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Abstract

AZT (3'-azido-2', 3'-dideoxythymidine) has been shown to prolong the survival
of patients infected with human immunodeficiency virus (H!V) and decrease the
severity of opportunistic infections. Such studies have prompted the use of AZT
to treat symptomiess individuals infected with HIV in the hope of delaying or
even preventing the progression to acquired immunodeficiency syndrome
(AIDS). However, before chronic use of AZT in symptomless individuals is
initiated, it is important to establish whether this anti-viral drug would directly
alter the phenotype and functions of the cells involved in the immune system. In
the current study we observed that AZT when administered orally for 7 -14 days
into DBA/2 mice at 500 - 1000 ma/kg body weight induced a dose dependent
decrease in cellularity of the thymus. AZT caused significant alterations in the
thymus resuiting from a significant decrease in the number of double-positive

(CD4*+CD8t) cells and increase in the number of double-negative (CD4-CD8")
cells. Interestingly, after the i.p. administration of interleukin-2 (IL-2)
simultaneously with AZT, the total cellularity of the thymus was completely
reconstituted. We aiso observed that AZT effectively suppressed the in vivo T
celi response to conaibumin and gp120 of HIV. Furthermore, addition of AZT to
in vitro cultures caused a dose dependent decrease in T and B cell proliferative

responses to mitogens at 50uM or greater concentrations. Also, AZT inhibited
the generation of cytotoxic T lymphocytes when added in culture and this
inhibition was reconstituted by the addition of exogenous IL-2. Together, our
studies demonstrate that AZT modulates the phenotype and function of celis of
the immune system which, in turn, could have marked repercussions on
immune responses of the host toward infections and cancers. Also, our data
demonstrating that AZT can suppress T cell responsiveness against HIV
antigens caution against chronic use of AZT in asymptomatic HIV-infected
individuals.
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1.0 General Introduction and Review of
Literature

1.1 Immune System:

The exact time in which the concept of immunity was first described is not
known. Some of the earliest cases come from ancient African tribes. It is
reported that these people mixed dried and pulverized poison giands from
snakes and then injected them under their skin, producing a resistance to snake
bite venom. As early as 1000 A.D. the Chinese, noticing that it provided
resistance, inoculated healthy people with material from pustules of a person

suffering from smalipox (Klein, 1982).

One of the first recorded immunological discoveries was in 1798 when Edward
Jenner devised a vaccination for smallpox. Almost a century later, in 1879,
Pasteur injected an altered strain of chicken cholera (non virulent) into chickens
causing them to be resistant to reinfection by the virulent strain. This discovery

was said to be the beginning of the modern field of immunology. The golden
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era for microbiology and immunoiogy came at the turn of the century when
Pasteur, Koch, and their colleagues and students, did work to establish the
germ theory of disease and to isolate many disease causing agents

(Klein, 1982).

Soon it was discovered that specific immunity to infectious diseases coutd be
developed. However, the mechanism by which the immune system worked
was still a mystery. This question has challenged man for centuries. Much has

been discovered; however, much still needs to be learned.

A primitive system of defense can be found in all animals. This system consists
of natural barriers against pathogenic invasions and includes the skin, mucosal
surfaces and other factors such as lysozymes and lactic acid. Phagocytic cells
with their ability to non-specifically engulf and destroy foreign substances

provide another primitive means of defense (Roitt, 1989).

The vertebrate population has developed a more complex and unique form of
immunity. This immune system is composed of several lymphoid organs and
celiular populations. The primary organs in the immune system are the thymus
and the bone marrow. Both of these entities play distinct and vital roles in the

immune system (Roitt 1989).

The bone marrow can be separated into two distinct areas, the red marrow and

the yellow marrow. The red marrow gets its color from the abundance of
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erythrocytes. The yellow marrow is generally hematopoietically inactive giving
it a reiatively colorless appearance. The bone marrow is the area in which
pluripotent cells originate. Pluripotent cells are cells that can differentiate into
more than one type of cell. This differentiation is limited to certain types of cells.
For example, hematopoietic cell can only differentiate into erythrocytes or
monocytes, but not into neurons or epidermal celis. The ceils within the bone

marrow develop and eventually become the mature cells of the immune system
(Klein, 1982).

The thymus also plays an important role in the immune system. The thymus
consists of two elongated pyramidal lobes which are superficially joined. Each
lobe is enclosed into a membraneous capsule. Within each lobe there are two
distinct regions. The peripheral region, or cortex, is primarily composed of
lymphocytes and the inner region, or medulla is primarily epithelial cells. The
organ itself reaches its greatest relative rate at birth, and the absolute weight
increases until puberty. From puberty on, the thymus becomes reduced until it
reaches about 50% of its maximum weight. The decrease in size is attributed to
its toss in function as the individual ages. The main function of the thymus is to
participate in the education and maturation of the T lymphocytes. Lymphocytes
as well as other leucocytes express a large number of molecules on their
surface. Many of these molecules are present on the celt for a short period of
time related to a particular stage of cell differentiation or maturation, while
others are specific for different ceil lineages. These molecules can serve as

markers and many can be identified by specific monoclonal antibodies. A
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systematic nomenclature has been developed for these molecules. This system
is referred to as the CD (cluster designation) system. In many cases the
function of these molecules is known. For example, the CD4 molecuie is

present on T p cells and functions in the recognition of MHC class II.

Stem cells from the bone marrow enter the thymus and begin their journey to
becoming mature T cells. These cells go through a series of developmental
stages. In the first stage, the cells express adhesion molecules, CD7 along with
CD2 and CD5 all of which do not distinguish the T celi lineage. The cells then
progress to a stage in which they express CD1, as well as the coexpression of
the CD4 and CD8 molecule. Finally the cells lose the CD1 molecule and gain
the expression of CD3 and lose either the CD4 or the CD8 marker. Throughout
this process, the cells go through a series of negative and positive selection
ensuring that the cells allowed to mature will function properly in the immune
system. An important characteristic for a mature T cell to possess is the ability to
discriminate between self and nonself. |f cells are allowed to leave the thymus
without this ability, it is possible that the host will develop autoimmune
diseases, in which the T celis would attack and destroys its own tissue (Klein,
1982).

Lymph nodes act as major secondary organs in the immune system. The lymph
nodes are spherical or bean shaped bodies that range from the size of a pin
head to as large as a walnut. Lymph nodes are located strategically throughout

the body. The areas in which they are located drain different parts of the body,
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enabling them to filter antigens from tissue fluids and lymph. The lymph nodes
are composed of T and B cell areas. The T cells are located in the paracortex
and the B cells are located in the cortex. In addition there is a central area that
contains both T and B cells. When an antigen is drained into the appropriate
area of the lymph node, the appropriate lymphocyte interacts with it and initiates
an immune response. The lymph nodes ultimately provide an environment in
which the chances of an antigen interacting with a lymphocyte are greatly

increased, making the immune system more efficient (Roitt, 1989).

Another important secondary organ in the immune system is the spleen.
Although the presence of the spieen is not essential for life, it does play a
significant role. Basically the spieen acts as a filtering unit for blood cells and
fluids and as an organ of immunity. As a filterer, the spleen sorts out blood celis
and examines them for imperfections. Macrophages play a vital role in this
process by stopping and engulifing any cell with a defect. As an immune organ,
the spleen traps and processes particles that are able to elicit an immune
response. In addition, the spleen provides a home for lymphocytes and
macrophages, enabling the interactions between the antigen and immune cells
to take place. As seen with the lymph nodes, the spleen also creates a situation

in which the immune system can function more efficiently (Klein, 1982).

There are a number of responses which the immune system can exhibit to

eliminate foreign invaders from the immune system. The responses can be
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divided into two major categories, specific and nonspecific. The specific
responses can be further subdivided into two separate but related systems,

humoral and cell-mediated immunity.

Humoral immunity works through the actions of antibodies which are secreted
into the body's fluids (humors) by B cells. B cells represent approximately 5 to
15% of circulating lymphoid cells. A distinguishing characteristic of B cells is
the presence of endogenously produced immunoglobulins (antibodies) on their
surface. These antibodies act as receptors for the specific antigen. After initial
interaction with the antigen, the B cells become activated, producing a high
number of endogenous as well as exogenous antibodies. There are 5 distinct
classes of immunoglobulins; IgG, IgA, IgM, IgD, and IgE. The majority of B cells
express igM or IgD. Antibodies express 2 distinct areas; one region facilitates
the binding to the antigen and the second is involved with binding the

immunoglobulin to the host cells of the immune system (Roitt, 1989).

Once released into the bloodstream, the antibodies can act in a number of
ways. First, antibodies can act by directly combining and neutralizing bacterial
toxins. Secondly they can prevent virion attachment to target cells. Finally,
antibodies can coat bacteria leading to an increased chance of phagocytosis.
Protection of this type can be transferred from one individual to another by
taking the cell-free serum from an individual producing the antibody and
injecting it into another individual. This type of immunity inciudes both classical

antibody-mediated immunity combating viruses and bacteria, and immediate
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hypersensitivity reactions better known as allergies (Roitt, 1989).

Cell-mediated immunity is a specific response which is dependent on the
presence of sensitized T cells. The main action of cell-mediated immunity is to
protect the host against intracellular infectious agents. T cells facilitate immunity
in a variety of ways. Some populations of T cells synthesize and secrete
lymphokines that stimulate macrophage or additional T cell growth, others
produce lymphokines that attract immune cells to the area of infection and other

T cells become cytotoxic, with the ability to directly kill target cells.

T cells differentiate and mature in the thymus and can recognize an antigen
only in the association with cell surface molecules encoded by the major
histocompatibilty compiex (MHC). This phenomena, known as MHC- restriction,

helps the T celis to distinguish self from non-seif cells (Roitt, 1989).

It is possible to distinguish T cells from other lymphocytes by the presence of the

T cell receptor molecule (TCR). There are two distinct types of TCRs: TCR-1

and TCR-2. TCR-1 consists of a heterodimer of y and & polypeptides. TCR-2 is a

heterodimer of two disuifide linked polypeptides, « and . Both receptors are

associated with a complex known as CD3. Approximatély 95% of the T cells
within the blood have TCR-2. TCR-2 can divided into two distinct populations.
The first group is known as the T helper cells (TH), which express CD4

molecules, important for MHC class Il restricted immune recognition and a

second group known as Cytotoxic T cells which express the CD8 molecules
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important in MHC class | restricted immune recognition (Roitt, 1989).

