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ABSTRACT

The engagement of CD28 receptor with the B7-1 or B7-2 ligands on antigen
presenting cells, provide the critical second co-stimulatory signal for the immune
activation of T lymphocytes. The molecular mechanisms by which B7-1 or B7-2
expressions are regulated are not well understood.

I investigated the role of mitogen-activated protein (MAPKSs) in the regulation of
lipopolysaccharide (LPS)-induced B7-1 expression in human monocytes and the
promonocytic THP-1 cells. My results show that LPS-induced B7-1 expression in
monocytic cells did not involve the activation of either p38 or ERK kinases. By
employing JNK inhibitors SP600125, dexamethasone and curcumin that inhibit JNK
activation, LPS-induced B7-1 expression was determined to be regulated by JNK
MAPKSs in both monocytes and THP-1 cells. Also, I identified a distinct B7-1 regulatory
element corresponding to the interferon regulatory factor-7 (IRF-7) binding site on the
B7-1 promoter, responsible for the regulation of LPS-induced B7-1 transcription.
Furthermore, SP600125 and dexamethasone inhibited LPS-induced IRF-7 activity as
determined by the luciferase reporter and gel shift assays. Taken together, the results
suggest that LPS-induced B7-1 transcription in human monocytic cells may be regulated
by IRF-7 transcription factor through JNK MAPKSs activation.

I also studied the role of MAP kinases in the regulation of B7-2 expression in LPS
stimulated human monocytic cells. LPS stimulation of human monocytes resulted in the
down-regulation of B7-2 expression that could be abrogated by anti-IL-10 antibodies. My
results reveal the distinct involvement of p38 in IL-10 dependent, and JNK in IL-10-
independent regulation of B7-2 expression in LPS-stimulated monocytic cells. In
addition, by deletion and mutant B7-2 promoter/luciferase gene analysis I identified 3
positive regulatory elements on the B7-2 promoter, NF-xB, IRF-2, and an unidentified
binding site region that operate cooperatively to control B7-2 expression.

Elucidating the signal pathway and molecular mechanisms in the regulation of
B7-1 and B7-2 in antigen presenting cells is important as it could provide us with a better
understanding of the molecular basis for CD28/B7 co-stimulation. This in turn, may lead
to the development of strategies in treating autoimmune diseases, organ transplantation
rejections, graft-versus-host disease, infections, and cancer.
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CHAPTER 1:

INTRODUCTION



Introduction

T Lymphocyte Activation and Function

The immune system plays a pivotal role in recognizing and destroying foreign
substances. This is primarily mediated by T and B lymphocytes, which are able to
discriminate between self versus non-self antigens during an adaptive immune response
against pathogens. T lymphocytes are generated in the thymus and circulate through the
bloodstream and primary lymphoid organs such as the lymph nodes and spleen. Because
they have not yet encountered a specific antigen, they are referred to as “naive” T-cells.
But upon encounter with antigen presenting cells (APCs) such as macrophages, B cells,
and dendritic cells, they become activated and begin to proliferate and differentiate.
Activation of T-cells requires two signals. The first or primary signal involves
recognition of the antigen in the proper context of an MHC Class I or MHC Class 11
molecule by the T cell receptor (TCR). The second or accessory signal, require the CD28
molecule which is constitutively expressed on naive T-cells to bind to the B7 ligands on
antigen-presenting cells. Naive T-cells express only the IL-2R B and y chains which
form low affinity IL-2 receptors. Upon activation, the o chain is also expressed to form
high affinity IL-2 receptors for the binding of growth factor IL-2, which allow T
lymphocytes to proliferate.

Thymus-derived lymphocytes are a heterogeneous cell population, which can be
subdivided into helper T cells (Th) and cytolytic T cells (Tc), based on their molecular
markers and functional characteristics (1). Helper T cells express CD4 cell surface

markers and play a role in antibody synthesis and promote the development of CD8+ T-



cell responses. Cytotoxic T lymphocytes (CTL) which express CD8 recognize
intracellular pathogens and tumor cells via the Class | MHC molecule. T lymphocytes
expressing CD4 consist of 2 populations, Type 1 helper cells (Thl) and type 2 helper
cells (Th2), which both are derived from a naive ThO precursor. The Th1/Th2 paradigm
was originally demonstrated by Mossmann and Coffman, where they showed that mouse
CD4+ T lymphocytes consisted of two distinct subsets based on their patterns of cytokine
expression (2). Interferon y (IFN-y) promoted the development of Thl clonal expansion,
while limiting the expansion of Th2 cells. IL-4 favored the development of Th2, while
suppressing the generation of Thl cells. Thl cells secrete IL-2, IFN-y, tumor necrosis
factor B (TNF-B), and granulocyte macrophage colony stimulating factor (GM-CSF),
whereas Th2 cells produce IL-4, IL-5, IL-6, IL-10 and IL-13 cytokines. Thl cells play
an important role in cell mediated immune responses, such as delayed type
hypersensitivity and activation of CD8+ T lymphocytes and macrophages. Thus, the Thl
cells are best suited in killing of intracellular pathogens and viruses. As well, Thl cells
can also induce IgG2a production in B cells. On the other hand, Th2 cells are involved in
humoral immune responses, including B cell activation and secretion of IgG1 and IgE
antibodies. Thus, Th2 responses provide protective immunity against bacteria and
parasites such as helminths.

The Th1/Th2 model has been extensively applied in studies of infectious and
autoimmune diseases. A classic example is that of inbred mice strain infected with the
intracellular protozoan parasite, Leishmania major. C57B1/6 mice which were resistant
to the parasitic infection developed a strong Thl response. BALB/c mice which were

susceptible to Leishmania infection and which ultimately died from a progressive



infection, predominantly developed a Th2 response. In human patients infected with the
Mpycobacterium leprae, it has been observed that the tuberculoid leprosy form arises in
patients mounting a Thl response. In contrast, leprosy patients mounting a Th2 response
develop the more severe lepromatous disease. The Th1/Th2 paradigm has implications in
the treatment of diseases and vaccine development. For instance, it was found that IL-4
knockout mice which no longer developed Th2 responses, were protected from death by
murine acquired immunodeficiency syndrome from a murine leukemia virus (3). From
this result, many investigators rationalize that the induction of a stable Th1-like state may

aid in the design of a vaccine or as a vaccine strategy (3).

Co-stimulation and the Two-Signal Model

The “two signal” hypothesis was originally postulated by Bretscher and Cohn (4).
The original hypothesis stated that activation of the immune system requires two signals,
an antigen-specific signal and a less specific signal from another molecule. Similarly, in
order for a T cell to be activated, two signal components are necessary which are
provided by antigen presenting cells consisting of monocytes/macrophages, B cells, or
dendritic cells (Fig. 1-1). The first signal is antigen-specific and involves T-cell receptor
recognition and binding to the MHC/antigen on the surface of the APC. The second
signal or co-stimulatory signal is non-specific and involves the CD28 receptor on the T
cell binding to the B7-1 or B7-2 ligands on the APC. Delivery of the first signal alone,
without the second co-stimulatory signal, leads to T cell anergy or even apoptosis. This T
cell activation results in the clonal expansion of antigen-specific T cells and production of

lymphokines, such as IL-2, IL-3, IL-4, GM-CSF, TNF-a, and IFN-y. A second receptor



FIGURE 1-1: Two-signal model involved in T cell activation.

T cell activation requires two signals. The first signal is specific and involves TCR
recognition and binding to the MHC/antigen on APC. The second signal is non-specific
and requires the CD28 receptor on T cell to bind to the B7-1 or B7-2 ligands. B7-1 and
B7-2 also binds to the inhibitory receptor CTLA-4 on T cells which delivers a negative
signal terminating T cell responses.
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for the B7-1 or B7-2 ligands is CTLA-4 (CD152), which sends an inhibitory signal
down-regulating T cell activation. CTLA-4 is not present on resting T lymphocytes but is
up-regulated upon T cell activation. Therefore, the B7-1 and B7-2 co-stimulatory
molecules play an essential role in the activation and regulation of immune responses.
Specifically, blocking the CD28/B7 co-stimulatory pathway results in
immunosuppression and the potential inhibition of autoimmune diseases and transplant
rejections.  Whereas, activating the CD28/B7 pathway could be therapeutic in
recognizing and eliminating tumors and infections that evade the immune system.
Despite their structural similarities and their ability to function as co-stimulatory
molecules, B7-1 and B7-2 have been suggested to play a distinct role in development of
immune responses and the pathogenesis of a number of infectious and autoimmune
diseases. Since my research project is aimed at understanding the regulation of B7 co-
stimulatory molecules on antigen presenting human monocytic cells, I will review the
structure, expression and functional role of B7-1 and B7-2 co-stimulatory molecules and
the current understanding of their signaling transduction and gene regulation in the

following sections.

Structure of B7-1 and B7-2

The family of B7 co-stimulatory molecules consists of two classical members,
B7-1 (CD80) and B7-2 (CD86), which are present on the cell surface as monomers. Both
belong to the immunoglobulin superfamily and consists of a single immunoglobulin
variable (IgV)-like and immunoglobulin constant (IgC)-like domain with sites for N-

linked glycosylation (Fig. 1-2). The B7 ligands interact with the CD28 and CTLA-4



FIGURE 1-2: Structure and genomic organization of the genes coding for B7-1 and
B7-2.

(A) Structure of B7-1 and B7-2. B7-1 and B7-2 type | membrane proteins belonging to
the immunoglobulin (Ig) gene superfamily. They consist of IgV-like,and IgC-like
extracellular domains, a transmembrane domain, and a cytoplasmic tail. B7-2 has an
extended cytoplasmic domain which may be involved in signaling.

(B) Genomic organization of B7-1 and B7-2. The B7-1 and B7-2 genes contain 6 and 8
exons, respectively. The exons are numbered in the boxes.
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receptors through the GFCC’C’ beta sheet face of their IgV-like domain and the ABED
beta sheet face of their IgC-like domain. The labeling of the beta sheet face is based on
standard immunoglobulin nomenclature. Although the B7 ligands bind to both receptors
on the T cells, the B7 ligands bind to CTLA-4 with 20 to 100 fold greater affinity than to
CD28 (5). The dissociation rates for B7-1 and B7-2 differ as well. B7-1 binds to both
CD28 and CTLA-4 receptors two to three times stronger, with faster binding kinetics, and
with slower dissociation constants than B7-2 (6-8).

The cDNAs for both B7-1 and B7-2 have been isolated and predicted to encode
type I membrane proteins of the immunoglobulin superfamily and exhibited only 25%
sequence homology (Fig. 1-2). B7-1 is a 55 kDa type I membrane glycoprotein consisting
of 288 amino acids. It is made up of a secretory signal peptide followed by 2 contiguous
Ig-like extracellular domains, a hydrophobic transmembrane region, and a short 19 amino
acid cytoplasmic domain (9). B7-2 is a 70 kDa type I membrane glycoprotein consisting
of 329 amino acids. It also has a secretory signal peptide with 2 Ig-like domains, but with
an extended cytoplasmic domain which may contain potential phosphorylation sites for
protein kinase C (9).

B7-1 and B7-2 are encoded by separate genes found on human chromosome
3q13.3-3g21 (10,11). The cDNAs encoding the human B7-1and B7-2 gene have been
isolated and its genomic organization reported. In humans, the B7-1 locus spans 32
kilobases of DNA and is composed of six exons (10). Exon 1 is not translated, while
exon 2 encodes the initiation ATG codon and the signal peptide (10). Exons 3 and 4
correspond to the IgV- and IgC-like extracellular domains (10). Finally exons 5 and 6

encode the transmembrane region and cytoplasmic tail, respectively (10). The B7-2 gene




is composed of eight exons, which span 22 kilobases (11). Exons 1 and 2 correspond to
the 5’untranslated sequences and exon 3 encodes the signal peptide (11). Exons 4 and 5
correspond to IgV- and IgC-like extracellular domains, respectively (11). Exon 6
encodes the transmembrane region and beginning of the cytoplasmic tail (11). Exons 7
and 8 encode the remainder of the cytoplasmic tail and 3’ untranslated sequences (11).
The genomic organization of B7-1 is similar to B7-2 except at the 3’ end of the gene.
Whereas, the cytoplasmic tail for B7-2 spans from exons 7 to 8, the cytoplasmic tail of

B7-1 is found entirely in the final sixth exon.

B7 Extended Family

B7-1 and B7-2 were the first B7 family members to be identified. But, in the last
few years, several new members of the B7 family such as B7-H2, B7-H1, B7-DC, B7-
H3, and B7-H4, have been discovered by screening techniques such as subtractive
hybridization, human cDNA expressed sequence tag searches, and amino acid alignment
sequence searches. The classification of B7 extended family ligands is based on common
structural aspects with B7-1 and B7-2 and their abilities to co-stimulate or inhibit T
lymphocytes. However, their function differs in that they do not bind to CD28 or CTLA-
4.

The third member of the B7 family to be identified is B7-homolog 2 (also
designated as B7-H2, B7h, B7RP-1, ICOS-L, GL-50), which binds to an inducible T-cell
co-stimulator (ICOS) receptor on activated T cells (12). B7-H2 which functions to
costimulate T cells, shares approximately 20% amino acid homology with that of B7-1

and B7-2 (13,14). As well, it is constitutively expressed in B cells, and dendritic cells



(15). In monocytes, B7-homolog is expressed at low levels but is up-regulated upon
stimulation with IFN-y (15,16).

The fourth B7 family member is B7-homolog 1 (B7-H1) or programmed death 1
ligand (PD-L1), which binds to the programmed death-1 (PD-1) receptor on activated T
and B cells (17,18). B7-H1 exhibits 20% and 15% amino acid homology with that of B7-
1 and B7-2, respectively (15). It is constitutively expressed in dendritic cells and is
induced by IFN-y in keratinocytes (15,19). B7-H1 is not expressed in resting monocytes
but is activated upon stimulation with IFN-y and LPS (19).

The fifth B7 family member is B7-DC or programmed death 2 ligand (PD-L2),
which also binds to the PD-1 receptor. Engagement of B7-H1 and B7-DC to the PD-1
receptor serves to inhibit activation of T and B cells (15,17,18). Though PDL-2 shares
approximately 37% homology with PDL-1, unlike PDL-1 it is expressed in resting
monocytes (15,20).

B7-H3, the sixth B7 family member does not bind to any of the CD28, CTLA-4,
ICOS, or PD-1 receptors, and to this day its receptor has yet to be identified (20). B7-H3
is expressed in IFN-y stimulated dendritic cells and in GM-CSF stimulated monocytes
(21). The seventh and last B7 family member is B7-H4 (B7x/B7-S1), which engages the

B and T lymphocyte attenuator (BTLA) and inhibits T cell activation (22,23).

Expression of B7-1 and B7-2 on Immune Cells
Because my research project is focused primarily on the regulation of B7-1 and
B7-2 expression, I will be describing in detail the biological and functional roles of these

co-stimulatory molecules. Since the B7-1 and B7-2 co-stimulatory molecules play a

10



critical role in providing the secondary signal towards immune activation, their
expression is predominantly restricted to professional APCs including monocytes,
dendritc cells, Langerhans cells, and B cells. B7-1 is not constitutively expressed in
resting APCs, whereas, B7-2 is constitutively expressed in resting monocytes and
dendritic cells in vitro (24-26). Upon activation, B7-1 is expressed on monocytes,
dendritic cells, Langerhans cells, and B cells (27,28). B7-2 expression is also up-
regulated after activation of dendritic cells, Langerhans cells, B cells, and T cells
(9,24,28). In fact, on resting monocytes where B7-2 is constitutively expressed, B7-2 can
be further expressed to higher levels by the appropriate stimulus such as LPS (29,30).
The presence of B7-1 on CD4+ T cells appears to also play a co-stimulation role in that it
allows for T-T cell interaction and enhance proliferation of other T cells (31,32). B7-2
expressed on T cells is in a hypoglycosylated form and rather than co-stimulation it
seems to inhibit T cell activation by preferentially binding to CTLA-4 (33,34).

The temporal expression of B7-1 and B7-2 after activation is different. For
instance, when B lymphocytes are activated, B7-2 is rapidly expressed followed by B7-1
24 to 48 hours later (9,35). Not only is the expression of B7-2 enhanced faster than B7-1
after activation, the level of expression of B7-2 is also higher. In freshly isolated human
monocytes, B7-1 mRNA expression is up-regulated upon stimulation with LPS or
purified protein derivative of tuberculin (29). This corresponds with protein expression
where B7-1 is weakly detected only after 6 to 8 hours of induction (29). In human
monocytes and MonoMac6 cell lines, B7-2 mRNA and protein is constitutively expressed
(29,36,37). Upon these observations, it is believed that B7-2 rather than B7-1 is involved

in the initial interaction with CD28 or CTLA-4. Thus, the differential expression of the
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two co-stimulatory molecules on various cells and with different time kinetics suggest

that B7-1 and B7-2 ligands may play unique roles in modulating an immune response.

Biological Functions of B7-1 and B7-2

Activation of T cells is important for an effective immune response against
tumors and infectious agents. Whereas, improper activation of T cells may lead to the
development of autoimmune and graft versus host diseases. Since, the molecules B7-1
and B7-2 play a crucial role in T cell activation and immune tolerance, therefore, an
altered expression and regulation of B7 molecules especially B7-1 and B7-2, play a key
role in a number of immunobiological functions and in the pathogenesis of infectious and

autoimmune diseases and cancer.

Th1/Th2

There is evidence to suggest that B7-1 or B7-2 co-stimulation may play a role in
the skewing of Thl versus Th2 responses. In fact, several studies have suggested that
B7-2 engagement of CD28 favors the induction of IL-4 expression and drives the
immune response toward a Th2 differentiation pathway (38-40). In an experimental
model of Leishmania major infection in susceptible BALB/c mice, administration of anti-
B7-2 but not anti-B7-1 antibodies was shown to block Th2 development and also
prevented disease progression (41). Similarly, another group determined that IL-2, IL-4,
and IL-5 production in T lymphocytes that were incubated with peritoneal exudates
macrophages was depressed upon administration of anti-B7-2 but not anti-B7-1

antibodies, whereas, IFN-y production in T lymphocytes was significantly blocked by
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either anti-B7-2 or anti-B7-1 antibodies (42). On similar lines, another study
demonstrated that using ovalbumin-specific T cells, anti-B7-2 monoclonal antibodies
were capable of reducing IL-4 production (9).

In an experimental allergic encephalomyelitis mouse model, treatment with anti-
B7-1 antibodies reduced the severity of the disease, while anti-B7-2 either had no effect
or increased its severity (43,44). Using B7-1 knockout mice, Schweitzer et al.
demonstrated that the presence of B7-1 on T cells can inhibit IL-4 production (45). And
in a murine Schistosomiasis model, granuloma macrophages which had reduced B7-1 and
B7-2 expression, induced Thl unresponsiveness by secretion of IL-10 (46,47). 1t is not
exactly clear whether B7-1 favors Thl or Th2 development. So more investigation is
required before we can exploit this potential strategy to treat certain types of infectious

diseases.

Autoimmunity

Autoimmune diseases occur as an adaptive immune response directed at self-
antigens. In the two-signal model for T cell activation, T cells must recognize self-
antigens and must also receive the second co-stimulatory signal to proliferate. Most
tissues do not express the co-stimulatory molecules and thus, should not be able to co-
stimulate T cells. But if a subset of T cells no longer require the second signal to be
activated, or if a tissue begins to express co-stimulatory molecules, autoimmunity may
occur. We see evidence of this with patients suffering from rheumatoid arthritis, where
B7-1 is expressed aberrantly on B cells, T cells, and monocytes at sites of autoimmune

pathology (48). And it has been clearly demonstrated that nonobese diabetic (NOD) mice
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made to express B7-1 on pancreatic B cells, under the control of the rat insulin promoter,
develop accelerated diabetes (49). So attempts have been made to selectively block B7-1
or B7-2 ligands to prevent the development of autoimmune diseases. But results obtained
thus far has been perplexing. For instance, in NOD mice treated with anti-B7-1
antibodies, the onset and severity of diabetes mellitus is accelerated, while treatment with
anti-B7-2 or CTLA4-Ig inhibits this disease (50). In a murine model of systemic lupus
erythematosus, the disease is inhibited only by blocking both B7-1 and B7-2 (51). While
in experimental allergic encephalomyelitis, a murine model of multiple sclerosis,
treatment with anti-B7-1 antibodies improves the disease, whereas, anti-B7-2 or anti-
CTLA-4 antibody treatment exacerbates the disease (52,53). Therefore, the CD28/B7 co-
stimulatory pathway plays a critical role in the induction and regulation of autoreactive T
cells, but the differential requirement for B7-1 or B7-2 in the induction of various

autoimmune diseases remains unclear.

Tumor immunity

Though tumor cells may express tumor-specific antigens, the majority of these
cells are of low immunogenecity or lack co-stimulatory molecules, or both. Therefore,
inducing the expression of B7-1 or B7-2 co-stimulatory molecules in malignant cells
should enhance anti-tumor immunity. In fact, this has been demonstrated in several
murine models, which resulted in the rejection of the tumor. For instance, B7 transfected
murine melanoma cells are able to direct CD8+ T cells to reject melanoma cells in vivo
(54). In a mouse sarcoma model, anti-sarcoma responses by MHC class II+ tumor cells

expressing B7-1 is generated and is primarily mediated by CD4+ T cells (55). As well,
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inoculation of mice with mastocytoma P815 tumor cells transfected with B7-2 protected
the mice against subsequent challenge with the lethal wild-type P815 tumor (56).
Similarly, in a murine model of acute myeloid leukemia, expression of B7-1 rather than
B7-2, better protected mice against challenge with the wild-type tumor (57). From all
these studies in murine tumor models, it seems that expression of B7 on tumor cells can
lead to the activation of T cells resulting in tumor rejection. The studies also demonstrate
that the B7-1 and B7-2 co-stimulatory molecules give diverse results in inducing anti-
tumor immunity. So these results further reinforce the idea that B7-1 and B7-2 may have

distinct and overlapping functions in their role in immune activation.

Infection

Models of infection have also been important in demonstrating the importance of
B7 co-stimulatory molecules in the development of effective immune responses. There is
evidence to suggest that bacterial and protozoan cell wall protein can modulate the
expression of B7-1 or B7-2 on antigen presenting cells. For example, proteins isolated
from Neisseria meningitidis, and N. gonorrhoea up-regulate B7-2 expression but not B7-
1 expression in B cells (58). Lipopolysaccharide, a Gram-negativé bacteria cell wall
component, up-regulates B7-1 expression and down-regulates B7-2 expression in human
monocytes (30). As well, B7-1 expression is reduced in Mycobacterium tuberculosis and
Leishmania donovani infected macrophages (59,60). The tachyzoites of the intracellular
pathogen, Toxoplasma gondii can induce the expression of both B7-1 and B7-2 in human

monocytes (61). Also, during an infection with the helminth Schistosoma mansoni,
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granulomas may form around the eggs of parasites in the liver resulting in down-
regulation of B7-1 and B7-2 expressions on granuloma macrophages (46).

