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ABSTRACT

The methods of isolating human and rat large granular
lymphocytes were reviewed, and revised to accommodate 
horse lymphocytes. Purified populations of large granular 
lymphocytes were then stimulated with Interleukin-2 and 
Concanavalin-A, to observe effects on proliferation and 
cytotoxic activity. The results of this study suggest 
that large granular lymphocytes can be purified from the 
peripheral blood of horses, using a percoll density gradi
ent. Also, Interleukin-2 is shown to have an effect on 
proliferation of enriched populations of large granular 
lymphocytes, especially when added in adjunct to Concanava
lin-A.
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INTRODUCTION

Natural cell-mediated cytotoxicity has recently become 
a top priority in research of the immune system. Also 
referred to as natural killer (NK) activity, natural cyto
toxicity is believed to be a preliminary defense against 
foreign invasion. Research has shown natural cytotoxicity 
to be present in the absence of apparent disease or deliber
ate immunization (1). This NK activity has been attributed 
to a group of cells referred to as Large Granular Lympho
cytes (LGL). LGL are nonconventional lymphocytes atypical 
of B cells or T cells. The cells were first reported 
in 1975, and researchers are still attempting to positively 
categorize and trace their lineage. Due to the NK activity 
of LGL, many researchers feel that information pertaining 
to their origin and function may contribute information 
for treating malignant cancer and in understanding diseases 
of the immune system.

Presently, the predominance of research carried out 
on LGL has been done with human and rodent specimens; 
however, LGL are believed to be present in most vertebrates. 
Fairly recently, LGL have been detected in the peripheral
blood of several horses, including Shetland and Arabian
horses. This observation has stimulated a great deal
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2
of interest at the Veterinary Microbiology and Pathology 
Laboratory at Washington State University. Much of the 
research done at this laboratory involves studying the 
immune system of the Arabian horse. Consequently, the 
discovery of LGL in the peripheral blood of the horse 
was met with great enthusiasm.

The intent of this research was to establish a proce
dure by which horse LGL could be isolated or purified
for research purposes. Purification procedure was based
upon previous successful attempts using human and rodent
white blood cells. A second major objective of this re
search was to gauge the effect of Concanavalin A (Con-A) 
upon an enriched population of LGL, as applied in conjunc
tion with Interleukin-2 (IL-2). IL-2 has been reported 
to stimulate LGL proliferation and NK activity. Such 
observations may have far reaching implications with respect 
to activation of the immune system.



LITERATURE REVIEW

Large granular lymphocytes were discovered almost 
ten years ago, during cytotoxicity assays involving cells 
removed from cancer-bearing organisms (2, 3). An important 
discovery made during these studies was that significant 
amounts of cell-mediated cytotoxicity were observed in 
noncancerous samples. This NK activity was eventually 
attributed to LGL. Since the time of these observations,
interests in LGL have become widespread. Recent studies 
have enabled researchers to distinguish LGL on the basis 
of morphology and function. Major research has also been 
done to determine the lineage of LGL, although many ques
tions still remain unanswered in this area. Finally,
current research has indicated the presence of a definite 
link between LGL and diseases of the immune system.

LGL have been positively characterized on the basis 
of destruct properties. Morphologically, LGL are large, 
lymphoid cells with slightly indented nuclei. The cells 
have large cytoplasm to nuclei ratios, resembling T cells 
in this manner. LGL can be distinguished from typical, 
agranulocytic lymphocytes by the presence of azurophilic 
granules found within the cytoplasm. The significance 
of these granules is presently under investigation, although
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the particles are believed to contribute to the cytotoxic 
nature of LGL. LGL share many general characteristics 
with both T lymphocytes, and macrophages, as shown in
Table I.

Studies on purified populations of LGL have shown 
such a high degree of correlation between morphology of 
LGL and NK activity that most, if not all NK activity 
observed in rat and human specimens is believed to be 
mediated by these cells (4). LGL represents approximately 
5% of peripheral white blood cells, and are found in suc
cessively decreasing amounts in the spleen, peritoneum,
and lymph node. Significantly few LGL have been observed 
in the thymus or bone marrow (5). The NK activity of 
LGL has been found to be nonselective and independent 
of specific recognition structure. Thus, LGL lyse a wide 
variety of experimental target cells, including several 
tumors, normal cells, cells infected with viruses, and 
some microorganisms (4).

