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ABSTRACT 

Experiments were done to determine the effect of recombinant 

interleukin 2 (rIL-2) on mononuclear cells (MC) of newborns and adults. 

MC were tested for 1) ability to lyse Daudi cells in a ^Cr release 

assay, 2) cell surface markers using monoclonal antibodies and flow 

cytometer analysis, and 3) cell types as determined by differential 

cell counts. Without rIL-2 adults show greater cytotoxicity than 

newborns in vitro. Incubation with rIL-2 dramatically increased the 

cytotoxicity expressed with cord blood and adult MC showing equivalent 

responses. Differences in cell surface markers between newborns and 

adults prior to rIL-2 exposure were in agreement with those previously 

published. This study did not demonstrate changes in phenotypes after 

exposure to rIL-2. Slight changes in differential cell counts occurred 

after increased incubation periods and rIL-2 exposure. 

x 



Chapter 1 

Introduction 

Lymphocytes are known to have cytotoxic capabilities. 

Characterizing these activities has provided many areas to explore. 

These include elucidating the mechanisms involved in cytotoxicity, 

defining subpopulations of cells responsible for various phenomena, 

examining aspects of control over these activities and trying to 

understand the ontogeny of these cytotoxic capabilities. 

A recent study by Kibler et al., (19) undertook to examine the 

last of these areas by measuring immune parameters in newborns, 9 month 

olds, and adults. A portion of those results will be presented in this 

thesis. Interleukin-2 (IL-2) production capability was significantlly 

higher in cord blood mononuclear cells (MC) than in the peripheral 

blood mononuclear cells (PBMC) of either adults or 9 month olds. 

Natural killer (NK) cell activity was lowest in newborns with increases 

in activity at 9 monthhs of age and adulthood. The results obtained 

from the NK assays are in agreement with a study by Uksila et al. (46) 

which also demonstrated that cord blood MC have less NK capacity than 

adult PBMC. Reduced NK activity has also been demonstrated in the 

cells of infant mice (22, 41), rats (26), hamsters (43), and guinea 

pigs (1). 

1 
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While testing for cytolytic activity against the NK-sensitive 

K562 cell line, an NK-resistant cell line, Daudi, was concurrently used 

as a control for the assay (19). The Daudi cell line has been referred 

to as being NK-resistant by several sources (5, 9, 20, 27, 37). As a 

result of using this cell line, an interesting observation became 

apparent. A slight, but detectable, amount of cytotoxic activity was 

being expressed against the NK-resistant Daudi cell line that was 

present in adults and nine month olds but not in newborns (unpublished 

data). The following study was performed in hopes of gaining 

information that might contribute to understanding this phenomenon. 

Daudi cells are known to be susceptible to lysis by lymphokine 

activated killer cells (LAK cells) (9, 12, 16, 24). LAK cells are 

capable of being generated after in vitro incubation of lymphocytes 

from various sources with IL-2. These sources include, in humans, 

peripheral blood lymphocytes (PBL) (9, 37, 38), thoracic duct 

lymphocytes (9, 25), spleen, lymph node, and bone marrow cells (10). 

However, Itoh et al. (17) was not able to demonstrate this activity 

from lymph node or bone marrow lymphocytes. In mice,the spleen has 

been the most commonly utilized source of LAK cell precursors (28, 35, 

40) but they have also been found in murine bone marrow (21). 

Generation of LAK cells by IL-2 

IL-2 alone has been shown to be sufficient for activation of 

LAK cells, whereas, cytotoxic T-lymphocytes (CTL) require an antigenic 

stimulus as well. Grimm et al. (11) found that anti-Tac antibody, 

which recognizes the IL-2 receptor, blocked IL-2 induction of LAK 
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activation. Other lymphokines were also tested. Migration inhibition 

factor, IL-1, interferon (IFN) (purified alpha and gamma from PBL), and 

recombinant IFN gamma all failed to induce LAK activity. Koo and 

Manyak (21) also tested IL-2, IFN-alpha-beta and IFN-gamma, IL-1, IL-3 

and colony stimulating factor 1 and reported that only IL-2 could 

consistently induce cytotoxic activity. Merluzzi et al. (29) also 

reported that murine IFN-gamma did not induce LAK cell cytotoxicity 

from murine spleen cells. 

Target cells susceptible to LAK cell cytolysis 

One of the unique features of the LAK cell, distinguishing it 

from the CTL and NK cell, is the broad range of susceptible target 

cells. An early study by Seeley and Golub (42), attempted to 

investigate "anomolous" cytotoxicity developed after mixed-lymphocyte 

culture (MLC). This type of "anomolous" cytotoxic activity has been 

proposed to be LAK activity induced by IL-2 produced during the MLC 

(9). In this study, cytotoxicity was demonstrated against several cell 

line targets of various origins, including a human erythroleukemia cell 

line (K562), human epithelial cell line (Chang), and cells of lymphoid 

origin (allogeneic PBL and Epstein-Barr virus-transformed 

lymphoblasts). 

NK-sensitive and NK-resistant cultured cell lines have been 

shown to be susceptible to LAK cell lysis iji vitro in both murine (21, 

29) and human systems (9, 37). Other types of cells known to be NK-

resistant are susceptible to LAK cells generated from human PBL. These 

include allogeneic and autologous fresh solid tumor cells (9, 25, 38) 
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and trinitrophenyl-modified autologous PBL (12). Murine LAK can also 

lyse syngeneic fresh solid tumor cells (sarcomas) as demonstrated by 

Rosenstein et al. (40). 

Autologous fresh PBL could not be lysed by LAK cells in several 

studies (12, 38, 40). In contradiction to this, LAK cells were shown 

to lyse normal human endothelial cells, obtained from umbi 1 ical cord 

and corneal tissue, and cultured cell lines of normal human fibroblasts 

(Hs27F) and small intestinal epithelial cells (FHs74Int) (4). In 

addition, Kane and Clark (18) performed a study in which murine 

splenocytes cultured with IL-2 containing culture supernatants, were 

able to lyse syngeneic untreated thymocytes. 

Kinetics of LAK cell activation 

Another distinct feature of LAK cells is the time necessary to 

generate their cytotoxic activity in vitro. The "anomolous" activity 

demonstrated by Seely and Golub (42) peaked at 5 days while the 

allospecific cytotoxicity seen in their study peaked 1 to 2 days later. 

Grimm et al. (10) and Itoh el al. (17) have both reported that LAK cells 

could be activated by 3 days of incubation with IL-2. Merely 

"boosting" NK activity requires only a few hours and CTL activity 

requires incubation in a MLC for 5 to 7 days (16). In a study by Imir 

et al. (16) some LAK cell activity could be seen at 1 day of incubation 

but activity peaked at 3 days. However, in a study by Grimm and Wilson 

(21), no LAK activity was observed in an experiment where human PBL had 

been incubated with IL-2 for 38 hours, and Merluzzi (28) could only 
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demonstrate LAK cell cytotoxicity in murine spleen cell preparations 

after 48 hours of incubation. 

In vivo LAK eel 1 precursors seem to regenerate before CTL 

precursors. Merluzzi et al. (28) examined mice which had been 

irradiated and then given syngeneic bone marrow transplants. He found 

that LAK cell activity was demonstrable on day 7 post-transplant while 

CTL response, generated by MLC, was not detected until day 28 post-

transplant. 

The exact mechanism of LAK cell activation is not known. It 

could be possible that IL-2 induces differentiation of cells, causing 

them to gain cytotoxic capability or that IL-2 causes proliferation of 

a subpopulation of cells normally present in small numbers. Grimm and 

Wilson (12) in an attempt to gain information about this aspect of LAK 

activation, treated PBL with mitomycin C or gamma irradiation (1000 and 

2000 rad). Mitomycin C is capable of prohibiting proliferation while 

allowing the differentiation needed for CTL to express cytotoxic 

capability. Mitomycin C treatment caused no discernible effect on NK 

activity (45). Both treatments (mitomycin C or gamma irradiation) 

inhibited the response of PBL to recombinant IL-2 (rIL-2). Grimm and 

Wilson concluded that both proliferation and differentiation were 

essential for LAK activation. Itoh et al. (17) also found that 

mitomycin C inhibited rIL-2 induction of cytotoxicity while Merluz^i et 

al. (29) showed that 1000 rad of gamma irradiation could eliminate 

purified human IL-2 induced cytotoxicity. 
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Phenotypes of LAK cell precursors and effectors 

Attempts have been made to determine phenotypes of the cell 

surface markers of LAK precursor and effector cells. Testing methods 

are varied and results are sometimes inconsistent. Grimm et al. (10) 

used monoclonal antibodies (MoAb) and complement (C) to eliminate 

subpopulations in human PBL precursor cells, before activation with 

partially purified human IL-2. Some MoAb could eliminate or greatly 

reduce CTL generation. These included 0KT3, Leul (pan T-cell) and 0KT8 

(suppressor/cytotoxic). Others which reduced NK activity were 0KT11 

(T-cells and NK cells), HNK1 (NK eel Is),and 0KM1 (NK cells and 

monocytes), but none eliminated LAK cell development. However, after 

activation with IL-2, the LAK effector cells became sensitive to lysis 

by C plus Leul, 0KT3 and 0KT8 but were not sensitive to 0KM1 or 0KT4 

(helper/inducer T-cells). 

A fraction of large granular lymphocytes (LGL), which contain 

most of the NK activity, were separated from human PBL by Timonen et 

al. (44). While fresh LGL are predominantly 0KT3-, after being 

maintained in culture for 7 to 10 days with conditioned media from 

phytohemagglutinin (PHA) stimulated PBL (which contains IL-2), a major 

proportion of the LGL's (60-75%) became 0KT3+. Burns et al. (2) also 

reported that culturing LGL in the presence of IL-2 caused cells to 

lose Leu7 and 0KM1 markers (NK markers) and acquire the 0KT3 marker and 

sheep erythrocyte receptors. These results agree with Grimm et al. 

(10) in that the 0KT3 plus C did not abrogate LAK cell development but 

did reduce lysis by LAK effectors. This could lead one to suspect that 
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LAK cell precursors are LGL, and may be NK cells, which have been 

further activated and have gained CTL-like characteristics. However, 

antibodies to NK markers (0KM1) plus C did not eliminate LAK 

precursors. 

Burns et al. (2) also described nonspecific lytic cells derived 

from PBL stimulated with irradiated B lymphoblasts and grown in 

conditioned media containing IL-2. These cells were able to lyse the 

Li Br (human melanoma) cell line in addition to B lymphoblasts used to 

stimulate the original MLC. When these effectors were treated with the 

MoAb UCHT1 (which reacts with the same cell marker as 0KT3) or 0KT8, 

the antigen specific killing of B lymphoblasts was blocked but lysis of 

LiBr cells still occured. This would indicate that effectors generated 

in the presence of IL-2 were not similar to CTL. 

The MoAb Leu7 (NK cells) has been used in several studies to 

examine LAK cell precursors. Burns et al. (2) used a flourescence 

activated cell sorter (FACS) to separate Leu7+ cells from Leu7- cells. 

Both fractions, upon incubation in the presence of IL-2, were able to 

generate cells which could lyse NK resistant targets. 

