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ABSTRACT

A pilot experiment was performed in which peripheral blood lymphocytes were 

isolated from whole blood using the Ficoll-Hypaque technique. Percoll 

discontinuous-gradient centrifugation of peripheral blood mononuclear cells resulted in a 

2-fold increase in natural killer cell activity coupled with a 3 to 4-fold increase in large 

granular lymphocytes.

Morphology, function (NK activity), and phenotype of Percoll fractions 2-4, 

presumably large granular lymphocytes, were compared with that of lower density 

fractions 6-7 over a 28-day period. Augmentation agents phytohemagglutinin and 

recombinant interleukin-2 were added to the culture medium. Optimal increase in cell 

number of fractions 2-4 was achieved by the addition of augmentation agents 

phytohemagglutinin and recombinant interleukin-2 to culture medium, however, 

interleukin-2 alone failed to induce mitogenesis. Fractions 6-7, containing monocytes, 

were unstimulated.
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INTRODUCTION AND LITERATURE REVIEW

Natural killer cells are a subpopulation of lymphocytes which are responsible for in 

vitro cytotoxic effects against various cell lines. It has recently been suggested that natural 

killer cells are radioresistant, possess large granular lymphocyte (LGL) morphology, and 

have cell surface antigens suggesting a T-cell lineage (Loughran, 1985).

Phytohemagglutinin (PHA): Physiochemical Properties

Phytohemagglutinin exhibits the ability to agglutinate erythrocytes and tumor cells, 

interact with specific blood groups, and cause mitogenesis and toxicity in animals. It is a 

glycoprotein ranging in molecular weight from 120,000 to 128,000 and is composed of 

four subunits. Each subunit has a sugar binding site which accounts for its agglutination 

ability. This is lost if the subunits are disassociated. The amino acid sequence and 

three-dimensional sructure is unknown (Liener, 1982).

Phytohemagglutinin is a lectin found in Phaseolus vulgaris plants, which include black 

bean, red kidney bean, wax bean, and navy bean. Evidence suggests that 

phytohemagglutinin is a key mediator in the determination of specificity between host 

plants and nitrogen fixing bacteria by cross-linking lipopolysaccharides on the surface of 

bacterial cells with antigenic sites on root hairs of the plant. Other functions may include 

protection, pollen germination stimulation, and regulation of cell wall extension (Liener, 

1982).
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Morphologic Effects of Phytohemagglutinin on Lymphocytes

Lymphocytes incubated with phytohemagglutinin have the ability to differentiate and 

transform into blast cells and proliferate. T-lymphocytes are preferentially stimulated. As 

early as day 2 of culture, transformed cells on stained smears show an increase in size of 

15-30 um, cytoplasmic basophilia and vacuole and lysosomal development. Mitosis is 

maximal by 72 hr. Electron micrographs indicate the blast cells have little nuclear 

heterochromatin, abundant ribosomes, large golgi, and abundant mitochondria after 48 hr. 

As early as a few hr after phytohemagglutinin is added, the nucleolus enlarges. After day 

3, numerous lymphocytes are present due to division of the transformed cells (Bach, 

1982).

Biochemical Effects of Phytohemagglutinin

Following augmentation with phytohemagglutinin, there are notable intracellular 

changes in levels of cyclic AMP, adenyl cyclase, and cyclic GMP. Lipid turnover, 

nucleoprotein phosphorylation, and histone acetylation increases. By the second hr, RNA 

synthesis has increased. Between 2-4 hr protein synthesis increases and by hr 36 there is 

an increase in DNA synthesis which then increases exponentially after hr 36 (Bach, 1982).

Mitogen Receptors

It has been suggested (Bach, 1982) that the mitogen phytohemagglutinin acts in such a 

manner to express surface receptors for growth factors produced by T-cells. Once the 

growth factors are present, the mitogen is no longer required and the growth factors alone 

cause differentiation and proliferation to occur.
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Immune System

The immune system (Fig. 1), serves to protect the body from invading disease-causing 

organisms or other foreign substances, collectively termed antigens. The immune reactions 

which occur depend upon different tissues, organs, and antibodies. Immunity is based on 

the ability to distinguish between "self and "non-self which means the recognization of 

substances which are the bodies own and those which are not.