Research has also indicated that the degree of NK
activity LGL exhibit is subject to regulation. Experiments
have shown that several agents will augment, or inhibit 
the cytolytic activity of LGL. Augmentation can be accom
plished by such agents as Interferon or Interleukin-2 
(6, 22). The effect of Interleukin-2 (IL-2) on LGL has
been of particular interest, and thus extensively examined.
IL-2 is a glycoprotein of 15,400 Daltons, and is produced
by lymphocytes in response to stimulation by mitogens



Characteristic
LGL
Property

Presence of Characteristic in
T Cell Macrophage

Size 16-20 urn +

Nuclear shape Lobed or indented +

Cytoplasmic/nuclear ratio High +

Adherence Nonadherent +

Phagocytes Nonphagocytic +

Surface antigens Several + +

Spontaneous reactivity Present in vivo +

Period to develop augmented 
effector activity

Short (min-hrs) +

Memory response None + +

Activating factors Interferon + +

Interleukin-2 + +

Bacterial products +

Table 1. General characteristics of LGL in comparison with T cells and macrophages
(Ortaldo, Herberman, 1984).
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6
or antigens.

James E. Talmadge (7) has recently completed a wide 
range of experiments on the effect of IL-2. Through his 
research, Talmadge has shown IL-2 to be significantly 
active in stimulating the growth of LGL. In comparison, 
T cells were stimulated only slightly by IL-2 exposure. 
In addition to promotion of LGL proliferation, Talmadge 
has shown that IL-2 has a stimulatory effect on the cyto
toxic nature of LGL. Talmadge reports that human IL-2 
augmented in vitro NK activity of rat LGL at doses less 
than 6 units/ml, and also, that augmentation peaked at 
>100 units/ml of IL-2. Talmadge has also completed signifi
cant studies on in vivo stimulation of NK activity. The 
results of intraperitoneal injection of IL-2 indicated 
that >1,000 units of IL-2 were required to significantly 
stimulate activity (8, 9).

Since the first observations of LGL in 1975, the
attempts to characterize the cells on the basis of morpholo
gy and cytotoxic nature have emphasized their diversity 
with respect to other cells of the immune system. Many 
scientists are tempted to refer to LGL as a subset of 
T cells due to similar morphological characteristics. 
However, there are also arguments stressing similarities
between LGL and macrophages. The question of the lineage 
of the LGL is presently very controversial. Figure 1 
indicates several possible lines of development of LGL 
(4, 10).



Pluripotential 
Lymphopoetic Stem Cells

B-cell macrophage

T-helper 
T-suppressor 
Other T

Plasma Cell Fig. 1. Possible alternative lineages of LGL (Ortaldo, Herberman, 1984).
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As suggested, LGL may follow the line of development 

of T lymphocytes. Research shows that both rodent and 
human LGL are similar to T cells. Aside from morphological 
similarities, LGL express antigens related to T cell anti
gens. Also, LGL respond to a number of mitogens in a 
manner comparable to T cells, and respond similarly upon 
exposure to IL-2 (11). Until studies of LGL activity, 
augmentation by IL-2 has been a characteristic attributed 
solely to T lymphocytes. Thus similar stimulatory effects 
of LGL may strongly support a common lineage. However, 
some researchers maintain that IL-2 stimulation may support 
the development of LGL as a second, independent line of 
cells (12).

Another possible line of LGL development has been 
suggested to follow monocyte progression. Evidence for
this possibility includes the observation that promonocytes 
demonstrate cytotoxic activity similar to the activity 
observed in natural killer cells. This link, however,
has been discredited on the basis that such observed activi
ty may be due to contamination by NK cell progenitors 
(13). Thus, at present, no direct evidence has been found 
to support a direct link between LGL and monocyte develop
ment .

A third possibility is the suggestion previously 
mentioned that LGL arise from an independent line. Accord
ing to this hypothesis, cells may develop along a single 
line from pluripotent hematopoietic stem cells (4, 12).
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This hypothesis infers that LGL share a common ancestry 
with both T cells and monocytes, and thus is fairly well 
accepted. Such a common ancestry would explain the many 
similarities that LGL share with both T cells and lympho
cytes .

John R. Ortaldo and Ronald B. Herberman have attempted 
to trace the lineage of LGL. They offer one final possi
bility; that of multiple lineages of LGL. This hypothesis 
suggests that LGL are comprised of separate subsets of 
cells, some derived from the T cell lineage and others 
from the myelomonocytic lineage. Evidence for this possi
bility lies within observations of varying degrees of 
effectiveness of the administration of IL-2 (13, 14).
Ortaldo and Herberman have observed great variations in 
the effect of IL-2 upon LGL populations, ranging from 
distinct augmentation (e.g., T cells) to very little stimu
latory effect (e.g., monocytes). The exact lineage of 
LGL cannot presently be agreed upon, and will remain specu
lative until conclusive data is obtained through further
research.