When Itoh et al. (17) did the same separation of Leu7+ from 

Leu7- cells using the FACS, l.eu7+ cells did not develop LAK activity. 

Itoh also treated precursors with Leu7 plus C which did reduce the 

amount of LAK generation in contrast to the results of testing FACS 

fractions. He proposed two possibilities. 1) Leu7+ cells were 

immature precursors which required the presence of other cells or 

differentiation factors before they gained the capacity of being 
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directly activated by 11-2 or; 2) Leu7+ cells are not LAK precursors 

but act as accessory cells to LAK development. This development might 

then be reduced in their absence. Upon further separation of the Leu7-

fraction into Leu7- Leull+ and Leu7- Leull- fractions, Itoh et al. (17) 

also found that the Leu7- 11- fraction could not generate LAK cell 

effectors while the Leu7- 11+ fraction had the highest LAK cell 

activity. Additionally, neither Leu4+ (T-cell) or Leu3+ 

(helper/inducer T-cell) cells could generate LAK effectors. 

Damle et al. (5) used cell panning techniques to separate cell 

subpopulations for studying LAK cell activity. He found that both 

Leull+ and Leull- fractions could generate LAK cells, and suggested 

that the difference between his results and Itoh et al. was the amount 

of IL-2 used for activation. Damle et al. generally used 100 Units/ml 

of rIL-2 while Itoh et al. used only 10 U/ml. The Leull- subpopulation 

was further fractionated; separating out E-rosette forming cells and 

then using panning techniques to further purify different 

subpopulations. The Leull-, E-rosette +, Leu7+ fraction was the only 

one found by Damle et al. that did not generate LAK effectors upon 

incubation with IL-2, which does agree with the earlier findings about 

Leu7+ cells by Itoh. Other populations including Leull-, E-rosette -, 

B1+ (B-cells) and Leull-, E-rosette-, Bl- (null cells), were able to 

generate LAK cell activity. 

While LAK precursors and effectors may show similarities to 

both NK and CTL, they cannot be defined using MoAb presently available 

and cannot be classified as NK cells or CTL. The variety of results 
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obtained in these studies, has led some investigators to suggest that 

LAK cell precursors and effectors are quite heterogenous, both 

phenotypical ly and functionally (2, 5, 10). 

In the murine system the evidence supports the idea that IL-2 

acts on a heterogenous group of precursors and produces heterogenous 

effectors. Bone marrow cells when incubated with IL-2 produced two 

types of cytotoxic cells; one similar to NK cells (NK1+, Qa5+, AsGml+, 

Thyl±) and one similar to T-cells (NK1+, Qa5+, AsGml+, Thyl+) (20). LAK 

cells stimulated from murine spleen cells were able to lyse the 

NK-resistant target cell line P815 and NK-sensitive target YAC. But 

when the precursors were depleted with the MoAb Thyl plus C, before 

activation with IL-2, only the YAC target was still lysed (29). Some 

of these effectors generated from the Thyl depleted precursors had 

become susceptible to lysis by Thyl plus C. They had acquired the Thyl 

surface antigen similar to human PBL acquiring the 0KT3 marker. 

Merluzzi et al. (29) believes that IL-2 stimulates both Thyl- and Thyl+ 

cells from normal lymphoid precursors in a varied population and that 

the differentiated cytotoxic effectors have both T cell-like and NK-

like characteristics. 

Amount of IL-2 needed for LAK cell activation 

The amount of IL-2 used for induction of LAK cells varies among 

the different studies. It is somewhat difficult to interpret just how 

much IL-2 was present in various assays because in some cases crude or 

partially purified culture supernatants of phytohemaglutinin (PHA) or 

concanavlin A (Con A) stimulated PBL were used as the source of IL-2 
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(10, 11, 40, 44). Often these preparations were not even assigned units 

of IL-2 per ml. The amount present was expressed as the volume percent 

of IL-2 preparation that had been added to the culture media used for 

LAK eel 1 activation. 

The gene for human IL-2 has been cloned into Escherichia coli 

(39). This provides access to large, more concentrated and pure 

amounts of IL-2 for use in jji vitro assays. The amounts of rIL-2 used 

also varied between studies. For example, Itoh et al. (17) saw LAK 

activation with 10 and 100 U/ml of rIL-2, Merluzzi (28) used 50 to 400 

U/ml and Koo and Manyak (21) used 20 U/ml. 

The amount of IL-2 used has been shown to induce different 

cellular responses. Leull+ cells could generate LAK at a concentration 

of 1 U/ml rIL-2, while Leull- cells needed 100 U/ml of rIl-2 to generate 

LAK activity (5). Itoh et al. (17) observed no LAK activity at 1 U/ml 

while 10 U/ml of rIL-2 induced LAK activity. Koo and Manyak (21) also 

reported that IL-2 induced cytotoxicity was dose dependent and at higher 

doses cytotoxicity was harder to eliminate with MoAb plus C. These 

reports support the concept that LAK eel 1 precursors are a heterogenous 

group of cells and suggest that increasing amounts of IL-2 can recruit 

additional subpopulations for LAK eel 1 activity. 

There have been reports of various nonclassical cytotoxic 

activities in human and mice that are distinct from either NK cells or 

CTL (8, 21, 24, 29, 35, 42). These have been referred to as anomalous 

killer cells, non-specific cytotoxic cells, activated killer cells, 

promiscuous cytotoxic cells, natural killer-like cytotoxic cells or 
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broad-reactive killer cells. Grimm et al. (9) suggests that LAK cell 

activation, mediated by IL-2, may represent a mechanism common to many 

non-classical activities and provides a probable explanation for the 

results obtained in those studies. Many of these studies had been done 

with cells cultured directly with IL-2 or from MLC conditions where 

IL-2 could have been produced. 

Proposed Study 

Considering the increased cytotoxicity by adult PBMC against 

Daudi cells along with Daudi lysis by LAK cells led to the following 

question. Is there some type of residual LAK activity present in fresh 

PBMC of adults that is not present in cord blood MC? It has been shown 

that cord blood MC can produce more IL-2 than adult PBMC upon 

stimulation yet have less inherant cytotoxic capability (19). Given 

that IL-2 can activate LAK cells and promote cytotoxicity, perhaps cord 

blood MC are less capable of responding to IL-2 than adult PBMC. The 

research that this thesis represents was performed in order to test 

that hypothesis. 



Chapter 2 

MATERIALS AND METHODS 

Target Cel1 Lines 

The Daudi cell line was used as the target cell in the LAK cell 

cytotoxicity assay. It is a human Burkitt's lymphoma cell line that 

grows continuously in suspension and is HLA class I negative. The K562 

cell line was used as the target cell in the NK cell assays and is 

derived from a human erythroleukemia. The cells were grown in RPMI 

1640 (Irvine Scientific, Santa Ana, CA) with 10% defined fetal bovine 

serum (Hyclone Laboratories, Logan, UT), 2 mM L-2-aminoglutaminic acid 

and 2 mM pyruvic acid sodium salt (glutamine-pyruvate, Sigma Chemical 

Co., St. Louis, MO), penicillin-G (50 units/ml of medium, Irvine 

Scientific) and streptomycin (25 pg/ml of medium, Irvine Scientific), 

hereafter referred to as cell culture medium. Cultures were split 

every 2 or 3 days and viability monitored by trypan blue exclusion. 

Cultures were incubated at 37° C in a C02 incubator. 

rIL-2 

Recombinant interleukin-2 des-ala-ser^s (rIL-2) was provided 

by Dr. Evan Hersh, University of Arizona, through the courtesy of the 

Cetus Corporation, Emeryville, CA. A vial of rIL-2 contained 1.2 mg of 

lyophilized material, with 3 X 106 Cetus units of IL-2 activity per mg. 

A Cetus unit is defined as the inverse of the dilution necessary to 

12 



achieve 50% maximal [^H]thymidine incorporation into 5 X 103 cells 

of an IL-2 dependent murine cell line (38). 

The vial was reconstituted with 1.2 ml of sterile water for 

injection. The purity was 98% by SDS-PAGE and contained 0.01 ng/vial 

endotoxin, as determined by the Cetus Corporation. A buffer control 

that was equivalent in all aspects except that it contained no rIL-2 

was also reconstituted with 1.2 ml sterile water for injection and was 

subsequently diluted and handled in exactly the same manner as the 

rIL-2. 

The rIL-2 was diluted into cell culture medium to give a 

concentration of 1 X 106 Cetus units/ml and stored at 4° C. Just prior 

to addition to peripheral blood mononuclear cell (PBMC) suspensions, 

rIL-2 was further diluted 1:100 in assay medium to give a final 

concentration of 1 X 103 units/ml (or 1 unit/ul). Assay medium refers 

to RPMI 1640 with 5% fetal bovine serum, 2 mM glutamine-pyruvate 

(Sigma) and 0.05 mg/ml gentamicin (Gibco Laboratories, Santa Clara, 

CA). 

Sample Groups 

Initial data comparing cord, 9 month and adult blood samples 

was compiled using different sample groups than those used for the 

lymphokine activated killer cell testing performed later. The initial 

data was collected as part of a study being carried out to determine 

normal values of various immune parameters at young ages and to 

correlate these values with the occurence of lower respiratory tract 

illness. The results of this study will be referred to as "Respiratory 



14 

Study" data. The initial cord blood samples were collected from 

infants born to mothers receiving care from a Health Maintenance 

Organization in Tucson, AZ. Upon birth, blood from the umbilical vein 

was collected into heparinized Vacutainer tubes (Li heparin, Becton 

Dickinson, Rutherford, NJ). Samples were stored at room temperature 

prior to MC separation which occurred between 1 and 12 hours after 

col lection. 

Cord blood for LAK cell testing was collected at University 

Medical Center in Tucson, AZ. At the time of birth, umbilical vein 

blood was collected into Vacutainer tubes containing ethylene diamine 

tetra-acetic acid (EDTA) as an anticoagulant (Becton Dickinson). 

Samples were stored at room temperature prior to PBMC separation, which 

occurred between 2 and 20 hours after collection. 

Nine month peripheral blood samples were collected from the 

same infants who had given cord blood samples for the Respiratory 

Study. Venipuncture was performed by a nurse. Specimens were 

collected into heparinized tubes and kept at room temperature until 

delivery to the laboratory. 

Adult specimens were collected by venipuncture into heparinized 

tubes for initial testing of IL-2 production and natural killer cell 

activity. All individuals were healthy, non-paid volunteers. 

S'pecimenr. for LAK cell testing were collected into both Li heparin and 

EDTA for the purpose of performing a comparative study between the two 

anticoagulants. Heparin and EDTA samples were drawn from each 

individual, separated and tested concurrently. 
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Cell Separation and Activation of LAK Cells 

Whole blood was transferred to 15 ml conical centrifuge tubes 

(Falcon, Oxnard, CA) and blood sample volume recorded. Tubes were 

centrifuged for 15 minutes at 650 X g. Plasma was removed and 

discarded. The packed cells were diluted approximately 1:2 with RPMI 

1640 medium without additives (Irvine Scientific). Approximately 8-10 

ml of cell suspension was layered over 4 ml of Lymphocyte Separation 

Medium (LSM), consisting of Ficol 1 (6.2 g/100 ml) and sodium 

diatrizoate (9.4 g/100 ml) (Organon Teknika Corporation, Durham, NC). 

