supernatant fluids

and pellets were removed as previously described and

ADCMC measured as:

fo Cytotoxicity =

(Experimental Sup x 2)-(Complement Sup x 2)
(Experimental Sup+Wick) -(Cell Control Sup x 2) ̂

X. ISOLATION AND ASSAY OF IgG AND IgM

FROM NORMAL HUMAN SERUM

Normal globulin was isolated from human serum samples
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by ammonium sulfate precipitation according to the

following procedure (^4). The pH of a 5 ml aliquot

of saturated ammonium sulfate was adjusted to 7.8 with

2 N NaOH. With constant stirring, the ammonium sulfate

solution was slowly added to a serum sample. Stirring

was continued for 2 to 3 hours to avoid trapping other

serum components in the precipitate. The precipitate was

then centrifuged at 1500 xg for 30 minutes at room

temperature and the pellet dissolved in borate-buffered

saline to a final volume equal to that of the original

serum sample. This precipitate contains primarily gamma

globulin and second and third precipiration was done.

The ammonium sulfate was removed by dialysis at

against several changes of borate-buffered saline. After

dialysis, the solution was centrifuged at for 30 min

utes at 1500 xg. The final product was assayed for

cytotoxicity against K-562 cells as previously described

in an ADCMC reaction.

For isolation of IgG and from the normal serum,

the product of the first ammonium sulfate precipitation

was passed over a Protein A-Sepharose coliunn according to

the following procedure (^5)• An immunosorbent column

was prepared dissolving 1.5 g of dry Protein A-Sepharose

CL-^B (Pharmacia) in distilled water. The column was

attached to a Peristaltic Pump P-3 (Pharmacia) to control

the flow rate. The product of the ammonium sulfate
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precipitation was loaded onto the column with 0.1 M phos

phate buffer, pH 7»5» aJid washed with this buffer to remove

non-absorbing proteins. The buffer for elution of bound

proteins was glycine-HCl buffer 0.1 M, pH 218. The elution

profile was monitored on an Isco Model UA-2 Ultraviolet

Analyzer. Fractions passing the column contained IgM

and a minute amount of IgG^, a subclass of IgG. The

fraction eluted with the glycine-HCl buffer contained IgG]_,

IgG2, and IgG^^. Most of the IgG^ was included in this

fraction (^6).

An ADCMC assay was carried out with the bound and un

bound fractions by methods previously described. Portions

of each fraction were added to microtiter wells with 0.015

M 2-mercaptoethanol to observe for elimination of natural

ADCMC. Whole normal seriun was also assayed as well as

samples treated with 2-mercaptoethanol.

As a third parameter for determining the entity involved

in the natural ADCMC reaction, sucrose gradient centri-

fugation of normal semun was carried out to separate IgG

(7S) and IgM (19S). Sucrose solutions were prepared which

were ^0^ and 10^ secrose in 0.15 M NaCl. A Model V 5

gradient maker (Fischer) was used in preparing linear

gradients. With the stopcock between the 2 compartments

of the gradient maker closed, 6.7 ml of the 10^ sucrose

solution was pipetted into compartment 2. The stopcock

was opened to allow the passage between the compartments
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to fill with the sucrose solution and was then closed.

To compartment 1, 6.4- ml of sucrose was added. The

spin bar was then placed in compartment 1 and magnetic

stirring begun. The stopcock between the compartments

was opened and the flow of the gradient solution into the

tubing was begun. The end of the tubing was placed

against the wall of a plastic 9/l6 inch tube (Beckman).

The serum sample> diluted 1:2 with 0.15 M NaCl, was layered

on top of the gradient with a syringe and bent needle to

avoid disturbing the gradient. The tubes were placed in

rotor buckets and the buckets were attached to the rotor

(SW 27, Beckman) in proper orientation. The rotor was

placed in the preceded chamber of the ultracentrifuge

(Model L 3-501 Beckman). The gradients were centrifuged

at 138,000 xg for 16.5 hours. After centrifugation, the

gradient tubes were removed, the tops sealed, and placed

in a tube holder in an elevated condition. A 21 gauge

needle with clamped tubing attached was used to pierce

the bottom of the gradient. The other end of the tubing

was attached to a flowmeter which was attached to a frac

tion collector (Ultrorac, LKB). Sequential fractions were

collected from the bottom of the gradient to the top. The

percentage of sucrose in the fractions was read on a

refractometer. Fractions were assayed for cytotoxicity

against K-562 cells in an ADCMC reaction as previously

described. Portions of each fraction were also added to
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other wells with 2-mercaptoethanol to observe for elimina

