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          Multiple myeloma is a hematopoietic malignancy involving the uncontrolled 

proliferation of a single clone of plasma cells or plasma cell progenitors in the bone 

marrow.  Previously, a monoclonal antibody called UV3, which recognizes human 

CD54/ICAM-1, was developed for the therapy of multiple myeloma.  UV3 is highly 

effective at treating advanced multiple myeloma in SCID mice with human multiple 

myeloma xenografts.  UV3 does not inhibit homotypic tumor cell adhesion or their 

adhesion to the bone marrow.  UV3 does not induce apoptosis of tumor cells or 

block cell growth.  Previous work evaluating F(ab)’2 fragments of UV3 demonstrated 

that they were effective in mediating anti-tumor activity, suggesting that other 

mechanisms also contributed to the anti-tumor activity of UV3.   

          One possibility to explain how UV3 exerts its anti-tumor activity could be that 

UV3 inhibits the secretion of pro-angiogenic cytokines and molecules, resulting in an 
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inhibition of angiogenesis.  To this end, our goal was to evaluate the angiogenic 

signals from human multiple myeloma cells and determine whether UV3 would 

interfere with such signals.  In addition, we further examined the role of the Fc 

portion of UV3 in mediating anti-tumor activity.  We found that multiple myeloma cell 

lines secrete some pro-angiogenic cytokines and molecules, and although UV3 may 

induce a minor anti-angiogenic effect, the Fc portion of UV3 was critical for its anti-

tumor activity.  In addition, we found that UV3 prolonged the survival of SCID mice 

with Daudi lymphoma, which suggests UV3 may be effective in treating a variety of 

hematological malignancies. 
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Introduction

 

A.  Multiple Myeloma 

 

The Disease 

          Multiple myeloma is a disease characterized by the uncontrolled 

proliferation of a single clone of plasma cells, or plasma cell progenitors in the 

bone marrow.  There are approximately 45,000 Americans who currently have 

multiple myeloma, and the American Cancer Society estimates another 15,270 

cases will be diagnosed in 2004 (1-3).  The median age at diagnosis is 68 years.  

The incidence of multiple myeloma is slightly higher in men than women.  African 

Americans and Native Pacific Islanders are affected more frequently than 

Caucasian Americans, and the frequency is lower in the Asian population (3,4).  

Without treatment, the median survival of patients diagnosed with multiple 

myeloma is only 17 months (5). 

 

Clinical Presentation of Multiple Myeloma 

          Patients with multiple myeloma may present various symptoms such as 

general infection, anemia, renal disease, bone pain, or hypercalcemia.  Blood 

tests of patients reveal a monoclonal Ig paraprotein, high levels of β2-

microglobulin, low platelet counts, decreased hemoglobin concentrations, and 

high levels of C-reactive protein.  Urine analysis reveals the presence of light 
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chain dimers, also known as Bence Jones Proteins.  By following the levels of the 

monoclonal Ig in the serum and the Bence Jones Proteins in the urine over time, 

one can evaluate the progression of the disease (4,6-8).   

 

Pathogenesis 

          Many genetic and biological factors contribute to the pathogenesis of 

multiple myeloma.  In the development of a normal B cell, the V, D, and J 

segments of the immunoglobulin heavy chain genes rearrange to become a 

single V region gene.  Once VDJ recombination occurs, somatic mutation and 

clonal selection occurs to improve antibody affinity, and isotype switching occurs 

(9).  Occasionally, genetic alterations result in the activation of oncogenes or 

mutations in a tumor suppressor gene.  Translocations at the Ig heavy-chain site 

14q32 are found in approximately 75% of myelomas, and these translocations 

frequently result in the disregulation of cyclin genes D1 and D3, fibroblast growth 

factor receptor 3, the nuclear protein multiple myeloma set domain (MMSET) that 

is involved in chromatin remodeling, and the transcription factors c-MAF and 

MAFB, which are proto-oncogenes (4,10-18).  These types of genetic alterations 

are thought to occur early in the pathogenesis of multiple myeloma, and 

secondary translocations affecting oncogenes like c-myc, ras, and p53 impact the 

progression of multiple myeloma (9,10,19-21).  In addition, the monoallelic loss of 

chromosome 13q, which is thought to contain a tumor suppressor gene, is 
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common in multiple myeloma and is considered to be an important independent 

prognostic parameter (22). 

          Multiple myeloma cells home to the bone marrow microenvironment where 

the genetic alterations lead to complex interactions between the extracellular 

matrix and bone marrow stromal cells (23).  The growth of multiple myeloma cells 

and disease progression are stimulated via multiple autocrine and paracrine 

loops (24).  Interleukin (IL) -6 is a predominant growth factor for multiple myeloma 

(25,26).  The majority of IL-6 production can be attributed to bone marrow stromal 

cells, although some multiple myeloma cell lines produce it.  IL-6 stimulates the 

proliferation of multiple myeloma cells via a ras/MAPK pathway and induces the 

production of vascular endothelial growth factor (VEGF) by multiple myeloma 

cells.  IL-6 interferes with antigen-presentation by dendritic cells, stimulates bone 

resorbtion, and enhances tumor cell survival (4,10,27).   

 

Cytokines in Multiple Myeloma

          Multiple myeloma cells can secrete VEGF, tumor necrosis factor alpha 

(TNF-α), and IL-1 β (28,29).  VEGF influences the growth and migration of the 

multiple myeloma cells, the migration and tube formation of endothelial cells, and 

stimulates the bone marrow stromal cells to produce more IL-6 (30).  TNF-α, 

which is also produced by stromal cells, activates NFκB, which regulates the 

transcription of cytokine genes and the expression of adhesion molecules.  IL-1β 

is a potent osteoclast activator.  IL-3, IL-8, IL-10, granulocyte-macrophage 
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colony-stimulating factor (GM-CSF), and interferon alpha (IFN-α) enhance the 

growth of multiple myeloma cells.  The number of cytokines produced by both the 

multiple myeloma cells and the bone marrow stromal cells result in the 

proliferation of multiple myeloma cells, the extravasation of the multiple myeloma 

cells to secondary sites, and the stimulation of angiogenesis to generate blood 

vessels that provide nutrients and other factors for the growing tumor 

(4,10,22,27,31). 

 

Treatment 

 

Chemotherapy 

          Multiple myeloma is responsible for 20% of all hematological malignancy-

related mortality (10).  Without treatment, the median survival of patients with 

multiple myeloma is 17 months (5).  For over 30 years, melphalan and 

prednisone have been the predominant choice of treatment (32).  Melphalan is a 

nitrogen mustard, which is a type of alkylating agent.  It damages DNA at all 

stages of the cell cycle (33,34).  Prednisone is a corticosteroid, which acts as an 

immunosuppressant (35).  Together, these agents extend the median survival to 

3 years, with approximately 5% of patients achieving complete remissions (36).   

          In an effort to improve the clinical outcome, the efficacy of other 

conventional chemotherapeutic agents, such as vincristine, cyclophosphamide, 

and carmustine, have been evaluated.  Vincristine is a plant alkaloid that inhibits 
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protein polymerization (34,37); cyclophosphamide is an alkylating agent that 

damages the DNA, predominantly, of proliferating cells (34,38); and carmustine is 

an alkylating agent that damages DNA at all stages of the cell cycle (34,39).  

Various combinations of vincristine, melphalan, cyclophosphamide, carmustine, 

and prednisone yield better response rates and slightly prolonged median 

survivals, but there is no improvement in the overall long-term survival (40,41). 

          Increasing the dosage of chemotherapy results in a 25-35% increase in the 

number of complete responders and a 12-13 month increase in the median 

overall survival (42).  In addition, some of these combinations are not as toxic as 

melphalan.  High dose melphalan generates a higher response rate among 

patients compared to conventional doses, but it leads to severe 

myelosuppression resulting, in some cases, in bone marrow failure (5,43). 

 

Chemotherapy and Stem Cell Transplantation 

          Currently, the most successful therapy regimen for multiple myeloma 

involves the combination of chemotherapy and transplantation of autologous 

peripheral blood stem cells (PBSCs)(36,40-42).  Patients receive a 4-day course 

of standard induction therapy consisting of vincristine, doxorubicin, and 

dexamethasone (VAD).  Once PBSCs are collected, the patient receives a 

conditioning regimen that is commonly comprised of high dose melphalan with or 

without total body irradiation, followed by an autotransplantation of PBSCs 

(36,42).  Phase II clinical trials using this protocol reported that up to 40% of 
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patients achieve complete responses with a median survival of 5 years 

(42,44,45).  In an effort to reduce the rate of relapse and prolong survival, the use 

of two tandem autotransplants has demonstrated some success (5,41,46).  

Allotransplantation, however, yields the highest response rates with the lowest 

frequency of relapse, largely due to a graft-verses-myeloma effect.  The 

disadvantage and limiting factor of allotransplantation is the high rate of 

transplantation-related mortality due to graft-verses-host disease (41,47-49). 

 

Immunomodulatory Agents 

            In addition to chemotherapy and stem cell transplants, there are a few 

anti-angiogenic and immunomodulatory agents that hold promise for adjuvant 

and/or maintenance therapy.  Thalidomide is one example (50).  Thalidomide 

blocks basic fibroblast growth factor (bFGF) and VEGF- induced angiogenesis 

(51), promotes apoptosis of multiple myeloma cells, and interferes with the 

binding of multiple myeloma cells to the bone marrow stromal cells.  Natural killer 

(NK) cell activity is also enhanced (52,53).  The efficacy of thalidomide in treating 

multiple myeloma was first demonstrated in relapsed or refractory patients.  One-

third of patients responded in the dose-escalated phase II study resulting in 

prolonged event-free survival and overall survival (42,53,54).  As a single agent, 

the ability to administer high doses is limited by the degree of treatment-induced 

peripheral neuropathy (42,54).  However, thalidomide is not myelosuppressive, 

which, potentially, makes it very beneficial as an adjuvant therapy.  Studies have 
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demonstrated therapeutic synergy between thalidomide and dexamethasone 

when given in combination, and current studies are evaluating this combination 

for induction or maintenance therapy (42,55).  In addition, a variety of thalidomide 

analogs, such as Revimid, are being developed in effort to maintain efficacy and 

reduce the neurotoxic side effects (56,57). 

 

Therapeutics Under Development 

          A variety of other anti-multiple myeloma agents are also in development.  

Bortezomib, also known as PS-341, is a proteosome inhibitor, which inhibits the 

activation of NFkB, induces apoptosis, and down-regulates adhesion molecules.  

Bortezomib, which was recently approved by the FDA for relapsed and refractory 

multiple myeloma, demonstrated a 28% overall response rate with mild to 

moderate toxicities including fatigue, nausea, diarrhea, constipation, 

thromobocytopenia, peripheral neuropathy, pyrexia, vomiting, and anemia 

(53,58).  Other agents under development include 1) arsenic trioxide (59), which 

targets mitochondria, 2) an anti-CD20 antibody (52), which targets a B cell 

surface antigen detectable on some multiple myeloma cells and possibly multiple 

myeloma precursor cells, 3) an anti-CD40 antibody (60), which seeks to block the 

binding of CD40 ligand to CD40 resulting in the reduced secretion of pro-

angiogenic and proliferative cytokines, 4) an anti-IL-6 antibody (61), which acts to 

interfere with the binding to its receptor, 5) an anti-HM1.24 antibody (62), which 

targets a plasma cell specific antigen, 6) VEGF inhibitors (53,63), which lower the 

 7



level of the proliferative and pro-angiogenic cytokines, and 7) anti-idiotypic 

vaccines (64), which seek to target the clonotypic idiotype of multiple myeloma. 

 

B.  Monoclonal Antibodies in Cancer 

 

Technological Advantages 

 

Specificity 

          Kohler and Milstein pioneered the technique and development of 

monoclonal antibodies nearly 30 years ago (65).  Since that time, monoclonal 

antibodies have become an important field of study for the therapy of numerous 

diseases, including autoimmunity and cancer.  Monoclonal antibodies are often 

referred to as “magic bullets” or “targeting missiles” because of their specificity for 

target cells (65,66).  Monoclonal antibodies recognize unique cellular antigens on 

the surface of tumor cells, such as antigens that are overexpressed, antigens that 

are specific to one cell type, differentiation antigens, and viral antigens (67-69).  

Selective cytotoxicity provides a large therapeutic advantage resulting in fewer 

side effects. 

 

Multiple Mechanisms of Action 

          In addition to specificity, monoclonal antibodies can activate multiple 

pathways of tumor destruction.  They can recruit effector cells and molecules, 
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initiate signaling cascades, or block signals necessary for cell growth.  In order to 

initiate effector functions, antibodies recruit complement components or effector 

cells, which are activated following their binding to the Fc portion of the antibody, 

resulting in cell lysis (67,69,70).  Antibodies are able to alter signaling cascades 

directly, by inducing apoptosis or cell cycle arrest, or indirectly, by altering the 

tumor cell microenvironment.  In addition, the binding of an antibody to its antigen 

can prevent other ligands and receptors from binding to the tumor cell.  This 

interference can prevent a tumor cell from homing to a microenvironment 

favorable for growth, or it can block growth factors from further stimulating tumor 

cell proliferation and differentiation (70).  Antibodies are therapeutically unique 

not only because they utilize several mechanisms to induce tumor cell 

destruction, but they often utilize more than one avenue of attack to produce an 

effect (71).  This results in a potentially potent and versatile therapeutic modality. 

 

Antibody Engineering 

          In addition to exerting their effect through multiple mechanisms, antibodies 

can be manipulated to improve their therapeutic efficacy.  One of the first 

obstacles in early antibody therapy was their immunogenicity, since they were of 

mouse origin (72).  Patients mounted an immune response, thus limiting 

therapeutic performance.  In order to circumvent this problem, antibodies are now 

genetically engineered to have mouse variable regions with human constant 

domains (chimeric), mouse complementarity determining regions with the 
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remainder of the antibody being human (humanized), or antibodies can also be 

made completely human using Ig transgenic mice or phage display (70,73-75).  

By giving patients partial or fully human antibodies, there is little or no immune 

response, which gives the antibodies more time to exert their effect. 

          Other designs in antibody engineering strive to improve therapeutic 

efficacy by designing smaller antibody constructs, by altering the half-life of an 

antibody, or by conjugating antibodies to toxic payloads to enhance the cytotoxic 

effect (67,76).  For example, smaller antibody constructs are able to penetrate 

deeper into a tumor mass (77).  In addition, improving the avidity of an antibody 

or increasing binding of the antibody to the neonatal Fc receptor (FcRn) can 

prolong the length of time an antibody will remain at a tumor site or in the 

circulation (78).  Conversely, decreasing the length of time in the circulation is 

advantageous when conjugating antibodies to radionucleotides, for example, 

because of their rapid clearance from the body, thus limiting whole body 

exposure to the radioactive isotope (67).  The ability to genetically enhance the 

performance of monoclonal antibodies will greatly impact their future success. 

 

FDA-Approved “Naked” Monoclonal Antibodies 

 

Rituxan 

          Rituxan, also known as rituximab, recognizes CD20 on B cells and is a 

chimeric antibody approved for the treatment of non-Hodgkin’s lymphoma 
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(68,76).  Rituxan exerts its therapeutic effect by inducing antibody dependent cell 

cytotoxicity (ADCC), complement dependent cytotoxicity (CDC), and apoptosis of 

CD20+ cells.  Clinical studies demonstrate that about half of all patients with low-

grade non-Hodgkin’s lymphoma respond to 4 doses of Rituxan therapy at a dose 

of 375 mg/m2.  In addition, patients with relapsed or refractory non-Hodgkin’s 

lymphoma demonstrated a 31% overall response rate (67,79).   