The tubes were centrifuged for 15 minutes at 650 X g. The mononuclear 

cell layer was recovered from the interface of LSM and RPMI-1640 

medium, washed with phosphate buffered saline (PBS) without Ca++ or 

Mg++, and centrifuged again. The cell pellet was resuspended in assay 

medium. 

Duplicate cell counts were performed by diluting the cell 

suspension with 3% acetic acid and counted in a hemacytometer. 

Mononuclear cells and neutrophils could be differentiated and 

calculations of cell concentrations were based on the number of 

mononuclear cells present. 

Cells to be assayed within 24 hours of separation were 

suspended at 3 X 10® cells/ml in assay medium in 12 X 75 mm plastic 

test tubes (Falcon). Cells to be assayed 2 to 5 days after separation 

were suspended at 1 X 106 cells/ml in assay medium and dispensed into 6 

well tissue culture plates (35 mm wells, Costar, Cambridge, M0). Each 

well received either 50 U/ml rIL-2 or an equivalent volume of buffer 
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control. The final volume in each well was 4 to 9 ml. Tubes or plates 

were incubated at 37° C in a CO2 incubator. 

Prior to being used in an assay cells were resuspended by 

repeated, vigorous pipetting. An aliquot was removed and the number of 

viable cells determined by trypan blue dye exclusion. The number of 

viable cells was used to recalculate the volume of cell suspension 

needed to obtain 3 X 106 MC for use in the cytotoxicity assay or 

1 X 10® lymphocytes for immunotyping. These cells were centrifuged and 

resuspended in 0.72 ml or 1 ml of assay medium respectively. 

The percent viability for all samples ranged between 77% and 

98%. Adult MC averaged 93% viablility after incubation for 3 days 

in assay medium with buffer control and 94% in assay medium with rIL-2. 

Cord blood MC averaged 87% viability after 3 days in assay medium 

with buffer control and 90% in assay medium with rIL-2. 

Differential Cell Counts 

A cytocentrifuge was used to make slides of the final cell 

suspensions used in the cytotoxicity assay. Slides were fixed in 

absolute methanol for 5 minutes and subsequently stained in May-

Grunwald stain for 10 minutes and Giemsa stain for 20 minutes. Slides 

were rinsed in distilled water and air dried. A differential cell 

count was performed. Between 100 and 200 eel 1 s were observed and 

identified in order to calculate the percentage of various cell types 

present. 
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Cytotoxicity Assay 

A standard 4 hour ^Cr release assay was performed. An aliquot 

of Daudi cell suspension containing 3 X 106 target cells was 

centrifuged. The cell pellet was resuspended in 1 ml of assay medium 

and labelled by the addition of 120 pCi of ^Cr in saline, 

specific activity approximately 450 iiCi/mg, DuPont, NEN Products, 

Boston, MA). The tubes were incubated at 37° C in a CO2 incubator for 

1 1/2 hours. Every half hour the cells were agitated to ensure uniform 

contact with the ^Cr. After incubation cells were washed three times 

with Hanks' balanced salt solution (HBSS, Irvine Scientific) and 

resuspended in assay medium at a final concentration of 6 X 104 

cells/ml. 

Effector cells were added to sterile 96 well U-bottom tissue 

culture plates (Costar) and serially diluted with assay medium. When 

0.1 ml of target cell suspension was added the effectorrtarget ratio 

ranged from 5:1 to 80:1. Each specimen was set up in triplicate wells. 

The final volume in each well was 0.2 ml. The plate was centrifuged 

for 5 minutes at 200 X g and incubated at 37° C in a CO2 incubator for 

4 hours. Then 0.15 ml of supernatant was removed from each wel 1, 

placed into 0.4 ml microcentrifuge tubes (West Coast Scientific, 

Berkley, CA) and counted in a gamma counter (Auto-Gamma 5650, Packard 

Instrument Company, Downer Grove, IL) for 10 minutes to determine 

experimental counts. 

Spontaneous release was determined by incubation of target 

cells in medium only. Maximum release was determined by incubating 
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target cells in distilled water overnight at room temperature. Total 

counts were measured by directly counting an aliquot of target cell 

suspension for 10 minutes. Spontaneous release values ranged from 10% 

to 29% with a mean ± 1 S.D. of 18±5 % ^Cr release (n=31). Maximum 

release values ranged from 52% to 88% with a mean ± 1 S.D. of 78±7 % 

(n=31). Total counts ranged from 552 to 1484 with a mean of 1016 

counts. Percent ^*Cr release was calculated as follows: 

% release = 100 X (experimental counts - spontaneous release) 
(total counts - spontaneous release) 

Lytic units were calculated by regression analysis of the % ®*Cr 

release data correlated to the effector:target ratio. One lytic unit 

is equivalent to the number of effector cells needed to lyse 20% of 

6 X 10^ target cells. Values are expressed as the number of lytic 

units present in 10® effector cells. 

Lymphokine Production 

MC were separated from cord blood, nine month and adult 

peripheral blood. An aliquot of 1 X 106 cells was suspended in 1 ml of 

assay medium containing 10 ug/ml Concanavlin A (Con A) and 10 ng/ml 

phorbal myristate acetate (PMA). A tube containing only cells and 

assay medium was set up as a control. Tubes were incubated for 20 

hours at 37° C in a CO2 incubator then centrifuged at 1100 rpm for 10 

minutes. Supernatants were removed, placed in 1.5 ml sterile 

centrifuge tubes, sealed and refrigerated until assayed for IL-2. 
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11-2 Quantitation 

The procedure for measuring units of IL-2 has been described 

previously (19). Dilutions of MC supernatants were added in 100 jil 

volumes to flat-bottom wel 1 s of a microtiter plate. Final sample 

dilutions were from 50 to 0.5% by volume. Dilutions were made using 

Iscove's modification of Dulbecco's Minimum Essential Medium (Irvine 

Scientific) with 1.5% soybean lipids (Boehringer-Mannheim Biochemicals, 

Indianapolis, IN), 0.01 U/ml bovine insulin (Sigma), 5 X 10_J> M 

2-mercaptoethanol (Sigma), 3 ng/ml iron-saturated human transferrin 

(Collaborative Research Inc., Waltham, MA), 100 ug/ml gentamicin and 5% 

fetal bovine serum. CTLL-2 cells (an IL-2 dependent murine cell line) 

were added to the wells. Each well received 1 X 104 cells in a 100 yl 

volume. Cells were incubated at 37° C in a CO2 incubator for 40 hours 

and then pulsed with 0.5 yCi [^H]thymidine for 4 more hours. Cells 

were harvested onto glass-fiber filter paper strips using a Multiple 

Automated Sample Harvester (MA Bioproducts, Walkersvil le, MD) and 

[3H]thymidine incorporation was measured using a scintillation counter. 

Units of IL-2 were determined by probit analysis in comparison to a 

standard containing 1 unit of activity/0.1 ml (6). Background counts, 

obtained from CTLL-2 cells incubated with Con A and PMA alone, were 

subtracted as background values when IL-2 units were calculated. A 

second standard containing 1.5 units of activity/0.1 ml was included in 

the assay as a check for assay reproducibility. 
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Immunotyping Procedure 

The frequency of certain cell surface markers were determined 

for each sample group. For the assay, 0.1 ml PBS and 5 ill of various 

MoAb to surface markers were added to 13 X 100 mm siliconized glass test 

tubes. Antibodies used were 0KT11 (anti-sheep red blood cell 

receptor), 0KT3 (pan T-cell), 0KT4 (helper T-cell) and 0KT8 

(suppressor/cytotoxic T-cell) which were obtained from Ortho 

Diagnostics, Raritan, NJ. Antibodies obtained from Coulter Immunology, 

Hiahleah, FL were B1 (identifies B-cel 1 s) and HNK1 (NK cells). An 

antibody to the IL-2 receptor was also used (Becton Dickinson 

Immunocytometry Systems, Mountain View, CA). Additionally, a cell 

control tube was set up with no primary antibody added. 

Testing on the original groups of cord blood, 9 month and adult 

specimens from the Respiratory Study, proceeded by adding 0.2 ml of 

whole blood. Specimens tested in conjunction with LAK cell assays 

proceeded by adding 0.1 ml from a suspension of PBMC at the 

concentration of 1 X 106 cells/ml. After incubation on ice for 30 

minutes the cells were washed in PBS without Ca++ or Mg++. Then 0.2 ml 

of flourescein isothiocyanate conjugated goat anti-mouse immunoglobulin 

was added (Coulter Immunology). Prior to use the goat anti-mouse was 

diluted 1:40 in PBS containing 2% neonatal calf serum. After 

incubation for 30 minutes on ice, red blood cells were lysed by 

addition of 3 ml ammonium chloride and 5 minutes incubation at room 

temperature. After centrifugation and removal of supernatant fluid, 

the ammonium chloride step was repeated. 
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Cells were fixed by addition of 1 ml of 2% paraformaldehyde for 

2 minutes at room temperature. Cells were washed in PBS, resuspended 

in 0.4 ml of PBS and stored at 4° C until analysis by a flow cytometer 

(Coulter EPICS V). Results were reported as percentage of cells 

staining positively for the antibody. 

Statistical Methods 

Data presented in this study representing the initial testing 

for IL-2 production, NK activity and immunotyping (Respiratory Study 

data) was compiled from individuals in the sampling groups who met the 

following criteria: cord blood - greater than 59% lymphocytes in PBMC 

suspension as determined by cytocentrifuge differential counts; nine 
/ 

months - greater than 77% lymphocytes, between 9 and 12 months of age 

at time of testing; adults - greater than 79% lymphocytes; 

additionally, for all groups - cytocentrifuge differential lymphocyte 

result agreed within 20% of initial hemacytometer result for the 

percentage of lymphocytes present. 

Data for LAK cell activity, EDTA versus heparin comparison, 

immunotyping after incubation with 11-2 and cytocentrifuge differential 

counts on LAK cell suspensions represent all individuals tested. 

P values were calculated using the Mann-Whitney test which was 

used to compare results from two groups when those results were not 

normally distributed within the population. Student's T-test was used 

when results were normally distributed. This occured in two cases; 
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comparing NK activity of newborns to nine month olds and adults, and 

comparing differential cell counts of LAK cell suspensions. P £ 0.05 

was considered to be significant in all cases. 



CHAPTER 3 

RESULTS 

A large sample group of newborns was tested for various aspects 

of their immune status. Infants of this same group were tested again 

between 9 and 12 months of age. Adults were unrelated, healthy 

volunteers. An individual's results were included on the basis of the 

criteria stated in the materials and methods. The differences in IL-2 

production and NK activity between newborns and adults have previously 

been reported (18). Daudi cell lysis data from that study has not 

previously been published. 