tion of natural ADCMC. Optical density readings were

made for each fraction in a Zeiss PM 6 Spectrophotometer

and refractive indices were measured in an Abbe Refrac-

tometer (American Optical Corporation).

XI. ASSAY FOR COMPETITIVE INHIBITION OF ADCMC

BY NK CELLS AND NON-NK CELLS

The various lymphocyte subpopulations obtained by

the procedures previously described were assayed in comp

etition with ADCMC. -^^Cr-labeled K-562 cells were incuba

ted with anti-K-562 serum and complement and lymphocytes

in varying effector:target ratios for 2 hours. Since

natural killing requires a minimum of ̂  hours, cytotox-

icity by ADCMC was observed at 90 minutes. Cytotoxicity

was measured as previously described. All assays were

done in triplicate.

XII. PREPARATION OF A 3M KCl EXTRACT FROM K-562

CELLS AND USE IN INHIBITION ASSAYS

A 3M KCl antigen extract was prepared from K-562 cells

by the following procedure (35)• K-562 cells stored in

glycerol at -80°C were rapidly thawed in a 37°C water

bath. The cells were washed twice in PBS (7-2) and sus

pended in 20 ml of 3M KCl. After 20 hours of incubation

at ̂ oc, the suspension was centrifuged at 100,000 xg
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for 1 hour. The supernatant fluid was removed and dial-

yzed against PBS, 2L times 2, for 20 hours. Finally

the fluid was removed and stored at 4°C.

The 3m KCl extract was assayed for inhibitory activ

ity against the NK, ADCC, and ADCMC reactions. This

was done by adding varying amounts of the extract in

competition with cells or antibody and observing for a

decrease in the % of -^^Cr-release compared to antigen-

free controls.



CHAPTER IV

RESULTS

I. NK AND ADGMC AGAINST K-562 CELLS FOUND WITH NORMAL

PERIPHERAL BLOOD AND SERUM SAMPLES

Peripheral blood lymphocytes and serum samples from

80 normal human donors were assayed for NK cell activity

and ADCMC, respectively, against K-562 cells. The NK

cells used in the assay were isolated and designated as

non-adherent to nylon wool or plastic, not sensitive to

anti-thymocyte serum plus C *, and adherent to K-562 mono-

layers. The normal seriim samples were used in place of

anti-K-562 serum in the ADCMC assays. As shown in Table

1, the results allowed the sera to be placed into three

distinct groups. Group 1 consisted of PBL samples showing

NK activity of greater than ^^Cr-release and ADCMC

of greater than 5«0?5 from the same donor. This group com

prised 52 of the 80 samples tested with a mean value of

NK activity of 12.2% and a range of + 9.8?$. The mean

value for ADCMC was 18.3^ + 10.2.

The second group consisted of donors demonstrating

NK activity less than 2.Si" -^^Cr-release, designated as

NK(-), and ADCMC of greater than 5*0?$. This group com

prised 2^ of the 80 samples tested with a NK mean value of

1.1?$ + 1.2?$. The ADCMC mean was 7.7?$ + 2.7?^.

26
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Table 1. Percent of released from K-562
cells due to natural killer cell cytoto-
toxicity (NK) and antibody-dependent comp
lement-mediated cytotoxicity (ADCMC) with