While present research being done with LGL has involved 
the role of these cells in natural killer activity, other 
important functions of the cells have been discovered 
(15, 16). Such functions include the ability of LGL to
produce cytokines. This - ability infers that LGL play 
a possible role in immunoregulation. LGL are therefore
highly secretory cells; a function which has been notably
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stimulated by lectins, viruses, bacteria, or other target 
cells.

LGL research has contributed significant insight 
into the diverse functioning of the immune system. One 
particular area of interest involves diseases of the immune
system. Current LGL research has indicated definite links 
between immune deficiencies and LGL activity (17). Figure 
1 represents a simplified version of the maturation of 
cells of the immune system. As indicated by this figure, 
both major subclasses of lymphocytes originate from a 
common stem cell precursor. Future T cells travel to
the thymus where they undergo a series of mitotic divisions 
and differential changes to become mature T lymphocytes. 
As mature T cells, their major roles in immunity include 
interacting with B-lymphocytes to produce specific anti
bodies, suppression of immune responses, and activity 
in cell mediated immunity.

B cells also go through a process of maturation, 
although the exact site of maturation is presently unknown. 
B cell maturation involves the acquisition of surface
IgM and IgD, and also the ability to synthesize and secrete
antibodies (10).

Immunodeficiency disorders have been found to involve 
one or both divisions of the lymphoid immune system. The 
most severe deficiency involves blockage of both myeloid 
and lymphoid precursor cells. This disorder is referred
to as reticular dysgenesis, and its mode of inheritance
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is presently unknown. Another series of immune deficiency 
diseases is referred to as Severe Combined Immunodeficiency. 
This is a heterogenous group of disorders characterized 
by an absence of the T and B lymphocytes responsible for 
producing immunologically-specific reactions (23). The 
disease can be inherited by several mechanisms, including 
an autosomal recessive mode, and a sex-linked mode. Severe 
Combined Immunodeficiency (SCID) is a condition with a 
wide spectrum of degrees and manifestations. At one end
of the spectrum, the disease involves an absolute absence 
of all T and B cells. At the other end, the manifestation 
may involve the presence of substantial populations of
cells with surface markers indicative of T and B cells.
In such cases, a limited amount of immunoglobin synthesis
may occur, but antigen-specific immune responses are absent.

Research regarding SCID has provided some very impor
tant links of the disease to LGL and natural killer activi
ty. Research done by Peter, et. al. (17), indicates that 
several infants with clinically diagnosed SCID express 
high levels of NK activity. In his research, Peter analyzed
several infants with SCID, emphasizing the production 
of several biochemical substances. Special emphasis was 
put upon analysis of the purine catabolite pathway. Re
search indicates that several immune deficiencies can
be characterized by the. absence of adenosine deaminase 
(ADA) and purine-nucleoside phosphorlase (PNP). This
absence is significant in immunodeficiencies, as an absence
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of them may result in selective impairment of lymphocyte 
differentiation. Although it is characteristic of several 
immune disorders, a majority of SCID children exhibit 
no deficiency of either PNP or ADA. This implies that
another metabolic pathway may be obstructed in some of 
the SCID victims. In either case, the analysis of levels 
of PNP and ADA can be a useful diagnostic tool for SCID
children (18).

In Peter's study, most of his patients demonstrated 
production of both ADA and PNP. Significantly, he noted 
that most all of his patients responded to Interleukin-2 
as well as IL-2 added simultaneously with Concanavalin-a 
(Con A). Also, over half of the children analyzed expressed 
low to normal NK activity. These findings were supported 
by Lopez (19), who found significant numbers of SCID pa
tients showing NK activity.

These findings may provide specific evidence for 
a separate LGL lineage. As mentioned, LGL share common 
traits with T cells and promonocytes, and thus they may 
be considered to follow these cell lineages. However, 
the presence of NK activity where the immune system is 
devoid of T cells and/or monocytes supports the hypothesis
that LGL may arise as a singular, independent line of
cells (18).

Due to the diversity of SCID with respect to its
inheritance, immunological expression, and biochemical
implications, information regarding the function of the
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disease can be valuable in understanding and treating 
immune deficiencies. However, the analysis of SCID is 
hindered by the infrequency of occurrence of the disease. 
The disease is relatively rare in humans, and survival 
of its victims is nonexistent. Recently, the animal count
erpart of SCID has been found in young horses. Approxi
mately 2% of the Arabian foals produced in the United
States and Australia exhibit SCID to some extent. SCID
in Arabian horses is apparently transmitted through an 
autosomal recessive trait (10).

Dr. Lance E. Perryman and Dr. Nancy S. Magnuson of 
the Veterinary Microbiology and Pathology Laboratory of 
Washington State University have invested a great deal
of research into the characteristics and treatment of
SCID in Arabian foals. They have become increasingly 
interested in the relationship between LGL cytotoxicity 
and SCID. To study this relationship, a method for purifi
cation of large populations of LGL from normal and SCID 
foals must be developed. Such methods have been perfected 
for both rats and humans, but none to date have been estab
lished for horse LGL.