TH cells recognize antigens in association with molecules encoded by class |l
region of the Major Histocompatibility Complex (MHC). A major role of the TH

cells is to control and modulate the development of the many immune
responses. These cells upon stimulation, produce growth and differentiation
factors which can stimulate their own growth as well as affect other immune
cells. The interactions between the helper T cell and other immune cells occur
through cell to cell interactions or through the production of cytokines (chemical

mediators). Recent studies have suggested that the TH cells can be functionally

divided into two subgroups. TH1 cells, which produce IL-2, an important T, B

and NK growth factor and IFN-y, which is important in the activation of

numerous lymphocytes and induces the expression of MHC class || molecules,

and provide help to the macrophages. In contrast to TH2 cells, which secrete

IL-4 and IL-5 and provide help to T and B celis (Mosmann and Coffman, 1989).

in order for cells to be stimulated by the interleukins (IL) they must express the

proper receptors. The receptor for IL-2 consists of two chains; a and B. Resting
T cells have small numbers of the a chain and essentially no g chains. After
activation, the g chains are actively produced while the a chains are produced

to a lesser extent, resulting in approximately 5,000 o chains and 50,000 8

chains being expressed on each activated T cell. The high affinity receptor for
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IL-2 are the a-f heterodimers which are capable of driving T cell growth. The
low affinity receptors are the B chains which are unable to activate the celis.

The a chain is an intermediate receptor which can activate T cells when it is

present in high concentrations. Once induced IL-2 receptors remain on the cell
surface for about one week, uniess reinduced. The action of IL-2 on the {L-2

receptor can be autocrine or paracrine but no evidence for endocrine action has

been shown.

Cytotoxic T lymphocytes (CTL) express CD8 adhesion molecule and recognize
antigens in association with the class | molecules encoded by the Major
Histocompatibility Complex (MHC). CTLs are able to directly lyse virally
infected or transformed target cells thereby playing an important role in
protection against viral infections and cancer. Infected cells are recognized by
the presence of viral or tumor-specific antigens in association with class | MHC
molecules on the cell membrane. The CTL, after recognizing the antigens,
release lymphotoxins and perforins which are capable of killing the infected cell
(Roitt, 1989).

In order for TH lymphocytes to recognize an antigen, it must first be presented in

an appropriate manner. This task is taken care of by a specialized group of
cells known as antigen presenting cells (APC). Macrophages are the most
common APCs. Other APCs include dendritic cells, B cells, and NK cells.

Macrophages have the ability to engulf particles which are then packaged into
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vacuoles. These vacuoles then fuse with lysosomes containing hydrolytic
enzymes which break down the enguifed particles into an antigenic form. The
antigen then associates with Class || MHC molecule on the membrane. This

association allows TH cells to recognize the antigen and mount an appropriate

immune response. Macrophages also, upon activation, secrete monokines
such as IL-1 and colony stimulating factor (CSF). IL-1 acts by stimulating T cells
and CSF has the ability to stimulate proliferation and maturation of additional

macrophages (Roitt, 1989).

Another cell population invoived in the overall immune response is the natural

killer (NK) cells. These cells are derived from large granular lymphocytes and
comprise about 5% of lymphoid cells. The majority are CD16* and CD3". A

distinguishing function of NK cells is their ability to lyse target cells without any
MHC restrictions. They are effective in eliminating virus infected and tumor
targets (Roitt, 1989). This function could play an important role in eliminating
tumor cells that have escaped recognition by the CTL by down regulating their

MHC class | molecuie.

1.2 Immunotoxicology

With the recent advent of the appropriate immunodiagnostic tests it is possible
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to assess the number and function of the various components of the immune
system. With this ability, it is also possible to determine the presence of any
immunodeficiency. The immune system is a complex arrangement of cells that
work in cooperation to protect the host from infectious agents. During their
interactions, a number of molecular communications occur. These
communications ultimately result in the modulation and exhibition of the proper
immune response. For example, many cells release various molecular
regulators, including complement, prostoglandins, lymphokines and other
allergic and inflammatory mediators. Any modification of this process could
lead to the maifunctioning of the immune system. Many secondary immune
deficiencies involve defects in cellular response mediated by T cells,
macrophage and NK cells. Ih most cases, modifications of the immune system
by xenobiotics, either immunotherapeutic agents or immunotoxins, are not
completely selective for a single cell and no defect involving one cell population
occurs without affecting another population. These conditions, therefore, make

the determination of immunotoxic effects difficult.

Because of location and distribution, mononuclear phagocytes and
lymphocytes must deal with many xenobiotics entering the body. These
interactions could ultimately lead to immune suppression, immune
dysregulation (autoimmunity) or response of immunologic defense mechanism
to xenobiotics (hypersensitivity). Immunosuppressive agents frequently cause
serious secondary complications, resulting in an increase in bacterial, viral,

fungal and parasitic infections in addition to increased frequency of cancers.
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Both acute and chronic exposures to xenobiotics can alter a specific immune

response.

Toxicological manifestations in the immune system can appear in many ways.
Alterations in lymphoid organs, weights and histology, quantitative or qualitative
changes in cellularity of lymphoid tissues, along with impairment of cell function
at effector and regulating level and increased susceptibility to infectious agents
are all signs of immunotoxicity. Immunotoxic effects can occur at exposure
levels below the leveis where other toxic effects are recognized. Ultimately any
agent that aiters the delicate balance of the immune system can lead to an

immunotoxic state (Dean and Ward, 1983).

Many immunosuppressive agents have been characterized. For example,
Azathioprine is an immunosuppressive drug used in organ transplantations.
Cyclosporin A is another immunosuppressive agent used in treating allograft
rejection and graft- versus-host disease. [n addition to these drugs, several
environmental immunotoxicants have been identified. One such agent is
benzene. Benzene is associated with suppression of all marrow derived
elements. Exposure results in the death of the animal due to opportunistic

infections (Dean, et al., 1985).

It is critical to study immunotoxicology for a number of reasons. There a number

of different substances to which we are exposed to daily, from environmental
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pollutants to drugs taken therapeutically. Throughout history and especially
since the industrial revolution, numerous potential toxicants are being
introduced into the environment at increasingly high concentrations. Along with
the classical toxicological studies, it is important to study the effects on the
immune system but do not have other toxic effects. In many cases substances
adversely affects the immune system. With a down-regulated immune system
individuals could succumb to infections and diseases that would not originaily
be tolerated, significantly decreasing overall health. Secondly, many
individuals are presently taking drugs to treat or cure an undesirable health
condition. It is important to determine the immunotoxic effects of these
therapeutic agents. Individuals taking these drugs are using them in the hopes
of treating a particular condition, however, if these drugs simultaneously cause
immunosuppressive effects, the individual under treatment may become
susceptible to other problems. Some of these could be more serious than the

original condition.

1.3 Acquired Immunodeficiency Syndrome (AIDS):

The human immunodeficiency virus (HIV) is a retrovirus that causes AIDS
(Barre-Sinoussi, et al.,, 1983). HIV was first discovered in 1981 and has since
developed into a world wide epidemic. The disease is progressive and
irreversible, with a mortality rate reaching 100 percent (Fauci, 1988). The main

target of HIV is the immune system. Without an intact immune system,
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individual's defenses are severely compromised, leading to increased
susceptibility to opportunistic infections and cancers. Individuals with AIDS do
not die directly from the human immunodeficiency virus but from opportunistic
infections that take advantage of the individual's suppressed immune system.
Untreated, AIDS wiil lead to the death of the infected individual in 2 to 6 years

after clinical diagnosis (Georgiev and McGowan, 1990).

An intricate part of the immune system is the CD4+ T helper subset of cells. T
helper celis are important in both humoral immunity to extracellular pathogens
and cell mediated immune responses. Without the CD4* subset the immune

system wouid become severely compromised. The surface of HIV contains an
envelope glycoprotein known as gp120. Gp120 has a high affinity for the CD4
molecule present on the T helper cells. Shortly after the virus binds to its host it

is able to enter the cell and begin replication.

The process of replication used by HIV is unique to retroviruses in that they
contain RNA as their genomic material and use the enzyme reverse
transcriptase to transcribe RNA to DNA. The information gathered on HIV has
allowed investigators to devise different approaches for treatments or cures for
the disease. Two of the major areas of research involve the blocking of HIV
from binding to the host cell and secondly, preventing the virus from replicating
by blocking the activity of reverse transcriptase. Significant success has been
accomplished in in trying to inhibit reverse transcriptase by treatment with

nucieoside analogs.
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1.4 NUCLEOSIDE ANALOGS USED IN THE
TREATMENT OF AIDS:

The development of rapid assay systems for the testing of compounds for anti-
HIV activity has led to the discovery of numerous drugs with potential for the
treatment of AIDS. The most promising of these drugs were found to be
deoxynucleoside analogs that contained an azido group in substitution of the
3’-hydroxyl group. These drugs have been shown to inhibit the activity of
reverse transcriptase by acting as a chain terminator orvby acting as a
competitive inhibitor of the physiologic deoxynucleoside 5'-triphosphates. In
addition to true dideoxynucleosides, a number of other nucleoside analogues
have been found to have anti-HIV activity. For example, acyclic compounds
may structurally resembie dideoxynucleosides and act in a similar way. The
first drug to undergo testing was 3'-azido 2'-3-dideoxythymidine (AZT). This
drug was selected because it already had a corporate sponsor and had
undergone animal toxicology testing. At the same time other similar drugs, such
as dideoxycytidine (ddC), dideoxyinosine (ddl), and dideoxyadenosine (ddA),

were being considered for entry into ciinical trial.
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1.5 3’-azido 2’-3’-dideoxythymidine (AZT):

AZT is a dideoxynucleoside that is now being used in the treatment of AIDS.
Although there are differences among the dideoxynucleosides, most act in a
similar way. These drugs are effective in inhibiting reverse transcriptase
(Furman et al., 1986; Hoa et al., 1987; Mitsuya et al., 1988.). In order to carry
out this function, each must be converted into its 5'-triphosphate form by the
target cell. This activation process called anabolic phosphorylation, is carried
out by a series of kinases (Cheng, et ai., 1987, Starnes and Chang,1987;
Vrang, et al., 1987). Once in their active form, the dideoxynucleosides are able
to inhibit HIV replication. AZT and other dideoxynucleosides are able to do this
by interfering with the viral DNA polymerase (reverse transcriptase). Reverse
transcriptase is essential for viral replication. After entering the cell, the virus,
utilizing reverse transcriptase, makes a complementary strand of DNA copy
from the viral genomic RNA and then initiates the the production of a second
copy, making a double stranded copy of its genomic information. There are two
proposed mechanisms for AZT's anti-retroviral action. First as a triphosphate, it
competes with cellular deoxynucieoside-5'-triphosphates that are essential
substrates for the formation of provirai DNA by reverse transcriptase (Furman et
al.,, 1986; Mitsuya et al., 1984). Second, they act as chain terminators. AZT
differs from deoxythymidine by the substitution of a hydroxyl group on the 3’
carbon of the sugar complex. This substitution prevents any further 5' to 3’
phosphodiester links within the DNA complex, ultimately terminating DNA

synthesis by reverse transcriptase (Furman et al., 1986; Waquar et al., 1984).
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HIV reverse transcriptase is approximately 100 times more susceptible to this
type of inhibition than mammalian DNA polymerase alpha making it a
reasonable target for retroviral control . However, it has been shown that
mammalian DNA polymerase gamma, found in mitochondria, and DNA
polymerase beta are sensitive to dideoxynucleosides, leading to possible toxic

effects from AZT exposure (Furman et al., 1986; Waquar et al., 1984).

