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Dendritic cells (DCs) are key cellular components of innate and adaptive
immunity. Given their crucial role in controlling immunity, the therapeutic role of DCs
has been proposed for many diseases that involve immune activation. They can modulate
the adaptive immune response between two separate fates by changing the behavior of T
cells: TH1 versus TH2. TH1/TH2 cells can be differentiated based on their cytokine
expression: the first produces high levels of IL-12, TNFα and IFNγ while the latter
produces IL-10, IL-4 and IL-2. Previous studies have shown that monocytes can
differentiate into immunostimulatory DCs when cultured with granulocyte-macrophagecolony stimulating factor (GM-CSF) and interleukin-4 (IL-4). Separate studies show that
granulocyte-colony stimulating factor (G-CSF) mobilization as used in stem cell
transplantation alters DC cytokine production and tilts the balance towards a TH2
response. Given the central role of DC as immune stimulators, GM-CSF may be utilized
to increase DC numbers and to promote anti-tumor effects after hematopoietic stem cell
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transplantation. Our study examines how growth factors such as GM-CSF can affect
cytokine expression. We hypothesize that GM-CSF will enhance immune stimulatory
cytokine production by DCs and sway the balance towards a DC1, TH1 response. Also,
administration of GM-CSF in transplants has been shown to increase the numbers of DCs
in general following autologous stem cell grafts. We have shown that higher levels of
DCs after allogeneic stem cell transplant correlate with longer survival of the recipients.
We measured the levels of five cytokines IL-12, TNFα, IFNγ, IL-10 and IL-4 in
human PBMCs cultured with GM-CSF to test our hypothesis that GM-CSF induces a
type 1 versus a type 2 cytokine profile. We then tested whether this profile seen on
PBMCs was the product of T cells (TH1 or TH2) or if they were coming from the T cell
depleted population. To further test our hypothesis we separated adherent monocytes
from PBMCs. For this we assayed for the induction of an increase of DC1, DC2 or both
from the monocyte population as measured by flow cytometry and if those cells were
able to induce an increased allogeneic T cell proliferative response. Our results show that
there is an induction of TH1 cytokines, especially IL-12 after the addition of GM-CSF to
the culture and that this induction comes from both T cell and non T cell populations. We
did not observe a change in proliferation and the DC counts as measured by flow
cytometry. Flow cytometric analysis suggests that GM-CSF does not induce an increase
in the DC populations and it does not induce a change in the ratio of DC1 to DC2 cells in
a six day monocyte culture.
Our results suggest that instead of DCs shifting the balance towards a type 1
response when stimulated with GM-CSF, as originally suggested, it is the T cells that
have the strongest cytokine response to this growth factor.
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CHAPTER 1
GENERAL BACKGROUND
Research on the immune system continuously reveals new roads to novel therapies
for many diseases including infections, allergies, cancer, and graft rejection. Among the
many cells involved in this intricate system are dendritic cells (DCs) whose
immunobiology has already proven to be central to the function of the immune system.
Understanding how DC behaves in the body may help us manipulate the immune system
to possibly not only cure but prevent a vast array of diseases.
Because of their central role in the adaptive immune response DCs have become a
favorite target for research in many clinical diseases including allergy, transplantation,
autoimmune disease, resistance to infection, resistance to tumors and immunodeficiency.
1.1 Hematopoiesis
Hematopoiesis (Greek for blood-forming) is a complex scheme of multi-lineage
proliferation and differentiation that gives rise to all the cells found in blood. It is a highly
regulated system in which a large number of hematopoietic growth factors control both
the production and functional activity of blood cells. The earliest of these growth factors
to be discovered were the colony stimulating factors (CSF). These factors have been well
characterized because of their obvious effects on mature cell production and/or
activation. Although hematopoiesis occurs mainly in the bone marrow of adult mammals,
totipotent stem cells first arise in the yolk sac during embryonic development, are later
found in fetal liver, and at birth are found in high concentrations in cord blood. In adults,
stem cells are found in peripheral blood at very low concentrations. The concentration
1
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increases dramatically after stem cell mobilization into peripheral blood, a phenomenon
which occurs in response to chemotherapy or growth factor administration in vivo (for
instance administration of G-CSF).
1.2 Dendritic Cells
Our understanding of dendritic cells has boomed in the past ten years. We are
barely beginning to grasp how they control the immune system and their importance
during an immune response. In a short time all this information has already led to DC
based cancer immunotherapy protocols (Ardavin et al. 2004).
1.2.1 Definition of DCs
DCs are a sparsely distributed, migratory group of bone-marrow-derived
leukocytes that are specialized for the uptake, transport, processing and presentation of
antigens to T cells. At an “immature” stage of development, DCs act as sentinels in
peripheral tissues, continuously sampling the antigenic environment. Any encounter with
microbial products or tissue damage initiates the migration of the DCs to lymph nodes.
Mature DCs have a distinct morphology characterized by the presence of numerous
membrane processes that can extend for up to hundreds of micrometers. These processes
can take the form of dendrites, pseudopods, or veils. Additional morphologic features of
DC include high concentrations of intracellular structures related to antigen processing
such as endosomes, lysosomes, and the Birbeck granules of Langerhans cells (LC) of the
epidermis.
DCs are highly specialized antigen presenting cells (APCs) of the immune system.
Sensitizing the immune system to specific antigens is certainly the most pertinent
function for DCs. Immature DC, located at sites of antigen entry such as the gut mucosa,
is specialized for antigen capture but lack the ability to activate T cells (Nestle et al.
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2001). As they mature, DCs migrate to peripheral lymphoid organs where they lose the
ability to capture antigen but now acquire MHC at the surface and thus acquire the
capacity to activate naïve T cells carrying receptors for that antigen. DCs pick up and
process antigen with high efficiency in peripheral tissues and continuously migrate to
lymphoid organs to present these antigens to specific T cells. T cells and dendritic cells
(DCs) must interact to initiate immune responses against invading pathogens (Hilkens et
al. 1997, Fong et al. 2000, Banchereau et al 1998). They regulate both immunity and
tolerance while other cells like B cells, T cells and NK cells are the effectors. All of these
characteristics and more make these cells unique since they have the essential features for
the initiation of immunity.

Figure 1-1. Morphology of Dendritic Cells: Dendritic cells purified from peripheral blood
demonstrate characteristic dendrites after several days of culture in vitro
(Fong et al. 2000).
One of the characteristics of DCs is a constitutive high expression of co-stimulatory
molecules such as CD80 (B7.1) and CD86 (B7.2), and molecules regulating costimulation such as CD40 are also expressed on mature myeloid DCs. Also the
expression of MHC class II gets upregulated and there is absence of lineage markers,
including, CD14 (monocyte), CD3 (T cell), CD19, CD20, CD24 (B cell), CD56 (natural
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killer cell), and CD66b (granulocyte). Not surprisingly, in light of their antigen
presenting functions, DC also express various adhesion and co-stimulatory molecules like
CD11a (LFA-1), CD11c, CD50 (ICAM-2), CD54 (ICAM-1), CD58 (LFA-3), and CD102
(ICAM-3). However, all of these markers can also be found on monocytes and
macrophages, but vary with differentiation stage and activation status.
1.2.2 Maturation Stages
After antigen capture in the presence of maturation signals associated with
inflammation or infection, immature DCs are activated by toll-like receptors (TLRs),
interferons (IFNs), or members of TNF-R family and undergo a complex maturation
process. In vivo this process is paralleled by migration of DCs to T-cell rich areas of
lymphoid organs, where they present antigen-derived peptides to antigen-specific T cells
and direct their differentiation into T effector or memory cells. They can also induce NK
cell activation and B cell differentiation into antibody forming cells. In contrast, antigen
capture in the absence of co-stimulation can lead to tolerance (Ardavin et al. 2004). DC
progenitors in the bone marrow become highly phagocytic DC precursors (immature DC)
in peripheral tissues but when they mature present antigen and stop phagocytosing. Once
mature they are able to induce clonal expansion and are endowed with receptors to
recognize antigens: lectins, Fcγ receptors, toll-like receptors. They also change their
chemokine receptor CCR6 to MIP3a which makes it home to lymph node after antigen
encounter. Human DC precursors circulating in the blood initially can express CD2,
CD4, CD13, CD16, CD32, and CD33, but they gradually lose their expression of these
antigens with maturation. In contrast, adhesion molecules, co-stimulatory molecules, and
MHC antigens increase with maturation. CD80 and 86 are upregulated with activation,
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particularly with CD40 ligation. CD86 tends to appear earlier in maturation, while CD80,
which is almost unmeasurable in blood precursors, appears later. Freshly isolated DCs are
active at pinocytosis and possess nonspecific antigen uptake receptors though at lower
levels. Some express FcR (CD16, CD32) and complement receptors (CD11b, CD11c,
CD35). CD11c may also act as a receptor for LPS as DC lack the classical LPS receptor,
CD14, and yet respond to this stimulus. A series of microbial products (for example CPG
motifs in bacterial DNA, double-stranded viral RNA, lipopolisacharide (LPS) and
necrotic cell products) activate DCs. In addition, DCs distinguish between tissue cells
that die by the normal process of apoptosis and those that die by externally generated
necrosis. The receptors that recognize these diverse stimuli vary from lectin-domain
scavenger receptors that are similar to those on phagocytes to the TLRs, which are related
to proteins from the defense systems of plants and insects. (Koller et al. 2002). The
stimulatory milieu produced by activated DC, combined with the presentation of epitopes
in MHC class I and class II and the expression of co-stimulatory molecules, contributes
to the generation of potent antigen-specific immune responses.
Another characterisitic of DCs is their high stimulatory capacity. They are potent
activators of naïve T cells (10-100 times more potent at activating naïve and memory T
cells than other professional antigen presenting cells) and therefore important initiators of
primary specific immune responses. Research groups regularly rely on the ability of DC
to induce proliferation in an allogeneic mixed leukocyte reaction (MLR). Ussing this
assay system, they can stimulate autologous T cells by presenting either self or
exogenous antigens.
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1.2.3 Generation of DCs for Research
There are relatively few studies on mature human DCs freshly isolated from tissue.
Blood is the only readily available source. Although some human blood DCs are
sufficiently mature to give a proliferative response in mixed leukocyte cultures, blood is
more a source of immature DCs and progenitor DCs. Obtaining mature DCs has proved
to be a challenge not only because of the lack of markers but also because of the scarcity
of this type of cells in the blood since they represent around 1% of peripheral blood
mononuclear cells (PBMC). Human DC can be enriched as circulating precursors from
the blood by density-based purification techniques. For instance, after a period of in vitro
culture and maturation, DC precursors become larger and less dense. Gradient solutions
lacking potentially immunogenic proteins such as BSA have been employed for this
separation. These different fluids are osmotically active to varying degrees and have
additional stimulatory properties as well.
As a result of their scarceness, leukapheresis must be performed to generate
sufficient numbers of DC (on average 5 x 106) for things like therapeutic vaccination in
humans. Because of this problem researchers have had to depend on culture methods.
Three different precursor-cell starting points have been used to generate human DCs in
vitro. One approach for generating human DC-like cells from bone marrow precursors
utilizes CD34+ cells (the earliest precursors) cultured in the presence of exogenous GMCSF, usually in combination with IL-4 and/or TNFα. Later these cells are selected for
CD1a or CD14 and restimulated with GM-CSF. Sources for human CD34+ precursors
include bone marrow, cord blood, and G-CSF-mobilized peripheral blood. As well as
containing haematopoietic stem cells and progenitor cells, this fraction contains some
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committed DC precursors capable of forming pure DC colonies in semisolid media. Also,
stem cell factor (SCF) and/or Flt3-ligand (FL) are often added to increase DC yields by
inducing the proliferation of DC progenitors. An alternative approach is to expand DC in
vivo (Pulendran et al. 2001, Koller et al. 2002, Koller et al. 2002).