The body defends itself against antigens in two ways, humoral and cell-mediated 

immunity. Humoral immunity involves the production of antibodies which combine with 

cell surface markers on antigens inactivating them. Cell-mediated immunity utilizes the 

lymphocyte and macrophage population which have a cytotoxic or phagocytic effect on the 

antigen.

The two major organs of the immune system are the thymus and, in birds, the bursa of 

Fabricus. These two organs produce the two lymphocyte populations involved in humoral 

and cell-mediated immunity, the thymus controlling the production of T-cells and the bursa 

of Fabricus controlling the production of B-cells. The precursor cells of lymphocyte and 

macrophage populations are produced from stem cells in the bone marrow. The peripheral 

lymphoid system is composed of the spleen, lymph nodes, tonsils, and gut-associated 

lymphoid system. Only upon antigenic stimulation do these organs mature.

e
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Immunogenic Stimulus

I
Immune Response

1
Macrophage System

I
Activation of Lymphocytes pd Cell to Cell Interactions^nc

Proliferation and DifferentationZ---------------------*--------------------

Cell-Mediated Immunity 
(T- Lymphocytes)

Humoral Immunity 
(B- Lymphocytes)

Fig. 1. Development of cell-mediated and humoral immunity.

Humoral Immunity

Humoral immunity involves the production of antibodies by B-lymphocytes and plasma 

cells in response to antigenic stimulation. These antibodies possess the capability of 

interacting with the antigen which caused proliferation and causing antigen inactivation. 

The antibodies produced are separated into five classes, the immunoglobins, each with a 

specific function. Some act as antitoxins, neutralizing the effect of a toxin by binding to it. 

The invading cell sets off a series of reactions at the cell surface involving blood serum 

proteins known as complement. The end of this series results in the death of the cell by
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lysis. In the human, the origin of the tissue responsible for humoral effectors is believed to 

be the bone marrow,while in birds it is the bursa of Fabricus (Brown, 1984).

B-lymphocytes originate in the bone marrow but it is thought that they undergo 

processing in intestinal lymphoid tissues before migrating to secondary lymphoid organs. 

These secondary lymphoid organs include lymph follicles, the medulla of lymph nodes, 

follicles within Peyer's patches and spleen, and the marginal zone of the white pulp of the 

spleen (Tizard, 1988).

Cell-Mediated Immunity

The thymus is responsible for the production of T-lymphocytes responsible for 

cell-mediated immunity. T-lymphocytes can be activated directly or by cell products 

formed by other T-lymphocytes. These cell products are known as lymphokines and 

include migration inhibitory factor (MIF), cytotoxin, interferon, and others (Bellanti, 

1979). T-lymphocytes originate in the bone marrow and migrate to the thymus where 

differentiation occurs. Eventually a new population is formed which is directly or 

indirectly cytotoxic to target cells. T-lymphocytes are important in the rejection of 

allografts, tumors, and anti-microbial immunity.

Natural Killer (NK) Cells

Natural killer cells are a group of lymphocytes responsible for cytotoxic effects without 

prior antigenic sensitization. Although the effects of NK cells in the body are uncertain, 

involvement in anti-viral and tumor regulation and hemopoetic and B-cell regulation has 

been suggested (Loughran, 1985). Recently, Loughran (1985) has shown that NK cells 

possess cell surface antigens suggesting a T-cell lineage and the highest concentration of 

NK activity was shown in peripheral blood mononuclear cells, with lower levels in splenic
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and bone marrow mononuclear cells.

Investigators (Ding E-Young, 1988) have shown that the binding of NK cells to a 

target causes a calcium ion influx which triggers exocytosis of NK cytoplasmic granules. 

Other studies using mouse lymphocytes have shown that when granules fuse with the

• target cell membrane, they release 70-kilodalton perforin proteins outside of the cell.