normal serum

Student Number

0716
Group 1

9333
4186
9094
1987
8840

3185
5827
7860
1216

1399
5005
8382
1286
1961
3471
7595
7397
6563
0102

6183
7692
0776
I805
7100
6686
6314
6513
1102

9274
8582
5470
5741
5884
8O89
7768
6350

NK Natural ADCMC

6.6 15.7
6.2 11.9
7.0 12.0
13.6 17.3
13.5 21.4
18.1 22.5
7.2 11.1

13.2 23.4
14.5 22.0

13.0 14.0
i4.o 24.5
7.6 13.4
8.2 16.0
15.0 23.0
10.0 19.0
10.0 16.0
10.0 11.0

23.0 26.0
9.0 11.4

14.0 22.3
11.0 17.0
13.0 21.4
13.0 21.0

10.0 22.0

10.0 25.0
14.5 23.2
15.0 26.9
10.4 18.0

15.9 21.0

19.0 27.0
25.9 28.0

13.9 13.7
11.0 11.8
12.1 10.0

13.1 21.6
14.2 21.8
12.0 17.6
8.1 6.5



28

Table 1. (Continued)

Student Number .NK Natural ADCMG

8657 15.0 25.8
5039 13.7 18.0
6156 13.0 16.3
0891 8.7 8.0
1162 14.0 18.6
67^7 17.8 17.6
5257 11.8 20.8
7860 8.0 7.7
8721 14.0 26.7
4281 14.0 21.0
9328 8.9 10.8
1087 9.2 9.3
6629 8.8 8.7
0373 12.4 18.6

Group 2** 3283 1.7 8.9
2781 1.8 7.6
8785 1.4 6.2
3176 1.8 7.5
7595 1.5 6.4
9412 2.4 8.5
4458 0.0 8.4
3971 0.0 6.8
5208 0,0 6.4
9165 1.0 8.2
3562 1.0 6.2
0560 1.0 9.7
3347 1.8 8.4
6980 0.0 8.3
1814 0.0 6.4
7887 0.0 6.7
5952 1.2 8.9
7815 0.0 6.7
64o6 0.0 8.8
9367 2.2 6.9
2423 2.1 8.8
6850 2.1 7.3
2920 1.8 9.0
5244 1.2 8.6

Group 3*** 0979 0.0 0.0

3523 0.0 0.0

4402 0.0 1.2

9916 1.0 2.8
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Table 1. (Continued)

*1roup 1. Designated NK(+) with cytotoxicity
>2.5% and ADCMC(+) with cytotoxicity >5.0^. This
group contained 52 of 80 samples tested with an
NK cytotoxicity mean value of 12.2^ and range of
I9.7g. The ADCMC cytotoxicity mean value was
18.2?& with a range of +10,2^.

**Gicoxi.j) 2. Designated NK(-) with cytotoxicity
<2.5% and ApCMC(+) with cytotoxicity>5.0^. This
group contained 2^ of 80 samples tested with an

mean value of 1.1^ and range of
_+1.2^. The ADCMC cytotoxicity mean value was
7>7% with a range of +1.7%.

^  ***Group 3» Designated NK(-) with cytotoxicity'^2.5% and ADCMC(-) with cytotoxicity < 5.0^. This
group contained ̂  of 80 samples tested with an
NK cytotoxicity mean value of 0,3?^ and range of
+0.5^. The ADCMC cytotoxicity mean value was
1.0% with a range of ±1.^%.
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The third group comprised donors with NK activity of

less than 2.5?^ ^^Cr-release and ADCMC less than 5.0%,

designated NK(-) and ADCMC(-). This group comprised 4 of

the 80 donors having an NK activity of 0.3% + 0.5%. The

ADCMC activity was 1.0% + l.^'%. There were no donors who

showed a positive NK activity and negative ADCMC.

II. COMPARISON OF ADCC REACTIONS WITH LYMPHOCYTES

ADHERENT ON K-562 MONOLAYERS, NON-ADHERENT ON

k-562, and plastic adherent cells

Peripheral blood samples were obtained from donors in

each of the three groups described in Table 1 and were

tested for ADCC activity. After addition of anti-K-562

serum, three populations of lymphocytes from donors of

each group were tested; those adherent to K-562 monolayers,

those non-adherent to K-562 cells, and those that were

adherent to plastic. As shown in Table 2, twelve PEL

samples were tested, five from Group 1, NK(+) and ADCMC(+),

five from Group 2, NK(-) and ADCMC(+), and two from Group 3,

NK(-) and ADCMC(-). Two of the five samples in Group 1

showed 31-^0^ ADCC. The other three samples showed 21-30^

ADCC. This was true for both K-562 adherent and non-adher

ent lymphocytes. Each of the five samples in Group 2 gave

ADCC in the 11-15^ range with K-562 non-adherent lymph

ocytes and also with K-562 adherent lymphocytes. Of the

two samples in Group 3» one showed ADCC in the 11-15%>
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range with K-562 adherent and non-adherent lymphocytes

while the other sample gave ADCC in the 5-lOfo range with

both K-562 adherent and non-adherent lymphocytes.