Figure 1-2. Invitro Pathways of Differentiation of Culture Dendritic Cells (Santini et al.
2003).
Recent studies suggest that blood monocytes are an immune reservoir of cells with
dual potential that can be recruited to the tissues and differentiate into macrophages or
DC depending on the tissue microenvironment. Enriched peripheral blood monocytes
cultured in vitro with media supplemented with GM-CSF and IL-4 for 1 to 2 weeks
differentiate into cells with immature DC morphology (monocytes are CD14+ and
CD11c+; their precursor in blood is about 20% of blood cells). The monocytes give rise to
large numbers of cells that are morphologically and phenotypically similar to the
‘‘classical’’ density purified DC. These monocyte-derived dendritic cells (MDCs)
express MHC class II as well as low levels of co-stimulatory molecules CD80 and CD86.
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They also express CD1a (a tissue marker), lack CD14 (a monocyte/macrophage surface
receptor) and are highly efficient in antigen capture but are poor stimulators of T cells.
These cytokine-generated DC require additional maturation in vitro in order to fully
stimulate in an allogeneic mixed lymphocyte reaction (MLR) or prime antigen-specific T
cell responses in vitro and in vivo. After the addition of a maturation stimulus such as
TNFα, lipopolisacharide (LPS) or soluble trimeric CD40L (sCD40L) MDCs upregulate
MHC II, CD80, CD86, and induce expression of CD83 (a DC specific cell surface
marker). Mature DC also decrease mechanisms of antigen capture and become highly
immunostimulatory just like an in vivo matured DC. Without this additional maturation
step, the DC phenotype can revert to that of a monocyte (Fong et al. 2000, Koller et al.
2002).
1.2.4 Dendritic Cell Subpopulations
Although there is general agreement that DCs are derived from hematopoietic stem
cells, studies indicate that they can arise from at least two distinct lineages. The several
and often opposing roles now ascribed to them cannot all be carried out at once by the
same cell at the same time, so it is theorized that there should be different sets of DCs
that perform different functions. Such specialized subtypes might represent different
activation states of a single lineage, the functional differences depending entirely on local
environmental signals (the functional plasticity model). Alternatively, the specialized DC
subtypes could be the products of entirely separate developmental lineages. The signals
that determine lineage segregation would then act earlier and the immediate precursors of
the DCs would already be separate and functionally committed (the specialized lineage
model). The reality is a confusing mixture of these two models, and a large degree of
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functional plasticity seems to be a general feature of both DCs and progenitor DCs
(Koller et al., 2002).
The precise relationship between these lineages remains controversial, partly
because no specific markers for DC precursors in humans have yet been identified.
However, the heterogeneity of DC lineage and the possibility that the resulting DC
subpopulations differ in their functions have significant implications when considering
DC-based strategies. What is known about the human blood DC markers is that there is
heterogeneity in their marker expression, but many of these reflect differences in the
maturation or activation states of DCs rather than separate sublineages. In a few cases,
human DCs have been isolated from lymphoid tissues without any incubation steps to
promote differentiation, and the mature DCs analyzed. Most human thymic DCs are
CD11c+CD11b-CD45ROlo and lack myeloid markers. A minority of human thymic DCs
is CD11chi CD11b+ CD45ROhi and expresses many myeloid markers (Nestle et al., 2001;
Koller et al., 2002).
DCs in blood are generated from either myeloid or lymphoid bone marrow
progenitors through intermediate DC precursors (iDCs) that home to sites of potential
antigen entry where they differentiate locally into mature DCs. Two subsets of DCs have
been phenotypically described, a myeloid derived DC that captures antigen in the
periphery and migrated to the draining lymph node and a lymphoid DC that resides in the
lymph node. The CD11c+ resident cells in vivo (intrathymic) in the human postnatal
thymus are truly myeloid DCs and have upregulated GM-CSF receptor expression. Also
CD16+ cells were more effective than CD16- monocytes in reverse transmigration and
differentiation into DCs. CD16+ also have higher expression of co-stimulatory molecules
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than other monocytes. Therefore it is suggested that CD16+ human monocytes readily
develop into DCs via CCR-8 mediated signals. (Ardavin et al. 2004). In humans, the
more classical myeloid DCs are derived either from a committed DC precursor or from a
granulocyte/monocyte precursor. Conversely, data derived mostly from in vivo DC
reconstitution assays in the mouse shows that the same DC subpopulations (including
conventional DCs and progenitor DCs) can be generated from either myeloid or
lymphoid progenitors. Myeloid DCs can also be derived from several cell types
previously thought to be terminally committed. For example, monocytes and granulocyte
precursors can differentiate into DC when exposed, in vitro, to appropriate combinations
of cytokines including GM-CSF or TNFα with or without IL-4. Shortman and colleagues
also described a population of DC derived from lymphoid progenitors in mice (Koller et
al 2002). This other cell type appears to arise from CD4+CD8+ lymphoid precursors and
can be induced to differentiate, in vitro, without GM-CSF. Knockout mouse models have
also implicated a lymphoid DC lineage. In humans there are reports of a distinct human
DC subpopulation, which would be the lymphoid DC just described in mice, which
express high levels of CD123 (IL-3 receptor) and CD4 and lack the CD11c myeloid DC
marker. Identified in blood and tonsils, these CD123+ DC precursors require IL-3 for
survival and an activation signal, such as CD40L, for maturation (Nestle et al. 2001;
Pulendran et al. 2001). They appear to bias CD4+ T cell priming to a TH2 response, in
contrast to myeloid CD11c+ DC, which preferentially induce a TH1 response. This
CD123hi DC also appear to be a major source of type I interferon; and may therefore,
possess effector immune function as well. All of these experiments do not support the
existence of independent myeloid and lymphoid DC subpopulations as previously
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proposed but instead point to a DC differentiation model relying on contributions from
both myeloid and lymphoid differentiation pathways. There is a possibility that all DC
subsets might derive from a single DC common precursor (Koller et al. 2002, Ardavin et
al. 2004). A lymphomyeloid precursor population is thought to be seeding the postnatal
thymus in humans (Ardavin et al. 2004). Most of the insights into human DC subsets and
their development origins have come not from direct isolation of the mature DCs from
tissues but from indirect studies of their development in culture from iDCs or pDCs.
These studies have led to the concept of distinct pathways of human DC development,
although the correspondence between the DCs generated in culture and naturally
occurring DCs subtypes in human or mouse is not clear (Koller et al., 2002).