Perforin monomers undergo a conformational change due to the calcium presence outside 

of the cell, forming polymers. These polymers insert into the target cell membrane and 

form 1 to 10-um pores which allow the membrane to leak. Ions and water flow into the 

cell causing lysis. It has been hypothesized that a protective mechanism exists to prevent 

the insertion of perforin into the membrane of the NK cell. A protein similar to perforin, 

known as protectin, is present in the lymphocyte membrane. Any perforin monomer 

binding to the membrane would combine with protectin, preventing polymerization and the 

formation of membrane pores. For human lymphocytes, in vitro production of perforin 

requires stimulation with interleukin-2, which appears to be the case in vivo as well. Other 

mechanisms have also been proposed for the mechanism of cell death, such as DNA 

cleavage (Ding E-Young, 1988).

My studies focused on the determination of the growth characterisitics of NK cells 

which have large granular lymphocyte morphology, specifically the causitive agent of 

maximal cell increase in vitro by use of PHA and recombinant interleukin-2 (IL-2). These 

agents act as mitogenic factors when specific cell receptors exist on the cell surface.

t
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MATERIALS AND METHODS

PILOT EXPERIMENT

• NK Assay: Whole blood was obtained from various beagles and cross-bred hounds 

and heparinized. Peripheral blood mononuclear cells were separated using Ficoll-Hypaque 

density gradient centrifugation at 2200 g for 25 min and served as effector cells. Target 

cells for NK assay were obtained from a canine thyroid adenocarcinoma cell line (CTAC). 

Preparation of target cells involved incubation of CTAC with ^Cr at 37°C and 5% CO2

for 90 min. Cells were then washed once with warm medium (Waymouth containing 10% 

fetal calf serum and 1% non-essential amino acids and 1% penicillin-streptomycin) and 

refrigerated 30 min followed by another wash. Target solutions were adjusted to 1x10^ 

targets per ml. Targets were then added at a concentration of 1x10^ targets per well to 

96-well U-bottom plates. Effector cells were added at 100 ul per well to give effector/target 

ratios of 10:1, 20:1, 50:1, and 80:1 in triplicate wells. Plates were then centrifuged at 800 

g for 2 min and incubated for 18 hr at 37°C. At 18 hr plates were centrifuged at 900 g for 2 

min and 100 ul of supernatant was collected from triplicate wells. Radiactivity was 

determined in a gamma scintillation counter. Percentage of specific lysis (cytotoxicity) was 

calculated by the following formula using the mean value of the triplicate cultures:

% Specific Lysis = experimental release -spontaneous release 
maximum release - spontaneous release

♦
Experimental release was found by the number of counts detected in wells with 

effector cells. Spontaneous release was found by adding media only to targets in the 

wells. Maximum release was determined by detergent lysis of the target.
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NK Enrichment: Percoll discontinous-gradient centrifugation was performed in the

following manner. Osmolality of Percoll (Pharmacia Fine Chemicals, Piscataway, N.J.)

was corrected to 285 Osm/kg H2O (27.81 ml Percoll) with 10X concentrated PBS

[Phosphate buffered saline (2.19 ml 10X)]. The gradient was prepared in Falcon 2095
*

conical test tubes as follows:

media (ml) Fraction Percoll (ml) Vol (ml)

3.5 1 2.45 2.5
3.4 2 2.60 2.5
3.25 3 2.75 2.5
3.10 4 2.40 1.5
2.95 5 3.05 1.5
2.80 6 3.20 1.5
2.00 7 4.00 1.5

Note: Low gradient was used for monocyte contamination of human LGL. Fraction 1 

should contain mostly dead cells. NK activity should peak in fractions 2-4 and most of 

the cells recovered should peak in fractions 6-7 (monocytes).

Fractions were layered in the test tube with fraction 7 in the bottom. Cells were layered 

on top of the gradient with no greater than lOxlO^ cells in 1 cc of medium. In previous 

trials I found that any greater concentration caused clumping in the fractions leading to 

unsuccessful separation. The tube was then centrifuged at 550 g for 30 min and fractions 

were collected with a Pasteur pipette. Fractons 2-4 were pooled and fractions 6-7 were 

also pooled. Fraction 1 and fraction 5 were discarded since they were not used in this

study.