The techniques for isolation of human LGL and rat
LGL are very similar. These methods have proven successful 
up to 80% purification of LGL in rats (5) and as high 
as 95% purification of human LGL (20). Because the predomi
nance of LGL is found in peripheral blood, isolation tech
niques involve a three-step preparatory procedure carried

CARROLL 66LLESP LHWMW* 
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out on peripheral blood lymphocytes.

The first step is separation of lymphocytes from 
the red blood cells. This is normally done using a Fecoll- 
hypaque gradient separation. The lymphocytes are collected
from a single band between a layer of plasma and a layer 
of Ficoll hypaque separation fluid, and the red blood 
cells separate out to the bottom of the tube.

The peripheral blood lymphocytes are further purified 
by the technique of plastic adherence. Current literature 
suggests that this method is effective for removal of 
monocytes, while T lymphocytes do not adhere to the plastic 
(20, 21).

The third step involves further removal of monocytes, 
and some T lymphocytes and B lymphocytes. This is done 
by passing nonadherent cells over a nylon wool column, 
and allowing for certain cells to adhere to the nylon 
wool, while other cells, predominantly T cells and LGL 
pass through the column.

Following this prepatory procedure, purification 
of both rat and human LGL involves isolation of LGL by 
use of a Percoll discontinuous density gradient (5, 20,
21). For rat LGL, purification involves a 2.5 step gradient 
spanning from 35% to 66.7% Percoll. Results showed that 
the rat LGL consistently separated out at 44.2% Percoll 
(1, 5). For human LGL, the cells generally separated 
out at 47.5% Percoll (20).

Following these general observations regarding human
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and rat LGL, enrichment of horse LGL will become a very 
important research technique. LGL purified from such 
a method will be used to study the immune activities of 
SCID horses. Such research will allow further insight
into human SCID.



PROCEDURE

METHOD AND MATERIALS

Solutions
The general solutions used for purification of horse 

LGL include Ficoll and Sodium hypaque for blood separation 
(Sigma and Winthrop Labs, respectively). Purification 
procedures required Hank's Balanced Salt Solution, enriched 
with fetal calf serum obtained from Bio-Labs of Northbrook, 
Ill. Cells were stored in RPMI with 10% fetal calf serum, 
and glutamine. The Percoll used to isolate LGL populations 
was obtained from Sigma laboratories. The cells were 
irradiated with ^H-thymidine obtained through New England 
Nuclear. The IL-2 used to stimulate enriched populations 
of LGL was graciously donated from NIH Laboratories.

Subjects
The subjects used were randomly selected from a herd 

of normal, healthy Shetland horses. Blood in the amount 
of 300ml would be drawn from a horse and placed in a pre
pared bottle coated with heparin. The following procedure
was carried out under sterile conditions.

Separation of Peripheral Blood Lymphocytes
After being drawn, the blood was allowed to settle

16
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for 30 min, allowing red blood cells to settle out. Next 
the plasma was removed, and added to equal alloquats of 
Hank's Buffered Salt Solution (calcium and magnesium free) 
in a sterile 50ml round bottom centrifuge tube. The mixture 
was then underlayered with 12ml of Ficoll-Hypaque separation 
fluid. The Ficoll-Hypaque solution is a mixture of ficoll 
and sodium hypaque, and is prepared in large amounts accord
ing to directions from Sigma Laboratories. Underlayering 
of the separation fluid was done using a 50cc syringe 
and long needle, releasing the fluid at the bottom of 
the centrifuge tube slowly so as to create two distinct 
layers. The tubes were then centrifuged for 40 min at 
1350 rpm, at an ambient temperature.

The ficoll-hypaque solution allows red blood cells 
to fall through to the bottom of the test tube, and the 
peripheral blood lymphocytes were held in a band at the 
level of the ficoll-hypaque. After centrifuging, the 
top supernatant, consisting mainly of Hank's Buffered 
Salt Solution and plasma, was suctioned off down to the 
ficoll-hypaque layer, marked by a band of cells. These 
cells were removed and placed in a sterile test tube. 
The cells were washed with Hank's and spun down at 1100 
rpm for 12 min. Again the supernatant was suctioned off 
and discarded. The pellet of cells were resuspended in 
Hank's and spun down one last time at 900 rpm for 8 min. 
Finally, the cells were resuspended in RPMI supplemented 
with 10% fetal calf serum, glutamine and penicillin.
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Cell Count and Staining