Results of Initial Study 

NK activity at birth, 9 months and adulthood 

It can be clearly seen that adults have greater NK activity by 

the results listed in Table 1. The percent ^Cr release is higher at 

increasing effectorrtarget (E:T) ratios tested and the calculated lytic 

units are higher as well. Table 2 represents the statistical 

comparison of these values. Column A is the statistical comparison 

between cord blood and 9 month values. Column B compares cord blood 

to adults and column C compares 9 month values to adult values. There 

is no statistical difference in NK activity between birth and the age 

23 
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Table 1. NK activity against K562 cells by mononuclear cells from 
cord, 9 month and adult blood at various E:T ratios. 

E:T ratio cord n 9 months n adult n 

5:1 9±1.0a 70 9±0.8 79 14±1.8 28 

10:1 13±1.3 69 15±1.2 79 22±2.8 28 

20:1 20±1.6 70 21±1.6 79 31±3.4 28 

40:1 29±2.0 70 30±1.9 79 43±3.7 28 

80:1 37±2.2 69 38±1.9 79 52±3.6 28 

Lytic 
units 53±7.7 69 58±7.2 79 101±15.8 28 

a Values represent the mean % ^Cr release ± Standard Error of the Mean 
(S.E.M). 

Table 2. Statistical analysis of NK cell activity. 

P values 

A B C 
cords cords 9 months 

E:T versus versus versus 
ratio 9 months adults adults 

5:1 0.883a 0.013 0.014 
10:1 0.520 0.011 0.026 
20:1 0.548 0.008 0.019 
40:1 0.740 0.002 0.003 
80:1 0.604 0.001 0.001 

Lytic 
units 0.5071b 0.0013 0.0054 

a P values obtained by Student's T-test due to test results being 
normally distributed for the 3 groups. P£0.05 is considered 
significant. 

b P values obtained by the Mann-Whitney test. P<0.05 is considered 
significant. 
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of 9 months. The adults showed statistically signifinant increases in 

NK activity compared to cord and 9 month samples for every value. 

Daudi cell lysis and IL-2 production 

Tables 3 and 4 contain the data and statistical analysis for 

Daudi cell lysis and IL-2 production. Adult values are significantly 

different from the cord blood values. Cord blood MC produce more IL-2 

upon stimulation with Con A and PMA than either 9 month or adult MC. 

The lysis of Daudi cells for 9 month olds and adults is greater than 

that of newborns. The values of % ®*Cr release are not as strikingly 

different as seen in the NK cell assay, but statistically they are as 

significant. Values obtained at 9 months for Daudi cell lysis and IL-2 

production are not significantly different from adults which contrasts 

with the NK cell activity where results at 9 months were equivalent to 

those at birth. 

Setting Up the LAK Assay 

Comparison of 2 Daudi cell lines 

The Daudi cell line which had been in use during the previous 

testing, had been maintained in this lab for 6 years. In an attempt to 

keep the cell line from transforming, cells had been frozen in liquid 

nitrogen with dimethyl sul f oxide and every 6 to 12 months the cell line 

was regenerated from the frozen cells for use in the assay. A Daudi 

cell line, newly supplied from the American Type Culture Collection was 

compared to the one currently in use, in an attempt to assure that 

results obtained with the older Daudi cell line were accurate. 
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Table 3. Daudi cell lysis and IL-2 production by mononuclear cells from 
9 month and adult blood after 1 day of incubation. 

E:T 
ratio cord n 9 month n adult n 

20:1 3±0.3a 63 7 ±0.8 61 10±1.9 22 

80:1 3±0.6 63 10±0.9 64 14±2.5 23 

IL-2 
units 4.4±0.4 68 2.5±0.2 91 2.9±0.5 30 

a Values represent the mean % ^*Cr release ± S.E.M. 

Table 4. Statistical analysis of Daudi cell lysis and IL-2 production 
by cord, 9 month and adult blood. 

P values 

cords cords 9 months 
E:T versus versus versus 
ratios 9 months adults adults 

20:1 <0.0000® <0.0000 0.4440 

80:1 <0.0000 <0.0000 0.3351 

IL-2 
units <0.0000 0.0027 0.1608 

a P values obtained by the Mann-Whitney test, 
significant. 

P<0.05 is considered 
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Figure 1 shows the results from an assay of two individuals, A and B. 

While there were discrepancies at some points (A - 10:1 and B - 20:1, 

40:1), the overall result demonstrated that the two cell lines were 

equivalent. Therefore, the original Daudi cell line was used for all 

further testing. 

Selection of rIL-2 concentration for LAK activation 

Three different concentrations of rIL-2 were tested for their 

ability to induce cells with increased cytotoxicity against the Daudi 

cell line. PBMC were incubated for 4 and 5 days with 50, 100 and 200 

units/ml rIL-2. Two individuals were tested and the results were 

similar (Figure 2). All three doses of rIL-2 appeared to achieve 

maximal LAK activation giving 80-90% ^Cr release at both 4 and 5 days 

of incubation. The controls represent cells that were incubated 

without rIL-2 and gave similar results on both days. Fifty U/ml of IL-2 

was chosen for further testing because it was more convenient, more 

economical and just as efficient for LAK activation in this assay as 

were the higher concentrations. 

Time of incubation needed for LAK activation 

While LAK cell development has definitely been shown to occur 

in a different time frame than NK cells or cytotoxic T lymphocytes 

(CTL) (10, 17, 12, 28), studies have varied in the time necessary to 

achieve activation. Assays were performed to determine the time of 

maximal activation in the test system being used. PBMC were separated, 

incubated with rIL-2 (test) or without rIL-2 (control), and assayed 
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Figure 1. Comparison of adult PBMC lysis of 2 Daudi cell lines 

A comparison was made of results obtained using the Daudi cell 
line currently in use (•) with a Daudi cell line newly purchased from 
ATCC (O). Columns A and B each represent one adult individual. 
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Figure 2. Effect of varying concentrations of rIL-2 on LAK cell 
cytotoxicity against Daudi cells. 

Graphs I and II represent two different individuals. Column A 
represents 4 days of incubation with rIL-2 before assaying for LAK cell 
cytotoxicity. Column B represents 5 days. Concentrations used were 50 
U/ml (A), 100 U/ml (O), 200 U/ml (a) and a buffer control (•). 
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after 1, 2, 3, and 4 days of incubation. The results from 2 

individuals are seen in Figure 3. On graph I the greatest cytotoxic 

activity was at 3 days of incubation with rIL-2. LAK activity was 

present on days 1 and 2 but was lower than the activity at day 3. The 

percent 5*Cr release by rIL-2 activated cells was lower at day 4 than 

day 3, however, the control at day 4 was also low compared to days 1, 

2, and 3. It is probable that daily variation in the assay is what 

caused the results from day 4 to be lower in both the test and the 

control. 

Graph II (Figure 3) represents another individual. The control 

on day 1 was lower than the controls on days 2, 3 or 4 but even so, the 

cells incubated with rIL-2 for one day showed only a very slight 

increase in cytotoxicity over the control. LAK activity at day 2 was 

lower than that at day 3. In comparing LAK activity at days 3 and 4, 

there was a difference at the lower E:T ratios, however, both achieved 

approximately the same maximal level of activation at 40:1 and 80:1 E:T 

ratios. The percent 5*Cr release between 80% and 90% is similar to the 

maximal activity seen in Figure 2 at both 4 and 5 days of incubation 

and higher concentrations of rIL-2. Since 3 days of incubation with 50 

U/ml of rIL-2 was sufficient to achieve maximal LAK activity in this 

test system, all further experiments were carried out with this 

incubation time. 



5:1 10:1 

zo 

I 

EFFECTOR : TARGET RATIO 

II 

I 

EFF.ECTOR : TARGET RATIO 

31 

Figure 3. Effect of various days of incubation with riL-2 on LAK eel 1 
cytotoxicity against Daudi cells. 

Comparison of 51cr release upon various incubation times with 
(column A) and without (column B) 50 U/ml riL-2. Testing was done 
after 1 day (6), 2 days (O), 3 days (a) and 4 days (e) of incubation. 
The experiments were done on two adult individuals on different dates. 
One individual's blood specimen was collected into Li heparin as an 
anticoagulant (graph I) and one was collected into EDTA (graph II). 
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Comparing Li heparin to EDTA 

Most jiji vitro studies performed on PBMC are done with blood 

specimens that have been collected into tubes using Li heparin as an 

anticoagulant. All the results given thus far, with the exception of 

those in Figure 3 graph II, were obtained using heparinized blood 

samples. However, the cord blood samples from University Medical 

Center are collected into tubes with EDTA (ethylene diamine tetra-

acetic acid) as an anticoagulant and these were the samples to be used 

for further testing. Assays were run to compare the effect of Li 

heparin versus that of EDTA on PBMC in the LAK cell assay. 

Peripheral blood samples from adults were drawn into heparin 

and EDTA containing tubes and assayed concurrently. Table 5 gives the 

cumulative results of paired adult samples at 1 day of incubation 

without rIL-2. Statistically, the EDTA values which are significantly 

lower are at the E:T ratios of 10:1, 40:1 and 80:1. It is generally 

expected that higher E:T ratios should demonstrate greater 

cytotoxicity. This did not occur with the EDTA samples, whereas with 

the heparin samples a slight increase is evident. EDTA does not appear 

to give results equivalent to heparin at 24 hours of incubation. 

Figure 4 is a graph representing the results obtained on one individual 

and demonstrates the lower activity of the EDTA specimen at 1 day of 

incubation. 

The values in Table 6 demonstrate lysis of Daudi cells by PBMC 

incubated for 3 days in assay medium plus control buffer. Both EDTA 

and heparin show a rise in cytotoxicity at the higher E:T ratios and 
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Table 5. Effect of EDTA versus Li heparin on adult PBMC cytotoxicity 
against Daudi cells after 1 day of incubation in assay medium. 

E:T P 
ratio EDTA heparin n value 

5:1 14±4.0a 15±4.2 6 0.5896b 

10:1 9±3.0 20±4.0 6 0.0464 

20:1 9±3.3 18±3.1 6 0.0747 

40:1 3±1.5 20±4.0 6 0.0277 

80:1 2±1.4 24±5.0 6 0.0277 

a Values represent the mean % ^Cr release ± S.E.M. 

b P values obtained by the Mann-Whitney test. 
P<0.05 is considered significant. 
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Figure 4. Effect of EDTA versus Li heparin on LAK cell cytotoxicity 
against Daudi cells. 

34 

Peripheral blood was dr-awn into EDTA and the MC tested after 1 
day of incubation in assay medium (e), 3 days in buffer control medium 
(•) and 3 days in 50 U/ml riL-2 (A). PBMC drawn into Li heparin were 
tested after 1 day in assay medium (0), 3 days in buffer control medium 
(a) and 3 days in 50 U/ml riL-2~~EDTA and Li heparin samples were 
drawn from the same individual and tested concurrently. 
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Table 6. Effect of EDTA versus Li heparin on adult PBMC cytotoxicity 
against Daudi cells after 3 days of incubation 
in buffer control medium. 