Morphology: The morphology of peripheral blood mononuclear cells and cells from the
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different Percoll fractions were obtained by cytospins. Cells were spun at 2x10^ cells per 

ml for 7 min at 700 g. Slides obtained by cytospins were then stained with 

Wright-Giemsa and used to determine the percent LGL.

EXPERIMENT

Following the pilot experiment to determine if large granular lymphocyte enrichment 

could be accomplished reliably, the next step was to observe morphology, function, and 

phenotype of fractions 2-4 over a 28-day period. Culture conditions were also 

manipulated to determine agents causing optimal increase in cell number. NK assay, NK 

enrichment, and morphology determination were done as previously described. 

Phenotyping was accomplished in the following manner and these determinations were 

made at time 0, 2 weeks and 4 weeks.

Phenotyping: Phenotyping was done on unfractionated peripheral blood mononuclear 

cells and cells from the percoll fractions using indirect immunoflourescence. The antigenic 

surface markers could be used to distinguish different subpopulations of cells using the 

following panel of monoclonal antibodies:

Antibody 9.6 is reactive with 99% of human T-lymphocytes but is unreactive with 

canine peripheral blood mononuclear cells (Deeg et al, 1982).

Antibody 1 Al identifies a bimolecular complex of 80,000 and 28,000 Da on canine T 

lymphocytes . It is also reactive with another portion of T-lymphocytes without B or T 

markers.

Antibody E-ll identifies a subset of canine T-lymphocytes, a fraction without B or T
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markers and canine T-lymphocytes equivalent to a human T-cytotoxic/suppressor subset.

Antibody DT2 identifies a 72,000 Da protein found on a subset of canine 

T-lymphocytes. It recognizes 60-70% of T-cells in peripheral blood and a canine 

T-lymphocyte functionally similar to the helper subset of human lymphocytes.

Antibody THY1 identifies T-cells and possibly B-cells. It may also be positive for 

large granular lymphocytes (unpublished).

Antibody DLY6 is positive for a 60,000 Da protein on canine lymphocytes but is 

negative for monocytes.

Antibody WIG4 is positive for monocytes and macrophages and about 15% of 

peripheral blood lymphocytes (unpublished).

Antibody 7.2 is reactive with Ia-like antigens on human cells and canine cells.

(From Loughran,1985)

Percoll fractions were centrifuged for 10 min at 1200 g. One hundred ul of cells were 

added at 2x10^ cells per ml to U-bottom plates and centrifuged 1000 rpm for 10 min. 

Cells were resuspended and 150 ul of antibody was added to each well and incubated on 

ice for a minimum of 30 min. Fifty ul of FACS buffer was then added to each well and 

centrifuged at 1000 rpm for 2 min, followed by two additional washes. 100 ul of Fite was 

applied and cells were incubated on ice for 30 min. Cells were washed three times with 

FACS buffer. Supemate was discarded and 150 ul of 1% para-formaldehyde was added 

to each well to fix. Cells were transferred to vials and refrigerated and later cells were 

analyzed on the flourescence activated cell sorter (FACS 440, Becton Dickenson FACS 

System). Dot plots were generated and used to analyze the cell population. A positive 

phenotyping response was determined by comparing the observed shift of flourescence 

intensity of a specific monoclonal antibody to that obtained with antibody 9.6 or PBS.
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RESULTS

NK Enrichment: Table 1 shows % LGL in each fraction from Percoll 

discontinuous-gradient centrifugation of peripheral blood lymphocytes determined by 

cytospins. Highest NK activity occurred in fractions 2-4 (Fig. 2), corresponding with the 

fractions with highest percentage of LGL.

Table 1. Percent LGL in fractions from Percoll discontinous-gradient cenrifugation. 
Results represent mean ± the standard error of the mean for five experiments.