The most effective route for administration of AZT is by intermittent high dose
administration by gavage, as opposed to continuous low dose infusions.
Researchers suggest that this may be due to AZT pharmokinetics. It has been

shown that mice implanted with ALZET miniosmotic pumps loaded with
25mg/mi of AZT had a plasma level of AZT of approximately 1uM. However, if
the mice were treated with 50 mg/kg body weight AZT by gavage, the peak
plasma level would reach approximately 150uM within 5 minutes of
administration (Bilello et al., 1990). Studies have shown that AZT efficacy is
greater when given in intermittent high doses by oral gavage suggesting that

reaching high peak levels may enhance the chemotherapeutic applications of

AZT as opposed to maintaining a constant plasma level (Bilello et al., 1990)

AZT enters cells by passive, nonfacilitated diffusion (Zimmerman et al., 1987).
Once inside the cell, AZT is transformed into its activated form by a series of
kinases. In the first step, thymidine kinase produces 3’-azido 2'-3'-
dideoxythymidine-5’-monophosphate (AZT-MP). Next two additional
phosphates are added by thymidylate kinase and nucleotide diphosphate
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kinase to form 3'-azido-2'-3'-dideoxythymidine-5'-triphosphate (AZT-TP), its
active form (Chang et al., 1987, Starnes et al., 1987; Vrang et al., 1987). Once
in this form, AZT has potent activity against a wide spectrum of retroviruses,
including human immunodeficiency virus type 2, human T-cell lymphotrophic
virus Type |, animal lentiviruses and murine retroviruses (Dahiberg et al., 1987,

Wagquar et al., 1984).

The use of AZT in treatment of HIV may be limited. There is growing evidence
that cells belonging to the monocyte-ﬁwacrophage lineage may be a primary
target for HIV infection. These nonproliferating cells have lower levels of
kinases and may not be able to convert AZT into its active form. One study
suggested that AZT is poorly phosphorylated in peripheral monocytes and
macrophage and does not protect against infection by HIV (Richman et al.,
1987). However, two additional studies showed that AZT at low concentrations
was able to significantly inhibit the replication of HIV in monocytes and
macrophage (Perno et al., 1988; Skinner et al., 1988). It has been suggested
that the reason for these results can be explained by the fact that these cells
possess very low levels of thymidine-5'-triphosphates creating a situation in
which even small concentrations of activated AZT could effectively compete with
the thymidine-5'-triphosphates necessary for HIV replication (Perno et al.,
1988).

A little over two years after AZT was shown to inhibit HIV replication in vitro , its

use was approved by the Food and Drug Administration for the treatment of
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AIDS. Because the drug was approved so rapidly, it is possible that many
possible traits of this drug were not determined. Currently, preciinical toxicity
testing does not include examining the effects exhibited upon the immune
system, but is mainly concerned with determining the target organs/systems and
endpoints of the drug. In the case of HIV infection it is important to assess the
effects of drugs being used in its treatment on the immune system because HIV
replicates in the cells of the immune system and AIDS patients represent an
immunologically compromised population. Most of the drugs being used are
nucleoside inhibitors that target rapidly cycling cells, which are characteristic of
cells involved in the immune system. It is possible, therefore, that AZT could

have adverse effects on these ceils.

Preliminary studies have shown some drawbacks to treatment of AIDS with
AZT. Some negative side effects have been noted with the use of AZT. These
include malaise or fatigue, dyspepsia, nausea, vomiting, and bloating (Fischl et
al.,, 1990). Prolonged use in humans has been linked to the deveiopment of

bone marrow toxicity, characterized by apparent megablastic anemia and
granuiocytopenia. AZT at concentrations of 0.5 - 50uM resuited in the induction

of hematopoietic suppression manifested by anemia, neutropenia, and overall
bone marrow failure (Ruprecht et al., 1986). One study suggests that AZT may
selectively inhibit human lymphocyte functions. This may have implications for
long term therapeutic use of AZT (Shaw, et al. 1991). These studies have
created concern over the possible uses of AZT and reaffirmed the need for

additional studies.
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1.4 Specific Aims:

With the discovery that AZT can inhibit HIV replication, it has been suggested
that chronic use and early treatment should be initiated in symptomiess
individuals infected with HIV, with the hope of delaying or even preventing
progression to AIDS. However recent studies have shown some drawbacks in
the chronic use of AZT, such as bone marrow suppression characterized by
apparent megoblastic anemia and granulocytopemia. lnasmuch as HIV

replicates in the T4 cells, macrophages and thymocytes, it is important to know

whether AZT-treatment would alter phenotype and functions of the ceils of the
immune system. Any alteration in the immune function mediated by AZT in turn
could affect not only the replication of HIV but also susceptibility to other
infections or development of cancer. With this view in mind, we initiated the
studies to test the hypothesis of whether AZT being a nucleoside analog was
able to alter the differentiation or functions of immune cells in the normal murine

host.
The specific aims of the research were to determine:
1. Thein vivo effects of AZT on T cell differentiation in the thymus and spleen.

2. The in vivo effects of administration of AZT on T cell-mediated immune

response to foreign antigens such as conalbumin and gp120 of HiV.
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3. Thein vitro and in vivo modulation of polyclonal T and B cell activation by

AZT.
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2.0 IMMUNOMODULATORY PROPERTIES
OF AZT

2.1 Introduction:

AZT (3' azido 2' 3’ dideoxythymidine) was one of the first drugs to demonstrate
anti-HIV activity (Yarchoan et al., 1986). AZT shows potent activity against a
broad spectrum of retroviruses: HIV type 2, human lymphotrophic virus type 1,

animal lentivirus and murine retrovirus (Yarchoan, 1986).

AZT enters the cell by passive, non facilitated diffusion (Zimmerman, 1987).
Once inside the cell, AZT can inhibit HIV replication in two ways. First, AZT can
act as an inhibitor by interfering with the synthesis of new DNA during reverse
transcription. Inside the cell AZT is phosphorylated into a triphosphate. Once in
its active form ( 3' azido 2’ 3' dideoxythymidine), AZT binds to the RNA
dependent DNA polymerase (reverse transcriptase) so that incoming molecules
have no attachment site. AZT differs from deoxythymidine by the presence of
azido group in place of an hydroxyl group at the 3’ carbon of the sugar complex.

This 3' substitution prevents further 5’ to 3’ phosphodiester linkages, resulting in
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the termination of DNA synthesis. Reverse transcriptase is approximately 100
times more susceptible to inhibition by AZT than mammalian DNA polymerase,
making it a reasonable treatment against HIV. Secondly, as a triphosphate,
AZT can compete with cellular deoxynucleoside 5’ triphosphates essential for

formation of proviral DNA by reverse transcriptase (Waqar, 1984).

Recently AZT was shown to prolong the survival of patients with AIDS. This has
led to the debate on whether AZT shouid be offered to symptomiess individuals
infected with HIV with the hope of delaying or even preventing the progression
to AIDS. Since the immune system is the primary target of HIV, it is critical to
know if the drugs used in the treatment of AIDS alter the functions of the
immune system. With initial studies showing the possibility of AZT causing
toxicity to cells, it is of great importance to investigate the properties of AZT more
closely. If symptomiess individuals take these drugs for extended periods of
time, it is possible that AZT couid alter the immune system in a way making the
host more accessible for HIV and other opportunistic infectious agents, creating

additional problems instead of treating them.
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2.2 Experimental Procedures

2.2.1 Mice

Adult, female DBA/2 were used in the majority of the experiments. Spleen cells
from C57BL/6 mice were used as allogeneic stimulator celis. All the mice were
obtained from National Cancer Institute, Bethesda, MD. The weight of the mice
ranged from 25 to 30 grams. The mice were housed in polyethylene cages
(Animal Storage Isolators, Nu Aire Inc., Plymouth, MN) in groups of five mice per
cage. The cages contained wood shavings and were shelved in a laminar flow

cabinet, providing a sterile environment. The rooms were kept on a twelve hour

light/dark (6 a.m. to 6 p.m. light) cycle at a temperature of 74+ 2 OF.

2.2.2 Drugs

AZT was kindly provided by Burroughs Wellcome Pharmaceuticals, Research
Triangle Park, NC and stored at -200C. AZT was dissolved in PBS for in vivo

administration and in media for in vitro studies. [L-2 was obtained from

Hoffman LaRoche and stored at -80°C
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2.2.3 In Vivo drug treatment:

To study the immunomodulating properties of AZT, the drug was administered
orally by gavage. AZT was dissolved in PBS and was administered in 0.2 ml
volume. In this study 0, 100, 500 and 1000 mg/kg body weight were used. The
length of administration ranged from 7 to 14 days. Groups of 3 to 5 mice were

used.

2.2.4 Cell separation:

After the appropriate time period the mice were sacrificed by chioroform
asphyxiation. The thymus, lymph nodes and spleen were then surgically
removed placed in stomacher bags, containing 10 ml of medium, and kept on
ice. The cells from the thymus, lymph nodes and spieen were made into single
cell suspensions by a laboratory homogenizer (Stomacher, Tekmar Co.,
Cincinnati, OH). The production of singie cell suspension was confirmed by
microscope observation. The cells were then placed into 12 ml culture tubes
and spun down for 10 minutes at 1000 rpm. The erythrocytes were removed by
lysis with 4 ml of 0.83% ammonium chioride in solution, after which the cells
were washed two additional times. The medium for homogenization and
resuspension consisted of RPMI-1640 supplemented with 10% fetal calf serum

(GIBCO Lab., Grand Island, NY), 10 mM HEPES, 1mM giutamine, 40 mM/m| of

IMMUNOMODULATORY PROPERTIES OF AZT 25



gentamicin suifate and 50mM 2-mercaptoethanol.

2.2.5 Two color fluorescent staining for CD4 and CD8

markers:

Pelleted cells (2 x 106) were incubated with 1ul of FITC-conjugated anti-CD8

(Pharmigen) and 1 ui of phycoerythrin (PE) conjugated anti-CD4 mADb

(Pharmigen) in 5 mi culture tubes for 30 minutes at 4 oC. The cells were
washed twice with medium and finally suspended in 0.3 ml medium. The

medium used throughout this procedure was PBS containing 0.02% sodium

azide.

2.2.6 Flow cytometry:

Fluorescence of the cell populations was measured by flow cytometric analysis
(Seth et al., 1988). The analysis was performed by an Epics V, model 752
(Counter Electronics, Hialeah, Fla.). The four parameters per cell that were
studied included forward angle and 90 degree light scatter, green and red

fluorescence. Ten thousand cells were analyzed in each sample.
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2.2.7 Determination of total cellularity:

The thymus, spleen or lymph nodes were surgically removed and transformed
into single 'cell suspensions. The cells were washed three times and
resuspended in medium. One-hundredth or .05 ml of trypan blue dye was
added to .0025 mi of the cell samples. The suspension was then placed on a
hemocytometer microscope slide. The number of cells within the grid was used
to determine the total cellularity. Cells able to exclude the dye from their interior
were determined to be viable by observing the cells under an inverted phase

contrast microscope (Olympus model T041).