Similar to the studies performed in several experimental models of autoimmune
diseases, blocking or alteration of expression of B7-1 or B7-1 or both B7-1 and B7-2, can
result in the modulation of immune responses against a number of infectious organisms
and thereby alter disease progression. A classic model for studying Thl and Th2
development involves infection of inbred mice strain with the intracellular protozoan
parasite Leishmania major. C57B1/6 mice which are resistant to infection will develop a
Th1 response, whereas BALB/c mice which are susceptible to infection with Leishmania
major will develop a Th2 response. To determine the effects of blocking B7 on Th1 and
Th2 response, studies were performed utilizing CTLA-4 Ig. Soluble CTLA-4 Ig fusion
protein is composed of human CTLA-4 and the immunoglobulin G1 Fc region and is able
to bind to both B7-1 and B7-2 with high avidity, thereby blocking T cell activation.
When resistant C57B1/6 mice were treated with CTLA-4 Ig, there was no effect on the
disease. But in susceptible BALB/c mice, early administration of CTLA-4 Ig after
infection resulted in reduced IL-4 production and a halt in disease progression (62).

Furthermore, the ex vivo expression levels of B7-1 and B7-2 co-stimulatory
molecules on monocytes/macrophages obtained from patients with a number of infectious
disease have been shown to be significantly modulated. It is suggested that the
expression levels of these molecules may impact development of disease progression.
All these observations suggest the importance of B7-1 and B7-2 in the pathogenesis of
infectious diseases and further investigations should lead to the design of new vaccines

and immunosuppressive drugs for the treatment of these diseases.
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Transplant rejection

It has been demonstrated that the B7-1 and B7-2 co-stimulatory molecules play a
pivotal role in organ and bone marrow transplantation. The greatest risk involved in
organ and bone marrow transplantation is graft versus host disease. Because transplant
rejection is a T-cell dependent process, attempts have been made to block the CD28/B7
signaling pathway to inhibit organ graft rejection. There has been some success using the
CTLA-4 Ig or a combination of anti-B7-1 and anti-B7-2 antibodies. But treatment with
anti-B7-1 or anti-B7-2 antibodies alone, do not inhibit transplant rejection. For example,
treatment with both anti-B7-1 and anti-B7-2 antibodies prolonged the acceptance of
cardiac allografts in mice (63). In mice and rats, administration of CTLA-4 Ig prolonged
the acceptance of cardiac allografts (64,65). In a xenogeneic islet transplant model,
CTLA-4 Ig treatment has been successful in preventing human pancreatic islet cell
rejection in mice (66). As well, it induced long-term donor-specific tolerance. These
studies demonstrate that blocking the CD28/B7 co-stimulatory pathway can lead to

transplant tolerance.

Expression and Regulation of B7-1 Expression by Cytokines and LPS

B7-1 was originally identified as a cell surface antigen expressed only on
activated B cells following transformation with Epstein Barr Virus (EBV), or cross-
linking of surface Ig receptors or MHC class II molecules (67-69). Subsequently, it was
determined that B7-1 is expressed on activated T lymphocytes and activated APCs such

as B lymphocytes, monocytes/macrophages, Langerhans cells, keratinocytes, and
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dendritic cells (70-75). Activation of these cells can occur in a number of ways including
MHC class II ligation, surface Ig cross-linking, CD40 ligation, cytokines (e.g. IL-2, IL-4,
IFN-y), and mitogens (e.g. LPS) (9,76).

Mohocytes are professional phagocytes, which are capable of inducing adaptive
immunity by presenting antigens to T cells. In general, monocyte activation in response
to LPS results in the production of cytokines, such as TNF-a, IL-1, and IL-6, and other
inflammatory mediators (77-79). This inflammatory response to LPS is an important
contributor to septic shock, which may occur during infection with Gram-negative bacilli
(80,81). Hence, up-regulation of B7 expression in monocytes mediated by LPS is thought
to be important as a host defence mechanism against Gram-negative bacteria infection.
Resting macrophages do not express B7-1 but treatment with IFN-y leads to the
expression of B7-1 (9,76). In freshly isolated human monocytes, B7-1 expression is up-
regulated after stimulation with LPS, GM-CSF, or IFN-y (9,30,76,82). Cross-linking of
MHC class II molecules has also been shown to up-regulate B7-1 expression.

Resting T lymphocytes do not express B7-1, but upon LPS or IL-7 stimulation,
activation by antigen or transformation by human T cell leukemia virus type-1 (HTLV-1),
T cells can express B7-1 (9,83-85). Resting B cells also do not express B7-1, but upon
stimulation with LPS, IL-4, or signalling through the surface receptors, CD40, or MHC
class II, B7-1 expression is up-regulated (9,76,86,87). B7-1 has also been shown to be
present on B cells following transformation by EBV, cross-linking of CD120b (p75,
TNF-RII), or after treatment with cyclic AMP derivatives or dextran sulfate (9,76,86).

When B lymphocytes are activated, B7-2 is rapidly expressed, followed by B7-1 24 to 48
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hours later (87). Resting dendritic cells do not express B7-1, but do so when activated

with GM-CSF (88).

Expression and Regulation of B7-2 Expression by Cytokines and LPS

Resting T lymphocytes express low levels of B7-2, but upon activation its level of
expression increases (34). Resting B cells also express low levels of B7-2, but upon
stimulation with IL-4, signaling through the surface Ig receptors, or crosslinking of MHC
class II or CD40, B7-2 expression is enhanced (9,87). Resting dendritic cells do not
express B7-2, but do so when activated with GM-CSF and IFN-y (88).

B7-2 is constitutively expressed in human monocytes and is increased to higher
levels upon treatment with IFN-y, IL-4, GM-CSF, and cyclic AMP (82,89,90).
Conversely, B7-2 expression in monocytes is down-regulated by LPS, TNF-a, and IL-10
(25,37,90,91). There is increasing evidence that the regulation of B7-1 and B7-2 in
human monocytes is independent, as seen with different stimuli exclusively up-regulating
or down-regulating B7-1 or B7-2 expression. For instance, cAMP induction has no effect
on B7-1 but up-regulates B7-2 expression (89). And in the case of treatment with
glucocorticoids, which are effective immunosuppressive drugs, B7-1 expression is

inhibited but not B7-2 (89).
Signal Transduction

Cell signaling is critical in biological systems as it allows cells to communicate

with one another leading to events such as cell growth and differentiation. In contrast, a
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defect in the cell signaling pathways can result in autoimmune diseases and cancer. At
present, very little is known about the signaling pathways regulating the expression of
B7-1 and B7-2. Since my research proposal is focused on the signaling pathways, the
following sections will discuss some of the presently known signal transduction

mechanisms.

General Signaling Pathways

A paradigm for monocyte activation has been proposed in which entry into the
cell cycle is caused by activation of phospholipase C (PLC) followed by the generation of
the second messengers, inositol 1,4,5-triphosphates (IP;) and diacylglycerol (DAG), that
recruit intracellular systems triggered by increased intracellular Ca?* and activation of
protein kinase C (PKC), respectively (Fig. 1-3) (92). Ligand mediated cell signalling
may be initiated at the cell surface by the direct activation of receptor protein kinases
(PTK) (93). Cell signalling through the receptors that lack protein kinase domains
involve cytoplasmic membrane associated nonreceptor PTK (93). Stimulation through
cell surface receptors may also be mediated through either heterotrimeric or small Ras
like GTP binding proteins (94). These rapid initial events may be linked to the several
downstream signaling elements such as PLC-y. Activation of PLC-y by tyrosine
phosphorylation leads to hydrolysis of phosphatidyl inositol (4,5)-biphosphate (IP;), and
the generation of the PKC activator, DAG and the endogenous Ca®* mobilizing agent IP;
(95,96). These second messengers activate Ca>” and phospholipid dependent PKC as
well as Ca** regulated protein kinases (95,96). Certain receptors may deliver signals

through the activation of mitogen activated protein kinases (97,98). This pathway may
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FIGURE 1-3: Generalized intracellular signaling pathways.

As shown, an extracellular signal molecule can bind and trigger membrane receptor
tyrosine kinase to activate many parallel intracellular signaling pathways. Activation of
phospholipase C (PLC) results in the further activation of 2 separate pathways, calcium-
mediated pathway and protein kinase C (PKC). Signalling through the membrane
receptor tyrosine kinase can also induce the activation of the MAPK and
phosphatidylinositol 3-kinase pathways. Relaying of all of these signaling cascades lead
to activation of gene regulatory proteins and their respective genes.
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involve a cascade of events including activation of p21 Ras, Raf-1, MAP-ERK kinase
(MEK) and the ribosomal S6 protein kinase (97,98). Activation of MAP kinase may also
occur independently of p21 Ras via activation through MEK (97,98). The concept that
rapid increase in the phosphorylation of macrophage proteins can provoke cellular
responses is supported by studies in which treatment of cells with specific inhibitors of
serine/threonine phosphoprotein phosphatases was sufficient to induce the production of
IL-1 and TNF-a (99). Recently, LPS induced monocytic cell activation leading to
cytokine production has also been shown to involve activation of specific protein tyrosine
kinases including a CD14-associated src family, PTK, p53/56"", p58'* and p59® (100).
PKC has also been implicated in LPS-induced secretion of IL-1 (101). Translocation of
PKC to the membrane fraction is considered to reflect enzyme activity. Treatment of
monocytes with LPS induces the quantitative translocation of these enzyme activities to
the membrane fraction. PKC inhibitors abrogate both the activation and translocation of
PKC in these cells and attenuate LPS-induced secretion of IL-1 (101). Changes in the
cytosolic concentration of Ca®" are also a feature of macrophage activation. Exposure to
agents that inhibit Ca?" regulated protein kinases has been shown to abrogate changes in
cell function (102). Cell signalling in macrophages also appears to involve activation of
MAP kinases (103). Taken together, specific nonreceptor PTK, MAP kinases and other
distinct kinases are integral components of signaling pathways that play a central role in

cytokine regulation in monocytes/macrophages.
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LPS-mediated signaling and TLR4

LPS is a potent mitogen capable of inducing the production of several
proinflammatory and immunoregulatory cytokines, and regulating the expression of co-
stimulatory molecules B7-1 and B7-2 in immune cells. During the last few years,
attempts have been made to elucidate the molecular signaling pathways that induce
cytokine expression in monocytes. However, the molecular signaling pathways involved
in the regulation of B7-1 and B7-2 expression especially in LPS- and cytokine-stimulated
monocytic cells remain to be investigated. Since I have been studying the regulation of
LPS- and cytokine-induced regulation of B7-1 and B7-2 expression, I will provide a brief
description of the molecular basis of signal transduction in LPS- and cytokine-induced
regulation of B7 expression. Infection with Gram-negative bacilli results in the secretion
of pro-inflammatory cytokines (TNF-a, IL-1, IL-6) followed by the anti-inflammatory
cytokine IL-10 in monocytes/macrophages (77-79). The inflammatory response to LPS
is an important contributor to adaptive immune responses and also to septic shock and
generalized organ failure during an overwhelming bacterial infection (104). LPS or
bacterial endotoxin is a glycolipid found in the outer cell wall of Gram-negative bacteria
such as E. coli, Neisseria, and Salmonella (105). It consists of a core polysaccharide, o-
antigen and lipid A (106). When LPS is initially released in the bloodstream, it interacts
with serum derived LPS-binding protein (LBP) (105,107). The LPS-LPB complex then
interacts with CD14 found on the surface of monocytes/macrophages (105,107). LPB is
not absolutely required for LPS binding to CD14 but it facilitates its interaction.
Subsequently, LPS binding to CD14 recruits an accessory protein MD2, which in turn

binds to Toll-like receptor 4 (TLR4) a receptor expressed on antigen presenting cells
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such as peripheral blqod monocytes (105,107). Because CD14 is a glycosylphosphatidyl
inositol (GPI)-anchored receptor lacking a transmembrane domain, it is not involved in
transmitting a signal. In fact, studies with CD14-deficient mice demonstrated that they
were responsive to high doses of LPS (108).

The signaling pathways mediated by TLR4 share some similarities with IL-1
receptor (IL-1R) signaling (109). Upon binding, TLR4 recruits the adapter protein
MyD88 (110-112). MyD88 in turn recruits IL-1R-associated kinase (IRAK) to form a
receptor complex. IRAK then binds with TNF-receptor-associated factor-6 (TRAF-6),
which in turn binds to NF-xB-inducing kinase (NIK). NIK activates the I-xB kinase
(IKK) complex. Subsequently, IKK activates NF-xB by phosphorylating and degrading
I-xB and causing its release from the complex (110-112). Lastly, NF-kB translocates
into the nucleus and is involved in the transcriptional regulation of numerous genes (Fig.

1-4).

24



FIGURE 1-4: LPS-mediated signaling pathway on human monocytic cells.
Lipopolysaccharide (LPS) binding to monocytes/macrophages is mediated by CD14
receptor, LPS binding protein (LBP), Toll-like receptor 4, and accessory protein MD2.
Signalling is transduced through TLR4, which activates the MAPK, NF-xB, and PI-3
kinase pathways.
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MAP kinase signaling

The mitogen-activated protein (MAP) kinases (MAPKs) are key players in
cellular responses such as proliferation, differentiation, and apoptosis. The three main
families of MAP kinases are the extracellular signal-regulated protein kinases (ERK1 and
ERK?2), the c-Jun NH,-terminal kinases (JNKs), and the p38 MAP/stress-activated
protein kinases (p38 MAPK/SAPKs) (Fig. 1-5) (113). Essentially, extracellular signals
trigger receptors at the cell surface, which transmits a signal to activate the MAPK
cascades. This results in phosphorylation of a variety of regulatory proteins, such as other
protein kinases and transcription factors. ERKSs respond to mitogens and growth factors
that regulate cell proliferation and differentiation; whereas JNK and p38 MAP kinases are
predominantly activated by stress and inflammatory cytokines (IL-1p and TNF-a) (113).
All three MAP kinases consist of a modular three kinase cascade in which MAPK are
activated by dual phosphorylation at their Thr-X-Tyr motif by MAP kinase kinases
(MAPKKs or MEKs) (114). Specifically, ERK is phosphorylated at the Thr-Glu-Tyr
motif, JNK at Thr-Pro-Tyr, and p38 at Thr-Gly-Tyr (114). And in turn, MAPKKSs are
activated by the MAP kinase kinase kinases (MAPKKKs or MEKKSs) (114).

Among the three MAP kinases, the signaling pathways for the ERK1 (p44) and
ERK2 (p42) are the best characterized. Extracellular signals such as mitogens and
growth factors bind to the receptor protein tyrosine kinase receptors on the cell surface
triggering receptor autophosphorylation and activation. This results in the binding of the
adaptor protein Grb2 via its Src homology 2 (SH2) domains, with the cytoplasmic
domain of the autophosphorylated receptors (115,116). The SH3 domain of Grb2 then

associates with the proline-riche region of the guanine nucleotide-exchange protein, son
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FIGURE 1-5: MAP kinase pathways.

The MAPK signaling cascade consist of the stress activated p38 and c-Jun NHj-terminal
kinases and the mitogen-activated ERK1/2(p42/44) pathway. Chemical inhibitors and
dominant negative mutant plasmid that were employed to specifically block each
pathway are highlighted in blue.
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of sevenless (SOS) (115-117). They in turn, activate Ras by exchanging GTP for GDP.
And activated Ras binds to the proto-oncogenic Raf (MAPKKK) causing Ras to anchor
itself to the cell membrane (115-117). The Raf family which consist of c-Rafl, B-Raf,
and A-Raf, then phosphorylates and activates the MAPKKs, MKKI(MEKI1) and
MKK2(MEK2) which then activates and phosphorylates ERK1 and ERK2 (115-117).
Upon activation, ERK1 and ERK2 can translocate into the nucleus and phosphorylate
kinases such as P90 ribosomal S6 kinase and mitogen and stress-activated kinases, and
transcription factors such as Elk-1 and Stat3 (115-117).

The JNKs were discovered as stress-activated protein kinases and that were able
to phosphorylate and activate the c-Jun transcription factor (118,119). Since c-Jun along
with c-fos form the AP-1 transcription factor complex, it is essential in the expression of
many cytokine genes (120). JNK is activated by various stress responses including
ultraviolet light radiation, heat shock, osmotic shock, and growth factors. The JNK
family members consist of JNK1, JNK2, and JNK3 (120). JNK1 and JNK2 are widely
expressed, whereas JNK3 is expressed mainly in the brain. The regulation of JNK is
more complex and less understood than the ERK signaling pathway. But it has been
demonstrated that upstream components such as the small GTP-bindng proteins Rac and
Cdc42 (Rho family GTPases), and STE20-related p21l-activated kinases (PAKs) are
involved in the activation of JNKs (121-123). And it is known that both dual-specific
kinases MKK4 and MKK?7 phosphorylate and activate JNK at the Thre183-Pro-Tyr185
residue (120).

The p38 MAPK is also activated by a variety of stimuli including inflammatory

cytokines (tumor necrosis factor and IL-1), endotoxins, hormones, ligands for G protein-
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coupled receptors, osmotic shock, ultraviolet light radiation, and heat shock (124-126).
Activation of the p38 MAPKSs is crucial in the expression of inflammatory cytokines such
as IL-10 (127). The p38 MAPK family consist of p38a, p38B, p38y, and p385. Among
the four kinases, the p38a kinase is the best characterized and known to be activated by
TABI1 (128). It has also been established that p38 MAPKSs is activated by MKK3 and
MKKS6 (126,129). MKK3 activates p38a, p38y, and p388, while MKK6 activates all 4
p38 MAPK isoforms (126,130). Upon activation, p38 translocates into the nucleus and
activates transcription factors such as the CREB family member ATF-2.

Further complexity of the MAPK signal transduction pathway is added by cross-
talk between the signaling cascades. For instance, MKK4, which activates JNK, can also
activate p38a (129,131). LPS has been shown to activate all three types of MAP kinases
(101), but there is little information on the role of these kinases in general in monocytes

and particularly in B7 expression.

Anti-inflammatory cytokine IL-10 and its biological functions

LPS acting on several pro- and anti-inflammatory cytokines such as interleukin 10
(IL-10) may regulate the activity of Thl cytokines and B7 co-stimulatory molecules.
Therefore, LPS-induced regulation of B7 molecules may be mediated by cytokines such
as IL-10. Interleukin 10 is a pleiotropic cytokine produced by many types of cells
including monocytes, B cells, CD8+ T cells, regulatory T cells, CD4+ Th0, and Th2 cells
(132-134). It is able to exert anti-inflammatory responses by suppressing the production
of cytokines such as IL-1, IL-6, IL-8, IL-12, TNFa, and granulocyte-macrophage colony

stimulating factor, and MHC class II molecules and B7 in monocytes/macrophages (135-
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137).  As well, through suppression of IL-2 and IFN-y, IL-10 is able to diminish Thl
activity (136,138).

IL-10 inhibits the antigen-driven activity of both Th1 and Th2 subsets, and hence
is not strictly a Th2 type cytokine, although it facilitates the induction of Th2 cells types
(133,137). IL-10 has been shown to down-regulate the release of oxygen and nitrogen
intermediates, as well as TNF-q, resulting in macrophage deactivation which may allow
the growth of tumor cells and intracellular microbes (137,139). The potent inhibitory
action of IL-10 on macrophages, particularly at the level of cytokine production, supports
an important role for IL-10 in the regulation of T cell responses and acute inflammatory
responses (137). In addition, IL-10 has been show to stimulate a variety of biological
functions such as costimulation of thymocyte growth in the presence of IL-2 and/or IL-4,
and B cell growth and differentiation (132,137,140). Naive IgD+B cells, when activated
with anti-CD40 antibodies, secrete IgG1 and IgG3 in the presence of IL-10, indicating a
critical role for IL-10 in isotype switching and B cell differentiation (132,141).
Furthermore, IL-10 acts as an autocrine growth factor for Ly-1+ B cells, which are
important in murine models of autoimmune disease (142).

The molecular mechanism underlying IL-10-mediated inhibitory effects has been
studied in a number of model systems. IL-10 interacts with a single high affinity receptor
complex expressed on most hematopoietic cell types (136,143). The IL-10R is composed
of two subunits, IL-10R1, the ligand binding subunit, and IL-10R2, the accessory subunit
(136,143). Engagement of the IL-10R complex activates the well characterized JAK-
STAT signaling pathway. Janus Kinase-1 (Jakl) and Tyk2 tyrosine kinases are

constitutively associated with IL-10R1 and IL-10R2, respectively (136,144). IL-10
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induces tyrosine phosphorylation and activation of the latent transcription factors STAT-
3 and STAT-1, and in non-macrophage cells STAT-S (144,145). STAT-3 is recruited
directly to the IL-10R complex via either of two tyrosine residues present in the IL-10R1
cytoplasmic domain (144). Dimers of phosphorylated STAT-3 molecules translocate to
the nucleus resulting in gene expression. IL-10 mediates its inhibitory effects on
macrophage proliferation and TNF-a production through STAT-3 activation (143,144).
Recently, IL-10 has been shown to increase the expression of the cyclin-dependent kinase

9INK4D a5 later shown to be

inhibitor p19“‘"(4D in macrophages. The expression of pl
dependent on the activation of STAT-3 (146,147). The inhibitory effects of IL-10 have
also been shown to involve the activation of the suppressor of cytokine signaling (SOCS)
proteins, in particular SOCS1 and SOCS3, in response to LPS and IFN-y stimulation in
monocytic cells (148,149). The induction of SOCS3 gene has been attributed to STAT-3
activation (150) indicating that STAT-3 constitutes an important component of the
mechanism by which IL-10 exerts its inhibitory effects. In contrast to STAT-3, the role
of STAT-1 in the regulation of IL-10-mediated biological effects is not known.
Macrophages from STAT-1 knockout mice remain responsive to IL-10 (151), and
dominant negative STAT-1 does not block IL-10-mediated effects in monocytic cells
(147).