E:T 
rati o EDTA heparin 

P 
value 

5:1 10±3.6a 15±5.1 7 0.3980 

10:1 11±3.5 18±4.9 7 0.1282 

20:1 21±5.6 24±7.6 7 0.3980 

40:1 26±6.5 35±8.4 7 0.0910 

80:1 37±9.2 47±8.5 5 0.1380 

Lytic 
units 75±31.2 101±51.5 5 0.6858 

a Values represent the mean % ^Cr release ± S.E.M. 

k P values obtained by the Mann-Whitney test. 
P<0.05 is considered significant. 
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all values are statistically equivalent. It appears that whatever 

affect EDTA has on PBMC, the cells recover their cytotoxic activity 

after 3 days of incubation. 

Table 7 shows the cytotoxicity against Daudi cells after the 

PBMC effectors were incubated with 50 U/ml rIL-2 for 3 days. Again, 

with both EDTA and heparin there is increasing cytotoxicity at higher 

E:T ratios. EDTA gave somewhat lower values at the 2 lowest E:T ratios 

however 3 of the 5 values were not significantly different. The 

maximal activation achieved with both anticoagulants was statistically 

the same as well as the calculated lytic units. 

The decision had been made to test for LAK activity at 3 days 

of incubation and since the results given in Tables 6 and 7 demonstrate 

EDTA and heparin to be equivalent at 3 days, the cord blood specimens 

collected into EDTA were deemed acceptable at this time period. 

However, for testing after 24 hours of incubation, EDTA samples should 

not be used in place of heparinized blood. 

Lymphokine Acti vated Ki 11ing of Adults and Newborns 

Activation of LAK cells by rIL-2 in adults 

PBMC were obtained from adults and subsequently tested for 

cytotoxicity against Daudi cells, after varying incubation times in the 

presence or absence of rIL-2. Table 8 shows the comparison of Daudi 

lysis after 1 day of incubation in assay medium and 3 days of 

incubation in buffer control medium. Here again, the values seen at 1 

day do not increase from the lower E:T ratios to the higher ratios. 
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Table 7. Effect of EDTA versus Li heparin on adult PBMC cytotoxicity 
against Daudi cells after 3 days of incubation 
with 50 U/ml rIL-2. 

E:T P 
ratio EDTA heparin n value 

5:1 36±5.6a 49±7.1 7 0.0180b 

10:1 53±5.3 64±6.6 7 0.0277 

20:1 67±6.1 74±6.2 7 0.0519 

40:1 79±5.3 80±4.8 7 0.8927 

80:1 76±6.5 77±6.7 5 1.0000 

Lytic 
units 246±27.8 282±17.7 7 0.1088 

a Values represent the mean % ®*Cr release ± S.E.M. 

b P values obtained by the Mann-Whitney test. 
P<0.05 is considered significant. 
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Table 8. Inherent Daudi cell lysis by adult PBMC from EDTA specimens 
after 1 day of incubation in assay medium compared 
to 3 days in buffer control medium. 

E:T P 
ratio 1 day 3 days n value 

5:1 18±3.8a 13±3.8 8 0.0277' 

10:1 13±3.5 12±3.3 8 0.6744 

20:1 12±3.3 20±4.6 8 0.0180 

40:1 8 ±3.3 27±5.6 8 0.0117 

80:1 8±4.0 36±7.3 6 0.0277 

a Values represent the mean % ^Cr release ± S.E.M. 

k P values obtained by the Mann-Whitney test. 
P<0.05 is considered significant. 



39 

After 3 days of incubation an increase in lytic activity is evident at 

the 20:1, 40:1 and 80:1 radios. Since these specimens were collected 

into EDTA the difference may be partly due to the cells recovering 

their cytotoxic activity but some increase due to length of incubation 

is also possible. Table 9 shows what occured with heparinized samples. 

At the E:T ratio of 80:1 there was a statistically significant increase 

in cytotoxicity with increased incubation time. This might suggest 

that hi vitro cytotoxicity increases with incubation time in vitro; 

however, since it was only evident at one E:T ratio and the value of n 

is relatively small this evidence cannot be considered conclusive. 

The effect of rIL-2 upon Daudi lysis in adults was quite 

dramatic as is shown by the results in Table 10. Cytotoxicity was 

significantly increased when PBMC were incubated with rIL-2. A maximal 

level of 51Cr release was achieved at both the 40:1 and 80:1 ratios. 

Activation of LAK cells by rIL-2 in newborns 

Cytotoxic capacity of cord blood MC was compared after 1 and 3 

days of incubation with and without rIL-2. These results are 

summarized in Table 11. Cord blood MC did not show the expected 

increase in cytotoxicity from the lower to higher E:T ratio at either 

period of incubation. Although there are slight increases at the 5:1, 

40:1 and 80:1 ratios, there is not a definite pattern to the changes in 

cytotoxic capability. However, cord blood MC when incubated with rIL-2 

show the same dramatic increase in Daudi lysis as demonstrated by the 

values in Table 12. At all E:T ratios, rIL-2 increased the percent of 

5*Cr release significantly. 
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Table 9. Inherent Daudi cell lysis by adult PBMC from heparinized 
specimens after 1 day of incubation in assay medium compared 
to 3 days in buffer control medium. 

E:T P 
ratio 1 day 3 days n value 

5:1 15±4.2a 15±6.0 6 0.9165b 

10:1 20±4.0 16±5.6 6 0.5002 

20:1 18±3.1 22±8.4 6 0.9165 

40:1 20±4.0 32±9.2 6 0.1730 

80:1 24±6.1 40±7.9 5 0.0431 

a Values represent the mean % ®*Cr release ± S.E.M 

k P values obtained by the Mann-Whitney test. 
P<0.05 is considered significant. 
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Table 10. Daudi cell lysis by adult PBMC from EDTA specimens after 3 
days of incubation in buffer control medium compared to 3 
days with 50 U/ml rIL-2. 

E:T Buffer 50 U/ml P 
ratio control rIL-2 n value 

5:1 13±3.3a 44±6.7 9 0.0109 

10:1 13±3.1 59±5.8 9 0.0077 

20:1 21±4.4 71±5.3 9 0.0077 

40:1 28±5.1 81±4.2 9 0.0077 

80:1 37±6.4 79±4.9 7 0.0180 

Lytic 
units 93±28.2 272±18.1 7 0.0180 

a Values represent the mean % 5*Cr release ± S.E.M. 

b P values obtained by the Mann-Whitney test. 
P<0.05 is considered significant. 
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Table 11. Inherent Daudi cell lysis by cord blood MC after 1 day of 
Incubation 1n assaymedlum compared to 3 days in buffer 
control medium. 

ratio 1 day 3 days n value 

5:1 2±1.0a 7±2.2 15 0.0207' 

10:1 2±1.1 4±1.5 15 0.3268 

20:1 1±0.7 6±4.6 15 0.0593 

40:1 3±2.1 7±3.8 15 0.0076 

80:1 2±1.9 5±2.3 14 0.0409 

a Values represent the mean % 51Cr release ± S.E.M. 

b P values obtained by the Mann-Whitney test. 
p<0.05 Is considered significant. 
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Table 12. Daudi cell lysis by cord blood MC after 3 days of incubation 
in buffer control medium compared to 3 days with 50 U/ml rIL-2. 

E:T Buffer 50 U/ml P 
ratio control rIL-2 n value 

5:1 7±2.2a 41±4.0 15 0.0007^ 

10:1 4±1.5 56±4.6 15 0.0007 

20:1 6 ±4.6 71±4.6 15 0.0007 

40:1 7±3.8 81±3.5 15 0.0007 

80:1 5 ±2.3 81±3.6 14 0.0010 

a Values represent the mean % 5*Cr release ± S.E.M. 

b P values obtained by the Mann-Whitney test. 
P<0.05 is considered significant. 
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Comparing cytotoxicity of adults to newborns 

Tables 13 and 14 compare results obtained from adults and 

newborns after 1 day and 3 days in buffer control medium. At 1 day the 

values at the 5 E:T ratios show adult cells having greater cytotoxic 

activity than newborns against Daudi cells. At 3 days of incubation, 4 

out of 5 values are significantly greater for adults. This is in 

agreement with the results shown earlier in Tables 3 and 4. It is 

apparent that adults do have greater natural capability to lyse the 

Daudi cell line both at 24 hours or 3 days and when collected into 

heparin (Table 3) or EDTA (Tables 13 and 14). 

When cord blood MC were incubated with rIL-2, their increased 

cytotoxic activity is indistinguishable from that of adults. This is 

demonstrated in Table 15. There is no difference for any of the 

values, including % ^Cr release at all E:T ratios and the calculated 

lytic units. Clearly, cord blood PBMC and adult PBMC respond equally 

to 50 U/ml of rIL-2 upon 3 days of incubation. 

Phenotypic Evaluation of MC 

Lymphocyte subsets determined with monoclonal antibodies 

Monoclonal antibodies to various lymphocyte cell surface 

markers were used to compare the phenotypes of lymphocytes from cord 

blood, nine month and adult MC. Antibodies used were specific for T 

cells (0KT3), helper/inducer T cells (0KT4), suppressor/cytotoxic T 

cells (0KT8), and NK cells (Leull). Sheep erythrocyte rosettes were 

also used to determine numbers of T cells. The results in Table 16 
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Table 13. Daudi cell lysis by adult PBMC compared to cord blood MC 
after 1 day of incubation in assay medium. 

E:T P 
ratio adult n cord n value 

5:1 18±3.8a 8 2±1.0 15 0.0012 

10:1 13 ±3 5 8 2±1.1 15 0.0033 

20:1 12±3.3 8 1±0.7 15 0.0007 

40:1 8±3.3 8 3±2.1 15 0.0054 

80:1 6±3.2 8 2±1.7 15 0.0096 

a Values represent the mean % 51Cr release ± S.E.M. 

b P values obtained by the Mann-Whitney test. 
P<0.05 is considered significant. 
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Table 14. Inherent Daudi cell lysis by adult PBMC compared to cord blood 
MC after 3 days of incubation in buffer control medium. 

E:T P 
ratio adult n cord n value 

5:1 13±3.3a 9 7±2.2 15 0.2156 

10:1 13±3.1 9 4±1.5 15 0.0187 

20:1 21±4.4 9 6±4.6 15 0.0041 

40:1 28±5.1 9 7±3.8 15 0.0015 

80:1 37±6.4 7 5±2.3 9 0.0006 

a Values represent the mean % ^Cr release ± S.E.M. 

b P values obtained by the Mann-Whitney test. 
P<0.05 is considered significant. 
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Table 15. Daudi cell lysis by adult LAK cells compared to cord blood 
LAK cells after 3 days of incubation with 50 U/ml rIL-2. 

E:T P 
ratio adult n cord n value 

5:1 44±6.7a 9 41±4.0 15 0.9048 

10:1 59±5.8 9 56±4.6 15 0.8345 

20:1 71±5.3 9 71±4.6 15 0.9762 

40:1 81±4.2 9 81±3.5 15 0.7878 

80:1 79±4.9 7 81±3.6 14 0.7939 

Ly ti c 
units 258±22.7 9 257±18.2 15 0.9151 

a Values represent the mean % ^Cr release ± S.E.M. 

b P values obtained by the Mann-Whitney test. 
P<0.05 is considered significant. 
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were obtained from infants in the Respiratory Study. Table 17 shows the 

statistical analysis of this data. Cord blood lymphocytes had lower 

percentages of cells reacting with 0KT3, 0KT8, E rosettes, and Leull 

compared to both adults and nine month olds. The difference in Leull+ 

cells was small but still statistically significant. MC from 9 month 

olds gave results quite similar to those of adults with the exception 

of 0KT8. The percent of 0KT8+ cells at 9 months of age is 

significantly lower than in adults; however, it is still higher than 

that shown by cord blood lymphocytes. These differences cause 

significant changes in the 4/8 (helper/suppressor) ratio of all three 

groups. The percent of 0KT4+ cells remains relatively the same between 

the sample groups. 