2.2.8 Direct determination of cell viability exposed to
AZT.

4 x 106 splenic cells per well were cultured in the presence or absence of

various concentrations of AZT (0, 1, 10, 100, 1000, or 2000 uM) for 48 hours in

24 well plates. The number of viable cells was then determined by trypan blue

exclusion.
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2.2.9 Thymidine uptake assay

Single cell suspensions containing both T and B cells were plated in triplicates,
at a concentration of 4x105 to 5x105 cells per well, in 96 well flat bottomed
plates and were stimulated by various mitogens. T cells were stimulated with
Con A (5 mg/mi), PHA (50 mg/ml), anti-CD3 mAb (1:25), or anti-af mAb (1:50).
B cells were stimulated with lipopolysaccharide (LPS) (50 ug/ml), or anti-igM

(20 ug/ml). LPS is a product of some gram-negative bacteriai cell walls which

acts as a B cell mitogen. Cells were cultured in the presence of the various

mitogens for 48 hours in the presence or absence of AZT for 48 hours. The
samples were pulsed with 2 uCi of (3H) thymidine during the last 18 hours of

culture. The cells were harvested onto glass fiber filter discs and the
incorporated radioactivity was counted by a scintillation counter. The controls in
each experiment were cells cuitured in the absence of the mitogens, as well as

groups set up in the absence of AZT.

2.2.10 Colorimetric MTT (tetrazolium) assay:

Single cell suspensions containing both T and B cells were plated in triplicates,
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at concentrations of 4 x 109 celis per well in 96 well flat bottomed plates and the

cells were stimulated with various mitogens. MTT (3-(4,5-dimethyithiazol 2-yl)-
2,5 diphenyi tetrazolium bromide) was dissolved in PBS at 5 mg/ml and filtered
to sterilize and remove any small amount of insoluble residue present in some
batches of MTT. Five-hundredth ml of stock MTT solution (10 mi per 100 mi
medium) was added to all wells of the assay, and plates were incubated at
370C for 4 hours. The supernatant (.01 mi) was removed from each well and
0.1 ml of Acid-isopropano! (100 mi of .04 NHCI in isopropanol) was added to all
wells and mixed thoroughly to dissolve the dark blue crystals. After 5 minutes at
room temperature, ensuring that all crystals had dissolved, the plates were read
by an ELISA reader using the test wavelength of 570nm (Mosmann T, 1983).
The controls for each experiment were cells cultured in the absence of any

mitogen, as well as cells not exposed to AZT.

2.2.11 In Vivo T cell stimulation:

Mice were orally treated with various concentrations of AZT for 14 days. Seven

days prior to the last AZT treatment, 100ug of conalbumin mixed with complete

Freund’'s adjuvant (1:1), in the volume of 50ul, was injected into the rear

footpads of the mice in each dosage group. At the end of the treatment period,
the lymph nodes draining the rear footpads were removed and single cell

suspension were prepared. The cells were then cuitured with antigen

IMMUNOMODULATORY PROPERTIES OF AZT 29



presenting cells (APC) and conailbumin in vitro to stimulate the antigen-specific

T cells. The proliferative response was then determined by a thymidine uptake

assay after 48-72 hours of culture. T cell proliferative response to gp120 of HIV
was studied in a similar way as described above by injecting mice with 25ug of

gp120 in their rear footpads foliowed by culturing the lymph node T cells with
gp120 in vitro.

2.2.12 Chromium release assay:

The Chromium release assay was used in this study to determine the cytotoxic

ability of AZT treated T celis. Splenic cells (4 x 106) from DBA)Z mice (H-29)
were cultured with X-irradiated allogeneic spleen cells (4 x 106) from C57BL6
(H-2b) mice in the presence or absence of various concentrations of AZT (0, 1,
5, 50, 100, 500 or 1000uM) in 24 well plates for 4 days. Contact between the

DBA cytotoxic T lymphocytes and the X-irradiated spienic cells led to the
activation of CTLs, specific for cells expressing the same MHC haplotype as the

C57BL6 mice. The cells were next harvested and washed three times. The

harvested cells were then incubated with 51Cr labeled EL-4 tumor targets (H-
2D) for 4 hours in 96 well plates. The supernatants were then collected and the

S1Cr released was measured by a gamma counter. The percent lysis was
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determined as follows: [(experimental release - control release) / (total release -
control release)] x 100. The control release was measured by incubating 51Cr-

labeled targets alone while, the total release was measure by incubating

labeled tumor cells with SDS.

2.2.13 Statistical Analysis:

in all in vivo experiments, lymphocytes were pooled from groups of 2 to 5 mice.
All assays were performed in triplicate and each assay was done at least two
times. The standard errors (S.E.) were calculated from the data obtained. The
various experimental groups were compared to the control groups, using
Student’s t-test. Differences with p values less than 0.05 were considered

statistically significant.
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2.3 Results:

2.3.1 The effects of AZT on T cell differentiation in the
thymus and the spieen

The spleen and the thymus play an important role as a secondary lymphoid
organ. . It is therefore of great importance to determine if AZT coulid play any
significant role in altering the normal functions or the phenotypes of T cells in
these organs. It is possible that AZT could disrupt the thymic activity in a way
leading to it's inability to properiy repienish the immune system with mature T
cells or affect splenic activity thereby disrupting it's normal functions. If this were
to occur, the drug could enhance the immunosuppressive state being caused

by HIV instead of delaying it.

The first goal of this research was to determine if AZT could affect the ratio of the
different T cells in the thymus or spleen. To accomplish this, various
concentrations of AZT (0, 100, 500, 1000 mg/kg) were administered into DBA/2
mice by gavage for 7 or 14 days. After the designated time periods the thymus
and spleen were removed and the ratios of T cell subsets were determined by

flow cytometric analysis. The data from a representative experiment depicted

in Fig. 1 demonstrated that control mice had 74.8% CD4+CD8%, 17.3% CD4t,

2.1% CDB8* and 5.8% CD4-CD8" T cells in the thymus, which is consistent with

earlier studies (Scollay, et. al. 1984). Upon treatment with AZT at both 500 or

IMMUNOMODULATORY PROPERTIES OF AZT 32



1000 mg/kg for 14 days, there was a marked decrease in CD4*+CD8* T celis, a

increase in CD4-CD8" and a increase in CD4* and CD8* T celis in the

thymus. These data suggested that AZT altered the T cell phenotype or
differentiation in the thymus. When similar studies were conducted using the
spleen, AZT did not significantly aiter T cell subsets as compared to the controis

except 14 days after treatment with 1000 mg/kg (Table 1). Note that the spleen
have only mature CD4* or CD8* T cells and this percentage increased

marginally upon AZT-treatment. Experiments depicted in Table 1, further
demonstrated that AZT-treatment for 7 days at any concentration tested failed to
induce alterations in the T cell subsets in the thymus and spleen. However,
upon 14 days treatment, there were marked alterations in the % of T cell

subsets in the thymus.
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Fig. 1. Treatment with AZT causes aliterations in the ratios of T cell

DBA/2 mice were aaministerea with AZT (0. 100, 500,
or 1000 mg/kg) for 14 days. Next. tne celis were stainea with PE-conjugated anti CD8
and FITC-conjugatea anti-CD4 antipogies. Tne populanons were then anaiyzed by
flow cytometry and the varnious rauos of T celi supsets were getermined.
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Tabile 1

Percentage of T cell subsets in the thymus and spieen of DBA/2 mice treated with AZT.

Expt. Organs AZT Days of Percentages of T ceil subsets
dose treatment Cos" cDs8* CD4* CD8* CD4" CDSE
(mg/Kg)

1. Thymus vehicle 7 20.8+1.0 2.7£0.7 673128 9.4£1.3
Thymus 100 7 21.8%0.1 25201 65.0£2.2 10.8+1.6
Thymus 500 T 23.3+1.3 43+13 58.7+9.0 13.7£7
Thymus 1000 7 23.3+0.1 45+0.3 60.8+1.8 11.6+1.7
Spieen vehicle 7 34.1+28 7.7+04 - -
Spieen 100 7 324%186 7.0+0.7 - -
Spieen 500 7 31.3+4.5 8.1x1.1 - -
Spleen 1000 7 321£03 7.7£0.4 - -

2, Thymus vehicle 14 209+1.8 24£0.2 69.4%2.7 73209
Thymus 500 14 35.9+2.3 41402 42444 17.5+1.5
Thymus 1000 14 354+5.9 7.2+0.8 39.614.6 17.8+0.8
Spieen vehicle 14 254409 6.3£0.3 - -
Spieen 500 14 28.3%1.9 6.2+0.3 - -
Spleen 1000 14 35.4+1.1 8.7+0.8 - -

Mice were treated with various concentrations of AZT (0, 100. 500, or 1000mg/kg body
weight) by gavage for 7 or 14 days. The thymuses and spieens were removed and the
total cellulanity was determined by trypan biue exclusion. Resuits suggesting
significant cnanges 1n total celiularity are denoted by underiine (p < .05).
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2.3.2 The effect of AZT on the total cellularity of the

thymus and the spleen:

The second objective of this study was to determine if AZT could significantly
affect the total cellularity of the thymus or the spleen. If AZT is able to
significantly decrease the total number of lymphoid cells in these organs, it
could lead to a reduction in the ability of the immune system to function
correctly. To determine this, DBA/2 mice were administered 0, 100, 500, 1000
mg/kg body weight AZT for 7 or 14 days. At the end of administration, the
thymus and spleen from each mouse were removed and total cellularity was
determined by trypan blue exclusion. The results shown in Table 2 indicated
that the total cellularity in the thymus of mice treated with 500 and 1000 but not
100 mg/kg body weight of AZT for 7 days decreased dramatically, whereas, the
cellularity in the spleen was not altered significantly. Similar results were
obtained using 14 day treatment with AZT. Furthermore, when total number of T
cells were enumerated based on the percentage of T cells shown in Fig 1 and
Table 1, it was observed that AZT-treatment at 500 or 1000 mg/kg body weight
induced marked decrease in the total number of all subsets of T cells in the
thymus at both 7 and 14 days treatment, resuiting from the overall decrease in

thymic cellularity.
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Table 2

Total cellularity of thymus and spieen and T ceil subsets in these organs of DBA/2 mice treated with
AZT.