Figure 1-3. Pathways of Dendritic Cell Development: Representation of the interactions
of cytokines in the ontogeny and function of type1 (CD11c positive) dendritic
cells (pDC1) and type 2 (CD123 positive) DCs (Waller et al., 2003)
Blood monocytes, termed precursor DC1, are the most commonly used precursor
cells for generating human DCs in culture. In the presence of M-CSF they will generate
macrophages but, in the prescence of GM-CSF and IL-4, DCs termed DC1 are produced
after six days and little or no proliferative expansion is involved. Final maturation to
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CD14-CD38+CD86+ surface MHC IIhi DCs is achieved by stimulating with
proinflamatory cytokines such as TNFα or microbial products such as LPS. Helper CD4+
T cells, signaling by means of CD154, can also mature and activate these DCs (Pulendran
et al. 2001, Koller et al., 2002). The precursor for the final pathway of human DC
development in culture, termed pDC2, is the interferon α/β producing plasmacytoid cell.
They have a plasma-cell-like morphology and a unique surface phenotype
(CD4+CD123+CD11c- and negative for most lineage markers). It has been suggested that
at least some of these plasmacytoid cells are of lymphoid origin: they express many
lymphoid markers, lack surface myeloid markers and produce mRNA for germ-line IgK
and for pre-T-cell receptor α. The plasmacytoid cells respond to viral and microbial
stimuli by producing class I interferons. They express intracellular but not surface MHC
II, similar to iDCs. When cultured with IL-3 and CD154, or with microbial stimuli such
as bacterial CpG or human herpes simplex virus, they become mature DCs without
apparent proliferative expansion. The progeny DCs, termed DC2, express low levels of
CD11c and lack typical myeloid markers, like their precursors, but otherwise display the
characteristics of mature DCs. (Pulendran et al. 2001, Koller et al., 2002)
1.3 Type 1 vs. Type 2 Immune Response
A critical aspect of the immune defense against infection by pathogens is mediated
by helper function of newly activated CD4+ T helper cells. The experimental outcome of
a DC-T cell interaction is often simply T cell proliferation. Although triggering of T cells
into cell cycle progression is a central function of DCs, it is now clear that DCs can also
influence, and perhaps dictate, the subsequent development of these dividing T cells. T
cell activation and proliferation might lead to immunity or tolerance, to the
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generation/activation of effector T cells, and to T cells that secrete different patterns of
cytokines, including the extreme cytokine-polarized T helper 1 (TH1) and T helper 2
(TH2) responses (Koller et al. 2002). TH1 and TH2 cells differ in the cytokines they
secrete and the type of response they elicit in target cells expressing cytokine-specific
receptors. The activation of the appropriate T cell subset is critical for providing
protective immunity against a variety of pathogens: TH1 immunity protects against
intracellular parasites such as Leishmania via macrophage activation and secrete the
cytokines IL-2, IFNγ and TNFβ. In contrast, TH2 immunity protects against extra-cellular
pathogens, such as helminthes, and to persistent antigens, such as allergens, by effecting
humoral immunity and secrete the cytokines IL-4, IL5, IL-10, and IL13. These same TH2
cytokines can also contribute to tumor rejection by boosting eosinophil function and
increasing antibody concentrations (Dranoff 2004). One theory to explain the selectivity
of T cell responses postulates that cytokines secreted by neighboring cells drive resting
naïve T cells down a particular differentiation pathway. However, Rissoan and colleagues
challenged aspects of this model by suggesting that DCs not only provide a common set
of signals to initiate clonal expansion of T cells but also provide T cells with selective
signals leading to either TH1 or TH2 immunity (Bottomly 1999, Rissoan et al. 1999).
Two general mechanisms have been proposed by which DCs might maintain
peripheral tolerance. The first is that a subtype of specialized regulatory DCs is involved;
there is some evidence for such DCs, but no consensus. The second is that all DCs have a
capacity for initiating tolerance or immunity depending on the maturation or activation
state of the DC (Koller et al. 2002). The ability of DC to induce immunity or tolerance is
dependent on the microenvironment during antigen capture and the antigen itself.
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Antigens that fail to induce an inflammatory stimulus are considered safe and induce
tolerance, while antigens that are accompanied by an inflammatory signal elicit an
immune response directed at antigen elimination (Koller et al. 2002). Also the differential
development of naïve T helper cells into functionally distinct memory TH cells, such as
TH1 and TH2 cells, depends upon microenvironmental factors that are present at the time
of T cell activation (Hilkens et al. 1997). Recent data indicate that the microenvironment
during antigen capture polarize DC so that it provides a signal in the form of release of
polarizing cytokines that directs the bias of TH cells towards TH1 or TH2 cytokine
production. A crucial factor in this polarization is the presence of IL-12 or IL-4
respectively during T cell receptor engagement (Koller et al. 2002). The concept that
polarization of TH responses relies on specialized DC subsets was challenged however
since it was reported that different DC subpopulations either differentiated in vitro or
isolated from the spleen can induce TH1 or TH2-effector cells in vitro depending on the
antigen dose and the activation stimulus. High antigen doses induced a TH1 response,
while low doses induced a TH2 cytokine file. On the other hand, the capacity of myeloid
DCs versus plasmacytoid DCs to induce TH1 responses was shown to be dependent on
activation with LPS and CpG, respectively, correlating with the high expression of TLR4
and TLR9 by myeloid DCs and plasmacytoid DCs (Nestle et al. 2001; Ardavin et al.
2004).
Until recently, myeloid DCs were thought to only stimulate TH1 cells by virtue of
their ability to secrete IL-12 (Whittaker 2000; Whittaker et al. 2000). Recent studies in
vitro and in vivo suggest that myeloid DC can induce TH1 or TH2 cytokine production in
naïve T cells. The determining factor in skewing the TH response by the DC is the
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secretion of IL-12 and the amount of IL-12 secreted by the DC depends on several factors
present during antigen capture as well as the antigen itself including microbial products,
the CD40 ligand (CD154), stimulation from activated T cells and the appropriate
cytokine milieu (Koller et al. 2002). DC induce the development of naïve TH0 cells
populations into TH1 cell populations, producing both IFNγ and IL-4, because interaction
between DC and naïve TH cells does not facilitate the induction of IL-12 production.
Therefore, the induction of TH1 development through DC derived IL-12 requires the
action of an exogenous IL-12 inducing factor (Hilkens et al. 1997). The functional
plasticity of a given human DC subtype when exposed to different cytokines or
pathogens makes it difficult to ascribe a fixed function to a particular DC lineage. For
example, the ability of human monocyte-derived DC1 cells to produce IL-12 and so to
direct a TH1 rather than a TH2 response varies with the conditions of DC generation and
stimulation. Despite this plasticity, each human DC subtype does seem to have a different
functional bias. The evidence for this comes mainly from studies on the DC1 and DC2
populations generated from precursors in culture. It is clear that we must move from
considering DC subtypes as being static elements in healthy individuals to considering
the dynamic behavior of the entire DC system in response to infections or pathological
states (Koller et al., 2002).
The two helper subsets also cross-regulate each other, so the balance between TH1
and TH2 cytokines can determine whether the immune response is appropriate or will
terminate in detrimental immunopathologies. Overproduction of TH1 cytokines has been
implicated in delayed-type hypersensitivity reactions and autoimmune diseases. TH2
cytokines recruit eosinophils and activate mast cells thus dysregulation of these cytokines
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can lead to allergenic and inflammatory conditions. The polarized subsets TH1 and TH2
both develop from the same TH0 precursor. The dose of antigen, strength of signal
through the T-cell receptor (TCR) and co-stimulation all influence the initiation of TH
differentiation. An important insight was obtained from the observations that the antigenactivated naïve TH0 cell can be induced to differentiate into the TH1or TH2 lineage in
vitro by the addition of exogenous cytokines. Overall, the mutually antagonistic effects of
IL-4 and IFNγ regulate TH1/TH2 balance and subsequent polarization (Rengarajan et al.
2000).
1.4 Cytokines
Cytokines are secreted or membrane-bound proteins that regulate the growth,
differentiation and activation of immune cells. The cellular changes in local cytokine
expression can lead to perturbations of the microenvironment in which they are secreted.
These perturbations stimulate immune-cell infiltrates which in turn release additional
cytokines that act in an autocrine or paracrine fashion creating a cascade effect. Efforts to
understand cytokine function during tumor development and progression are complicated
by the pleiotropy and apparent redundancy of cytokine action and by the ways in which
the overall cytokine environment shapes the effects of individual cytokines.
1.4.1 Importance of The Study of Cytokines
Cytokines are released in response to a diverse range of cellular stresses, including
carcinogen-induced injury, infection and inflammation. In these settings, cytokines
function to stimulate a host response that is aimed at controlling the cellular stress and
minimizing cellular damage. Conversely, whereas effective containment of the insult
promotes tissue repair, the failure to resolve the injury can lead to persistent cytokine
production and to an exacerbation of tissue destruction.
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Pathogens can primarily serve as stimulants for ongoing cytokine production and
inflammation resulting in marked tissue damage. Imbalances of these cytokines can then
promote the progression from chronic infection to cancer by promoting sequestration of
the infectious agent by surrounding cells and promoting the growth of cells around this
area. As the mixture of cytokines that is present in the tumor microenvironment shapes
host immunity, therapeutic manipulation of the cytokine environment constitutes one
strategy to stimulate protective responses.
Indeed, William Coley’s pioneering work at the end of the nineteenth century, in
which bacterial extracts were administered as cancer immunotherapy (Cooley’s toxins),
resulted in marked alterations in cytokine levels and tumor clearance in some of the
treated patients. Although the toxicities of this approach ultimately proved limiting,
probably reflecting the unintended consequences of an elicited cytokine storm that
resembled toxic shock, it is noteworthy that some patients with disseminated disease
achieved durable clinical benefits (Dranoff et al., 2004).
Recent investigations of the host anti-tumor response have revealed a previously
unappreciated complexity of cancer-cell/immune-cell cross–talk. Studies of cytokinedeficient mice have revealed dual roles for the immune system in suppressing and
promoting cancer formation. In these systems the interplay of chronic infection,
inflammation and cancer immunity helps determine the outcome of the host response.
Future work should aim at characterizing cytokine pathways in patients with cancer to
delineate whether comparable alterations of cytokine function contribute to tumor
formation in humans. If such associations could be established, it might become possible
to prospectively identify individuals at high risk for cancer (Dranoff et al., 2004).
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In some cases, immune cells constitute an additional prominent component of the
host response to cancer but their participation in tumor pathogenesis remains
incompletely understood. The presence of dense intratumoral lymphocyte infiltrates in
early-stage neoplasms are strongly correlated with reduced frequencies of metastasis and
improved patient survival in several cancer types. Compelling epidemiological data
indicate that diverse forms of chronic inflammation markedly increase the risk of
malignant transformation, and therefore, that unresolved host immune reactivity can
promote tumor development. One variable that might prove decisive in molding the host
reaction is the mixture of cytokine that is produced in the tumor microenvironment that
may be promoting or regressive of the tumor. Therefore, manipulation of the cytokine
balance may be exploited for potential cancer therapy. Therapeutic administration of
cytokines may prove beneficial in overcoming some defects like a tumor growing
undetected, immunosuppression, inflammation in excess.
1.4.2 Interleukin-12
A powerful factor in the differential development of naïve T cells towards a TH1 vs.
a TH2 type is IL-12. It strongly augments IFNγ production by activated naïve T cells and,
therefore, skews their development toward the memory TH1 phenotype. DCs produce
physiologically significant IL-12 levels only when TH1 cell-mediated responses are
beneficial (Whittaker 2000; Whittaker et al. 2000, Reddy et al 2004). LPS is also a potent
inducer of production in PBMC indicating that cells stimulated by LPS are the ones
secreting this cytokine. Naïve T cells are poor inducers of IL-12 production in contrast to
memory T cells (Hilkens et al. 1997). Mice that lack the p40 subunit of IL-12 and IL-23
(two cytokines that stimulate IFNγ production) and mice that lacked NKT cells (a key
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source of IFNγ) also developed more tumors in response to chemical carcinogens than
normal mice. Systemic IL-12 elicits striking anti-tumor effects in mouse models but
clinical testing was abruptly curtailed because of unexpected severe toxicities. This is one
of the effects obtained observed with Cooley’s toxin which was beneficial yet proved to
be deadly. IL-12 augmented tumor rejection by promoting TH1 responses, increasing
lymphocyte cytotoxicity and inhibiting angiogenesis (Dranoff 2004).
1.4.3 Granulocyte Macrophage-Colony Stimulating Factor
GM-CSF is a member of a large family of glycoprotein growth factors that regulate
the growth and differentiation of hematopoietic progenitor cells. It has few side effects in
patients yet it has a systemic and immunologic effect that was observed after repetitive
daily doses of the human recombinant form of GM-CSF over extended periods of time. It
is also known to act at several levels in the generation and propagation of immune
responses and has several functions in the immune system including the induction of the
differentiation and promotes the survival of peripheral blood DCs. It also increases the
activation of macrophages, granulocytes and NKT cells, thereby improving tumor antigen
presentation (McNeel et al. 1999, Pulendran et al. 2001).
1.4.4 Granulocyte-Colony Stimulating Factor
G-CSF is used to expand leukocytes in peripheral blood to mobilize of stem cells
from the bone marrow into the bloodstream of patients or normal donors. It does not
target tumors directly but is widely used to ameliorate the hematological toxicities of
progressive cancer and cytotoxic treatments. It is also commonly used to accelerate
neutrophil recovery following a high dose of chemotherapy for various malignant
diseases (Welte et al. 1996, Belladona et al. 2002, Sloand et al. 2001).
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1.5 Bone Marrow and Stem Cell Transplantation
Bone marrow transplantation (BMT) is currently indicated in the treatment of a
number of malignant and non-malignant diseases including acute and chronic leukemias,
myelomas, lymphomas, aplastic anemia, solid tumors, and severe immunodeficiencies.
Over the past decade, stem cell transplantation (SCT), which includes the use of
peripheral blood and cord blood in addition to stem cells separated from bone marrow,
has become an established therapy for many diseases. In 1996 over 40000 SCT were
performed, primarily in the US and Western Europe, for more than a dozen different
clinical indications (Horowitz MM and Rowlings PA 1997). The number of BMT and
SCT performed annually is increasing at a rate of 20% to 30% per year, which is
expected to continue into the foreseeable future.
BMT and SCT are indicated as a treatment in a number of clinical settings because
the highly prolific cells of the hematopoietic system are sensitive to many of the agents
used to treat cancer patients. Chemotherapy and radiation therapy usually target rapidly
cycling cells, so hematopoietic cells are ablated along with the cancer cells.
Consequently, patients undergoing these therapies experience neutropenia (low
neutrophil numbers, <500 per mm3), thrombocytopenia (low platelets numbers, <20000
per mm3) and anemia (low red blood cell numbers) rendering them susceptible to
infections and bleeding. BMT and SCT dramatically shorten the period of neutropenia
and thrombocytopenia but the patient may require repeated blood component transfusions
for as long as six months. The time period during which the patient is neutropenic
represents the greatest risk associated with these therapies and often requires parenteral
antibiotic administration. In addition, some patients never achieve engraftment (when cell
levels rise to safe levels).
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SCT may be performed with patient cells (autologous) that have been removed and
cryopreserved prior to administration of chemotherapy, or with donor cells (allogeneic).
Autologous transplants outnumber allogeneic transplants 3:2, and the use of autologous
transplants is growing more rapidly. Nevertheless, there are significant advantages and
disadvantages with both techniques. A major concern with autologous BMT and SCT is
the possibility of reintroducing tumor cells along with the transplant. A major obstacle in
allogeneic transplantation is the high incidence of graft versus host disease (GVHD), in
which donor T cells recognize the recipient as foreign, resulting in a strong immune
response against many of the recipient’s tissues.
1.5.1 Acute Graft vs Host Disease (aGVHD)
The development of acute and chronic GVHD and the immunosuppression used for
GVHD prophylaxis represent significant risk factors for bacterial, fungal, and viral
infections. Studies of experimental and clinical allogeneic BMT and SCT have shown
that immunologically competent T cells must be present in the transplanted graft for
GVHD to occur. Depletion of T cells or T-cell subsets prevents GVHD and eliminates
the need for further immunosuppression but is associated with a higher rate of graft
failure and increased incidence of leukemic relapse, resulting in equivalent disease-free
survival for patients who receive conventional prophylaxis. GVHD thus remains a major
barrier to allogeneic BMT or SCT for a variety of diseases and further elucidation of the
pathophysiological mechanisms involved is critical to its wider application. Besides
inflammation or infection, BMT can also trigger a danger signal, caused by secretion of a
storm of proinflammatory cytokines during the conditioning regimen. If major or minor
histocompatibility antigen mismatches are present among the donor-recipient pair this
storm of cytokines would then favor recognition of host antigen-presenting cells (APC by
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donor-specific T lymphocytes). This would result in the secretion of a new storm of
cytokines that activate other effectors of the immune response and lead to the initiation of
graft-versus-host disease (GVHD) (Krenger et al. 1997). Host APC and, more
particularly, host DC play a crucial role in the initiation of GVHD. Supporting these
results, researchers have shown that after irradiation host DC are activated and migrate
into the secondary lymph nodes were they prime allogeneic CD8+ T cells before dying as
a result of apoptosis. In agreement with these studies, it has been shown that treatment of
BMT recipients with Flt3 ligand, a hematopoietic cytokine that facilitates expansion of
DC, accelerates GVHD lethality. Thus, together these reports indicate that DCs initiate
the allogeneic response. However, the impact of the allogeneic response on DC activation
has never been investigated. (Laurin et al. 2004)
Advances in basic immunology during the last decade have demonstrated how
interactions between immunologically competent cells are governed by cytokines.
Research has focused on the roles of these mediators in the pathogenesis of acute GVHD.
Current evidence indicates that dysregulated cytokine production occurs during
sequential monocyte and T-cell activation. Cytokine dysregulation after bone marrow
transplantation can be conceptualized as three sequential parts or phases (Krenger et al.
1997).
1.5.1.1 Phase 1: Host Conditioning
Agents used for BMT conditioning, which often includes total body irradiation
and/or chemotherapy, are important variables in the etiology of acute GVHD and other
transplant-related complications. Ionizing radiation activates host cells to secrete
increased levels of inflammatory cytokines. The increased systemic levels of these
cytokines then can lead to endothelial cell damage which contributes to increased
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activation of donor T cells present in the donor marrow inoculum. Facilitation of T-cell
activation by inflammatory cytokines may occur via their direct stimulatory action on T
cells, or indirectly through enhanced antigen presentation or enhanced intercellular
adhesion. In addition, injury to the mucosal surface of the gastrointestinal tract due to the
conditioning regime may enable bacterial breakdown products, such as endotoxin or LPS,
to enter the circulation. LPS may subsequently stimulate pre-activated gut-associated
macrophages.
1.5.1.2 Phase 2: Donor T Cell Activation
Activation of alloreactive donor T cells occurs during phase 2 of GVHD. The
nature of host alloantigens determines which subset of donor T cells proliferates and
differentiates. Activated donor T cells secrete several cytokines, predominantly IL-2 and
Type 1 IFNs, which can be produced by CD4+ as well as CD8+ T cells (“TH1” and “T
CTL 1” cells), inducing cytotoxic T lymphocyte (CTL) and NK cell responses, and
priming monocytes to produce the proinflammatory cytokines.
1.5.1.3 PHASE 3: Inflammatory Effector Mechanisms
In aGVHD, a third set of components include several inflammatory cytokines,
specific anti-host cytotoxicity mediated by CTL via Fas and perforin pathways, large
granular lymphocytes or NK cells, and nitric oxide (Krenger et al. 1997).
1.5.2 Chronic Graft vs Host Disease (cGVHD)
Chronic GVHD remains the most common late complication occurring following
allogeneic transplantation, occurring in 25-80% of transplant recipients depending on the
degree of HLA-mismatch with the donor and the source of stem cells. Treatment of
transplant recipients introduced over two decades ago remains inadequate, although is
still the ‘standard’. For patients who are refractory to primary treatment, that is, ‘steroid-
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refractory’ patients, no alternative exists. Chronic GVHD is arbitrarily defined as
rejection or disease occurring 100 days or more after allogeneic transplantation. While
the median time to onset is 201 days following HLA-matched siblings and 133 days
following unrelated donor transplants cGVHD may occur as early as 70 days, or as late as
15 months, post-transplant. Although organ dysfunction in cGVHD is a cause of severe
morbidity, the main cause of death is infection due to immune dysfunction associated
with cGHVD and accompanying immunosuppressive therapy. The prior diagnosis of
acute GVHD is the most important predictor for the development of chronic GVHD
(Farag 2000