          Rituxan demonstrates greater efficacy when given in combination with 

chemotherapy.  The combination appears to have a synergistic effect and can 

reverse the sensitivity of chemo-resistant cells.  In low grade and follicular non-

Hodgkin’s lymphoma, 95% of patients who received Rituxan plus 

cyclophosphamide, doxorubicin (an anthracycline) (80), vincristine, and 

prednisone (CHOP) responded, and there was no increase in toxicity compared 

to CHOP therapy alone.  Rituxan is also currently being evaluated as 

maintenance therapy after high dose chemotherapy and autologous 

transplantation (67,81).  

 

Herceptin 

          Herceptin, also known as trastuzumab, recognizes HER-2/neu (c-erbB-2), 

which is a member of the epidermal growth factor receptor (EGFR) family.  It is a 

humanized antibody approved for the treatment of HER-2 positive metastatic 

breast cancer (67,76).  Herceptin recruits effector cells, induces apoptosis, and 

decreases VEGF levels, leading to reduced angiogenesis (71).  Studies have 
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demonstrated that 16% of patients with metastatic disease achieved an objective 

response and a median overall survival of 13 months, which was an improvement 

over the second line chemotherapy, and 30% of patients demonstrated stable 

disease.  The combination of Herceptin and anthracycline chemotherapy 

increased response rates from 43% to 52% compared to the chemotherapy 

alone, and combination with a taxane regimen increased response rates from 

16% to 42% and prolonged survival.  Anthracyclines are cytostatic antibiotics that 

disrupt DNA structure, and taxanes inhibit cell mitosis by preventing tubulin dimer 

formation (34,67,68,82,83).  

 

Campath 

          Campath, also known as alemtuzumab, is a humanized antibody approved 

for the treatment of chronic lymphocytic leukemia (76).  Campath recognizes 

CD52 on B cells and T cells.  In relapsed or refractory CLL, 42% of patients 

responded, and when tested as a first line therapy, all patients responded to 

Campath (67).  Combinations of Campath with Fludarabine, which is an 

adenosine analog that inhibits adenosine deaminase (34,84), significantly 

increased the response rate in patients with refractory disease.  The biggest 

concern with Campath therapy is the immunosuppression it causes, which can 

lead to reactivation of cytomegalovirus or Epstein-Barr virus.  Campath is also 

being evaluated for the therapy of non-Hodgkin’s lymphoma and for the depletion 

of B and T cells in donor grafts in allogeneic transplants (67,85).   
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Avastin 

          Avastin, also known as bevacizumab, recognizes VEGF and is a 

humanized antibody approved for the treatment of colorectal cancer.  Avastin 

exerts its therapeutic effect by inhibiting neovascularization of the tumor.  

Although Avastin shows a modest effect as a single agent, it is primarily used in 

combination with irinotecan, 5-Fluorouracil (FU), and leucovorin (LV).  Irinotecan 

targets replicating cells by preventing the repair of single strand nicks in the DNA 

(86); 5-FU inhibits DNA synthesis at all stages of replication; and LV (folate) 

raises the folic acid level (87,88).  When these agents were given in combination, 

patients demonstrated a 20.3 month median survival verses 15.6 months in 

patients receiving chemotherapy alone, and the combination prolonged the 

progression-free survival and overall response.  Toxicities from Avastin have not 

been substantial, but there was an increased incidence of bleeding, 

thromboembolism, and hypertension (89). 

 

Erbitux 

          Erbitux, also known as cetuximab, is a chimeric antibody approved for the 

treatment of advanced colorectal cancer.  It recognizes the extracellular domain 

of the EGFR and blocks epidermal growth factor (EGF) signaling.  In addition, 

studies demonstrate that Erbitux blocks the production of VEGF, IL-8, and bFGF.  

As a single agent, 10.5% of patients with relapsed or refractory disease 
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responded and 36.8% demonstrated stable disease.  When given in combination 

with irinotecan chemotherapy, the response rate doubled to 22.9% and the time 

to progression increased from 45 days to 126 days.  The predominant side-effect 

of Erbitux is an acneiform rash, which correlated with a positive prognosis.  Other 

toxicities were mild and included asthenia, fever, nausea, and allergic reactions 

(2,89).  

 

C. Developing a New Therapy 

 

The Generation of UV3 

          UV3 was developed in an effort to create a specific monoclonal antibody 

for the therapy of multiple myeloma.  BALB/c mice were immunized once a month 

with alternating intraperitoneal injections of human multiple myeloma cell lines 

RPMI-8226 and U-266.  Three days after the last injection, spleen cells from the 

immunized mice were fused with (SP2/0) mouse myeloma cells, and hybridomas 

that strongly reacted with the human multiple myeloma cell lines were further 

subcloned.  Supernatants were screened by enzyme-linked immunosorbent 

assay (ELISA) and fluorescently activated cell sorting (FACS) to identify which 

clones produced an antibody that specifically recognized multiple myeloma cells.  

The antibody was purified by affinity chromatography on a protein G agarose 

column, and an ELISA was used to determine the isotype of the antibody, which 

was IgG2a.  The UV3 antibody was used to immunoprecipitate its antigen.  The 
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antigen was an 83 kD protein that corresponded to the common intracellular 

adhesion molecule (ICAM-1), or CD54 (90,91). 

          In order to confirm the identity of the antigen, the ability of UV3 to bind to 

CD54 on various CD54 positive and negative cell lines was evaluated by flow 

cytometry.  UV3 recognized and bound to an endothelial cell line known to be 

positive for CD54, and it recognized Chinese hamster ovary cells (CHO) 

transfected with CD54.  UV3 did not, however, recognize and bind to non-

transfected CHO cells, nor did it recognize a known CD54 negative human 

endothelial cell line.  Studies also determined that UV3 recognizes human CD54, 

but not mouse CD54 (90). 

 

The Therapeutic Success of UV3 in SCID Mice with Human Multiple Myeloma 

          The therapeutic success of UV3 was evident in both early and advanced 

disease.  Severe combined immunodeficient (SCID) mice were irradiated and 

injected intravenously with human ARH-77 multiple myeloma cells and treatment 

was initiated either 1 day (early disease) or 15 days (advanced disease) following 

tumor cell injection.  Mice with early disease received 0.8 µg/g of UV3 or an 

isotype-matched control antibody, and mice with advanced disease received 4 

µg/g of UV3 or an isotype-matched control.  By day 35 following tumor cell 

injection, mice receiving treatment with PBS or an isotype-matched control 

antibody developed hind-leg paralysis as a result of the growing tumor.  

However, tumor-bearing mice treated with UV3 in the early stages of disease 
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survived for 150 days at which point the experiment was terminated.  Mice 

receiving UV3 in advanced stages of disease, survived for over 124 days 

following tumor cell injection at which point the experiments were terminated 

(92,93).  This suggested not only that UV3 significantly prolonged the survival of 

mice with ARH-77 multiple myeloma, but UV3 accomplished its therapeutic effect 

at very low doses (67,92). 

 

D. CD54 (ICAM-1) 

 

Structure 

          CD54 is also known as ICAM-1, which is an abbreviation for 

immunoglobulin-like cell adhesion molecule.  CD54 belongs to the 

immunoglobulin supergene family, and it is a transmembrane glycoprotein with 5 

immunoglobulin-like domains and a charged cytoplasmic tail.  The molecular 

weight of CD54 varies due to differentially glycosylated forms, and its surface 

distribution is thought to be regulated by the cytoskeleton (94-96). 

 

Expression 

          CD54 is expressed on endothelial cells, epithelial cells, fibroblasts, 

leukocytes, and tumor cells.  The expression of CD54 is regulated by a number of 

various cytokines, steroid hormones, and physical factors.  Prominent inducers of 

CD54 expression include TNF-α, interferon gamma (IFN-γ), and IL-1, and 
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glucocorticoids are important inhibitors of expression.  IL-6, an important cytokine 

in the progression of multiple myeloma, assists in the regulation of CD54 

transcription, along with NFkB.  CD54 expression is regulated differently by each 

cell type, and the regulation of CD54 can depend on the differences in post-

transcriptional machinery, the activity of glycosylation enzymes, the availability of 

transcription factors and receptors for extracellular signaling, and signal 

transduction pathways.  With the majority of its expression regulated by in vivo 

factors, the role of CD54 expression in normal and disease states is difficult to 

elucidate in vitro (94,97,98). 

 

Function 

          CD54 binds to the integrins lymphocyte function-associated antigen (LFA-

1) and Macrophage-1 (Mac-1), CD43, rhinoviruses and coxsackie viruses, and to 

soluble fibrinogen.  The affinity of CD54 for its target can be altered due to 

conformational changes resulting from the phosphorylation of the cytoplasmic 

domain, a negative molecular charge possibly resulting from an increase in sialic 

acid residues, or differentially glycosylated forms of CD54.  All of these variations 

result in cell-specific ways that CD54 aids in cell-cell adhesion, cell signaling, cell 

migration, and the co-stimulatory activation of NK cells and cytotoxic T cells (94, 

98-102).   

          In addition to the membrane(m) bound version of CD54, a soluble(s) 

version of CD54 also exists (103).  Much is still unknown about the role and 
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regulation of sCD54 and the functional relationship between sCD54 and mCD54.  

The levels of sCD54 do not necessarily correlate with mCD54, and various 

isoforms of sCD54 have been detected.  sCD54 can compete with mCD54 for 

ligand binding, and sCD54 has been specifically implicated as playing a role in a 

number of diseases (104-108).   

 

Pathophysiology 

          The role of CD54 as a regulator of inflammatory and immune responses in 

the pathology of a variety of diseases is under investigation.  Expression is 

upregulated in a number of autoimmune and inflammatory diseases (109), such 

as multiple sclerosis, atherosclerosis, and asthma.  The importance of CD54 in 

inflammation is demonstrated, in part, by the use of glucocorticoids in asthmatic 

inhalers, which lower CD54 expression levels.  As a receptor for rhinoviruses, 

CD54 is involved in the response to a majority of the common colds, and CD54 

aids in organ transplant rejection (110).  In malignancy, CD54 expression can be 

elevated or reduced, depending on the tumor type.  In general, a reduced 

expression of CD54 correlates with an aggressive, more malignant disease, 

which is probably due to reduced recognition of the tumor by the immune system 

(111-113).  Conversely, high levels of CD54 expression have been found on 

some tumor cells, such as multiple myeloma (114) and melanoma (115), but the 

presence of increased sCD54 may compete for ligand binding and interfere with 

immune recognition (106,112,116-118).    
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E. Determining the Mechanism of Action of UV3 

          In vivo studies demonstrated the therapeutic success of UV3 in both early 

and advanced stages of multiple myeloma (92).  However, given the multiple 

functional activities of CD54 and the variability in its expression and regulation, 

the mechanism of action of UV3 was unknown.  Studies performed to understand 

UV3’s mode of action revealed that UV3 did not interfere with either homotypic 

tumor cell adhesion or the adhesion of tumor cells to stromal cells; it did not 

inhibit proliferation or induce apoptosis; and, because F(ab)’2 fragments of UV3 

showed some efficacy in treating multiple myeloma, it was concluded that though 

the Fc played a role in UV3’s anti-tumor activity, it was not solely responsible for 

UV3’s anti-tumor effect (92).  With these possibilities excluded, the search began 

for other possible anti-tumor effects of UV3.  Based on the role of UV3 in 

adhesion and inflammation (94), the ability of sCD54 to induce angiogenesis in 

vitro and in vivo (104), and the influence of angiogenic cytokines on CD54 

expression (119), it was hypothesized that UV3 interfered with angiogenesis in 

the murine model of multiple myeloma. 

 

F. Angiogenesis 

          Angigogenesis is a remodeling process that involves the sprouting of new 

blood vessels from pre-existing ones.  It is essential for normal development, 

tissue regeneration, and remodeling, and in adults, it primarily occurs in the 

 19



female reproductive system, in wound healing, and in disease.  The disregulation 

of angiogenesis is a component of a number of pathological conditions.  The 

absence of angiogenesis contributes to conditions such as limb ischemia and 

ulcers, but the presence of increased angiogenesis contributes to disease 

progression in psoriasis, rheumatoid arthritis, and cancer (120-122). 

          The angiogenesis cascade involves a number of steps, each of which is 

regulated by a variety of factors.  First, there is an increase in the local production 

of growth factors prompted by the tumor cells and their microenvironment.  This 

stimulates an increase in proteases, such as matrix metalloproteinases, which 

degrade the basement membrane.  Endothelial cells can then migrate toward the 

angiogenic stimulus, which is further influenced by cell adhesion molecules, and 

endothelial cell proliferation is induced.  These steps are followed by the tube 

formation by the endothelial cells and remodeling of the vasculature to a more 

mature state (123-125).  

 

Angiogenesis in Cancer Progression 

          Angiogenesis is critical to the growth and development of a tumor 

(126,127).  In order for a tumor to expand and metastasize, it needs a vascular 

network that will expand with the tumor to provide oxygen and other nutrients.  

There are a number of promoters and inhibitors that regulate angiogenesis in a 

healthy host, and the combination of upregulating promoters and downregulating 

inhibitors leads to an ‘angiogenic switch’ (123).  Promoters of angiogenesis 
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include growth factors and cytokines, such as the VEGF family or IL-8, serine 

proteases and metalloproteinases, integrins, and extracellular matrix proteins, 

such as fibrin (128-130).  Natural inhibitors of angiogenesis include proteolytically 

cleaved products of extracellular matrix proteins, such as angiostatin and 

endostatin, cytokine antagonists, such as angiopoietin-2, and cytokines, such as 

IL-12 and IFN-α (124,129,131). 

          Previously, it was thought that the initiation of tumor angiogenesis was 

responsible for turning a dormant tumor into a progressive one (132).  However, 

there are highly vascularized benign tumors, such as adrenal adenomas, and 

recent studies reveal the importance of genetic and environmental factors in 

initiating tumor progression.  Genes that influence cell growth, senescence, 

differentiation, and neoplastic transformation play a role in both the angiogenic 

switch and in tumor progression.  In addition, stress factors such as hypoxia, low 

pH, and iron deficiencies also play a role (126,133,134).  

 

Anti-Angiogenesis Therapy 

          Angiogenesis inhibitors are an important asset in the therapy of malignant 

disease.  They are less-toxic; they are able to affect chemotherapy-resistant 

tumor cells; tumor cells are less likely to develop resistance to the therapy; and, 

they can be used in combination with chemotherapy or other anti-angiogenic 

agents in an effort to target the tumor via multiple pathways (133).  Anti-

angiogenesis strategies target growth factors, growth factor receptors, receptor 
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tyrosine kinase activity, endothelial cell proliferation, and endothelial cell 

adhesion molecules (131,135-138).  The clinical development of many 

angiogenesis inhibitors is under development.  Giving angiogenesis inhibitors in 

combination with other types of therapy is advantageous.  Both Avastin, an 

inhibitor of VEGF, and Erbitux, an inhibitor of EGFR signaling, improved survival 

when given in combination with chemotherapy to patients with colorectal cancer 

(89).  In addition, the use of thalidomide in combination with dexamethasone, 

which is a corticosteroid with immunosuppressive and anti-inflammatory 

properties, is beneficial as maintenance therapy for multiple myeloma (42,55).  