Expt. Organs AZT Days of Total Total T celis x 10*/organ
dose treatment celis CD4" cos* CD4°* CD8” CD4~ CD8~
(mg/Kg) x 10°

1. Thymus vehicle 7 18.8425 3.87 0.50 12.65 1.76
Thymus 100 7 171416 3.72 0.42 1.11 1.34
Thymus 500 7 6.9+2.7(64) 1.60(59)  0.20(42)  4.05(68)  0.94(47)
Thymus 1000 7 2.6£1.587) 0.53(84)  0.11(78)  1.57(88)  0.30(83)
Spleen  vehicle 7 1135461 387 3.8 - -
Spleen 100 7 1254129 40.7 8.8 - -
Spieen 500 7 109+157 346 8.8 - -
Spleen 1000 7 92420 29.5 7.0 - -

2. Thymus vehicle 14 19.543.2 4.07 0.46 13.53 1.42
Thymus 500 14 8.2126(58) 2.94(28)  0.33(29)  1.47(75)  1.43(0)
Thymus 1000 18 3.5+1.2(83) 1.23(70)  0.25(46)  1.38(80)  0.62(57)
Spleen  vehicle 14 85.6+£17.4 217 5.4 - - -
Spleen 500 14 75.048.1 21.2 47 - -
Spleen 1000 14 770146  27.2 6.7 - -

Mice were treatea witn various concentrations of AZT (0, 100, 500. or 1000 mg/kg boay
weight) by gavage for 7 cr 14 days. The thymuses and spleens were removed and the
cells were stained with fiuarescently tagged mAb specific for CD4 and CD8 molecules.
The various ratos of T celi subsets were determined by flow cytometric analysis.
Results suggesting significant changes are denoted by underiine (p < .05). The
numbers in parenthesis reoresents the percentage decrease.
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2.3.3 Administration of Interleukin-2 (IL-2)

reconstitutes thymic cellularity:

IL-2 is a growth factor produced by T cells which has been shown to play an
important role in T cell differentiation in the thymus. We therefore wanted to
determine if the toxicity of AZT on the thymus was in some way related to
decreased IL-2 production and, therefore, whether administration of IL-2 into
AZT-treated mice could reconstitute the totat cellularity of the thymus. In this
experiment, mice were given AZT at doses of 0 or 500 mg/kg body weight for 14
days. In addition, these mice were administered with IL-2 (i.p.) at 500 or 5000
units/mouse, daily. After 14 days, the total cellularity was determined by trypan
blue exclusion. The results showed that [L-2 was able to completely reverse the
toxic effects of AZT by reconstituting the total cellularity of the thymus (Fig. 2). It
should be noted that injection of IL-2 alone into normal DBA/2 mice did not have

any significant effect on total cellularity in the thymus.

2.3.4 The effects of AZT on the activation of T and B

cells to polyclonal mitogens:

In addition to determining the effects of AZT on the ratios of T cells in the
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Fig. 2. Administration of IL-2 reverses the toxicity induced by AZT and
reconstitutes the total cellularity of the thymus. DBA/2 mice were
administered, by gavage, with PBS (control) or 500 mgrkg of AZT for 14 days. In
addition, the control and AZT-treated mice were injected i.p. with 500 units of IL-2
simultaneously with AZT for 14 days. After 14 days of treatment, the thymuses were
removed and the the total cellularity was determined by trypan blue exclusion.
Significant decrease in ceilularity was observed at 500 mg/kg bodyweight when
compared to the controls (p <.003). Injection of IL-2 significantly reconstituted the total
cellularity of the thymus. )
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lymphoid organs and total celiularity, it is important to determine the effects of
AZT on the activation of T and B cells. In order for T and B cells to function
properly in the immune system, these cells must be able to become activated
when challenged with an antigen. |f AZT is able to interfere with the activation
of T or B cells, these cells could become nonfunctional. In this set of
experiments, spleen cells from DBA/2 mice administered for 14 days with AZT
(0, or 100, mg/kg) were cuitured with various polycional mitogens such as Con
A and anti-CD3, to stimulate the T cells, or LPS, to stimulate the B cells. The
resuits from this experiment (Fig. 3) indicated that AZT at concentrations of 100
mg/kg body weight administered for 14 days did not have any significant ability
to alter T and B cell activation. However, when the concentration of AZT was
increased to 500 or 1000 mg/kg body weight, there was a moderate decrease in
T cell ability to respond to mitogens particularly to Con A (Fig. 4). These results

were consistent with earlier data which indicated that AZT may affect T cells at

the time of differentiation rather than on naive or mature T cells (Table 1 and 2).

2.3.5 The effects of AZT on T cells response to

stimulation by conalbumin (in vivo):

In a normal situation, the immune system is not activated by a polycional
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Fig. 3. Effects of AZT treatment in vivo on T cells ability to rggpond to
stimulation by polycional mitogens in vitro. DBA/2 mice were administered by
gavage, with PBS (controt) or with 100 mg/kg body wgight of AZT for 14 days. T:e
spienic cells were then stimulated with various mitogens for 40 hours and the
proliferation was then determined by thymidine uptake assay. szgnnf1canz suppression
was not observed at concentration of 100 mg/kg body weight or greater when
compared to the controls for LPS, anti-CD3 and Con A mitogens (p 2 .05).
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Fig. 4. AZT in vivo suppresses T cells ability to respond to stimulatiqn
by polyclonal antigens in vitro. DBA/2 mice were administered, by gavage with
PBS (control) or with various concentrations of AZT (500 or 1000 mg/kg body weight)
for 14 days. The spienic cells were then stimuiated with various mitogens in vitro for
40 hours and the proliferation was then determined by thymidine uptake assay.
Significant suppression was observed at concentration of 500 mg/kg bedy weight or
greater when compared to the controls for both anti-CD3 and Con A ( p<.005).
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antigen but is challenged by a specific antigen recognized by only a smali
subset of T and B cells. Also, in the earlier experiments described above,
spleen cells from AZT-treated mice were cuitured in vitro with polyclonal
mitogens and the immune response was studied. These experiments did not
provide information on how T celis would respond to antigens in vivo when
simultaneously encountered with AZT. To address this, we decided to
immunize mice undergoing AZT-treatment with foreign antigens such as
conalbumin and study the T cell response to this antigen. To this end, DBA/2
mice were gavaged with various concentrations of AZT for 14 days. On the 7th
day of AZT administration, the mice were injected with conalbumin/Fruend’'s
adjuvant into their rear foot pads. On day 14, the lymph nodes draining the rear

footpads were removed. The T cells were then cultured with conalbumin (/in
vitro ) for 48 hours. The T cell proliferation was then measured by 3H-thymidine

uptake assay. The results from this experiment showed that AZT at
concentrations of 100 mg/kg body weight or greater, administered for 14 days,
significantly decreased, in a dose dependent fashion, the T cell ability to
respond to stimulation by conalbumin (Fig. 5). These data suggested that AZT

can suppress the ability of T cells to respond to foreign antigens in vivo.
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Fig. 5. Effects of AZT on T cell response to conalbumin. Mice treated for 14
days with PBS (control) or with 100, 500, or 1000 mg/kg body weight of AZT were
immunized with conalbumin in their rear footpads on day 7. Following AZT treatment
the lymph nodes draining the rear footpads were removed and the T cells were
restimulated with conalbumin in vitro. The proiiferative response was determined by

3H uptake assay. Acpm represents cpm in cultures incubated with conalbumin minus
cpm in cultures incubated without conalbumin. Significant suppression was observed
at concentrations of 100 mgrkg body weight or greater when cocmpared to the controls
(p .0005).
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2.3.6 AZT-treatment decreases the ability of T cells to
respond to gp120 of HIV:

Next, we wished to delineate whether AZT-treatment would alter the T cell
responsiveness to HIV antigens. It was important to know this, if AZT-treatment
were to be recommended for use by asymptomatic HIV-infected individuals at
an early stage of the disease. To this end, mice treated for 14 days with AZT
were injected with gp120 of HIV into the rear footpads on day 7. A week later,
the draining lymph node T cells were studied for their ability to respond to
gp120 in vitro . The study was carried out in a similar way as studying the
response to conaibumin, described earlier. The data shown in Fig. 6 suggested
that the T cell-mediated immune response to gp120 in AZT-treated mice
decreased significantly at all AZT concentrations tested. The data confirms the
above studies that AZT when present at the time of T cell responsiveness to
foreign antigens in vivo , could suppress their ability to respond to the specific

antigen.

2.3.7 The direct effects of AZT on cell viability:

Splenic cells cultured in the presence of AZT at concentrations of 1000 uM or

greater showed a significant reduction in the total number of viable celis after 48
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Fig. 6. Effects of AZT on T cell response to gp120 /in vivo. Mice
administered for 14 days with PBS (control) or with 100, 500, or 1000 mg/kg body
weight of AZT were immunized with gp120 in their rear foot pads on day 7. Following
AZT treatment, the lymph nodes draining the rear footpads were removed and the T
cells were restimulated with gp120 in vitro. The proliferative response was determined

by 3H thymidine uptake assay. Acpm represents cpm in cultures incubated with gp120
minus cpm in cultures incubated without gp120. Significant suppression was
observed at concentrations of 100 mg/kg body weight or greater when compared to
controls (p < .0005).
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hours of exposure. This data suggest that at the higher concentrations, any
effects caused by AZT may be due to the direct toxic effects of the drug resulting
in the death of the cell, however at the lower concentrations, AZT does not seem
to directly kill the cells, suggesting that AZT ailters cellular functions involving

other mechanisms (fig. 7).

2.3.7 The effects of AZT on T and B cell activation (in

vitro ):

While the data presented thus far demonstrated clearly that AZT altered the T
cell differentiation and function, it was not clear whether AZT directly or
indirectly affected the T cells. Previous studies using immunotoxic drugs have
shown that sometimes the immuonmodulators can bring about alterations by
indirectly affecting the nutritional status, or by triggering stress hormones or

other endocrine responses. To address this, we decided to directly test in vitro
whether AZT would alter the ability of B and T cells to respond to mitogens. To

determine the effects of AZT on T and B cells in vitro, whole spleen celis from

DBA/2 mice were cultured with various mitogens in the presence of various
concentrations of AZT (0,1,5,50,100,500,1000uM) for 48 hours. Con-A, PHA,

anti-CD3 mADbs or anti-TCR were used to stimulate T cells and LPS or anti-igM

were used to stimulate the B cells.
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Fig. 7. Effects of AZT on cell viability. Splenic celis from DBA/2 mice were
cultured in vitro with various concentrations of AZT for 48 hours. The number of viable
cells was then determined by trypan blue exclusion. Significant reduction in cell
viability was observed at concentrations of 1000 uM or greater when compared to
controls (p < .05).
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A common test used to determine proliferation is the thymidine uptake assay, in

which the 3H thymidine is incorporated into newly synthesized DNA. The

measurement of the amount of 3H thymidine is then used to determine the

amount of cell proliferation. This test had been used earlier to study the effect of
AZT on T and B cell protiferation (Daniak, et al. 1988). However, we reasoned

that inasmuch as AZT is a thymidine analog, there is a possibility that it might
compete with 3H thymidine for uptake during DNA synthesis. In such an

instance, the thymidine uptake assay would not be valid in testing the effects of
AZT on cell proliferation. To determine this, two separate groups were set up.
In the first group, whole spleen cells from normal mice were simultaneously
cultured with mitogens and various concentrations of AZT and 40 hours later,
the proliferation was measured by adding 3H-thymidine to the cell cultures and
incubating the cells for an additional 8 hours. A second group was set up in a
similar way. However AZT was not added until 40 hours after the cells had
been exposed to the mitogens. Proliferation of this group of cells was then

determined by the thymidine uptake assay. |f there was no competition
between AZT and the 3H thymidine during DNA synthesis, one would expect no

significant effect on DNA synthesis in lymphocytes stimulated with mitogens..
The data presented in Figs.7-9 suggested that when AZT was added at the
beginning of cuiture, it induced a dose dependent inhibition of proliferation of T

and B cells to various mitogens. Interestingly, at higher concentrations of AZT,
such as 50 uM or greater, addition of AZT even at 40 hours after the initiation of
cultures caused marked inhibition of T and B ceil proliferative responses to
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mitogens (Figs. 8-10), thereby suggesting that AZT does compete with 3H-

thymidine in the proliferation assay and therefore this assay may not represent

an appropriate assay to study the immunotoxic effects of AZT in vitro.