CHAPTER 2
OBJECTIVES AND SPECIFIC BACKGROUND TO PROJECT
The objective of our study was to determine whether GM-CSF would skew the
cytokine milieu and lead to proliferation of lymphocytes towards a type 1 phenotype. We
hypothesized that GM-CSF exerted its primary effect on DCs from among all peripheral
blood mononuclear cells (PBMCs). DCs then activate T cells that would be transferred to
an allogeneic bone marrow or stem cell transplant recipient. These T cells in turn would
induce the GVHD as well as the graft versus leukemia (GVL). The GVL effect would
protect the recipient against tumor relapse with a type 1 cytokine response.
As described in Chapter 1, a type 1 response produces IFNγ and IL-12 (which has
been shown to exert a powerful anti-tumor effect), activates macrophages, NK cells and
CTL cells and induces an inflammatory cytokine production. Conversely a TH2 profile
(IL-4 and IL-10) may have the opposite effect such as down regulating innate and
acquired anti-tumor immunity. Type 1 and Type 2 cytokines responses in T cells are
cross-regulatory. Differential activation of T-cell subsets evokes immunopathogenesis of
various diseases including autoimmunity, infections, immunodeficiencies, and GVHD.
Therefore, we hypothesize a potential relevance in the shift in the ratio of the type of
response induced (type1 vs. type 2) in aGVHD and cGVHD. In the case of aGVHD, type
1 responses are thought responsible for initiating acute GVHD. Type 2 responses are
associated with cGVHD. There is now considerable evidence that a type 1 to type 2
immune deviations after allogeneic transplantation are associated respectively with either
decreased aGVHD or with the development of a cGVHD syndrome that is characterized
25
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by decreased lethality and autoantibody formation. In the treatment of aGVHD and
cGVHD the ultimate goal would be to use agents to manipulate that ratio to prevent the
induction of the inflammatory effector phase of GVHD processes without deleting the
beneficial effects that are usually mediated by alloreactive donor T cells also called graft
versus tumor (GVT) or more specifilly graft-versus-leukemia (GVL) effect (Krenger et
al. 1997; Belladona et al. 2002).
Currently the most used growth factor for mobilization of hematopoietic stem cells
is G-CSF although GM-CSF has also been used in conjunction with it. This growth factor
has been shown to increase the incidence of cGVHD although the incidence of aGVHD is
not higher than that in bone marrow transplantation. Allografts mobilized with this
growth factor contain one log more CD3+CD8-CD4+ T cells than bone marrow grafts.
These cells decrease the severity of acute GVHD in a murine model and are associated
with decreased cytotoxic lymphocyte activity in vitro (Pan et al. 1999). The aGVHD is
not increased with increased T cell mobilization, possibly due to G-CSF skewing the
type1/type2 ratio in favor of the more regulatory type 2 response. Sloand et al.
demonstrated that the pretreatment of T cells with G-CSF results in diminished IFNγ and
increased IL4 production when these cells were subsequently subjected to polyclonal
stimulation with IL2, PHA or CD3 monoclonal antibody in vitro. The effects of G-CSF
on CD4+ T cells were direct and granulocytes were not required for G-CSF mediated
modulation. Even though IFNγ exposure results in monocyte apoptosis, survival of
monocytes in their cultures was improved by their co-culture with G-CSF treated CD4
cells, giving evidence suggesting these cells having the tolerogenic effect of TH2. The
overall effects were not due to selected deletion of the TH1 population but rather by
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incrementing the TH2 population. Other investigators have demonstrated that G-CSF
mobilized monocytes exert inhibitory effects on T cell proliferation and responsiveness.
G-CSF mobilized CD14+ cells express significantly lower levels of the co-stimulatory
molecules B7-2 implying that low levels of expression of this molecule may contribute to
the decreasing T cell responsiveness seen during transplant by providing suboptimal
amounts of stimulatory signals. Similarly, monocytes obtained from G-CSF mobilized
donors suppress cytotoxic responses and T-cell proliferation when they are co-cultivated
with allogeneic T cells (Arpinati et al. 2000, Sloand et al. 2000).