 

G. Objectives 

          The objectives of this study were as follows: 1) to determine whether ARH-

77 cells expressed angiogenic genes and whether the trait is characteristic of 

ARH-77 cells only or of other multiple myeloma cell lines, 2) to determine whether 

ARH-77 cells secreted angiogenic proteins, 3) to determine whether the 

angiogenic proteins would affect endothelial cell growth and proliferation, 4) to 

determine whether UV3 would block this cascade of angiogenic events by 

interfering with angiogenic gene expression, protein secretion, or by binding 

soluble angiogenic proteins, 5) to determine whether there is evidence in vivo of 

a reduced vascular supply in UV3-treated SCID/ARH-77 mice, and 6) to re-

evaluate the role of the Fc portion of UV3 in mediating anti-tumor activity. 
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Materials and Methods  

 

A. Cell culture  

 

Human Multiple Myeloma Cell Lines  

 

ARH-77, U-266, RPMI-8226, IM-9, HS-Sultan, and SKO-007  

        The human multiple myeloma cell lines ARH-77 (American Type Culture 

Collection CRL-1621, Manassas, VA)(139), U-266 (American Type Culture 

Collection TIB-196)(140), RPMI-8226 (American Type Culture Collection CCL-

155)(141), IM-9 (American Type Culture Collection CCL-159)(142), HS-Sultan 

(American Type Culture Collection CRL-1484)(143), and SKO-007 (American 

Type Culture Collection CRL-8033-1)(144) were cultured at 5 x 105 cells/ml in 

RPMI-1640 medium (Sigma-Aldrich, St. Louis, MO) containing 10% heat-

inactivated fetal calf serum (FCS) (HyClone, Logan, Utah), 2 mM L-glutamine 

(GIBCO/Invitrogen, Carlsbad, CA), 100 U/ml penicillin (GIBCO), and 0.1 mg/ml 

streptomycin (GIBCO) (complete medium).  All cells were cultured at 37°C, 5% 

CO2/95% air. 

 

ILKM-2 and ILKM-3 Cell Lines 

 The ILKM-2 and ILKM-3 human multiple myeloma cell lines (gifts from Dr. 

Shiro Shimizu, Ishikawa, Japan)(145) were cultured at 5 x 105 cells/ml in RPMI-
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1640 medium containing 10% FCS, 2 mM L-glutamine, 100 U/ml penicillin, 0.1 

mg/ml streptomycin, and 2 ng/ml IL-6 (Sigma-Aldrich) (complete medium).  The 

cells were cultured at 37°C, 5% CO2/95% air. 

 

MC/CAR Cell Line 

 The human multiple myeloma cell line MC/CAR (American Type Culture 

Collection CRL-8083)(146), was cultured at 5 x 105 cells/ml in IMDM medium 

(GIBCO) containing 20% FCS, 2 mM L-glutamine, 100 U/ml penicillin, and 0.1 

mg/ml streptomycin (complete medium).  The cells were cultured at 37°C, 5% 

CO2/95% air. 

 

NCI-H929 Cell Line 

 NCI-H929 (American Type Culture Collection CRL-9068)(147), human 

multiple myeloma cells were cultured at 5 x 105 cells/ml in RPMI-1640 medium 

containing 15% FCS, 4 mM L-glutamine, 100 U/ml penicillin, 0.1 mg/ml 

streptomycin, 10 mM Hepes buffer (GIBCO), and 1 mM sodium pyruvate 

(GIBCO) (complete medium).  Cells were cultured at 37°C, 5% CO2/95% air. 

 

Daudi Human Burkitt’s Lymphoma Cell Line 

 The Daudi human Burkitt’s lymphoma cells (American Type Culture 

Collection CCL-213)(148) were cultured at 5 x 105 cells/ml in RPMI-1640 

medium (Sigma-Aldrich) containing 10% heat-inactivated fetal calf serum 
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(HyClone), 2 mM L-glutamine (GIBCO/Invitrogen), 100 U/ml penicillin (GIBCO), 

and 0.1 mg/ml streptomycin (GIBCO) (complete medium).  Cells were cultured at 

37°C, 5% CO2/95% air. 

 

UV3 and 13G10 Hybridoma Cell Lines 

 Hybridoma cells secreting the murine anti-CD54 (intracellular adhesion 

molecule, ICAM-1) antibody (90) and hybridoma cells secreting the IgG2a isotype 

control 13G10 against the syphilis causing bacterium Treponema Pallidum (a gift 

from Dr. Michael Norgard at UTSW Medical Center, Dallas, TX) (149) were 

grown at 5 x 105 cells/ml in DMEM medium (Sigma-Aldrich) containing 10% FCS 

and 2 mM L-glutamine (complete medium).  Cells were initially cultured in 150 

mm3 tissue culture flasks (BD Falcon, Bedford, MA) at 37°C, 5% CO2/95% air.  

Cells were then transferred to 2 L roller bottles (Fisher) and passaged 1:10.  The 

bottle caps were unscrewed a quarter of a turn, and the bottles were placed at 

37°C, 5% CO2/95% air for 24 hours.  Bottle caps were screwed tightly, and roller 

bottles were incubated for 7 days at 37°C. 

 

Human Umbilical Vein Endothelial Cells (HUVECs) 

 HUVECs (Cascade Biologics, Portland, OR) were purchased cryopreserved 

at the end of primary culture and were grown in Medium 200 (Cascade Biologics, 

Portland, OR) containing low serum growth supplement (Cascade Biologics, 

Portland, OR) (complete medium).  HUVECs were harvested using a Trypsin-
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ethylene diamine tetraacetic acid (EDTA) solution (Cascade Biologics, Portland, 

OR), and the activity of the trypsin was inhibited with a Trypsin Neutralizer 

solution (Cascade Biologics, Portland, OR).  HUVECs were harvested, cultured, 

and frozen according to company instruction.  Cells were cultured for no more 

than 16 population doublings, and the cells were seeded at 2500 cells/cm2 

following each passage.  Cells were maintained in a humidified, 37°C, 5% 

CO2/95% air incubator (Forma Scientific). 
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B. In Vitro Antibody Treatment 

 When any cell type received antibody treatment, the selected cells were 

first centrifuged (RC3C Sorvall Centrifuge, DuPont, Wilmington, DE) in a 50 ml 

conical tube (BD Falcon) at 4°C, 300 x g for 10 min.  The cells were 

resuspended in their corresponding complete medium without FCS at 5 x 105 

cells/ml and centrifuged at 300 x g for 10 min at 4°C to wash the cells.  Finally, 

the cells were resuspended at 5 x 105 cells/ml in their respective, complete 

medium.  Five milliliters of cells, or 25 x 105, were seeded in a 25cm2 tissue 

culture flask (BD Falcon), with one flask for each treatment condition.  One flask 

was set aside as an untreated control sample.  Cells cultured with UV3 or the 

isotype control antibody received 100ug of affinity purified antibody per 5 x 105 

cells.  The antibody was suspended at a high concentration (≥3 mg/ml) in a PBS 

solution so that the cell medium would not be diluted when the antibody was 

added to the cell culture.  The cells were incubated at 37°C, 5% CO2/95% air for 

24 or 48 hours.   
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C. Antibody Production  

 

UV3 

          Approximately 250L of hybridoma cells secreting UV3 were grown for this 

project.  The cells were centrifuged in a Sorvall RC3B Centrifuge (DuPont) at 

1850 x g for 30 minutes at 4°C to remove cells and debris.  The cell supernatant 

was poured into clean, two liter roller bottles (BD Falcon), and a PBS-azide 

solution (0.005% final concentration) was added to the supernatant to prevent 

contamination.  The supernatant was passed over 25 milliliters of protein-G 

sepharose (Amersham Biosciences) in a 2.5 cm x 10 cm column (BioRad, 

Hercules, CA) at a rate of 3 ml/minute at 4°C.  With a hybridoma culture yield of 

15-20 mg/L, a column could purify up to 160 mg of the UV3 antibody (6-8L).  The 

flow through from the hybridoma supernatant was collected at 4°C and stored for 

a second passage over a cleaned column at a later time.  Following the 

processing of 6-8L of hybridoma supernatant, the column was washed with 300 

ml of PBS.  The protein was eluted with 0.1M Glycine-HCl, pH 2.8, until all the 

antibody had been eluted.  This was determined by following the peaks on the 

fraction recorder.  When a flat line appeared after a tall peak and the O.D.280 of 

the eluate was less than 0.075, the elution of the protein was stopped.  Three 

milliliter fractions of the eluted protein were collected in 12x75mm glass tubes 

(Fisher), containing 0.5 ml of 1.0M Tris-HCl, pH 8.0, and the fractions were 

analyzed by a Beckman DU-62 spectrophotometer.  Fractions containing UV3 
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were pooled and dialyzed against PBS.  UV3 was concentrated, 10 ml at a time, 

using a 50 ml Amicon Ultra Centrifugal Filter Device (Millipore, Bedford, 

Massachusetts), which excludes anything lower than 30,000 molecular weight.  

UV3 was dialyzed against PBS and filtered through a 150 ml, 0.22µm Stericup 

filter (Milipore). 

 

cUV3 

          UV3 was chimerized (cUV3) by Dr. Joan Smallshaw (150).  Using 

previously determined sequence data (Peter Hudson at WEHI, Melbourne, 

Austrailia, personal communication), primers were designed to PCR amplify the 

heavy and light variable domains of UV3, and these were cloned into a pUC18 

utility vector.  The sequence was checked for accuracy, and new primers were 

designed to modify the ends for insertion into the human γ1 heavy and Κ light 

chain expression vectors, pAH4604 and pAG4622 (provided by Dr. Sherrie 

Morrison, UCLA, CA)(151).  The two constructs were co-transfected into SP2/0 

cells, a non-secreting murine myeloma line (ATCC).  Positive lines were selected 

by an ELISA assay when antibody from co-transfection supernatant was 

recognized by both an anti-heavy chain antibody, coating the bottom of the plate, 

and an anti-light chain antibody conjugated to alkaline phosphatase.  When the 

nitrophenyl phosphate substrate solution was added, a yellow color developed to 

reveal which co-transfection supernatants contained the cUV3 antibody.  cUV3 

was grown and purified for our use in the RAID program by the Biological 
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Resources Branch of the Division of Cancer Treatment and Diagnosis at the 

National Cancer Institute. 

 

Isotype Control  

          The 13G10 antibody was grown, collected, and purified in the same way 

as the UV3 antibody, as described.  
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D. F(ab)’2 production and purification 

 

F(ab)’2 Production 

 One hundred to one hundred fifty milligrams of UV3 was dialyzed for 5 

hours at 4°C against an acetate buffer, pH 3.7-3.8 (1760 ml of 0.2 M acetic acid 

and 240 ml of 0.2 M sodium acetate).  The dialyzed UV3 was transferred to 

clean, 50 ml conical tubes (BD Falcon), and for each 100 mg of UV3 to be 

digested, 25 mg of pepsin (Sigma) was added to the tube.  The UV3-pepsin 

solution was incubated for 17 hours on a Labquake™ Shaker 

(Barnstead/Thermolyne) at 37°C, after which electrophoresis was used to 

examine the F(ab)’2 fragments before purification.   

 

PhastGel System 

 A 20 µl sample of the digest was taken for electrophoresis on a PhastGel™ 

(Amersham Biosciences, Piscataway, NJ) under reducing and non-reducing 

conditions to examine the relative levels of the F(ab)’2 fragments.  Samples (10 

µl) were mixed 1:1 with either reducing (1.25 ml 1.0 M Tris-HCl, pH 6.8, 4 ml 10% 

sodium dodecyl sulfate, 1.0 ml 2-mercaptoethanol, 2.0 ml glycerol, 1.25 ml 

distilled water, 0.5 ml of 0.1% Bromophenol Blue) or non-reducing buffer 

(reducing buffer without 2-mercaptoethanol) and heated in a 100°C heat block 

for 3 minutes.  Three microliters of each sample was pipetted onto a strip of 

parafilm that covered a sample well mold.  Capillary action drew 1 µl of each 
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sample into the teeth of the loading comb, which was then transferred to the 

comb slot in the gel holder.  Samples were analyzed on 4-15% SDS Page gels 

using the PhastSystem (Amersham Biosciences).  Samples were 

electrophoresed for 30 minutes until the voltage reached 65V.  The gels were 

removed from the separation and control unit, which operates the 

electrophoresis, and transferred to the development unit for the staining and 

destaining process.  PhastGels (Amersham Biosciences) were stained with 

PhastGel™ Blue R (Amersham Biosciences) and destained according to set 

programming for Coomassie Blue stains (5 minutes, 8 minutes, and 10 minute 

washes) with a 10% acetic acid, 30% methanol, and distilled water solution. 

 

F(ab)’2 Purification 

          The 50 ml conical tube of digested UV3 (containing IgG, F(ab)’2, and Fab’ 

fragments) was removed from the shaker and centrifuged at 2500 x g for 10 

minutes at 4°C to pellet the pepsin.  The supernatant was poured into to a clean 

50 ml conical tube (BD Falcon), and 1.0 M Tris-HCl was added to bring the pH to 

7-7.5.  The digest was then dialyzed against PBS.  

 The UV3 digest, at 100 mg or less, was passed over a 1 ml (100 mg 

packed volume) HiTrap™ Protein A column (Amersham Biosciences) at a rate of 

1 ml per minute to eliminate any remaining IgG.  The column capacity was 20 mg 

of IgG.  The flow through from the column and the wash, which contained the 

F(ab)’2 fragments, were saved.  The column was eluted with 10 ml of 0.1 M 
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glycine-HCl, and the eluate was collected and analyzed by spectrophotometry 

(Beckman) to determine whether there was any loss.  The eluate was discarded 

when it contained less than 1 mg, or 1% of the digest, of IgG. 

 

F(ab)’2 Purification by HPLC 

 F(ab)’2 fragments from the protein A column were concentrated using a 50 

ml Amicon Ultra Centrifugal Filter Device (Milipore), which excludes anything with 

a molecular weight of less than 30,000, to 15-20 mg/ml (maximum 10 ml volume) 

in PBS.  The concentrated 10 ml sample in PBS was loaded onto an HPLC 

column (LKB Bromma) run with PBS at a flow rate of 5 ml per minute.  One ml 

fractions were collected into clean, borosilicate glass tubes (Fisher).  A fraction 

recorder monitored the amount of protein eluting from the column.  The fractions 

were analyzed by spectrophotometry (Beckman DU-640) to identify which of the 

collected tubes corresponded to which peaks.  Using the PhastGel™ System (see 

above), electrophoresis of fractions within each peak revealed whether a peak 

corresponded to IgG, F(ab)’2, or Fab’ fragments.  Two peaks appeared on the 

fraction recorder correlating with F(ab)’2 fragments (major peak) and Fab’ 

fragments (secondary peak).  Fraction tubes containing the F(ab)’2 fragments 

were pooled, and the F(ab)’2 sample was concentrated using an Amicon Ultra 

Centrifugal Filter Device (Milipore) to 5-10 mg/ml and filtered for use with a 

Millex®-GS 0.22µm syringe filter unit.   
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 A sample of the final, “ultra-pure F(ab)’2” was analyzed on a PhastGel™ 

(Amersham Biosciences, see above for details) for viewing.  The gel was 

scanned using a LKB UltraScan XL (Pharmacia/Pfizer, New York, NY) which 

took the scanned image and translated it into a graph of peaks corresponding to 

the number and size of the bands in the gel.  The area under each peak was 

calculated using GelScan-XL (Pharmacia), and the values obtained 

corresponded to the relative amount of UV3 IgG, F(ab)’2, and Fab’.  A F(ab)’2 

preparation was considered to be ultra-pure when the IgG was less than 1% of 

the total preparation and the amount of Fab’ fragments were less than 10%. 
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E. RNA Isolation 

 

TRIzol Total RNA Isolation 

          Cells were collected, counted, and centrifuged at 300 x g for 10 minutes at 

4°C.  One milliliter of TRIzol (Invitrogen, Carlsbad, CA) was added for 5-10 x 106 

cells in a 1.5 ml RNase-free eppendorf tube.  Cells were lysed by repetitive 

pipetting through 5 repetitions and incubated for 5 minutes at room temperature.  