Recently, we have demonstrated that the stimulatory effects of IL-10 on CD14
expression maybe be mediated by STAT-1 in human monocytic cells (152). IL-10 has
also been shown to regulate cytokine production by monocytic cells through signaling

pathways other than JAK/STAT. For example, IL-10 has also been shown to induce the

activation of phosphoinositol 3’-kinase (PI3-kinase) possibly through JAK-1 activation
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(153,154). There is evidence to suggest that JAK-1 tyrosine phosphorylates the insulin
receptor substrate-1 (IRS-1) docking molecule following interaction of IL-2, IL-4, IL-10
and IFNa with their corresponding receptors (154,155). Subsequently, tyrosine
phosphorylated IRS-1 proteins may recruit the regulatory p85 subunit of PI3-kinase to the
plasma membrane through phospho-tyrosine-SH2 domains interaction (156). It was
reported that specific inhibitors of PI3-kinase inhibited the proliferation but not the anti-
inflammatory activities of IL-10 (153). Recently, IL-10 has also been shown to enhance
the survival of astrocytes through the activation of PI3-kinase (157). In addition to PI3-
kinase, there is evidence to suggest that IL-10 can induce the activation of p38 and ERK
MAPKSs (91,158,159). However, the role of MAPK in IL-10 mediated effects is also not
clear at present. ERK MAPK has been shown to be involved in the regulation of CD14
expression in human monocytic cells in response to IL-10 (152). Further studies are

needed to precisely dissect the role of ERK in IL-10 mediated biological effects.

B7-1 Gene Regulation and Transcription Factors

Transcription is the enzymatic process in which genetic information is transferred
from a strand of DNA to mRNA by RNA polymerases. This is a highly regulated
process in which the level of transcriptional activation of a gene depends upon the
binding of regulatory factors to specific recognition sequences in the promoter. There are
numerous regulatory regions on the promoter of a gene that bind to a variety of
transcription factors. In fact, different combinations of transcription factors can

differentially regulate gene expression. And because each type of cell expresses its own

32



unique combination of transcription factors, this determines cell-type specificity during
gene expression.

Though the nucleotide sequence for the human B7-1 promoter region,
(GenBankTM accession number U33208) has been previously characterized (160), the
transcriptional control of B7-1 gene is not well defined (Fig. 1-6). Based on computer
software programs that can predict potential transcription factor binding sites, a number
of potential regulatory elements can be found on the human B7-1 promoter. These
include three sites for nonspecific trans-activating factors AP2, three SP1 sites, an E2
site, a CREB (single cyclic AMP-responsive element) site, and an AP1 site. Zhao, et al.,
were the first group to isolate, clone and sequence the human B7-1 promoter, which
contained approximately 14 kb upstream from the first exon (160). By employing DNase
I hypersensitivity assays on various cultured cells lines, they found a cell type-specific
183 bp enhancer region 3 kb upstream of the transcription initiation site that was
responsive to LPS and dibutyryl cAMP in Raji B cells. This was consistent with the fact
that both LPS and dibutyryl cAMP are known to increase the expression of B7-1 cell
surface molecule in B cells. To further characterize the 183 bp enhancer region, they
generated deletion and site-directed mutant constructs, transfected the éonstructs into Raji
B cells and measured their CAT activities. The 183 bp enhancer region was determined
to contain multiple cis elements including an NF-xB binding site. Electrophoretic
mobility shift assays (EMSAs) performed on nuclear extracts of Raji B cells further
confirmed that this was indeed an NF-xB binding site (160).

Subsequently, another group led by Fong et al. also characterized the regulatory

elements of the human B7-1 promoter and found that it did not contain the canonical
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FIGURE 1-6: Human B7-1 promoter.

The nucleotide sequences of the B7-1 promoter are provided in the diagram. The +1
denotes the transcriptional start site and the underlined sequences identify the putative
regulatory elements.
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TATA- and CAAT-boxes (161). As well, it did not contain GC-rich motifs that would be
normally found in TATA-less genes of the “housekeeping” class. Through DNase I
footprinting analysis and B7-1 promoter activity studies using deletion and site-directed
mutant constructs, they identified a region -60 to -47 from the transcription start site, that
they termed this region B7-regulatory element (B7-RE). This region was critical for the
basal expression of B7-1 in Raji B cells (161). From the results of the EMSA studies,
this B7-RE site appears to share some sequence similarity with the consensus NF-kB
motif (161). But they were unable to fully determine what transcription factors bind to the
B7-RE site. In a similar work, a series of human B7-1 promoter deletion constructs were
transiently transfected into keratinocytes (162). Subsequently, it was determined that
allergens and irritants were capable of transcriptionally up-regulating B7-1 promoter
activity, and particularly important was a region 231 bp upstream of the transcription start
site (162).

The mouse B7-1 promoter has also been investigated. The genomic organization
of the mouse B7-1 gene and the location of the transcription start site was first
determined by Selvakumar and his group (163). Subsequently, the mouse B7-1 promoter
was characterized and found to contain an enhancer element between the regions from —
597 to —588 relative to the transcription start site (164,165). As well, another group
mapped a number of positive regulatory regions on the mouse B7-1 promoter spanning

from -3957 to —1555, -130 to —110, and +25 to +269 (166).
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B7-2 gene regulation and transcription factors

Realizing that IFN-y can up-regulate B7-2 expression on monocytes, Suciu-Foca
et al. sought to determine how IFN-y can regulate B7-2 at a transcriptional level (167).
They accomplished this by cloning and sequencing the human B7-2 gene and submitting
the 1277 bp sequence containing the human B7-2 promoter to the Genebank™ (accession
AF(099105). Through primer extension assay they also mapped the transcription
initiation site of the B7-2 gene (Fig. 1-7). To characterize the B7-2 promoter, a series of
deletion and mutant promoter constructs fused to a luciferase reporter gene were
generated and transiently transfected into U937 monocytic cells (167). They were able to
determine that IFN-y was able to induce B7-2 expression in U937 cells through two IFN-
v activating sites (GAS). EMSA and supershift assays identified Statl-o as the
transcription factor which binds to the GAS elements (167).

It is known that CD8+ CD28- T suppressor lymphocytes (Ts) inhibit activation
and proliferation of Th cells by down-regulating B7-1 and B7-2 expression in antigen
presenting cells (168,169). Therefore, Suciu-Foca’s group wanted to investigate the
mechanism by which Ts cells transcriptionally regulate B7-2 in B cells (170). Using the
Transfat program for identifying transcription factor binding sites, they first identified
two NF-kB binding sites, —612 and —238 from the transcription start site (Fig. 1-7). B7-
2 promoter and mutant studies indicated that the NF-kB element at —612 was necessary
for Th-induced transcription and that Ts cells inhibited NF-kB mediated transcription of
B7-2 in normal human B cells (170).

Recently, it was determined that lauric acid can transcriptionally activate the B7-2

promoter and it is mediated through TLR4 (171). The murine macrophage cell line
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FIGURE 1-7: Human B7-2 promoter.

The nucleotide sequences of the B7-2 promoter are provided in the diagram. The +1
denotes the transcriptional start site and the underlined sequences identify the putative
regulatory elements.
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RAW264.7 was transfected with a B7-2 promoter/luciferase reporter gene construct
spanning from —1247 to +45 relative to the transcription start site. Upon stimulation with
the saturated fatty acid, lauric acid, B7-2 promoter activity was up-regulated. Co-
transfection of either plasmids expressing dominant negative mutant TLR4, IxBa, or
IRF-3 inhibited lauric acid-induced B7-2 expression. TLR4 is known to activate the
MyD88-dependent pathway and the MyD88-independent pathway. Signaling through the
MyD88-dependent pathway leads to NF-kB and MAPK activation, whereas the MyD88-
independent pathway leads to activation of IRF-3 and delayed NF-xB activation. Hence,
these results indicate that lauric acid induces B7-2 expression through TLR4 and the
MyD88-independent pathway (171). Apart from the aforementioned published works, no
other information on the characterization of B7-1 and B7-2 promoter elements are

available.

RATIONALE AND HYPOTHESIS

The differential expression of the B7-1 and B7-2 co-stimulatory molecules on
various cells and with different kinetics suggests that the B7-1 and B7-2 ligands may play
unique roles in modulating an immune response. Also, B7-1 and B7-2 may not deliver
identical co-stimulatory signals, since B7-2 but not B7-1 preferentially co-stimulates the
initial production of IL-4. Thus, B7-1 and B7-2 may play an important but separate role
in Th1/Th2 cell differentiation. Whether B7-1 and B7-2 have distinct or overlapping
functions remain unresolved and need to be clarified.

Alterations in the levels of B7 expression on monocytes by endotoxins and

immunoregulatory cytokines may have profound effects on the development of immune
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responses. The molecular mechanisms in the regulation of the B7-1 and B7-2 co-
stimulatory molecules by LPS are presently not well understood. Regulation of B7-1 and
B7-2 co-stimulatory molecules in human monocytic cells may be mediated by distinct
signaling pathways and transcription factors. The overall objective of my research
project was to dissect the signaling pathways and the transcription factors involved in the
regulation of B7-1 and B7-2 expression in LPS-stimulated human monocytic cells. My
results should provide a complete picture on the regulation of B7-1 and B7-2 co-
stimulatory molecules by LPS in the hopes of discovering potential immunomodulatory
targets.  Therefore, understanding B7 regulation and characterizing the signal
transduction and molecular events involved may lead to the development of strategies for

the treatment of autoimmune diseases, infections and cancer.

The specific research objectives are as follows:

1) To dissect the MAP kinase signal transduction pathway for B7-1 expression,

identify the regulatory elements on the B7-1 promoter, and characterize the

transcription factors which regulate the B7-1 promoter in human monocytic cells.

2) To elucidate the MAP kinase signal pathway for B7-2 expression, identify the

regulatory elements on the B7-2 promoter, and determine the transcription factors

which regulate the B7-2 promoter in human monocytic cells.
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CHAPTER 2:

MATERIALS AND METHODS
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Cell lines and cell culture

THP-1, a promonocytic cell line derived from a human acute monocytic leukemia
patient was obtained from the American Type Culture Collection (ATCC) (Rockville,
MD). THP-1 cells stably transfected with a plasmid containing CD14 cDNA sequences
(THP-1/CD14) were kindly provided by Dr. Richard Ulevitch (The Scripps Research
Institute, La Jolla, CA). All cells were cultured in Iscove's Modified Dulbecco's Medium
(IMDM, Sigma Chemical Company, St. Louis, MO) and were supplemented with 10%
heat-inactivated fetal bovine serum (FBS, GIBCO Laboratories, Grand Island, NY), 100
U/mL penicillin, 100 pg/mL gentamicin, 10 mM HEPES, and 2 mM glutamine. The cells
were cultured in a T-75 cm® flask (Nunc, Roskilde, Denmark) at 37°C in a 5% CO;
incubator. Periodically upon reaching confluency of approximately 1x10° cells/ml, the cells
were split into new T-75 cm’ flasks containing fresh IMDM media. To ensure that cells
used did not undergo too many passages, cells were frozen in 10% DMSO in cryovials, kept

in liquid nitrogen storage and thawed when required.

Reagents

PD98059, a MEK-1 inhibitor which selectively blocks the activity of ERK MAP
kinases and not other serine-threonine protein kinases was purchased from Calbiochem
(San Diego, CA) (116,172). The pyridinyl imidazole SB202190, a potent and specific
inhibitor of p38 MAP kinase without any effect on ERK or JNK MAPK activity, was also
purchased from Calbiochem (116,124). SP600125, a specific JNK inhibitor (BIOMOL,
Plymouth Meeting PA), is a reversible ATP competitive inhibitor with more than 300

fold selectivity versus ERK1 and p38 MAPKSs (173). Lipopolysaccharide derived from
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E. coli 0111:B4 (Sigma, St. Louis, MO), dexamethasone (DXM, 9a-Fluoro-16a.-
methylprednisolone, Sabex Inc., Boucherville, Quebec, Canada), curcumin (Calbiochem),
human recombinant IL-10 (R&D Systems, Minneapolis, MN), neutralizing anti-IL-10
and isotype-matched control antibodies (Pharmingen, Mississauga, Ontario, Canada) and
Protein-A Sepharose (Pharmacia, Baie d'Urf 130, Quebec, Canada) were also purchased.
All other chemicals used for immunoblot and electrophoresis analysis were obtained from

Sigma-Aldrich.

Isolation of monocytes from peripheral blood mononuclear cells

Peripheral blood mononuclear cells (PBMCs) were isolated from the blood of
healthy adult volunteers after approval of the protocol by the ethics review committee of
Children’s Hospital of Eastern Ontario. Blood from the healthy adults were intravenously
drawn and transferred into BD Vacutainers® blood collection tubes (Becton-Dickinson,
Rutherford, NJ) containing the anti-coagulant sodium heparin. PBMCs were then isolated
by density gradient centrifugation over Ficoll-Hypaque (Pharmacia, Uppsala, Sweden)
(134). This was accomplished by layering the blood carefully onto Ficoll-Hypaque in a
15 ml sterile BD Falcon™ centrifuge tube (Becton Dickinson), and spinning at 1600 rpm
for 30 minutes without brakes. The buffy coat cell layer containing the mononuclear
cells was collected using a sterile plastic pipette and transferred into a new sterile
centrifuge tube. The PBMCs were then washed three times in phosphate buffered saline
(PBS, Sigma) and centrifuged at 1600 rpm for 5 minutes. The total number of PBMCs

obtained were determined by counting under a hematocytometer and a light microscope.
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Purified monocytes were isolated from these cells by negative selection by
depletion of T cells and B cells using magnetic polystyrene Dynabeads coated with
antibodies specific for CD2 (T cells) and CD19 (B cells) (Dynal, Oslo, Norway). Prior to
use, the Dynabeads were washed repeatedly with PBS/2%FBS to remove all traces of the
sodium azide preservative. Briefly, PBMCs (10-20 x 10° cells/ml) were resuspended
with Dynabeads M-450 Pan-T (CD2) and Pan-B (CD19) for 30 minutes on ice with
constant rocking. CD2+CD19+ cells were separated magnetically from the CD2-CD19-
cells using a magnetic particle concentrator (Dynal). CD2-CD19- cells were incubated
on a 12 well plate at 37°C for 2 hours following which non-adherent cells were removed.
The adherent mononuclear cells contained fewer than 1% CD2+ T cells and CD19+ B

cells as determined by flow cytometric analysis.

Monocytic cell stimulation

To determine the effect of MAPK inhibitors on B7-1 and B7-2 expression,
monocytes (0.5 x 10° cells/ml), THP-1 (1 x 10° cells/ml), and THP-1/CD14 cells (1 x 10°
cells/ml) were incubated with various concentrations of inhibitors specific for ERK, p38,
or INK MAPKSs for 2 hrs followed by stimulation with 1 pug/ml of LPS or 10 ng/ml IL-10
in 24 well culture plates (Falcon, Becton-Dickinson, Frankland Lakes, NJ) for 0-15
minutes for western blot analysis and 24 hours for analysis of B7-1 expression by flow
cytometry. The cells were stimulated with LPS for 48 hours prior to analysis by flow
cytometry for B7-2 expression. Cell supernatants were collected and frozen at -80°C and

were later thawed and analyzed by ELISA for IL-10 production.
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Measurement of IL-10 cytokine production by ELISA

IL-10 cytokine secretion from the monocytes were measured using sandwich
enzyme-linked immunosorbent assay (ELISA) and with two different monoclonal
antibodies (mAbs) which recognize distinct epitopes (174). Briefly, the 96 well plates (Nunc
Immunomodules, Roskilde, Denmark) were coated overnight at 4°C with 5 ug/mL of the
primary or capture anti-IL-10 monoclonal antibody (Pharmingen, #18551D) in a coating
buffer (0.1 M NaHCO;, pH 8.2). The plates were washed three times with PBS containing
Tween 20, and blocked with PBS containing 10% FBS for two hours. After blocking, the
plates were once again washed three times with PBS containing Tween 20. 4 pg/mL of a
second, biotinylated anti-IL-10 mAb (Pharmingen, #18562D) were added to the plates and
left to incubate for 1 hour. Streptavidin-peroxidase was used at a final dilution of 1:1000
(Jackson Immuno Research, West Grove, PA) and added to the plates. The color reaction
was developed by O-phenylenediamine (OPD, Sigma-Aldrich) and hydrogen peroxide and
the absorbance was read at 450 nm using a standard ELISA plate reader. Recombinant IL-
10 (Pharmingen) was used as a standard and IL-10 concentrations were automatically
calculated using the Microplate Manager 4.0 Software (Bio-Rad Laboratories, Hercules,

CA).

Flow Cytometry

B7-1 and B7-2 expression on CD14+ monocytes, THP-1, THP-1/CD14 cells
were determined by flow cytometric analysis (175). Approximately 0.5 x 10 cells were
washed once with PBS/0.1% sodium azide in a polystyrene tube (Falcon, Lincoln Park,

NJ). After centrifugation at 1600 rpm for 5 minutes and removal of the supernatant, the
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cells were stained with 3 pl of FITC-labeled anti-CD14 mAbs (Becton Dickinson
Immunocytometry Systems, San Jose, CA) and 3 pl of R-PE-labelled anti-B7-1 or anti-
B7-2 mAbs (BD Biosciences-Pharmingen, Missisuaga) for 30 minutes at room
temperature in the dark. After staining, the cells were washed once with PBS/0.1%
sodium azide and centrifuged at 1600 rpm for 5 minutes. For analysis of monocytes,
CD14+ cells were gated accordingly. Approximately 10,000 events were collected for the
THP-1 and THP-1/CD14 cells, and 50,000 events for the purified monocytes during
analysis.  Autofluorescence and isotype matched control antibodies, IgGlx (BD
Biosciences), were also included. Data were acquired on a Becton Dickinson FACScan
Flow Cytometer and analyzed using the WinMDI version 2.8 software package (J.

Trotter, Scripps Institute, San Diego, CA).

Cell Viability Assay

Cell viability of THP-1/CD14 cells after treatment with signaling inhibitors were
determined by staining with propidium iodide (Sigma) and subsequent flow cytometric
analysis. THP-1/CD14 (0.5 x 10°) cells were pretreated with various doses of the MAP
kinase inhibitors for 2 hrs followed by treatment with 1 pg/ml of LPS for 24 hrs.
Following treatment, the cells were harvested, pelleted, and washed with PBS/0.1%
sodium azide as described above. The THP-1/CD14 cells were then stained with 1 pg/ml
of propidium iodide for 15 minutes at room temperature followed by flow cytometric

analysis.
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Western Blot Analysis

Phosphorylation of p38, p42/44 ERK, and JNK MAPKs was determined by
Western blot analysis using phospho-MAPK-specific antibodies. For Western blots,
lysates were prepared and the proteins separated by SDS-PAGE. Cells were stimulated at
37°C for 0 to 15 minutes with LPS or IL-10, and immediately harvested by washing with
cold PBS and centrifugation at 12,000 x g at 4°C for 5 minutes. The cell lysates were
prepared by resuspending the cell pellet containing 5 to 10 x 108 cells in lysis buffer (PBS
containing 50 mM HEPES, 10% glycerol, 1.5 mM MgCl;, 1 mM EGTA, 100 mM NaF,
1% Triton X-100, 1 mM Na3;VO,, 25 pg/ml leupeptin, and 25 pg/ml aprotinin) at 4°C for
45 min followed by centrifugation at 10,000 rpm at 4°C for 20 min. Total protein
concentration of the cell lysates was determined by using the Bradford protein assay kit
(Bio-Rad) and bovine serum albumin (BSA, Sigma-Aldrich) as a standard. Equal
amounts of proteins (50 ug) were treated with B-mercaptoethanol and, boiled for 5
minutes and placed on ice to denature and unfold the proteins. Using a slab gel
electrophoresis apparatus (BioRad), a prestained molecular weight marker (BioRad) and
the protein samples were subjected to 10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE). The proteins were transferred from the gel onto
polyvinylidene difluoride membranes (Pall Corporation, Ann Arbor, MI) using a wet
transfer blotting cell apparatus (BioRad). The membranes were washed and blocked with
skim milk and probed with either rabbit anti-phospho-p38, mouse anti-phosho-p42/44 or
rabbit anti-phospho-JNK mAb according to the manufacturer’s specifications (Santa Cruz
Biotechnologies, Inc., Santa Cruz, CA). After further washing of the immunoblots,

horseradish peroxidase conjugated goat anti-rabbit or goat anti-mouse polyclonal
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antibodies (BioRad) were added. Finally, the immunoblots were visualized by enhanced
chemiluminescence (ECL, Amersham, Baie d’Urfe, PQ, Quebec) on an X-ray film
(Kodak). To ensure that the cell lyates were equally loaded, the membranes were
stripped of the primary antibodies using standard protocols and reprobed with rabbit
polyclonal antibodies specific for the unphosphorylated forms of either p38, p42 or INK
MAPKSs (Santa Cruz). In some experiments for analysis of p42/44 ERKs, cell lysates
were immunoprecipitated with rabbit anti-p42 antibodies. Total protein lysates (2 mg)
were precleared with protein A-Sepharose 4B beads (Amersham Pharmacia Biotech) for
lhat4 l°C followed by incubation for 2 h at 4 °C with protein A-Sepharose beads and
anti-p42/44 rabbit polyclonal antibodies. The phosphorylated p42 ERK was detected by
using 4G10 anti-phosphotyrosine antibodies. The immunoblots images were captured on a
computer scanner and densitometry analysis performed to quantitate for the intensity of the

bands.