Figure 2-1. Effects of G-CSF on T Cells: This figure from Sloand et al. 2000 shows that
G-CSF exerts an effect on IFNγ and IL-4 produced by TH cells (by
intracellular staining). It also shows that treated macrophages excert no
change in this cytokine profile like that seen in un-stimulated Th lymphocytes.
Reddy et al. 2000 also showed that this effect comes only from the donor cells and
not from the recipient, Furthermore the effects are mediated by TNFα reduction. The
reduction of IL-12 secretion shown by Reddy et al. may be one mechanism by which
naïve T cells are polarized toward a Th2 phenotype.
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Figure 2-2. Type 1 Cytokine Profile After Mixed Lymphocyte Reaction: (A)The DC
generated were potent antigen-presenting cells in a primary mixed lymphocyte
reaction (B) 5×104 DC/well in triplicates of a 96-well flat bottom Falcon
tissue culture plate were stimulated with 100 µl of 1 µg/ml of LPS.
Supernatants were collected 4 hr and 24 hr later, and TNFα (B) and IL-12 (C)
were measured by ELISA. Solid bar: Control; Stippled bar: G-CSF; Open bar:
peritoneal macrophages (Reddy et al. 2000).
We hypothesized that GM-CSF elicits a change in the ratio of DC1/DC2 favoring
DC1 cells. Distinct DC subsets can regulate immune responses differently and regulatory
function can be altered by the microenvironment or by pathogens. G-CSF is required for
human DC2 development from hematopoietic progenitor cells (HPCs), whereas GM-CSF
is one of the growth factors required for the development of human DC1 cells from HPCs
(Rissoan et al. 1999, Arpinati et al. 2000, Waller et al. 2003). In one study, rat respiratory
tract DCs, were ovalbumin-pulsing and used in adoptive transfer. These cells stimulated
TH2 cytokines and isotype antibodies. However, pre-treatment of these cells with GMCSF induced production of both TH 1 and TH 2 responses (Pulendran et al. 2001).
G-CSF treatment of normal stem cell donors selectively increases the number of
DC2, but not DC1, in the blood and peripheral blood stem cells (PBSC) used for
allogeneic transplantation. G-CSF may increase the number of DC2 in the circulation by
either stimulating their production in the marrow, increasing survival, inducing
mobilization, or decreasing migration out of the vascular space and recruitment into
lymphoid organs. Yet DC2 isolated from the blood of normal or G-CSF treated donors
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are unable to activate proliferation of naïve allogeneic T cells until after ex vivo activation
by CD40L or TNFα. In contrast, DC1s freshly isolated from human blood can activate
naïve alloegenic T cells. Expression of co-stimulatory molecules is relatively low or
absent in circulating DC1 and DC2. Therefore, there must be other differences in the state
of differentiation or activation of DC1 and DC2 that account for the difference in their
allostimulatory activity. Donor DCs functionally engraft in recipients of allogeneic
transplants. Their persistence has been associated with prolonged organ transplant
survival. The variation in the DC1/DC2 ratio in the graft could have an important
consequence on sensitation of the host and on engraftment outcome (Arpinati et al.
2000).
However, G-CSF usage as a mobilizing agent in bone marrow and stem cell
transplantations has limitations. Allogeneic bone marrow transplant recipients who
received grafts containing more donor DC2 cells mobilized with G-CSF had higher rates
of relapse, and had poorer event-free survival compared with recipients who received
fewer donor DC2 cells (Waller et al. 2003). Outside the hematopoietic stem cell
transplant arena, GM-CSF has been shown to increase protective immunity to melanomas
when they transduced with a gene secreting this cytokine (Schneeberger et al. 2003,
Dranoff et al. 2003, Banchereau et al. 2005). In these systems, GM-CSF stimulates an
intense local immune response consisting of recruitment of DCs, macrophages and
granulocytes. These findings suggest that one function of GM-CSF is to the augment
antigen presentation. GM-CSF also provokes a marked expansion of DCs locally and
systemically that stimulates high levels of protective immunity against certain cancers
like melanoma. In general, GM-CSF is known to elicit the DC1 subset which has superior
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phagocytosis of particulate material, including apoptotic tumor cells. These GM-CSF
promoted DCs have higher levels of co-stimulatory molecules which is indicative of
greater functional maturation. This enhanced activity results in more efficient T-cell
stimulation. CD4+ T cells contribute to the production of antitumor antibodies, which
similarly play a pivotal role in GM-CSF stimulated immunity. The delineation of specific
properties of DCs that elicit high levels of tumor immunity provides important guidelines
for optimizing the therapeutic use of these cells for cancer immunotherapy (Dranoff
2003) (Figure 2-3).

Figure 2-3.Protecting Effects of GM-CSF in Cancer: In the model system of gene
transduction with cytokines GM-CSF fared the best in protecting mice against
melanoma. G-CSF conferred some protection but not as high as GM-CSF.
Keeping the ability of the immune system to fight the tumor is something that
ideally should be left in the transplant patient receiving stem cells (Dranoff
2003).
Waller et al. has demonstrated that significant increase on the content of DCs in the
hematopoietic precursor graft can be achieved by using combinations of growth factors.
Specifically, they compared G-CSF combined with GM-CSF on the content of DC
subsets and T cell phenotype in cells mobilized for transplantation. DC2 content of the
patients that received both G-CSF and GM-CSF was significantly lower than that from
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the patients that received G-CSF alone with no significant change in the percent of DC1
cells. There was an increase in the percentage of CD4+ cells and a trend toward a higher
percentage of CD34+ cells in the grafts collected from the patients that received G-CSF
and GM-CSF together when compared to G-CSF alone. The net result of these studies
was a shift in the DC1/DC2 ratio favoring DC1 in the groups receiving both G-CSF and
GM-CSF (see figure 2-4).

Figure 2-4.GM-CSF/G-CSF Effects in Stem Cell Transplantation: Also from Waller et al.
2003 it shows that DC2 is reduced in the groups receiving GM-CSF (G-CSF
alone (Cohort A), G-CSF and GM-CSF at the same time (Cohort B) and
patients treated with G-CSF followed 7 days later by GM-CSF (Cohort C)).
From these studies, it has been theorized that a TH1 profile is protective against leukemia
relapse and therefore beneficial because of its GVL effect, while a TH2 profile may be
deleterious because it may not only promote relapse but also tumor growth and
dissemination. Type 2 induced T cell hypo-responsiveness strategies reduce the DC2
content of the transplant graft and induces instead a type 1 response may enhance
autologous anti-tumor immunity after autologous hematopoietic progenitor cell
transplantation. Alternatively, such cell may enhance the graft versus tumor effect in the
context of allogeneic hematopoietic progenitor cell transplantation (Sivakumaran 2001).
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Figure 2-5.Effects of G-CSF/GM-CSF Treatment on Stem Cells, T Cells and DCs: Stem
cell content, T cell content and DC1 to DC2 ratios of patients treated with GCSF alone (Cohort A), G-CSF and GM-CSF at the same time (Cohort B) and
patients treated with G-CSF followed 7 days later by GM-CSF (Cohort C).
This shows the advantages of adding GM-CSF to the treatment of donor cells
(from Waller et al. 2003).
Two strategies exist by which to modulate the immunotherapeutic potential of
transplantation. One can use different cytokines to mobilize different DC and T cell
phenotypes in the graft, or alternatively one can administer post-transplantation cytokines
to alter the character of the DC and T cell phenotype in the donor cells. However, T cell
activation profile of lymphocytes from patients who received post-transplantation G-CSF
was skewed toward a TH2 phenotype (high IL-4, low IL-12) which led to a slower
immune recovery. Our recent data indicate that patients who have a higher DC count as
well as a higher IL-12 (as in a type 1 response) have a much better outcome (see figure 26 and 2-7).
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Figure 2-6.Correlation of High DC Counts Versus Survival: Higher DC counts have a
higher long term survival rate as compared to low DC count at engraftment:
Kaplan-Meier plot of patient survival by DC group (low DC vs High DC) for
500 days after transplantation (Reddy et al. 2004).

Figure 2-7.Correlation of High IL-12 Versus Relapse-Free Survival: Recipients of grafts
with higher IL-12 levels in the blood have a higher long term relapse-free
survival rate as compared to low IL-12: Kaplan-Meier plot of patient relapsefree survival by IL-12 group (low IL-12, medium IL-12 and high IL-12) for
500 days after transplantation (Reddy et al. in press).
The study of cytokines and/or growth factors that can lead to a type 1 cytokine
response in either DCs or T cells may help lower the relapse of the recipients of stem cell
transplants by promoting anti-tumor effects. Of the two types of cells mentioned, DCs
have the potential to lead responses towards a more beneficial type 1 response in the
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donor cells which can lead to less relapse in the recipient. It is unknown if the interaction
of GM-CSF with DCs prior to transfer into the recipient can modulate the type of
response that can lead to a better therapeutic outcome in the recipients of stem cell grafts.
GM-CSF is already used regularly in clinical settings as a growth factor to boost
neutrophil counts and our research may lead to different uses for this cytokine, in the
enhancement of immune responses against cancer.
In summary, current therapies in stem and bone marrow transplantation can benefit
from an induction of type 1 cytokine secretion induced by the cells in the graft cells. GMCSF may have the potential to produce this desirable change in cytokine secretion
balance. That is the reason we are studying the effects of GM-CSF as a growth factor on
normal PBMCs. Based on the above rationale our specific aims are (see figure 2-8 for a
chart of the project):
1.

To evaluate the effects of GM-CSF directly on the human leukocyte population at
different times by testing type 1 and type 2 cytokine secretion into the media after
addition of G-CSF, GM-CSF or both.

2.

To assess the subset of cells secreting cytokines by depleting populations of T cells.

3.

To study the effect of GM-CSF on cultured monocytes (progenitors of DCs) and
measured by flow cytometry the capacity of this cytokine to induce a shift in the
DC1/DC2 ratio.

4.

To investigate wether DCs amplify the change to a type 1 cytokine secretion
response we tested the proliferative capacity of T cells stimulated by monocytes
exposed to G-CSF, GM-CSF or both.