For each ml of TRIzol added, 0.2 ml of chloroform (Sigma) was added.  The 

sample was mixed by shaking by hand for 15 seconds and incubated for 2-3 

minutes at room temperature.  The sample was centrifuged (Eppendorf 

Centrifuge 5417C) at 12,000 x g for 15 minutes at 4°C.  The top, aqueous phase 

was removed with a 200 µl pipetman and transferred to a new 1.5 ml RNase-free 

eppendorf tube.  The RNA was precipitated by adding 0.5 ml of isopropanol 

(Sigma) for each ml of TRIzol used, and the sample was incubated for 10 

minutes at room temperature.  The sample was centrifuged at 12,000 x g for 10 

minutes at 4°C.  The supernatant was discarded, and the pellet was 

resuspended in 1 ml of 75% ethanol for each ml of TRIzol used.  The sample 

was centrifuged at 7500 x g for 5 minutes at 4°C.  The supernatant was 

discarded, and the sample was air-dried.  The RNA was dissolved in 100 µl of 

DEPC-water and quantitated on a spectrophotometer (Beckman Coulter, Inc., 

Fullerton, CA). 
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          Samples were treated with DNase using Ambion’s DNA-free kit (Ambion, 

Inc., Austin, TX) and accompanying protocol.  10x DNA-free buffer was added to 

the RNA sample at 1/10 of the RNA volume.  For each <100 µl sample of RNA, 1 

µl of DNA-free enzyme was added.  The sample was vortexed and incubated for 

25-30 minutes at 37°C.  The DNase Inactivation Reagent was vortexed and 

added at 1/10 of the total volume, and the sample was incubated for 2 minutes at 

room temperature and mixed by vortexing it after each minute.  The sample is 

centrifuged for 1 minute at 10,000 x g to pellet the DNase Inactivation Reagent.  

The sample, minus the pellet, was transferred to a 1.5 ml RNase-free tube with a 

pipetman, and the RNA was stored at -80°C. 
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F. Gene arrays 

 

SuperArray, Inc. Membrane Arrays 

 Angiogenesis-1 and Angiogenesis-2 GEArrayTM kits were purchased from 

SuperArray, Inc.  Each kit contains two identical nylon membranes spotted with 

angiogenesis-specific cDNA fragments.  Total RNA was isolated using the TRIzol 

reagent with the protocol described above.  The microarray assay was performed 

according to kit instructions: pre-hybridization of the membrane, cDNA synthesis, 

and hybridization of the cDNA probe to the membrane.   

 

Pre-hybridization 

 15 ml of hybridization solution (kit component), in a 15 ml conical tube, was 

warmed to 68°C in a water bath (Precision).  155 µl of salmon sperm DNA 

(Sigma) was added to a 0.5 ml eppendorf tube and heated to 100°C using a 

DeltaCycler IITM (Ericomp) thermal cycler.  After 5 minutes, the salmon DNA was 

placed on ice, and 151.5 µl of the denatured DNA was added to the 15 ml of 

hybridization solution.  The nylon membrane microarray was moistened with 

distilled, deionized water and placed in a 35 x 150 mm glass hybridization tube 

(Fisher Scientific, Hampton, NH).  For pre-hybridization of the membrane, 10 ml 

of the hybridization solution was added to the tube, and the tube was placed in 

an Isotemp Hybridization oven (Fisher Scientific) set at 68°C, 5-10 rpm for 1-2 

hours. 
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cDNA synthesis 

          One to five micrograms of the sample RNA was added to a 0.5 ml RNase-

free eppendorf tube and mixed with 2 µl of the kit primer mix (buffer A) and 

RNase-free water to a volume of 20 µl.  In a second 0.5 ml RNase-free eppendorf 

tube, the following reagents were added and mixed: 8 µl of kit labeling buffer 

(buffer B), 1 µl RNase inhibitor, 2 µl Moloney Murine Leukemia Virus (MMLV) 

Reverse Transcriptase (Promega, Madison, WI), and 4 µl of kit RNase-free 

water.  The tube containing the RNA was placed in a thermal cycler (Ericomp) at 

70°C for 2 minutes, followed by 2 minutes at 42°C.  The second tube containing 

the labeling mix received 5 µl of 32P during the RNA incubation at 70°C.  It was 

then added to the thermal cycler for the 42°C incubation to warm the solution to 

the same temperature as the RNA.  After 2 minutes at 42°C, the labeling mix (20 

µl) was added to the RNA and further incubated at 42°C for 25 minutes.  Five 

microliters of stop solution (buffer C) and 5 µl of denaturing solution (buffer D) 

were added after the 25 minute incubation, and the sample was incubated at 

68°C for 20 minutes.  Finally, 50 µl of neutralization solution (buffer E) was 

added, and the sample was incubated for 10 minutes at 68°C.  

 

Hybridization 

          The radiolabeled cDNA probe (100 µl) was added to the remaining 5 ml of 

hybridization solution.  The pre-hybridization solution was discarded, and the 
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cDNA probe was added to the membrane.  The membrane array was incubated 

overnight in the hybridization oven at 68°C, 5-10 rpm. 

 

Wash 

          Wash solutions were prepared according to kit instructions, as follows: 1) 

10 ml of 20x saline-sodium citrate (SSC) (175.3 g NaCl, 88.2 g Na3Citrate.2H2O, 

water to 1 L), 5 ml of 20% sodium dodecyl sulfate (SDS) and 85 ml of distilled, 

deionized water; 2) 0.5 ml of 20x SSC, 2.5 ml of 20% SDS, and 97 ml of distilled, 

deionized water.  The hybridization solution containing the cDNA probe was 

discarded.  Half of the first wash solution was added to the membrane array, and 

the array was incubated at 68°C and rotated at 10 rpm for 20 minutes for the first 

wash.  This wash was discarded, and the step was repeated 3 times, first with the 

remaining wash solution 1, followed by 2 washes with wash solution 2. 

 

Data Acquisition 

          The membrane array was removed from the hybridization oven and 

covered in Glad® Cling Wrap (Oakland, CA).  It was placed in a cassette for 

exposure to a Phosphor Screen (Molecular Dynamics/Amersham Biosciences, 

Piscataway, NJ) overnight.  The screen was scanned using a Storm 

Phosphoimager (Molecular Dynamics/Amersham Biosciences), and the image 

was analyzed by ImageQuant (Molecular Dynamics/Amersham Biosciences).  

The expression of a gene correlated directly with the intensity of radioactivity, 
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which was reflected in the computer image by the darkness of the spot.  The 

degree of expression of a particular gene was determined relative to the intensity 

of expression of the positive control genes (β-Actin and GAPDH) printed on the 

array. 

 

Microarray Core Spotted, Microchip Arrays 

          RNA was isolated using the TRIzol isolation method described above.  

cDNA was synthesized and purified by the Microarray Core.  The control ARH-77 

cell cDNA was labeled with Cy-3, and the UV3-treated ARH-77 cell cDNA labeled 

with Cy-5.  The labeled probes were hybridized to a human 22K oligo microarray 

chip, and the data were analyzed using GenePix Pro 3.0 (Axon/Molecular 

Devices Corp., Sunnyvale, CA). 

 

cDNA synthesis 

          Five micrograms of RNA was diluted to 10 µl with nuclease-free water in a 

0.5 ml RNase-free eppendorf tube.  One microliter of T7-d24 primer was added, 

and the sample was incubated for 10 minutes at 70°C.  First Strand master mix 

was made as follows: 4 µl of 5x First Strand Buffer, 1 µl of 10 mM mix of 

deoxynucleoside triphosphates (dNTP), 2 µl of 100 mM dithiothreitol (DTT), 1 µl 

of Superscript II reverse transcriptase, and 1 µl of Rnase Inhibitor.  Nine 

microliters of this first strand master mix was added to the RNA, and the sample 

was incubated for 2 hours at 42°C.  The samples were then placed at 4°C.  
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Second Strand Master Mix was made as follows: 20 µl of 5X second strand 

buffer, 3 µl of 10 mM dNTP mix, 51 µl of nuclease free water, 4 µl of DNA 

polymerase I, 1 µl of E. Coli DNA ligase, and 1 µl of Rnase H.  Eighty microliters 

of this second strand master mix was added, and the sample was incubated for 2 

hours at 16°C.  One microliter of T4 DNA Polymerase was added, and the 

sample was incubated for 10 minutes at 16°C.  Finally, 10 µl of 0.5M EDTA was 

added to inhibit all DNA working enzymes. 

 

cDNA Purification 

          The cDNA was transferred from a 0.2 ml RNase-free eppendorf tube to a 

1.5 ml DNase-free eppendorf tube.  Fifty microliters of nuclease-free water was 

added, followed by 600 µl of cDNA binding buffer.  The tube was vortexed for 3 

seconds, at which point the mixture appeared yellow.  Three hundred eighty 

microliters of the mixture was added to a cDNA Cleanup Spin Column (Qiagen), 

and the column was centrifuged at 8000 x g until the entire sample flowed 

through the column.  The flow through was re-loaded onto the column and 

centrifuged again at 8,000 x g for 30 seconds.  The flow through at this point was 

discarded.  This process was repeated until all of the cDNA solution has passed 

over the column. 

 The column was transferred to a new 2.0 ml collection tube.  The column 

was loaded with 750 µl of cDNA wash buffer, centrifuged at 8,000 x g for 30 

seconds, and the flow through discarded.  The cap was opened and the column 
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was centrifuged further at maximum speed (11,000-15,000 x g) for 5 minutes.  

The column was transferred to a new 1.5 ml collection tube, and 14 µl of 

nuclease-free water was added to the column.  The elution buffer was allowed to 

remain on the column for 3 minutes at room temperature before being 

centrifuged at maximum speed for 1 minute.  The column was discarded. 

 

Antisense RNA (aRNA) 

          Eight microliters of cDNA was added to a 0.5 ml nuclease-free eppendorf 

tube.  This was followed by 2 µl of each of the following reagents (Ambion 

MessageAmp aRNA kit): T7 adenosine triphosphate (ATP), T7 cytidine 

triphosphate (CTP), T7 guanosine triphosphate (GTP), T7 uridine triphosphate 

(UTP), T7 10x Reaction Buffer, and T7 Enzyme Mix.  The contents of the tube 

were vortexed, and the tube was centrifuged.  The sample was incubated at 

37°C for 10 hours and then transferred to a 1.5 ml nuclease-free eppendorf tube 

and stored at 4°C. 

          The GeneChip Sample Clean-up Module (Affymetrix, Santa Clara, CA) was 

used to purify the aRNA.  Sixty microliters of nuclease-free water was added to 

the sample.  The sample was vortexed, centrifuged briefly, and 350 µl of aRNA 

binding buffer (included in the kit) was added.  The tube was vortexed, 

centrifuged briefly, and 250 µl of 100% ethanol was added.  The sample was 

mixed by pipetting, and the mixture was loaded onto the aRNA clean-up spin 

column (included in the kit).  The column was centrifuged (Eppendorf) at 
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maximum speed at room temperature until the mixture had all flowed through the 

column.  The flow-through was loaded onto the column two more times to ensure 

that all of the aRNA had been isolated.  Five hundred microliters of aRNA wash 

buffer (included in the kit) was loaded onto the column, and the column was 

centrifuged at 8,000 x g for 30 seconds.  The flow through was discarded, and 

the column was transferred to a new 2.0 ml collection tube (included in the kit).  

Five hundred microliters of 80% ethanol was added to the column, and the 

column was centrifuged at 8,000 x g for 30 seconds.  The flow through was 

discarded, the cap on the column was opened, and the column was centrifuged 

at maximum speed for 5 minutes at room temperature to dry the column.  The 

column was transferred to a new 1.5 ml collection tube (included in the kit), and 

20 µl of nuclease free water, pre-heated to 60°C, was loaded onto the column.  

The column was incubated at room temperature for 3 minutes and centrifuged at 

maximum speed for 1 minute.  This step was repeated with another 20 µl of pre-

heated nuclease-free water.  The column was discarded, and the flow through, 

containing the purified aRNA was quantified using a spectrophotometer. 

 

Cy3/Cy5 labeling 

          The control ARH-77 cell aRNA and the UV3-treated ARH-77 aRNA were 

labeled with cyanine (Cy) -3 and Cy-5, respectively, using the Micromax ASAP™ 

RNA labeling kit (Perkin-Elmer, Boston, MA).  For Cy-3 labeling, a 0.5 ml 

nuclease-free eppendorf tube received 2 µg of control aRNA, 5 µl of ASAP™ 
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labeling buffer (included in the kit), 1 µl of ASAP™ Cy-3 reagent, and nuclease-

free water up to 10 µl.  For Cy-5 labeling, a second 0.5 ml nuclease-free 

eppendorf tube received 2 µg of aRNA from UV3-treated cells, 5 µl of ASAP™ 

labeling buffer, 1 µl of ASAP™ Cy-5 reagent, and nuclease-free water up to 10 

µl.  Each tube was mixed gently by vortexing and centrifuged briefly.  The 

samples were incubated at 85°C for 15 minutes in a thermal cycler (Mini-cycler, 

MJ Research Inc., Reno, NV).  The tubes were incubated on ice for 2.5 minutes, 

and 2.5 µl of the stop solution (included in the kit) was added. 

          The labeled probes were combined into a 1.5 ml nuclease-free eppendorf 

tube, and 450 µl of RNase-free 1x Tris-EDTA (TE) buffer (10 mM Tris, 1 mM 

EDTA, Sigma) was added.  The mixture was vortexed and loaded onto the 

Amicon Microcone 30 column (Millipore).  The column was centrifuged at 11,600 

x g at room temperature for 8 minutes, and the flow-through was discarded.  The 

column was loaded with 400 µl of RNase-free 1x TE buffer and centrifuging the 

column for 8 minutes.  The column was inverted and transferred to a new 1.5 ml 

collection tube (included in the kit) and centrifuged at maximum speed for 2 

minutes.  The sample was dried in a vacuum to a volume less than 5 µl.  The 

labeled probes were mixed with 50 µl of ASAP™ hybridization buffer (included in 

the kit) that had been pre-heated to 70°C for 5 minutes, and the mixture was 

hybridized to the microarray chip. 
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Data Analysis 

          Data were reviewed and evaluated using GenePix Pro 3.0.  Data were 

normalized using the MarC-V software (152,153).  Genes were selected that had 

been up-regulated or down-regulated by 2 fold or more as a result of treatment 

with UV3. 

 

Affymetrix GeneChip Array 

 

RNA Isolation 

          RNA was isolated using the RNeasy Lipid Tissue Mini kit (Qiagen, 

Valencia, CA).  ARH-77 human multiple myeloma cells were treated with UV3 or 

13G10 (isotype control) as described above.  Five million cells from each of the 

antibody-treated cultures were collected in 50 ml conical tubes (BD Falcon) and 

centrifuged (Sorvall) at 300 x g for 10 minutes at 4°C.  The cell supernatant was 

aspirated by vacuum suction with a glass pipet to remove the cell media.  One 

milliliter of QIAzol lysis reagent was added to the tube, and the cells were lysed 

by plunging the cell suspension through a 20 gauge needle, 5 times.  The 

homogenized sample was transferred to a 1.5 ml RNase-free eppendorf tube, 

and the sample was incubated for 5 minutes at room temperature.  Two hundred 

microliters of chloroform (Sigma) were added to the tube, and the sample was 

vigorously mixed by shaking by hand for 15 seconds.  The sample was incubated 

for 2-3 minutes at room temperature and centrifuged (Eppendorf Centrifuge) at 
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12,000 x g for 15 minutes at 4°C.  The top, aqueous phase was removed using a 

200 µl pipetman and transferred to a new 1.5 ml RNase-free tube.  An equal 

volume of 70% ethanol (approximately 500 µl, Pharmco, Brookfield, CT) was 

added, and the RNA-ethanol solution was mixed well by pipetting.  Seven 

hundred microliters of the solution was transferred to an RNeasy mini spin 

column (included in the kit) nested in a 2 ml collection tube (included in kit) and 

centrifuged (Eppendorf Centrifuge) at 8000 x g for 15 seconds at room 

temperature.  The flow through was discarded, and the remaining RNA-ethanol 

solution was added to the column for a second centrifugation until all of the RNA 

had passed over the column. 