To avoid this problem, a coiorimetric assay using MTT was standardized and
used to measure the cell proliferation. At first, the MTT assay and 3H thymidine

assay were set up simuitaneously to determine if results from both assays were
comparable. The results from these tests showed that the MTT assay was

suitable for measuring proiferation in the presence of AZT (Fig. 11-13 ).

After standardizing the MTT assay, further studies were conducted to determine
the effects of AZT on the activation of T and B cells in vitro. Spleen cells from

normal DBA/2 mice, were cultured with various mitogens in thg presence of
various concentrations of AZT (0, 1, 5, 50, 100, 500, and 1000uM) for 48 hours.
The proliferative response was then measured by MTT assay. The resuits
revealed that AZT at concentrations of 50uM or greater, decreased the ability of
both T and B cells to respond to activation by mAbs against af TCR and LPS
(Fig. 14), and concentrations of 100 uM or greater decreased the ability of both

T and B cells to respond to Con A and anti-IgM (Fig. 14).
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Fig. 8. AZT competes with 3H thymidine for incorporation during the ceii
proliferation assay. Splenic cells were -cultured in the presence or absence of
various concentrations of AZT for 40 hours and stimulated with anti-igM (ap) Abs.
Groups treated with AZT from the initial time of culture were labeled the time O group.
Groups treated with AZT at the time of 3H thymidine addition were labeled time 40.
After 40 hours tritiated thymidine was added to the cultures to determine the relative
proliferation. Any inhibition in the time 0 group could be attributed to suppression by
AZT, However any inhibition seen in the time 40 group would be attributed to
competition instead of suppression by AZT, showing that AZT does compete with
thymidine for incorporation. Significant suppression was observed at concentrations
of SuM or greater in the time 0 group when compared to the controls (ps .005).

Significant suppression was observed at concentrations of 5uM or greater in the time
40 group when compared to controls (p <.03).
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Fig. 9. AZT competes with 3H thymidine for incorporation during the
thymidine uptake assay. Splenic cells were cuitured in the presence or absence
of various concentrations of AZT for 40 hours and stimulated with LPS. Groups treated
with AZT from the initial time of culture were Iabeled the time 0 group. Groups tlfefated
with AZT at the time of thymidine addition were labeled time 40. After 40 hours tritiated
thymidine was added to the cultures to determine the retative proliferation. Any
inhibition in the time O group could be attributed to suppression by AZT, Howevgr if
any inhibition was seen in the time 40 group it would be attributed to con’!p.etmon
instead of suppression by AZT, showing that AZT does compete with thymidine for

incorporation. Significant suppression was cbserved at concentrations qf 1.|.l.M or
greater in the time 0 group (p< .004) when compared to controis. Significant

suppression was observed at concentrations of SuM or greater in the time 40 group
when compared to controls (p <.001). -
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Fig. 10. AZT competes with 3H thymidine for incorporation during the
thymidine uptake assay. Splenic celis were cultured in the presence or absence
of various ccncentrations of AZT for 40 hours and stimulated with Con A. Groups
treated with AZT from the initial time of culture were labeled the time O group. Groups
treated with AZT at the time of thymidine addition were labeled time 40. After '40 hqurs
tritiated thymidine was added to the cultures to determine the relative proliferation.
Any inhibition in the time O group could be attributed to suppression by AZT, praver
if any inhibiticn was seen in the time 40 group can be attributed to competitiop l.nstead
of suppression by AZT, showing that AZT does compete with thymidine for

incorporation.  Significant suppression was observed at concentrations of 1uM or
greater in the time 0 group when compared to controls (p< .007). Signiticant

suppression was observed at concentrations of 5uM or greater in the time 40 group
when comparea to controls (p <..001).
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Fig. 11. Comparison ot MTT assay and 3H thymidine incorporation assay
using anti-lgM Abs as a mitogen. A MTT assay and thymidine uptake assay
were set up simuitaneously to measure spleen ceil proliferation using various

concentrations of AZT and anti-lgM Abs (20ug/mi). The results show that the MTT
assay is an appropriate and comparable assay to determine profiferation in the

presence of AZT. Significant suppression was observed at concentrations of SuM or
greater in the 3H thymidine uptake assay when compared to controis (p< .005).

Significant suppression was observed at concentrations of 100uM or greater using
MTT assay. when compared to controis (p<_.006).
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Fig. 12. Comparison of MTT assay and 3H thymidine incorporation assay
using LPS as a mitogen. A MTT assay and thymidine uptake assay were set up
simultaneously using various concentrations of AZT and LPS (20ug/ml). The resqlts
show that the MTT assay is an appropriate and comparabie assay to determine
proliferation in the presence of AZT. Significant suppression was observed at
concentrations of 1uM or greater in the 3H thymidine uptake assay when compared to
controis (p< .007). Significant suporession was observed at concentrations of SuM or
greater in the MTT assay when compared to controls (p < .001).
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Fig. 13. Comparison of MTT assay and 3H thymidine incorporation assay
using anti-CD3 as a mitogen. A MTT assay and thymidine uptake assay were set
up simuitaneously using various concentrations of AZT and anti-CD3 Abs (2ug/mi).
The resuits show that the MTT assay is an appropriate and comparable assay 10
determine proliferation in the presence of AZT. Significant suppression was observed
at concentrations of SuM or greater in the 3H thymidine uptake assay when compared
to controls (p< .004). Significant suppression was observed at concentrations of S0uM
or greater in the MTT assay when compared to controls (p< .002).
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Fig. 14. AZT suppresses T and B cell proliferation in response to
polycional mitogens in vitro . Splenic cells from DBA/2 mice were cuiturgd in the

- presence and absence of various concentrations of AZT for 48 hours and stimulated
with various polycionai mitogens. The proiiferation was then measured by MTT assay.
Significant suppression was observed at concentrations of 100 uM or greater for anu-
CD3 ana anti-lgM Abs (p < .05) and at concentratons of 50 uM or greater for ap and
LPS when compared to controls (p < .05).
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2.3.9 The effects of AZT on T cell activation in

response to Con A in vitro.

In the previous experiments a MTT assay was used to rapidly determine the
proliferative response. To further demonstrate that the MTT assay is an
appropriate assay for proliferation, an assay directly measuring the proliferative
response was set up and the resuits were compared to the resuits obtained
from the MTT assay. Spleen cells were cultured in 24 well plates in the
presence or absence of various concentrations of AZT and stimulated with Con
A for 48 hours. The proliferative response was then determined directly by

trypan blue exciusion. The results suggested that AZT inhibits the proliferation
in response to Con A at AZT concentrations of 50 uM or greater (Fig. 15). These

results were comparable to the results obtained by the MTT assay, thus
reaffirming that the MTT assay is an appropriate means for measuring

proliferation in the presence of AZT.

2.3.10 The effects of AZT on the activation and
generation of Cytotoxic T Lymphocytes (CTL):

In the previous assay, the amount of new DNA synthesized was measured
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Fig. 15. Effects of AZT on T cell response to in vitro stimulation by Con
A. Spleen ceils were cultured in 24 well plates for 48 hours in the presence or
absence of various concentrations of AZT (0, 1, 5, 50 100, 500, or 1000uM) and
stimulated with Con A. The proliferative response was then determined by trypan blue

exclusion. Signiticant suppression was observed at concentrations of S0uM or greater
when compared to controls (p < .007).
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which can be correlated with the proliferation and production of new cells. An
additional important factor is the ability of the CTL to differentiate upon antigenic
challenge and produce certain lytic molecules uitimately leading to the

destruction of foreign cells. To determine the ability of AZT to affect this process,
spleen cells from DBA/2 (H-29) mice were cultured in the presence of various
concentrations of AZT, along with X-irradiated allogeneic spleen celis
(C57BLS6, H-2b) for 5 days. The addition of allogeneic spieen cells would
stimuiate the production of cytotoxic T cells specific for the H-20 bearing tumor
targets. The cells were then harvested and tested for their ability to Kill

S1Chromium labeled H-2P tumor targets at various effector:target (E:T) ratios.

The results revealed that AZT at concentrations of 100 uM weight or greater

significantly inhibited the generation of CTLs in vitro (Fig. 16). These data
suggested that AZT affects the cytotoxic T cell differentiation as well as the T cell

proliferative responsiveness to mitogens.

2.3.11 Ability of IL-2 to reconstitute cytotoxic T
lymphocyte (CTL) activity:

Interleukin-2 (IL-2) is an important lymphokine involved in T cell differentiation.

To investigate whether AZT was inhibiting the IL-2 production, we tested
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AZT suppresses cytotoxic T lymphocyte actl_vatlon in vi(ro.
Splenic cells from DBA/2 mice were cultured in the presence of various concentrations

of AZT (0, 1, 5, 50, 100, 500, or 1000uM) and stimulated with X-irradiated allogquic
splenic cells for 4 days. The CTLs were then harvested and tested for cytotoxicity

against 31Cr labeled specific tumor targets. The cytotoxicity was determined by the
amount of S1Cr released into the supernatant. Significant suppression was cbserved
at concentrations of 500 uM or greater at each E:T ratio when compared to controls (p
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end, spleen cells were cultured with various concentrations of AZT for 5§ days.

