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Abstract

Multiple myeloma (MM) is a plasma cell malignancy with a high mortality rate. The
current treatment options may prolong survival but none of them are curative.
Allogeneic gene therapy is a novel vaccine strategy that can augment anti-tumor
immune responses and cause remission in some non-hematologic cancers. Immuno-
gene transfer has been successfully performed in human and murine myeloma cells
using viral vectors. We used immuno-magnetic negative selection to purify myeloma
cells from bone marrow (BM) specimens. We investigated the possibility of in vitro
culture of bone marrow mononuclear cells (BMMC) and myeloma cell enrichments.
We used liposomal and adenoviral vectors to transduce myeloma cell lines. We
cloned the ailogene HLA-B7 into a recombinant adenoviral transfer plasmid and,
subsequently, produced a recombinant, HLA-B7-positive, adenoviral vector. We
evaluated allogene expression by the adenoviral vector in myeloma cell lines. In three
of four BM samples tested, 95-99% purification of primary myeloma cells was
achieved. Poor expansion and considerable variability (6-22 days) in the duration of
culture of BMMC (two samples) and purified myeloma cells (four samples) was
observed. Adenoviral vectors expressing green fluorescent protein (GFP) were highly
efficient (70-94%) for transduction of myeloma cell lines. Using the HLA-B7-
adenoviral vector, a small population (13%) of HLA-B7-positive myeloma cells
(RPMI-8226 cell line) was identified. These observations support the feasibility of
creating a myeloma vaccine by transduction of primary human myeloma cells with an

allogene.



Résumé

Le myélome multiple (MM) est une malignité des cellules plasmatiques dont le taux
de mortalité est considérablement élevé. Les différents traitements actuels du MM
permettent de prolonger la durée de vie sans toutefois étre curatifs. Récemment, une
nouvelle stratégie de vaccin, la thérapie de géne allogénique, a permis la rémission de
certains cancers non-hématologiques en augmentant la réponse immune anti-
tumorale. Aussi, le transfert immunogénique de geéne a été appliqué avec succes
autant chez les cellules du myélome murin qu’humain et cela utilisant des vecteurs
viraux. Nous avons développé une technique de sélection négative immuno-
magnétique pour purifier les cellules du myélome a partir d’échantillons de moelle
osseuse. Par la suite, nous avons étudié¢ la possibilité de cultiver in vitro des cellules
mononuciéaires de la moelle osseuse et des cellules purifiées du myélome. Nous
avons utilisé les vecteurs liposomal et adénoviral pour la transduction des lignées
cellulaires du myélome et nous avons cloné 1’allogéne HLA-B7 dans un plasmide
recombinant de transfert adénoviral. Ainsi, nous avons produit un vecteur adénoviral
exprimant HLA-B7 et évalué son expression allogénique chez des lignées cellulaires
du myélome. Parmi quatre échantillons de moelle osseuses testés, nous avons obtenu
une purification des cellules du myélome primaires variant entre 95 et 99%. Nous
avons observé une faible expansion des cellules et une variabilité considérable (6 a 22
jours) de la durée des cultures des cellules mononucléaires de la moelle osseuse (deux
échantillons) et des cellules purifiées du myélome (quatre échantillons). La
transduction des lignées cellulaires du myélome était plus efficiente (70-94%) en
présence des vecteurs adénoviraux exprimant la protéine fluorescente verte. Utilisant
le vecteur adénoviral exprimant HLA-B7, une faible population (13%) des cellules du
myélome positives pour le HLA-B7 (lignée cellulaire RPMI-8226) a été identifiée.
Ces observations soutiennent I’hypothése de développer un vaccin du myélome grace

a la transduction des cellules du myélome humain primaires avec un allogéne.



Chapter 1

General Introduction



Introduction and Rationale

Multiple myeloma (MM) is a hematologic malignancy involving plasma cells
that typically affects older individuals and accounts for approximately 10% of all
hematologic tumors. In Canada between 1100 to 1300 people die of MM each year,
most within 3 years of initial diagnosis. The causes of MM remain unknown. Plasma
cells originate in the bone marrow from the B-lymphoblastoid lineage. Myeloma cells
often produce large amounts of idiotype-specific immunoglobulin (Ig) that contribute
to hyperviscosity syndrome, which is a major complication of this condition (Kyle,
1975). Tumor growth within the marrow accounts for the other major manifestations
of this cancer such as immunosuppression, osteolytic lesions, anemia and bleeding
(Bataille et al., 1997). The current treatment options for MM include varying degrees
of chemotherapy as well as autologous or allogeneic bone marrow transplantation
(BMT). Although these regimens can often prolong survival (Attal et al., 1996) they
are generally not curative and most patients relapse within 1 to 3 years of therapy
(Gregory et al., 1992; Barlogie et al., 1995). Hence there is a pressing need for

alternative therapeutic strategies.

Numerous pre-clinical and clinical studies have demonstrated the feasibility of
inducing an effective immune response against malignant cells by genetic
modification of these cells to express cytokines, immuno-stimulatory molecules or
antigens (Chen et al., 1998; DeBruyne, 1996). Allo-antigens are highly immunogenic
and a disproportionately large percentage of the human immune repertoire appears to

be directed against them (Droge 1979; Detour et al., 1999; Mendiratta et al., 1999;



Detours et al., 2000). Allo-antigen gene transfer in several murine and human tumors
has been shown to induce an effective immune response against the modified cells
and, more significantly, against unmodified tumor cells at distant sites (so called
bystander killing). In several studies, such allo-antigen therapy has led to reduction of
tumor load and even complete remission (Stopeck et al., 1997; Gleich et al., 1998;
Ohno et al., 1997; Rubin et al., 1997; Nabel et al., 1996). In a systemic tumor such as
MM, where in vivo access to the great mass of tumor cells is impossible, genetic
modification of a small number of tumor cells with an allo-antigen and subsequent re-
introduction of these cells to the patient could conceivably lead to enhanced immune
surveillance and tumor killing throughout the body. Although MM is often a
relatively slow growing tumor (Drewinko et al., 1981), the bone marrow of patients
can contain large numbers of myeloma cells that are potentially accessible for
isolation and genetic manipulation. It would be of considerable interest to evaluate

the feasibility of introducing an allogene such as HLA-B7 into human myeloma cells.

Hypotheses

1) Primary myeloma cells from MM patients can be isolated using negative
selection.

2) Myeloma cells can be genetically modified, through transfection or transduction

with an appropriate vector, to express an allogeneic antigen.



Study Objectives

D

2)

3)

4)

Maintain and possibly expand human myeloma cells in culture

Purify primary myeloma cells from MM patients using negative selection

Using a standard reporter gene, test transfection vectors for efficiency in the

delivery of foreign genetic material in myeloma cell lines

Design, produce and test a recombinant adenoviral transfection vector that bears
the gene encoding an allo-antigen, HLA B7, and evaluate its efficiency in

transfection of human myeloma cell lines.



Literature Review

Epidemiology

MM is a neoplastic disorder belonging to the group of plasma cell dyscrasias.
Related disorders include monoclonal gammopathy of undetermined significance
(MGUS), Waldenstrom macroglobulinemia and Castleman’s disease. MM accounts
for 10% of all hematological malignancies and 1% of all cancer-related deaths in
western countries. [n the U.S., MM is the second most frequent malignancy of the
blood afflicting ~14,000 people per year (American Cancer Society, 1995). The
incidence of MM in the african-american population is twice that of the white
population; and the average male to female incidence ratio is 3:2 (Hussein, 1994).
Nearly 1 million people in the U.S. have been diagnosed with MGUS, a relatively
benign disorder that is considered a precursor condition to MM (Kyle, 1984).
Approximately 25% of patients with MGUS eventually develop MM (Kyle, 1993).
MM is an age-dependent malignancy occurring most frequently between 60 and 70
years of age (Gautier et al., 1994). In Canada, 10 per 100,000 of the population are
afflicted with MM and between 1100 to 1300 people die of MM each year (NCIC,
2001). The median survival period is 3 years after initial diagnosis, although many
patients survive less than one year (Brunning et al., 1994). The year 2001 estimates
for MM in Canada, according to the National Cancer Institute of Canada (NCIC), are
as follows: 1700 new cases of MM will be identified, of which 940 will be male and

750 female; the number of deaths will be 1,250; the mortality ratio (deaths per total



number of cases) will be 0.73, which provides a crude indicator of disease severity,

1.0 indicating the worst prognosis (NCIC, 2001).

Overview of myeloma biology

Clinical features

MM is an immune cell disorder that is characterized by malignant
proliferation of a clonal plasma cell that produces a specific immunoglobulin protein,
also referred to as M-protein, that is of considerable diagnostic value. The M-protein
is most commonly of IgG or IgA isotype although rare occurrences of IgD, IgM and
IgE M-proteins have been observed (Brunning et al., 1994). Myeloma cells produce
large amounts of M-protein which contribute to the major clinical features of this
condition; hyperviscosity syndrome (e.g. stroke, renal failure) and
immunosuppression (e.g. high antibody concentrations inhibit antibody production by
normal B cells) (Kyle, 1975). Other clinical complications include osteolytic lesions
and bone pain caused by increased osteoclast activity, anemia caused by suppression
of erythropoiesis, and recurring infections resulting from immunosuppression. As the
disease progresses and myeloma cells replace normal marrow cells, the degree of
immunocompromise can become severe. The total mass of myeloma cells in the bone
marrow accounts for the other major clinical manifestations of this cancer such as
hypercalcemia, skeletal lesions, anemia and bleeding (Durie et al., 1980). Ultimately,
the renal complications and infections are the direct causes of death in most MM

patients (Kyle, 1975). A disease staging system using histological findings has been



established based on the plasma cell burden in bone marrow biopsies (Bartl et al.,
1987). Stage I: <20% myeloma cell infiltration in the marrow; Stage II: 20 to 50%;
Stage III: >50%. The histological enumeration of the percentage of myeloma cells in

the marrow correlates well with the clinical stage of the disease (Bartl et al., 1987).

Role of Interleukin-6

Interleukin-6 (IL-6), a B-cell differentiation factor, plays a major role in
stimulating and maintaining myeloma cell growth in vitro (Kawano et al., 1988; Klein
et al., 1989). Several findings indicate that IL-6 has similar activity in vivo (reviewed
in Nishimoto et al., 1997). Serum levels of [L-6 are highly correlated with disease
severity (Bataille et al.,, 1989; Zhang et al., 1989). While there is strong evidence
supporting paracrine regulation of myeloma cell growth by IL-6 (Klein et al., 1989),
there is controversy concerning the precise role of autocrine IL-6-induced growth in
vivo (Klein et al., 1995; Klein, 1995). Freshly isolated myeloma cells produce IL-6
constitutively, express the IL-6 receptor (IL-6R), and proliferate in response to
exogenous IL-6 (Svenatsu et al., 1988). In normal individuals, bone marrow stromal
cells and mesenchymal stem cells are both potent producers of IL-6 (Majumdar et al.,
1998). Klein et al. (1989) have suggested that these cells are the major producers of
IL-6 in myeloma patients, implicating a definitive paracrine growth mechanism.
However, there is contrasting evidence of an autocrine growth loop with excess [L-6
production by the myeloma cells themselves (Kawano et al.,, 1988; Bataille 1989).
Thus, it appears that both paracrine and autocrine mechanisms may contribute to the
elevated levels of [L-6 in myeloma patients. Recently, human herpesvirus-8 (HHV-8)

infection of bone marrow follicular dendritic cells (Rettig et al.,, 1997; Said et al.,,