The recovered cells were then counted using a hemocyto
meter. To maintain consistency, the following guidelines 
were followed. The cells were diluted using a phosphate 
buffered saline. The hemocytometer chamber filled to 
cover the area evenly, and was allowed to settle. The 
cells were placed on the microscope. On low power, the 
white blood cells were counted in the four large corner 
squares of each side of the hemocytometer. (Fig. 2) All 
cells on the upper and left lines were counted, as well 
as those lying within the square. Cells on lower lines 
and right lines were not counted. (Fig. 3) The number 
of cells per milliliter was then determined using the 
following calculation:

* cel;s °°unted x o4 dllutlon = Cells/ml 4 squares
A stained slide was then prepared. The cells were 

first spun down using a Shandon Southern Cytospin set 
at a speed of 34 rpm. 2 x 10® cells were then placed 
in the cell funnel, along with fetal calf serum. The 
cytospin was then spun for five minutes, allowing cells
to accumulate on the attached blank slide.

To stain the cells, a Wright's.Geimsa Stain was used. 
This was prepared ahead of time according to standard 
package directions. The slide was dried, and then placed 
in the Wright's stain for 3 min. The slide was then trans
ferred directly to the Geimsa stain, and left for 10 min,
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after which it was tap rinsed and allowed to air dry.

Removal of the Monocyte Population
The cells from the Ficoll-Hypaque separation were

poured onto a large, sterile petri dish at a cell density 
of 2 x 10® cells/ml. The dish was incubated for 1 hr 
in a CO2 incubator at 37°C. The monocytes were found 
to adhere to the plastic, whereas other lymphocytes would 
not. After incubation, the nonadherent cells were poured 
off, and the dish was rinsed two times with 10ml RPMI. 
The nonadherent cells were spun down, and resuspended 
in 10ml RPMI. A cell count, and Wright's Geimsa Stain
were carried out for observation and comparison.

Removal of T-Lymphocytes
A nylon wool column was prepared using a 35cc syringe 

and 1.5g nylon wool. The nylon wool was teased apart, 
and rolled into the syringe. The stopper of the syringe 
was then put in place, compressing the nylon wool to the
18cc mark. The column was then sterilized by use of an
autoclave. Preparation of the column was done well in
advance of cell preparations.

A 22- gauge needle was attached to the syringe, and
50-100ml of prewarmed RPMI with fetal calf serum was allowed 
to run through the system. The syringe was then stoppered 
and enough media was added to cover the nylon wool. The 
column was then incubated for one hour. After incubation,
the column was rinsed with 10ml of media, and allowed
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to run dry. 5 x 107 cells/ml were then added to the column, 
followed by 45 min of incubation. The cells were then
collected from the column in a 50ml conical centrifuge
tube. After resuspending the nonadherent cells in 10ml 
RPMI, a cell count and stain were completed.

Isolation of Large Granular Lymphocytes
The isolation of rat and human lymphocytes involves 

a discontinuous density gradient using various concentra
tions of Percoll. As horses vary substantially from other 
laboratory animals the final procedure was not identical. 
The procedure followed methods suggested in the literature 
review, and was subsequently revised to obtain the highest 
yield of LGL. The most effective procedure is as follows.

The osmolality of the Percoll was first adjusted 
in the following manner. 2x Hank's was diluted with an 
equal amount of Percoll to obtain an osmolality of approxi
mately 288 mosm (Table 2). Six concentrations of Percoll 
were then made up using specially prepared lx Hank's. 
The concentrations were varied by 2.5%, ranging from 425% 
Percoll to 55% (Table 3)

The various concentrations of Percoll were then layered 
in a 15ml centrifuge tube from highest concentration to 
the lowest. (Fig. 4) The tube was then centrifuged at 
2000 rpm for 40 min. The cell bands from each respective 
layer were then removed and a cell count was performed
on each. Lastly, slides were prepared and stained using



# of
Salts in HBSS Molec. Wt. Molarily Ions Osmolality

Kcl 74 0.0054 M 2 .0108

NaCl 58 0.1370 M 2 .274

kh2po4 136 0.0004 M 4 .0016

Na2HP04 142 0.0006 M 4 .0024

288 MOSM

Table 2. Osmolality of Hank's Buffered Salt Solution

Hanks is 2x concentration: 2(288)=576
Percoll was mixed in a 1:1 ratio with Hank's to achieve a constant osmolality.

% Concentration 66% Percoll (288 MOSM.) lx Hank's

' 55.0% 4.95 ml 1.05 ml
52.5% 4.70 ml 1.30 ml
50.0% 4.50 ml 1.50 ml
47.5% 4.28 ml 1.72 ml
45.0% 4.05 ml 1.95 ml
42.5% 3.83 ml 2.17 ml

Table 3. Protocol for successive concentrations of Percoll.
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Percoll concentrations

42.5%

45.0%

47.5%

50.0%

52.5%

55.0%

Fig. 4. Method used to layer Percoll gradient cells collected from nylon wool 
treatment are gently layered on top.
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the cytospin and Wright's Geimsa Stain previously discussed.