In aadition, groups treated with AZT were exposed to exogenous riL-2 to
determine if it could reconstitute the the differentiation and generation of
cytotoxic T lymphocytes in response to specific stimuiation. The resuits clearly
showed that the addition of IL-2 could reverse the suppressive effects caused
by AZT treatment (Fig 17). These data suggested that the mechanism by which
AZT inhibits the CTL differentiation may involve IL-2 production by the CTL

upon activation.
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Fig. 17. Addition of exogenous IL-2 reconstitutes Cytotoxic T
lymphocyte function in vitro. Splenic cells from DBA/2 mice were cuitured with

various concentrations of AZT (0 or 500 uM) in the presence or absence of exogenous
IL-2 and stimulated with allogeneic splenic cells for 4 days. The CTLs were then

harvested and tested for cytotoxicity against S'Cr labeled specific tumor targets. The
cytotoxicity was determined by the amount of S1Cr released into the supernatant.

Significant reduction of CTL activity was observed in the presence of 500 uM of AZT
when compared to centrols (p < .C01), however CTL activity was reconstituted with the
addition of exogenous IL-2.
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2.4DISCUSSION:

The current study was initiated with the aim of finding out whether AZT exhibited
immunomodulatory properties in the normal murine host. Such an investigation
is critical because HIV infection affects T cells, and secondly, if AZT is to be
recommended for use in asymptomatic HIV infected individuals, it is important
to know whether AZT has any effect on normal T cell differentiation and function.
Previous work done by Sommadossi et al, (1989) reported that AZT directly
suppressed human bone marrow progenitor colony growth in a dose
dependent manner. These results were consistent with the clinical
observations that neutropenia and anemia are the major adverse effects of AZT
treatment (Balzarini et. al., 1988). These adverse effects caused by AZT
treatment resuited in significant limitations in the use of AZT, causing a dosage
reduction or discontinuation of use in approximately 40% of patients (Hirsch,
1988). The bone marrow serves as the primary source for progenitor cells for
the immune system. In addition, other important functions of the host rely on
the bone marrow. The possible implications of AZT toxicity on the bone
marrow are great. Suppression of the bone marrow could potentially lead to the
disruption of other essential functions within an individual. Recently, Mansuri et
al. (1990) reported that administration of 100, 250, 500, and 1000 mg/kg of AZT
for 30 days .caused lymphoid depletion, reticuloendothelial hyperplasia in
spleen and thymus, and bone marrow hypocellularity. There was also
lymphopenia, neutropenia and anemia in peripheral blood (Mansuri et al.

1990). These, as well as other reports, support the importance of further
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research on the effects of AZT on the immune system.

The current study has identified several important immunomodulatory
properties of AZT. It was observed that the thymus was highly sensitive to AZT
treatment. Aiso, AZT when present at the time of T cell differentiation was found
to play a critical role in inducing immunosuppression. AZT was less inhibitory
or toxic to naive or resting mature T cells. The thymus is the primary lymphoid
organ in which the T cells develop and mature. Stem cells from the bone
marrow migrate into the thymus. Once inside, the stem cells begin to
differentiate and become thymic Iymphocytes. Within this specialized
microenvironment the cells go through a series of stages befcre becoming
mature T cells. In the first stage, the immature thymocytes express CD7 along
with CD2 and CD5, all of which are not specific for the T cell lineage. In the
second stage, there is the appearance of the CD1, as well as the coexpression

of CD4 and CD8 markers. In the final stage, the cells lose the CD1 marker gain

the expression of CD3 on the cell surface and finally become either CD4% or

CD8*+ mature T ceils. When mice were orally treated with AZT, an alteration
was seen in the ratio of the various T cell subsets in the thymus. We noticed a

significant decrease in the percentage of CD4+CD8* cells and a significant

increase in the percentage of the CD4-CD8" CD4* and CD8* T celis. These

data clearly showed that AZT can aiter the normal ratios of the various T cell
subsets within the thymus and possibly disrupting the normal maturation

process within the thymus. Because it is believed that negative and positive
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selection of T cells takes place at CD4+CD8* stage, such cells are actively
differentiating in the thymus and AZT may have a direct effect on these cells.
This may explain a decreased percentage of CD4+CD8* T cells in the thymus.

Such a decrease in turn can offset the percentage of other T cell subsets

thereby explaining an increase in the percentage of other subsets.

To further understand the effects of AZT, we examined whether treatment with
AZT would alter the total cellularity of the thymus. In this case, mice were orally
treated with AZT for 7 or 14 days. After the designated time period, the
thymuses were removed and the total cellularity was determined by trypan blue
exclusion. It was observed that AZT at concentrations of 500 mg/kg body weight
or greater could significantly decrease the total cellularity of the thymus in both
the 7 and 14 day groups. In the groups treated with 1000 mg/ké, the thymus
was almost completely atrophied. These results demonstrated that AZT can
significantly decrease the total ceilularity of the thymus. It is not clear as to how
AZT may cause thymic atrophy. We suggest that this may resuit from the direct
effect of AZT rather than an indirect effect such as triggering of stress hormones
because the in vitro studies demonstrated that AZT was capable of directly

exhibiting immunomodulatory properties.

The effect of AZT on the thymus could seriously damage the integrity of the
immune system. The thymus plays a vital role in the immune system. Immature

T cells enter the thymus and through a series of negative and positive
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selections, leave as mature T cells with the ability to function in the immune
system. In order to keep the immune system balanced, the population of mature
T cells must be maintained. In this study we demonstrated the ability of AZT to
alter the ratios of the various T cell subset as well as drastically reduce the total
cellularity of the thymus. These changes could ultimately lead to a state in
which the thymus is unable to properiy replenish the immune system with
mature T cells. Individuals infected with HIV develop a seriously compromised

immune system. Much of this damage is due to the infection and ultimate
destruction of the CD4+ T cells caused by HIV infection. These patients use

AZT in the hope of delaying such destruction of their immune systems.
However if AZT can act in a way to prevent the thymus from replenishing the
immune system with functional T cells, it may serve no purpose and could
ultimately lead to the progression to AIDS. The resuits from the current study
are also important in the treatment of pediatric HIV infection with AZT. In such
clinical cases, if AZT were to induce thymic involution, it may prevent the
maturation of T cells and trigger immunosuppression thereby enhancing the
susceptibility of these individuals to opportunistic infections as well progression
of HIV infection and AIDS.

Studies have implicated suppression of IL-2 production to AZT toxicity (Mostafa
et al., 1989). It was shown that IL-2 could reconstitute AZT-induced inhibition of
mitogenic responses in peripheral blood mononuclear cells. These results
suggest that IL-2 may play an important role in the therapeutic administration of

AZT. The study suggests that with the reduction of CD4 ceils in HIV infected
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individuals, the relative amount of IL-2 production is also suppressed, leading to
increased immunosuppression. If iL-2 is added T cells would be stimulated,
increasing their concentration so any suppressive effects caused by AZT on the
T cells would be reduced allowing for AZT to concentrate on inhibition of viral

replication.

With the demonstration that AZT drastically reduces the total cellularity of the
thymus we wanted to determine if these changes could be reversed. During T
cell activation, their surfaces under go various changes. An important change is
the acquisition of IL-2 receptors. When T cells are activated, {L-2 is secreted.
The IL-2 then interacts with the IL-2 receptors to mediate T cell growth. In the
next series of experiment, IL-2 was injected i.p. at the same time of AZT-
treatment to determine if IL-2 could reconstitute the cellularity of the thymus.
The resuits from this study showed that IL-2 was able to reconstitute the total
cellularity of the thymus in groups treated with 500 mg/kg body weight of AZT.
The results from this could be important in the future administration of AZT.
These results are consistent with previous work in which it was shown that the
addition of IL-2 to bone marrow cell cuitures could reduce the toxicity induced
by AZT (Nokta and Pollard, 1983). Their results also implicated that AZT inhibits
the production of IL-2 . Together the studies strengthen the hypothesis that IL-2

production may be the target of AZT induced immune suppression.

In addition, we showed that thymic cells from AZT-treated mice were more

responsive to stimulation with IL-2 in vitro and were even more responsive if
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they received IL-2 i.p. during AZT treatment. One possible explanation for this is

that within the thymus the only T cells expressing the iL-2 receptors are the
double-negative cells (CD4-CD8"). in our study we showed that the percentage

of double-negative cells within the thymus are significantly increased. With this
increase, the ratio of cells with the capacity to respond to {L-2 would be greatly
increased. In addition the administration of IL-2 in vivo could have caused the
double negative T cells to proliferate, significantly increasing this population.
This leads to the question of whether the addition of IL-2 was reconstituting the
normal thymic cellularity or if it was specificaily increasing the double-negative
cells. However, because the double-negative T cells are the precursors for
mature T cells, our data suggests that combination therapy using IL-2 may help
to reduce the toxicity of AZT in the thymus.

In addition to looking at the thymocyte differentiation, we also investigated the
effects of AZT on the spleen. Our resuits showed that AZT was unable to disrupt
the normal ratio of T cell subsets and did not have any significant effects on the
total cellularity. Furthermore, when we examined the effects of in vivo treatment
with AZT on the T and B celis ability to respond to stimulation using polyclonal
mitogens in vitro, we found that at concentrations of 500 mg/kg body weight or
greater AZT could only moderately suppress T and B cell responsiveness.
However, the observed effects on the spleen did not seem to be as drastic as

the changes seen in the thymus.

A possible reason for seeing such significant alterations in the thymus and not
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in the spleen may be due to the activation state of the cells. Within the thymus
the T cells are actively differentiating, eventually becoming mature T cells.
Once these cells are released into the periphery they become naive resting T
cells and will only become active in response to certain stimufation signals. in
the previous test, the spienic cells were not exposed to AZT at the time in which
they received the activation signal. Therefore, it was possible that AZT acted
upon T cells which are in an active state of differentiation. To test this further,
mice were injected with AZT for 14 days. On the 9th day of treatment, the mice
were immunized with conalbumin, an antigen used in the stimulation of T cells.
In this case, the T celis wouid be exposed to AZT at the time of stimulation by
the antigen. In a normal situation the immune system would respond to such a
stimulation by the activation of a specific set of T cell which recognize the
specific antigen and upon being rechallenged with the same antigen in vitro
would be able to mount a strong secondary response. In this experiment, we
found that AZT was effective in suppressing the T cell response upon
restimulation by conalbumin. This finding suggested that AZT-induced

suppression may take place at the time of T celi activation.

In addition to using conalbumin, the antigen gp120 of HIV was also used to
stimulate T cell growth. Gp120 is a molecuie located on the surface of HIV
which is believed to play an important role in facilitating the virus to bind to the
CD4 molecule on the T cell, making it an important molecule in the infection by

HIV. Also, individuals infected with HIV produce Abs against gp120 which may

play an important role in preventing the virus from infecting CD4+* T cells.
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Therefore, examining the effect of AZT on the immune response to gp120
represents a more accurate account of what is going on in an individual infected
with HIV. The resuits obtained in these experiments were similar to the results
in the test using conailbumin. Thus, AZT-treatment led to significant decrease in
T cell responsiveness to gp120 of HIV. Together these data suggested that
AZT-treatment could have significant consequences on the ability of the
immune system to combat the virus or any other opportunistic infection or
cancer that the host may encounter, due to an increased immunosuppressive

state.