Lymphocyte subsets of MC after incubation with rIL-2 

MC suspensions which were used in the LAK cell assays were also 

examined for cell surface markers. Some of the antibodies used were 

the same as those represented in Table 16. Additional antibodies used 

were specific for the sheep erythrocyte receptor of T cells (0KT11), 

NK cells (NKH1, also known as Leu7)(9) and the IL-2 receptor of T 

cells. The cell suspensions were tested after 24 hours incubation in 

assay medium, 3 days of incubation with rIL-2 and 3 days with the 

buffer control medium. The results of these tests are given in Tables 

18, 19 and 20. Due to limitations of reagents and FACS instrument time 

a very limited number of samples was run. While the statistical 

evaluations are not as clear cut because of the sample size and 

individual variability, the test values obtained on eel 1 suspensions at 
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Table 16. Mononuclear cell phenotypes from Respiratory Study sample 
groups at birth, 9 months and adulthood. 

Test 
system cord n 9 month n adult n 

E rosette 68±1.2a 70 73±0.7 80 74±2.2 26 

0KT3 66±1.2 66 72±0.8 87 72±1.8 26 

0KT4 48±1.1 70 52±0.8 90 48±2.0 26 

0KT8 15±0.8 69 19±0.6 90 27±1.4 26 

Leull 6±0.5 57 8 ±0.3 86 9±0.9 20 

4/8 ratiob 3.7 ±0.2 69 2.9±0.1 89 1.9±0.1 26 

a Values represent % of cells giving a positive reaction with the 
test system used and given as the mean ± S.E.M. 

k The ratio of % 0KT4+ cells to 0KT8+ cells. 
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Table 17. Statistical analysis of MC phenotypes from Respiratory Study 
sample groups. 

P values 

cords cords 9 month: 
Test versus versus versus 
system adults 9 months adults 

E rosette3 0.0097 0.0054 0.0915 

0KT3b 0.009 <0.0000 0.8320 

0KT4b 0.932 0.0020 0.0670 

0KT8b <0.000 <0.0000 <0.0000 

Leullb 0.019 0.0270 0.2250 

4/8 ratio® <0.0000 <0.0000 <0.0000 

a P values obtained by the Mann-Whitney test. 
P£0.05 is considered significant. 

b P values obtained by Student's T-test due to test 
results being normally distributed for the 2 groups. 
P<0.05 is considered significant. 
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Table 18. Phenotypes of adult PBMC and cord blood MC after 1 day of 
incubation in assay medium. 

Test P 
system adult cord value 

0KT11 80±1.4a 71±3.3 0.0593' 

0KT3 74±3.1 64±1.8C 0.0249 

0KT4 42±4.0 48±5.0 0.6004 

0KT8 29±6.1 21±2.8 0.3472 

NKH1 16±4.5 15±6.3 0.7533 

IL-2 
receptors 10±3.1 5±1.2 0.2463 

4/8 ratiod 1.7±0.5 2.5±0.4 0.2492 

a Values represent % of cells giving a positive reaction 
with the test system used and given as the mean ± S.E.M. 

b Values obtained by the Mann-Whitney test. P£0.05 is 
considered significant. 

c n=4; for all other values n=5. 

d The ratio of % 0KT4+ cells to 0KT8+ cells. 
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Table 19. Phenotypes of adult PBMC and cord blood MC after 3 days of 
incubation in buffer control medium. 

Test P 
system adult cord value 

0KT11 82±1.7a 73±1.5 0.01191 

0KT3 69±4.6 67±1.2 0.5284 

0KT4 47±1.6 41±4.3 0.1745 

0KT8 23±5.1 24±3.0 0.8335 

NKH1 8±4.4 10±3.7 0.6742 

IL-2 
receptors 5±3.9 6±1.7 0.1400 

4/8 ratioc 2.7±0.7 2.0±0.6 0.3443 

a Values represent % of cells giving a positive reaction 
with the test system used and given as the mean ± S.E.M. 

k Values obtained by the Mann-Whitney test. P<0.05 is 
considered significant; n=5. 

c The ratio of % 0KT4+ cells to 0KT8+ cells. 
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Table 20. Phenotypes of adult PBMC and cord blood MC after 3 days of 
incubation with 50 U/ml rIL-2. 

Test P 
system adult cord value 

0KT11 79±5.9a 69±3.6 0.0937 

0KT3 67±4.4 64±5.1 0.6015 

0KT4 36±5.9 42±6.2 0.3443 

0KT8 19±6.2C 21±3.0 0.8065 

NKH1 17±3.9 8±3.5 0.1161 

IL-2 
receptors 2±1.0 8±5.9 0.5165 

4/8 ratiod 3.0±1.5C 2.3±0.6 0.7110 

a Values represent % of cells giving a positive reaction 
with the test system used and given as the mean ± S.E.M. 

b Values obtained by the Mann-Whitney test. P<0.05 is 
considered significant. 

c n=4; for all other values n=5. 

d The ratio of % 0KT4+ cells to 0KT8+ cells. 
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24 hours are fairly similar to those previously obtained from the 

Respiratory Study samples with fresh whole blood (shown in Table 16). 

Cord blood had lower percentages than adults of 0KT11+ and 0KT3+ cells 

at 24 hours as seen in Table 18. Also 0KT8+ cells had a somewhat lower 

percentage and the 4/8 ratio was slightly higher; although these 

differences were not statistically significant in this portion of the 

study, the values are in keeping with differences seen in the larger 

sample group. 

Cellular profiles seen after 3 days of incubation, either with 

or without rIL-2 were compared to those seen after 24 hours. The 

results and the statistical analyses are shown in Tables 21, 22, 23, 

and 24. There were no statistically significant differences with the 

exception of % 0KT3+ cells in adults. The P value of 0.0431 barely 

meets the criteria for significance when comparing the % 0KT3+ cells 

after 1 day of incubation in assay medium and after 3 days in buffer 

control madium. The 4/8 ratio appeared to increase slightly in adults 

after incubation with the control or rIL-2 due to small changes in the 

percent of both 0KT4+ and 0KT8+ cells. Two individuals had been tested 

in duplicate using blood samples collected into EDTA versus heparin. 

The results showed no major differences between the two anticoagulants. 

However, when EDTA had been used, a slightly lower percentage of cells 

stained positively for 0KT8. At 3 days incubation in control medium 

the EDTA sample gave 11% + 0.0 (SEM) 0KT8+ cells, while the heparinized 

sample gave 21% + 4.0 (n=2, p=0.1797) and at 3 days incubation in rlL-

2, EDTA cells gave 12% + 12.0 and the heparinized cells gave 22% + 3.0 
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Table 21. Phenotypes of adult PBMC after incubation for 1 day in assay 
medium, 3 days in buffer control medium and 3 days with 
50 U/ml rIL-2. 

1 day 3 days 3 days 
Test assay buffer 50 U/ml 
system medium control rIl-2 

0KT11 80±1.4a 82±1.7 79±5.9 

0KT3 74±3.1 69±4.6 67±4.4 

0KT4 42±4.0 47±1.6 36±5.9 

0KT8 29±6.1 23±5.1 1916.2' 

NKH1 16±4.5 8±4.4 17±3.9 

IL-2 
receptors 10±3.1 5±3.9 2±1.0 

4/8 ratio0 1.7±0.5 2.7±0.7 3.0±l.i 

a Values represent % of cells giving a positive reaction 
with the test system used and given as the mean ± S.E.M. 

b n=4; for all other values n=5. 

c The ratio of % 0KT4+ cells to 0KT8+ cells. 



Table 22. Statistical analysis of adult PBMC phenotypes after 
incubation for 1 day in assay medium, 3 days in buffer 
control medium and 3 days with 50 U/ml rIL-2. 

P values 

1 day vs. 1 day vs. 3 days in buffer 
Test 3 days in 3 days in control vs. 3 days 
system buffer control 50 U/ml rIL-2 in 50 U/ml rIL-2 

0KT11 0.20123 0.5002 0.7874 

0KT3 0.0431 0.2249 0.8927 

0KT4 0.2733 0.5002 0.1380 

0KT8 0.1441 0.1448b 0.46521 

NKH1 0.2249 0.8927 0.1380 

IL—2 
receptors 0.2249 0.0796 0.8551 

4/8 ratio 0.0679 0.0679b 1.00001 

a P values obtained by the Mann-Whitney test. 
P<0.05 is considered significant. 

k n=4; for all other values n=5. 
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Table 23. Phenotypes of cord blood MC after incubation for 1 day in assay 
medium, 3 days in buffer control medium and 3 days with 
50 U/ml rIL-2. 

1 day 3 days 3 days 
Test assay buffer 50 U/ml 
system medium control rIl-2 

0KT11 71±3.3a 73±1.5 69±3.6 

0KT3 64±1.8b 67±1.2 64±5.1 

0KT4 48±5.0 41±4.3 42±6.2 

0KT8 21±2.8 24±3.0 21±3.0 

NKH1 15±6.3 10±3.7 8±3.5 

IL-2 
receptors 5±1.2 6±1.7 8±5.9 

4/8 ratio0 2.5±0.4 2.0±0.6 2.3±0.6 

a Values represent % of cells giving a positive reaction 
with the test system used and given as the mean ± S.E.M. 

b n=4; for all other values n=5. 

c The ratio of % 0KT4+ cells to 0KT8+ cells. 



Table 24. Statistical analysis of cord blood MC phenotypes after 
incubation for 1 day in assay medium, 3 days in buffer 
control medium and 3 days with 50 U/ml rIL-2. 

P values 

1 day vs. 1 day vs. 3 days in buffer 
Test 3 days in 3 days in control vs. 3 days 
system buffer control 50 U/ml rIL-2 in 50 U/ml rIL-2 

0KT11 0.71503 0.6858 0.2850 

0KT3 0.2850b 0.2733b 0.5896 

0KT4 0.1380 0.3452 0.7874 

0KT8 0.7150 0.7150 0.5930 

NKH1 0.6858 0.3452 0.8927 

IL-2 
receptors 0.5839 0.7874 0.7150 

4/8 ratio 0.2807 0.6858 0.2807 

a P values obtained by the Mann-Whitney test. P<0.05 is considered 
significant. 

b n=4; for all other values n=5. 
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0KT8+ cells (n=2, p=0.6547). This may have affected the 4/8 ratios 

obtained. An increased sample number would be necessary to determine 

if these differences represent real changes. This is especially true 

since the cord blood 4/8 ratios did not seem to be affected in the same 

manner after 3 days of incubation. 