CHAPTER 3
MATERIALS AND METHODS
3.1 Culture, Medium and Cytokines
As standard medium RPMI (Sigma, Missouri, USA) supplemented with Lglutamine, 5000U/ml penicillin (Sigma, Missouri, USA), 5000 U/ml streptomycin sulfate
(Sigma, Missouri, USA) , and 10% v/v fetal bovine serum (Gibco, California, USA) was
used for our cultures. Growth factors used for our standard culturing procedures were
2.8x106 U/ml of recombinant human GM-CSF (Leukine, Berlex, Seattle, Washington,
USA), 1x108 U/ml of recombinant human G-CSF (Neupogen, Amgen, Thousand Oaks,
California, USA), 1000 U/ml recombinant human IL-4 (Sigma, St. Louis, Missouri,
USA), 1000 U/ml recombinant human IL-12 (Sigma, St. Louis, Missouri, USA), 1ug/ml
LPS (Sigma, Missouri, USA) and 5υg/ml PHA (Sigma, St. Louis, Missouri, USA).
PBMC were either cultured as they were isolated at a concentration of a million
cells/ ml or as monocytes and T cells isolated using MACS magnetic bead pullout (see
below) and cultured separately at 37oC/5%CO2. The PBMC (labeled as White Blood
Cells WBC in the plots) were cultured in RPMI alone (control), with G-CSF, GM-CSF
and G-CSF/GM-CSF in the above concentrations for either 24 hours or 48 hours. After
that time either LPS or PHA was added to dendritic cells to mature them for another 24
or 48 hours. After culture, cells were frozen to be used in subsequent projects and
supernatants collected separately and frozen for later analysis by cytokine ELISAs. Same
protocol was used to culture separated T cells.

35

36
Separated monocytes were cultured for 5 to 6 days with no growth factors, GCSF, GM-CSF, G-CSF/GM-CSF, IL-12 and GM-CSF/IL-4 in the concentrations
described above. The cells were cultured with LPS or PHA for 24 or 48 hours. At day 7 a
million cells from each test were collected for flow cytometry. Then, the remainder of the
cells were co-cultured with allogeneic T cells in a BrdU based a proliferation assay.
3.2 Isolation and Preparation of PBMC
Peripheral blood mononuclear cells (PBMC) were isolated from peripheral blood
leukocytes (leukopac, PBL) obtained from Lifesouth Community Blood Center
(Gainesville, Florida) by discontinuous density gradient separation using lymphoprep
(Axis-Shield, Norway). The separation yields the low density (<1.077 g/cm3)
mononuclear cell population at the interface while the more dense erythrocytes and
granulocytes will pellet at the bottom. The contents of the leukopac were diluted three
times its volume in sterile 1X PBS pH 7.4 (Gibco, California, USA). Fifteen milliliters of
the dilution were layered onto 10 ml of lymphoprep. The sample was then centrifuged for
25 minutes at 22 ◦C and 1200 rpm. The PBMC were collected at the interface and washed
twice with PBS by centrifugation at 1200 rpm each time for 10 minutes at 4 ◦C. The cells
were counted at the last wash in a standard hematocytometer using trypan blue.
3.3 Isolation of T Cells and Monocytes from PBMC
We separated T cells (CD3 positive cells) and monocytes at different times for
our experiments. We used the MACS system (Militenyi Biotech, California USA) for Pan
T cell isolation kit II (negative selection) and monocyte separation kit (negative
selection). We followed the manufacturer’s protocol for the separation, counting cells in a
hematocytometer after separation.
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3.4 Enzyme-linked Immunosorbent Assay (ELISA)
We analyzed cytokines by ELISA: IL-12, IL-10, TNFα, IFNγ and IL-4 (PierceEndogen). We followed Pierce-Endogen procedure and reagents. Briefly, cytokines were
captured by the specific primary monoclonal antibody and detected by biotin-labeled antiIFN- , anti-TNFα, anti-IL-4, anti-IL-10, or anti-IL-12 followed by strepavidinhorseradish peroxidase.
The color reaction was developed by TMB microwell peroxidase substrate and
stopped by the addition of an equal volume of 0.18M H2SO4. The absorbance of the assay
plate was read at 450 nm using a microplate reader.
Recombinant human TNF- (hTNF- ), hIFN- , hIL-4, hIL-10, and hIL-12 p40
were used as standards for ELISAs.
3.5 Proliferation Assay
Proliferation of growth factor-treated monocytes was measured with a BrdU
ELISA (Roche Diagnostics, Manheim Germany). Following the manufacturer’s protocol,
we took the treated monocytes and plated them in a 96 well plates with different
concentrations of allogeneic T cells (CD3 positive cells) for 48 hours. After the first 24
hours BrdU was added to the wells for incorporation into proliferating cells. 24 hours
later the plates were taken out of the incubator and centrifuged for 10 minutes at 1200
rpm in 4◦C. Afterwards, they were dried with a hairdryer for 15 minutes or until
completely dry. Afterwards, the ELISA procedure was performed and the colorimetric
change measured in an ELISA plate reader.
3.6 Flow Cytometry
Briefly, cultured monocytes were incubated with a lineage (lin) cocktail (anti-CD3,
CD4, CD16, CD19, CD20, CD56) conjugated with FITC, APC-conjugated anti-CD11c,
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PE-conjugated anti-CD123 and PerCP-conjugated anti-HLA-DR for 30 min, then
washed with staining buffer (PBS + 2% BSA + 0.1% Na azide) for less than 10 min, and
then fixed with 2% paraformaldehyde for 20 min at 4 ◦C. Cells were analyzed on a
FacScalibur machine (BD biosciences) and the data was analyzed on CellQuest.