Stimulation of Growth with Concanavalin A & IL-2
When an enriched population of large granular lympho

cytes was achieved, the effects of Con-A and Interleukin-2
on growth of the cells was measured. The obtained cells
were first suspended in three distinct concentrations: 
10®, 10®, and 10® cells/ml. A special medium was used 
to enhance favorable conditions for the cells. 2-Mercapto- 
ethanol (2ME) was prepared at .25 x 10_®m by diluting 
lm 2-ME with RPMI. The diluted 2-ME was then filter steril
ized. RPMI medium for the cell suspensions was made using 
10% normal horse serum; Pen/Strep, .1ml for 100ml media; 
2-ME (.25-10_®m), .02ml for 2ml media. The cells, suspended 
in this medium, were placed in 2, 96-well flat bottom 
plates. Two plates were prepared, one to be harvested 
in four days, and one to be used in long-term cell culture. 
Each sample was done in triplicate, using one sample con
taining only media as a control.

The culture plate was incubated for four days in 
a 37°C incubator. One plate was kept longer, to examine 
the viability of cells in short term culture. The second 
plate was prepared for mitogenesis. Radioactive tridium
was added to each well. The amount of tridium proved 
to be unimportant. The plate was then incubated for 24 
hr, after which it was harvested on a mitogenesis harvester 
from Biomed of Rockville, Maryland. The uptake of ®H
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was then established in counts per minute, and plotted 
on bar graphs. (Graphs 1 and 2)



RESULTS

General Preparatory Procedure 
The procedure of preparing the cells for the percoll

gradient were observed to be very effective in isolating 
a select group of LGL. The results from the ficoll hypaque 
separation, the plastic adherence and the nylon wool treat
ment coincided with previous literature. As mentioned 
in the procedure, Geimsa stains and cell counts were per
formed following each subsequent step of procedure. Table 
4 indicates the average amount of cells recovered from 
each step, compared to the amount of cells added. These 
cell recoveries, along with the slides made, proved to
be very important in analyzing the condition of the cells.
For example, if the plastic adherence procedure served 
to remove more than 25% of the overall population of cells, 
this may indicate the overabundance of monocytes. Such
results may indicate the presence of an infection in the
horse, thus invalidating the results.

The stained slides were also used to demonstrate
the gradual purification of LGL. By analyzing the morpho
logical characteristics of each cell population recovered, 
it was possible to calculate the amount of purification
obtained by each step of the procedure. The first slides,
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Procedure
Plastic Adherence
Nylon Wool Treatment
Percoll Gradient

% Recovery 
75%
68%
50%

Table 4. Average cell recovery, 
proceeding major steps 
purification.

determined 
of LGL
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made following the ficoll-hypaque separation, appeared 
to be a general collection of white blood cells. Several
types of cells were present at this point of purification. 
Specifically, the predominance of cells, present were of 
the monocyte population, or the lymphocyte population. 
No red blood cells appeared at all. The second slides
were made following adhesion to plastic. This step showed 
a definite decrease in the monocyte population. This 
was most notable in observing the direct reduction of 
neutrophils from one step to the next. Following nylon 
wool treatment, the T lymphocyte population appeared to 
be predominant. Nylon wool treatment served to remove 
the remaining monocyte population. This step is also 
reported to remove the major B lymphocyte population.

Table 5 shows how gradual isolation of the LGL popula
tion actually did occur. Averages were obtained taking 
differential counts from the prepared slides. This involved 
comparing the LGL population with the number of lymphocytes
present.

Percoll Gradient
Following nylon wool treatment, the cells were passed 

over the Percoll density gradient. In preliminary attempts
I

to isolate horse LGL in this manner, it was found that
methods established for human and rat LGL ineffective.
The first Percoll gradient used was a five step gradient 
expanding from 30% to 50% Percoll in a 50ml round bottom



LGL/Lymphocytes (%)Procedure
Ficoll-hypaque
separation

1.5%

Plastic Adherence 7.7%
Nylon Wool Treatment 21.0%
50% Percoll 75.0%

Table 5. Cell counts of LGL per lymphocytes
present after major purification steps 
Gradual increase in LGL/Lymphocytes 
indicates actual purification taking 
place.
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test tube. The LGL were assumed to separate out in between 
the 40% and 45% layers.