White Blood Cell Differential Counts 

Results from Respiratory Study sample groups 

Slides were prepared from the cell suspensions used for the NK 

assay. Table 25 shows the results and Table 26 the statistical 

analysis of the differential cell counts performed. The lymphocyte 

separation procedure does not work as well with cord blood as with 

peripheral blood from nine month olds or adults. This is evident in 

the lower percentage of lymphocytes shown for cord bloods and the 

higher percentage of other cell types, mainly neutrophils. The percent 

of large granular lymphocytes out of the total number of lymphocytes 

(%LGL) shows a very small degree of change between the different 

groups. The %LGL in cord blood and nine month samples is almost that 

of adults (Table 25). 

Differential counts after incubation with rIL-2 

Differential WBC counts were performed on cell suspensions used 

in the Daudi lysis assays for LAK cell activity. The differences 

observed between adults and cord bloods were the same as those seen 

previously in the Respiratory Study. Adults had a higher percent of 

total lymphocytes and a higher total number of LGL. However, when LGL 
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Table 25. Differential cell count results of MC suspensions from 
Respiratory study sample groups. 

cord 9 month adult 
n=71 n=91 n=33 

total 
lymphocytes 72±l.la 92±0.6 91±1.0 

PMN/other 27±1.1 8±0.6 9±1.0 

% LGLb 7±0.5 8±0.6 11±1.4 

a Values represent the % of cells identified as a given type and are 
given as the mean ± S.E.M. 

b Values represent (% LGL -r % total lymphocytes) X 100. 

Table 26. Statistical analysis of differential cell count results from 
the Respiratory Study sample groups. 

cord 
versus 
adult 

9 month 
versus 
adult 

cord 
versus 
9 month 

total 
lymphocytes 

PMN/other 

% LGL 

<0.0000a 

<0.0000 

0.0501 

0.2416 

0.1951 

0.0291 

<0.0000 

<0.0000 

0.7484 

a P values obtained by the Mann-Whitney test. P£0.05 is considered 
significant. 
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are calculated as a percent of total lymphocytes, the differences are 

minimized. This pattern is seen after 1 or 3 days of incubation in 

media and after 3 days of incubation with rIL-2 as shown in Tables 27, 

28 and 29. 

Cell suspensions from adult samples showed no changes between 

day 1 and day 3 or after incubation in the presence or absence of rlL-

2. There were some changes seen with cord blood cell suspensions 

These comparisons are shown in Tables 30, 31 and 32. The major change 

was that the percent of total lymphocytes increased and the percent of 

"other" cells (especially neutrophils) decreased. Due to the cell 

suspensions being in plastic tissue culture plates, adherent cells 

would be removed. Also, peripheral blood neutrophils have a shorter 

life span than lymphocytes and after several days in culture a greater 

proportion of them would be expected to die. There were no changes in 

LGL as a percent of total lymphocytes with any of the culture 

conditions. After 3 days of incubation there was a higher total 

percentage of lymphocytes in the cell suspensions incubated with rIL-2 

(Table 28). IL-2 is known to induce proliferation and perhaps this 

fact could account for this slight increase. 
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Table 27. Differential cell count results of adult and cord blood MC 
suspensions after 1 day of incubation in assay medium. 

adult cord P 
n=7 n=ll value 

total 
95±1.3a lymphocytes 95±1.3a 76±4.1 0.001 

LGL 10±1.1 6±1.1 0.015 

monocytes 1±0.3 2±0.3 0.038 

other 4±1.2 22±4.2 0.001 

% LGLC 11±1.2 8±1.3 0.133 

a Values represent the % of cells identified as a given type 
and are given as the mean ± S.E.M. 

b Statistical analysis by Student's T-test. P£0.05 is 
considered significant. 

c Values represent [% LGL -r % total lymphocytes) X 100. 
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Table 28. Differential cell count results of adult and cord blood MC 
suspensions after 3 days of incubation with rIL-2. 

adult cord P 
n=7 n=12 value 

total 
96±0.6a lymphocytes 96±0.6a 87±3.1 0.011 

LGL 11±1.0 7 ±1.2 0.017 

monocytes 2±0.4 3±0.4 0.125 

other 2±0.3 10±2.8 0.012 

% LGLC 11±1.1 8±1.3 0.056 

a Values represent the % of cells identified as a given type 
and are given as the mean ± S.E.M. 

b Statistical analysis by Student's T-test. P<0.05 is 
considered significant. 

c Values represent (% LGL -£• % total lymphocytes) X 100. 
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Table 29. Differential cell count results of adult and cord blood MC 
suspensions after 3 days of incubation in buffer control 
medium. 

adult cord P 
n=7 n=ll value 

total 
lymphocytes 95±0.7a 79±3.3 0.001 

LGL 10±2.2 5±1.1 0.105 

monocytes 3 ±0.6 5 ±0.8 0.140 

other 2±0.5 16±2.9 0.001 

% LGLC 10±2.4 7±1.4 0.255 

a Values represent the % of cells identified as a given type 
and are given as the mean ± S.E.M. 

b Statistical analysis by Student's T-test. P£0.05 is 
considered significant. 

c Values represent {% LGL-r % total lymphocytes) X 100. 
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Table 30. Differential cell count results of cord blood MC 
suspensions after incubation for 1 day in assay medium and 3 
days in buffer control medium. 

1 day in 3 days in P 
assay medium buffer control value 

total 
lymphocytes 74±4.7a 81±4.0 0.047b 

LGL 5±1.0 6±1.3 0.650 

monocytes 2 ±0.5 4±0.9 0.073 

other 24±4.7 16±3.6 0.050 

% LGLC 7±1.3 7±1.7 0.798 

a Values represent the % of cells identified as a given type 
and are given as the mean ± S.E.M. 

b Statistical analysis by Student's T-test. P<0.05 is 
considered significant. 

c Values represent {% LGL -f % total lymphocytes) X 100. 
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Table 31. Differential cell count results of cord blood MC 
suspensions after incubation for 1 day in assay medium and 3 
days with 50 U/ml rIL-2. 

1 day in 3 days in P 
assay medium 50 U/ml rIL-2 value 

total 
lymphocytes 74±4.2a 88±3.5 0.0011 

LGL 6±1 -1 7±1.4 0.635 

monocytes 2±0.4 3±0.5 0.242 

other 23±4.3 9±3.2 <0.000 

% LGLC 8±1.5 8±1.5 0.942 

a Values represent the % of cells identified as a given type 
and are given as the mean ± S.E.M. 

b Statistical analysis by Student's T-test. P£0.05 is 
considered significant. 

c Values represent (% LGL-r% total lymphocytes) X 100. 



67 

Table 32. Differential cell count results of cord blood MC suspensions 
after incubation for 3 days in buffer control medium and 3 
days with 50 U/ml rIL-2. 

3 days in 3 days in P 
buffer control 50 U/ml rIL-2 value 

total 
lymphocytes 79±3.3a 86±3.2 0.0421 

LGL 5±1.1 7±1.2 0.100 

monocytes 5 ±0.8 3±0.5 0.070 

other 16±2.9 11±3.0 0.077 

% LGLC 7±1.4 8±1.3 0.276 

a Values represent the % of cells identified as a given type 
and are given as the mean ± S.E.M. 

k Statistical analysis by Student's T-test. P<0.05 is 
considered significant. 

c Values represent (% LGL -f % total lymphocytes) X 100. 



Chapter 4 

DISCUSSION 

It is well known that there are differences between the immune 

systems of adults and newborns. One such difference is seen in the 

natural (inherent) cytotoxicity exhibited by PBMC against different 

cell lines such as those used in this study, K562 and Daudi, NK and LAK 

cell cytotoxicity respectively (Table 1,2,3,4). There are also 

differences in lymphokine production (Table 3) and the quantity of cell 

surface markers expressed on cells as determined with monoclonal 

antibodies (Table 16,17). These observations were made after results 

of the Respiratory Study became available. One of the possibilities 

for explaining these results is low LAK cell response in newborns. The 

present study compared the effect of rIL-2 on cytotoxic capability and 

cell surface marker expression of adult and newborn MC in an attempt to 

examine thi s possi bi1ity. 

Effect of IL-2 on Cytoxicity 

IL-2 is known to enhance cytotoxicity and induce proliferation 

of lymphocytes. Incubation with rIL-2 in the test system used in this 

study also exerted a dramatic effect on the capability of mononuclear 

cells to lyse the Daudi target cell line (Figure 2,3). LAK cell 

cytotoxicity was greatly increased over control levels in both adults 

(Table 10) and newborns (Table 12) with no differences evident between 
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the two groups (Table 15). This seems to indicate that at birth the 

neccessary LAK cell precursors are present and capable of responding to 

rIL-2. 

One might need to examine immune development prior to birth 

before differences from adult LAK cell response can be seen. There is 

evidence to support the idea that LAK cell precursors develop before 

CTL precursors. LAK cell function was evident prior to CTL function 

after bone marrow transplant in mice (28). Functional CTL must be 

present in newborns as babies are able to exhibit delayed 

hypersensitivity reactions to BCG after having been immunized at birth 

(23). It is not surprising to think that LAK cell development is also 

mature at birth. 

Effect of IL-2 on Cell Surface Markers 

Modulation of cell surface markers after incubation with IL-2 

has been previously demonstrated (2, 44). Fractions of L6L gained the 

0KT3 (T-cell) marker and lost the Leu7 (NK cell) and 0KM1 (monocyte) 

markers. These studies incubated the cells for 10 (44) and 7 (2) days. 

Testing for cell surface markers was done at 3 days of incubation in 

this study and similar changes were not evident (Table 21,22,23,24). A 

longer time period may be necessary before cell surface changes are 

manifested. Also, a less purified preparation of mononuclear cells was 

used in the current study. LAK cell precursors have been reported as 

being <5% of fresh non-adherant peripheral blood lymphocytes (PBL) 

(10). Itoh el al. (17) reported that the frequency of rIL-2 induced 

activated killer cells was in the range of 2% of all PBL. If changes 
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occurred in a very small subpopulation of the mononuclear cells tested 

for cell surface markers, these changes would have been masked due to 

the small proportion of total cells that was represented. 

Effect of IL-2 on Differential Cell Counts 

Differential cell counts on adult PBMC suspensions did not 

change in response to any of the incubation conditions used in this 

study (Table 27,28,29). There were some changes seen with cord blood 

mononuclear cells (Table 30,31) with total number of lymphocytes 

increasing after 3 days in culture. This could be due to removal of 

adherant cells and decreased life span of neutrophils compared with 

lymphocytes. There was also a difference seen between cell suspensions 

that had been incubated for 3 days with or without rIL-2 (Table 32). 

Cord blood mononuclear cell suspensions incubated with rIL-2 showed a 

higher total percentage of lymphocytes than those incubated without 

rIL-2. Again, this could possibly result from the lymphoprol iferative 

properties of rIL-2. Cheever et al. (3) reported an in vitro 

generation time of 16 to 24 hours for log phase T-cell growth in 

response to IL-2. It is quite possible that after 3 days of incubation 

with rIL-2 some prol iferation of lymphocytes occurred and increased the 

total number of lymphocytes present in the cell suspension. 