CHAPTER 4
RESULTS AND DISCUSSION
4.1 Effects of GM-CSF and G-CSF on The Cytokine Milieu of Ficoll Separated
White Blood Cells
To determine the effect of GM-CSF on the overall population of human white
blood cells, leukocytes were separated from a buffy coat obtained from Lifesouth by
ficoll gradient centrifugation and washed twice with 1X PBS pH 7.4. Viable cells were
counted in the last wash in a hematocytometer by trypan blue exclusion. Then a
concentration of 1x106cells/ml in sterile RPMI media (supplemented with 10% fetal
bovine serum and 1000 U/ml of pennicillum-streptomycin) was added to each well. Final
volume was 25 ml in a 50 ml sterile tissue flask. Growth factors were added to each flask
in the following fashion: a control (no growth factors added, labeled “C”), G-CSF, GMCSF, or both G-CSF and GM-CSF together as described in chapter 3. The cultures were
incubated with these factors for either 24 or 48 hours followed by a maturation step for
another 24 or 48 hours. Two different maturation stimuli were tested: lipopolisacharide
(LPS) or lectin (PHA). LPS matures DCs and monocytes, while PHA stimulates
lymphocyte maturation. The purpose of using LPS and PHA was to determine whether
GM-CSF affects mature monocytes or lymphocytes respectively. At the end of the
culture period (48 hours, 72 hours or 96 hours, depending on the culture), cells were
centrifuged at 1200 rpm for ten minutes. Then supernatant and cells were separated and
cells were cryo-preserved in FBS with 10% DMSO. Culture supernatants were measured
by cytokine sandwich ELISA. Cytokines related to a type 1 (IL-12, TNFα, IFNγ) or type
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2 response (IL-10 and IL-4). Results of the ELISA are displayed in figures 4-1 through
4-5. All of the plots represent three separate runs of the experiment. Error bars are
calculations of the standard error for the three separate runs. It is important to note that
human blood cells obtained from leukopacs have an inherent variation since they come
from a heterogeneous volunteer donor population. The demographical data for each
donor leukopac was not provided for our research purposes (Koller et al. 2002).
The data in figures 4-1 through 4-3 demonstrate that type 1 cytokines IL-12,
TNFα and IFNγ are up-regulated when GM-CSF is added to the culture media in the first
24 hours with IL-12 and TNFα having the most marked effect by GM-CSF stimulation.
This supports our initial hypothesis that GM-CSF induces a type 1 response in the unseparated white blood cell population. Our data also indicate that IL-12 levels increase
after addition of GM-CSF in a type dependent manner whereas TNFα and IFNγ are
secreted equally among cells stimulated with LPS or PHA in the first 96 hours.
Surprisingly, when we assayed the type 2 cytokines, we found no IL-4 in the LPS
stimulated white blood cells, which probably indicates that IL-4 is not secreted by mature
monocytes, dendritic cells or macrophages as indicated by Sloand et al. (2000) and by
Arpinati et al. (2000). However, since we were able to get IL-4 from PHA stimulated
cells our data confirms that IL-4 is secreted by lymphocytes. By contrast IL-10 was
down-regulated by the addition of GM-CSF. We noted that there was no difference in the
IL-4 production between G-CSF and GM-CSF treatment by PHA stimulated cells.
In summary, we evaluated IL-4 in our cultures based on the Sloand et al. (2000)
data that showed that G-CSF induced a change in the T cell profile of cancer patients
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Figure 4-1. Results of IL-12 Cytokine ELISA of Leukocyte Cultures at Different Times of Stimulation. Supernatants of the culture
with untreated control (C), G-CSF (G), GM-CSF (GM) or both (G/GM) were measured for IL-12. Cultures were treated
cultured for either 24 or 48 hours followed by stimulation with either LPS or PHA for another 24 to 48 hours as shown in
the figure. The Results are from three separate experiments. The bars indicate the calculated standard error from triplicate
experiments.
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Figure 4-2. Results of IL-10 Cytokine ELISA of Leukocyte Cultures at Different Times of Stimulation. Supernatants of the culture
with control media (C), G-CSF (G), GM-CSF (GM) or both (G/GM) were measured for IL-10. Cultures were treated
cultured for either 24 or 48 hours followed by stimulation with either LPS or PHA for another 24 to 48 hours as shown in
the figure. The Results are from three separate experiments. The bars indicate the calculated standard error from triplicate
experiments.
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Figure 4-3. Results of IFNγ Cytokine ELISA of Leukocyte Cultures at Different Times of Stimulation. Supernatants of the culture
with control media (C), G-CSF (G), GM-CSF (GM) or both (G/GM) were measured for IFNγ. Cultures were treated
cultured for either 24 or 48 hours followed by stimulation with either LPS or PHA for another 24 to 48 hours as shown in
the figure. The Results are from three separate experiments. The bars indicate the calculated standard error of triplicate
experiments. Values of cultures stimulated for 48 hours and mature for 48 hours with PHA (48/48 PHA) cultures were
much more than 1 ug/ml of IFNγ. The top of the bars for those samples are omitted to illustrate the changes in the other
samples.
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Figure 4-4. Results of TNFα Cytokine ELISA of Leukocyte Cultures at Different Times of Stimulation. Supernatants of the culture
with control media (C), G-CSF (G), GM-CSF (GM) or both (G/GM) were measured for TNFα. Cultures were treated
cultured for either 24 or 48 hours followed by stimulation with either LPS or PHA for another 24 to 48 hours as shown in
the figure. The Results are from three separate experiments. The bars indicate the calculated standard error from triplicate
experiments
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Figure 4-5. Results of IL-4 Cytokine ELISA of Leukocyte Cultures at Different Times of Stimulation. Supernatants of the culture with
control media (C), G-CSF (G), GM-CSF (GM) or both (G/GM) were measured for IL-4. Cultures were treated cultured for
either 24 or 48 hours followed by stimulation with either LPS or PHA for another 24 to 48 hours as shown in the figure.
The Results are from three separate experiments. The bars indicate the calculated standard error from triplicate
experiments.
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towards TH2 cells. Therefore, G-CSF was utilized in our experiments as a type 2
inducing control. Yet, our results don’t seem to show a difference between G-CSF
and GM-CSF in IL-4 secretion. Still, IL-10 levels in our cultures indicated that
there is a type 2 response induction with G-CSF. GM-CSF also induced levels
higher than non-stimulated control cell although less than that seen in the G-CSF
stimulated cells. The lower levels of IL-10 with GM-CSF are only seen with LPS
matured cells as compared to PHA matured cells. This suggests that some type 2
cytokines such as IL-10 are produced by the activated non-lymphocyte population
while mature lymphocytes (indicated by PHA matured cells) produce others like
IL-4. However, IL-10 production could be due also to DC2 cells since they are
thought to be of lymphoid origin as described earlier. Overall, GM-CSF increases
type 1 cytokines over a two day period, while G-CSF induced type 2 cytokines or
at least increased the secretion of type 2 cytokines like IL10. When G-CSF and
GM-CSF are together the cell’s cytokine secretion resembles that by cells treated
with GM-CSF alone. These results probably indicate that the effects of GM-CSF
override the effects of G-CSF or that G-CSF doesn’t have a strong inhibitory
effect over GM-CSF.
4.2 Effects of GM-CSF and G-CSF on the Cytokine Milieu of Ficoll
Separated White Blood Cells, T Cells and T cell Depleted White Blood Cells.
To differentiate the role of T cells in cytokine production from the rest of
the white blood cell population when stimulated with either G-CSF or GM-CSF
we repeated the previous experiment. Cultures either had whole white blood cells,
T cells or non-T cells (T cell depleted white blood cells). To obtain these cells we
obtained buffy coats as before and separated by ficoll gradient centrifugation.
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Once the cells were centrifuged and counted, half of the cells were used for the
white blood cell cultures and the rest were processed through magnetic activated
cell sorting procedures by negative selection of CD3+ T cell fraction as described
in chapter 3 (materials and methods). After separation the T cell fraction and the
non-T cell fraction (T cell depleted white blood cells) were cultured the same way
as the white blood cells described in the previous section. Cells were cultured for
48 hours followed by 24 hours of maturation with LPS or PHA. These times were
chosen because the cytokines of interest were obtained at higher levels under
those culture conditions (see figures 4-1 through 4-5). The cytokine secretion
profiles are shown in figures 4-6 through 4-10. All of the plots represent three
separate runs of the experiment. Error bars are calculations of the standard error
for the three separate runs.
The separated cells had similar cytokine secretion patterns, as compared to
the whole white blood cell population, with type 1 cytokines being up regulated
by GM-CSF induced cells. Of this group of cytokines, IFNγ was at background
levels in the T cells population by itself and therefore was produced mostly by the
T cell depleted population. IFNγ was up-regulated by the presence of GM-CSF in
the culture. These results suggest that all stimulated white blood cells participate
in the secretion of IFNγ, and that the secretion of this cytokine was up-regulated
by GM-CSF and not G-CSF. In addition, G-CSF alone may down-regulate IFNγ.
Similar results are observed with TNFα which was not secreted by T cells and it
was secreted instead by the T cell depleted population. TNFα was also upregulated regulated in all cases when GM-CSF was present. IL-12 production was
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Figure 4-6. Results of IL-12 Cytokine ELISA on the White Blood Cell Population With or Without T Cells. Supernatants of the
culture with nothing (C), G-CSF (G), GM-CSF (GM) or both (G/GM) were measured for this cytokine. Cultures were
treated cultured for 24 with its respective growth factor followed by stimulation with either LPS or PHA for 48 hours as
shown in the figure.
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Figure 4-7. Results of IL-10 Cytokine ELISA on the White Blood Cell Population With or Without T Cells. Supernatants of the
culture with nothing (C), G-CSF (G), GM-CSF (GM) or both (G/GM) were measured for this cytokine. Cultures were
treated cultured for 24 with its respective growth factor followed by stimulation with either LPS or PHA for 48 hours as
shown in the figure.
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Figure 4-8. Results of IFNγ Cytokine ELISA on the White Blood Cell Population With or Without T Cells. Supernatants of the culture
with nothing (C), G-CSF (G), GM-CSF (GM) or both (G/GM) were measured for this cytokine. Cultures were treated
cultured for 24 with its respective growth factor followed by stimulation with either LPS or PHA for 48 hours as shown in
the figure.
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Figure 4-9. Results of TNFα Cytokine ELISA on the White Blood Cell Population With or Without T Cells. Supernatants of the
culture with nothing (C), G-CSF (G), GM-CSF (GM) or both (G/GM) were measured for this cytokine. Cultures were
treated cultured for 24 with its respective growth factor followed by stimulation with either LPS or PHA for 48 hours as
shown in the figure.
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Figure 4-10. Results of IL-4 Cytokine ELISA on the White Blood Cell Population With or Without T Cells. Supernatants of the
culture with nothing (C), G-CSF (G), GM-CSF (GM) or both (G/GM) were measured for this cytokine. Cultures were
treated cultured for 24 with its respective growth factor followed by stimulation with either LPS or PHA for 48 hours as
shown in the figure.
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similar to that seen in the whole white blood cell population.
The PHA activated T cell population produced higher levels of IL-12. This
could be important since mobilized blood has ten times more T cells than normal
bone marrow products alone. It is thought that mobilized blood cells have a very
important role in fighting against the tumor by producing the beneficial GVL
effect. They also help during engraftment engraftment (discussed in chapter 1).
Although DCs may be responsible for the initial secretion of IL-12, T cells appear
to be producing most of the cytokine that can shift the balance towards a type 1
immune response. Non-T cells are likely to be important in the initiation of the
selection of the type of response while the T cells drive the beneficial response in
stem cell transplantation as observed by Reddy et al. (2004, 2005).
The type 2 cytokine secretion effects of G-CSF observed were not downregulated significantly by GM-CSF. The PHA stimulated T cell fraction secreted
high levels of IL-4 in all experiments while the LPS fraction had no IL-4. IL-10
was induced only in the T cell depleted fraction. PHA-stimulated cells had lower
levels of IL-10; especially GM-CSF stimulated cells which had almost no IL-10.
G-CSF stimulated higher IL-10 production in the T cell-depleted fraction.
Overall, GM-CSF induced a type 1 cytokine response as early as one day
after stimulation. Even though the literature says that GM-CSF induces a type 1
response, most of these studies were done only in combination with other
cytokines like IL-4, and used monocyte/cultured dendritic cell population over a
period of 6 to 7 days of culture. Our experiments show that GM-CSF stimulation
of white blood cells up-regulates a type 1 response as early as the first 24 hours of
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culture. It was also shown here that GM-CSF not only increases cytokine
secretion in the white blood cell population, but apparently most of this secretion,
especially of IL-12, comes from the T cell population.
4.3 Generation and Change of the DC1 vs DC2 Ratio as Measured by Flow
Cytometry
As stated in chapter 2, DC plays an integral part in survival after HSC
transplantation. From the works of Arpinati et al. 2000 we know that G-CSF acts
by changing the DC2 population which induces a change towards type 2
responses in the T helper cell group. Furthermore, DCs are a very rare
subpopulation in normal peripheral blood. Most studies in vitro require that DC
be prepared from monocytes or CD34+ progenitor cells by culturing them in GMCSF and IL-4 for 6 to 7 days. We were interested in the effect of GM-CSF in DC
by itself, as per our hypothesis. Therefore we tested monocytes in culture with GCSF, GM-CSF or G-CSF/GM-CSF over 6 days for their capacity to induce the
proliferation of allogeneic T cells in culture. tTested GM-CSF ‘s effects by
culturing without IL-4 or TNFα. Culture conditions resemble those of the cultures
from the previous sections. Monocyte cultures were assessed by flow cytometry
for their maturation to DC1 and DC2 subtypes contents. As a control, a set of
monocytes was cultured with GM-CSF/IL-4 known to up-regulate a DC1
phenotype. We should expect the DC2 subtype to be lower in concentration in our
cultures because they are thought to arise primarily from lymphoid progenitors.
However DC2 can arise from monocyte progenitors under the right conditions,
and these monocyte-derived DC can then lead to type 2 responses in T cells.
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Cells in the monocyte culture were stained to identify DC subsets as
described in chapter 3 with lineage (lin) cocktail (anti-CD3, CD4, CD16, CD19,
CD20, CD56) conjugated with FITC, APC-conjugated anti-CD11, PE-conjugated
anti-CD123 and PerCP-conjugated anti-HLA-DR. Isotype controls were run with
the monocyte fraction that had no growth factor treatment (not shown). The flow
cytometry was performed in the ICBR’s Flow Cytometry Core at the University
of Florida. FacScan was utilized to run the stained samples and analyzed by
CellQuest in their facilities. DCs are a complicated target in flow cytometry due
to the complexity of markers needed for their identification since they are
identified by a combination of markers. In humans, DCs do not carry lineage
specific markers, such as CD3 on T cells, are HLA-DR positive and either have
CD11c expression ( DC1) or CD123 which is the IL3 receptor α chain (DC2)
(reviewed in chapter 1, Nunez et al. 2004, Bueno et al. 2005, BD Biosciences
recommendations).
The analysis started by evaluating HLA-DR versus the lineage (Lin)
cocktail markers. To determine the gates and the analysis, plots of cell count
versus each marker were done. This helped differentiate the populations inside the
plots where two stains were compared. The first gate was set was for Lin- and
HLA-DR+ cells. The next two plots were of either CD11c or CD123 with HLADR+. Next, two wide gates were drawn; one for DC1 and one for DC2. An
analysis is shown on figure 4-11. All analyses were done in the same way.
To compensate for the wide gates we used the contents of those gates to
draw a Forward Scatter (FSC) and Side Scatter (SSC) plots (shown in Fig 4.11).
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Figure 4-11. Flow Cytometry Analysis of Cultured Monocytes Staining for DC:
Separated monocytes were cultured in media with control media (C), G-CSF (G),
GM-CSF (GM), both (G/GM), Interleukin 12 (IL-12) or GM-CSF/IL-4 as
described in materials and methods for 6 days prior to the addition of LPS. At that
point 1 million cells were collected and stained for DC1/DC2 with conjugated
fluorescent antibodies.
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Table 4-1. Flow Cytometry Statistics of Three Separate Analyses: Separated
monocytes were cultured in media with control media (C), G-CSF (G),
GM-CSF (GM), both (G/GM), Interleukin 12 (IL-12) or GM-CSF/IL-4
as described in materials and methods for 6 days prior to the addition
of LPS. At that point 1 million cells were collected and stained for
DC1/DC2 with conjugated fluorescent antibodies. Different dates
show different cultures (different buffy coats). Results are percentages
of gated monocytes obtained with analysis with CellQuest as described
in the text.
Experiment 1
Sample name