RNA isolation and semi-quantitative RT-PCR analysis for B7-1 and B7-2

Total RNA from 2 x 10% LPS or IL-10-stimulated cells was extracted by using a
monophasic solution containing guanidine thiocyanate and phenol (Tri Reagent solution,
Molecular Research Center, Inc. Cincinnati, OH). The quantity of total RNA extracted
was determined by measuring the absorbance at 260 nm using a standard
spectrophotometer. Total RNA (1 ug) was reverse transcribed at 42°C for 1 hour by using
500 units of M-MLV reverse transcriptase (Perkin-Elmer, Foster City, CA), 2.5 uM
random hexamers, 5 mM MgCl,, 10 mM Tris-HCI (pH 8.3), S0 mM KCl, 20 units of

RNAs e inhibitor, and 1 mM each of dGTP, dATP, dTTP, and dCTP.
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Equal aliquots (5 ul) of cDNA equivalent to 100 ng of RNA were subsequently
amplified by polymerase chain reaction (PCR) for the expression of B7-1 or B7-2 and f-
actin. The oligonucleotide primer sequences used for B7-1, B7-2 and B-actin (S'tratagene, La
Jolla, CA) were as follows: B7-1 sense 5-AGT ACA AGA ACC GGA CCA TC-3'; B7-1
anti-sense 5'-GGC GTA CAC TTT CCC TTC TC-3"; B7-2 sense 5’-AGG ACA AGG GCT
TGT ATC AA-3’; B7-2 anti-sense 5’-ATT GCT CGT AAC ATC AGG GA-3’; B-actin
sense 5-TGA CGG GGT CAC CCA CAC TGT GCC CAT CTA-3'; B-actin anti-sense 5'-
CTA GAA GCA TTT GCG GTG GAC GAT GGA GGG-3'. The amplification conditions
for B7-1, B7-2 and B-actin were as follows: denaturation at 95°C for 1 min, annealing at
62°C for 1 min and extension at 72°C for 1 min. After 30 cycles, the amplified B7-1 (605
bp), B7-2 (332 bp) and B actin (661 bp) fragments were resolved by electrophoresis on 1%

agarose gels and visualized by ethidium bromide staining,
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Transient Transfection of dominant-negative mutant of MKK-4/SEK1

THP-1 cells were transfected with a pcDNA-3 plasmid expressing a dominant-
negative (DN) mutant of MKK-4/SEK1 (provided by Dr. J. R Woodget, Toronto,
Ontario, Canada) or a control pcDNA-3 plasmid (174). Prior to transfection, 10 pg of the
plasmids were incubated with 10 pul of LIPOFECTAMINE reagent (Life Technologies
Inc., Burlington, ON) in 200 pl of OPTI-MEM 1 Reduced Serum Medium (Life
Technologies) for 45 min to allow formation of DNA-liposome complexes. These
complexes were added to the cell suspension (1.5x10° cells/ml) in each well and cultured
for 24 hr. Following incubation, cells were stimulated with 1 ug/ml of LPS for another 24

hr followed by analysis of B7-2 expression.

Transfection of cells with JNK1 and JNK2 stealth RNA

THP-1/CD14 cells were resuspended at a concentration of 1 x 10’ cells/well in a
96 well plate (Falcon) in a total volume of 100 ul. The cells were transfected with 50
pmol stealth RNA (Invitrogen) for either JNK1 or JNK2 using Fugene (Roche). Briefly -
Fugene and the stealth RNA were incubated in serum free IMDM media for 15 min at
room temperature and then were added drop-wise to the cell culture. The final culture
volume was 200 ul. The cells were incubated for 24 hr and then were treated with LPS
(100 ng/ml) for an additional 16 hr. Cells were then harvested and analyzed for B7-1

expression by flow cytometry. The transfection efficiency was determined to be 10%
through the use of BLOCK-IT fluoresceent oligo that was included in the stealth RNA

assay kit.
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Construction of B7-1 and B7-2 Promoter/Luciferase reporter gene plasmids

The human B7-1 (accession number U33208) and B7-2 (accession AF099105)
promoter sequences were obtained from NCBI GenBank™. Based on published
sequences of B7-1 and B7-2 promoters, specific forward and reverse primers containing
Kpn I, Nhe I or Bgl II restriction enzyme sites were designed with the aid of a Primer
Designer version 2.0 software (Scientific and Educational Software) (Table 2-1 and Table
2-2). Genomic DNA was isolated from peripheral blood mononuclear cells from a normal
healthy adult individual using a Tri Reagent solution (Molecular Research Center, Inc.
Cincinnati, OH). Isolated genomic DNA was quantified using a standard
spectrophotometer at an absorbance wavelength reading of 260 nm.

The PCR amplification of the promoter regions consisted of denaturation at 95°C
for 1 min, annealing at 62°C for 1 min, and extension at 72°C for 1 min. After
performing 1% agarose gel electrophoresis on the PCR amplified products, the PCR
fragments were excised from the gel and purified (Qiagen gel extraction kit). The
purified PCR products were ligated into the pCRII TOPO cloning vector using the TOPO
TA Cloning Kit (Invitrogen). The B7-1 and B7-2 promoter fragments were then
subcloned into the pGL3B or pGL3E luciferase reporter plasmids (Promega) via the Kpn
I, Nhe I, or Bgl II polylinker sites. All of the promoter sequences were verified to be
correct by DNA sequencing, as performed by the Biotechnology Research Institute
(University of Ottawa). To introduce mutations in the B7-1 and B7-2 promoters, PCR-
based site-directed mutagenesis were performed using primers designed to contain

mutations (Table 2-1 and Table 2-2). Double NF-xkB mutants were generated by
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megaprimer PCR-based site-directed mutagenesis using primers B7-2(-622) NF-xB Mut,

B7-2(-248)NF-xB Mut, B7-2(-221), and B7-2(+63) (Table 2-2).

TABLE 2-1: Primer sequences used to amplify the B7-1 promoter fragments from

genomic DNA.

Primer Primer Sequence Region Product

Name Amplified Length
(bp) (bp)

Sense

Primers

B7-1(-587) | 5’-GGGGTACCAATCCTACAAAGGGACACACA-3’ -587/+57 | 644

B7-1(-403 ) | 5’-GGGGTACCGTAGAGTTGGGTGGTCTTGTG-3’ -403/+57 | 460

B7-1(-225) | 5’-GAGCTAGCCAGATGCCCCTCACTCTTCTC-3’ -225/+57 | 282

B7-1(-84) | 5>-GAGCTAGCAGCAAGTAGAAGAAGACGGCA-3’ -84/+57 141

B7-1(- 5’-GAGCTAGCAGGTAGATGAAGAAGACGGCA-3’ -84/+57 141

84)Mutant1

B7-1(- 5’-GAGCTAGCTGGATGAACATGAAGACGGCA-3’ -84/+57 141

84)Mutant2

B7-1(-72) 5’-GAGCTAGCAAGACGGCAGCAGAGGGCGC-¥’ -72/+57 129

B7-1(-28) 5’-ATGCTAGCCTGGCACTGACAAGTACTGAG-3’ -28/+57 85

Antisense

Primer

B7-1(+57) | 5’-GCAGATCTTAATCTTCAGAGAGGCGACAT-3’
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TABLE 2-2: Primer sequences used to amplify the B7-2 promoter fragments from

genomic DNA
Primer Name Primer Sequence Region Product
Amplified | Length
(bp) (bp)

Sense Primers
B7-2(-1247) 5’-GGGTACCGTCATCTGCTATTTTTAAACTTCC-3’ -1247/+63 | 1310
B7-2(-622) 5’-GGGTACCGTCTCTTAGGGACATCTATTAATTT-3’ -622/+63 | 685
B7-2(-622)NF- | 5’- -622/+63 | 685
kB mutant GGGTACCGTCTCTTAAAACATCTATTAATTTTATAATGCT

GCC-3’
B7-2(-591) 5’-GGGTACCGCTGCCTTTTTTTCAGACTTC-3 -591/+63 | 654
B7-2(-257) NF- | 5’- -257/+63 | 320
«B mutant TTTTCTAGGTTTTTTGAAAAAATTTCAAGAGGGGAGATTT

T-3°
B7-2(-248) 5’-GGGTACCTTTTTTGAGGGAATTTCAAGA-Y -248/+63 | 311
B7-2(-248)NF- | 5’- -248/+63 | 311
B GGGTACCTTTTTTGAAAAAATTTCAAGAGGGGAGATTTT-

3
B7-2(-157) 5’-GGGTACCTAATACATATAGACCTACGTCAATGA-3’ -157/+63 | 220
B7-2(-148) 5'-GGGTACCTAGACCTACGTCAATGAGTTTAAA-3 -148/+63 | 211
B7-2(-148) 5- -148/+63 | 211
CREB mutant 1 | GGGTACCTAGACCTTTGTCAATGAGTTTAAACTGCAAG-3’
B7-2(-148) 5’- -148/+63 | 211
CREB mutant 2 | GGGTACCTAGACCAATGACTATGAGTTTAAACTGCAAGG

AAA-3
B7-2(-133) 5'-GGGGTACCGAGTTTAAACTGCAAGAAAG-3 -133/+63 | 196
B7-2(-114) 5’-GGGGTACCAGGGTTAAATTTCTTCCTCAA-3’ -114/+63 | 177
B7-2(-105) 5’-GGGTACCTTTCTTCCTCAAGTGTGGTCA-3’ -105/+63 | 168
B7-2(-95) 5’-GGGGTACCAAGTGTGGTCAAAATCTGTAGAG-3’ -95/+63 158
B7-2(-85) 5’-GGGTACCAAAATCTGTAGAGAAAAGAGGAAC-3’ -85/+63 148
B7-2(-75) 5’-GGGTACCCTGTAGAGAAAAGAGGAACA-Y’ -75/+63 138
B7-2(-75)IRF-2 | 5’-GGGTACCCTGTAGAGAAAAGATCCCCA-3’ -75/+63 138
mutant 1
B7-2(-75)IRF-2 | 5’-GGGTACCCTGTAGATCCCCTAGGAACA-3’ -75/+63 138
mutant 2
B7-2(-65) 5’-GGGTACCGAACAGCTTCTCTTAAAGAAAGTT-3’ -65/+63 128
B7-2(-56) 5’-GGGTACCCTCTTAAAGAAAGTTAGCTG-3’ -56/+63 119
B7-2(-47) 5’-GGGTACCAAAGTTAGCTGGGTAGGTAT-3’ -47/+63 110
Antisense
Primer
B7-2(+63) 5’-GAAGATCTCCACTCATCCGTGTGTCTG-3’
B7-2(-221) 5’- -622/-221 | 402

TCTCCCCTCTTGAAATTTTTTCAAAAAACCTAGAAAATAA
AATAATTA-3’
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Transient DNA Transfection and Measurement of Luciferase Activity

For transient transfections, plasmids were isolated and purified using the Qiagen
Endofree Plasmid Maxi Kit (Qiagen). THP-1 or THP-1/CD14 cells were transiently
transfected by using DEAE-dextran. 15x10° cells/ml THP-1 or 5x10° cells/m! THP-
1/CD14 cells were seeded into 6 well plates at 37°C for one hr. 2.5 pg of reporter plasmid
and 2.5 pg of pSV-B-galactosidase control vector were mixed with 800 ug/ml of DEAE-
Dextran in 1 ml of PBS buffer and added to the cells. The cells were incubated at 37°C
for 30 min, washed twice with PBS, resuspended, and cultured for 24 hr in complete
IMDM medium. Following incubation, the transfected cells were stimulated with or
without LPS (1 pg/ml) for another 24 h. Cells were harvested and lysates were assayed
for firefly luciferase activity and PB-galactosidase activity by using the Luciferase assay
and B-galactosidase assay kits, respectively (Promega) in a Bio Orbit 1250 luminometer
(Fisher). Firefly luciferase activity for each transfection was normalized against the {3-

galactosidase activity.

Electrophoretic mobility shift assays

Electrophoretic mobility shift assay (EMSA) is a technique used to identify
sequence-specific DNA-binding protein such as transcription factors. Cells (107) were
harvested in Tris-EDTA-saline buffer pH 7.8 and centrifuged at 200 x g for 5 min. The
cells were lysed for 10 min at 4°C with buffer A (10 mM HEPES, 10 mM KCl, 1.5 mM
MgCl;, 0.5 mM DTT, 0.5 mM PMSF, pH 7.9) containing 0.1% Nonidet P-40. The lysates
were centrifuged at 20,000 x g for 10 min. The pellet containing the nuclei was

suspended in buffer B (20 mM HEPES, 420 mM NaCl, 1.5 mM MgCl,, 0.2 mM EDTA
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0.5 mM DTT, 0.5 mM PMSF, and 25% glycerol) at 4°C for 15 min. Buffer B also
contained spermidine (0.5 mM), spermine (0.15 mM), and 5 ng/ml each of the proteolytic
inhibitors aprotinin, leupeptin, and pepstatin. The supernatant containing the nuclear
proteins was collected and frozen at -80° C.

32p_labeled oligonucleotide probes were generated by 5’-end labeling using T4
polynucleotide kinase and [y-32P]-ATP as per standard methods. Nuclear proteins (5 pg)
were mixed for 20 min at room temperature with *2P-labeled oligonucleotide probes, and
the complexes were subjected to non-denaturing 5 % PAGE for 90 min. After PAGE, the
gel was transferred and sandwiched between a Whatman paper and cellophane and dried
using a gel dryer for 60 minutes at 80°C, prior to exposure to an autoradiography film
(Kodak) in an X-ray cassette. The oligonucleotide sequences used are as follows: B7-1
(-90/-67) binding sites of the B7-1 promoter 5’-(TAC AAA AGC AAG TAG AAG AAG
ACG)-3’ and 3’-(ATG TTT TCG TTC ATC TTC TTC TGC)-5’. PRD-I oligonucleotides
containing IRF-7/IRF-3 consensus sequences were as follows: 5°-(GAG AAG TGA AAG
TG)-3’ and 3’-(CTC TTC ACT TTC AC)-5’. Consensus NFkB 5'-(AGT TGA GGG
GAC TTT CCC AGG C)-3' and 3'-(TCA ACT CCC CTG AAA GGG TCC G)-5' and
AP-1 oligonucleotides 5'-(CGC TTG ATG AGT CAG CCG GAA)-3' and 3'-(GCG AAC
TAC TCA GTC GGC CTT)-5' were obtained from Promega (Madison, WI). To illustrate
specificity of nuclear factor binding to labelled probes, parallel EMSA reactions were
incubated with 50 to 200 fold excess of cold unlabelled oligonucleotides, and non-

specific NFkB probes (Promega).
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Statistical analysis
Means were compared by the two tailed Student's t test. The results are expressed

as mean + SD.
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CHAPTER 3:

STUDIES ON THE REGULATION OF B7-1 IN HUMAN MONOCYTIC CELLS
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Introduction

T cell activation requires two critical signals provided by an antigen presenting
cell. The first signal involves recognition by the T-cell receptor of the MHC/antigen
complex presented on the surface of the APC. B7 molecules, when expressed by the
APC, can provide a crucial second non-specific co-stimulatory signal by serving as a
ligand for CD28 expressed on the surface membranes of T cells (15,176,177). The second
signal is necessary for IL-2 production by T cells to ensure an active cellular immune
response (15,177,178). The engagement of CD28 with B7 leads to multiple effects on
immune responses including T cell activation and differentiation (179,180), tissue
migration (181), and peripheral tolerance induction (182,183). The pleiotropic activities
of the CD28/B7 pathway can thus be exploited for the potential clinical usefulness in
immune intervention in such diseases as autoimmunity, transplant rejection, as well as in
the eliminatiqn of tumors that evade immune surveillance (50,52,184,185).

In light of the influence of B7 expression on immune functions, alterations in B7-
1 expression may have profound effects on immune responsiveness and disease
progression. Therefore, understanding the mechanisms and characterization of signal
transduction events regulating B7-1 expression may facilitate the design of strategies for
treatment of autoimmune diseases and cancer. Very little is known about the signal
transduction pathways involved in B7-1 regulation (160,161). In one study, a cell type-
specific 183 bp enhancer element 3 kb upstream of the transcription start site of the
human B7-1 gene was found to be responsive to stimulation with two distinct stimuli,
LPS and dibutyryl cAMP, both known to regulate B7-1 expression (160). Site-directed

mutagenesis of this region revealed the presence of an NFkB consensus sequence that
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was consequently implicated in B7-1 transcription. Interestingly, the promoter region
immediately upstream of the transcription start site was found to be inactive unless linked
with its native enhancer element (160). Subsequently, Fong et al identified a positive
regulatory B7 regulatory element (B7-RE), located at -60 to -47 bp upstream of the
transcription start site that regulated B7-1 transcription. However, the identity of the
transcription factor binding to the B7-1 RE was not established (161).

In this study, I have investigated the regulation of B7-1 expression in primary
human monocytes and the promonocytic THP-1/CD14 cells in response to stimulation
with LPS, a bacterial cell wall component and an important contributor to sepsis. I
investigated the role of mitogen-activated protein kinases as they play a key role in
cellular responses such as proliferation, differentiation and apoptosis (114). The three
main families of MAPKs are the extracellular signal-regulated protein kinases (ERKs),
the c-Jun N-terminal kinases (JNKs) and the p38 MAPKs (114,116). LPS is known to
activate all three types of MAPKs (186,187). My results show that B7-1 expression in
response to LPS stimulation is regulated by JNK MAPKSs in both primary monocytes and
THP-1/CD14 cells. In addition, I identified a distinct B7-1 responsive element
corresponding to the IRF-7 binding site, located at -84 to -73 bp upstream of transcription
start site of the B7-1 gene. The results suggest that LPS-induced B7-1 expression may be

regulated by IRF-7 transcription factor through the activation of JNK MAPKs.

Results

58



LPS-induced B7-1 expression involves the activation of JNK MAPKs in human

monocytes and THP-1/CD14 cells

Initially, it was necessary to confirm the previous observations made that LPS
induces B7-1 expression on primary monocytes as determined by flow cytometry and
RT-PCR analysis (Fig. 3-1) (37). To understand the signaling pathway involved in B7-1
regulation, I first investigated the role of p38 and ERK MAPKs in LPS-stimulated
monocytes. Monocytes isolated from healthy individuals were stimulated with LPS for 10
min as it was determined to be the optimal time from kinetic experiments.
Immunoblotting for p38 and ERKs activation was then performed by using anti-phospho-
p38 and anti-phospho-p42/44 ERK specific antibodies, respectively. The same blots were
stripped and reprobed with anti-p38 and anti-p42/44 antibodies to ensure equal protein
loading. The results show that LPS stimulation induced the phosphorylation of p38 and
p42/44 ERKs (Fig 3-2A). It was demonstrated that specific inhibitors for p38, SB202190
and for ERKs,PD98059, at concentrations of 12 pM inhibited the phosphorylation of p38
and ERK MAPKSs, respectively (Fig. 3-2A). To determine the role of p38 and ERK
MAPKs in LPS-induced B7-1 expression, I analyzed B7-1 expression by flow cytometry
in LPS-stimulated monocytes after 2 hr incubation with the specific inhibitors. B7-1
induction was not inhibited by either SB202190 or PD98059 at any concentration (Fig 3-
2B).

I next examined the role of the JNKs, the third major member of the MAPK
family, by employing its specific inhibitor, SP600125 (173), and other agents such as

DXM and curcumin, which have been shown to block the activation of JNK MAPKs
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FIGURE 3-1: LPS up-regulates B7-1 expression in monocytes.

(A) Purified human monocytes (0.5 X 10%/ml) were stimulated with LPS (1 pg/ml) for 24
h followed by analysis for B7-1 expression by flow cytometry.

(B) Monocytic cells were stimulated with LPS (1 pg/ml) for 0 to 12 h and the cells were
harvested for mRNA isolation. B7-1 expression was determined by semiquantitative
reverse transcriptase-based PCR (RT-PCR) analysis using B-actin as a standard control.
The experiment shown is representative of three experiments.
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FIGURE 3-2: LPS-induced B7-1 expression in human monocytes is not regulated by
p38 or ERK MAPKs.

(A) Purified monocytes (0.5 x 10°%/ml) were treated with either SB202190 or PD98059 at
concentrations ranging from 0 to 50 uM for 2 h before LPS (1 pg/ml) stimulation for 10
min. Total proteins (50 pg) were analyzed by Western blot analysis using either anti-
phospho-p38 (pp38) or anti-phospho-p42/44 (pp42/44) antibodies. To control for equal
protein loading, the membranes were stripped and reprobed with either anti-p38 or anti-
p42/44 Abs, respectively.

(B) Monocytes were treated with either SB202190 or PD98059 at concentrations ranging
from O to 50 pM for 2 h before stimulation with LPS (1 pg/ml) for 24 h followed by
analysis of B7-1 expression by flow cytometry. The experiment shown is representative
of three experiments.
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(173,188). LPS induced the phosphorylation of JNK MAPKs, and its specific inhibitors,
SP600125, DXM, and curcumin, inhibited JNK phosphorylation in monocytes (Fig. 3-
3A). SP600125 did not affect the phosphorylation of p38 and ERK MAPKSs confirming
the specificity of SP600125 (data not shown). Furthermore, LPS-induced B7-1
expression in monocytes was inhibited by DXM, SP600125, and curcumin in a dose
dependent manner (Fig 3-3B).

To further understand the role of JNK, I employed the promonocytic THP-
1/CD14 cells which constitutively expressed the LPS-receptor, CD14, on their surface
membrane (Fig. 3-4) (174). Stimulation of THP-1/CD14 cells with LPS induced B7-1
expression as determined by flow cytometry and RT-PCR analysis (Fig 3-5) and in a
manner similar to that observed on LPS-stimulated monocytes (Fig. 3-1). The THP-
1/CD14 cells express high levels of CD14 and are more responsive to LPS effect on B7-1
expression than the THP-1 cells. To assess the role of JNK in B7-1 expression in the
THP-1/CD14 cells, I first demonstrated that LPS induced the phosphorylation of JNK,
and this activation was inhibited by SP600125, DXM, and curcumin (Fig. 3-6A). LPS-
induced B7-1 expression in THP-1/CD14 cells was completely inhibited by SP600125,
DXM, and curcumin as determined by flow cytometry, and in a manner similar to that
observed in LPS-stimulated monocytes (Fig. 3-6B and Fig. 3-3B). Experiments were
repeated at least three times and in all three experiments the results were the same. To
further confirm the involvement of JNK in the regulation of B7-1 expression, I used
stealth siRNAs (Invitrogen Life Technologies) specific for JNK1 and JNK2 to knock
down endogenous JNK expression. Briefly, according to the manufacturer’s

specifications, THP-1/CD14 cells were transfected with siRNA for INK1, JINK2, or
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FIGURE 3-3: LPS-induced B7-1 expression in human monocytes is regulated by
JNK MAPKs.

(A) Purified monocytes (0.5 x 10%ml) were treated with various concentrations of
SP600125, DXM, and curcumin for 2 h before stimulation with LPS (1 pg/ml) for 15
min. Total cell proteins were analyzed for phosphorylation of INK MAPK using anti-
phospho-JNK Ab. To control for protein loading, the membranes were stripped and
reprobed with anti-JNK Abs.

(B) Monocytes (0.5 x 10%ml) were treated with various concentrations of SP600125,
DXM, and curcumin for 2 h before stimulation with LPS (1 pg/ml) for 24 hr followed by
analysis of B7-1 expression by flow cytometry. The experiment shown is representative
of three experiments.
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FIGURE 3-4: Flow cytometric analysis of CD14 expression on THP-1 and THP-

1/CD14 cells.
THP-1 and THP-1/CD14 cells were stimulated with LPS (1 pg/ml) for 24 h and analyzed

by flow cytometry for CD14 surface expression.
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FIGURE 3-5: LPS up-regulate B7-1 expression in THP-1/CD14 cells.

(A) THP-1/CD14 cells (1 x 10%ml) were stimulated with LPS (1 pg/ml) for 24 h
followed by analysis for B7-1 expression by flow cytometry.