The first trial proved inconclusive as the cells 
remained atop the gradient, refusing to be spun through. 
The problem was found to be that osmolality had not been 
consistent throughout the Percoll gradient. As the concen
tration of Percoll changed for each successive layer, 
so had the osmolality. This factor was creating a hypotonic 
solution, thus causing the cells to remain on top of the
gradient.

Osmolality was corrected for, and the Percoll gradient 
was employed again, maintaining the five-step gradient.
The results at this point indicated an absence of cells 
in any distinct bands; the majority of cells were found 
in a pellet at the bottom of the centrifuge tube. It 
became clear that the gradient must be more concentrated. 
Thus, the gradient was modified with the assumption that 
the LGL would separate out somewhere below 50% Percoll. 
Several Percoll concentrations were attempted, reaching 
from 66% Percoll to 45% Percoll. Eventually, a favorable 
protocol was established. The method found to be most 
efficient involved using a 2.5 step gradient expanding 
from 45% to 55% Percoll. The gradient was prepared by 
gently overlayering the respective layers in a 15ml round 
bottom test tube. The gradient was then allowed to settle 
for one hour, creating the development of distinct lines 
between adjacent layers. The cells were added at 2-10^
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cells/ml suspended in 1ml of RPMI. The column was then 
counter balanced with a centrifuge tube of Percoll, and 
centrifuged for 45 min at 1500g.

The results of this method are shown in Fig. 5. Five 
distinct cell bands were established, with the most cells 
usually accumulating at the 50%-52.5% interface and at 
the 52.5%-55% interface. The top layer of the gradient 
was clear, indicating that the majority of cells had moved 
through the gradient. There was also a very slightly 
noticeable pellet at the bottom of the tube. Further 
analysis of the gradient involved Geimsa staining cell
samples from each layer of cells.

The results from the cell stains were direct support
that the Percoll gradient was separating out cells according 
to density. The cells obtained from interface between 
the clear RPMI and the 45% layer of Percoll were fairly 
large with a high nucleus to cytoplasm ratio. No character
istic LGL were present in this layer. At the 45-47.5% 
interface, Geimsa staining showed a population of cells 
which were slightly more dense. The nuclei of these cells 
were more compact, and the amount of cytoplasm present 
was slightly reduced. Again, no LGL were found in this 
layer. The cells removed from the 47.5-50% interface 
were also slightly more dense than those of the previously 
mentioned layers. The 50% layer was found to be that 
point at which the majority of LGL were found. These
cells morphologically resembled the previous description



42,5% Percoll

45% Percoll

47.5% Percoll

50% Percoll

52.5% Percoll
55% Percoll

Fig. 5. Percoll gradient after centrifugation.
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of LGL. Specifically, the cells had fairly significant 
nucleus to cytoplasm ratios. The nuclei of these cells 
were characteristically kidney-bean shaped, and also had 
notable bluish colored granules. The highest purification 
achieved was approximately 75% of the cells in this layer. 
The 52.5% Percoll layer often possessed some LGL but never 
in such high numbers. These cells were very similar to 
the cells isolated from the 50% layer, but many lacked 
the characteristic granules, and a typically indented 
nucleus. The 55% interface was found to have a large 
accumulation of cells, all of a very similar morphology. 
These cells were extremely dense, with very low cytoplasm 
to nucleus ratios. The nuclei were extremely compact, 
staining very darkly with the Geimsa stain. The pellet 
at the bottom of the tube was also analyzed. Geimsa stain
ing of this sample showed cells very similar to those 
at the 55% interface. There were not as many cells in 
this layer, and a considerable amount of cellular debris
was also present.

Mitogenesis Assay
Upon accumulation of enriched populations of LGL, 

mitogenesis assays were run to detect the effect of Concana- 
valin-A (Con-A) and Interleukin-2 (IL-2) on growth of 
these cells in culture. The cells were cultured in 96-well
flat bottom plates, and after definite growth, placed
in round bottom mitogenesis plates. IL-2 and Con-A were
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added individually and also in one sample, together. 
Tridiated thymine was added after the cells were established 
in culture, and the mitogenesis was carried out 24 hrs 
later. The overall results from this procedure are depicted 
in Graphs 1 and 2. Graph 1 indicates cells which have 
not been purified for LGL populations, but only separated 
from red blood cells by the Ficoll-hypaque procedure men
tioned. These cells were analyzed so as to compare the 
effects of IL-2 and Con-A on the general white blood cell 
population with the effects of these mitogens upon LGL 
specifically.

The graph of the control population indicates that 
both Con-A and IL-2 have a significant effect upon growth 
of the cell populations. It is obvious that Con-A alone 
had the greatest effect upon uptake of thymine. Another 
important result of this control group is that it indicates 
the optimum population of cells to use in culture. The 
greatest uptake of thymine is seen to be in the cells 
cultured at 10® cells per ml.