          The RNA was treated with RNase-Free DNase (Qiagen) while on the 

column, according to the RNA isolation kit instructions.  Three hundred and fifty 

microliters of Buffer RW1™ (a wash buffer included in the kit) was added to the 

column to wash, and the column was centrifuged (Eppendorf Centrifuge) at 8000 

x g for 15 seconds at room temperature.  The flow through was discarded.  Ten 

microliters of DNase 1 was added to a 500 µl RNase-free eppendorf tube and 

mixed with 70 µl of Buffer RDD™ (included in the kit) by pipetting.  The mixture 

was added to the column and incubated for 15 minutes at room temperature.  

Following the incubation, the column was washed with 350 µl of Buffer RW1™ 

and centrifuged in an Eppendorf Centrifuge at 8000 x g for 15 seconds at room 

temperature.  The flow through was discarded, and the column was transferred to 

a new, RNase-free eppendorf tube. 
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          The column was washed with 500 µl of Buffer RPE™ (a wash buffer 

included in the kit) and centrifuged (Eppendorf Centrifuge) at 8000 x g for 15 

seconds at room temperature.  The flow through was discarded, and a second 

wash with 500 µl Buffer RPE™ was added.  The column and tube were 

centrifuged in an Eppendorf Centrifuge at 8000 x g for 2 minutes at room 

temperature.  The flow through was discarded, and the column and tube were 

centrifuged in an Eppendorf Centrifuge at room temperature for an additional 1 

minute at 8000 x g.  The RNeasy column was transferred to a new 1.5 ml RNase-

free eppendorf tube.  Twenty microliters of RNase-free water was added to the 

column, and the column was centrifuged in an Eppendorf Centrifuge at room 

temperature for 1 minute at 8000 x g.  This step was repeated with an additional 

20 µl of water and 1 minute centrifugation.  The column was discarded, leaving 

ARH-77 RNA in an RNase-free eppendorf tube, in RNase-free water. 

          A 10 µl sample of the RNA was diluted 1:50 in RNase-free water and read 

in a spectrophotometer (Beckman) at an O.D.260 and an O.D.280.  The 

A260/A280 ratio was used to determine the quality of the RNA.  Pure RNA has 

an A260/A280 ratio of 1.8-2.1, and all ARH-77 RNA had a quality ratio >2.  The 

quantity of the RNA was determined by the following equation: O.D.260 x 40 x 

dilution factor = the concentration in µg/ml. 
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cDNA Synthesis and aRNA Probe 

          The RNA was submitted to the Simmons Cancer Center Genomics Core 

(University of Texas Southwestern Medical Center) for preparation of biotin-

labeled aRNA (Message Amp kit, Ambion).  For first strand cDNA synthesis, 1-5 

µg of total RNA was mixed with 1 µl of the T7-oligo (dT) (included in the kit) and 

RNase-free water up to 12 µl in a 0.5 ml RNase-free eppendorf tube.  The 

sample was heated to 70°C for 10 minutes, spun briefly, and placed at 42°C.  

The sample was maintained at this temperature while adding the following 

reagents: 2 µl of 10x first strand buffer (included in the kit), 1 µl of RNase inhibitor 

(included in the kit), 4 µl of a dNTP mixture (included in the kit), and 1 µl of 

reverse transcriptase (included in the kit).  The sample was mixed gently and 

incubated at 42°C for 2 hours. 

          The sample was centrifuged briefly and placed on ice, while the following 

reagents were added for second strand cDNA synthesis: 61 µl of RNase-free 

water, 10 µl of 10x second strand buffer (included in the kit), 4 µl of dNTP 

mixture, 2 µl of DNA polymerase (included in the kit), 1 µl of DNA Polymerase I 

(Invitrogen), 1 µl of E.coli DNA ligase (Invitrogen) and 1 µl of RNase H (included 

in the kit).  The sample was mixed gently, centrifuged, and incubated at 16°C for 

2 hours.  The sample received 1 µl of T4 DNA Polymerase (Invitrogen) and was 

incubated for 10 minutes at 16°C.  Finally, 10 µl of 0.5 M EDTA was added to 

inhibit all enzymes. 
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          In order to purify the cDNA, the cDNA was transferred to a 1.5 ml RNase-

free eppendorf tube containing 50 µl of nuclease-free water and 600 µl of cDNA 

binding buffer (included in the kit).  The sample was vortexed, centrifuged, and 

760 µl of the sample was loaded onto a column (included in the kit).  The column 

was centrifuged at maximum speed until the entire sample has passed through.  

The column was transferred to a new 2.0 ml collection tube (included in the kit) 

and loaded with 750 µl of cDNA wash buffer (included in the kit).  The column 

was centrifuged at 8,000 x g for 30 seconds at room temperature, and the flow-

through was discarded.  The caps of the columns were opened, and the columns 

were centrifuged at maximum speed for 5 minutes at room temperature.  The 

column was transferred to a new 1.5 ml collection tube (included in the kit) and 

11.5 µl of nuclease-free water was added onto the center of the column 

membrane.  The column was centrifuged at maximum speed for 1 minute at room 

temperature, and the column was discarded. 

          Ten and a half microliters of the column flow-through, which contained the 

purified cDNA, was transferred to a new 0.5 nuclease-free eppendorf tube, and 

the following reagents were added to begin synthesis of biotin-labeled aRNA: 4 µl 

of T7 ATP (included in the kit), 3 µl of T7 CTP (included in the kit), 4 µl of T7 GTP 

(included in the kit), 3 µl of T7 UTP (included in the kit), 4 µl of T7 10x reaction 

buffer (included in the kit), 4 ul of T7 enzyme mix (included in the kit), 3.75 ul of 

biotin CTP (New England Biolabs, Beverly, MA), and 3.75 ul of biotin UTP (New 

England Biolabs).  The sample was mixed gently, centrifuged briefly, and 
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incubated at 37°C for 10 hours.  Two microliters of DNase I (included in the kit) 

was added to the tube, and the tube was spun briefly and incubated at 37°C for 

30 minutes. 

          Using the GeneChip Clean-up Module (Affymetrix) to purify the aRNA, the 

sample was transferred to a 1.5 ml nuclease-free eppendorf tube containing 60 µl 

of nuclease-free water.  The tube was vortexed, centrifuged, and 350 µl of aRNA 

binding buffer (included in the kit) was added.  The tube was vortexed, 

centrifuged, and 250 µl of 100% ethanol was added.  The solution was mixed 

gently by pipetting, and the 700 µl of mixture was loaded onto the column 

(included in the kit).  The column was centrifuged at maximum speed until all of 

the mixture had flowed through the column.  Five hundred microliters of aRNA 

wash buffer was loaded onto the column, and the column was centrifuged at 

8,000 x g for 30 seconds at room temperature.  The flow-through was discarded, 

and the column was transferred to a new 2.0 ml collection tube (included in the 

kit).  Five hundred microliters of 80% ethanol was loaded onto the column, and 

the column was centrifuged at 8,000 x g for 30 seconds.  The flow-through was 

discarded.  The cap of the column was opened, and the column was centrifuged 

at maximum speed for 5 minutes to dry the column.  The column was transferred 

to a new 1.5 ml collection tube (included in the kit), and 20 µl of RNase-free 

water, pre-heated to 60°C, was added to the center of the column membrane.  

The column was centrifuged at maximum speed for 1 minute.  This wash step 
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was repeated a second time, and the flow-through was saved for quantification of 

the purified biotin-labeled aRNA. 

 

Affymetrix hybridization 

          The aRNA probes were submitted to the Microarray Core (University of 

Texas Southwestern Medical Center) for processing and hybridization to 

Affymetrix human U-133 2+ microarrays (Affymetrix).  Following fragmentation 

and hybridization of the biotinylated aRNA to the Affymetrix chip, the array was 

stained with streptavidin phycoerythrin and washed in the Affymetrix GeneChip 

fluidics station.  The array was scanned using the GeneChip® Scanner 3000 

(Affymetrix), and data were acquired with the GeneChip® Operating Software 

(Affymetrix), which normalized data prior to analysis. 

 

Data Analysis 

          The resulting data were analyzed using GeneSpring (Silicon Genetics, 

Redwood City, CA).  Data were normalized initially using the GeneChip® 

Operating Software (G-COS, Affymetrix), and further normalization of the data 

was performed in GeneSpring.  Genes were selected for further evaluation based 

on a variety of criteria.  The expression of the gene must be “present” (p value 

<0.05, as determined by comparison of results from multiple probes for a given 

gene) or “marginal” (p value 0.05-0.065) in at least one of the samples (control or 

treated).  In addition, the gene expression must have changed 5 fold or more in 
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UV3-treated samples.  Once these genes were selected, the data were searched 

for similarities in physiogical function using both GeneSpring and the Stanford 

Source program (154).  
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G. Polymerase Chain Reaction (PCR) 

 

Semi-Quantitative PCR 

 

cDNA synthesis 

          Cells were treated with antibody as described above, and RNA was 

isolated from cells according to the TRIzol protocol described above.  The 

following reagents were added in a 0.5 ml RNase-free tube: 6 µl of Reverse 

Transcription 5x Buffer (Promega), 3 µl of a deoxynucleotide tri-phosphate 

mixture (dNTPs) containing 10 mM each of dATP, dCTP, dGTP, and dTTP 

(Sigma), 0.5 µl of Recombinant RNasin® Ribonuclease Inhibitor (Promega), 1.5 

µl of Avian Myeloblastosis Virus (AMV) Reverse Transcriptase (Promega), 3 µl of 

Oligo(dT)15 Primer (Promega), 1 µg of RNA, and nuclease-free water to a final 

volume of 30 µl.  The sample was incubated in a thermal cycler (Perkin Elmer 

Cetus 480, Norwalk, CT) at 42°C for 40 minutes, followed by 5 minutes at 99°C 

and 5 minutes at 4°C. 

 

PCR 

          The expression of IFN-γ, VEGF, transforming growth factor-β (TGF-β), and 

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH, a housekeeping gene in 

ARH-77 cells) was evaluated.  Primer pairs were used to amplify their respective 

genes from 5 different dilutions of ARH-77 cDNA (IFN-γ, VEGF, and TGF-β) or 
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10 different dilutions of cDNA (GAPDH), for a total of 25 PCR reactions.  A 

master mix for 30 PCR reactions was made by combining the following reagents 

in a 1.5 ml DNase-free eppendorf tube; 150 µl of Thermophilic DNA Polymerase 

10x Buffer (Promega), 120 µl of 25 mM MgCl2 (Promega), 60 µl of 10 mM dNTP 

(Sigma), 15 µl of 5 units/µl Taq DNA Polymerase (Promega), and 555 µl DNase-

free water.   

          For IFN-γ, VEGF, and TGF-β, 180 µl of this master mix was pipetted into 

each of three 0.5 ml DNase-free eppendorf tubes, and 30 µl of each primer in the 

respective primer pair was added.  All primer pairs were purchased from 

Integrated DNA Technologies, Inc. (IDT, Coralville, IA).  The IFN-γ primers were 

A) 5’ – GCA GGT CAT TCA GAT GTA G – 3’ and B) 5’ – GAC AGT TCA GCC 

ATC ACT TGG – 3’.  The VEGF primers were A) 5’ – GGA CAT CTT CCA GGA 

GTA – 3’ and B) 5’ – TGC AAC GCG AGT CTG TGT – 3’.  The TGF-β primers 

were A) 5’ – TCC GCA AGG ACC TCG GCT GGA – 3’ and B) 5’ – ATC ATG 

TTG GAC AGC TGC TCC – 3’.  To the remaining 360 µl of master mix, 60 µl of 

each GAPDH primer was added to the 1.5 ml eppendorf tube.  The GAPDH 

primers were A) 5’ – CAC CAT GGA GAA GGC – 3’ and B) 5’ – TGC CAG TGA 

GCT TCC – 3’.   

          Each of the 3 master mixes containing IFN-γ, VEGF, or TGF-β primers 

were divided into 5, 40 µl aliquots in 0.5 ml DNase-free eppendorf tubes.  The 

master mix containing primers for GAPDH was divided into 10, 40 µl aliquots in 

0.5 ml DNase-free eppendorf tubes.   
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          Serial dilutions of ARH-77 cDNA were prepared in DNase-free water at a 

1:1 ratio to obtain concentrations of cDNA at 1/2, 1/4, 1/8, and 1/16.  A 1:10 

dilution was prepared from the 1/16 concentration, followed further by 9, 1:1 

dilutions.  For IFN-γ, VEGF, and TGF-β, each of the 5 aliquots of master mix plus 

primers received a 10 µl dilution of ARH-77 cDNA ranging from undiluted (0.33 

µg) to a dilution of 1/16.  For the 10 GAPDH PCR reactions, each of the 10 

aliquots of master mix plus primers received a 10 µl dilution of ARH-77 cDNA 

ranging from 1/160 to 1/81,820.   

          PCR reactions were placed in a thermal cycler (Perkin Elmer) and 

incubated as follows: 5 minutes at 94°C; 34 cycles of 30 seconds at 94°C, 30 

seconds at 55°C, 60 seconds at 72°C; 10 minutes at 72°C; hold at 4°C (for up 

to 10 hours). 

 

Gel Electrophoresis 

          A 1.5% agarose (Fisher Scientific) solution was prepared in DNase-free 

water and heated in a microwave (General Electric, Louisville, KY) on high for 3 

minutes to dissolve the agarose into solution.  The ends of the casting tray (Bio-

Rad, Hercules, CA) were sealed with labeling tape (TimeMed Labeling Systems, 

Inc., Burr Ridge, IL), and when the agarose solution cooled to the point of being 

able to hold the glassware in hand, the solution was slowly poured into the 

casting tray until it had filled half the depth of the tray.  A gel comb was added to 

one end of the gel, approximately 0.5 inches from the top.  The gel incubated at 

 55



room temperature until it solidified, and the gel comb and tape were removed.  

The gel and casting tray were placed in a Wide Mini Sub® gel electrophoresis 

chamber (Bio-Rad), and tris-acetate EDTA buffer (TAE buffer: 0.04M Tris-acetate 

and 0.001M EDTA) was poured into the chamber until it covered the gel surface.  

Two microliters of 6x gel-loading buffer (0.25% bromophenol blue (Sigma), 

0.25% xylene cyanol FF (Sigma), 40% sucrose (Sigma) in water) were mixed 

with 10 µl of each PCR reaction, and 10 µl from each PCR reaction plus loading 

buffer was pipetted into respective gel wells.  The gel was electrophoresed for 1 

hour at 100 V in a Power Pac 300 electrophoresis machine (Bio-Rad).   

          The gel was stained in an ethidium bromide (Sigma) solution (100 ml of 

DNase-free water plus 50 µl of ethidium bromide) for 5 minutes, followed by 

destaining in dH2O for 10 minutes.  Bands were viewed using a Foto/Eclipse 

(Fotodyne, Inc. Hartland, WI), and data were analyzed using the Alpha Imager™ 

(Alpha Innotech, San Leandro, CA).  The computer measured the brightness of 

each band relative to background and gave a corresponding numerical value that 

represented the intensity of expression of a particular gene at the corresponding 

cDNA dilution.  From these values, a standard curve for GAPDH was generated, 

and the standard curve was used to determine the relative expression values of 

the other genes in ARH-77 cDNA. 
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SYBR™ Green Quantitative RT-PCR 

 

cDNA Synthesis 

          For each reverse transcription, the following reagents were mixed in a 0.5 

ml RNase-free eppendorf tube and incubated for 10 minutes in a thermal cycler 

(Ericomp) at 70°C; 2 µg of RNA (ARH-77 RNA isolated using TRIzol or 

Stratagene Reference RNA), 0.5 µl of Random Oligos (Gibco), 0.5 µl of Oligo dT 

(Gibco), and RNase-free water up to 11 µl.  There were two tubes set up for each 

RNA sample.  One tube receives all reagents, while the other tube receives all 

reagents except the Superscript reverse transcriptase.   