In the previous experiments the specific antigen was injected along with
complete freund’s adjuvant. Therefore, there exists the possibility that AZT is
affecting the immune response to the freund’'s adjuvant. However, this
possibility is less likely because the in vitro studies did clearly demonstrate that

AZT can directly suppress T cell activation.

From the above resuits we concluded that AZT was able to alter the functions of
the immune system. To further investigate the mechanism by which AZT acted,
we carried out the next series of experiments in vitro . By carrying out
experiment in vitro it is possible to identify direct versus indirect mechanism of
action of AZT. The indirect effects could include alterations in the nutritional
status, induction of stress or other hormonal changes or immunological

afterations brought about by the in vivo produced metabolites of AZT.
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Most of the previous studies examining the proliferation of cells in response to

treatment with AZT, in vitro . have used the 3H thymidine uptake assay (Daniak
et al., 1988). In our study we showed that AZT and 3H thymidine compete for

uptake in this assay system making the 3H thymidine uptake assay an improper
means for measuring proliferation of cells subjected to AZT-treatment. We,
therefore, used a relatively new colorimetric assay that utilized MTT (Mosmann,
1988). MTT is a tetrazolium salt that measures the activity of dehydrogenase
enzymes. The tetrazolium ring is cleaved in active mitochondria and therefore
the reaction occurs only in tiving cells. The reaction produces blue crystals that
can be rapidly and precisely measured by muitiwell scanning

spectrophotometers (ELISA readers).

After showing that the MTT assay was an appropriate means for measuring the
proliferation of cells treated with AZT in vitro, we then went on to investigate
whether or not AZT was able to reduce the proliferation of the T and B cells
when stimulated with polycional mitogens. The results clearly showed that AZT
could effectively reduce the ability of T and B cells to proliferate in response to
these mitogens. Similar inhibition was seen in the proliferation of
haematopoietic progenitor cells in the presence of AZT in vitro (Daniak, et al.
1988). In this assay, the cells were exposed to AZT and the mitogen
simultaneously. The resuits support the hypothesis that AZT is acting upon cells

that are actively proliferating and differentiating.

An important function of T cells is their ability to recognize and lyse foreign cells.
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This process involves more than just proliferation. The celis invoived
designated cytotoxic T lymphocytes (CTL) have to synthesize and secrete
cytotoxic molecutes such as granzymes and perforin which participate in the
lysis of the target cells. Our next set of experiment were designed to determine
if AZT could alter the CTL function. The results showed that AZT aimost
completely inhibited the ability of cytotoxic T cells to lyse allogeneic tumor
targets. These data suggested that AZT-treatment could lead to serious
consequences in the case of a host being challenged by viral infections and
cancers. Our results also suggest that at high doses, AZT could adversely affect

the immune system, while combating the HIV infection.

In previous experiments we used [L-2 to try and reverse the effects caused by
AZT. This same idea was impiemented in the case of the suppression caused
to the cytotoxic T lymphocytes. It was observed that IL-2 was able to almost

completely reconstitute the cytotoxic abilities of the T cells. These results were

seen in cells cultured with up to 500 uM AZT. However when the AZT

concentration was increased to 1000 uM, the iL-2 was unable to reverse the

suppression, possibly because this concentration was extremely toxic to the

cells leaving them irreversibly affected.

There are several possibie explanations for the observation that IL-2 can
reconstitute AZT suppression. First, it is possible that AZT could directly
suppress the ability of T cells to produce IL-2. This would greatly affect the T

cell differentiation. Another feasible possibility is that AZT was interfering with
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the production and expression of IL-2 receptor. If AZT reduces the density of IL-
2 receptor on the activated T cells, an increase in the concentration of IL-2 could
help alleviate the suppression. One final explanation is that AZT could be
directly suppressing activation of T celis by preventing them from synthesizing
DNA. The addition of IL-2 could be helpful in this type of suppression by
increasing the proliferation of T cells. Further clinical studies should be carried
out to determine any possible use and benefit of IL-2 therapy in conjunction with
AZT-treatment.

Although the mechanism of action of AZT against HIV is well understood, the
exact cellular and molecular mechanism involved in the toxicity of nucleoside
analogs is not clear. Thus, several hypothesis have been proposed for the
biochemical mechanisms responsible for the cytotoxic effects. Many authors
have suggested that the triphosphate metabolites may not induce cellular
toxicity (Hao et al., 1990; Richman et al., 1987). For example, Balzarini et al.
observed that higher AZT triphosphate levels were present in murine cells than
in human cells. Also, the intracellular levels of 5'-triphosphates closely
correlate with their anti-retroviral effects but not with cytotoxic effects (Balzarini
et al. 1988; Balzarini et al. 1989). This was further corroborated by
Sommadossi et al. (1989), who recently studied the relationship between
intracellular concentration of 5-triphosphate metabolites of dideoxynucleosides
in human bone marrow cells and cellular toxicity as assessed by inhibition of
cell proliferation. It was observed that AZT triphosphates accumulate to the

lowest level when compared to other dideoxynucieosides, but the major celiular
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toxicity was observed with AZT.

In addition to the above studies which suggest alternate pathway of celluiar
toxicity, the efficiency of phosphorylation may not always determine the extent of
inhibition of HIV infection in certain cell types. For example, monocytes or
macrophages have lower levels of kinases than lymphocytes (Stadecker and
Unanue, 1979; Richman et al. 1987) and therefore, dideoxynucleosides may
not be efficiently phosphorylated in them. In spite of poor phosphorylation, low
concentrations of AZT and other dideoxynucleosides profoundly inhibit
replication of HIV in monocytes and macrophages (Perno et al., 1988; Skinner
et al., 1988). The potent activity of AZT in monocytes and macrophages despite
poor phosphorylation has been explained by the fact that such ceils have very
low quantities of thymidine-5'-triphosphates, the normal nucleotide that
competes with AZT-TP at the level of reverse transcriptase. In addition, some of
the cytokines may regulate the activity of nucleoside analogs. For example,
granulocyte-macrophage colony stimutating factor (GMCSF) has been shown to
increase the entry of AZT into monocytes/macrophages and potentiate its
activity against HiV (Hammer, et al., 1987; Perno, et al., 1989 ). Together, such
studies suggest that the efficiency of phosphorylation may not be the only factor
which determines the extent of inhibition of HIV replication in cells or the degree

of cellular toxicity.

In conclusion, the current study on the immunotoxic effects of AZT has shown

significant results. It has demonstrated that AZT can significantly alter
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immunological functions. More specifically, it was observed that AZT caused
alterations in the total cellularity and subpopulation ratios of T cells in the
thymus. We also showed that AZT was able to suppress T cells ability to
respond to antigens of HIV and become activated when stimulated to
differentiate into cytotoxic T cells. Furthermore, IL-2 could reverse many of the
effects caused by AZT. Together, our studies demonstrate that AZT modulates
the cells of the immune system which could in turn have marked repercussions
on HiV replication in vivo, and on the proper functioning of the immune system.
These studies have important clinical implications and warn against chronic use

of AZT in asymptomatic HiV-infected individuals.

Although it seems apparent that AZT treatment has some negative effects on the
immune system, it is possible from the results from this study to speculate on
some possible positive effects. First, it was shown that AZT can suppress the
ability of T and B cells to respond to activation signais. An important step in HIV
replication is the incorporation of its genetic information into the hosts genome.
Once incorporated, HIV directs the host to produce material necessary for the
production of mature HIV. It is possible that if AZT prevents T celis from
replicating, AZT wouid, in turn, prevent the T cells from producing HIVs genetic
information, halting the production of mature HIV. Secondly it was shown that
AZT decreases and alters the T cell populations within the thymus. The thymus
is the organ largely responsible for the production of mature ceils expressing
the CD4 molecule. The main target of HIV is the CD4 T cell subset of the
immune system. HIV is able to bind to its target cell by using gp120. Gp120 has
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a high affinity for the CD4 molecuie located on the surface of T helper cells. |f
AZT inhibits the production of celis expressing the CD4 marker, it could
drastically decrease HIV infection particularly in the thymus. This scenario
could have important implications in pediatric care of HIV infected individuals,
who have an actively functioning thymus. These arguments, although
speculative, reaffirm the need for further research delineating the effects of AZT

on the immune system and its possible implications in HIV replication.
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APPENDIX- Abbreviations

AIDS, Acquired Immunodeficiency Syndrome; APC, antigen presenting cell;
AZT, Azidothymidine; CD , cluster of differentiation; Con A, concanavalin A;
CPM. counts per million; CSF, coiony stimuiating factor; CTL, cytotoxic T
lymphocyte; ddA, dideoxyadenosine; ddC, dideoxycytidine; ddl, dideoxyinosine;
FITC, Fluorescein Isothiocyanate; gp, glycoprotein; HIV, Human

Immunodeficiency Virus; |g, immunoglobulin; IFN-y, gamma interferon; IL,

interleukin; i.p, intraperitoneal; LPS, lipopolysaccharide; mAb, monocional
antibody; MHC, major histocompatibility complex; MTT, 3-(4,5-dimethyithiazol 2-
yl)-2,5 diphenyl tetrazolium bromide; NK, natural killer; O.D, optical density;
PE, phycoerythrin; T¢, cytotoxic T cell; TCR, T cell receptor; Th, T helper cell.
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Properties of AZT. Annals of The New York Academy of Sciences
1993; 685: 464-6

Presentations:

McKallip, R. J., M. Rhile, P. S. Nagarkatti. Immunotoxicity of nucleoside
analogs used in the treatment of AIDS. Presented at the American
Society for Microbiologist held in Blacksburg VA. November 1991.

McKallip, R. J., M. Nagarkatti, P.S. Nagarkatti. Immunomodulatory
Properties of AZT. Presented at the 3rd International Conference on Drug
Research in Immunoiogical and Infectious Diseases held in Washington D.C.
June 1992.

McKallip, R.J., Nagarkatti, P.S. Immunomodulatory Properties of AZT.
Presented at ASM regional meeting held in Lexington VA. November 1993.

McKallip, R.J., Nagarkatti, P.S. Immunomodulation by nucleoside analog
(AZT). Presented at Virginia Polytechnic Institute Biology department seminar,
December 1, 1993 (Terminal seminar).

Assistantships/Awards:

Graduate Teaching Assistantship spring 1992 in the amount of $4500
Graduate Teaching Assistantship fall 1992 through spring 1993 in the amount
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of $9000.

Graduate Teaching Assistantship fall 1993 in the amount of $1035 per month.
Scholastic fees scholarship fall 1992 in the amount of $600

Scholastic fees scholarship fall 1993 in the amount of $1500

Grants:

Sigma Xi Grant in Aid summer 1992 in the amount of $375
Matched by Virginia Polytechnic Institute Biology department.

Professional Memberships:
Phi Sigma Honor Society for the Biological Sciences

American Association of Immunologists
American Society for Microbiologist
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