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The use of allo HSCT in the treatment of MM has resuited in a higher rate of

molecular remission, with lower rates of relapse and disease progression as

compared to patients treated with auto HSCT (Bensinger, et al 1996, Corradini, et

al 1999).Those patients who survive 1 year have significantly improved disease-
free survival (Bjorkstrand, et al 1996). This is partly related to the intensity of the
chemo-radiotherapy conditioning regimen, but it is also a result of the graft-versus-
myeloma (GVM) effect (Perez-Simon, et al 2003, Tricot, et al 1996, Verdonck, et al
1998). However, these improvements in disease control are achieved at the

. expense of higher treatment-related morbidity/mortality in the first year and have
prompted the experimental use of potentially less toxic NM HSCT (Crawley, et al
2005b, Garban, et al 2001, Perez-Simon, et al 2003, Singhal, et al 2000). The
close relationship between Graft-versus-host disease (GvHD) and GVM in
published studies suggests that donor allo-reactive T cells directed against minor
histocompatibility antigens (Ags) present on both normatl and myeloma cells
mediates the latter effect. The successful use of DLI in some cases of MM that
relapse following allo-HSCT has led to increased interest in the possibility that
other forms of immune therapy might be effective in this disease (Lokhorst, et al
1997, Lokhorst, et al 2000). However, the doses of T cells required to induce these
remissions are higher in MM than in other DLI responsive diseases such as
chronic myeloid leukaemia (CML) (Verdonck, et al 1998), and are associated with
an increased incidence of GVHD (Huff and Jones 2002, Salama, et al 2000). This
may be partly explained by the influence of the malignant clone on the function of
the immune effector cells resulting from both passive and active suppression,
although it is possible that MM tumour Ags are less immunogenic compared with
those on other malignant cells, as MM is associated with several defects in the

host's immune system (Cook and Campbell 1999).
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MM tumour cells produce a number of immunologically active agents that can

modulate the immune response such as transforming growth factor-beta (TGF-f3)

(Cook, et al 1999), interleukin-10 (IL-10) (Brown, et al 2004), Fas ligand (FasL) |
(Villunger, et al 1997), vascular endothelial growth factor (VEGF) (Oyama, et al
1998) and MUC-1 (Agrawal, ef al 1998, Gimmi, et al 1996, Treon, et al 1998). It is
postulated that by producing these agents the tumour cell modifies both the
microenvironment to support growth and differentiation of the clone, and the host
immune response to prevent tumour rejection. This duality of function is importapt

in understanding the possible interactions of the malignant clone with the tumouy-

bearing host, especially if we are to design immunotherapy strategies that will

achieve their true potential and result in improved survival in MM.

In an attempt to boost the GVM effect Kwak et al have demonstrated the

successful transfer of myeloma idiotype-specific immunity from an actively
immunised bone marrow donor to a recipient with MM, demonstrating MHC class
l-restricted CD8" T cell recognition of freshly isolated, recipient myeloma tumour
cells (Kwak, et al 19995, Yiwen, et al 2000). It still remains to be seen whether the
GVM effect can be separated from GVHD. However, there is evidence that a

patients own immune system may play an important role in the control of their

disease . It has been shown that T cells specific for MM associated Ags such as

Mucin-1 (MUC-1 or CD227) (Beckhove, et al) idiotype protein (Yi, et al 1985) and
NY-ESO-1 (van Rhee, et al 2005b) are present in the peripheral blood of MM

patients. Joshua’s group have shown that the presence of expanded T cell clones
at any time during the disease course is associated with prolonged overall survival

(Brown, ef al 1997, Raitakari, et al 2003).

Immunotherapeutic strategies attempt to utilise the immune system for disease

control and they have mainly been tested in the setting of relapsed or resistant
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disease. The use of such strategies in the setting of minimal residual digease

following conventional chemotherapy or HSCT offers an increased potential for

tumour cell control by adoptively transferring immune effectors at a timg when they

are likely to have most impact (Hsu, ef al 1997, Stevenson, et al 2004).

1.3 Cellular Immunotherapy

Discovered by Steinman and others in the 1970’s (Steinman, et al 1975, Steinman

and Cohn 1973, Steinman and Cohn 1974, Steinman, ef al 1974), dendritic cells

(DC) have been identified as the sentinels of the immune system. As a result it has
become theoretically possible to direct the immune response against a specific

chosen (tumour) Ag towards immunity or tolerance (Matzinger and Guerder 1980).

It is important to consider how the different components of the immune system
(DC, T cells and natural killer (NK) cells) develop and interact in-vivo and how this
may be altered in patients with MM. Subsequently we will consider how cells of the

Immune system may be manipulated ex vivo to overcome any MM tumour cell

suppressive effects and eradicate the malignant clone.