Proliferation may have occurred in the adult PBMC suspensions as well, 

but the percentage of lymphocytes was close to 100% to begin with which 

would mask evidence of proliferation on the differential blood cell 

count. 
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Cord blood MC do not appear to have any great differences in 

response to rIL-2 as compared to adults in this study. It follows that 

the differences observed in the Respiratory Study between adults and 

newborns in natural cytotoxic capability stem from factors other than 

the ability of their cells to respond to IL-2. Therefore, the results 

of the Respiratory Study must be explained by some other mechanism. 

Several possible explanations will be discussed below. 

A1ternative Explanations for Respiratory Study Results 

Memory CTL to EBV antigens 

One possibility to be considered is the presence of memory CTL 

specific for Epstein-Barr virus (EBV) antigens. The Daudi cell line is 

derived from a Burkitt's lymphoma which is known to be associated with 

infection by EBV. EBV infection can also cause infectious 

mononucleosis. It is fairly common to be exposed to this agent in our 

society so one might suspect that EBV-antigen specific CTL were 

responsible for the cytotoxicity demonstrated against the Daudi cell 

line. In a study done at the United States Military Academy (13) 63.5% 

of entering cadets had antibody to EBV indicating exposure to EBV and 

suggesting that memory CTL would be present. Certain geographic areas 

of the United States (particularly the south-eastern portion) were 

associated with the increased liklihood of giving a positive result. 

Henle and Henle (14) reported that under low socioeconomic conditions 

50 to 85% of children had acquired antibody to EBV by four years of 

age. In a study done using college freshmen as subjects, 26 to 87% of 
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those tested had antibody to EBV (33). They also showed a geographic 

association. The liklihoood of having been exposed to EBV varies 

greatly depending on the sample group chosen since some groups of young 

adults do not have high exposure rates. 

Natural cytotoxicity to Daudi cells by cells from 9 month old 

infants is not statistically different from adult levels according to 

our results (Table 3,4) and subjects were not selected on the basis of 

their socioeconomic background. It seems unlikely that the 9 month 

old infants studied had an exposure rate to EBV that would equal that 

of adults. It therefore seems unlikely that antigen specific CTL are 

responsible for the increased cytotoxicity of 9 month and adult PBMC 

against Daudi cells when compared to the cells of newborns. 

IFN enhancement of Daudi cell lysis 

Daudi cells have been considered to be resistant to NK cell 

lysis. Perhaps they are not totally resistant but are minimally 

affected by NK cells. Daudi cells have been shown to be sensitive to 

killing by IFN activated lymphocytes (27). IFN alone is not able to 

activate LAK cells to lyse NK-resistant targets (11, 21, 29); however, 

NK cell activity against NK sensitive targets can be enhanced by IFN. 

In a study by Uksila et al. (46), IFN alpha augmented NK activity of 

fetal liver and spleen cells and cord blood MC from premature infants. 

Ortaldo et al. (36) showed that anti-IFN gamma could inhibit the IL-2 

induced enhancement of cytolysis against K562 targets by adult LGL. 

Adult PBMC are known to produce more IFN gamma than cord blood MC upon 

stimulation with Con A and PMA (18). If the MC from adults were 
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stimulated to greater IFN production during incubation with the Daudi 

cells, then higher cytotoxicity might be observed. This evidence could 

indirectly support the concept that the ability to produce IFN may 

affect the in vitro cytotoxicity exhibited by MC. Further 

experimentation would be needed to prove this hypothesis. There is 

evidence in the literature which is contrary to this hypothesis. Burns 

et al. (2) found no direct correlation between levels of endogenous IFN 

produced during MLC and the degree of non-specific killer cell 

function. IFN alpha and gamma were not detected in culture 

supernatants when murine spleen cells were incubated with IL-2 and 

anti-IFN did not abrogate the IL-2 activation demonstrated by these 

cells (29). IFN preparations which enhanced NK activity by adult 

murine spleen cells did not induce the same enhancement when spleen 

cells from baby mice were used (22). This led Koo et al. (22) to 

suggest 2 alternatives for why NK activity observed in baby mice is 

lower when compared to adult mice; 1) presence of suppressor cells, or 

2) physiologic immaturity of NK cells. The evidence concerning IFN 

involvement is conflicting but it may still be a factor in the human 

system. 

Immunosuppresion related to pregnancy 

Another possibility is that suppressor factors or suppressor 

cells present during pregnancy affect immune responses of newborns, 

including NK cell response and IL-2 production. Immune suppression 

during pregnancy has been examined. Pregnant women have lower NK 
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activity than non-pregnant women (7). Perhaps whatever affects NK 

cells in mothers also affects NK cells in newborns. 

Inhibition of LAK cell development in newborns could possibly 

occur secondary to inhibition of IL-2. Nicholas, Panayi and Nouri (31) 

reported a factor present in some human pregnancy sera that inhibits 

IL-2 production. This factor was later reported to be present in all 

samples of retroplacental sera tested (32). Nicholas and Panayi (32) 

suggest that this factor is produced by the fetus or placenta and is 

transferred to the maternal circulation. If IL-2 contributes to 

maturation and differentiation of cytotoxic cells in vivo, the presence 

of an IL-2 inhibitor could potentially affect the cytotoxic ability of 

fetal cells as seen in vitro. When this inhibitory factor is absent 

during in vitro testing fetal cells can produce IL-2 upon stimulation 

as was observed in the Respiratory Study (Table 3). The cells are also 

capable of responding to exogenous IL-2 as demonstrated in this study 

(Table 12), but it is possible that the inhibitory factor could still 

exert its influence on cord blood MC in the Daudi cell killing assay. 

Immunosuppression related to suppressor cells 

Although it is not known which cells produce the suppressor 

factor found in retroplacental serum, it is possible that suppressor T 

cells or their factors may also be involved in the decreased 

cytotoxicity seen in infants. Savary and Lotzova (41) mixed spleen 

cells of infant mice with those of adult mice and found that NK cell 

cytotoxicity of the adult cells was subsequently suppressed. Yet in 

humans, newborns have fewer 0KT8+ (suppressor/cytotoxic) T-cells in 
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their blood compared to adults (Table 16.17). This would not 

necessarily preclude the possibility of suppressor cells having an 

effect on NK activity. Different subpopulations, such as suppressor 

cells, may mature at different rates with certain subpopulations having 

greater activity but not necessarily greater numbers than others at 

birth. 

Immune development related to antigen exposure 

Factors other than the immunosuppression occurring during 

pregnancy may contribute to the development of immune mechanisms. 

Exposure of the fetus to foreign antigens is very limited in utero. 

Huh et al. (15) gave evidence that exposure to normal flora bacteria 

can accelerate maturation of the NK cell response. He showed that 

hysterectomy-derived, colostrum-deprived, germ free piglets developed 

NK activity later than specific-pathogen-free piglets. While general 

exposure to foreign antigens may play a part in immune development, it 

does not provide a ready explanation as to why cells from nine month 

olds show a cytotoxic response to Daudi target cells equivalent to that 

of adults yet their cytotoxicity to a K562 target is no different than 

that of newborns (Table 1,2,3,4). Although these results might in fact 

be evidence against NK cells being involved in the observed 

cytotoxicity against Daudi cells, another explanation is also possible 

as described below. 
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Cytotoxic effectors other than classical NK or LAK cells 

Natural killer cells were initially defined on the basis of 

their cytotoxic capabl ilities, particularly against the K562 target. 

This does not preclude the idea that a fairly heterogenous group of 

cells may actually be responsible for this cytotoxicity. Teal et al. 

(43) suggested that natural cytotoxicity in hamsters may possibly be 

due to the existence of 2 distinct cell populations. A close precursor 

relationship between NK cells, NK-1ike cells and CTL has been suggested 

(34) due to the ability of a MoAb, designated NK-9, to recognize both 

LGL and a non-LGL population that contains precursors to CTL and cells 

that show NK-like activity after being induced with PHA. Grimm et al. 

(10) reported that NK, CTL and LAK cells all sediment in the 45$ band 

of a Percoll gradient and speculated that all cytotoxic lymphocytes may 

be larger cells of low density. Similar morphology and close precursor 

and antigenic relationships would make it difficult to provide pure 

populations of cells to study. Perhaps the Daudi cell line, while 

being fairly resistant to cytolysis under normal conditions, is 

partially susceptible to a particular subpopulation of cytotoxic cells 

that matures by 9 months of age in humans. K562 cells might be 

lysed by additional subpopulations because of their increased 

susceptibility to cytolysis. Yet this explanation is not completely 

satisfactory either. One would at least expect lysis of K562 to have 

increased between birth and 9 months due to maturation of effectors but 

this did not occur (Table 1). 
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Residual LAK cell activity secondary to antigenic stimulation 

There is the possibility that Daudi cells are susceptible to 

non-specific cytotoxic effectors (LAK cells) produced secondary to 

antigen reactions with specific CTL. Cord blood MC may lack this 

antigenic exposure and thus have low activity against Daudi cells. 

Grimm and Wilson (12) hypothesized that in vivo LAK cells could be 

activated locally in tissue when a hypersensitivity response progresses 

and results in abundant IL-2 secrection. After a MLC to develop 

antigen specific CTL, some cytotoxic T-cells were found that were able 

to lyse a melanoma cell line unrelated to that used as the original 

antigenic stimulus (2). Supernatants from MLC were found to contain 10 

to 20 U/ml of IL-2 (21). In a localized environment the IL-2 

concentration in vivo could conceivably be even higher and cause LAK 

cell activation. One must also consider reports that murine cells 

cultured with IL-2 v i tro do not survive when put back Jji vi vo unless 

an exogenous supply of IL-2 is provided (3). IL-2 is not present in 

plasma in substantial amounts. This is partly because the body does 

not produce detectable amounts of IL-2. Additionally, when injected, 

IL-2 has a half-life of 6.9 minutes in plasma and >95% is cleared 

within 30 minutes (25). If LAK cells are activated locally and escape 

into the peripheral blood their survival time may be fairly short. If 

an individual, such as a newborn, had not recently been sufficiently 

stimulated by exposure to foreign antigens to induce IL-2 production, 

any residual LAK cell activity would probably be low while an 

individual whose immune system had been recently challenged might be 



78 

expected to have higher residual LAK cell activity. There is a good 

deal of individual variability seen when performing cytotoxicity assays 

so the concept of residual LAK cell activity is plausible. 

In summary, the results of the Respiratory Study and this study 

demonstrate the fact that adults have greater natural cytotoxic 

abilities than do newborns. However, adults and newborns have 

equivalent responses to rIL-2 when tested for cytotoxicity against the 

Daudi cell target. Incubation with rIL-2 showed only minor effects on 

FACS analysis and differential cell counts performed on mononuclear 

cell suspensions. Several possibilities to account for the decreased 

cytotoxic activity of newborns were considered. These include the 

suppression of IL-2 production in the fetus, enhanced suppressor cell 

activity, involvement of IFN, antigen load of the fetus and possible 

residual LAK cell activity in adults. The true reason for the 

difference between adults and newborns is bound to be multifactorial. 

It is not likely to be due to the ability to respond to IL-2 in light 

of the results obtained in this study. 
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