Of the 12 samples tested, the five samples in

Group 1 demonstrated ADCC with plastic adherent cells in

the 21-30^ range. The five samples in Group 2 and the

two samples in Group 3 showed ADCC in the 16-20% range

with plastic adherent cells.

III. NK AND ADCC ACTIVITIES OF PLASTIC

NON-ADHERENT AND FICOLL-HYPAQUE

SEPARATED LYMPHOCYTES

NK and ADCC activities of various lymphocyte sub-

populations are presented in Table 3. The lymphocytes

which were adherent to K-562 monolayers demonstrated NK

activity of 31«0^ and ADCC of 43.0^. Trypsinization of

effector cells had no effect on NK but eliminated ADCC.

The K-562 adherent Ijrmphocytes which formed rosettes with

sheep RBC demonstrated NK activity of 8.0% with an ADCC

of 12.0%. The K-562 adherent lymphocytes not forming

rosettes showed 2^-.0% NK activity and no ADCC.

The lymphocyte subpopulation which was not adherent

to K-562 cells demonstrated no NK activity but showed

^3'0% ADCC. The level of ADCC dropped to 12.0^ when B

and T-cells were removed. Trypsinization of effector cells,

which has been shown to remove Fc receptors, eliminated
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Table 3. NK and ADCC activities of plastic non-
adherent and Ficoll-Hypaque separated lymphocytes

% Cytotoxicity by
Subpopulation NK ADCC

Adherent to K-562 monolayers 3I.0 43.0

+Trypsinization 32.0 0.0
+Sheep RBC forming rosettes 8.0 12.0
+Sheep RBC not forming rosettes 24.0 0.0

Non-adherent to K-562 monolayers 0.0 43.0
Minus B Cellsl, minus T Cells2 o.O 12.0

+Trypsinization 0.0 0.0
+Sheep RBC forming rosettes 0.0 12.0
+Sheep RBC not forming rosettes 0.0 0.0

Adherent on K-562 monolayers, 22.0 0.0
eluted with EDTA, non-rosetting
with sheep RBC, adherent on K-562
in second incubation

Non-adherent on K-562 monolayers, 0.0 0.0
non-rosetting with sheep RBC,
non-adherent on K-562 in second
incubation

^B-cells removed on nylon wool
T-cells removed with anti-human thymocyte sernun +C'
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ADCC. The K-^62 non-adherent lymphocytes (minus B and

T-cells) which formed rosettes with sheep RBC gave 12.0%

ADCC while the non-rosetting cells showed no ADCC.

The lymphocyte suhpopulation adherent to K-562 mono-

layers was removed from the monolayer with EDTA and tested.

Of these cells, those which did not form rosettes with

sheep RBC were incubated a second time on K-562 monolayers.

The adherent cells were removed with EDTA and gave 22.0%

NK activity. The cells which were not adherent in this

second incubation showed no NK activity.

IV. ASSAY FOR IgG AND FROM

NORMAL HUMAN SERUM

Fractions of donor serum were chromatographed on

Protein A-Sepharose and assayed in an ADCMC reaction.

Figure 2 shows the cytotoxicity obtained with various

serum dilutions. This cytolysis was eliminated by addition

of 2-mercaptoethanol. The Protein-A bound fraction showed

no cytolysis at the highest dilution and only 2.0% at the

lowest dilution.

Normal human serum which was fractionated by centri-

fugation in a 10 to 40% sucrose gradient was assayed in

an ADCMC reaction. In Figure 3i "the tenth through four

teenth fractions from the bottom of the gradient comprised

the peak ADCMC activity at 22%. Fractions 21 and 22

showed ADCMC at 2.0%. These peaks are identified in
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Figure ^ "by optical densities and refractive indices. The

peak near the top of the gradient contains IgG

which corresponds to fractions 21 and 22 in Figure 3.