1997) and peripheral blood cells (Sjak-Shie et al, 1999; Berenson et al. 1999), has
been implicated as a novel contributing factor in MM patients. These observations are
strongly supported by the identification of a HHV-8 viral homologue of human IL-6
and the confirmation of its functionality in supporting the growth of an I[L-6-
dependent murine plasmacytoma cell line (Moore et al., 1996). These studies suggest
that HHV-8 infection may also contribute to the increased levels of IL-6 in MM
pateints. IL-6 is also produced by monocytes, T-cells and fibroblasts. Other cytokines
such as interleukin-3 (IL-3), granulocyte-macrophage colony-stimulating factor (GM-
CSF), interleukin-1 (IL-1), and tumor necrosis factor-alpha (TNF-a) act
synergistically with IL-6 to stimulate proliferation and differentiation of myeloma
cells (Michaeli et al,, 1997). These effects are mediated primarily by cytokine-
induced bone marrow stromal cell production of IL-6 (Carter et al., 1990).
Overexpression of IL-6 in the marrow microenvironment is also implicated in the
pathogenesis of bone lesions in MM patients since this cytokine is a potent activator
of osteoclasts (Mundy, 1974; Pelliniemi et al., 1995; Nishimoto et al., 1997). The
normal balance between osteoblast and osteoclast activity that exists in healthy
individuals is disrupted by the over-production of osteoclast-stimulating factor (OSF)
by bone marrow cells (Mundy, 1974) and IL-6-induced osteoclast-precursor
formation (Kurihara et al, 1990). Taken together, these data confirm that the bone
marrow microenvironment in myeloma patients is a favorable site for myeloma cell
proliferation and that a key role in this process is played by abnormally high levels of

[L-6 derived from several sources.
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Etiology

The causes of MM remain largely unknown although several occupational and
environmental factors (including exposure to chemicals, carcinogens and radiation) as
well as certain human leukocytic antigen (HLA) types have been associated with the
disease (Bergsagel, 2001; Pottern et al., 1992). Some of the critical oncogenic events
and chromosomal abnormalities that may facilitate the transition from benign
monoclonal gammopathy to malignant myeloma have been elucidated (Feinman et al,
1997). These authors discuss the involvement of key oncogenes (e.g. retinoblastoma
gene product, c-myc and N-, K-ras), the high frequency of dysregulation of tumor-
suppressor and apoptosis genes (e.g. p53, bcl-1 and bcl-2) as well as alterations in
cytokine gene/promoter regulation (e.g. [L-6) in the developmental pathogenesis of
MM. Abnormal somatic mutations within the immunoglobulin genes and the
aberrant genotypes of myeloma cells account for their morphological immaturity and
atypical differentiation (Bakkus et al., 1992; Battaile, 1997). Mature plasma cells
develop in the bone marrow from the B-lymphoblastoid lineage originating in the
germinal centers of lymphoid organs. Whether the precursor myeloma clone
originates in the germinal centers or results from post-migration, somatic mutations of
an intermediate B-cell in the bone marrow is an issue of debate (MacLennan, 1992).
HHV-8 infection of bone marrow follicular dendritic cells and peripheral blood cells
have emerged as potential etiologic factors in MM (as described in the previous
section). However, due to contradictory reports, this association remains highly

controversial at the current time (Tarte et al., 1999; Beck et al., 2000).

11



Current therapeutic strategies

Current treatment options for MM include varying intensities of anti-cancer
chemotherapy, radiation therapy, interferon-alpha (IFN-o) and autologous or
allogeneic bone marrow or stem cell transplantation. The ‘standard’ drug
combination prescribed for the initial treatment of MM is melphalan and prednisone.
Other combinations including glucocorticoids, cyclophosphamide, alkaloids or newer
purine analogues have shown equal or less efficacy in inducing remission (reviewed
in Bataille et al., 1997). Liver toxicity is occasionally associated with the standard
chemotherapy in MM and the prolonged administration of these drugs can induce
resistance or unresponsiveness in the tumor cells and, more importantly, worsening of
certain myeloma-associated symptoms, such as renal malfunction, anemia and fatigue
(Sheridan, 1996). Treatment with INF-o. with or without chemotherapy can reduce
plasma cell growth in MM patients (Mandelli et al., 1990) but at the cost of serious
side-effects such as flu-like symptoms, fatigue, thrombocytopenia and neurologic
toxicity (Sheridan, 1996). Furthermore, Klein et al. (1995) have demonstrated that
INF-a can stimulate myeloma cell growth in vitro, thereby raising serious doubts
about the therapeutic role of INF-a in MM. Allogeneic and autologous bone marrow
transplantations (BMT) have become increasingly safe and efficient approaches to
radically reduce myeloma tumor cell load, however even transplantation is seldom
curative (Kovacsovics et al., 1997). Furthermore, BMT is accessible to only a very
small proportion of patients at early stages of MM who have chemo-sensitive disease

(Brunning et al., 1994; Harrouseau et al., 1997). The risks of graft-versus-host (GVH)

12



disease and graft-related toxicity are also serious limitations to BMT (Kovacsovics,

1997).

Recent immunotherapy-based experimental approaches such as antibody
therapy (i.e. administration of monoclonal antibodies directed to tumor cell surface
proteins) have shown some promise in treating lymphomas and myeloma (Maloney et
al., 1999). In lymphoma, the tumoricidal effects of antibody treatment, mediated by
complement-dependent  cytotoxicity and antibody-dependent cell-mediated
cytotoxicity, have been documented in vitro. However, no such effect was seen in
vivo (Stevenson et al., 1996) and, to date, the clinical benefits of this approach have
been limited. Another immunologic approach, adoptive T-cell therapy, involves the
transfer of immuno-competent cells derived either from allogeneic donors or by
expansion of autologous, anti-tumor T-cells ex vivo. Clinical studies that have
evaluated this approach in drug-resistant or post-BMT relapse MM patients report
significant anti-tumor responses (Lokhorst et al., 1999). However, these studies also
demonstrated that auto-immune and GVH-toxicity can occur frequently following
such T-cell manipulations. Despite the limited successes to date, the immunologic
data strongly support a central role for T-cells in an effective anti-myeloma response.
Although all of the regimens outlined above can prolong survival, they are generally
not curative. They are associated with significant side effects, toxicities and
frequently with an overall decline in the quality of life. Furthermore, most MM

patients relapse within 1 to 3 years of therapy (Brunning et al., 1994). Hence there is
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a pressing need for the development and evaluation of alternative therapeutic

strategies.

Gene therapy and cancer vaccines

Overview

In the past decade, the science of gene therapy (i.e. modifying a somatic cell
by introduction of foreign genetic material for therapeutic benefit) has opened new
avenues for the treatment of malignant, infectious and hereditary human diseases. The
laboratory and clinical successes of this approach in defective-gene-replacement
therapy of diseases such as adenosine deaminase deficiency, ALD
(adrenoleukodystrophy), cystic fibrosis, Gaucher’s disease and muscular dystrophy,
has shown that a broad range of tissue types can be targeted using novel and efficient
gene delivery systems (reviewed in Kerr et al., 1994). Particular emphasis has been
given to the potential use of gene therapy in cancer, given the inadequacies of current
cancer treatment strategies in general. The two main categories of anti-cancer gene
therapy are a) suicide gene therapy, in which a destructive “suicide” gene Is
introduced leading to the expression of a “lethal” protein; and b) immunogene
therapy, that aims to improve and/or stimulate the anti-tumor immune response. To
date, the first strategy has focused on the genetic modification of tumor cells with
genes that will confer susceptibility to specific pharmacologic agents. One example of
this approach is the transfer of the herpes simplex virus (HSV)-thymidine kinase (tk)

gene into tumor cells followed by treatment with the nucleoside analogue ganciclovir
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(GCV) (Freeman et al., 1996). Monophosporylation of GCV by the viral tk gene and
then subsequent di- and tri-phosphorylation by cellular enzymes produces compounds
that are suitable substrates for DNA synthesis. The incorporation of triphosporylated
GCYV in growing strands of DNA results in chain termination and cell death (Pope et
al., 1997). Incidently, this approach has been shown to induce killing in neighboring,
unmodified tumor cells, a phenomenon refered to as ‘bystander effect’ (Freeman et
al., 1993). While this effect has been credited mainly to the transfer of phosphorylated
GCV between adjacent cells, there is also strong evidence for the involvement of the

immune system (Pope et al., 1997).

Immunogene therapy

More than a century ago, New York Surgeon William Coley made the earliest
recorded observations of the tumor-reducing potential of an activated immune system
(Wells, 2000). Coley noticed marked regression of tumors in some of his patients in
the aftermath of acute infections. He then attempted to induce a similar immune
response experimentally by administering bacterial cell wall preparations to his
patients and noticed a similar effect. We now know unequivocally of the central role
played by cell-mediated immunity (CMI) in the clearance of tumor cells. Through
extensive animal and human studies, it is now well-documented that a) many tumors
are potentially highly immunogenic; b) many tumors develop immune-evasive
mechanisms during oncogenesis; and c) if anti-tumor surveillance can be enhanced
then cytokine-mediated and effector-cell-induced cytolytic elimination of tumor cells

frequently occurs. Animal studies have also shown that the induction of tumor-
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infiltrating lymphocytes (TIL), that include both CD4+ T helper cells and, more
importantly, anti-tumor CD8+ cytotoxic T lymphocytes (CTL), is essential for
immune-mediated tumor regression and long-lasting protective immunity against
relapse (Gansbacher et al., 1990; Ley et al., 1991; Plautz et al., 1993). Gene transfer
of CMI-stimulating cytokines (e.g. IL-2, IL-12, TNF-a, [FN-y and GM-CSF),
receptors (e.g. CD-40 ligand and FIt-3 ligand), or costimulatory molecules (e.g. B7-1
and B7-2) can generate anti-tumor immune responses in many solid tumors (e.g.
adenocarcinoma, fibrosarcoma, colorectal carcinoma and melanoma), both in animal
models and human clinical trials (reviewed in Chen at al., 1998). These techniques
have recently been applied to hematologic cancers including MM. For example, in a
mouse model of MM, autologous myeloma cells genetically modified to express
cytokines (GM-CSF and IL-12) are capable of generating CTL that confer long-
lasting protection against subsequent challenge with parental and drug-resistant
tumors (Shtil et al., 1999). Also, recombinant adeno-associated virus (AAV)-
mediated transfection of human myeloma cell lines with genes for the costimulatory
molecules B7-1 and B7-2 has been shown to significantly enhance susceptibility to
allogeneic CTL-mediated cytolysis (Wendtner et al., 1997). In a more recent study,
Tarte et al. (1999) used primary myeloma cells from MM patients to demonstrate that
retroviral-mediated transfer of B7-1 and B7-2 genes could amplify autologous,
myeloma-specific CTL. These studies indicate that myeloma cells can be targeted for

immunogene transfer to enhance the myeloma-specific CTL response.
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Peptide or DNA-based, tumor-antigen-specific gene transfer has proven to be
yet another efficient, CMI-stimulating, therapeutic strategy for cancers in which
immunologically accessible tumor-associated antigens (TAA) have been identified
(e.g. melanoma) (Chen et al., 1998). The idiotypic Ig component in MM is regarded
by some as such a tumor-associated antigen and its targetting potential has been
examined with some success (Kwak et al., 1999). However, the idiotypic antigen is
specific to each individual patient’s malignant plasma cell clone. Thus, a vaccine
based upon this antigen would have to be “custom-made” for each patient, which
limits the feasibility of this approach considerably. Some TAA common to both solid
and hematologic tumors, including MM, have recently been identified (Van Baren et
al., 1999; Treon et al., 1999). The messenger RNA levels of these TAAs have been
determined in marrow samples from MM and MGUS patients using RT-PCR (reverse
transcriptase-polymerase chain reaction) and immunocytochemistry (Van Baren et al.,
1999). This study provides strong evidence that the expression of some of these
TAAs was limited to the cytoplasm. They were not necessarily found in association
with major histocompatibility (MHC) molecules at the cell surface, which is essential
for antigen presentation to immune effector cells. Also, the expression of the various
TAAs was found to vary significantly with the stage of disease. These observations
could limit the possible benefits of a TAA-based gene transfer approach in MM. In
summary, immuno-genetic manipulation of myeloma cells is emerging as a promising

therapeutic approach for MM and is a strategy worthy of further inquiry.
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Allogene expression and bystander effect