(B) THP-1/CD14 cells (1 x 10°/ml) were stimulated with LPS (1 pg/ml) for times ranging
from Oto 10h following which the cells were harvested for mRNA isolation. B7-1
expression was determined by semiquantitative RT-PCR analysis using P-actin as a
standard control. The experiment shown is representative of three experiments.
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FIGURE 3-6: LPS-induced B7-1 expression in THP-1/CD14 cells is regulated by
JNK MAPKs.

(A) THP-1/CD14 cells (1 x 10%ml) were treated with various concentrations of either
SP600125, DXM, or curcumin for 2 h before stimulation with LPS (1 pg/ml) for 15 min.
Total proteins were analyzed for phosphorylation of JNK MAPK using anti-phospho-
JNK Ab. To control for protein loading, the membranes were stripped and reprobed with
anti-JNK Abs.

(B) THP-1/CD14 cells (1 x 106/ml) were treated with either SP600125, DXM, or
curcumin for 2 h before stimulation with LPS, followed by analysis of B7-1 expression
by flow cytometry. The experiment shown is representative of three experiments.

66



A
LPS +
E SP600125 (uM)
8 ol ]
= 5 12 25 s0
- B - © 7% phospho-p54

phospho-p46

p54
p46

LPS +
DXM (nM)

50 100

i e phospho-p54
phospho-p46

p54
p46

LPS +
Curcumin (nM)
187 375 750

Medium

Y
o
-

wmm w5555 phospho-p54
s phospho-p46

K

p54
p46

105

"

Relative Cell Number

84

105

Relative Cell Number

Relative Cell Number

Unstimulated

LPS

50 pM SP600125 + LPS
25 uM SP600125 + LPS
12 uM SP600125 + LPS
6 uM SP600125 + LPS

10°

10¢

Unstimulated
LPS

100 nM DXM + LPS
50 nM DXM + LPS
25 nM DXM + LPS

0° 0 102 10° 10¢

Unstimulated

LPS

750 nM Curcumin + LPS
375 nM Curcumin + LPS
187 nM Curcumin + LPS

KR 10*

Log Fluorescence Intensity (B7-1 Expression)



control siRNA for a period of 24 h, followed by LPS stimulation for 10 min. Transfection
of cells with siJNK1 or siJNK2 RNAs significantly inhibited endogenous expression of
JNK1 and JNK2, respectively (Fig. 3-6C, left panel). After LPS stimulation, transfection
with siRNA specific for JNK2 inhibited JNK2 phosphorylation, whereas transfection
with JNK1 siRNA inhibited the phosphorylation of both JNK1 and JNK2 compared with
the cells transfected with control siRNA (Fig. 3-6C, lower panel). Because it is difficult
to transfect a high proportion of THP-1 cells, and LPS, being a powerful mitogen, can
induce B7-1 expression at very low concentrations (10 ng/ml), I stimulated cells
transfected with various siRNA preparations with a lower LPS concentration (100 ng/ml)
and for a short duration of 8 h, in contrast to 24 h used previously. Transfection of cells
with siRNAs specific for JNK1 and JNK2 significantly inhibited LPS-induced B7-1
expression compared with cells transfected with control siRNA (Fig. 3-6C, right panel).
LPS-induced B7-1 mRNA expression in human monocytes and THP-1/CD14
cells was also completely inhibited by SP600125 and DXM, as determined by RT-PCR
analysis (Fig. 3-7). The analysis for cell viability on cells pretreated with signaling
inhibitors was performed by flow cytometry analysis on propidium iodide stained THP-
1/CD14 cells (Table 3-1). Propidium iodide can penetrate the cell membrane of dying or
dead cells and intercalate with the DNA during apoptosis or cell death. As determined by
cell cycle analysis, pretreatment of signaling inhibitors SB202190, PD98059, SP600125,
DXM, and curcumin at the doses employed had no toxic effect on THP-1/CD14 cells

(Table 3-1).
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FIGURE 3-6C: LPS-induced B7-1 expression in THP-1/CD14 cells is regulated by
JNK MAPKSs as determined by siRNA for JNK1 and JNK2.

(C) Stealth siRNA specific for JNK1 and JNK2 MAPK inhibits LPS-induced B7-1
expression. Stealth siRNAs for JNK1 and JNK2 block endogenous expression as well as
LPS-induced JNK1 and JNK2 phosphorylation, respectively. THP-1/CD14 cells were
transfected with stealth siRNA specific for JINK1, JNK2, or control RNA and cultured for
24 h, followed by LPS stimulation for 10 min. Endogenous expression of JNK1 and
JNK2 in unstimulated cells (upper panel) and of phosphorylated JNK1 and JNK2 in LPS-
stimulated cells (lower panel) was analyzed by Western blotting. Cells (1 x 10°/well)
were transfected with stealth siRNA for JNK1 or JNK2, or control siRNA for 24 h,
followed by LPS stimulation (100 ng/ml) for 8 h and analysis for B7-1 expression by
flow cytometry. I would like to acknowledge and thank Dr. Katrina Gee for performing
the stealth siRNA work. The experiments shown are representative of three experiments.
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FIGURE 3-7: LPS-induced B7-1 mRNA expression in human monocytes and THP-
1/CD14 are regulated by JNK MAPKs.

Monocytes (0.5 X 10%/ml) and THP-1/CD14 cells (1 x 10%ml) were treated with various
concentrations of DXM and SP600125 for 2 h before stimulation with LPS (1 pg/ml) for
6 hr followed by analysis of B7-1 expression by flow cytometry. The cells were harvested
for mRNA isolation and B7-1 expression was determined by semiquantitative reverse
transcriptase-based PCR (RT-PCR) analysis using B-actin as a standard control. The
experiment shown is representative of three experiments.
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TABLE 3-1: Pretreatment of signaling inhibitors had no toxic effect on THP-
1/CD14 cells.

Comparison of the magnitude of the subdiploid DNA fluorescent peak during FACS
analysis and propidium iodide staining of the THP-1/CD14 cells. I would like to
acknowledge and thank Sasmita Mishra for her propidium iodide staining experiments.

% of cells in the subdiploid DNA

fluorescent peak
Unstimulated 2.26%
LPS 1.50%
10 uM SB202190 + LPS 1.03%
25 uM SB202190 + LPS 1.27%
50 uM SB202190 + LPS 1.48%
10 uM PD98059 + LPS 1.47%
25 uM PD98059 + LPS 1.97%
50 uM PD98059 + LPS 1.85%
10 uM SP-600125 + LPS 1.68%
25 pM SP-600125 + LPS 1.72%
50 pM SP-600125 + LPS 2.30%

25 nM Dexamethasone + LPS 1.21%

50 nM Dexamethasone + LPS 1.31%

100 nM Dexamethasone + LPS | 1.27%

23 nM Curcumin + LPS 1.84%
46 nM Curcumin + LPS 1.75%
93 nM Curcumin + LPS 1.77%
187 nM Curcumin + LPS 1.69%
375 nM Curcumin + LPS 1.66%
750 nM Curcumin + LPS 1.35%
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Role of the IRF-7 binding site within the B7-1 promoter in LPS-induced B7-1

transcription

To assay for promoter activity, a series of optimization experiments were first
performed to determine the conditions required for maximal luciferase activity (Fig. 3-8).
THP-1/CD14 cells were transfected with different amounts of pGL3 Control plasmid
DNA by the DEAE-dextran method. The pGL3 Control plasmid contained a luciferase
reporter gene, which is constitutively driven by a SV40 promoter/enhancer region. After
incubation, the transfected cells were harvested and the cell lysates assayed for luciferase
and P-galactosidase activity. [-galactosidase activity was determined and used to
normalize all results for transfection efficiency. The optimization experiments determined
that maximal luciferase activity was achieved when 5x10° THP-1/CD14 were transfected
with 2.5 pg of pGL3 Control plasmid and 800 pg/ml of DEAE-dextran, and incubated
for 30 min (Fig. 3-8). Therefore, I used these same conditions for transfection in all of
the subsequent B7-1 promoter activity experiments

To understand the regulation of B7-1 transcription, I amplified the B7-1 promoter
fragment encompassing nucleotide residues from 5’ -587 to 3° +57 bp relative to the
transcription start site (Fig. 3-9) and subcloned the fragment into Kpn 1 and Bgl II sites of
the luciferase reporter plasmid, pGL3E. Cells were transiently transfected with the B7-1
promoter/luciferase reporter plasmid (pB7.1Pr-GL3E). Cells were stimulated with 1
pg/ml LPS after 24 hr of transfection and cultured for 0-24 hr, following which relative
luciferase activity was assessed. The unstimulated cells exhibited basal luciferase activity

that was four fold higher than the activity observed in cells transfected with the
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FIGURE 3-8: Optimization experiments for the DEAE-Dextran transfection

of pGL3Control plasmid DNA into THP-1/CD14 cells.

Various concentrations of THP-1/CD14 cells were transiently cotransfected with different
amounts of pGL3 Control vector and with 2.5 pg of pSV-f-galactosidase control plasmid
using the DEAE-dextran method. Cells were incubated with a range of DEAE-dextran
and for various lengths of time. Luciferase activity was normalized for B-galactosidase
activity to give relative luciferase units (RLU).
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FIGURE 3-9: LPS-stimulation induces luciferase activity in THP-1/CD14 cells
transfected with a B7-1 promoter/luciferase reporter gene construct.

THP-1/CD14 cells (5 x 10° cells/ml) were transiently cotransfected with 5 ug of either
B7-1 promoter/luciferase reporter gene construct or pGL3E vector control and with
2.5 ng of pSV-B-galactosidase control plasmid. Cells were incubated for 24 h followed
by treatment with 1 pg/ml of LPS for various times. Luciferase activity was normalized
for B-galactosidase activity to give relative luciferase units (RLU). The results shown are
a mean = S.D. of three independent experiments performed in triplicate.
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promoterless pGL3E control vector. The increase in luciferase activity was detected by 3
hr and peaked at 6 hr following LPS stimulation (Fig. 3-9). The maximum increase in
luciferase activity ranged approximately two to three fold relative to the unstimulated
cells and 10 to 12 fold relative to the cells transfected with the pGL3E control plasmid.
The cells transfected with the pGL3E alone did not show any increase in luciferase
activity following LPS stimulation (data not shown). In subsequent experiments, I
measured luciferase activity in cells stimulated with LPS for 6 hr.

To identify the transcription factor binding sequences required for B7-1
transcription, | generated a series of deletion fragments from the B7-1 promoter (from 5’
-587 to 3’ +57 bp) by successive deletions starting from the 5’-end. The exact size of the
amplified product and the location of consensus sequences for different transcription
factors identified within the B7-1 promoter are depicted in Figs. 1-6 and 3-10A.
Transfection of cells with plasmids containing various deletions of the B7-1 promoter
revealed that deletion of sequences from -587 to -84 bp did not affect luciferase activity
following LPS stimulation compared to the cells transfected with the entire promoter
sequence. I consistently observed increased luciferase activity in cells transfected with
the pB7.1Pr-GL3E fragment containing -84 to +57 bp; however, this increase was not
significant when compared to cells transfected with the entire fragment (Fig 3-10A). In
contrast, deletion of sequences upstream of -72 bp significantly decreased the luciferase
activity (Fig. 3-10A) suggesting that DNA sequences located between -84 to -72 bp may
be necessary for B7-1 gene transcription in LPS-stimulated THP-1/CD14 cells.

By employing MatInspector Professional, analysis of the B7-1 promoter sequence

between -84 to -72 bp revealed the existence of a sequence similar to the IRF-7
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FIGURE 3-10: Transcriptional activities of B7-1 promoter in LPS-stimulated THP-
1/CD14 cells.

(A) The positions of the potential regulatory elements in the B7-1 promoter region (-587
to +57 bp relative to the start site). The line diagram represents the extent of deletions
within the B7-1 promoter region. THP-1/CD14 cells were cotransfected with 5 pg of
either promoter deletion construct or vector control and with 2.5 pg of B-galactosidase
control plasmid. After 24 h of incubation, cells were stimulated with LPS (1 pg/ml) for
another 24 h. Cell lysates from LPS-stimulated cells were assayed for luciferase and B-
galactosidase activities. Luciferase activity was normalized for -galactosidase activity to
give relative luciferase units (RLU). The results shown are a meanz S.D. of six
experiments performed in triplicate.

(B) The effect of mutating the B7-1 -84 to -72 region on B7-1 promoter activity in LPS-
stimulated THP-1/CD14 cells. A site-directed mutation of the B7-1 —84 to -72 sequence
within the B7-1 promoter is shown in Fig. 3-10A with respect to the wild type sequence.
The substituted nucleotides at positions are underlined. The amplified fragment (-84 to
+57 bp) containing the mutations was cloned into a pGL3E vector. THP-1/CD14 cells
were cotransfected with either 5 pg of wild type or mutant B7-1 constructs and with
2.5 pg of B-galactosidase control vector followed by LPS stimulation and measurement
of luciferase activities (RLU) as described above. Results shown are a mean + S.D. of
three independent experiments performed in triplicate.
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transcription factor binding site. To examine the role of IRF-7, I introduced mutations on
the IRF-7 binding site by site-directed mutagenesis (Fig 3-10A). The amplified two
fragments containing the IRF-7 mutations were cloned into pGL3E. Cells transfected
with the mutant plasmids showed significant reduction in luciferase activity when
compared to cells transfected with the plasmid containing the un-mutated promoter (Fig.
3-10B). These results suggest that the IRF-7 sequence between -84 to -72 bp of the B7-1
promoter may play a role in the regulation of LPS-induced B7-1 transcription in

monocytic cells.

SP600125 down-regulates B7-1 expression by inhibiting IRF-7 activity

The results from the previous experiments demonstrated that LPS-induced B7-1
expression is regulated by the activation of INK MAPKSs (Figs. 3-3, 3-6). To investigate
whether LPS-induced B7-1 transcription is regulated by IRF-7 through JNK activation, I
examined the effect of SP600125 on B7-1 promoter activity. THP-1/CD14 cells
transiently transfected with pB7.1Pr-GL3E containing -84 to +57 bp sequences
[pB7.1Pr(-84 to +57)GL3E] were pretreated for 2 hr with SP600125, or as a control, with
calphostin C, a PKC inhibitor. As observed above, transfection of cells with pB7.1Pr(-84
to +57)GL3E revealed an approximate 15 fold increase in the luciferase activity in LPS-
stimulated cells compared to the cells transfected with the control plasmid (Fig. 3-11).
Pretreatment of the same cells with SP600125 significantly decreased the luciferase
activity in a dose dependent manner whereas pretreatment with calphostin C did not have

any effect (Fig. 3-11). As expected, transfection of cells with pB7.1Pr-GL3E containing
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FIGURE 3-11: SP600125 inhibits LPS-mediated B7-1 promoter activity in THP-
1/CD14 cells.

THP-1/CD14 cells were cotransfected with 5 pg of either a promoter construct or vector
control and with 2.5 pg of B-galactosidase control plasmid. The transfected cells were
untreated or pretreated with either SP600125, or calphostin C as a control for 2 h
followed by stimulation with LPS for 24 hr and measurement of luciferase activity (RLU)
as described above. Results shown are a mean + S.D. of three independent experiments
performed in triplicate.
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sequences from -28 to +57 bp or pGL3E did not show any increase in luciferase activity
upon LPS stimulation. Taken together, the results suggest that SP600125 inhibited LPS-

induced B7-1 transcription by inhibiting IRF-7 activity.

SP600125 inhibits IRF-7 binding to the B7-1 promoter in LPS-stimulated THP-
1/CD14 cells

To determine the role of JNK in the regulation of B7-1 transcription through the
activation of IRF-7, I investigated whether LPS stimulation of THP-1/CD14 cells induced
the binding of IRF-7 to its binding site present in the B7-1 promoter by the gel shift assay.
Cells were stimulated with LPS over a period of time ranging from 0 to 5 h, and the
cytoplasmic and nuclear extracts were analyzed for binding of IRF-7 transcription factors
to an oligonucleotide probe corresponding to the IRF-7 binding site in the B7-1 promoter.
In cytoplasmic extracts from unstimulated cells, constitutive binding of IRF-7 to the
probe in the form of three bands was observed. However, this binding decreased
significantly when cytoplasmic extracts obtained at different times after LPS stimulation
were used. In contrast, significant binding of IRF-7 to the oligonucleotide probe using
nuclear extracts occurred 2—4 h after LPS stimulation (Fig. 3-12A). To determine the
specificity of these three bands, cold competition experiments were performed. The
binding observed with the upper two bands was completely blocked by competition with
their respective cold B7-1 (IRF-7) oligonucleotides. However, the intensity of the lower
third band remained unchanged, indicating its nonspecific nature (Fig. 3-12B).
Furthermore, cold nonspecific NF-xB oligonucleotides failed to compete for IRF-7

binding to its labeled oligonucleotide probe (Fig. 3-12B). To determine the specificity of
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FIGURE 3-12: LPS stimulation activates an IRF-7 transcription factor which is
inhibited by inhibitors of JNK.

(A) THP-1/CD14 cells were stimulated with LPS (1 pg/ml) for times ranging from 0 min
to Sh followed by centrifugation and collection of cell pellets. Gel shift assays were
performed on the cytoplasmic and nuclear extracts using the IRF-7 B7-1 sequence as a
labelled probe. Note: NS refers to non-specific binding.

(B) To determine the specificity of the IRF-7 binding, the nuclear extracts were incubated
with cold oligonucleotides (100- to 400-fold) corresponding to the sequence for IRF-7
B7-1, or NF-k<B. Nuclear extracts were also incubated with cold IRF-7 B7-1
oligonucleotide (100- to 400-fold) for 20 minutes followed by incubation with the PRD-I
32p_labeled oligonucleotide. The complexes were subjected to gel shift electrophoresis
followed by autoradiography.

(C) To ascertain the effects of the JNK inhibitors on LPS-induced B7-1 activation, THP-
1/CD14 cells were treated with various concentrations of SP600125 or DXM for 2 h prior
to stimulation with LPS (1 pg/ml) for 4 h. Nuclear extracts were incubated for 20 min
with *2P-labeled oligonucleotides corresponding to the sequence for IRF-7 B7-1, and gel
shift assay performed.

79




Cytoplasmic Extract Nuclear Extract

Time(hr) 0051 2 3 4 5 0051 2 3 4

] € re7
<4—Ns
B7.1probe
B7.1 NF-«xB B7.1 Cold Competitors
X 2 X X 3 x X %
§88 . §8¢ g8¢
5. +++;§ + o+ o+ AR
B v v w ©w o onox »n N N »
S 55584 =535385 55585

4
.
*
i

B7.1 probe PRD-1 probe

LPS + LPS +
SP600125 (uM) DXM (nM)
[7e]

5 125 25 50 25 50

Medium

] €—rr7
“4—ns

B7.1probe



IRF-7 binding, the PRD-I oligonucleotide probe was used as a cold competitor. The PRD-
1 oligonucleotide sequence, present in the IFN-B promoter region, specifically binds to
IRF-7, but not to IRF-3 transcription factors. DNA gel shift competition analysis using
cold B7-1 (IRF-7) oligonucleotides competed for binding with the labeled PRD-I probe
(Fig. 3-12B), suggesting the specificity of the top IRF-7 bands.

To determine whether DXM and SP600125 inhibited binding of IRF-7 to its
binding site in the B7-1 promoter, cells were treated with SP600125 or DXM for 2 hr
prior to LPS stimulation for 4 hr followed by the analysis of IRF-7 binding to its
corresponding oligonucleotide probe. The results show that both DXM and SP600125
inhibited the binding of IRF-7 to its oligonucleotide probe in LPS-stimulated THP-
1/CD14 cells (Fig. 3-12C). Taken together, the results suggest that B7-1 gene
transcription may be regulated by a unique IRF-7 transcription factor(s) through JNK

activation.
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CHAPTER 4:

STUDIES ON THE REGULATION OF B7-2 IN HUMAN MONOCYTIC CELLS
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Introduction

During the past few years, significant progress has been made in elucidating the
LPS signaling pathways that induce cytokine expression in monocytes. However, very
little is known about the LPS-induced signal transduction pathways involved in the
regulation of B7 expression. In this study, we focused on the regulation of B7-2 by the
mitogen-activated protein kinases which are key players in cellular responses such as
proliferation, differentiation, and apoptosis (116). As mentioned earlier, there are three
main families of MAP kinases, namely the extracellular signal-regulated protein kinases
(ERK1 and ERK2), the c-Jun N-terminal kinases (JNKs), and the p38 MAP/stress-
activated protein kinases (p38 MAPK/SAPKSs). ERKs respond to mitogens and growth
factors that regulate cell proliferation and differentiation (116) whereas JNK and p38
MAP kinases are predominantly activated by stress and inflammatory cytokines (IL-1f
and TNF-a) (116). LPS has been shown to activate all three types of MAP kinases
(116,125,186,187). To understand B7-2 regulation, I employed normal human monocytes
and the monocytic cell line, THP-1. 1 demonstrated that the LPS-induced down-
regulation of B7-2 in normal human monocytes is mediated, at least in part, by IL-10, a
process that involves activation of p38 MAP kinase. In THP-1 cells, which are refractory
to the inhibitory effects of IL-10 and hence show IL-10-independent effects on B7-2
expression, LPS stimulation enhances the expression of B7-2. I further showed that JNK
MAP kinases are selectively involved in the IL-10-independent LPS-mediated regulation
of B7-2 expression, suggesting a dichotomy in the LPS-induced signaling pathway that

regulates B7-2 expression (189).

82



Results

LPS-induced down-regulation of B7-2 expression in monocytes is mediated by

endogenously-produced IL-10.

Unlike the situation with B7-1, it has been previously shown that LPS and IL-10
can down-regulate the expression of B7-2 on human monocytes (25,37,90). I confirmed
this by stimulating purified normal human monocytes with 1 pg/ml LPS or 1 ng/ml IL-10
followed by analysis of B7-2 expression by flow cytometry (Fig. 4-1A). To determine
whether LPS-mediated down-regulation of B7-2 is due to endogenously produced IL-10,
neutralizing anti-IL-10 antibodies were added for two hr prior to LPS stimulation. The
anti-IL-10 antibodies abrogated LPS-mediated B7-2 down-regulation (Fig. 4-1A)
suggesting the involvement of IL-10 in LPS-induced down-regulation of B7-2
expression. LPS and IL-10 were also shown to down-regulate B7-2 mRNA expression in
purified human monocytes as determined by semi-quanitative RT-PCR analysis (Fig. 4-

1B).
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FIGURE 4-1: LPS and IL-10 down-regulate B7-2 expression in purified human
monocytes.