Fraction %LGL
Unfractionated 9.0 ± 1.7

1 25.8 ±2.5
2 32.3 ± 10.7
3 30.3 ±8.9
4 35.0 ± 11.6
5 15.2 ±3.8
6 11.8 ±1.4
7 5.5 ±2.0

1 1



40 50

Fig. 2. % LGL and specific lysis from fractions from Percoll discontinous-gradients of 
peripheral blood lymphocytes as effectors at effector target ratio of 20/1. Results are 
from 18-hr assays of fractions with n=5 (% LGL) and n=4 (% specific lysis).
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EXPERIMENT

Phenotype of Percoll fractions: Results are summarized in Table 2. Treatment of

Percoll combined fractions 2-4 and 6-7 with monoclonal antibodies at time 0, 14 days, and 

28 days of culture yielded % of cells positive for antibody as indicated. PBS and 

antibody 9.6 served as negative controls.

Table 2. Flow cytometry analysis of antibody treated Percoll fractions 2-4 and 6-7 at 
time 0, 2, and 4 wk of culture.

PBS 9.6 1A1 Ell DT2 Thvl Dlv6 Wig4 7.2

Group 1 

Time 0

2-4 1.4 5.6 49.6 25.8 47.3 76.8 52.0 37.7 76.0

6-7 2.3 4.1 65.6 16.7 42.9 78.7 57.6 35.5 82.9

14 days

2-4 10.2 12.0 85.4 86.8 88.5 89.9 84.9 30.8 89.7

6-7 Not available-cells died

28 days

2-4 10.2 9.1 - 6.4 6.8 36.1 34.7 13.3 42.2

6-7 Not available-cells died

Group 2

Time 0

2-4 1.7 7.6 80.5 18.0 78.9 92.9 34.8 22.4 89.2
6-7 1.8 12.3 89.2 40.0 78.8 93.4 78.1 63.8 90.2

Group 3

Time 0

2-4 1.6 7.7 - 17.6 60.3 81.7 18.0 43.7 76.5

6-7 2.7 6.4 - 45.0 63.4 55.9 16.3 44.7 54.0
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NK Assay on cultures: Table 3 indicates results of NK assays done on fractions 2-4 

and 6-7 from cultures at time 0, 2, and 4 wk. Unffactionated peripheral blood lymphocytes 

obtained from a different donor were also assayed as a control.

Table 3. 18-hr. NK assays with Percoll discontinous-gradient fractions 2-4 and 6-7 as 
effectors at effector/target ratio of 20/1. Assays were done at time 0, 14 days, and 28 
days.

Group 1 DavO Dav 14 Day 28
unfx 7 74 62
2-4 8 24 67
6-7 4 - -

Group 2
unfx 54 - -
2-4 96 - -
6-7 91 - -

Group 3
unfx 67 - -
2-4 70 - -
6-7 22 - -

Mean (+ SEMI
unfx 42.7 ± 18.6 74 62

2-4 58.0 ±26.6 24 67
6-7 38.8 ±27.0
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Augmentation in vitro: Initial experimental cultures were incubated in media with 1% 

Difco PHA, 10% IL-2, 10% normal pooled serum (NPS), and only 10% IL-2, 10% NPS, 

and media. By day 2, fractions 2-4 stimulated with IL-2 alone had increased almost 2-fold, 

while PHA/IL-2 stimulated cells had increased 3-fold. Fractions 6-7 stimulated with IL-2 

alone had decreased in total cell count from 5 x 10^ to 1.8 x 1(A By day 4, these cultures 

were discarded due to very few viable cells left. Further experiments involving culture of 

fractions over a 28-day period were then cultured with both PHA and IL-2.

Fig.3 represents three groups of fractions 2-4 grown in vitro. Some cultures had to be 

discarded due to fungus growth, therefore the total number of cells represents the cells in 

the discarded cultures also, assuming the same number of cells would have been present in 

those cultures as in the ones counted.

Fig. 4 represents 2 groups of fractions 6-7 cultured by addition of PHA/IL-2 also.