For reasons that are as yet unclear, the human immune system has a strong,
pre-existing reactivity to allogeneic HLA (Droge 1979; Detour et al., 1999; Detours et
al.,, 2000), as demonstrated in allogeneic-tissue graft rejection (Mendiratta et al.,
1999). Based on this ability of allo-antigens to stimulate strong cellular immune
responses, numerous animal and human studies have been performed using allo-
antigen gene transfer in non-myeloma tumor models (Plautz et al., 1993; Egawa et al.,
1995; DeBruyne, 1996; Nabel et al., 1996; Stopeck et al., 1997). Direct injection of
an allogeneic HLA class [ gene into murine colon adenocarcinomas and
fibrosarcomas induces a CTL response against the modified cells and, more
importantly, against unmodified tumor cells (Plautz et al., 1993). The immune
response elicited can cause reduction in tumor growth and complete tumor regression
in some animals. Similarly, allogene transfer in mice confers protection from nerve-
fibrosarcoma challenge and resistance against the formation of metastases in the lung
(Egawa et al., 1995). Success in mouse studies has led to widespread clinical
evaluation of this strategy in problematic human cancers, such as squamous cell head
and neck carcinoma (Gleich et al., 1998), colorectal carcinoma (Rubin et al., 1997)
and metastatic melanoma (Nabel et al., 1996). Two independent Phase [ clinical trials,
both of which studied the safety, immune responsiveness and clinical efficacy of
direct HLA-B7-allo-gene injection into metastatic melanoma nodules, have reported
detectable levels of allogene (e.g. DNA) and allo-antigen expression in the tumor

cells, inhibition of tumor growth and reduction in tumor size (Nabel et al., 1996;
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Stopeck et al., 1997). Both studies found tumor remission in a significant proportion
of patients, with only mild side-effects related to the procedures. The lack of
autoimmunity, serum abnormalities, histopathology and gonadal infiltration following
in vivo, allo-MHC, gene transfer in mice, pigs and rabbits provide further evidence of

the safety of this approach (Nabel et al., 1992).

The precise mechanism by which the genetic modification of a relatively
small number of tumor cells with allo-antigens elicits an effective anti-tumor immune
response is currently unclear. Nonetheless, this bystander effect has been well
documented in several tumors following suicide- or immuno-gene transfer (Miller et
al., 1994; Pope et al., 1997; Culver, 1996). It is likely that the intense immunological
activity (e.g. increased phagocytosis, upregulated gene expression of cytokines,
adhesion molecules and other soluble factors) within the microenvironment in which
the modified tumor cells are being destroyed permits enhanced immunologic
surveillance (e.g. activated APC screen a broader range of antigens). This intense
surveillance may lead to the recognition of previously inaccessible, ‘cryptic’ TAAs or
break a state of tumor-induced tolerance towards TAAs (Chen, 1998; Fenton et al.,
1997). There is also increasing evidence that systemic, tumor-specific immunity can
develop following the treatment of localized tumors by gene therapy thus lending
support to the existence of a distant bystander effect (Pope et al., 1997). In a systemic
tumor such as MM, where access to the majority of tumor cells is impossible, allo-
MHC-based genetic modification of a few tumor cells and their subsequent re-

introduction to the patient at discreet sites could conceivably lead to the induction of

19



enhanced surveillance and tumor killing throughout the body. Hence, it would be of
considerable interest to evaluate the feasibility of introducing an allogene such as an

HLA Class-I molecule into human myeloma cells.

Recent progress in gene delivery systems and their implications for MM

Physical and chemical transfection systems

Traditionally, electroporation and calcium-phosphate-dependent transfection
have been the preferred methods of delivering foreign DNA into mammalian cells
(Andreason et al., 1988; Schenborn et al., 2000). Electroporation, which uses short
electric pulses to create pore-like channels in the membrane lipid bilayer, has been
used for in vitro transport of molecules across cell membranes (Weaver, 2000). The
benefits of this method have even been considered for ex vivo and in vivo molecular
transport in tissues and for possible applications in gene therapy (Dev et al., 2000;
Weaver, 2000). However, with progress in membrane biochemistry research, these
methods are rapidly becoming obsolete for clinical applications. Currently, the most
promising means of gene delivery include cationic lipid complexes and recombinant
viruses (Romano, 1998; Goedegebuure et al., 1997; Descamps et al., 1996). Cationic
lipids have the dual capacity to bind to and form liposomal complexes with DNA as
well as to interact with eukaryotic cell membranes facilitating the penetration of DNA
into the cell (Plautz et al., 1994). Furthermore, many such formulations are non-toxic
to cells (Nabel et al., 1993) and are readily metabolized in vivo (Gao et al. 1991).

These attributes have been used widely in cancer gene therapy studies wherein
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cytokine and allogeneic gene transfer into tumor cells has been accomplished safely
and effectively (Stopeck et al., 1997; Rubin et al., 1997; Nabel et al, 1996; Osanto et

al., 1993).

Adenoviral transduction vectors

As an alternate strategy, the innate ability of a virus to enter a cell and
facilitate expression of its genome has been exploited in recombinant viral vector
development. Viruses such as retroviruses, adenoviruses, vaccinia and herpesviruses
have been modified to express exogenous, recombinant genes while their own ability
to replicate has been limited by removal of key viral genes (Yeh et al., 1997; Romano
et al., 1998). Replication-defective adenoviral vectors are particularly useful in gene
therapy due to their ability to transduce non-replicating cells from a wide range of
tissue types and their relatively large capacity to carry foreign genetic material. The
first recombinant adenovirus vectors were developed for gene therapy studies in
cystic fibrosis (CF) using type 5 adenovirus (Brody et al., 1994). The viral vectors
produced for these studies were depleted of the adenoviral replication gene El and
the therapeutic gene of interest was inserted in its place. These vectors are now
known as “first generation”, replication-deficient adenoviral vectors. Continued
efforts have led to “second” (E1 and E3 gene-deleted) and “third” (E1, E2 or E3, and
E4 gene-deleted) generation adenoviral vectors (Wang et al., 1996; Yeh et al., 1997).
The adenovirus virion does not have an envelope and is comprised only of protein
and linear, double stranded DNA. The genome of adenovirus is between 30-40 kb in

size and, unlike retroviruses, it does not integrate into the host cell genome after
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infection but exists extra-chromosomally in episomes. The coxsackie/adenovirus
receptor (CAR) is the main cellular receptor required for adenoviral binding and entry
into the cell (Bergelson et al., 1997). The alpha-v integrins, specifically a.f; and
aPs, are also required for adenoviral internalization into mammalian cells (Mathias
et al., 1994; Wickam et al., 1993). Adenoviral vectors are able to deliver genes to
several different mammalian cell types due to the tissue polytropism of the virus.
Vectors are typically amplified in the human embryonic kidney cell line, 293A, which
contains the adenovirus replication gene El in its genome (Graham et al., 1977).
Recombinant viral particles can be then extracted and purified (Yeh et al., 1997),
making it fairly easy to produce high titres of engineered virus.

To date and for reasons that remain poorly understood, lymphocytes and
malignant hematologic cells have posed a greater challenge in being transduced than
solid tumor cells (Leon et al., 1998). Hence, a systemic evaluation of gene vector
approaches (e.g. lipid and adenoviral) would be relevant for the strategy we are

proposing in MM patients.

Accessibility, culture and isolation of myeloma cells

Unlike some solid tumors, many hematologic tumors are difficult to access
due to their systemic distribution. They cannot be targeted for gene therapy in vivo
without the obvious risk of affecting normal cells. As a result, genetic manipulation
of these tumor cells is typically attempted ex vivo in enriched cell populations.

Although MM is a slow growing tumor (Drewinko et al., 1981), the bone marrow of
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many patients contains large numbers of myeloma cells at the time of diagnosis. A
typical bone marrow aspirate contains 10’ to 10® white blood cells (WBC) per ml of
which between 10% to 90% may be malignant plasma cells, depending on the stage
of disease (Brunning et al, 1994). As a result, myeloma cells are potentially

accessible for isolation and gene manipulations.

The in vitro culture of primary myeloma cells is one of the main challenges in
myeloma research. Several groups have attempted to expand myeloma cells in
clonogenic colony assays that require complicated feeder cell cultures or conditioned
media and monitoring of colony-forming units (Hamburger et al., 1977; Ludwig et al,
1984; Rhodes et al, 1990). The resulting colonies of progenitor myeloma cells are
embedded in agar-based medium and hence are useful primarily for morphological
analysis and drug-resistance assays. Furthermore, neither of the published methods
have been easily reproduced by other laboratories (Pellat-Deceunynk et al., 1995;
Barker et al., 1993). The cytokine IL-6, a major myeloma-stimulatory factor, has been
used to culture myeloma cells in suspension cultures in vitro and to generate cell lines
from long-term culture of primary marrow or pleural effusion cells from MM patients
(Durie et al., 1985; Westendorf et al.,, 1996; Ohtsuki et al., 1989; Takahira et al.,
1994). The lack of a reliable and consistent method for in vitro expansion myeloma
cells, has led Pellat-Deceunynk et al. (1995) to emphasize the necessity of myeloma

cell lines in MM research.
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Despite the variable expression of a number of cell surface markers on
myeloma cells from different individuals (Ruiz-Argiielles et al., 1994), moderately-
specific plasma cell markers exist and are widely used to identify malignant myeloma
cells (Tai et al., 2000; Stewart et al., 1997; Ohtsuki et al, 1989; Takahira et al, 1994;
Rhodes et al., 1990). Among these are CD-38, PCA-1 and CD-138 (SYNDECAN).
As a result, it has been possible to concentrate myeloma celis from BM aspirates
using monoclonal antibodies and “positive” immunomagnetic selection (Borset et al.,
1993). Another separation method involving multiple steps including density gradient
fragmentation, rosetting and antibody treatments has also been described (Iwato et al.,
1988). Both of these methods have drawbacks; they are complicated and involve
several steps and the resulting enriched population of cells has antibodies bound to
the surface of the cells, making further antibody staining and analysis problematic.
On the other hand, an antibody-free enriched MM cell population can also be
obtained by “negative” immunomagnetic selection (Tai et al., 2000; Fillola et al,,
1996). This approach can yield a high percentage of viable, purified myeloma cells

with minimal cell losses (Tai et al., 2000).
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Cell lines and transfection reagents
The cell lines RPMI-8226, U266 (human myeloma), 5637 (human bladder

carcinoma), Vero (green monkey kidney) and 293A (human embryonic kidney) were
purchased from ATCC (Manassas, VA). RPMI-8226 and U266 cells were maintained
in RPMI 1640 culture media supplemented with 15% fetal bovine serum (FBS) and
10% FBS respectively, 2 mM L-glutamine, 100 pg/mL gentamicin, 10mM HEPES
buffer and 4.5 g/L D-glucose. 5637 cells were maintained in RPMI 1640
supplemented with 10% FBS, 10mM HEPES buffer and 100 ug/mL gentamicin. Vero
cells were maintained in MEM with 5% FBS. 293A cells were maintained in alpha-
MEM media supplemented with 5% FBS, 100 pg/mL gentamicin and 10mM HEPES
buffer. All cell cultures were incubated at 37°C, 5% CO,. Transfection reagents
Lipofectin, Lipofectamine, CellFectin, DMRIE-C (Gibco Life Sciences, Burlington,
ON), Exogen (MBI Fermentas, Burlington, ON), DOTAP (Quantum Biotech Inc.,
Montreal, QC), Fugene 6 (Boehringer Mannheim, Mannheim, Germany) and
Effectene (Qiagen, Mississauga, ON) were provided as test samples by the respective

companies.