1.3.1 In-vivo DC development

DC precursors are derived from the bone marrow haematopoietic stem cell (HSC),

differentiating into two phenotypically distinct populations. Myeloid DC (mDC)
classically arise from the common myeloid progenitor and myelomonocytic
precursors, are characterised by the surface phenotype of CD11¢™*/ CD1237/

CD1c’, and tend to induce Th1 responses. Plasmacytoid DC (pDC) arise from the
common lymphoid progenitor, are CD11c/ CD123"", and induce Th2 responses.
However, factors such as the strength of the T cell receptor/MHC class I
interaction, Ag density and the hicroenvironment, are also important in the

balance between mounting a Th1 or Th2 T cell response. Recent studies also
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suggest that the system for DC generation may exhibit more plasticity than

previously thought, in that both myeloid and lymphoid DC may arise from either

myeloid or lymphoid progenitors (Shigematsu, et al 2003). DC precursor and
circulating blood DC migrate into peripheral tissues, such as skin, portal triads,
mucosa and lung, driven by their expression of CCR2 and CXCR4 (Figure 1-1
and 1-3). Here they down regulate CCR2 and up regulate CCR6, which seems to
be important for (i) DC circulation to lymphoid tissue like Peyer patches via
constitutive expression of CCL20 and (ii) may play a role in the induction of
tolerance to self Ags. Immature DC also express CCR1, CCR5 and CXCR2, which
allows them to migrate towards areas of inflammation via increased levels of
CCL3, CCL5, CXCL8 and CCL20, which may be inducibly expressed in other
tissues during an inflammatory response (Austyn and Larsen 1990). The iDC
actively sample the environment by phagocytosis and process Ag from bacteria,
viruses and apoptotic bodies (Albert, et al 1998, Hengel, ef al 1987, Svensson, et
al 1997), presenting them in the context of MHC class | and Il molecules. To
mature, iDC require a second ‘danger’ signal such as interferon (IFN) a ory,
interleukin-1B or microbial compounds such as bacterial lipopolysaccharide (LPS)
(Matzinger 1998). During the ensuing terminal differentiation, DC down regulate
their phagocytic and Ag processing functions, up regulate expression of MHC
class | and Ii, costimulatory and adhesion molecules (O'Neill and Bhardwaj 2005).
Dendritic cell maturation also down regulates CCR1, CCR5 and CCR6 and up
requlates CCR7 and CCR8 expression, thus becoming sensitive to CCL1, CCL19
and CCL21, which are constitutively expressed in lymph nodes (Qu, et al 2004).
The mature DC (matDC) then rapidly migrate to the secondary lymphoid tissues
via the afferent lymphatic system, attracted by chemokines such as CCL19 and
CCL21 (Chan, et al 1999, Dieu, et al 1998), where they efficiently present Agto T

cells, and induce an immunogenic response. If iDC encounter Ag in the absence
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of Inflammation, they partially up regulate CCR7 but do not up regulate co-

stimulatory molecules, and constitutively migrate to LN to induce/maintain

tolerance (Matzinger 1998). Naive and central memory T cells also express CCR?7,

thus chemokine expression brings DC and T cells into close proximity for Ag

presentation to occur.
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Figure 1-1 In-Vivo DC generation, migration and maturation pathways

DC arise in the bone marrow and migrate from the BM to peripheral tissues via the
blood. Here, iDC encounter Ag, mature and migrate to lymph nodes via the
lymphatics, and present Ag to naive T cells. Effector (cytotoxic) T cells then
migrate to peripheral tissues via the blood.

1.3.2 Chemokines and their role in DC trafficking

Chemokines (CHEMOtatic cytoKINES) were originally defined as proteins
manufactured by cells and tissues that stimulate movement and activation of

Immune cells to the area where the chemokine is produced and their subsequent

activation. However, there is now a considerable body of evidence to show that
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the biological effects mediated by chemokines are tar more complex. Virtually all

cell types, including tumour cells, have the potential to express chemokjnes and

chemokine receptors and this expression may have a direct impact on tumour cell
growth, angiogenesis and metastases (Vicari and Caux 2002). At the same time
the chemokine expression pattern of the tumour may have a direct bearing on the
host immune system’s ability to mobilise monocytes, DC, T cells and NK cells

against the tumour. The chemokine balance within the patient and the tumour may

be crucial in determining the type of immune response that is mounted, in that the

tumour may shift the balance from an immunogenic response in to a tolerogenic

response by the expression of a different chemokine ‘signature’.
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Figure 1-2 General structure of chemokine gene super-family members.

Schematic representation of the conserved cysteine signature residues present in
the primary amino acid structure that distinguish members of the chemokine gene
super-family in to four basic subfamilies, which can be subdivided based on the
presence or absence of additional cysteine residues and ELR (glutamic acid,
leucine and arginine) motifs. (Reproduced by kind permission Dr S. McColl,
Chemokine Biology Lab, University of Adelaide)

Chemokines are a large family of proteins, with considerable structural homology

based on conserved cysteine residues and the binding capacity to particular G
protein-coupled receptors (GPCR) (Zlotnik and Yoshie 2000). They have been

divided in to 4 major sub-groups based on the relative position of conserved