The intermediate peak contains (A280=l*-5) and corres

ponds to fractions 10 through 1^ in Figure 3.

V. COMPETITIVE INHIBITION OF ADCMC

BY LYMPHOCYTES

Lymphocytes subpopulations were added competitively

to ADCMC assays. As shown in Figure 5» non-NK lymphocytes,

including B, T, and null cells gave no reduction in the

level of cytotoxicity when anti-K-562 serum was used as

the source of antibody. Similar results were obtained

with null NK-depleted Ijrmphocytes, as shown in Figure 6.

Null NK-depleted are preparations from which B and T-cells

and cells adherent to K-562 were deleted. The null NK

cells eluted from K-562 monolayers with EDTA did compete

with ADCMC. This is shown in Figure ?• There was a

gradual decrease in fo -^^Cr-release from 55% in the control

reaction at a 1:50 Ab dilution to 25% upon addition of NK

cells using a 100:1 effector:target ratio. A gradual

decrease was shown from ^8^ in the control reaction at a

1:100 Ab dilution to 21^ after adding NK cells at a 100:1

effector:target cell ratio. The control reaction at a

1:300 Ab dilution showed ^'3%> and decreased to 18^ after

addition of NK cells at 100:1 ratio. The NK controls with
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Figure 5. Competitive inhibition of ADCMC by add
ition of (A) NK lymphocytes (B) null NK-depleted lymph
ocytes and (0) non-NK (T, B, and null) lymphocytes in
increasing competitor:target ratios versus ADCMC with
anti-K-562 serum and complement, antibody dilutions:
A=1i50 (Control=55^), ̂ =1:100 (Gontrol=48^), #=1:300

(Gontrol=^3^)•
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no Ab or complement showed no •^^Cr-release after ninety

minutes.

VI. INHIBITION OF NK AND ADCC WITH

A 3M KCl ANTIGEN PREPARATION

A 3M KCl antigen preparation was made and added to

NK and ADCC reactions to observe for inhibition of cytol-

ysis. As shown in Figure 6, the -^^Cr-release of kyfo

in the ADCC reaction decreased gradually to l6^ when

increasing amounts of the Ag preparation were added.

The % ̂ ^Cr-release of JHfo in the NK reaction gradually
decreased to with addition of increasing amounts of

the antigen preparation.
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Figure 6. Inhibition of NK and ADCC to K-562
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CHAPTER V

DISCUSSION AND CONCLUSIONS

In this report I initially asked whether the antigen

on the K-562 cell recognized "by human NK cells is the

same as that recognized by specific antibody. Human NK

cells from peripheral blood did competitively inhibit

ADCMC. The ninety minute assay provides a period of time

which is adequate for ADCMC but is not sufficient for NK

cell activity, which requires at least 4 hours of incu

bation. In the same type of inhibition assay non-NK

cells, specifically those that do not bind to K-562 cells,

showed no competition. In addition, K-562 cell extracts

competitively inhibited NK cell lysis of K-562 cells as

well as ADCC. These findings taJcen together suggest that

the NK cell and the antibody recognize the same antigen

on the K-562 cell.

This interpretation is supported by investigators

using other systems (^7,^8,^9,50) who demonstrated in

hibition of lymphocyte-mediated cytolysis to evaluate cell

surface antigens on tumor cells in vitro. Huber et al.,(^7)

found with soluble tumor antigen from the supernatant

fluid of I3762A mammary tumor cultures that blocking of cell-

mediated cytolysis is linearly related to antigen concen

tration.

Recognition may be directed to the same antigenic

^3



determinants or to different determinants (or antigens per

se) in close proximity to each other. The inhibition

observed in this case would be then consistent with the

steric hindrance of one effector by another. Another poss

ibility to explain apparent inhibition is that the K-562

antigen preparation may be injurious to the effector cell,

rather than specifically inhibiting cytolysis. Further

investigation of this problem would require use of another

NK-sensitive human cell line to observe for inhibition of

cytolysis by the K-562 extract to determine definitive

inhibition.