Patients and samples

Bone marrow (BM) specimen were obtained from diagnostic samples from multiple
myeloma patients following informed consent. BM mononuclear cells (BMMC) were
isolated by Ficoll-Isopaque (Pharmacia, Uppsala, Sweden) density gradient
centrifugation of BM aspirate. Cells were washed twice in Hank’s buffered saline

solution (HBSS, Gibco Life Sciences) and resuspended in either (a) RPMI-1640
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(Gibco Life Sciences) supplemented with 10% fetal bovine serum (FBS) and 5-20
Jg/ml recombinant IL-6, for cell cultures; or (b) HBSS without Ca++ or Mg++, with
5% FBS for magnetic sorting; or (c) Phospate Buffered Saline (Gibco Life Sciences)
with 5% bovine serum albumin, BSA and 0.01% sodium azide for antibody staining

and flow cytometric analysis.

Plasmids and viral vectors

Plasmid pRSVB7(k)T40 (Fig.2-1a), containing HLA-B7 cDNA, Rous Sarcoma Virus
(RSV) promoter, and the ampicillin resistance gene, was kindly provided by Dr. Gary
Nabel, Vector Core Laboratory, University of Michigan Medical Center, Ann Arbor,
MI. The bicistronic adenoviral transfer plasmid pQBI-AdCMV5GFP (Fig.2-1b) was
purchased from Quantum Biotech Inc. (Montreal, QC). The 1*' generation replication-
defecient(AE1)-adenovirus vector carrying green fluorescence protein (GFP) reporter
gene was a gift from Dr. George Karpati, Montreal Neurological Institute, Montreal,
QC. The 3™ generation replication-deficient(AE1/AE3/AE4)-adenovirus vector,
AdCMVSGFP and the GFP-reporter plasmid pQBI-25, were provided as a test sample

by Quantum Biotech Inc.

Immuno-magnetic labelling and negative cell separation

(Fig.2-2)

BMMC were resuspended in HBSS with 5% FBS at a concentration of 5 x 107 cells
per mL. Cells were stained with a custom antibody cocktail containing monoclonal

antibodies specific for human cell surface markers CD14, CD41, CD33, CD2 and
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CD45RA (StemCell Tech, Vancouver, BC) followed by a colloid containing magnetic
dextran iron particles (StemCell Tech). Cells were passed through a matrix column
(StemCell Tech) placed in a magnetic field, under sterile conditions. The flowthrough
containing unlabelled enriched cell population was collected, washed and
resuspended in either (a) RPMI-1640 (Gibco Life Sciences) supplemented with 10%
FBS and 5-20 pg/ml recombinant IL-6, for cell cultures; or (b) PBS with 5% BSA and

0.01% sodium azide, for flow cytometric analysis.

Cloning HLA-B7 cDNA into adenoviral transfer plasmid
(Fig.2-3)

1. Plasmid pRSVB7(k)T40 (Fig. 2-1a) was digested with Hind [II and BamHI and
the 2.1 Kb cDNA fragment containing the gene HLA-B7 was separated by
agarose gel electrophoresis. The piece of agarose gel containing the fragment was
cut out and the DNA was extracted using QIAquick Gel Extraction Kit (Qiagen
Inc). The isolated 2.1 Kb DNA was treated with DNA Polymerase I, large
(Klenow) fragment, to fill-in 5’ deoxyribonucleotide overhangs created by
restriction digest and DNA was precipitated using Qiaquick Nucleotide Removal
Kit (Qiagen Inc).

2. The bicistronic adenoviral transfer plasmid vector, pQBI-AACMV5GFP (Fig. 2-
1b), was linearized by digestion with Pmel and dephosphorylated using calf-

intestinal-alkaline-phosphatase (CIAP). Linearization was confirmed by agarose
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I.

gel electrophoresis and linear vector plasmid DNA was precipitated from the
agarose gel using QLAquick Gel Extraction kit (Qiagen Inc.).

The 2.1 Kb insert DNA and linear vector plasmid DNA were ligated at 1:1 molar
ratio, using the enzyme T4 DNA Ligase. The ligated DNA was transformed into
competent Escherichia coli bacteria that were plated and cultured on LB agar with
ampicillin. Ten bacterial colonies were picked and individually sub-cultured in
liquid LB media containing ampicillin. Plasmid DNA was isolated from each sub-
culture using QIAprep Spin Miniprep kit (Qiagen Inc.). Ten miniprep DNA
isolates were digested with BglII followed by agarose gel electrophoresis and UV-
autoradiography to determine presence and orientation of the 2.1 Kb HLA-B7-

encoding insert in the bicistronic adenoviral transfer plasmid.

Plasmid transfections

Transfection of myeloma cell lines with lipid and liposomal reagents:

For each transfection, 3 X 10° cells of the myeloma cell lines, U266 and RPMI
8226, were each plated in 6-well plates with 3 mL fresh culture media (described
earlier). GFP-reporter plasmid pQBI-25 DNA, dissolved in Tris-EDTA buffer,
was filter sterilized using SPIN-X microspin tubes (Coming Costar, Cambridge,
MA). In separate tests, plated cells were transfected with 0.5, 1.0 or 2.0 pg of
sterile pQBI-25 plasmid DNA, using eight lipid-based transfection reagents
(Cellfectin, Lipofectamine, Lipofectin, DMRIE-C, DOTAP, Effectene, Exogen

and Fugene-6) by following product-specific transfection protocols for each
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reagent. Untransfected normal U266 or RPMI-8226 cells and 5637 cells
transfected with pQBI-25 were used as negative and positive controls respectively.
Following transfection, cells were incubated at 37°C, 5% CO;. At 24, 48, 72 or 96
hours post-incubation, transfected and control cells were pelleted by
centrifugation and resuspended in PBS with 1% paraformaldehyde for flow
cytometric analysis of GFP expression. Percentage of cell viability was monitored

by trpan blue exclusion and light microscopy.

Transfection of 5637 cells with recombinant adenoviral transfer plasmids
(Fig.2-4)

DNA from HLA-B7-gene-positive recombinant pQBI-AdCMVS5GFP plasmid
clones was isolated from liquid LB cell cultures of transformed E. coli using
Strataprep Midiprep Kit (Stratagene, LaJolla, CA), dissolved in Tris-EDTA
buffer, quantified in a UV-spectrophotometer (Becton Dickinson, San Jose, CA)
and filter sterilized in SPIN-X microspin tubes (Corning Costar). Adherent 5637
bladder carcinoma cells were plated 24 hours prior to transfection in 100mm
tissue culture (TC) plates. Using Fugene-6 transfection reagent and 2ug
DNA/1x10%zells, the plated cells were transfected with each of the HLA-B7 gene-
positive plasmid clones, GFP-positive-control plasmid pQBIAdCMVS5GFP or
HLA-B7-positive-control plasmid pRSVB7(k)T40. Untransfected normal cells
were used as the negative control. Following incubation for 48 hours at 37°C and
5% CO,, control and transfected cells were washed twice with HBSS without

Cat++ and Mg++, detached with 0.25% trypsin-EDTA, pelleted by centrifugation
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and re-suspended in PBS with 5% bovine serum albumin (BSA) and 0.01%
sodium azide, for flow cytometric detection of GFP and HLA-B7 expression. All

transfections were repeated 3 times.

Recombinant adenovirus vector

1. Production and amplification

(Fig-2-5)

Plasmid DNA from two HLA-B7- and GFP-positive recombinant adenoviral
transfer vectors were linearized by restriction digest with enzyme EcoRlI, then
separated from the enzyme with phenol-chloroform, precipitated with alcohol and
resuspended in Tris-EDTA, filter sterilized in SPIN-X microspin tubes (Coming
Costar) and quantified by UV-spectrophotometry. 293A cells were plated in
60mm TC plates with culture medium and incubated for 24 hours at 37°C and 5%
CO,. Using calcium-phosphate transfection, cells were co-transfected with 5 ug
each of linearized recombinant vector DNA plus adenovirus-5 DNA (QBI-viral-
DNA, Quantum Biotech Inc.) or control DNA, QBI-Transf+ plus QBI-carrier-
DNA (Quantum Biotech Inc.). Co-transfected cells were incubated for 12-16
hours, washed with ImM EGTA and PBS, detached with 0.25% trypsin-EDTA,
split 1:4 into 60 mm TC plates and incubated for 6-8 hours. Plated cell
monolayers were overlayed with 1.25% sterile Seaplaque agarose (Mandel
Scientific, Guelph, ON) in culture medium and incubated for 5-21 days for viral

plaque formation, with fresh agarose-media being added every 4-5 days. Forty-
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two test and six control viral plaques were picked as agarose plugs from vector
and control co-transfected plates, respectively, and viral particles from each were
eluted into 5 mL alpha-MEM media for 24 hours. For the 1*' round of viral
amplification, 1004 of each viral eluate was used to infect 1 X 10° 293A cells in
LmL culture media plated in 24-well TC plates. Infected cells were then incubated
for 2-5 days until complete cytopathic effect (CPE) was achieved, after which
cultures were frozen (-70°C, 24 hours) and thawed (37°C, 1-3 hours) once to
allow release of viral particles from dead cells into the media. Cell debris was
removed by centriguation to obtain ~1mL of culture supernantant (SN) containing
viral particles. Subsequently, for the 2* round of viral amplification, 0.5 mL each
viral SN (from the 1% round of amplification) was used to infect 5 X 10° 293A
cells in 75cm?® TC flasks with 10mL culture media, which were then incubated for
2-5 days until complete CPE, frozen, thawed and clarified by centrifugation to

obtain 10mL of viral stock for each viral clone.

. Upscaling of HLA-B7/GFP positive viral clone

(Fig.2-6b)

3 X 107 293A cells were infected with the viral stock of the HLA-B7/GFP
positive recombinant adenoviral clone, at a concentration of ImL viral stock/ 10’
cells in 30mL culture media and 175cm® TC flasks. Following 2-5 days of
incubation and complete CPE, each flask of infected cells were pelleted and
resuspended in lmL alpha-MEM media. Three freeze-thaw cycles were performed

and cell debris was removed by centrifugation to obtain 3 mL of viral stock,
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1.

which was then diluted to 150 mL. The diluted viral stock was used to infect 30 X
107 293A cells in thirty 175cm® TC flasks (5 mL diluted viral stock/10’ cells/30
mL culture media). After incubation and CPE, 30 mL viral stock was collected, as
described above, and viral particles (VP) were purified and concentrated by
double centrifugation through discontinous and continous cesium-chloride (CsCl)
gradients. The resulting viral prep was titred by measuring ODsgonm of 1:5 and
1:10 dilutions of viral prep in virion lysis buffer (0.1% SDS, 10mM Tris-Hcl pH
7.4, ImM EDTA) incubated for 10 min at 56°C; and multiplying the OD value by

the dilution factor and extinction co-efficient (1.1 x 10'? virus per ODs¢ value).

Adenovirus transductions

Transduction of myeloma cell lines with I* generation adenovirus-GFP vector

3 x 10° cells each, in 1 mL culture medium, of 293A, U266 and RPMI-8226 cell
lines were transduced with the 1% generation replication-deficient adenovirus, at a
multiplicity of infection (MOI) of 1, 10, 100 or 200 viral particles (VP). Cells
were incubated at 37°C and 5% CO,, for 2 hours, after which cells were cultured
in complete media (1 x 10%mL) for 24 hours. In parallel experiments, U266 and
RPMI-8226 cells were starved (i.e. cuitured in media devoid of FBS, glucose and
L-glutamine) for either 24, 48, 72 or 96 hours prior to transduction with *
generation adenovirus (MOI=200) and cultured in starvation media for 24 hours.
Cell viability after starvation cells was assessed by trypan blue exclusion and light

microscopy . For both sets of experiments, untransduced, normal U266 and
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RPMI-8226 cells were used as negative controls and 293A cells transduced for 24
hours, with the same adenovirus (MOI = 1, 10 or 100 VP), were used as positive
controls. GFP expression in all transduced and control cells was analysed by flow

cytometry.