LPS added and cultured 48
hours
% DR+ Lin-

% CD11c

% CD123

% Ratio DC1/DC2

MoDC C

63.17

21.01

11.38

1.85

MoDC GCSF

63.58

20.81

10.76

1.93

MoDC GMCSF
MoDC
G/GMCSF

65.58

23.59

12.1

1.95

64.82

22.43

13.07

1.72

64.5

22.16

12.57

1.76

65.01
23.24
LPS added and cultured 48
hours

11.76

1.98

MoDC IL12
MoDC GM/IL4
Experiment 2
Sample name

DR+ Lin-

CD11c

CD123

Ratio DC1/DC2

MoDC C

83.64

60.4

35.54

1.69

MoDC GCSF

76.17

63.48

46.24

1.37

MoDC GMCSF
MoDC
G/GMCSF

66.5

57.41

46.54

1.23

64.87

53.3

51.92

1.02

MoDC IL12

76.38

63.26

44.28

1.42

88.55
58.21
LPS added and cultured 48
hours

34.93

1.67

MoDC GM/IL4
Experiment 3
Sample name

DR+ Lin-

CD11c

CD123

Ratio DC1/DC2

MoDC C

83.47

51.9

19.94

2.6

MoDC GCSF

77.98

47.47

21.83

3.26

MoDC GMCSF
MoDC
G/GMCSF

40.15

6.51

2.21

2.95

39.67

10.05

5.98

1.68

49.2

11.23

7.22

1.56

48.77

14.96

2.54

5.89

MoDC IL12
MoDC GM/IL4
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Figure 4-12. Graphical Representation of Percentage of HLA-DR+ Lineage- Cells
From the Total Cells Assayed by Flow Cytometry. Monocytes were
cultured with control media (nothing), G-CSF, GM-CSF, both
(G/GM), IL-12 or GM-CSF/IL-4 as a positive control. This graph
represents an average of the values reported on table 4-1. Bars
represent standard deviations of triplicate experiments.
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Figure 4-13. Graphical Representation of Percentage of HLA-DR+ Lineage- Cells
that are CD11c+ from the Total Cells Assayed by Flow Cytometry.
Monocytes were cultured with control media (nothing), G-CSF, GMCSF, both (G/GM), IL-12 or GM-CSF/IL-4 as a positive control. This
graph represents an average of the values reported on table 4-1. Bars
represent standard deviations of triplicate experiments.
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Percetage of DR+Lin- cells that are CD123+ (DC2)
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Figure 4-14. Graphical Representation of Percentage of HLA-DR+ Lineage- Cells
that are CD11c+ from the Total Cells Assayed by Flow Cytometry.
Monocytes were cultured with control media (nothing), G-CSF, GMCSF, both (G/GM), IL-12 or GM-CSF/IL-4 as a positive control. This
graph represents an average of the values reported on table 4-1. Bars
represent standard deviations of triplicate experiments.
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Figure 4-15. Graphical Representation of Percentage of HLA-DR+ Lineage- Cells
that are CD11c+ from the Total Cells Assayed by Flow Cytometry.
Monocytes were cultured with control media (nothing), G-CSF, GMCSF, both (G/GM), IL-12 or GM-CSF/IL-4 as a positive control. This
graph represents an average of the values reported on table 4-1. Bars
represent standard deviations of triplicate experiments.
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This ensures that only the cells that are in the upper region are the DCs. Finally
another FSC vs SCC plot was added in multicolor to verify that the cells marked
are in the right position on the overall measured population and a gate for overall
DC count added to it. This analysis was used for all the cells collected from each
experiment for a total of three experiments. Counts for DC1 and DC2 populations
are tabulated in table 4-1. Graphical representations of the percentages of DCs
from the flow cytometry from table 4-1 are shown in figures 4-12 though 4-15.
Even though there is certain amount of individual patient variation in the
analysis, there were visible populations of each type of DC which were more
determined with the cell count plots. The numbers of DCs ranged from 15% to
65% of the total cell population for DC1 and 2% to 40% for DC2 (Table 4-1).
GM-CSF treatments did not yield higher DC counts in general as compared to the
control culture where no growth factors were added, to the G-CSF group or to the
GM-CSF/IL-4 control. There were no significant changes in the total number of
HLA-DR+Lin- groups or the DC1 or DC2 groups. When comparing the ratios
only GM-CSF/IL-4 group is higher in DC1 which is consistent with its control
purpose. (Figures 4-12 through 4-15, Table 4-1).
4.4 Effects of GM-CSF and G-CSF on the Proliferation of T Cells Stimulated
by Cultured Monocytes with G-CSF, GM-CSF or both
The immunogenicity of DCs was measured in an allogeneic mixed
lymphocyte reaction (MLR). Briefly, white blood cells were separated by ficoll
and immediately allowed to adhere to a flask. Adherent cells are an enriched
monocyte population and were cultured after washing and counting. Culture
conditions resemble the ones mentioned for the other experiments except that the
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culture lasts for 6 days with maturation on the 6 day of culture with LPS (as
described in chapter 3). After the last 48 hours of incubation, cells were irradiated
to arrest their proliferation and then co-cultured with allogeneic T cells (from
ficoll separated leukocytes and then one round of magnetic separated cell sorting
as described in chapter 3, materials and methods). Allogeneic reactions were
chosen for the study to correlate our experiments with the results seen from
allogeneic transplants. BrdU incorporation was used to measure the proliferation
of T cells induced by stimulated monocytes.
As seen in figures 4-16 through 4-18, monocytes treated with GM-CSF did
not induce a higher T cell proliferation as compared to the other cells. It is similar
to the GM-CSF and IL-4 treated group. G-CSF also gave a similar T cell
proliferation level. Our results are compatible to Arpinati et al. 2000 in that
macrophages stimulated with G-CSF do not demonstrate an increased
proliferation in a mixed lymphocyte reaction. In their study, T cells treated with
G-CSF and then tested for proliferation showed an inhibitory effect. Future
studies are needed to test whether the T cell phenotypic changes influenced by
GM-CSF come from the T cell subtypes (helper CD4+ cells vs. cytotoxic CD8+
cells.

Effects of GCSF and GMCSF on an Allogeneic Mixed Lymphocyte Reaction with Treated
Monocytes
0.200
0.180
0.160
0.140
Nothing
GCSF
GMCSF

OD

0.120
0.100
0.080
0.060
0.040
0.020
0.000
Control

1:1

1:10

Dilution Factor

Figure 4-16. Allogeneic Mixed Lymphocyte Reactions on Monocytes (experiment 1): Monocytes were culture with control media
(nothing), G-CSF, GM-CSF, both (G/GM), IL-12 and GM-CSF/IL-4 as a positive control. T cells were also run with or
without PHA as a negative and positive control to test proliferation (not shown on graph). Each point in the series
represents three wells. Error bars indicate the standard deviation of three wells.
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Figure 4-17. Allogeneic Mixed Lymphocyte Reactions on Monocytes (experiment 2): Monocytes were culture with control media
(nothing), G-CSF, GM-CSF, both (G/GM), IL-12 and GM-CSF/IL-4 as a positive control. T cells were also run with or
without PHA as a negative and positive control to test proliferation (not shown on graph). The three graphs are three
separate experiments. Each point in the series represents three wells. Error bars indicate the standard deviation of three
well.

Effects of GCSF and GMCSF on an Allogeneic Mixed Lymphocyte Reaction with Treated
Monocytes
0.350

0.300

0.250

Nothing

0.200

GCSF

OD

GMCSF
G/GMCSF

0.100

0.050

0.000
Control

1:1

1:10

Dilution Factor

Figure 4-18. Allogeneic Mixed Lymphocyte Reactions on Monocytes (experiment 3): Monocytes were culture with control media
(nothing), G-CSF, GM-CSF, both (G/GM), IL-12 and GM-CSF/IL-4 as a positive control. T cells were also run with or
without PHA as a negative and positive control to test proliferation (not shown on graph. Each point in the series represents
three wells. Error bars indicate the standard deviation of three wells
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CHAPTER 5
CONCLUSIONS AND FUTURE PROSPECTS
Our results demonstrate that the levels of IL-12, TNFα and IFNγ were increased
after addition of GM-CSF to a culture of PBMC, and that the levels of IL-10 and IL-4
were decreased. These findings indicate that type 1 cytokines are higher while type 2
cytokines when GM-CSF has added to the culture media. We found that IL-12 levels in
the whole leukocyte population increased, and that there was a higher concentration of
IL-12 produced by T cells isolated from GM-CSF stimulated cultures. Further research is
indicated to determine if treating allogeneic stem cell grafts with GM-CSF can lead to
improved survival of transplant recipients by stimulating the production of IL-12 posttransplant since high levels of IL-12 have been associated with improved clinical
outcomes with less relapse and without an increase in GVHD (Reddy et al. 2004, 2005).
Our type 2 cytokine results differ from those of Sloand et al. (2000) who showed
that G-CSF exposed T cells induce an immune response towards Th2 by eliciting levels
of IL-4. We found that the levels of IL-10 (another type 2 cytokine) produced during the
first 24 to 48 hours of culture of leukocytes is the result not of the T cell population but of
the T cell depleted population. The question of why GM-CSF decreases the levels of Il10 but not of IL-4 merits further study. One hypothesis is that IL-10 down regulation
might be the result of two possible mechanisms. First, that GM-CSF regulated type 1
response and second that it decreases type 2 cytokines, further shifting the balance
towards an immunogenic pro-inflammatory response. However, T cell proliferation
results may vary depending on the incubation period of monocytes after stimulation with
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G-CSF and GM-CSF. Additional studies are needed to confirm our findings. GM-CSF
stimulation of adherent monocytes increase the overall DC population nor did it
significantly change the DC1/DC2 ratio therefore, this lack of GM-CSF effects on DC
growth may be another explanation for the lack of increased T cell proliferation in the
mixed lymphocyte reactions.
Further work will be needed to corroborate the findings obtained here. Such
research might include culturing T cells of 6 to 7 days with the growth factors such as the
monocyte cultures. This work might establish whether the T cells are more susceptible to
the effects of GM-CSF. Our work with GM-CSF is consistent with our initial hypothesis
of a type 1 response and is also consistent with the literature on the subject. Our results
also indicate that the effect of GM-CSF on donor cells is the result not of an altered ratio
of DC1/DC2 but rather of a process in which T cells are induced to produce the majority
of the cytokines that shift the balance.
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