          The tubes containing the RNA and oligos were placed on ice.  Four 

microliters of 5X First Strand Buffer (Gibco), 1 µl of 10 mM dNTPs (Gibco), 1 µl 

0.1 M DTT (Gibco), and 1 µl of Superasin (Ambion) was added to each tube and 

mixed by vortex.  One of the tubes for each RNA mixture received 1 µl of 

Superscript II reverse transcriptase (Gibco), and the second tube, lacking reverse 

transcriptase, was designated as a “-RT” control.  Each sample was incubated 

for 10 minutes at room temperature, followed by 50 minutes in a thermal cycler 

(Ericomp) at 42°C and 10 minutes at 70°C.  Each sample was placed on ice for 

2 minutes, and 1 µl of RNAse H (Gibco) was added.  Finally, each sample was 

incubated for 20 minutes at 37°C and diluted to 100 µl with DNase-free water (20 

ng/ul final cDNA concentration). 
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PCR  

          Primers (IDT) were designed using Primer Express 1.5 (Applied 

Biosystems, Foster City, CA) and Net Primer (155).  The primers were dissolved 

in sterile, distilled water at 100 pmol/µl.  A 10 pmol/µl working solution of each 

primer was made by diluting the stock 1:10 in sterile, dH2O.  Before using new 

primer pairs on test cDNA, various concentrations (100 nM, 250 nM, 500 nM, and 

1000 nM) of each primer set was tested on the reference cDNA, which had been 

reversely transcribed from Stratagene Reference RNA (LaJolla, CA) to determine 

the optimal primer concentration that would not yield primer-dimers.   

          Samples of the ARH-77 cDNA were diluted in DNase-free water to 20 pg/µl 

for GAPDH, the housekeeping gene, and 200 pg/µl for angiopoietin.  Reference 

cDNA was diluted in DNase-free water in two different ranges as follows: five 

1:10 serial dilutions beginning at 200 pg/µl were made to obtain a GAPDH 

standard curve, and 5 serial dilutions of 1000 pg/µl, 200 pg/µl, 100 pg/µl, 50 

pg/µl, and 10 pg/µl was prepared to obtain a standard curve for angiopoietin.  

Five microliters of each reference cDNA dilution was pipetted in duplicate into 

respective wells of a MicroAmp® Optical 96 well reaction plate (Applied 

Biosystems), followed by the addition of 5 µl of each “-RT” reference cDNA 

dilution in duplicate.  Five microliters of ARH-77 cDNA or ARH-77 “-RT” cDNA, at 

20 pg/µl or 200 pg/µl, were pipetted into their respective wells. 

          A master mix of PCR reagents was made for each gene by adding the 

following to a 0.5 ml DNase-free eppendorf tube:  10 µl/reaction of SYBR™ 
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Green (Qiagen), 0.5 µl/reaction of each 10 µM primer (IDT), and 4 µl/reaction of 

DNase-free water.  Fifteen microliters of the GAPDH master mix was pipetted 

into each well containing the 200 pg/µl – 0.02 pg/µl reference cDNA standard 

and into respective wells containing 20 pg/µl of ARH-77 cDNA.  Fifteen 

microliters of the angiopoietin master mix was pipetted into each well containing 

the 1000 pg/µl – 10 pg/µl reference cDNA standard and into respective wells 

containing 200 pg/µl ARH-77 cDNA.  This process was performed carefully to 

avoid introducing air bubbles, and it was repeated for all respective “-RT” 

controls.  The 96-well plate was sealed with Optical Caps (8 caps/strip from 

Applied Biosystems) using the Cap Installing Tool (Applied Biosystems) and 

centrifuged (Beckman Coulter Allegra 6R) at 300 x g for 1-2 minutes at room 

temperature. 

          Data were acquired using the ABI PRISM 7700 (Applied Biosystems, 

Foster City, CA).  Thermal cycling conditions were set at 95°C for 15 minutes 

followed by 40 cycles of 15 seconds at 95°C and 60 seconds at 60°C.  The 

volume of the reaction was changed to 20 µl and the Dye Layer was set for 

SYBR™ green.  Results were analyzed using Sequence Detection Systems 1.9 

(Applied Biosystems).  A threshold is set within the liner range of amplification of 

all genes, and the cycle number at which a given gene amplification reached the 

threshold was used to determine relative difference between the expression of 

each gene.  For example, the cycle threshold number from each concentration of 

the reference cDNA was used to generate a standard curve, and from this curve, 
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the relative amount of GAPDH and angiopoietin expressed by ARH-77 cells was 

determined.   

          Finally, a melt curve analysis was performed to ensure that the results 

obtained represented a single, uniform product.  To this end, the thermal cycler 

was set at 95°C for 15 seconds, 60°C for 20 seconds, and 95°C for 15 seconds, 

with a ramp time of 19 minutes and 59 seconds.  The melt curve for each product 

was viewed using the Sequence Detection Systems Dissociation Curves 

software (Applied Biosystems), which shows a change in signal at each 

temperature.  A single uniform product appeared as a single peak.  
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H. Fluorescent Activated Cell Sorting (FACS) 

 

          Twenty million cultured cells were collected into a 50 ml conical tube (BD 

Falcon) and centrifuged (Sorvall centrifuge) at 300 x g for 10 minutes at 4°C.  

The cells were washed with complete medium lacking FCS and centrifuged 

(Sorvall centrifuge) at 300 x g for 10 minutes at 4°C.  The cells were 

resuspended at 107 cells/ml in PBS containing 1% FCS, and 100 µl of the cell 

suspension was placed in each tube (12 x 75 round-bottom, BD Falcon).  One 

microgram of mouse (PharMingen/BD Biosciences) or human control antibody 

(purified from human serum, Sigma) was added to respective tubes and 

incubated in the dark for 5 minutes at 4°C to block binding to Fc receptors. 

          Antibodies (0.5 µg, 1 µg, or 2 µg) were added to the respective tubes, and 

the cells were vortexed briefly.  The cells were incubated on ice in the dark for 15 

minutes at 4°C, vortexed briefly, and incubated for another 15 minutes under the 

same conditions.  One milliliter of PBS containing 1% FCS was added to each 

tube.  The cells were vortexed briefly and centrifuged (Sorvall) at 300 x g for 5 

minutes at 4°C.  After aspirating the supernatant, 400 µl of 1% paraformaldehyde 

(Sigma) was added to the cells, and the tubes were vortexed briefly. 

          Data were acquired within 24 hours using a FACScan (BD Biosciences).  

Results were analyzed using CellQuest (BD Biosciences). 
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I. Thymidine Incorporation 

 

          Cells were centrifuged for 10 minutes at 300 x g at 4°C.  The cells were 

washed with complete medium lacking FCS and centrifuged (Sorvall) for 10 

minutes at 300 x g at 4°C.  The cells were resuspended in complete medium at 5 

x 105 cells/ml.  One hundred microliters of the cell suspension was added to each 

well of a 96-well tissue culture plate (BD Falcon). 

          Antibodies, which were previously dialyzed into serum-free medium, were 

diluted in complete medium to 2 mg/ml, and four, 1:10 serial dilutions were 

prepared ranging from 0.2 - 200 µg/ml.  One hundred microliters of each dilution 

were added to the respective wells.  The 1:1 dilution of treatment to cells gave a 

final concentration of 1 mg/ml (maximum) antibody for 5 x 104 cells.  Doxorubicin 

(GensiaSicor Pharmaceuticals, Irvine, CA) was added at a final concentration of 

0.5 µg/ml as a positive control. 

          The cells were incubated at 37°C with 5% CO2/95% air for 24 or 48 hours.  

Eight hours before the end of the incubation, 1 mCi/ml thymidine (Amersham 

Biosciences, Piscataway, NJ) was diluted 1:10 in complete medium, and 10 µl of 

the thymidine dilution was added per well.  At the end of the incubation time, cells 

were harvested onto a FilterMAT (Skatron, Sterling, VA) using a Skatron cell 

harvester (Skatron, Sterling, VA).  FilterMATs were counted using a β-counter 

(Wallac 1410, Pharmacia/Pfizer, New York, NY). 
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J. Enzyme-Linked Immunosorbent Assay (ELISA) 

 

VEGF ELISA 

          Accucyte® competitive human VEGF ELISA kits were purchased from 

Cytimmune Sciences, Inc (College Park, MD).  Cells were collected and treated 

with antibody as described above.  The cells were centrifuged (Sorvall) at 300 x g 

for 10 minutes at 4°C, and the supernatant was isolated for immediate analysis 

of VEGF production.  The assay was carried out according to kit instructions.   

          The VEGF standard (included in the kit) was diluted to 200 ng/ml in 1 ml of 

serum-free medium, and 5 serial dilutions at 1:4 were prepared from this initial 

concentration.  One hundred microliters of each dilution was added to the 

respective wells of a 96 well plate pre-coated with goat anti-rabbit secondary 

antibodies (included in the kit).  One hundred microliters of cell supernatant was 

added in duplicate to the wells.  Each well received 25 µl of rabbit anti-human 

VEGF antibody (included in the kit), and the plate was covered with an acetate 

plate sealer (included in the kit) and incubated at room temperature for 3 hours.  

Twenty five microliters of human VEGF conjugate (included in the kit) was added 

to each well, and the plate was incubated at room temperature for 30 minutes. 

          Wash buffer was diluted to 1 L with deionized water.  A multi-channel pipet 

was used to dispense 250 µl of the diluted wash buffer into each well.  The plate 

was inverted over the sink, flicked to eliminate fluid, and blotted on clean paper 

towels.  This washing procedure was repeated until the plate had been washed a 
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total of five times.  During the fifth wash, the plate was incubated in wash buffer 

for 10 minutes at room temperature before the buffer was discarded.   

          Each well received 50 µl of streptavidin-alkaline phosphatase (included in 

the kit), and the plate was sealed with a plastic cover (kit) and incubated at room 

temperature for 30 minutes.  During this time the color reagents A & B, provided 

in the kit, were brought to room temperature. 

          The plate was washed 5 times as before, and the color reagents A & B 

were mixed at a 1:1 dilution.  Each well received 200 µl of the prepared color 

reagent, and the plate was re-sealed and incubated at room temperature for 25 

minutes. 

          The color of the sample was measured at 492 nm using a Molecular 

Devices ThermoMax microplate reader.  Once the plate had incubated for 15 

minutes, measurements were taken every two minutes until the end time-point.  

The amount of VEGF present in unknown samples was calculated from the 

standard curve where known concentrations of VEGF were used. 

 

sCD54/ICAM-1 ELISA 

          Human CD54 ELISA kits were purchased from Chemicon International, 

Inc. (Temecula, CA).  ARH-77 cells were collected and treated with antibody as 

described above.  Since UV3 may competitively bind to sCD54, UV3 was added 

to all wells immediately before harvesting.  The cells were centrifuged (Sorvall) at 

300 x g for 10 minutes at 4°C, and the supernatant was isolated for immediate 
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analysis of sCD54 production.  The assay was carried out according to kit 

instructions.   

          Wash buffer (included in the kit) was diluted 1:20 in distilled water.  Each 

well received 2 washes with 300 µl of the diluted wash buffer.  The wells were 

aspirated with a glass pipet following each wash.  After the second wash, the 

plate was blotted on a clean paper towel to remove any residual wash buffer.  

          One hundred microliters of the sample diluent (included in the kit) was 

added to the wells designated for the standard, except for the duplicate wells 

designated for 100 ng/ml of sCD54.  Two hundred microliters of sCD54 standard 

(100 ng/ml) was added to the wells.  Dilutions of the standard were made 1:1 in 

the wells, beginning with the transfer of 100 µl of the 100 ng/ml standard into 100 

µl of sample diluent to obtain 50 ng/ml.  This process was repeated until a 

standard range of 6.25 - 100 ng/ml of sCD54 was obtained. 

          One hundred microliters of the sample diluent was added to the blank 

wells, and 90 µl of sample diluent was added to the wells designated for cell 

supernatant.  Ten microliters of each cell supernatant sample was added to 

respective wells and was mixed by pipetting.  A 10% horse radish peroxidase 

(HRP) conjugate solution (kit) was made by mixing 10 µl of HRP conjugate with 

990 µl of assay buffer (kit).  Fifty microliters of diluted HRP-conjugate was added 

to all wells, and the wells were covered with a plate cover and incubated at room 

temperature for 1 hour. 
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          The wells were washed 3 times with diluted wash buffer using the 

procedures outlined at the beginning of the protocol.  A substrate solution was 

prepared by mixing substrate solution I (kit) and substrate solution II (kit) at a 1:1 

ratio.  One hundred microliters of this substrate mixture was added to each well, 

and the plate was incubated for 15 minutes in the dark at room temperature.  The 

enzymatic reaction was stopped by pipetting 100 µl of the stop solution (1 M 

phosphoric acid) into each well. 

          The absorbance of each sample was measured at 450 nm using a 

Molecular Devices ThermoMax microplate reader. 
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K. ADCC 

 

Isolation of Splenocytes 

          BALB/c mice, 10-14 weeks of age, were sacrificed (one mouse for every 

40-60 million splenocytes needed).  A 1 inch transverse cut was made across the 

abdominal wall, and the spleen was removed using stainless steel surgical 

scissors (Fisher).  The spleen(s) were placed in a 50 ml conical tube (BD Falcon) 

containing 50 ml of Hank’s Balanced Salt Solution (HBSS) (Gibco) containing 1% 

FCS. 

          In a laminar flow hood (Nuaire, Plymouth, MN), 40-45 ml of the HBSS 

medium in the 50 ml conical tube was poured out into a waste container.  The 

remaining 5-10 ml of HBSS medium plus spleens was poured into a sterile petri 

dish (BD Falcon) containing 15 ml of fresh HBSS medium.  The spleens were 

sliced into smaller pieces using 2 microscope slides with frosted ends, which 

were then homogenized between the two frosted ends of the slides.  The 

splenocyte suspension was pipetted into a clean 50 ml conical tube (BD Falcon).  

The petri dish was washed 3 times with 10 ml of fresh HBSS to collect any 

remaining splenocytes, and the washes were added to the splenocyte mixture.  

In order to allow debris to settle, the splenocytes were incubated for 3 minutes at 

room temperature, and the supernatant was transferred to a clean 50 ml conical 

tube (BD Falcon).   
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          The cell suspension was filtered through a nylon mesh (BD Falcon) into a 

50 ml conical tube (BD Falcon).  The cells were centrifuged (Sorvall) at 200 x g 

for 10 minutes at 4°C, and the supernatant was poured off.  M-lyse buffer from 

the Mouse Erythrocyte Lysing Kit (R & D Systems, Minneapolis, MN) was diluted 

1:10 in distilled water, and the splenocytes were resuspended in the diluted 

buffer (2 ml per spleen).  The cells were incubated at room temperature for 10 

minutes, and the remainder of the 50 ml tube was filled with PBS containing 1% 

FCS.  The cells were centrifuged (Sorvall) at 200 x g for 10 minutes at 4°C.  The 

splenocytes were resuspended at 3 x 106 cells/ml in DMEM medium containing 

10% FCS, 1% L-glutamine, 1% non-essential amino acids (Gibco), 1% sodium 

pyruvate, and 1% penicillin-streptomycin.  Twenty thousand units of Interleukin-2 

(Chiron) was added for each milliliter of cells to activate natural killer cells.  A 14 

M stock solution of β-mercaptoethanol (Sigma) was diluted 1:2500 in DMEM 

medium, and 5 µl of the dilution was added per milliliter of cells.  Indomethacin 

(Sigma) was added to the cell suspension at 0.5 µg/ml.  Two milliliters of cell 

suspension were pipetted into each well of a 24 well tissue culture plate (Falcon), 

according to the number of cells needed, and the plate was incubated for 5 days 

at 37˚C, 10% CO2/90% air. 