Graph 2 shows the results from the mitogenesis of
LGL enriched cell populations. The results are fairly
similar to the control as seen by the great effect of
the Con-A upon thymine uptake. This is consistent for
each of the cell populations. More important, however, 
is the effect of the administration of IL-2 upon LGL. 
With one exception, every LGL-enriched sample supplemented
with IL-2 showed a higher response than its respective
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Graph 1. Uptake of l-P by peripheral blood lymphocytes not purified for LGL.
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Graph 2. Uptake of 3H by enriched populations of LGL.
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control sample. Table 6 illustrates these results. The 
most profound differences were found in the cells concen
trated at 104 cells/ml in the addition of both Con-A and 
IL-2.

Another important result of the mitogenesis is the 
observation that the control cells maintained solely in 
medium, declined gradually in activity as the concentration 
of cells/ml declined. However, with respect to the LGL-en- 
riched cells, the activity remained fairly constant for
each concentration of cells.

Prior to the addition of tridiated thymine, samples
of cells were removed and subcultured in a special medium 
containing 2 mecaptoethanol (2ME). These cells were fed 
the same amounts of Con-A and IL-2 on the same time sched
ule. The cells were maintained over a 2 wk period. The 
results of this subculturing attempt are applicable to 
the viability of the cells, and also the effect of IL-2 
and Con-A upon the cells over a long-term period. During 
the subculturing, the cells grew to such great proportions 
that they had to be split in half two times. Viability 
of these cultures was examined using Trypan Blue exclusion 
and proved to be >90%. The cells were also analyzed using 
Geimsa staining. Upon observation, the cells obtained 
from the tissue culture were of characteristic size, and 
possessed large nuclei of a similar shape of the character
istic LGL nucleus. However, many of the cells did not
possess granules characteristic of the LGL.



IL-2 Alone CPM IL-2 + Con-A CPM

Control LGL Enriched Control LGL Enriched

10® cells/ml 2800 2000 3300 6800

10® cells/ml 1300 1800 970 1459

104 cells/ml 490 1200 600 976

Table 6. Effect of IL-2 upon H3 uptake measured in counts/min.
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DISCUSSION

Rat and human LGL notably separate out by use of 
a Percoll gradient at concentrations around 42.5-45%. 
This research indicates that horse LGL can separate out 
using a similar procedure, but a lower concentration. 
Normal horse LGL separate out primarily at 50% Percoll. 
The finding of some LGL in the 52.5% Percoll indicates 
the heterogeneity of LGL. Further research is required
to establish differences between cells from these two
fractions. Cells from the 47.5% fraction showed cells
with the characteristically indented nuclei and a great 
amount of cytoplasm; yet these cells could not be classified 
as LGL because they possessed no granules. One hypothesis 
might suggest that cells from the 42.5%, 50% and 52.5%
Percoll layers represent various levels of differentiation 
of LGL development. This possibility has been suggested 
by John R. Ortaldo and Ronald B. Herberman, but more re-- 
search is definitely necessary for positive conclusions.

The administration of IL-2 showed definite stimulation
of LGL proliferation as indicated by mitogenesis. This
implies that human recombinant IL-2 has the capability 
of crossing species boundaries to stimulate proliferation 
of horse lymphocytes. This aspect serves to indicate
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the universal nature of Interleukin-2. Further research 
may possibly indicate IL-2 for use in treatment of neoplasia 
and tumors.

Because only 75% purification was achieved with the 
Percoll gradient, more work should be done in further 
perfection of the method outlined here. Working with 
horses has been found to be fairly difficult because the 
sensitivity of the horse immune system can cause daily 
shifts in the presence of neutrophils and other monocytes, 
as well as LGL populations. Because of this sensitivity, 
the procedure must be very effective in total elimination 
of all peripheral blood lymphocytes other than LGL. At 
this point, more work must be done on the effectiveness
of the Percoll gradient.

This research was centered around isolation of normal
horse LGL. This is necessary to develop a control to 
compare normal horse LGL with SCID horse LGL. Such compari
sons will not be feasible until isolation of normal horse
LGL is achieved consistently at rates as high as 90% purifi
cation. Only then will researchers be able to sacrifice 
peripheral blood of SCID foals for LGL analysis. The 
analysis of LGL of SCID foals will have far-reaching impli-

• cations. Through such analysis, treatment of SCID foals
in vivo may become possible. Presently, SCID foals survive 
to approximately 5 months of age. The possibility of 
stimulating LGL proliferation and cytotoxicity through 
administration of Interleukin-2 and Concanavalin-A may
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increase survival rates of these animals. This may
turn aid in the evaluation and treatment of SCID children

in
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