. Transduction of myeloma cell lines with 3™ generation adenovirus-GFP vector

2 x 10° cell each of U266 and RPMI-8226 were transduced with the 3™ generation
adenovirus vector, AACMVS-GFP, in 0.5 mL culture media, at MOI of 1, 10 or
100 plaque forming units (pfu)/mL, for 2 hours, at 37°C and 5% CO,. Cells were
then incubated in complete media for 24 or 48 hours, after which cell viabilty was
measured by trypan blue exclusion and light microscopy, and GFP-expression was

determined by flow cytometry. Transductions were repeated two times.

. Screening of recombinant adenoviral clones in 5637 cells

(Fig.2-6a)

1 x 10° 5637 cells, plated 24 hours in advance in 35mm TC plates, were
transduced with 1 mL each of 42 recombinant-vector- and 6 control- viral stocks
(from 2" round of amplification in 293A cells, as described above), at an
estimated MOI of 500 VP [titre of viral stocks as estimated by Adeasy
recombinant-adenoviral-vector-production protocol (Quantum Biotech Inc.)].
Transduced cells were incubated at 37°C and 5% CO,; for 24 hours following
which 1 mL of complete medium was added to each plate and cells were

incubated for an additional 12 hours. 5637 cells transfected with plasmid
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pRSVB7(k)T40; recombinant HLA-B7/GFP-gene-positive plasmid clones; and
5637 cells transduced with adenoviral-GFP vector AACMVS-GFP, were used as
positive HLA-B7-, HLA-B7 plus GFP and GFP- expression controls.
Untransduced normal 5637 cells were used as negative control. Viral-clones-
transduced- and control- cells were then detached by 0.25% trypsin-EDTA,
pelleted by centrifugation and re-suspended in PBS with 5% BSA and 0.01%
sodium azide, for antibody staining and flow cytometric detection of GFP and
HLA-B7 expression by the recombinant viral clones. Screening of clones was

repeated two times.

Transductions with HLA-B7/GFP-positive recombinant adenovirus clone
(Fig.2-6¢)

3 x 10° each of U266, RPMI-8226 and Vero cells were transduced with either (a)
the double CsCl-gradient-purified viral preps of the HLA-B7/GFP-positive
recombinant adenovirus clone, at MOIs of 10°, 10* or 10° VP (titre determined by
spectrophotometry); and/or (b) viral stock (from 2" round of amplification in
293A cells) of HLA-B7/GFP-positive recombinant adenovirus clone, at an
estimated MOI of 500 or 1000 VP [titre estimated by AdEasy recombinant-
adenoviral-vector-production protocol (Quantum Biotech Inc.)]. Transduced cells
were incubated for 2 hours, followed by 24 hours with complete media, at 37°C
and 5% CO,. Cells transduced with the AdCMVS5-GFP vector were used as
positive controls. Untransduced normal cells were used as the negative control.

Vero cells were detached with 0.25% trypsin-EDTA and all cells were pelleted by
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centrifugation and re-suspended in PBS with 5% BSA and 0.01% sodium azide,
for antibody staining and flow cytometric detection of GFP and HLA-B7

expression.

Flow cytometry

Flow cytometric analysis and fluorescence detection in all experiments was performed

using a FACScan Cytometer (Becton Dickinson).

1.

MM patient BMMC and myeloma cell enrichments :

Cells from BMMC and immuno-magenetic, negatively-selected flowthrough were
stained with either (a) mouse anti-human primary antibody specific for PCA-1
(Coulter Inc, Fullerton, CA), washed with PBS 0.01% sodium azide, followed by
FITC-conjugated goat anti-mouse secondary antibody, washed and finally PE-
conjugated mouse anti-human CD38; or (b) FITC-conjugated mouse anti-human
CD4 and PE-conjugated mouse anti-human CD8; or (c) FITC-conjugated mouse
anti-human CD54 and PE-conjugated mouse anti-human CD14; or (d) controls--
FITC-conjugated anti-mouse IgGl and PE-conjugated anti-mouse IgG2a.
Antibody staining was performed for 30 mins at 4°C, in the dark, after which cells
were washed with PBS 0.01% sodium azide and pelleted. All cell preparations
were then fixed in 150 pl PBS 1% paraformaldehyde. BMMC were gated to
include the lymphoid cell population characterized by low side-scatter

(granularity) and medium forward scatter (size) and to exclude monocytes and
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other cell debris characterized by relatively higher forward- and side-scatter
profiles; The enriched myeloma cells were gated to include the single,
homogeneous concentration of lymphoid cells and to exclude all others.

. Lipid-pQBI2SGFP-transfected and 1% and 3™ generation adenovirus-GFP-
transduced myeloma cell lines and control cells were washed with RPMI 1640
media, pelleted by centrifugation and fixed in 150 ul PBS 1% paraformaldehyde.
Cells displaying a consistent pattern of medium forward- and side-scatter were
gated.

. {a) 5637 cells transfected with HLA-B7/GFP gene-positive recombinant plasmid
clones; (b) 5637 cells transduced with viral stocks from 48 recombinant
adenovirus clones; and (c) U266, RPMI-8226 and Vero cells transduced with viral
stock and viral prep of the HLA-B7/GFP-positive recombinant adenoviral vector;
and (d) all control, untransduced cells were stained with PE-conjugated mouse
anti-human HLA-B7 antibody (Chemicon Intl., Temecula, CA) for 30 mins at
4°C, in the dark, after which the cells were washed with PBS 0.01% sodium azide,
pelleted and fixed in 150 pl PBS 1% paraformaldehyde. For 5637 cells, the single
homogeneous population of cells displaying medium forward- and side-scatter
profiles were gated. U266, RPMI-8226 and Vero cells were gated to include the
viable cells displaying medium forward-scatter and low side-scatter and to
exclude dead cells and debris characterized by extreme (low or high) forward- or

side-scatter profiles.
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Fig. 2-1:
Plasmid restriction maps of

a) HLA-B7-plasmid, pRSVB7(k)T40 (Gary Nabel, Vector Core
Lab., Univ. of Michigan)

b) Adenoviral transfer plasmid, pQBI-AdCMV5GFP (Quantum
Biotech Inc.)
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Fig. 2-2:

Diagram showing the steps involved in the purification of primary
myeloma cells from BM aspirates using immuno-magnetic negative
selection

Fig. 2-3 :

Schematic representation of cloning the HLA-B7 gene into the
adenoviral transfer plasmid
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Fig. 2-4 :

Diagramatic representation of studying HLA-B7 and GFP expression by
recombinant adenoviral transfer plasmid clone(s) in 5637 cells

Fig. 2-5 :

Schematic diagram showing the steps involved in the production of a o
replication-defecient recombinant adenovirus
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Fig. 2-6 :
Schematic representation of —

a) Screening of recombinant viral isolates for HLA-B7- ad GFP-
positive clones in 5637 cells

b) Upscaling of positive adenoviral vector

c) Testing efficiency of transduction and protein expression of positive
vector in myeloma and non-myeloma cells
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Chapter 3

Results



Purification and culture of primary myeloma cells

We purified myeloma cells from BM samples of four patients (ID#’s MM3, MMS5,
MM6, MMS8) using immunomagnetic negative selection. Myeloma cells were
identified in the BMMC and the enriched cell population by the surface expression of
plasma cell markers CD38+ and/or PCA-1+. Figure 3-1 shows cell-surface-marker
analysis of bone marrow mononuclear cells (BMMC) from Patient-1. D# MM6 by
flow cytometry. There was a diverse population of cells before enrichment with 10%
expressing CD4+, 22% CD8+ (Figure 3-1, Panel-a); 60% with CD54+, 39% CD14+
(Figure 3-1, Panel-b); and finally 57% with CD38+ and/or PCA-1+ (Figure-3-1,
Panel-c). Following purification, 95% of cells were CD38+ and/or PCA-1+ myeloma
cells (Figure 3-1, Panel-e) while the remainder expressed CD4, CD8, CD54 or CD14
(1%, 2.5%, 3% and 23% respectively; Figure 3-1, Panel-d; data for CD54 and CD14
not shown). Table 3-2 summarizes the initial and final purity (% of CD38+ and/or
PCA-1+ cells) from all four patient BM samples. The initial percentage of myeloma
cells in the four BMNC (MM3, MMS5, MM6, and MMS) populations was 14%, 67%,
57% and 85%, respectively. High level of purification was obtained from two other
samples, MMS5 and MMS, in which 99% of the cells in the enriched flowthrough were
CD38+ and/or PCA-1+ myeloma cells and less than 1% of cells had either CD4+ or
CD8+ (not shown). In contrast, for the first sample, MM3, only 51% of cells
following enrichment were myeloma cells. Therefore, in three out of four BM
samples that showed high initial numbers of myeloma cells (i.e. >50%), we were able

to obtain >95% purification by negative selection (Table 3-2). The yield (% of
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myeloma cells recovered after magnetic sorting) for all four samples is also
summarized in Table 3-2. In three out of four samples, we were able to recover at
least 65% of the myeloma cells present in the initial BMNC population. The highest
yield obtained was 75% from two samples, MM3 and MM6. The yield of myeloma
cells was considerably higher in those samples that had an initial BMNC population

of greater than 10 x 10° cells (shown in Table 3-1).

To study the in vitro proliferation of myeloma cells, MNCs from 2 patients (MM,
MM2) and myeloma cell enrichments from 4 patient samples (MM3, MMS5, MMS,
MMS) were cultured in the presence of 5-20 ng/mL IL-6. Table 3-1 shows the initial
volume and number of MNCs obtained from each sample, the maximum number of
days in culture and the proportion of myeloma cells in each sample. There was
considerable variability in the initial percentage of myeloma cells and the duration of
culture for the total MNC and the myeloma cell enrichments, in all six pateint
samples. MNCs from sample MM1 were able to survive in culture for a maximum of
22 days. During this period, the number of cells dropped by 100-fold. Similar
observations were made for the other patient samples, none of which survived for
more than 10 days in culture and all of which lost significant numbers of cells (50- to
100-fold) during this time. These results show that primary myeloma cells, in either
the total MNC population or a purified enrichment, are difficult to maintain, let alone
expand, in vitro for longer than 1-3 weeks, even in the presence of the myeloma-cell

growth factor, IL-6. However, it is interesting to note that the culture with total
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MNCs and higher initial myeloma-cell content survived longer in culture than the

enriched myeloma cell preparations.

Transfection of myeloma cell lines using chemical transfection reagents

We attempted to introduce plasmid the pQBI2S, carrying the GFP reporter gene,
using six lipid-based transfection reagents into two myeloma cell lines, RPMI-8226
and U266. Figure 3-2, Panel-a shows the population of U266 cells that was gated for
analysis; GFP-expression in control, Fugene6, Cellfectin, Lipofectamine, Lipofectin,
DMRIE-C transfected U266 cells are shown in Figure 3-2, Panels-b, ¢, d, e, fand g
respectively. No GFP-expression was noted in the transfected U266 cells 24 hours
following transfection whereas our positive control, pQBI+Fugene6 transfected 5637
bladder carcinoma cells showed >95% GFP expression (Figure 3-2, Panel-h). Similar
results were obtained for the myeloma cell line RPMI-8226. The transfections were
repeated two times for each reagent and, each time, no GFP-expression was detected
at 24, 48, 72 or 96 hours post-transfection, in U266 or RPMI-8226 cell lines. These
results clearly indicate that chemical transfection reagents are ineffective at

transferring foreign DNA into myeloma cells.