 

Target Cells 

          Target cells were removed from culture, pipetted into a 50 ml conical tube 

(BD Falcon), and centrifuged (Sorvall) at 300 x g for 5 minutes at 4°C.  The cells 
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were resuspended in complete medium at 3 times the initial volume and 

centrifuged (Sorvall) at 300 x g for 5 minutes at 4°C.  The cells were 

resuspended at 107 cells/ml in serum-free medium.  Five hundred microliters of 

the cell suspension was transferred to a 15 ml conical tube (BD Falcon) 

containing 150 µCi (150 µl) of chromium-51 (185 MBq, Amersham).  The cells 

were vortexed and incubated for 1 hour in the dark at 37°C.  During the 

incubation, the tube was inverted at 20 minutes and 40 minutes to enhance the 

labeling. 

          The 15 ml tube was filled with serum-free media, the cells were centrifuged 

at 300 x g for 5 minutes at room temperature, and the wash was repeated.  The 

supernatant was discarded in liquid radioactive waste containers, and the cells 

were resuspended in 500 µl of serum-free medium.  One hundred microliters of 

cell suspension was dispensed into individual glass tubes (Fisher).  Five 

micrograms of UV3 or control antibodies were added to respective tubes, and 

one tube of cells was left untreated.  The tubes were incubated at 4°C for 15 

minutes, vortexed, and incubated at 4°C for 15 minutes.  The cells were 

centrifuged at 300 x g for 5 minutes at 4°C.  The cells were resuspended in an 

equal volume of serum-free medium, centrifuged at 300 x g for 5 minutes at 4°C, 

and the wash was repeated.  The cells were resuspended in complete medium at 

5 x 104 cells/ml, and 100 µl of the target cells (treated or untreated) were added 

to respective wells of a 96 well plate (Costar). 
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Effector Cells 

          Splenocytes were removed from culture and centrifuged at 300 x g for 5 

minutes at 4°C.  The cells were resuspended in complete target cell medium at 3 

times the volume and centrifuged at 300 x g for 5 minutes at 4°C.  The cells were 

resuspended at 5 x 106 cells/ml in complete target cell medium, and serial 

dilutions of 1:1 (2.5 x 106 cells/ml) and 1:5 (5 x 105 cells/ml) were prepared.  One 

hundred microliters of these three concentrations were added to wells designated 

100:1 (effector:target), 50:1, and 10:1, respectively. 

 

51Chromium Release Assay 

          The cells were incubated at 37°C, 5% CO2/95% air for 4 hours.  Cell 

medium containing 2% Triton X-100 (Sigma) was added to control wells to 

determine the maximum chromium released.  The plates were centrifuged at 300 

x g for 4 minutes at room temperature, and the contents of each well were 

transferred to 12 x 75 mm glass tubes (Fisher) for analysis in a γ-counter (Wallac 

Wizard, PerkinElmer).  The percentage of specific lysis was calculated using the 

following equation: 

 
Specific percent lysis = 100 X 

m  

 

test 51Cr released – control 51Cr released 

aximum 51Cr released – control 51Cr released
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L. CDC  

 

Target Cells 

          Target cells were labeled with 51Chromium as described under ADCC. 

 

51Chromium Release Assay 

          Rabbit serum (Chemicon) was diluted in serum-free RPMI at 1:2.5, 1:12.5, 

and 1:25.  One hundred microliters of each complement dilution was added to 

respective wells in a 96 well tissue culture plate (Falcon).  One hundred 

microliters of serum-free RPMI containing 2% Triton X-100 (Sigma) was used as 

a positive control to measure maximum chromium release.  One hundred 

microliters of target cells were added to respective wells, and the tissue culture 

plate was incubated for 4 hours at 37°C, 5% CO2/95% air. 

          The plates were centrifuged at 300 x g for 4 minutes at room temperature, 

and the contents of each well were transferred to 12 x 75 mm glass tubes 

(Fisher) for analysis in a γ-counter (Wallac Wizard, PerkinElmer).  The 

percentage of specific lysis was calculated using the following equation: 

 
Specific percent lysis = 100 X 

 

 

test 51Cr released – control 51Cr released 

maximum 51Cr released – control 51Cr released 
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M. Migration Assays 

 

Preparation of HUVECs 

          HUVECs (Cascade Biologics), cultured in 75 mm3 tissue culture flasks, 

were selected for use when they reached 80% confluency.  The medium was 

pipetted out of the HUVEC flask and discarded.  Fifteen milliliters of fresh, 

HUVEC complete medium containing 2 µl/ml of VybrantTM Di-I labeling solution 

(Molecular Probes, Eugene, OR) was added to the HUVEC culture.  The cells 

were then incubated for 2 hours in a humidified 37°C incubator (Forma Scientific) 

with 5% CO2/95% air. 

 

ARH-77 cells 

          ARH-77 cells were cultured in medium containing 1% FCS.  Cells were 

centrifuged in a 50 ml conical tube (BD Falcon) at 300 x g for 10 minutes at 4°C 

and resuspended in serum-free medium to wash the cells.  Cells were 

centrifuged at 300 x g for 10 minutes at 4°C and resuspended in 1% complete 

medium at 107 cells/ml.  The cells were diluted in 1% complete medium to the 

respective, test concentrations. 

 

Assay 

          BD Biocoat Angiogenesis systems for endothelial cell migration (BD 

Biosciences, Bedford, MA) were used for this assay.  Fluorescently-labeled 
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HUVECs were washed and harvested, as described above.  The HUVECs were 

resuspended in serum-free RPMI-1640 medium at 2 x 105 cells/ml.  250 µl of the 

HUVEC suspension (5 x 104 cells) was seeded onto the fibronectin FluroBlok 

membrane within the top chamber of the respective wells.  For each chamber 

with HUVECs, a control chamber was included that had only serum free RPMI-

1640 (no cells) in the top chamber.  To the bottom chamber, 750µl of control 

(serum free medium, 1% medium, etc.) or test stimulant (ARH-77 cells) was 

added.  The plate was incubated for 20-24 hours in a humidified 37°C incubator 

(Forma Scientific) with 5% CO2/95% air.  The plate was scanned each hour from 

the 20-24 hour incubation with a Tecan Spectrafluor Plus (Maennedorf, 

Switzerland).  The data acquisition was set to measure the amount of 

fluorescence in the bottom chamber, which reflected the migration of fluorescent 

HUVECs in response to the stimulus in the bottom chamber. 
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N. SCID Xenografts 

 

Multiple Myeloma Cells 

          Female NOD/SCID mice (Jackson Labs, Bar Harbor, ME), 6-7 weeks of 

age, were irradiated with 150 rads of γ-irradiation using a Mark I Irradiator (J. L. 

Shepherd and Associates, San Fernando, CA).  Twenty four hours later, mice 

were injected intravenously (i.v.) into the tail vein with 100 µl of 107 ARH-77 cells 

suspended in sterile PBS.  Antibody therapy began 14 days after tumor cell 

injection.  For four consecutive days, 4 ug/g of UV3 or the isotype control 

antibody was injected i.v.  Mice receiving F(ab)’2 fragments were injected with 8 

ug/g/day i.v. on days 14-17.  Control mice received 100 µl of sterile PBS.  Mice 

were followed by weight and by observation for signs of the following: visible 

tumor, paralysis, 20% weight loss, and sickness.  When mice exhibited two of 

these signs, animals were sacrificed. 

 

Daudi Lymphoma Cells 

          Fox Chase Inbred SCID mice (Taconic, Germantown, NY) were injected 

i.v. with 100 µl of 107 Daudi cells.  Beginning one day following tumor cell 

injection, mice received daily i.v. treatment for four consecutive days.  Mice 

receiving UV3, cUV3, or isotype control antibody were injected with 0.8 µg/g of 

antibody each day.  Mice receiving F(ab)’2 fragments were injected with a 10 fold 

higher dose, or 8 µg/g.  Mice receiving F(ab)’2 fragments plus IgG (UV3) were 
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injected with a regular dose of F(ab)’2 (8 µg/g), plus 10, 20, or 30% of the UV3 

IgG dose (0.08 µg/g, 0.16 µg/g, or 0.24 µg/g).  Animals were sacrificed when 

they developed hind-leg paralysis.   
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Results 

 

A.  Evidence for Angiogenesis in Multiple Myeloma  

 

ARH-77 Cells Expressed Angiogenic Genes.  

          ARH-77 cells were examined for their expression of angiogenic genes 

using small, pathway-specific membrane microarrays from SuperArray, Inc.  

These microarrays are printed with cDNA fragments of 20 common pro-

angiogenic and anti-angiogenic genes.  ARH-77 cells expressed the pro-

angiogenic genes angiopoietin-1, angiogenin, endothelin receptor type B, 

fibroblast growth factor receptor (FGFR) 3, tie-2, VEGF, and VEGF-D.  ARH-77 

cells expressed anti-angiogenic genes interferon-α 2 and collagen type 18 

(Figure 1).  The relative levels of expression of these genes were determined as 

a percent of the positive controls, β-actin and GAPDH.  Although these genes 

became the focus of study, other membrane arrays from SuperArray that 

contained more extensive sets of angiogenic genes were also examined, 

revealing that ARH-77 cells expressed more angiogenic genes than presented 

here (data not shown). 
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Several Multiple Myeloma Cell Lines Expressed CD54 

          A panel of multiple myeloma cell lines was examined by flow cytometric 

analysis in order to determine whether each line expressed CD54.  Human 

multiple myeloma cell lines HS-Sultan, NCI-H929, IM-9, ARH-77, RPMI-8226 and 

U-266 expressed CD54.  SKO-007 human myeloma cells also expressed CD54, 

although the percentage of positive cells was slightly lower than that of the other 

multiple myeloma cell lines (Figure 2).  This difference in cell surface expression 

did not correlate with the degree of expression of angiogenic genes (Figure 3), 

nor did it correlate with whether a cell line had been transformed with Epstein 

Barr Virus (EBV).   

 

Cells From A Panel of Multiple Myeloma Cell Lines Displayed Similar Angiogenic 

Profiles.  

          The expression of angiogenic genes among a panel of multiple myeloma 

cell lines was examined using pathway-specific membrane microarrays from 

SuperArray, Inc.  The human multiple myeloma cell lines RPMI-8226, NCI-H929, 

SKO-007, IM-9, U-266, and HS-Sultan expressed the pro-angiogenic genes 

angiopoietin-1, angiogenin, FGFR-3, Tie-2, VEGF, and VEGF-D, and they 

expressed the anti-angiogenic gene IFN-α 2 (Figure 3).  There was no 

correlation between the expression of angiogenic genes and whether a cell line 

had been EBV transformed.  This panel of human multiple myeloma cell lines 
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expressed the same angiogenic genes as ARH-77 cells (Figure 1).  In addition, 

the expression levels of each gene were similar among the multiple myeloma cell 

lines, though the expression of angiopoietin-1 and IFN-α 2 by NCI-H929 cells 

was significantly higher than the expression observed in ARH-77 cells.   

 

ARH-77 Cells Expressed Angiogenic Genes As Determined by Semi-Quantitative 

PCR.  

          In order to quantitate the expression of angiogenic genes, ARH-77 cells 

were examined for expression of pro-angiogenic genes and anti-angiogenic 

genes using semi-quantitative PCR.  ARH-77 cells expressed the pro-angiogenic 

genes VEGF and TGF-β and the anti-angiogenic gene IFN-γ (Figure 4).  Each of 

these angiogenic genes was amplified from the same range of cDNA 

concentrations, yet, as compared to IFN-γ, VEGF and TGF-β were expressed at 

higher levels.  This suggests that in ARH-77 multiple myeloma cells, pro-

angiogenic genes might have a more intense level of expression than the anti-

angiogenic genes. 

 

ARH-77 Cells Secreted VEGF.   

          ARH-77 cells were cultured at 5 x 105 cells/ml for 24 or 48 hours, and the 

cell supernatants were evaluated in an ELISA assay immediately after collection 

to determine whether VEGF was secreted.  The average VEGF levels in ARH-77 
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cell supernatant were 2.9 ng/ml and 3.5 ng/ml, respectively (Figure 5).  There 

was no significant difference between the two time-points in the amount of VEGF 

secreted (P=0.39).  Background levels of VEGF in ARH-77 complete medium 

have been subtracted to give the values presented.  These data indicate that 

although VEGF is secreted by ARH-77 cells, the VEGF levels did not accumulate 

in the cell medium over time, suggesting that ARH-77 cells may metabolize the 

VEGF that they secrete. 

 

Other Multiple Myeloma Cell Lines Secreted VEGF.  

        Other human multiple myeloma cell lines were also examined to determine 

whether the secretion of VEGF was common to all.  HS-Sultan, ILKM2, ILKM3, 

IM-9, MC-CAR, RPMI-8226, SKO-007, and U-266 cells were cultured for 24 

hours in a 24-well plate at a starting concentration of 105 cells/ml, and 

immediately after collection the cell culture supernatants were evaluated by 

ELISA for levels of VEGF.  After subtracting any background levels of VEGF 

found in the cell media, the average VEGF levels (ng/ml) in the supernatant of 

each cell line was determined (Figure 6 and Table 1).  Human multiple myeloma 

lines MC-CAR and U-266 appeared to be the highest secretors of VEGF.  

However, when the standard deviations (Figure 6 and Table 1) were 

considered, all of the multiple myeloma lines, including ARH-77, secreted 

comparable levels of VEGF (Figure 5). 

 79



 

ARH-77 cells Secreted sCD54.  

          sCD54 induces angiogenesis both in vitro and in vivo (104).  In addition, 

sCD54 stimulates tumor growth in vivo (156).  Supernatants of ARH-77 cells 

were examined using an ELISA assay to determine whether they secreted 

sCD54.  ARH-77 cells were plated at an initial concentration of 2.5 x 105 cells/ml, 

5 x 105 cells/ml, or 10 x 105 cells/ml and cultured for 72 hours.  The average 

levels of sCD54 in ARH-77 cell supernatant were 4.6 ng/ml, 6.9 ng/ml, and 7.9 

ng/ml, respectively (Figure 7).  This suggests that ARH-77 cells not only secrete 

sCD54, but that the level of sCD54 secreted increased with the number of ARH-

77 cells cultured. 

 

ARH-77 Cells Stimulated the Migration of Endothelial Cells  

          Since ARH-77 cells expressed angiogenic genes and secreted angiogenic 

proteins, ARH-77 cells were co-cultured with HUVECs to determine whether they 

could stimulate the migration of endothelial cells.  HUVECs were grown in the top 

chamber of a transwell on a fibronectin-coated membrane while various 

concentrations of ARH-77 cells were placed in the bottom chamber.  As 

illustrated in Figure 8, 5 x 105 ARH-77 cells/ml stimulated 2.6 fold more 

endothelial cell migration than ARH-77 cell medium alone, and 5 x106 ARH-77 

cells/ml stimulated 6.6 fold more endothelial cell migration than ARH-77 cell 
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medium alone.  This trend suggested that ARH-77 cells stimulate the migration of 

endothelial cells, and that the degree of migration was directly proportional to the 

number of ARH-77 cells plated in the bottom chamber.  However, the increase in 

endothelial cell migration due to ARH-77 cells was not statistically significant 

compared to controls (P=0.24, 5 x 105 cells/ml; P=0.09, 5 x 106 cells/ml).  In 

addition, there was no significant difference between the migration induced by 5 x 

106 ARH-77 cells/ml as compared to 5 x 105 cell/ml (P=0.22). 
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Figure 1.  As Determined by Microarray Analysis, ARH-77 Cells Expressed 

Angiogenic Genes.  

          ARH-77 cells expressed a number of angiogenic genes according to the 

SuperArray microarrays.  RNA was isolated from ARH-77 cells and reverse 

transcribed to cDNA in the presence of 32P.  The radiolabeled cDNA was hybridized 

to a nylon membrane printed in duplicate with cDNA fragments of angiogenic genes.  