JOfF55'''....."
BwmOWAay,
CARROLL C0Q.W
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■B- Group 1 

Group 2

B- Group 3

Fig. 3. Growth augmentation of in vitro Percoll fractions 2-4 by stimulation with 1% 
PHA + 10% IL-2 from time 0 to day 28. Three individual groups of fractions 2-4 obtained 
at different times are represented.
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Fig. 4. Growth augmentation of in vitro Percoll fractions 6-7 by stimulation with 1% PHA 
+ 10% IL-2 over a 20-day period. Two individual groups of fractions 6-7 obtained at 
different times are represented.

*
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DISCUSSION

The presence of NK function in cells with large granular lymphocyte morphology has 

been shown by several investigators (Kumagai, 1982; Loughran, 1985). My results 

confirm that fractions 2-4 with highest canine LGL occurrence correspond to the fractions 

with the highest NK activity.

For group 1 fractions 2-4 (Table 2), the percent of positively labeled cells with antibody 

increased at 14 days, with the exception of Wig4. Since this antibody is positive for 

macrophages and monocytes, this would indicate that these cells decreasaed in number over 

time. By day 28, all the percent positively labeled cells decreased considerably. This may 

be due to lack of expression of the proper antigenic surface marker after this time period.

For all groups of fractions 2-4, the percent positively labeled cells were highest with 

antibody Thyl. These results are consistent with Thyl being positive for NK cells 

(Ringler, 1985).

Values were only obtained from fractions 6-7 at time 0. Thus, in all three groups no 

overall trend was noted for these fractions. The cells died fairly rapidly, indicating that 

they did not respond to PHA nor IL-2. This may indicate these higher density fractions 

which should contain monocytes, do not express the antigenic surface marker necessary to 

be stimulated.

Group 1 NK assay and phenotype of fractions 2-4 from time 0 to 28 days indicates that 

NK activity dropped from day 0 to day 14 but peaked at day 28. This is surprising since % 

positively labeled cells with Thyl were low at day 28. Assays for groups 2 and 3 could 

not be analyzed since data on cells were only available at time 0.

Augmentation in vitro did not occur with 10% IL-2 alone as was previously discussed. 

Fractions 2-4 grown in vitro with IL-2 and 1% PHA generally peaked in number before 

declining. The patterns were different for all three groups, which may have been due to the 

assumption made in determining cell number including those cultures discarded due to
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fungus.

Fractions 6-7 steadily declined in number from time 0 until about day 13 with no 

increase in cell numbers over this time period.

These results seem to indicate that LGL's are stimulated to proliferate in vitro by 1% 

PHA + 10% IL-2, but not by IL-2 alone. This could be due to a minimal or maximal 

concentration of IL-2 needed to stimulate the cells without PHA. Evidence suggests 

(Tizard, 1988) that several distinct NK populations exist which differ in antigenic 

phenotype, some which do not express the IL-2 receptor. Also, fractions 6-7 were not 

stimulated to proliferate by either of the combinations, suggesting that monocytes lack the 

surface receptor needed to be stimulated.

The major obstacle encountered was the inability of the cells to remain viable in culture 

over an extended time period. Many cultures were also lost due to fungus contamination. 

Total cell number then was determined by assuming those contaminated were not 

discarded. I feel that this method could be greatly improved by the prevention of fungus 

growth, therefore acquiring more accurate cell counts. Also, more trials would have given 

a larger population to analyze and possibly more accurate results. It was not possible to 

compare the growth characterisitcs obtained with other results since this has not been done 

before, which also limits the experiment.

LGL studies are significant in that preliminary results (Fred Hutchinson Cancer 

Research Center) implicate these cells as responsible for early marrow graft resistance in 

histoincompatible recipients. Future studies are directed toward determining if soluble 

factors produced by LGL or direct cytotoxicity are responsible for resistance. By 

determining the growth characteristics of LGL, cells present at the time of resistance could 

also possibly be studied in the same manner to determine if they, too, are LGL. If this is 

accomplished, perhaps effective methods of eliminating these cells prior to transplantation 

in man can be developed. This would enable marrow transplantation across 

histoincompatible barriers without eventual failure of the graft
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