Transduction of myeloma cell lines using 1* generation adenovirus

We transduced RPMI-8226 and U266 cells with AEi-adenovirus encoding a GFP

reporter at an MOI of 100 and 200 VP. No GFP expression was detected at 24, 48 and



72 hours post-transduction in either cell line. Transductions were performed three
times and similar poor results were obtained each time (data not shown). In 293A
cells transduced with the AE1-adenovirus, GFP-expression was observed to be 34% at
MOI of 10 VP, and 92% at MOI of 100 VP, 24 hours post-transduction (data not
shown). Based on these observations we then tested the effect of starvation (e.g. no
FBS, glucose or L-glutamine) on the transfection efficiency of AE1 adenovirus-GFP
at an MOI of 200 VP, in RPMI-8226 and U266 cells. Cells were starved for 24, 48,
72 or 96 hours prior to transduction with the vector. Prior to flow cytometry, the
viability, at 24, 48, 72 and 96 hours of starvation, of RPMI-8226 cells was observed
to be 78%, 76%, 60% and 40% and that of U266 cells to be 95%, 90%, 84% and
82%, respectively. In the transduced U266 cells, GFP-expression was observed to be
40%, 62%, 71% and 73% at 24 hr, 48 hr, 72 hr and 96 hr starvation (Figure 3-3, Panel
¢, d, e and f) respectively, as opposed to 0.3% (Figure 3-3, Panel-b) in the gated cell
population (Figure 3-3, Panel-a) with no transduction. GFP-expression in transduced
RPMI-8226 cells ranged from 5% at 24 hours of starvation to 9% at 96 hours of
starvation (not shown). These experiments were repeated once and similar results
were obtained. These results suggest that starvation of cells may be an effective
method to improve the transduction efficiency when using a first generation
adenovirus vector. However, the negative effects of starvation on cell viability, make
this approach unsuitable for primary myeloma cells, which, as our previous results

show, grow poorly in culture even with the addition of recombinant I[L-6.
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Transduction of myeloma cell lines using 3™ generation adenovirus

To test the efficacy of the improved 31 generation, RPMI-8226 and U266 cells were
transduced with AACMVS5-GFP, at MOIs of 1, 10 and 100 pfu for 24 or 48 hours.
GFP-expression was detected at 24 hr in 80%, 90% and 94% of U266 cells (Figure 3-
4, Panels-a, b and c) and in 73%, 85% and 88% of RPMI-8226 cells (Figure 3-4,
Panels-c, d and f), at MOIs of 1,10 and 100, respectively. GFP-expression in both cell
lines was sustained for up to 48 hours post-transduction. The experiments were
repeated two times and similar high levels of GFP-expression were observed in both
cell lines. These results strongly support the use of a 3™ generation adenovirus to
obtain high level expression of a foreign gene in myeloma cell lines and its potential

applications in gene-delivery to primary myeloma cells.

HLA-B7 and GFP protein expression of recombinant plasmids in 5637 bladder
carcinoma cells

Having shown that the 3™ generation adenovirus is an efficient transduction vector for
myeloma cell lines, we cloned the gene encoding the allogene, HLA-B7, into the
adenoviral transfer plasmid, pQBI-AdCMVS5GFP. Following cloning and screening,
two plasmids, designated #9 and #10, were identified as HLA-B7-gene-positive.
Figure 3-5, panel-b shows the restriction enzyme BglII digest, gel-electrophoresis and
UV-autoradiograph of ten isolated recombinant plasmid clones. Based on the
resulting 274-bp DNA fragment in the recombinant plasmid (illustrated in Figure 3-5,
panel-a), we clearly identified clones #9 and #10 as positive. The two HLA-B7/GFP-

gene-positive plasmids were then used to transfect 5637 bladder carcinoma cells to
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test for surface expression of the HLA-B7 protein. By 24 hours post transfection,
35% of cells transfected with plasmid #9 and 45% of cells transfected with plasmid
#10 were positive for HLA-B7/GFP expression (Figure 3-6, Panels-e and f
respectively). Figure 3-6, Panels-a and -b show the gated cell population and
GFP/HLA-B7 expression by control normal 5637 cells stained with anti-HLA-B7
antibody, respectively; Panel-c shows GFP expression by positive-control plasmid-
pQBI-AdCMVS5GFP, and Panel-d shows HLA-B7 expression by positive-control
plasmid pRSVB7(k)T40. All plasmid transfections were repeated three times and
similar levels of HLA-B7 and GFP protein expression were seen each time. These
results indicate that the two HLA-B7 and GFP positive adenoviral transfer plasmids
produced suitable surface levels of proteins for the production of a recombinant

adenoviral vector.

Confirmation of HLA-B7 and GFP expression by recombinant adenovirus clone
in 5637 bladder carcinoma cells

Based on previous results, plasmid DNA of clones #9 and #10 was co-transfected in
293 A cells, with adenovirus5-DNA, to produce recombinant viral particles. Forty-two
vector and six control adenoviral clones were isolated from individual viral plaques.
Typically, the next step is amplification and protein-expression analysis of the
isolated viral clones in 293A cells. We encountered significant difficulties at this
stage that were subsequently resolved with the demonstration that 293A cells are (by
serendipity) HLA-B7 positive (confimmed by PCR analysis and positive antibody

reactivity of HLA-B7, data not shown). Therefore, 5637 cells were transduced with

47



viral stocks of the isolated and amplified 42 vector- and 6 control- viral clones, to
detect HLA-B7 and GFP expression. One positive recombinant viral clone,
designated Ad#8, was identified and confirmed as HLA-B7 and GFP positive. Figure
3-7, Panel-a shows the negative control for protein expression, untransduced 5637
cells with anti-HLA-B7 antibody; Panel-b shows 5637 cells transduced with a GFP-
positive control virus, AACMVS-GFP, with 98% expressing GFP; Panel-c shows
5637 cells transfected with a HLA-B7 positive control, plasmid pRSVB7(k)T40, with
10% expressing HLA-B7; Panel-d shows 41% HLA-B7 and GFP expression on
Ad#8-transduced 5637 cells. These experiments were repeated three times and each
time we observed similar levels of HLA-B7 and GFP expression. The results of this
section show that the isolated viral clone, Ad#8, expresses both proteins of interest at

significant levels and is a potential vector for allo-gene delivery in myeloma cells.

Transduction of myeloma cell lines with recombinant adenovirus Ad#8

We amplified the HLA-B7/GFP-positive adenovirus, Ad#8, in 293A cells and
purified viral particles. The viral titre of the double CsCl-purified prep was measured
as 1.5 x 10" VP/mL. Viral stock containing viral particles and the double CsCl-
purified viral prep were used to transfect RPMI-8226, U266 and Vero green monkey
kidney cell lines. Figure 3-8, Panel-a shows the gated, viable RPMI-8226 population;
Panel-b shows the negative control for protein expression, untransduced RPMI-8226
cells stained with anti-HLA-B7 antibody; Panel-c shows that 13% of RPMI-8226

cells transduced with CsCl-purified viral prep at MOI of 10* VP, after 24 hours,
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expressed HLA-B7 and GFP; Panels-d and e show that 6% of RPMI-8226 cells
transduced with Ad#8-viral stock at estimated MOI of 500 VP and 12% at estimated
MOI of 1000 VP, respectively, expressed HLA-B7 and GFP. Cell line U266
transduced with Ad#8-viral stock at an estimated MOI of 500 VP showed 6% positive
GFP expression (Figure 3-9, panel-d). However, the expression of HLA-B7 by Ad#8
viral clone could not be confirmed since the control U266 cells were (by coincidence)
HLA-B7-positive (Figure 4-9, panel-b). In addition, HLA-B7 and GFP expression by
Vero cells transduced with the CsCl-viral prep was observed to be 10% at an MOI of
10° and 19% at an MOI of 10* (Figure 3-9, panels-h and i, respectively). These results
demonstrate that despite low levels of protein expression, a recombinant adenovirus
expressing HLA-B7 and GFP can be used to transduce myeloma cell lines. The data
also shows that our recombinant viral vector preparation has significant infectivity, as
seen in the higher levels of protein expression in Vero cells. Up to 13% of
recombinant-vector transduced RPMI-8226 cells were positive for protein expression,
implying that this approach has the potential to be effective in generating an allogene-

modified myeloma cell population.
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Fig. 3-1:

Cell-surface marker analysis, by flow cytometry, of primary BMMC and
myeloma cell enrichment by immunomagnetic negative selection from
patient MM6:

(a) CD4 and CDS8 expression in BMMC;

(b) CD54 and CD14 expression in BMMC;

(c) CD38 and PCA-1 expression in BMMC;

(d) CD4 and CD8 expression in myeloma cell enrichment

(e) CD38 and PCA-1 expression in myeloma cell enrichment
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Table 3-1 :

Summary of BM samples, culture data and myeloma cell percentages
from seven MM patients

Table 3-2 :

Summary of purity and yield of myeloma cell enrichments from four BM
samples following immuno-magnetic negative cell separation
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Patient Initial Sample % of Negative cell Max. # of days in
intal Sample ,
Sample ID # Volume # of MNC myeloma cells separation culture w/IL-6
P in sample performed
MM1 SmL 2x 10’ 85 % No 22
MM 2 5mL 7x 10° 22% No 8"
MM 3 6 mL 10 x 10 14% Yes 8™
MM S 4mL 10 x 10° 67% Yes 10
MM 6 6 mL 6x 10’ 57% Yes 8"
MM 7 3mL 2x10° - No -
MM 8 5mL 25x 10 85% Yes 6

Sample ID# | Initial Purity | Final Purity | Yield
MM 3 14% 51% 75%
MM 5 67% 99% 32%
MM 6 57% 95% 75%
MM 8 85% 99% 65%

Purity = % of CD38+ and/or PCA-1+ cells
Yield = % of myeloma cells recovered by separation
* = All MNC cultured

** = myeloma cell enrichment cultured




Fig. 3-2:

Transfection efficiency of 5 lipid-based transfection reagents in U266
cells using GFP-reporter plasmid pQBI-25

(a) gated cell population;

(b) negative control, untransfected;

(c) Fugene-6;

(d) Cellfectin;

(e) Lipofectamine;

() Lipofectin;

(g) DMRIE-C;

(h) positive control, 5637 cells transfected with transfected with Fugene6
and plasmid pQBI-25
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Fig. 3-3:

Effect of starvation on transduction efficiency of 1* generation
adenovirus vector expressing GFP in U266 cells

(a) gated cell population;
(b) control untransduced U266 cells;

GFP-expression in adenovirus-transduced U266 cells cultured in
starvation media for

(c) 24 hours,

(d) 48 hours,

(e) 72 hours and

() 96 hours
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Fig. 3-4:

Transduction efficiency of 3rd generation adenovirus-GFP vector in
U266 cells transduced at MOI of 1-(a), 10-(b) and 100-(c) PFU; and
RPMI-8226 cells transduced at MOl of 1-(d), 10-(e) and 100-(f) PFU
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Fig. 3-5:

Cloning of HLA-B7 gene into recombinant adenoviral transfer plasmid,
pQBI-AdCMVS5GFP

(a) construct showing map and orientation of recombinant plasmid
containing HLA-B7 encoding cDNA;

(b) UV-autoradiograph confirming presence and orientation HLA-B7
encoding cDNA in isolated recombinant plasmid clones- 2,3,5,7, 9
and 10 (from miniprep plasmid DNA-isolates of transformed E-coli
cells) digested with enzyme BglIl and analysed by agarose gel
electrophoresis; results confirmed by presence of 274-bp fragment
resulting from Bgl-II digest of plasmid clones
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Fig. 3-6:

Positive HLA-B7 and GFP expression in 5637 cells transfected with
recombinant plasmid clones #9 and #10 using Fugene6 reagent:

(a) gated cell population;

(b) negative control normai 5637 cells with PE-conjugated anti-HLA-B7
antibody;

(c) 5637 cells transduced with GFP-positive control, plasmid-pQBI-
AdCMV5-GFP;

(d) 5637 cells transduced with HLA-B7 positive control plasmid-
pRSVB7(k)T40;

(e) 5637 cells transduced with clone #9

(f) 5637 cells transduced with clone #10
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Fig. 3-7 :

Confirmation of HLA-B7 and GFP expression by recombinant
adenovirus clone- Ad#8 in 5637 cells:

(a) control untransduced 5637 cells with PE-anti-HLA-B7 antibody;

(b)5637 cells transduced with GFP-control virus, AACMVS5-GFP;

(c) 5637 cells transfected with HLA-B7 positive control plasmid-
pRSVB7(k)T40;

(d)5637 cells transduced with viral stock of recombinant clone Ad#8

-
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Fig. 3-8 :

Transduction efficiency of recombinant adenoviral clone Ad#8 in
myeloma cell line RPMI-8226;

(a) gated cell population;

(b)control RPMI-8226 cells with PE-anti-HLA-B7;

(c) RPMI-8226 cells transduced with double-CsCl-gradient-purified
Ad#8 viral prep, MOI of 10° VP;

293 A-cells-amplified Ad#8 viral stock -

(d)MOI of 500 VP, and
(e) MOI of 1000 VP
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Fig. 3-9:

Transduction efficiency of recombinant adenoviral clone Ad#8 in
myeloma cell line-U266 and Vero cells:

(a) gated U266 cell population;
(b) control U266 cells with PE-anti-HLA-B7 antibody;

U266 transduced with —
(c) GFP-control virus-AdCMV5GFP;
(d) Ad#8 viral stock, MOI of 500 VP

(e) gated Vero cell population;
(f) control Vero cells with PE-anti-HLA-B7 antibody;

Vero cells transduced with —

(g) GFP-control virus-AdCMV5GFP and
(h) Ad#8 viral prep at MOI of 10° VP

(i) Ad#8 viral prep at MOI of 10* VP
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Chapter 4

Discussion and conclusions



The possibility that allogeneic MHC-expressing myeloma cells can enhance
anti-tumor immune responses has vital implications for the therapy of MM. MM
remains an incurable disease. The immune system in MM patients is weakened and,
despite the presence of natural killer cells and tumor-specific T-cells, there is
insufficient cytolytic activity directed against the malignant cells (Munshi, 1997).
Thus, a strategy that isolates myeloma cells and targets them for immunogene therapy
offers an attractive alternative to the current treatment options. Methods that yield
purified and homogenous populations of primary myeloma cells are of prime

importance to this approach.

In the first part of this study, we describe a simple method of purifying
primary myeloma cells from BM aspirates of MM patients. Using differential-
density-gradient centrifugation and a cocktail of magnetically-labeled monoclonal
antibodies (CD14, CD41, CD33a, CD2 and CD45RA) followed by negative cell
separation, we were able to obtain greater than 95% purification of myeloma cells in
three of four BM samples. Indeed, extraordinary purity (99%) was achieved in two of
four samples, as determined by CD38 and/or PCA-1 positive phenotype. The yield of
myeloma cells following purification was quite variable, however, ranging from 32%
to 75%. As might be expected, the lowest purity (51%) was achieved from the sample
(MM1) that had the lowest initial percentage of myeloma cells. The lowest total
recovery or yield (32%) was achieved for the sample (MMS5) that had the lowest
initial number of total BMNC. There was notable variability in both the total number

of BMNC and the percentage of myeloma cells in the seven samples available for this
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study. These preliminary observations suggest that the yield and level of purity
achievable using this method may be limited by the total number of BMNC harvested
and the percentage of myeloma cells, respectively, in the original samples. The
irregular and infrequent supply of primary BM samples made further optimization
and testing of this method difficult. During the course of our study, a concurrent
report was published in which the investigators used negative selection with
immunomagnetic beads to isolate primary myeloma cells (Tai et al., 2000). Despite
variable initial myeloma cell percentages (6-85%), they also report high yield (>95%)
and high purity (85-99%) using this approach. Fillola et al. (1996) have tested a
similar method of primary myeloma cell purification. These investigators also
reported substantial variability in purity achievable (2% to 100%) and an average
yield of 20% in their patient samples. These discrepant observations may be due to
the fact that plasma cells from MM patients display significant variability in cell
surface marker expression (Helfrich et al., 1997; Ruiz-Argiielles et al., 1994). This
variability has led some researchers to suggest the concurrent use of two or more
antibodies for the definitive identification of myeloma cells (Ruiz-Argiielles et al,,
1994, Tai et al., 2000), as was done in our study (CD38 and PCA-1). Currently, little
is known about the phenotypic differences in myeloma cells or the proportion of pre-
B- and B-cells, at the different stages of disease. Such differences may also affect the
yield and efficiency of negative cell separation for myeloma cells, and would provide
useful information for optimization of the antibody cocktail required to enrich the

myeloma cell clone at various stages of differentiation.
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Some investigators have used positive selection (with immunomagnetic
beads) to purify primary myeloma cells from MM patients (Portier et al.,, 1991;
Borset et al., 1993). The monoclonal antibody used in these studies (B-B4), has
recently been found to specifically recognize a plasma-cell marker, SYNDECAN-1
(Wijdenes et al., 1996). Although, positive cell separation can produce samples with
high purity (>98%) (Borset et al., 1993; Portier et al,, 1991), the resulting cell
population has surface-bound antibodies, that can complicate further antibody
staining or other manipulations. Moreover, it is not currently known if positive
selection targets myeloma cells at all stages of maturation, or if antibody-receptor

signaling induces functional changes in the myeloma cells (e.g. activation, viability).

The complications in cell identification and purification are not unique to MM
but extend to other lymphoid malignancies as well. Studies in chronic myeloid
leukemia (CML) have shown that multiple phenotypic parameters (e.g. CD34+,
CD71+, HLA-DR-, CD38-) are necessary for identification and isolation of the
malignant cells in BM or leukapheresis samples (Maguer-Satta et al., 1996; Martin-
Henao et al.,, 1996; Verfaillie et al., 1992). Furthermore, the Ph+ (Philadelphia
chromosome positive) genotype, which represents the gene translocation unique to
the malignant hematopoietic stem cells in CML, is also required for positive selection
of primary CML cells (Tefferi et al., 1995; Maguer-Satta et al., 1996; Verfaillie et al.,
1992). As a result, these investigators have used a combination of two distinct
methods (e.g. fluorescence-activated cell sorting (FACS) and fluorescence in situ

hybridization (FISH)) in their studies to satisfy both genotypic and phenotypic
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requirements of positive CML cell isolation. In other hematologic malignancies such
as chronic lymphocytic leukemia (CLL) and non-hodgkin’s lymphoma (NHL),
multi-step  detection procedures have also typically been required for
positive/negative selection or purging of the malignant cells (Murphy et al., 1987,
Kvalheim et al., 1989; Farley et al., 1994; Pugh et al., 1998; Wells et al., 1998;
Dreger et al., 2000). Vilpo et al. (1998) emphasized the negative effect of non-
specific antibody binding on the yield and purification of leukemic B-cells in CLL,
presumably due to the variability in surface marker expression. These studies
corroborate the challenges of tumor cell purification in hematologic malignancies in

general.

[n order to address the issues of gene-delivery to myeloma cells, it is essential
to have a primary myeloma cell population of maximum purity. Our results show that
negative selection can be an effective purification method for primary myeloma cells
in some patients. The enriched cell population does not have bound antibodies and, as
a result, can be used immediately for other manipulations such as cell-surface marker

analysis and gene therapy.

In addition to myeloma cell isolation, another major issue in MM research is
the in vitro expansion and long-term culture of primary myeloma cells, which have
been serious obstacles for most investigators. Between 1970 and 1990, a small
number of groups demonstrated that primary myeloma celils could be propagated in

vitro through short-term clonogenic bioassays of malignant plasma cells (Hamburger
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et al. 1977; Izaguire et al.,1980; Ludwig et al., 1984; Millar et al., 1988). In all of
these studies, the methods used were complicated (e.g. complex tissue culture
systems with multiple feeder cell cultures and conditioned media). Thus, it is not
surprising that none of these methods was widely adopted by other laboratories.
Furthermore, the cells derived using these methods were in the form of colonies in
solid agar medium, and thus, were used primarily for drug-sensitivity assays and

characterization of malignant myeloma clone.

In the current study, we made a limited attempt to expand primary myeloma
cells from total MNC (two BM samples) and from the enriched myeloma cell
populations obtained by immunomagnetic negative selection (four BM samples),
using [L-6 supplementation. The duration of these cultures ranged from 6 to 22 days,
during which there was a significant loss in the number of cells in all cases. In no case
were cell numbers even maintained and no significant expansion was observed.
[nterestingly, the culture of total MNC from one sample survived significantly longer
than the cultures of enriched myeloma cells, implying that the non-myeloma cells
present in the BM aspirates play an important role in the maintenance of the
malignant cells. Stewart et al., (1997) have also reported similar duration (21 days) of
total BMNC cultures from MM patient samples. Indeed, the best evidence for in vitro
growth of myeloma cells has been derived from studies in which the BM stromal cells
provided paracrine support (Caligaris-Cappio et al, 1992; Lokhorst et al., 1994).
Furthermore, it is well established that the BM stromal cells and BMNC are vital

feeder cells for the establishment of myeloma cell lines (Takahira et al., 1994;
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Shimizu et al., 1989; Scibienski et al., 1992). However, little is known about the
effects of long-term marrow cultures and cell-line establishment on the myeloma
clone. Several cytokines and growth factors other than [L-6 produced in the BM
microenvironment (e.g. [L-3, TNF, IL-1, GM-CSF, IL-11) are known to be involved
in the in vivo pathogenesis and proliferation of myeloma cells (Klein, 1995;
Nishimoto et al., 1997). The expression of these cytokines is known to vary widely at
different stages of the disease (Klein, 1995). As a result, it is likely that the stage of
discase in the MM patients from which the BM samples are obtained can also
influence the cytokine-supplementation *“cocktail”” necessary to establish long-term
myeloma cultures. Full characterization of the optimal growth conditions may yield

improved systems for long-term culture of myeloma cells in the future.