(A) Purified human monocytes (1x10%ml) were stimulated with LPS (1 ug/ml) or IL-10
(1 ng/ml). Cells were treated with neutralizing anti-IL-10 antibodies (10 pg/ml) or
isotype-matched control antibodies (10 pg/ml) for 2 hr prior to stimulation with LPS (1
pg/ml). Cells were cultured for 48 hr and analyzed by flow cytometry for B7-2
expression. Shaded area represents autofluorescence. The experiment shown is
representative of three experiments.

(B) Monocytic cells were stimulated with LPS (1 pg/ml) or IL-10 (1 ng/ml) for 0 to 10 h
and the cells were harvested for mRNA isolation. B7-2 expression was determined by
semiquantitative reverse transcriptase-based PCR (RT-PCR) analysis using B-actin as a
standard control. The experiment shown is representative of three experiments.
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Role of p38 MAP kinase in the LPS-mediated down-regulation of B7-2 expression

To understand the molecular mechanism underlying the regulation of B7-2
expression by LPS, I investigated the role of MAP kinase family members as these have
been shown to play a key role in the LPS-induced expression of several cytokines
including IL-10 (125,127,190). I first addressed the involvement of p38 and p42/44 ERK
kinases by examining their activation in LPS-stimulated normal human monocytes. LPS
induced the phosphorylation of both p38 and ERK kinases (Fig. 4-2A). The role of p38
and p42/44 ERK kinases has been studied through the use of specific inhibitors.
SB202190 is a selective and potent inhibitor of p38 MAP kinase, and has no effect on the
activity of the ERK or JNK MAP kinase subgroups (116,124). Similarly, PD98059, a
potent and specific inhibitor of ERKs, mediates its effects by inactivating the ERKs
without affecting the activity of either p38 or JNK MAP kinases (116,172). To confirm
that SB202190 and PD98059 specifically inhibited the phosphorylation of p38 and ERKs
respectively in our system, freshly isolated monocytes were pretreated with these
inhibitors for two hr followed by stimulation with LPS for 15 min. The results show that
in LPS-induced cell lysates, SB202190 inhibited the phosphorylation of p38 MAP kinase,
and that PD98059 inhibited the activation of ERKs in a dose dependent manner (Fig. 4-
2A).

To determine the role of p38 and p42/44 MAP kinases in LPS-mediated down-
regulation of B7-2, monocytes were treated with SB202190 or PD98059 for two hr

before stimulation with LPS and analyzed for B7-2 expression. SB202190 prevented the
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LPS-mediated down-regulation of B7-2 expression in a dose-dependent manner. In

contrast, PD98059 did not have any effect at any of the concentrations tested (Fig. 4-2B).

Role of p38 MAP kinase in LPS-induced IL-10 production

It has been previously shown that p38 MAP kinase regulates LPS-induced IL-10
production in monocytes/macrophages (127,174). Therefore, it is likely that the down-
regulation of B7-2 expression by p38 MAP kinase inhibitor SB202190 may be due to the
blockade of endogenously-produced IL-10. To investigate this possibility, cells were
pretreated with either SB202190 or PD98059, and IL-10 synthesis was measured by
ELISA. SB202190 inhibited LPS-induced IL-10 production whereas PD98059 had no
effect (Fig. 4-2C) indicating a role for the p38, but not the p42/44 ERKs, in the regulation
of IL-10 expression. These results further support my previous observations that the
down-regulation of B7-2 expression in LPS-stimulated monocytes may be mediated, at

least in part, by endogenously-produced IL-10 (91).
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FIGURE 4-2: LPS stimulation induces p38 and p42/44 MAP kinase

phosphorylation in purified human monocytes.

(A) Purified human monocytes (1x10%ml) were treated with various doses of SB202190
Or PD98059 for 2 hr. Cells were then stimulated with LPS (1 pg/ml) for 15 min,
followed by centrifugation and lysis of cell pellets. Proteins from the cell lysates were
subjected to SDS-PAGE followed by transfer of proteins onto the membranes. The
membranes were blotted with anti-phospho-p38 and anti-phospho-p42/44 rabbit
polyclonal antibodies. To control for protein loading, the membranes were stripped and
reprobed with anti-p38 and anti-p42/44 rabbit polyclonal antibodies (left panel). To
quantify the relative changes in the phosphorylation status of p38 and p42/44 MAP
kinases, densitometry was performed (right panel). The experiment shown is
representative of a minimum of three experiments.

p38 MAP kinase inhibitor prevents LPS-mediated down-regulation of B7-2
expression (B) and IL-10 production (C) in normal human monocytes.

Monocytes (1x10%ml) were treated with various concentrations of SB202190 (0.078 to
50 uM) or with various concentrations of PD98059 (5.0 to 50 uM) for 2 hr prior to
stimulation with LPS. After 48 hr, cells were analyzed by flow cytometry for B7-2
expression (B). Cell supernatants were also harvested and analyzed by ELISA for IL-10
production (C). The experiment shown is representative of three experiments.
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IL-10-mediated down-regulation of B7-2 expression does not involve activation of p38

or ERKs

It is likely that IL-10 induced by LPS stimulation of monocytes may also inhibit
B7-2 expression by activating p38 or ERK MAP kinases. To explore this possibility, the
phosphorylation of p38 or ERKs as well as the effects of their inhibitors on B7-2
expression in response to IL-10 was studied. The results show that IL-10 enhanced the
phosphorylation of p42/44 ERK kinase and pretreatment of monocytes with PD98059
prior to IL-10 stimulation dramatically reduced its phosphorylation in a dose dependent
manner (Fig. 4-3A). In contrast, IL-10 stimulation of monocytes did not enhance the
phosphorylation of p38 MAP kinase and pretreatment with SB202190 did not
significantly influence the phosphorylation of p38 MAP kinase (Fig 4-3A). To further
determine if IL-10 mediated down-regulation of B7-2 in human monocytes utilized the
p38 and ERK MAP kinases, cells were incubated with SB202190 or PD98059 prior to
stimulation with IL-10. The results clearly show that neither SB202190 nor PD98059
inhibited IL-10-mediated down-regulation of B7-2 (Fig. 4-3B) and suggest that activation
of either p38 or p42/44 MAP kinase may not be involved in IL-10-mediated down
regulation of B7-2 expression.

To confirm the role of p38 MAP kinase in IL-10 dependent B7-2 regulation, I
investigated whether B7-2 down regulation observed in LPS-stimulated cells is mediated
by the endogenously produced IL-10 via the activation of p38 MAP kinase. This was
determined by analysis of B7-2 expression in LPS-stimulated cells exhibiting blockage of

IL-10 production by p38 MAP kinase inhibitor SB202190 and reconstituted with graded
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FIGURE 4-3: (A) Effect of IL-10 on p38 and p42/44 MAP kinase phosphorylation in
purified human monocytes.

Purified human monocytes (1x10%ml) were treated with SB202190 (50 UM) or various
doses of PD98059 for 2 hr. Cells were then stimulated with IL-10 (1 ng/ml) for 15 min.
Total cell proteins were analyzed for phosphorylation of p38 and p42/44 MAP kinases
using anti-phospho-p38 and anti-phospho-p42/44 rabbit polyclonal antibodies. To control
for protein loading, the membranes were stripped and reprobed with anti-p38 and anti-
p42/44 rabbit polyclonal antibodies (left panel). To quantify the relative changes in the
phosphorylation status of p38 and p42/44 MAP kinases, densitometry was performed
(right panel). The experiment shown is representative of three experiments.

(B) p38 and p42/44 MAP kinase inhibitors do not prevent IL-10-mediated down
regulation of B7-2 expression in normal human monocytes.

Monocytes (1x10%ml) were treated with 50 uM of either SB202190 or PD98059 for 2 hr
prior to stimulation with IL-10. After 48 hr, cells were analyzed by flow cytometry for
the expression of B7-2. The experiment shown is representative of three experiments.
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doses of recombinant human IL-10. Monocytes were treated with SB202190 for 2 hrs
prior to stimulation with LPS in the presence and in the absence of varying
concentrations of IL-10 (0.1 to 5 ng/ml). After 48 hr, monocytes were analyzed for B7-2
expression by flow cytometry and the supernatants were analyzed for IL-10 production
by ELISA. The results show that SB202190 inhibited IL-10_production (210 pgs/ml of
IL-10 in LPS-stimulated monocytes versus 30 pg/ml in LPS-stimulated cells pretreated
with 25 uM of SB202190) as well as reversed the LPS-mediated down regulation of B7-
2. Exogenous addition of IL-10 to SB202190-treated and LPS-stimulated monocytic cells
reversed the SB202190-induced reconstitution of B7-2 expression in a dose dependent
manner (Table 4-1; Fig. 4-4). Taken together, these results suggest that activation of p38
MAP kinase is required for the IL-10 production in response to LPS stimulation and
blockade of IL-10 production by p38 MAP kinase inhibitor SB202190 reverses the
inhibitory effect of endogenously produced IL-10 on B7-2 expression. On the other hand,
p38 MAP kinase may not regulate the IL-10-mediated down regulation of B7-2

expression.
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FIGURE 4-4: Exogenous addition of human recombinant IL-10 reverses the
SB202190-induced effect of B7-2 expression in SB202190 pretreated LPS-stimulated
monocytes.

Purified human monocytes (1 x 10%/ml) were pretreated with 25 pM of SB202190 for 2
hr prior to stimulation with LPS (1 pg/ml) in the presence and in the absence of varying
concentration of recombinant human IL-10. After 48 hr, the cells were analyzed for B7-2
expression by flow cytometry and the supernatants were analyzed for IL-10 production
by ELISA. SB202190 inhibited LPS-induced IL-10 production (210 pg/ml of IL-10 in
LPS-stimulated monocytes versus 30 pg/ml in SB202190 treated and LPS-stimulated
monocytes). The results shown are representative of three experiments performed.
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TABLE 4-1: Effect of human recombinant IL-10 on B7-2 expression in SB202190
pretreated LPS-stimulated monocytes.

Monocyte Treatment Mean Channel Fluorescence
Unstimulated 162

LPS 24

SB202190 + LPS 157

SB202190 + LPS + 0.01 ng/ml IL-10 147

SB202190 + LPS + 0.1 ng/ml IL-10 135

SB202190 + LPS + 1 ng/ml IL-10 91

SB202190 + LPS + 2 ng/ml IL-10 68

SB202190 + LPS + 5 ng/ml IL-10 50

SB202190 + LPS + 10 ng/ml IL-10 46

Purified human monocytes (1 x 10%ml) were pretreated with 25 uM of SB202190 for 2
hr prior to stimulation with LPS (1 pg/ml) in the presence and in the absence of varying
concentration of recombinant human IL-10. After 48 hr, the cells were analyzed for B7-2
expression by flow cytometry and the supernatants were analyzed for IL-10 production
by ELISA. SB202190 inhibited LPS-induced IL-10 production (210 pg/mi of IL-10 in
LPS-stimulated monocytes versus 30 pg/ml in SB202190 treated and LPS-stimulated
monocytes). The results shown are representative of three experiments performed.
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LPS stimulation induces B7-2 expression in THP-1 cells

LPS-induced down-regulation of B7-2 expression in normal human fnonocytes is
complex and is subject to regulation by signaling in response to interactions between IL-
10 and its receptor, and between LPS and CD14. To determine the contribution of MAP
kinases in IL-10-independent LPS-induced B7-2 expression, I employed the THP-1
promonocytic cell line since these cells did not respond to IL-10 stimulation. Five to
fifteen percent of THP-1 cells express CD14, and following LPS-stimulation, the level of
CD14 expression is increased to approximately fifty percent. In THP-1 cells, IL-10 did
not influence B7-2 expression, whereas LPS stimulation enhanced B7-2 expression (Fig.
4-5A). These results suggest that THP-1 cells are refractory to the inhibitory effects of
IL-10, and that LPS stimulation, contrary to what occurs in normal human monocytes,
enhances B7-2 expression in the absence of IL-10-mediated effects. LPS was also shown
to up-regulate B7-2 mRNA expression in THP-1 cells as determined by semi-quanitative

RT-PCR analysis (Fig. 4-5B).
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FIGURE 4-5: LPS induces B7-2 expression in THP-1 cells.

(A) THP-1 cells (1 x 10%ml) were stimulated with LPS (1 pg/ml) or IL-10 (1 ng/ml).
Cells were cultured for 48 hr followed by flow cytometric analysis of B7-2 expression.
Shaded area represents autofluorescence.

(B) THP-1 cells (1 x 10%ml) were stimulated with LPS (1 pg/ml) for times ranging from
0 to 20 h following which the cells were harvested for mRNA isolation. B7-2 expression
was determined by semiquantitative RT-PCR analysis using B-actin as a standard control.
The experiment shown is representative of three experiments.
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P38 and ERK MAP kinases do not influence LPS-induced IL-10-independent B7-2
expression in THP-1 cells

To investigate the role of ERK and p38 MAP kinases in the LPS-mediated
upregulation of B7-2 in THP-1 cells, I first examined whether SB202190 or PD98059
specifically inhibited the phosphorylation of p38 and ERK kinases, respectively. LPS-
induced phosphorylation of p38 was inhibited by SB202190 as was the LPS-induced
phosphorylation of ERK kinase by PD98059 (Fig. 4-6A). To determine the role of p38
and ERK MAP kinase pathways in LPS-induced B7-2 expression, THP-1 cells were
treated with SB202190 or PD98059 for two hr prior to stimulation with LPS. Neither
inhibitor affected the LPS-mediated upregulation of B7-2 expression at any of the

concentrations tested (Fig. 4-6B).

Role of JNK in LPS-mediated IL-10-independent expression of B7-2 in THP-1 cells

Since p38 and ERK kinases were not found to be involved in the regulation of
LPS-induced B7-2 expression, I examined the role of JNK kinase, the third major
member of the MAP kinase family. To determine the involvement of JNK in the
regulation of B7-2 expression, I took advantage of the fact that glucocorticoids
(dexamethasone) inhibit JNK MAP kinase activation (188,191). I examined whether LPS
stimulation of THP-1 cells could result in tyrosine phosphorylation of JNK, and whether
dexamethasone or SP600125 could inhibit its phosphorylation. LPS stimulation enhanced
JNK phosphorylation that was inhibited by dexamethasone and SP600125 (Fig. 4-7A,C).
To determine the effect of dexamethasone or SP600125 on LPS-induced B7-2

expression, THP-1 cells were pretreated with dexamethasone or SP-600125 for 2 hr prior
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FIGURE 4-6: (A) LPS stimulation induces p38 and p42/44 MAP kinase
phosphorylation in THP-1 cells.

THP-1 cells (1x10%ml) were treated for 2 hr with various doses of SB202190 or
PD98059. Cells were then stimulated with LPS (1 pg/ml) for 15 min. Total cell proteins
were analyzed for phosphorylation of p38 MAP kinases using anti-phospho-p38 rabbit
polyclonal antibodies. For analysis of p42/44 ERKs, cell lysates were
immunoprecipitated with rabbit anti-p42 antibodies. The phosphorylated p42 ERK was
detected by using 4G10 anti-phosphotyrosine antibodies. To control for protein loading,
the membranes were stripped and reprobed with anti-p38 and anti-p42 ERK rabbit
polyclonal antibodies (left panel).To quantify the relative changes in the phosphorylation
status of p38 and p42/44 MAP kinases, densitometry was performed (right panel). The
experiment shown is representative of three experiments.

(B) p38 and p42/44 MAP kinase inhibitors do not prevent LPS-mediated
upregulation of B7-2 expression in THP-1 cells.

Cells (1x10%ml) were treated with various concentrations of either SB202190 (6.25 to 50
pM) or PD98059 (12.5 to 50 uM) for 2 hr prior to stimulation with LPS. After 48 hr,
cells were analyzed by flow cytometry for the expression of B7-2. The experiment shown
is representative of three experiments.

96




LPS + 351
§ SB202190 (uM) 3
3 2 — 25 ]
= 2 12 25 50 )

14

PO 3

W 04
d&  Medium LPS 1225 50
St
é’ LPS + SB202190 (uM)
=
-]
g LPS + = 34 ® pp44
£ IPD98059 (luM)l 25 ] m pp42
S 312 25 50 2
ca . phospho-p44 51
: ghosgho-g42 "
" 1
05
0
Medium LPS 12 25 50,
LPS + PD98059 (uM)
B
© Unstimulated
=] LPS

6.25 uM SB202190 + LPS
12.5 uM SB202190 + LPS
25 uM SB202190 + LPS
4J‘ 50 pM SB202190 + LPS

~
r3 \

Unstimulated

LPS

12.5 uM PD98059 + LPS
25 uM PD98059 + LPS
50 uM PD98059 + LPS

Relative Cell Number
153

10° 10% 10*

Log Fluorescence Intensity (B7-2 Expression)




to stimulation with LPS. Dexamethasone inhibited B7-2 expression in THP-1 cells at
concentrations as low as 2 nM and maximum inhibition was observed at 20 nM (Fig. 4-
7B); whereas SP600125 inhibited B7-2 expression at 12 uM (Fig. 4-7C).

Similar results with respect to the effects of dexamethasone and SP600125 on
LPS-mediated B7-2 regulation were also observed in normal human monocytes. LPS
stimulation induced JNK phosphorylation that was inhibited by dexamethasone and
SP600125 (Fig. 4-8A,D). As was observed for THP-1 cells, dexamethasone and
SP600125 inhibited LPS-mediated down-regulation of B7-2 expression in normal human
monocytes in a dose-dependent manner (Fig. 4-8B,D). Furthermore, in contrast to
SB202190 (Fig. 4-2), dexamethasone did not inhibit LPS-induced IL-10 production even
when used at high concentrations (Fig. 4-8C). These results suggest that dexamethasone
inhibited LPS-mediated down-regulation of B7-2 expression in monocytes independently
of endogenously-produced IL-10 and implicates JNK in LPS-mediated B7-2 expression

in monocytes as well as in THP-1 cells.
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FIGURE 4-7: (A) Dexamethasone inhibits LPS-induced phosphorylation of JNK
kinase in THP-1 cells.

THP-1 cells (1x106/m1) were treated with dexamethasone (100 nM) for 2 hr prior to
stimulation with LPS (1 pg/ml) for 15 min. Total cell proteins were analyzed for
phosphorylation of INK MAP kinase using anti-phospho-JNK rabbit polyclonal antibody.
To control for protein loading, the membranes were stripped and reprobed with anti-JNK
rabbit polyclonal antibodies (left panel). To quantify the relative changes in the
phosphorylation status of JNK, densitometry was performed (right panel). The
experiment shown is representative of three experiments.

(B) Dexamethasone inhibits LPS-mediated B7-2 expression in THP-1 cells.

Cells (1x10%ml) were treated with various concentrations of dexamethasone ranging
from 2.0 to 200 nM for 2 hr prior to stimulation with LPS followed by flow cytometric
analysis of B7-2 expression. The experiment shown is representative of three
experiments.

(C) SP600125 inhibits LPS-induced phosphorylation of JNK kinase and LPS-
mediated B7-2 exg)ression in THP-1 cells.

THP-1 cells (1x10°/ml) were treated with SP600125 for 2 hr prior to stimulation with
LPS (1 pg/ml) for 15 min for JINK immunoblot analysis; and 48 hr for flow cytometric
analysis of B7-2 expession.
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FIGURE 4-8: (A) Dexamethasone inhibits LPS-induced phosphorylation of JNK
kinase in purified human monocytes.

Purified human monocytes (1x10°/ml) were treated with dexamethasone (100 nM) for 2
hr prior to stimulation with LPS (1 pg/ml) for 15 min. Total cell proteins were analyzed
for phosphorylation of JNK MAP kinase using anti-phospho-JNK rabbit polyclonal
antibody. To control for protein loading, the membranes were stripped and reprobed with
anti-JNK rabbit polyclonal antibodies (left panel). To quantify the relative changes in the
phosphorylation status of JNK, densitometry was performed (right panel). The
experiment shown is representative of three experiments.

(B) Dexamethasone prevents inhibition of LPS-mediated down regulation of B7-2
expression in monocytes.

Cells (1x10%ml) were treated with various concentrations of dexamethasone ranging
from 1.0 to 100 nM for 2 hr prior to stimulation with LPS followed by analysis of B7-2
expression by flow cytometry. The experiment shown is representative of three
experiments.

(C) Dexamethasone does not inhibit LPS-induced IL-10 production in monocytes.
Cells (1x10°/ml) were treated with various concentrations of dexamethasone (ranging up
to 1000 nM) for 2 hr prior to stimulation with LPS. After 48 hr of stimulation, IL-10
production in the supernatants was measured by ELISA. The experiment shown is
representative of three experiments.

(D) SP600125 inhibits LPS-induced phosphorylation of JNK kinase and LPS-
mediated down regulation of B7-2 expression in purified human monocytes.
Monocytic cells (1x10%ml) were treated with SP600125 for 2 hr prior to stimulation with
LPS (1 pg/ml) for 15 min for JNK immunoblot analysis; and 48 hr for flow cytometric
analysis of B7-2 expression.
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Dominant-negative SEK1 (MKK4) kinase inhibits B7-2 expression in LPS-stimulated

THP-1 cells

To confirm the role of the JNK pathway in B7-2 expression, THP-1 cells were
transfected with either a plasmid expressing a dominant-negative (DN) SEK1 kinase
mutant or with a control plasmid (pcDNA3). JNK is a cellular target of SEK1 kinase and
the expression of the DN SEK1 will interfere with the phosphorylation of JNK (192-194).
LPS stimulation of THP-1 cells transfected with the DN SEKI1 failed to induce the
phosphorylation of JNK kinase in contrast to cells transfected with the control plasmid
(Fig. 4-9A). THP-1 cells transfected for 12 hr with either the DN SEK1 or the control
plasmids, were stimulated with LPS and analyzed for B7-2 expression. B7-2 expression
was dramatically reduced in DN-SEKI1 transfected cells compared to the cells transfected
with the control plasmid (Fig. 4-9B). The effect of transfection of THP-1 cells with DN
SEK1 on B7-2 expression was selective since the expression of CD14 on their surface
membrane remained unaffected (Fig. 4-9B). The optimal time period of 12 hr post-
transfection and prior to LPS-stimulation was chosen based on the results of a series of
experiments in which cells were stimulated with LPS for 2, 4, 8, 12 or 24 hr post-

transfection.
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FIGURE 4-9: Dominant negative mutant of MKK-4 inhibits LPS-induced B7-2
expression in THP-1 cells.

(A) THP-1 cells (1.0 x 10%ml) were transfected with a pcDNA-3 plasmid expressing a
dominant-negative (DN) mutant of MKK-4/SEK1 or a control pcDNA-3 plasmid and
cells were cultured for 12 hr. After incubation the cells were stimulated with LPS (1
pg/ml) for 15 min. Total cell proteins were analyzed for phosphorylation of JNK MAPK
using anti-phospho-JNK Ab. To control for protein loading, the membranes were stripped
and reprobed with anti-JNK Abs.