These experiments suggest, as other workers have

suggested (32), that NK cell activity is a two-step process.

The first step involves the recognition of and binding to

the target antigen, which occurs apparently within the

first ninety minutes during the time when antibody competes.

The second step or killing process requires at least 4

hours. Collins ̂  a^.,(32)have shown that normal cells

resistant to NK cell lysis will competitively inhibit NK

cytolysis of sensitive txunor cells, thus sensitivity or

resistance results in later steps upon activation of the

lytic mechanism after a minimum lag period of hours.

The second question addressed in this thesis was

whether NK and/or non-NK cells manifest an ADCC response.

The results indicated that some NK cells, defined as cells

which were adherent to K-562 monolayers (^2), participated
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to a limited extent in ADCG reactions. The non-NK cells

gave similar ADCG activity. The non-NK cells were those

lymphocytes which did not adhere to K-562 cell monolayers.

Gells responsible for ADGG are identified by the presence

of Fc receptors, which was noted by the ability of the

cells to form rosettes with sensitized sheep erythrocytes.

The ADGG activity with NK or non-NK cells was eliminated

by trypsin treatment, which removed the Fc receptor. On

the other hand, trypsin treatment had no effect on NK cell

activity. The conclusion that NK cell activity is indepen

dent of Fc receptors and ADGG is supported by the work of

Kay et a^.,(27)who showed that Fc receptor negative cells

from humans were responsible for NK cell activity against

K-562 cells. In contrast, Takasugi £t al.,(29)showed that

trypsin treatment of NK cells eliminated their cytolytic

activity. However, in their assay the effector cells

consisted of a population of lymphocytes possessing anti

bodies attached to Fc receptors on their surfaces. The

effector cells in my NK assays did not include this group

and they were separated by resetting from Fc receptor

negative cells, which were used in my assays. Also con

sidered is the possibility that heterogeneous NK cell sub-

populations exist, some which possess trypsin-resistant

receptors and others which do not. The effector cells in

my assay lyse K-562 cells and this particular subpopulation

may possess trypsin-resistant receptors. The effectors in
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Takasugi's assay may possess receptors for his particular

target cell linesi other than K-562, and these receptors

may not be resistant to trypsin.

Another focus of this project was to investigate in

vitro cytolytic activity against K-562 by peripheral blood

lymphocytes and serum from normal individuals. The

results showed that three groups of individuals could be

identified: one group showing both NK cell activity and

a natural Ab level to K-562 cells in serum, a second group

having only natural Ab and no NK cell activity, and a

third group having neither activity. Although 5.0fo of the

population studied was in the last group, no apparent

defect in immunesurveillance was indicated since these

individuals had no increased familial levels of malignan

cies.

The natural antibody activity found in the normal

serum was identified as by several criteria. Namely,

it did not adhere to Protein A-Sepharose, it migrated as

Ip[ in centrifugation through sucrose gradients, and it

was sensitive to 2-merceptoethanol. The origin of this

antibody to K-562 cell antigens remains unclear. It is

possible that it is a cross-reactive antibody made in

response to an \mdefined antigen. The fact that it was

present in such a high percentage of individuals suggests

an analogy to blood group isoantibodies. If this were the

case, one might expect to find cells with surface antigens
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rsactive wi"th "th© aji"tiTDod.y in "thos© individuals who w©!*©

anti'body-n©gativ©. Anoth©r possibility, r©lat©d to th©

propos©d rol© of this antig©n on K-562 as a diff©r©ntiation

rocoptoi' (51)» is that th© antibody is a f©©dback control

m©chanism for h©matopoi©tic d©v©lopm©nt. Th©s© possibil-

iti©s, or oth©rs, would hav© important implications for th©

w©ll-b©ing of an individual and ar© sugg©st©d ar©as for

futur© study.

Although human NK c©ll activity has b©©n reported in

numerous studies, to my knowledge, th© finding that many

individuals (35^) of a random, normal human population did

not show NK cell activity, is unique. It is not apparent

why such a large percentage of NK(-) individuals would

not have been observed in other studies.
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