For immuno-genetic modification of myeloma cells, the vector for gene-
delivery is a crucial element that determines the efficiency of gene transfer and
protein expression. We evaluated the transfection efficiency of six lipid-based
reagents in two myeloma cell lines. In both cell lines, these reagents were ineffective
for the transfer of the GFP-reporter gene over a wide range of concentrations.
Although we had no success in myeloma cell lines, transfection of related cells has
been achieved by several groups. Simoes et al. (1999) used lipid and liposome based
vectors to transfect some B-lymphocytic cell lines with the use of a targeting ligand
(e.g. transferrin) or an endosome-disrupting peptide, in temary complexes. Keller et
al. (1999) have demonstrated that liposome-mediated transgene expression but not

gene delivery is possible in murine hematopoiteic cells through adhesion-assisted
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lipofection, using an adherent monolayer of fibroblast cells. In B-cell lymphoma
cells, it is possible to deliver a liposome-entrapped anti-cancer drug by coupling of
the liposome-drug complex to B-cell specific antibodies (Lopes de Menezes et al.,
1998). These data suggest that cationic liposome-mediated gene delivery to
hematologic cells is achievable only with complicated modifications and cell-specific
targeting. There is evidence to suggest that B-cells endocytose liposome-antibody
complexes (Grivel et al., 1994), and that exogenous antigen (from DNA-liposome
complexes) can be processed and presented to T-cells through both MHC-class [ and
IT pathways, by antigen-presenting cells (Rao et al., 2000). Myeloma cells are known
to have the capacity for antigen-presentation (Yi et al., 1997). Based on these data, it
may be possible to induce liposome-mediated allogene-expression in myeloma cells
by idiotype-specific targeting of the liposome-DNA complexes. However, for our
purpose, it would be important to evaluate the changes exerted by such complexes in
myeloma cells (e.g. apoptosis, activation), and to ensure MHC-class I, but not class
[I, allo-antigen presentation to CTL. To date, lipid-based transfection vectors have
been most effective for gene-delivery by direct injection into solid tumors (e.g.
melanoma and carcinoma) (Stopeck et al.,, 1997; Nabel et al., 1996). In contrast,
malignant cells in MM are systemically distributed and generally only form solid
tumor masses (i.e. plasmacytomas) in very advanced stage disease. Whether or not
the direct injection of lipid-based vector constructs could be effective in immunogene
transfer to plasmacytomas requires further study. Our data strongly suggest that lipid-
based vectors are unlikely to be a suitable option for ex vivo gene-modification of

myeloma cells.
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An attractive altermative to lipid-based gene delivery systems is offered by
virus-based vectors. The adenovirus-GFP-reporter model is of particular interest since
GFP expression can be easily detected by flow cytometry or fluorescence microscopy
and is useful for optimizing and studying the kinetics of transduction efficiency in
different cell types (Martin et al., 1997). We used a first-generation (AE1) and a third-
generation (AEI/AE3/AE4) replication-deficient adenovirus vector to deliver the
GFP-reporter gene into myeloma cell lines. In our hands, the first-generation
adenoviral vector was inefficient in transducing the two myeloma cell lines under
normal culture conditions. Since this vector was produced with moderate stringency
and selectivity (personal communication with George Karpati, MNI, Montreal), it is
possible that the low transduction efficiency we observed was the result of variability
in the infectivity of the viral vector (e.g. high concentrations of defective-interfering
particles in the viral stock (Alemany et al., 1997)). However, this trivial explanation
is unlikely since high GFP-expression in 293 A cells could be achieved using the same
vector. We have also seen that starving myeloma cell lines of essential nutrients could
significantly increase the transduction efficiency of this vector (e.g. 73% in U266
cells). The mechanism by which starvation of cells allows increased transgene uptake
and expression is not clearly understood. Moreover, the increase in transduction
efficiency achieved by starvation is accompanied by significant losses in cell
viability. As a result, this approach is not a suitable option for increasing the
adenoviral-mediated transduction of primary myeloma cells, that have limited growth
potential and require additional growth factors and nutrient supplementation for

survival in vitro. In contrast, the third generation adenoviral vector we used was
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highly effective for transducing myeloma cell lines. GFP-reporter expression ranging
from 70% to 94% was observed and could be maintained for up to 96 hours. Wattel
et al. (1996) have reported moderate efficacy (20%-64%) using a first-generation
adenoviral vector in thirteen hematologic cell lines, including three myeloma cell
lines (two of which were used in our study; i.e. U266 and RPMI-8226). Meeker et al.
(1997) have reported similar efficiencies for adenoviral-mediated gene-transfer in
malignant lymphocytic cell lines (40-80%). Together, these data establish the
potential utility of adenovirus vectors for the central objective of our study; that is

allogene-expression in myeloma cells.

Based on the high efficacy of the adenovirus-GFP, we cloned the HLA-B7
gene into an adenoviral transfer plasmid and observed significant HLA-B7 and GFP
expression (35-45%) by two recombinant plasmids. These plasmids were used to
construct recombinant adenoviral particles. Coincidentally, we found that 293A cells
are HLA-B7-positive and express this molecule constitutively. This finding caused
serious difficulties in the evaluation of HLA-B7 protein expression by the bicistronic
plasmids and recombinant adenoviral clones. To our knowledge, no other attempts to
construct an HLA-B7-adenoviral vector have been reported. 293A cells are
particularly useful for studying recombinant adenoviral protein expression since the
viral particles are typically produced and amplified in these cells. One way in which
viral-HLA-B7 (episomal) expression could theoretically be distinguished from the
293A cellular-HLA-B7 is through PCR-amplification (i.e. detection of intron

sequences that are characteristic of genomic DNA). However, such an approach
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would be of little help in evaluating differences in the cell-surface expression of
HLA-B7. As a result, we had to evaluate protein expression by both the cloned
plasmids and the recombinant viral clones in 5637 cells instead. Using these cells, we
identified one particularly promising adenoviral vector clone (Ad#8) that was double
positive (41% expressing both HLA-B7 and GFP). These results showed that we
could produce a recombinant adenoviral vector with significant expression of both

proteins.

Next, we evaluated the transduction efficiency of the HLA-B7/GFP-positive
adenoviral vector in two myeloma cell lines over a wide range of MOL. Our results
suggested that a small population of genetically modified, HLA-B7-positive myeloma
cells was achievable (13% in RPMI-8226 cells). Although some transduction in U266
cells was measurable (6% GFP-expression), we were unable to confirm HLA-B7-
expression by this vector due to strong reactivity of the HLA-B7 antibody to U266
cells. We could also demonstrate that the recombinant viral vector preparation had
significant infectivity, as reflected by the relatively high levels of HLA-B7 protein

expression in Vero cells (19%).

There have been contradictory reports of adenoviral-mediated transduction
efficacy in cell lines versus primary cells from lymphoid malignancies, including
MM, which underline the inconsistencies of this approach (Wattel et al., 1996;
Meeker et al., 1997; Leon et al., 1998; Cantwell at al., 1988; Prince et al., 1998).

Factors that are likely to influence the resistance of myeloma cells to transduction
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include variability in integrin and CAR receptor levels and the possibility that, despite
viral internalization, transgene expression may be hindered at the level of
transcription. Teoh et al., (1998) have demonstrated that human myeloma cell lines
(including RPMI-8226) and primary cells express both CAR and the other molecules
required for viral-intemalization (i.e. as integrins). Furthermore, using a tumor-
selective promoter, DF3/Mucl, these authors have shown that it is possible to achieve
high (80-100%) transduction efficiency in myeloma cell lines but not in normal BM
mononuclear cells or primary myeloma cells. Subtle variations in CAR-adenoviral
interactions may underlie these observations. It has recently been demonstrated that
specific amino acid residues are involved in the CAR-adenoviral-fiber-protein
interactions for the different adenovirus subgroups (Nemerow, 2000) and that altered
CAR-viral binding can result from specific amino-acid substitutions (Roelvink et al.,
1999).

Together, these observations suggest the potential for improvement of
adenoviral vectors based on CAR-binding properties. Evaluation of CAR/integrin
expression in primary myeloma cell samples prior to adenoviral-mediated
transduction would be needed to predict the success of this approach. While the
cytomegalovirus (CMV)-promoter used in this study has been successfully applied in
retroviral and adenoviral based gene therapy protocols (Romano, 1998), it might also
be worthwhile to consider more B-cell-specific promoters, such as DF3/Mucl or
immunoglobulin promoters, to achieve higher protein expression in myeloma cells.
Clearly, further manipulation of our recombinant adenoviral vector will be required to

achieve satisfactory levels of cell binding, internalization and transgene expression in
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myeloma cells. An improved viral vector preparation could then be used to transduce

the more challenging primary myeloma cells.

Although adenoviral vectors have come under close scrutiny, following the
report of a fatality in an adenoviral-based gene therapy trial (Marshall, 1999), there is
strong evidence to support virus-mediated gene-transfer in myeloma cells for the
purpose of enhancing the T-cell mediated anti-tumor response in humans (Tarte et al.,
1999; Wendtner et al., 1997)). This approach is strongly supported by the murine
myeloma model as well (Shtil et al., 1999; Ramarathinam et al., 1994; Cayeux et al.,
1995). Myeloma cells have been shown to express high levels of MHC Class [
molecules and, more importantly, several tumor-specific antigens, such as MUC1,
MAGE, GAGE and BAGE, at varying levels (Van Baren et al., 1999; Treon et al.,
1999). Autologous, MHC I-restricted, myeloma-specific CTL exist and can be
identified in MM patients (Pellat-Deceunynck et al., 1999). However, the presence of
these immune-effector elements does not seem to correlate with the clinical state of
the average MM patient. The disease is known to generate a state of immune
compromise in most patients, which becomes more severe as the disease progresses.
It seems that these “obvious™ TAAs are not recruiting or activating sufficient CTL in
MM patients. This deficiency could be due (in part) to the down-regulation or lack of
co-stimulatory signals, such as B7-1, B7-2, or the over-production of the B-cell
stimulatory factor, IL-6, that is characteristic of this disease. Van Barren et al. have
also shown that certain TAAs are expressed only in the cytoplasm of the malignant

plasma cells, implying that these antigens may be cryptic. Tumor-associated antigens
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can also fail to generate an effective T-cell response if there is inhibition of dendritic

cell maturation or activation in the tumor environment (Troy et al., 1997).

To date, allogene-based immuno-therapy has proven to be highly effective in
enhancing anti-tumor CTL responses directed against some tumors (e.g. melanoma).
In some cases there has been an extension of this response to unmodified tumor cells
throughout the body; the so-called distant bystander effect (Stopeck et al., 1997).
Allogene-expressing tumor cells can be highly immunogenic and are very likely to be
killed by pre-existing allo-reactive T-cells, releasing tumor-specific antigens (cryptic
and otherwise) into their microenvironment. Presentation of these antigens in the
resulting inflammatory milieu may provide the necessary cytokine and cellular
signals for the recruitment and activation of a critical mass of tumor-specific CTL
(illustrated in Fig. 4). This proliferating CTL population would then seek out and kill
other tumor cells bearing the newly recognized TAAs. Applied to earlier stages of
MM or during remission, when the tumor load is still relatively low, such an approach
could theoretically ‘vaccinate’ the patient against further tumor expansion.
Alternatively, if allogene-therapy can be performed safely in patients with advanced
myeloma (e.g. high tumor load, drug-resistant cells, plasmacytoma formation), then
vectors could be designed to target the more drug-resistant tumor cells, or for direct
injection into plasmacytomas. These possibilities are supported by the observation
that, as the tumor progresses, the cells that proliferate most rapidly are the ones that
have accumulated drug-resistance and oncogenic potential, giving them a growth

advantage over the less aggressive tumor clones (Feinman et al., 1997). Thus,
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allogene-therapy in conjunction with chemotherapy could theoretically facilitate
tumor clearance at all stages of disease. In the case of plasmacytomas, it may be
possible to isolate local tumor-infiltrating lymphocytes (TIL) following the allogene-
induced immune response and expand these TIL ex vivo, to be used in subsequent
treatment cycles, as has been reported in one case of advanced melanoma (Nabel et

al., 1996).

In conclusion, we have provided strong evidence for the efficiency of negative
immuno-magnetic selection for ex vivo purification of primary myeloma cells. In a
limited study of the culture characteristics of BMMC and enriched myeloma cells, we
found poor survival and considerable variability even among a small number of
samples. These observations highlight the difficulties and challenges related to in
vitro maintenance and expansion of primary myeloma cells. We have demonstrated
that adenoviral vectors can be used to deliver a gene of interest into myeloma cell
lines while chemical transfection reagents are ineffective. Finally, we constructed a
recombinant adenovirus that was capable of delivering an allogene into myeloma cell
lines. Further studies to improve the viral construct, optimize viral production and
purify MM cells will be required to assess this approach in primary myeloma cells. In
general, our results support the long-term objective of this strategy; the development
of an allogene-expressing myeloma cell population that can eventually be used as a

cancer “vaccine” in MM patients.
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Fig. 4 :

Schematic representation of the applications and potential benefits of
allogene-expression in myeloma cells: Allo-reactive CTL-mediated
killing of allogene-modified myeloma cells; Immunologic interactions in
an allo-antigen induced immune response and the resulting bystander
effect
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