(B) THP-1 cells (1.5x10%ml) were transfected with a pcDNA-3 plasmid expressing a
dominant-negative (DN) mutant of MKK-4/SEK1 or a control pcDNA-3 plasmid and
cells were cultured for 12 hr. Following incubation, cells were stimulated with 1 pg/ml of
LPS for another 24 hr followed by analysis of B7-2 expression by flow cytometry.
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NFkB binding to the B7-2 promoter in LPS-stimulated cells is not regulated by

dexamethasone

I investigated the signaling events downstream of JNK MAP kinases which might be
involved in B7-2 transcription. B7-2 expression has been shown to be regulated via
NFkB in normal human B cells in response to the signals delivered by T suppressor cells
(170). Therefore, I investigated whether LPS stimulation of THP-1 cells induced the
binding of NFkB to the NFxB binding site in the B7-2 promoter and whether this binding
could be inhibited by dexamethasone. Cells were stimulated with LPS over a period of
time ranging from 0 to 240 min and the nuclear extracts were analyzed for binding to
NFxB oligonucleotide probe by a gel shift assay. The results revealed that the maximum
binding of NFxB to the NFkB oligonucleotide sequence derived from the B7-2 promoter
occurred 45 to 120 min following stimulation with LPS (Fig. 4-10A). I observed three
distinct NFkB DNA-protein complexes that were blocked by competition with cold
NF«xB oligonucleotides, indicating their specificities. Incubation of THP-1 cells with
dexamethasone for two hr prior to stimulation with LPS did not inhibit NFkB binding to
the oligonucleotide containing the NFkB sequence (Fig. 4-10A).

Dexamethasone has been shown to inhibit the activation of AP-1 (195,196).
Therefore, as a positive control, the same nuclear extracts were analyzed for AP-1
activity to determine the capacity of dexamethasone to inhibit LPS-induced AP-1 binding
to the oligonucleotide probe. LPS stimulation induced the binding of AP-1 to the AP-1

oligonucleotide sequence in the B7-2 promoter and as expected, dexamethasone inhibited
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FIGURE 4-10: Effect of dexamethasone on LPS-induced activation of NFxB (A) and
AP-1 (B) transcription factors in THP-1 cells.

THP-1 cells were stimulated with LPS (1 pg/ml) for various times ranging from 15 to
180 min followed by centrifugation and collection of cell pellets. To determine the effects
of dexamethasone on LPS-induced activation of NFkB and AP-1 transcription factors,
were treated with dexamethasone (100 nM) for 2 hr prior to stimulation with LPS (1
pg/ml). To perform the gel shift assay, nuclear extracts were harvested from the cell
pellets obtained at each time point. Nuclear extracts containing 5 pg of proteins were
incubated for 1 hr with *?P-labeled oligonucleotides corresponding to the consensus
sequence for NFkB and AP-1. To determine the specificity of NFkB and AP-1
transcription factor binding, the nuclear extracts were incubated with either unlabeled
oligonucleotides (100 fold) corresponding to the consensus sequence for NFxB or AP-1.
The complexes were subjected to electrophoresis followed by autoradiography. Distinct
NFxB and AP-1 DNA-protein complex bands were completely blocked by competition
with cold NFxB and AP-1 oligonucleotides respectively indicating their specificities.
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this interaction (Fig. 4-10B). These results suggest that the regulation of B7-2 expression

by JNK may not involve NFkB in monocytic cells.

Role of NFxB and IRF-2 binding site within the B7-2 promoter in B7-2 transcription

Keeping in view, my initial results showing that NFxB induction is not involved
in LPS-induced regulation of B7-2 expression, I initiated studies to define the
transcription factors and the transcription factor binding sites on the human B7-2
promoter. Further characterization of the B7-2 promoter using the MatsInspector
Professional software identified other potential transcription binding sites such as CREB
and IRF-2 (Fig. 1-7). To assess the role of these transcription factors, B7-2 promoter was
cloned into a pGL3B vector expressing a luciferase reporter gene.

To determine the requirements for maximal luciferase activity, optimization
experiments were initially performed (Fig. 4-11). THP-1 cells were transfected with a
pGL3 Control plasmid DNA by the DEAE-dextran method, followed by luciferase and f-
galactosidase activity assays. The optimization experiments demonstrated that maximal
luciferase activity was achieved when 15x10° THP-1 cells were transfected with 2.5 pg of
pGL3 Control plasmid and 800 pug/ml of DEAE-dextran, following incubation for 30 min
(Fig. 4-11). Subsequently, these conditions were used for all of the B7-2 promoter
activity experiments.

To examine the effects of LPS on B7-2 promoter activity, and to identify the
regions of the B7-2 promoter responsive to the LPS, B7-2 promoter constructs fused to a

luciferase reporter were generated and transiently transfected into THP-1 cells. To assay
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FIGURE 4-11: Optimization experiments for the DEAE-Dextran transfection

of pGL3Control plasmid DNA into THP-1 cells.

Various concentrations of THP-1 cells were transiently cotransfected with different
amounts of pGL3 Control vector and with 2.5 pg of pSV-f-galactosidase control plasmid
using the DEAE-dextran method. Cells were incubated with a range of DEAE-dextran
and for various lengths of time. Luciferase activity was normalized for B-galactosidase
activity to give relative luciferase units (RLU).
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for promoter activity, luciferase activity was measured in transfected cells after
stimulation with LPS. Deletion analysis were performed to map the transcription control
regions of the B7-2 gene. Specific forward and reverse primers containing restriction
enzyme sites were designed to isolate the B7-2 promoters by PCR (Table 2-2). The
genomic DNA isolated from human peripheral blood mononuclear cells, was used to
amplify the B7-2 promoter. PCR fragments were cloned into a PCRII TOPO subcloning
vector and then subcloned into the pGL3B luciferase reporter gene plasmid. All of the
B7-2 promoter/pGL3B luciferase reporter constructs thus generated were verified to by
DNA sequence analysis.

THP-1 cells transfected with a full-length B7-2 promoter-luciferase reporter
construct resulted in enhanced promoter activity over the promoterless pGL3B control
vector upon stimulation with LPS for 24 h. (Fig. 4-12). To map the transcription factor
binding sequences required for B7-2 transcription, a series of B7-2 promoter fragments
(from 5’ -622 to 3° +63 bp) were generated by successive deletions starting from the 5’-
end. The location of consensus DNA binding sequences for various transcription factors
identified within the B7-2 promoter are shown in Figs. 1-7 and 4-13. The results of the
B7-2 deletion promoter experiments revealed maximal B7-2 promoter activities upon
LPS stimulation with plasmids containing the promoter sequences from —622 and —133
bp relative to the transcription start site (Fig. 4-13). Deletion of sequences from —133 to
—114 resulted in a significant three fold reduction in B7-2 promoter activity (Fig. 4-13).
Using MatInspector Professional, no relevant transcription factor binding sites were
found between the promoter sequences from —~133 to —114. The Matlnspector

Professional software did reveal a CREB sequence which spanned from —150 to —130 of
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FIGURE 4-12: LPS-stimulation induces luciferase activity in THP-1 cells
transfected with a B7-2 promoter/luciferase reporter gene construct.

THP-1 cells (15 x 10° cells/ml) were transiently cotransfected with 2.5 pg of either B7-2
promoter/luciferase reporter gene construct or pGL3E vector control and with 2.5 pg of
pSV-B-galactosidase control plasmid. Cells were incubated for 24 h followed by
treatment with 1 pg/ml of LPS for various times. Luciferase activity was normalized for
B-galactosidase activity to give relative luciferase units (RLU). The results shown are a
‘mean + S.D. of three independent experiments performed in triplicate.
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FIGURE 4-13: Transcriptional activities of B7-2 promoter in LPS-stimulated THP-
1 cells.

The positions of the potential regulatory elements in the B7-2 promoter region (-622 to
+63 bp relative to the start site). The line diagram represents the extent of deletions
within the B7-2 promoter region. THP-1 cells were cotransfected with 2.5 pg of either
promoter deletion construct or vector control and with 2.5 pg of B-galactosidase control
plasmid. After 30 min of incubation, cells were stimulated with LPS (1 pg/ml) for 24 h.
Cell lysates from LPS-stimulated cells were assayed for luciferase and [3-galactosidase
activities. Luciferase activity was normalized for B-galactosidase activity to give relative
luciferase units (RLU). The results shown are a mean+ S.D. of six experiments
performed in triplicate.
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the B7-2 promoter. It appears that the CREB binding element may partially overlap the —
133 to —114 region. Subsequent deletions of the B7-2 promoter sequences from the —114
to —47 regions in increments of 9 to 10 bases, decreased luciferase activity in a stepwise
manner. Interestingly, I observed a complete loss in luciferase activity when the B7-2
promoter sequence was deleted from —75 to —65. Using MatInspector Professional to
identify potential transcription binding sites, I was able to identify an IRF-2 sequence
which encompassed the —73 to —61 region of the B7-2 promoter (Fig. 4-13).

To examine the role of NF-KB, CREB, and IRF-2, I generated mutations on their
binding sites by site-directed mutagenesis and cloned the fragments into the pGL3B
vector. The wild-type sequences and the corresponding mutations are depicted in Figure
4-14. I wanted to determine the role of the two NF-xB binding sequences because of the
carlier findings by Li et al. on the involvement of the NF-xB site (-614) in Th-induced
transcription of B7-2. Cells transfected with the mutant plasmids containing the NF-xB
(-614) or NF-kB (-240) mutations partially reduced luciferase activity. A more
pronounced reduction was observed when the cells were transfected with a mutant
plasmid containing a double mutation on both —-614 and —240 NF-xB binding sites. It
appears that both NF-xB binding sequences may act cooperatively to ensure maximal B7-
2 promoter activity.

There appears to be a positive regulatory region between —133 and —114 of the
B7-2 promoter, and CREB may play a role as it was the only transcription factor binding
site found within this region. 1 generated two plasmids containing mutations on the
CREB binding site and both mutations had similar luciferase activities when compared

with cells transfected with a plasmid containing the wild type CREB binding sequence
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(Fig. 4-14). This suggest that CREB does not play a role in t};e regulation of B7-2
promoter activity. As well, the positive regulatory region between —133 and —114
remains unidentified. The B7-2 promoter sequence between —73 and —61 contains an
IRF-2 binding element, which may play a role in the regulation of LPS-induced B7-2
transcription. B7-2 promoter activity was abrogated when the cells were transfected with
plasmids containing the IRF-2 mutation as compared with the plasmid containing the
wild type IRF-2 sequence (Fig. 4-14). From the results of the B7-2 deletion and mutant
promoter studies, the two NFkB binding regions appear to play a cooperative role in
maximizing B7-2 promoter activity. Also, there may be two additional positive
regulatory regions on the B7-2 promoter, where one consist of an IRF-2 binding element
and the other remaining undetermined. Further studies are in progress to further dissect

the involvement of IRF-2 in B7-2 regulation of human monocytic cells.
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FIGURE 4-14: The effect of mutating the NF-xB, CREB, or IRF-2 regions on B7-2
promoter activity in LPS-stimulated THP-1 cells.

A site-directed mutation of the B7-2 sequences within the B7-2 promoter is shown in
with respect to the wild type sequence. The substituted nucleotides at positions are
underlined. THP-1 cells were cotransfected with either 2.5 pg of wild type or mutant B7-
2 constructs and with 2.5 pg of P-galactosidase control vector followed by LPS
stimulation and measurement of luciferase activities (RLU). Results shown are a
mean + S.D. of three independent experiments performed in triplicate.
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CHAPTER 5:

DISCUSSION
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Bacterial endotoxin or LPS is responsible for many of the cellular responses to
Gram-negative bacterial infections. These responses may be induced after the association
of LPS with the plasma LPS-binding protein (197) and the binding of this complex with
the CD14/TOLL receptor (TLR-4) complex (111,198). LPS stimulation of monocytic
cells modulates the expression of costimulatory molecules including B7-1 and B7-2
(9,40,52,182,199) that plays a vital role in immune activation and development of T
helper responses (9,40,52,182,199). Modulation of B7 expression on APCs may thus
alter the development of immune responses. Since B7 play a critical role in T cell
activation and differentiation (180), immunoregulatory cytokines and mitogens such as
LPS that enhance B7-1 and B7-2 expression provide a mechanism for the amplification
of T cell activation, and development of cellular immune responses and autoimmune
disorders. Therefore, understanding B7 regulation and characterizing the signal
transduction events involved may lead to the development of strategies for the treatment
of inflammation, autoimmune diseases, and cancer.

The molecular mechanism, in particular, the signaling molecules and the
transcription factors involved in the regulation of B7-1 and B7-2 expression is poorly
understood. For my Ph.D. research project, I have examined the role of MAPKSs and the
transcription factors involved in LPS-induced expression of B7-1 and B7-2 in human
monocytes and the promyelomonocytic THP-1 cells as a model system. The results
obtained for the regulation of B7-1 and B7-2 expression in human monocytic cells are

discussed in two separate sections as below:
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Regulation of B7-1 expression in human monocytic cells:

My results suggest that INK MAPK plays a critical role in the regulation of LPS-
induced B7-1 expression in human monocytic cells. I have also investigated the role of
PI-3K and calcium signaling as LPS is known to trigger these pathways in human
monocytic cells (200-202). My results suggest that neither the PI-3K nor the calcium
signaling pathway were found to be involved in the regulation of B7-1 and B7-2
expression by LPS in human monocytic cells (data not shown). In addition, I have
identified for the first time, a distinct B7-1 responsive element corresponding to the IRF-
7 binding sequence located between -84 to -72 bp upstream of the transcription start site
of the B7-1 gene. Furthermore, LPS-induced B7-1 expression in monocytic cells may be
regulated by the IRF-7 transcription factor through the activation of INK MAPKSs (203).

Very little is known regarding the signaling pathways and transcription factors
involved in the regulation of B7-1 expression. In this study, I analyzed a B7-1 promoter
element in order to identify the transcription factor binding sequences responsible for B7-
1 gene transcription. I consistently observed a basal constitutive luciferase activity in
cells transfected with the plasmid containing the B7-1 promoter linked to the luciferase
reporter gene (pB7.1Pr.GL3E). The B7-1 promoter activity was inducible as LPS
stimulation of cells transfected with pB7.1Pr.GL3E resulted in approximately three fold
increased luciferase activity compared to the unstimulated cells. I identified a DNA
sequence located between -84 to -72 bp upstream of the transcription start site and
computer aided analysis revealed that this binding element has similarities with the IRF-
7-binding sequence. Mutation of the IRF-7 sequence in the B7-1 promoter construct

abrogated the luciferase activity suggesting the involvement of the IRF-7 in the
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regulation of B7-1 gene transcription in LPS-stimulated monocytic cells. Fong et al
identified a B7 regulatory element (RE) (-60 to -47 bp upstream of the transcription start
site) responsible for B7-1 gene transcription in Epstein Barr Virus (EBV)-transformed
Raji B cells (161). This B7-RE activity was not inducible following stimulation and was
not characterized. However, in my studies, transfection of THP-1/CD14 cells with the
promoter construct containing sequences -72 bp upstream of transcription start site
containing B7-RE consistently failed to elicit luciferase activity in either unstimulated or
LPS-stimulated cells. This discrepancy may be attributed to the use of B cells compared
to the monocytic cells used in our study. B7-1 expression has also been shown to be
regulated in B cells by the NFkB binding site located in the enhancer region
approximately 3 kb upstream of the B7-1 transcription start site (160). Although I
analyzed the promoter region encompassing the sequences up to -587 bp relative to the
transcription start site, the involvement of other transcription factors particularly NFxB
with binding sites located in the upstream enhancer region can not be ruled out. IRF-7 has
been shown to cooperate physically and functionally with coactivator proteins including
NFkB, and CBP/p300 (203,204). These interactions not only stimulate the intrinsic IRF-7
transcriptional activity, but they are also indispensable for its ability to strongly synergize
with other transcription factors, including c-Jun and IRF-3 (203-206). Whether IRF-7
mediates LPS-induced B7-1 expression by directly binding to the B7-1 promoter or
through cooperative action with NFkB needs to be understood.

The involvement of IRF-7 was further confirmed by competition studies in gel
shift assays with cold oligonucleotides corresponding to the consensus IRF-7 sequence

represented by the PRD-1 oligonucleotides. The PRD-1 oligonucleotide sequences
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specifically bind IRF-7 transcription factor. The results that cold B7-1 oligonucleotides
corresponding to the IRF-7 sequences inhibited the band detected following incubation of
nuclear extracts with PRD-1 probe further suggested the involvement of IRF-7 in LPS-
induced B7-1 transcription. However, I could not detect high molecular weight
complexes in my super-shift experiments with anti-IRF-7 antibodies. This may be
attributed, in part, to the unavailability of good commercially available anti-IRF-7
antibodies. Additionally, unidentified proteins present in the complexes formed following
incubation of nuclear extracts with the oligonucleotide probes may have prevented the
detection and formation of high molecular weight complexes in supershift experiments.
This was evident by the presence of non-specific bands that could not be competed out
with cold B7-1 oligonucleotides even when used at 400 fold higher concentrations
relative to the labeled probe.

IRFs are a family of transcription factors comprising of nine members with
multiple functions including apoptosis, oncogenesis, host defence, viral latency and
immune responses (204,206). The hallmari( of this family of transcription factors is its N-
terminal DNA-binding domain, which has well spaced conserved five tryptophan repeat
sequences to form a helix-turn-helix motif that latches onto DNA (204,207). The C-
terminal region of the IRFs is variable and defines multiple biological functions (207).
IRF-7, cloned and identified within the biological context of Epstein-Barr virus (EBV)
latency, plays a critical role in the activation of IFN genes during viral infections to evoke
anti-viral responses, and in the pathogenesis of some EBV-associated tumors
(206,208,209). A number of agents including LPS, viral infections such as Sendai and

EBV can induce the expression and activation of IRF-7 (206,209). Although IRF-7 is a
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weak phosphoprotein normally expressed in cytoplasm, augmentation of its
phosphorylation by LPS/EBV-LMP-1 may facilitate localization of IRF-7 from the
cytoplasm to the nucleus (207,209,210).

The mechanism by which IRF-7 is activated and cooperates with other
transcription factors is not fully elucidated, although an unknown virus activated kinase
has been suggested to phosphorylate IRF-7 (211). Very little is known about the signaling
pathways involved in the regulation of B7 expression in general and particularly in
response to stimulation of monocytic cells with its most potent mitogen LPS. Very
recently, PI-3K was suggested to upregulate B7 expression in EBV transformed human B
cells following ligation with CD40/CD40 homodimers (212). In this study, I investigated
the involvement of MAPKSs in an attempt to elucidate the upstream signaling pathways
involved in the activation of IRF-7 and induction of B7-1 in LPS-stimulated monocytic
cells. My results clearly suggest that LPS-induced B7-1 expression involved the
activation of JNK, but not of p38 or ERK MAPKs in human monocytic cells. This
conclusion was based on results from experiments using the JNK-specific inhibitor
SP600125 and other agents such as DXM and curcumin which are known to inhibit the
activation of JNK MAPKs (174). Studies designed to understand the signalling events
downstream of JNK MAPKSs activation responsible for B7-1 gene transcription suggested
that LPS-induced B7-1 expression may be regulated by IRF-7 through JNK activation.
The IRF-7 activity as determined by luciferase and gel shift assays was completely
inhibited by SP600125.

The JNK MAP kinase pathway includes JNK1, JNK2 and JNK3 (120). JNK1 and

JNK2 are widely expressed in several tissues, whereas JNK3 is more selectively
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expressed in brain, testis, and heart. JNK3 gene has been shown to be involved in
neuronal cell death (213), whereas INK1 and JNK2 have been implicated in Th1/Th2 cell
differentiation (214,215). JNK1 has also been shown to regulate the development of T
cell-mediated immunity against Leishmania major infections in an experimental mouse
model (216).

My results clearly suggested that LPS-induced regulation of B7-1 expression is
selectively regulated by the JNK MAPKSs in human monocytic cells. The involvement of
JNK MAPKs in B7-1 regulation was demonstrated by employing a number of
pharmacological JNK inhibitors including SP600125, dexamethasone and curcumin. My
results also suggested that neither PI3 kinase nor the calcium signaling pathways were
involved in the regulation of LPS-induced B7-1 expression. This was again demonstrated
by employing pharmacological inhibitors specific for PI3 kinase (LY249002 and
woﬁmanin), and calcium signaling pathway (EGTA, SKF, APB, KN-93, W7). 1
recognize that the major drawback of using pharmacological inhibitors is that when used
at high concentrations, these agents tend to be toxic. However, I have always used low
concentrations of these inhibitors and made sure that the effects observed are dose
dependent. I have also examined the effects of all pharmacological inhibitors used in the
present study on the viability of cells by staining apoptotic cells with propidium iodide.
In addition, the viable cells observed by FACS analysis were gated for determination of
apoptotic cells following treatment with the highest concentration of inhibitors. My
results clearly demonstrated that none of these inhibitors at any concentration used
caused apoptosis. Furthermore, I also confirmed the above results obtained by flow

cytometry by employing another technique using RT-PCR analysis. This technique of
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quantifying mRNA allows much shorter incubations with inhibitors and hence lessens
their toxic effects. LPS induced B7-1 mRNA expression was inhibited by DXM and
SP600125 in both monocytes and THP-1/CD14 cells, clearly suggesting a key role for
JNK MAPKSs in B7-1 regulation.

I also recognize that whenever possible, the results obtained with the
pharmacological inhibitors should be verified by using dominant negative mutants or
activators. In this study, I employed stealth siRNAs (Invitrogen) specific for JNK1 and
JNK2 to determine if these agents can inhibit LPS-induced B7-1 expression in THP-1
cells. THP-1/CD14 cells were transfected with either stealth RNA for JNK1 or JNK2 for
a period of 24 hr followed by LPS stimulation for an additional 16 hr. Since it is difficult
to transfect a high proportion of the THP-1 cells and LPS being a powerful mitogen that
can induce B7-1 expression as very low concentrations (50 pg/ml), I stimulated the cells
with a lower concentration of LPS (100 ng/ml) and for a shorter period of time (12 hr)
than in the previous experiments. My results show that both stealth RNA for both JNK1
and JNK2 significantly inhibited LPS-induced B7-1 expression. Incomplete abrogation of
the LPS-induced B7-1 expression can be explained by the relatively low transfection
efficiency of the stealth RNA.

Although interaction of LPS with its receptor complex CD14/TLR-4 results in the
activation of several signaling cascades including MAPKs, PI3K and the calcium
signaling pathways and a host of transcription factors, it is surprising to observe that
LPS-induced expression of B7-1 primarily involved the activation of JNK MAPKs and
the IRF-7 transcription factor alone. B7-1 can also be induced by several other stimuli

such as IFN-y on monocytic cells and CD40 stimulation on B cells (25,37,217). However,
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it remains to be determined if IFN-y- or CD40-induced B7-1 expression involves the
activation of JNK MAPK and/or IRF-7 transcription factor. IRFs are known to be
activated by IFN family of cytokines especially IFN-a and IFN-B (207,218). It is also
known that LPS stimulation of monocytic cells results in the induction of both IFN-a as
well as IFN-B (219,220). Therefore, it was interesting to determine if LPS-mediated
effects on B7-1 induction were being mediated by the endogenously produced IFN-a
and/or IFN-B. Therefore, I investigated the effects of IFN-o and IFN-$ on the induction
of B7-1 in THP-1 cells. In the event LPS-induced B7-1 expression is dependent on
endogenously produced IFN-a or IFN-B, then recombinant IFN-a or IFN-B should be
able to induce B7-1 expression on these cells. My results showed that neither IFN-a nor
IFN-B induced B7-1 expression (data not shown) suggesting that LPS-induced B7-1
expression is independent of endogenously produced IFN-o or IFN-f.

JNK MAPK has been suggested to play a key role in the regulation of immune
responses such as CD4+ Th cell differentiation, production of macrophage derived Th
cytokines including IL-12 (221,222), and in several autoimmune diseases including type I
diabetes (223). Since B7 induction has also been suggested to play a key role in many
such processes (50,52,183,184), it will be interesting to determine the overall
involvement of JNK MAPK and IRF-7 in B7-1 induction and B7-1-mediated effects by
employing JNK or IRF-7 null mice, respectively. In the event, JNK knock out mice are
able to effectively block B7-1 induction in response to certain stimuli such as LPS, and
reduced severity of some autoimmune diseases in experimental animal models, JNK may
represent an alternative pharmacological target for the design of a small molecule

inhibitor that could modulate B7 induction, Th responses and therefore protect against
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autoimmune diseases. In the laboratory group of Kumar et al., it was determined that JNK
was involved in IL-12p40 production through the activation of AP-1 and NF-xB
transcription factors in LPS-stimulated human monocytic cells (221). This further
illustrates the importance of JNK as IL-12 plays a critical role in the development of cell-
mediated immune responses and in the pathogenesis of inflammatory and autoimmune
disorders such as multiple sclerosis and experimental autoimmune encephalomyelitis
(224-226). Because of the biological significance of JNK in a wide variety of diseases,
many drug discovery companies have developed small-molecule inhibitors of JNK for the
treatment of inflammatory and neurodegenerative diseases (227).

The JNK pathway is implicated in stress-induced apoptosis. Therefore, it is
believed that blocking the activation of JNK using JNK inhibitors may promote cell
survival. In fact, recent studies have demonstrated that administration of JNK inhibitors
such as SP600125 and AS601245 protected rodents from brain, heart, and renal ischemia
(228-231). JNK may also play a role in the treatment of diabetes. Diabetes is a chronic
disease characterized by decreased insulin production in pancreatic B cells or insulin
resistance by insulin-target cells. Using cell-permeable JNK-inhibitory peptides it was
shown to prevent apoptosis of islet cells during pancreatic islet tranasplantation (232).
As well, intraperitoneal administration of JNK-inhibitory peptides have demonstrated
improved insulin resistance in a diabetic mice model (233). All this demonstrates the
therapeutic potential of JNK in treating inflammatory and autoimmune diseases.

In summary, to my knowledge, this is the first report demonstrating the
involvement of the IRF-7 transcription factor in the regulation of B7-1 gene transcription.

My results also suggest that JNK MAPK may play a critical role in IRF-7 activation and
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eventually the regulation of B7-1 expression in human monocytic cells in response to
stimulation with LPS. A model for the regulation of B7-1 is presented in Fig. 5-1. IRF-7,
a potent inducer of IFN-y genes, appears to function in concert with other transcription
factors such as IRF-3, p300/CBP, and c-jun. Identification of factors that bind to IRF-7 in
the context of B7-1 induction will facilitate further understanding the regulation of this

important costimulatory molecule.
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FIGURE 5-1: Model of the regulation of B7-1 costimulatory molecule by LPS in
human monocytic cells.

Normal human monocytic cells do not express B7-1 ligands but respond upon stimulation
with LPS. LPS-induced B7-1 transcription in human monocytic cells may be

regulated by IRF-7 transcription factor through JNK MAPKSs activation.
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Regulation of B7-2 expression in human monocytic cells:

The molecular mechanism by which B7-2 expression is regulated is also not well
understood. Studies designed to understand the regulation of B7-2 expression in human
monocytic cells revealed an IL-10-dependent and IL-10-independent regulation of B7-2
in LPS-stimulated human monocytic cells. My results suggest that the LPS stimulation of
normal human monocytes results in the down-regulation of B7-2 that may be mediated
via endogenously-produced IL-10 involving p38 MAP kinase. On the other hand, THP-1
cells that are refractory to the inhibitory effects of IL-10, and hence show IL-10-
independent effects on B7-2 expression, exhibited enhanced B7-2 expression upon LPS
stimulation. Studies of the molecular mechanisms involving cell signaling molecules
reveal that JNK MAP kinases may mediate IL-10-independent regulation of B7-2
expression in LPS-stimulated THP-1 cells. Taken together, my results reveal the
involvement of two distinct MAP kinases, p38 and JNK, in IL-10-dependent and IL-10-
independent regulation of B7-2 expression, respectively, in LPS-stimulated monocytic
cells. I also investigated the transcription factors involved in the regulation of B7-2
expression in human monocytic cells. My results suggest that B7-2 transcription is
complex and is regulated by multiple transcription factors. Deletion and mutational
promoter analysis pointed to the involvement of NFkB, IRF-2, and an unidentified region
in the regulation of B7-2 expression. It appears that these three regions may act
cooperatively to regulate maximal B7-2 promoter activity in human monocytic cells.

The biological effects attributed to LPS may represent the combination of signals
delivered following the interactions of LPS with CD14/TLR-4, and of endogenously-

produced cytokines with their cognate receptors. One such endogenously-produced
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immunoregulatory cytokine, IL-10, is known to inhibit B7-2 expression on normal
human monocytic cells (25,37). My results show that IL-10 may play a key role in LPS-
mediated down-regulation of B7-2 expression in human monocytes. This conclusion was
derived by using neutralizing anti-IL-10 antibodies which ablated LPS-mediated B7-2
down-regulation. In addition, the p38 MAP kinase inhibitor SB202190 inhibited LPS-
stimulated IL-10 production in monocytes (174,175) and prevented LPS-induced B7-2
down-regulation (Fig. 4-2).

I have previously shown that amongst the cytokines produced by activated
monocytes, TNF-a and IL-10 down-regulate B7-2 expression (91). TNF-a has also been
shown to induce IL-10 expression in monocytes (134,234,235). The inhibitory effect of
TNF-a on B7-2 expression may thus be due to endogenously-produced IL-10. This is
supported by the observations that TNF-a did not effect B7-2 expression on IL-10
refractory THP-1 cells (data not shown). Furthermore, although LPS stimulation induces
the production of both IL-10 and TNF-a, neutralizing anti-IL-10 antibodies were able to
prevent B7-2 down-regulation.

I investigated the role of MAP kinases in an attempt to understand the signaling
pathways governing LPS-mediated B7-2 regulation. MAP kinase signaling pathways are
strictly regulated during the development and differentiation of T cells
(214,215,222,236,237) and play a key role in a variety of cellular responses. LPS
activates all three MAP kinase pathways either individually or simultaneously, thereby
suggesting their independent signaling roles (116,125,186,187). My results show that in
contrast to p42/44 ERKs, p38 MAP kinase was involved in LPS-stimulated IL-10-

dependent B7-2 down-regulation. B7-2 down-regulation was reversed by blocking the
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endogenous IL-10 production with the p38 MAP kinase inhibitor, SB202190, which has
been shown to inhibit LPS-induced IL-10 production in monocytic cells (Fig. 4-2C)
(127,174). 1 further show that exogenous addition of IL-10 to LPS-stimulated monocytes
in which endogenous IL-10 production was blocked by SB202190 treatment reversed the
SB202190-induced reconstitution of B7-2 expression (Fig. 4-4 and Table 4-1).

The molecular mechanism by which IL-10 mediates its inhibitory effects is not
well understood. IL-10 has been shown to mediate its inhibitory effects on proliferation
in murine macrophages through the activation of Stat3. Recently, IL-10 has been shown

to increase the expression of the cell cycle inhibitor, cyclin-dependent kinase inhibitor

9INK4D 9INK4D

in macrophages. IL-10-induced expression of pl was later shown to be

pl
dependent on the activation of Stat3, indicating that Stat3-dependent activation of
p19™¥4P constitute an important component of the mechanism by which IL-10 inhibits
macrophage proliferation (146). In this study, I hypothesized that endogenously produced
IL-10 following LPS stimulation may down regulate B7-2 expression through the
activation of p38 or ERK MAP kinases. My results clearly show that IL-10 induced the
activation of p42/44 ERK alone. However, neither p38 nor p42/44 ERK kinases were
involved in the regulation of IL-10-induced B7-2 expression. Whether IL-10-induced
regulation of B7-2 expression is also mediated by Stat3-dependent activation of cyclin-
dependent kinase inhibitors p19™**P needs to be investigated.

In general, IL-10-mediated inhibitory effects on cell proliferation and synthesis of
proinflammatory cytokines have been shown to be regulated through STAT-3 activation

(13,14,16,17). IL-10 is also known to activate STAT-1 in monocytic cells (152).

However, in contrast to STAT-3, the role of STAT-1 in regulating IL-10-mediated
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biological effects is not well understood. Recently, we investigated the signaling
pathways involved in the IL-10-induced stimulatory effect on CD14 expression, and in
particular the role of IL-10-activated STAT-1 in human monocytic cells. We
demonstrated for the first time that IL-10-induced CD14 expression is mediated by a
mechanism involving STAT-1 activation independent of STAT-3 (152). Furthermore, IL-
10-activated STAT-1 was found to be regulated through PI3K activation either alone or
in concert with the ERK MAPKs. Whether IL-10-induced regulation of B7-2 expression
is also mediated by STAT-1 through the activation of PI3 kinase either alone or in
combination with ERK MAPK remains to be investigated.

IL-10-independent regulation of B7-2 expression could not be studied in normal
human monocytes because of the inherent IL-10 production induced by LPS stimulation.
To overcome this obstacle, I employed IL-10-refractory THP-1 cells in which LPS
stimulation resulted in enhanced B7-2 expression. Studies of the role of MAP kinases in
IL-10-independent regulation of B7-2 expression revealed the selective involvement of
JNK. This conclusion was based on results derived from transfection of THP-1 cells with
dominant-negative (DN) mutants of MKK-4/SEK1 kinase. Two MAPK kinases, MKK4
and MKK?7, have been found to be the primary activators of JNK (129,238). MKK4 is an
essential component of the INK signal transduction pathway and disruption of the MKK4
gene blocks JNK activity (200). DN SEK1 has also been shown to act as a specific
inhibitor of the JNK signal transduction pathway (192-194). However, it has been shown
recently that MKK4 can also activate the p38 MAP kinase (129,131). Since p38 MAP
kinase inhibitors did not influence B7-2 expression in THP-1 cells, abrogation of LPS-

induced B7-2 expression following transfection of DN SEK1 makes p38 involvement
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highly unlikely and suggests a key role for JNK kinase in the regulation of LPS-induced
B7-2 expression.

The role of INK MAP kinases in the regulation of B7-2 expression was initially
studied by employing dexamethasone, a steroidal anti-inflammatory glucocorticoid.
Glucocorticoids have been shown to inhibit IFN-y-induced B7-1 expression in normal
human monocytes (89). The molecular mechanism by which glucocorticoids mediate
their biological effects have been investigated. Glucocorticoids inhibit cytokine
production by complexing with AP-1 and thus down-regulating AP-1 activity (195,196).
Furthermore, dexamethasone has been shown to inhibit AP-1 activity by interfering with
JNK phosphorylation (188,191). In this study, I show for the first time that
dexamethasone can reverse the LPS-induced, IL-10-independent regulation of B7-2
expression in both monocytes and THP-1 cells. These results point towards the
involvement of JNK in LPS-mediated B7-2 regulation.

To understand the signaling events downstream of JNK MAP kinase activation
responsible for B7-2 gene transcription, attempts were made to identify the transcription
factors involved. The regulatory region for the B7-2 gene has been cloned recently (167).

NF«B has been suggested to regulate B7-2 expression in human B cells activated by the

signals delivered by T suppressor cells (170). To this end, I examined whether NFkB is
activated in JNK-mediated B7-2 induction. Since dexamethasone did not inhibit LPS-
induced NFxB activation in THP-1 cells (Fig. 4-10), my results suggest that NFkB
activation is not involved in the JNK-mediated induction of B7-2 expression in
monocytic cells. As my results also show inhibition of AP-1 activation by

dexamethasone, it is likely that AP-1 may play a role in LPS-induced B7-2 regulation.
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Further studies are needed to understand the role of transcription factors other than NFxB
in the downstream signaling events which follow JNK activation and which induce B7-2
expression.

The transcription factors involved in the regulation of B7-2 expression have not
been well defined. To understand the role of transcription factors other than NFkB in the
downstream signaling events which follow JNK activation and which induce B7-2
expression, I analyzed the human B7-2 promoter. Using THP-1 cells transfected with a
B7-2 promoter/luciferase reporter plasmid, a strong B7-2 promoter activity was observed
upon LPS stimulation (Fig. 4-12). Deletion and mutational promoter analysis pointed to
two potential positive regulatory regions, an IRF-2 region and an unidentified region
(Fig. 4-13 and 4-14). IRF-1 and IRF-2 belong to the interferon regulatory factor family
of transcription factors and were originally discovered as regulators of type I interferon
and virus-inducible genes. IRF-1 acts as a transcriptional activator, whereas IRF-2
functions as a transcriptional repressor by inhibiting IFN and IRF-1 induced transcription.
Recent studies have determined that IRF-2 can also act as a transcriptional activator for
several genes, including vascular cell adhesion molecule-1, class II transactivator, IL-7,
H4 histone, and gp91 (phox). Therefore, IRF-2 has both transcriptional activation and
repression properties. Other studies have shown that IRF-1 and IRF-2 also function as
regulators of cell growth, transformation and apoptosis. By mutating both NFkB regions
on the B7-2 promoter, there was a partial reduction in B7-2 promoter activity (Fig. 4-14).
This suggested a partial involvement of NFxB in regulating B7-2, and may explain why
dexamethasone was unable to inhibit LPS-induced NF-xB activation during the gel shift

studies. My results suggest the involvement of NFxB, IRF-2, and an unidentified region

129



in the regulation of B7-2 expression. It appears that these three regions may act
cooperatively to regulate maximal B7-2 promoter activity in human monocytic cells.
Further studies are in progress in the laboratory of Dr. Kumar to clearly identify the
transcription factors involved in the regulation of B7-2 expression in human monocytic
cells.

In summary, my results clearly point to a key role for endogenously-produced IL-
10 in the down-regulation of B7-2 expression in LPS-stimulated human monocytes. This
[L-10-dependent regulation of B7-2 expression involved the activation of p38 MAP
kinase. In THP-1 cells that are refractory to the inhibitory effects of IL-10, LPS-induced
B7-2 expression revealed an important role of JNK in previously unidentified IL-10-
independent regulation of B7-2 expression. The differential regulation of B7-2 expression
in THP-1 cells and monocytes reveals the cross-talk between the signals delivered by
interactions of IL-10-IL-10R and LPS-CD14/TLR-4. Further characterization of the
mechanism for regulation of IL-10 independent LPS-induced B7-2 expression will help
in manipulation of immune responses. A model for the regulation of B7-2 expression in

human monocytic cells is presented in Fig. 5-2.

130



FIGURE 5-2: Model of the regulation of B7-2 costimulatory molecule by LPS in
human monocytic cells.

Normal human monocytic cells express B7-2 ligands which is down-regulated upon
stimulation with LPS or IL-10. In my model, I see the distinct involvement of p38 in IL-
10 dependent, and JNK in IL-10-independent regulation of B7-2 expression in LPS-
stimulated monocytic cells. As well, NFkB, an unknown binding element, and IRF-2 on
the B7-2 promoter may act cooperatively to regulate maximal B7-2 transcriptional
activity in human monocytic cells.
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CHAPTER é6:

CONCLUSION, SIGNIFICANCE, AND FUTURE DIRECTIONS
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The overall findings of my thesis research work demonstrated that the regulation
of B7-1 and B7-2 co-stimulatory molecules by LPS in human monocytic cells occur
through a shared JNK signaling pathway but through distinct transcription factors. The
models are shown in Fig. 5-1 and Fig. 5-2.

I investigated the role of mitogen activated protein kinases in the regulation of
B7-1 and B7-2 expression in human monocytes and the promonocytic THP-1 cells. By
using SP600125, dexamethasone, curcumin, dominant negative SEK kinase, and/or
siRNAs for JNK to inhibit JNK activation, I proved that LPS-induced B7-1 and B7-2
expression is regulated by JNK MAPK in human monocytic cells. The regulation of B7-2
expression is complex as anti-IL-10 antibodies can abrogate the effect of LPS on B7-2
expression. Further investigations revealed the distinct involvement of p38 in IL-10
dependent, and JNK in IL-10-independent regulation of B7-2 expression in LPS-
stimulated monocytic cells. It appears that both B7-1 and B7-2 share the same signaling
pathway as both are regulated by the JNK MAP kinases. This is not surprising as JNK
plays a pivotal role in a wide biological setting. For instance, it is activated by stress
responses such as ultraviolet light, heat shock, osmotic shock, and growth factors. In
turn, JNK activation leads to the expression of a broad array of genes including IL-2,
IFN-y, and TNF-a.

To pursue the clinical relevance of JNK on B7-1 expression, one could determine
if the induction of B7-1 by LPS is inhibited in JNK knockout mice or whether the
severity of autoimmune diseases is reduced in experimental animal models. In the
development of new drug candidates, it has always been known that there is enormous

therapeutic potential in targeting kinases using inhibitors. As a result, small molecule
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inhibitors of JNK could be employed to modulate B7-1 expression in the treatment of
autoimmune diseases.

As for the latter part of my thesis work, I was able to identify the regulatory
elements on the B7-1 and B7-2 promoters and characterize the transcription factors that
are necessary for the promoter activities in human monocytic cells. It appears that the
regulation of B7-1 and B7-2 occur through distinct cis elements and DNA binding
proteins. This is to be expected as the regulation of gene expression is usually tightly
controlled and sequence specific.

In my work, I pinpointed a distinct B7-1 responsive element corresponding to the
interferon regulatory factor-7 binding site, in the B7-1 promoter responsible for the
regulation of LPS-induced B7-1 transcription. Furthermore, SP600125 and
dexamethasone inhibited LPS-induced IRF-7 activity. Taken together, these results
suggest that LPS-induced B7-1 transcription in human monocytic cells may be regulated
by JNK-mediated activation of the IRF-7 transcription factor. As for future experiments,
it would be interesting to explore the importance of IRF-7 in B7-1 regulation. A strategy
would be to target the B7-1 responsive element by deletion using homologous
recombination. The immune responses of B7-1 responsive element knockout mice can
then be characterized such as determining their sensitivity to viral infections. This will
provide insight to the biological significance of the B7-1 responsive element. It would
also be interesting to study the involvement of IRF-7 in the regulation of B7-1 by
utilizing IRF-7 null mice.

Reporter gene analysis of the B7-2 promoter demonstrated strong B7-2 promoter

activity. This corresponds to its cell surface expression pattern in monocytes, where B7-2
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is constitutively expressed and is expressed at higher levels than B7-1.  Sequential
deletion and mutational reporter gene analysis of the constructs determined several cis-
acting elements. The positive regulatory segments regions consisted of NF-kB, an
unidentified element, and IRF-2, which appear to work synergestically in the
transcriptional regulation of the B7-2 gene. Further studies can be performed to confirm
the cooperative role of the cis elements in regulating B7-2. An interesting avenue would
be to conduct full-length B7-2 promoter analysis containing mutations for all 3 NF-«xB,
IRF-2, and the unidentified binding elements. It would also be exciting to characterize
the transcription factor(s) that bind to the unidentified binding site by pull-down assay
and mass spectrometric analysis as it may lead to the identification of novel transcription
factor(s).

To this day, it remains unclear whether B7-1 and B7-2 perform distinct or
overlapping functions. It is widely believed that since B7-2 is constitutively expressed on
a number of APCs, it engages the T cells earlier than B7-1. But it seems that their roles
are dependent on the type of APC it encounters and the surrounding conditions they are
in. This probably coincides with that of the regulation of B7-1 and B7-2. I would expect
that the regulation of B7-1 and B7-2 vary, depending on the type of APC and the
stimulus it encounters. There could be a shared upstream event such as the JNK
signaling pathway, whereas divergence occurs at the promoter level during the control of
gene expression.

In summary, I was able to characterize the signaling and transcriptional regulation
of the B7-1 and B7-2 molecules in human monocytes. It appears that both B7-1 and B7-2

share the same signaling pathway as both were regulated by the JNK MAP kinases.
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However, the transcriptional regulation of B7-1 and B7-2 gene expression differ
considerably. The B7-1 promoter contained one critical positive regulatory region that
corresponded to the IRF-7 binding element. Deletion or disruption of this IRF-7 binding
element significantly decreased the promoter activity for the B7-1 gene. Conversely,
transcriptional regulation of the B7-2 gene appears to be more complex. B7-2 promoter
activity appears to require the interactions of several cis acting elements, namely NF-xB,
an unidentified element, and IRF-2. Keep in mind that the control of gene expression in
eukaryotes not only involves promoter elements and transcription factors but other
checkpoints such as chromatin structure, enhancers, transcript stability, etc. Therefore,
one future avenue would be to pursue chromatin remodeling analysis in the regulation of
B7-1 and B7-2.

My findings should extend our understanding of the molecular mechanisms in the
regulation of B7-1 and B7-2 expression and this may pave the way in the development of
therapeutic strategies by the identification of potential targets. Modulation of the
CD28/B7 co-stimulatory pathway may lead to the treatment of diseases such as

autoimmunity, cancer, organ transplantation, and graft-versus-host diseases.
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