The radioactivity revealed the relative expression levels of various angiogenic genes 

as compared to positive controls.  The following angiogenic genes were expressed 

by ARH-77 cells:  angiopoietin-1 (A1 & A2), angiogenin (A5 & A6), collagen type 18 

(B1 & B2), endothelin receptor type B (B5 & B6), FGFR-3 (D1 & D2), IFN-α 2 (E3 & 

E4), tie-2 (F5 & F6), VEGF (G1 & G2), VEGF-D (H1 & H2).  The pUC-18 bacterial 

plasmid (A7 & B7) served as a negative control, and β–actin (C7 & D7) and GAPDH 

(E7, F7, G7, H5-7) served as positive controls.  Figure 1 is representative of greater 

than 7 experiments. 
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Figure 1. 
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Figure 2.  Several Multiple Myeloma Cell Lines Expressed CD54. 

A panel of 7 multiple myeloma cell lines were stained with UV3 and analyzed 

by flow cytometry.  The bars in the graph represent the average percentage of 

positive cells minus staining with an isotype-matched control.  All of the multiple 

myeloma cell lines expressed CD54 on their cell surface.  The LnCap prostate 

carcinoma cell line was a negative control.  The number of experiments performed 

for each cell line is indicated below the graph. 
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Figure 3.  As Determined by Microarray Analysis, Several Multiple Myeloma 

Cell Lines Expressed Angiogenic Genes.  

          RNA was isolated from a panel of cultured multiple myeloma cell lines, and 

subjected to microarray analysis (SuperArray).  As shown below, many of the 

multiple myeloma lines expressed the same angiogenic genes at similar levels.  

NCI-H929, however, demonstrated a significant increase in the expression of 

Angiopoietin-1 (P=0.0005) and IFN-α2 (P=0.0007).  The expression of VEGF-D by 

NCI-H929 was increased compared to ARH-77 cells, but the increase was not 

significant (P=0.44).  The graph represents the average of 3 experiments. 
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Figure 4.  As Determined by Semi-Quantitative PCR, ARH-77 Cells Expressed 

Angiogenic Genes.  

          RNA was isolated from ARH-77 cells and cDNA was reverse transcribed.  

IFN-γ, VEGF, and TGF-β were PCR-amplified from various concentrations of ARH-

77 cDNA.  Lane 1 – undiluted cDNA (0.33 µg); lane 2 – cDNA 1/2; lane 3 – cDNA 

1/4; lane 4 – cDNA 1/8; lane 5 – cDNA 1/16.  GAPDH was PCR-amplified from 

various concentrations of ARH-77 cDNA.  Lane 1 – 1/160 cDNA; lane 2 – 1/320 

cDNA; lane 3 – 1/640 cDNA; lane 4 – 1/1280 cDNA; lane 5 – 1/2560 cDNA; lane 6 – 

1/5120 cDNA; lane 7 – 1/10,240 cDNA; lane 8 – 1/20,480 cDNA; lane 9 – 1/40,960 

cDNA; lane 10 – 1/81,820 cDNA.  PCR products were analyzed by densitometry.  

The values obtained for the “housekeeping gene”, GAPDH, were used to generate a 

standard curve, and the levels of IFN-γ, VEGF, and TGF-β expressed were 

determined from the standard curve.  The data revealed the expression of both pro-

angiogenic genes (VEGF and TGF-β) and anti-angiogenic genes (IFN-γ) in ARH-77 

cells.  The figure is representative of greater than 3 experiments. 
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Figure 4. 
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Figure 5.  ARH-77 Cells Secreted VEGF. 

          ARH-77 cells were cultured for 24 or 48 hours.  The cells were centrifuged, 

and the supernatants were collected.  The VEGF secreted by the ARH-77 cells was 

measured using an ELISA assay.  The amount of VEGF in the supernatant of the 

ARH-77 cells was compared to a standard, and cell medium alone served as a 

negative control.  The amount of VEGF secreted after 48 hours of cell culture was 

not significantly different from the amount of VEGF secreted at 24 hours (P=0.39). 

This graph represents an average of 6 experiments. 
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Figure 6.  Other Multiple Myeloma Cell Lines Secreted VEGF.  
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that had been in culture for 24 hours.  The amount of VEGF in the cell supernatants 

was measured using an ELISA, and the results are shown below and in Table 1.  

The amount of VEGF in the cell supernatants were compared to a standard, and
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Table 1.  Other Multiple Myeloma Cell Lines Secreted VEGF 
 

  HS-

Sultan 

ILKM2 ILKM3 IM-9 MC-CAR RPMI-

8226 

SKO-

007 

U-266

Average 

Secretion 

(ng/ml) 

0.82 1.3 0.92 0.77 3 0.71 0.96 2.85 

Standard 
0.25 0.62 0.02 0.38 n/a n/a 0.77 1.20 

Deviation 

n/a – The VEGF levels were measured once.
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Figure 7.  ARH-77 Cells Secreted sCD54. 

        RH-77 s we  7 r let um a us

concentrations.  Cell supernatants were collected, and the amount of sCD54 was 

measured using an ELISA.  As indicated in the figure, ARH-77 cells secreted 

sCD54.  This graph is representative of 3 experiments performed. 
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Figure 8.  ARH-77 Cells Appeared to Stimulate the Migration of HUVECs. 

p 

ours 

mber reflected 

e number of HUVECs migrating in response to the stimulus.  HUVEC migration 

was expressed as the fold migration relative to medium alone from ARH-77 cells.  

This graph is based on the average of 3 experiments, and suggests that ARH-77 

cells stimulate the migration of HUVECs.  Stimulation appeared to be proportional to 

the number of ARH-77 cells added.  There was, however, no significant difference 

between the migration of HUVECs induced by 5 x 105 ARH-77 cells/ml (P=0.24) or 

by 5 x 106 cells/ml (P=0.09) and that induced by ARH-77 cell medium.  There was 

no significant difference between the migration induced by 5 x 106 ARH-77 cells/ml 

as compared to 5 x 105 cells/ml (P=0.22). 

 

 

 

 

 

 

          Fluorescently-labeled HUVECs were seeded onto a fibronectin layer in the to

chamber of a transwell.  Various concentrations of ARH-77 cells or cell medium 

were added to the bottom chamber, and the transwells were incubated for 24 h

at 37°C.  The amount of fluorescence measured in the bottom cha

th
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Figure 8. 
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B.  UV3 Had a Modest Effect in Inhibiting Angiogenesis in ARH-77 Cells 

UV3 Decreased the Expression of Angiogenic Genes in ARH-77 Cells.

 

 

            The expression of angiogenic genes from untreated, isotype-matched 

control treated, or UV3-treated ARH-77 cells was examined using a pathway-

specific membrane microarray from SuperArray, Inc.  The resulting data were 

compared to determine whether UV3 altered the expression of angiogenic genes 

in ARH-77 cells.  UV3 induced a decrease in the expression of the pro-

angiogenic genes Angiopoietin-1, Angiogenin, Endothelin Receptor B, FGFR-3, 

Tie-2, VEGF, and VEGF-D, and UV3 induced a decrease in the expression of the 

anti-angiogen llagen FN-α2   Alt

appeared to decrease the expression of both pro-angiogenic and anti-angiogenic

genes, UV3 induced a statistically significant decrease in the expression of only 

the pro-angiogenic genes Angiopoietin-1 (P=0.00003), FGFR-3 (P=0.04), and 

VEGF-D (P=0.05).  UV3 did not induce a significant increase in any gene, 

suggesting that UV3 may induce a down-regulation of pro-angiogenic genes, 

rather than an up-regulation of anti-angiogenic genes. 

 

 

 

 (Figure 9).ic genes Co type 18, I hough UV3 
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The Expression of Several Cytokines Not Involved in Angiogenesis Remained 

Unchanged in UV3-Treated ARH-77 Cells. 

          RNA from control-treated and UV3-treated ARH-77 cells was examined 

using a cytokine pathway-specific microarray from SuperArray, Inc. to determine 

α

TNF-α.  Although many cytokine genes appeared to be affected, only two of the 

seven genes were significantly altered as a result of treatment with UV3, IL-10 

(P=0.05) and TNF-α (P=0.05), suggesting that UV3 induces the down-regulation 

of some cytokines. 

whether UV3 could induce a down-regulation of cytokine genes.  As shown in 

Figure 10, UV3 treatment of ARH-77 cells induced an increase in the expression 

of IL-2 and a decrease in the expression of IL-1 , IL-3, IL-10, IL-11, IL-16, and 

 

UV3 Decreased the Expression of Pro-Angiogenic Genes and Increased the 

Expression of Anti-Angiogenic Genes. 

          In order to obtain more precise quantitation of the changes in expres

angiogenic genes in UV3-treated ARH-77 cells, semi-quantitative PCR was 

performed on control-treated and UV3-treated ARH-77 

sion of 

cell cDNA.  The levels of 

xpression of IFN-γ, VEGF, and TGF-β were determined relative to a standard 

urve of expression of the positive control, GAPDH.  UV3 induced a 4-fold 

increase in the expression of IFN-γ.  UV3 induced an 8-fold decrease in the 

expression of VEGF and a 6-fold decrease in the expression of TGF-β (Figure 

e

c
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11).  These data suggest that UV3 may induce an up-regulation in the expressi

of pro-angiogenic genes and a down-regula

on 

tion in the expression of anti-

 

angiogenic genes. 

UV3 Inhibited the Secretion of Pro-Angiogenic sCD54. 

samples received UV3 immediately prior to the assay.  As shown in , 

supernatants from ARH-77 cells collected from 5 x 105 cells treated with an 

isotype-matched control antibody contained 

          Due to previous findings illustrating the pro-angiogenic activity of sCD54 

(104), the levels of sCD54 in cell supernatants from isotype-matched control-

treated and UV3-treated ARH-77 cells were examined using an ELISA.  All 

Figure 12

6.8 ng/ml sCD54.  Supernatant from 

e same number of cells treated with UV3 contained 3.3 ng/ml of sCD54 

 

g/ml of sCD54, and supernatant from the 

th

(P=0.0000001).  Cell supernatant collected from 10 x 105 cells treated with an

isotype control antibody contained 8.3 n

same number of cells treated with UV3 contained 4.3 ng/ml of sCD54 

(P=0.00007).  Thus, UV3 decreased the secretion of sCD54 by 50%. 

 

UV3 Had a Modest Effect on ARH-77 Cell-Stimulated Migration of HUVECs. 

          In order to determine whether the effect of UV3 may have a downstre

biological effect in vitro, control-treated and UV3-treated ARH-77 cells were 

examined for their ability to induce the migration of HUVECs.  In an average of 3

am 

 

 96



experiments, ARH-77 cells stimulated a 5-fold increase in the migration of 

HUVECs as compared to the serum-free medium.  Relative to serum free

medium, ARH-77 ce

 

lls cultured with UV3 stimulated a 2-fold increase in the 

migration of HUVECs, which was the same amount of migration observed in the 

low-serum medium condition (Figure 13).  Culturing ARH-77 cells with an 

isotype-matched control antibody had no effect on the ability of ARH-77 cells to 

 

 

 

 

 

 

 

 

 

 

induce the migration of HUVECs (data not shown).  This suggested that UV3 

interferes with the migration of HUVECs in vitro.  However, in comparing the 

results of 3 experiments, there was no significant difference between the amount 

of migration induced by ARH-77 cells vs. UV3 treated ARH-77 cells (P=0.44). 
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Figure 10.  The Expression of Several Cytokines Not Involved in Angiogenesis 

Remained Unchanged in UV3-Treated ARH-77 Cells. 

          RNA was isolated from ARH-77 cells treated with UV3 or an isotype control 

antibody.  The RNA was reverse transcribed into cDNA in the presence of 32P, and

the radiolabeled cDNA was hybridized to a nylon membrane printed in duplicate w

cDNA fragments of various cytokine genes.  The radioactivity revealed the relative 

expression levels of cytokine genes as compared to positive controls.  In general, 

cytokines did not change significantly as a result of treatment with UV3.  Exceptions

included Interleukin-10 and TNF-α, which did change significantly.  Bar 1 - IL-1α 

(P=0.15); Bar 2 - IL-2 (P=0.62); Bar 3 - IL-3 (P=0.36); Bar 4 - IL-10 (P=0.05); Bar 5

IL-11 (P=0.64); Bar 6 - IL-16 (P=0.37); Bar 7 – TNF-α (P=0.05).  This is the a
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Figure 11.  UV3 Decreased the Expression of Pro-Angiogenic Genes and 

Increased the Expression of Anti-Angiogenic Genes. 

          RNA was isolated from ARH-77 cells cultured in the presence or absence of 

UV3 and was reverse transcribed into cDNA.  IFN-γ, VEGF, TGF-β, and GAPDH 

were PCR-amplified from various concentrations of each cDNA, and PCR products 

were analyzed by densitometry.  The values obtained for the “housekeeping gene”, 

GAPDH, were used to generate a standard curve.   

In UV3-treated ARH-77 cells, the expression of GAPDH remained unchanged, 

but the expression of IFN-γ, an anti-angiogenic gene, increased 4 fold.  In addition, 

the expression of VEGF and TGF-β, both pro-angiogenic genes, decreased 8 and 6-

fold, respectively.  The graph below represents the average of 2 experiments. 
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Figure 12.  UV3 Inhibited the Secretion of sCD54. 

          ARH-77 cells, plated at various cell concentrations, were cultured for 72 hours 

CD54 secreted by ARH-77 cells 

(P=0.

in complete medium alone or in complete medium containing UV3 or an isotype-

matched control antibody.  UV3 was added to all cultures immediately before the 

assay to make sure it did not competitively interfere with the measurement.  Cell 

supernatants were collected, and the amount of sCD54 was measured using an 

ELISA.  UV3 significantly decreased the amount of s

0000001, 5 x 105 cells/ml; P=0.00007, 10 x 105 cells/ml).  This graph depicts 

the average of 2 experiments. 

10

0

2

4

6

8

So
lu

bl
e 

C
D

54
 (n

g/
m

l)

Isotype Control

5 10

Initial Cell Concentration (x 105 cells/ml)

UV3

 

 101



Figure 13.  UV3 Had a Modest Effect on ARH-77 Cell-Stimulated Endothelial 

ml 

 

The degree of HUVEC migration under various 

conditions is demonstrated in the graph below relative to serum free medium.  ARH-

77 cells cultured with or without an isotype-matched control antibody stimulated the 

migration of HUVECs (data not shown).  ARH-77 cells cultured in the presence of 

UV3 did not stimulate the migration of HUVECs.  However, due to high standard 

deviations between experiments, there was no significant difference between the 

migration induced by ARH-77 cells alone vs. UV3 treated ARH-77 cells (P=0.44).  

The graph illustrates the average of 3 experiments performed. 

 

 

 

 

 

Cell Migration.  

          Fluorescently labeled HUVECs were harvested and plated at 2 x 105 cells/

onto a fibronectin membrane in the top chamber of a transwell.  In the bottom 

chamber of the transwell, various conditions of cell medium were added with or 

without ARH-77 cells, which had been cultured under low serum conditions.  The

transwell plate was incubated in the dark at 37˚ for 22-23 hours, and the amount of 

fluorescence present in the bottom chamber was measured, which reflected the 

number of migrated HUVECs.  
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Figure 13. 

0

2

6

8

10

Serum Free
RPMI

2% FCS
RPMI

2% FCS
RPMI + UV3

ARH-77 cells UV3 ARH-77
cells

Fo
l

ig
ra

tio
n 

of
 H

U
VE

s

4

12

d 
M

C

 

 103



C. Treatment of Cells with UV3 Did Not Alter Angiogenesis 

 

UV3 Did Not Demonstrate a Decrease in the Expression of Angiogenic Genes 

Using Other Microarrays. 

          Microarrays have become a common technique used to analyze the 

expression levels of multiple genes at one time.  This technique allows one to 

identify all of the genes expressed in a preparation of RNA.  By comparing the 

expression profiles of two or more RNA preparations, one can obtain a profile of 

the genes transcribed under various conditions. 

          There are different types of microarrays.  The SuperArray microarrays are 

nylon membrane arrays that are printed with cDNA fragments of specific genes, 

and the arrays used contain cDNA fragments for 20 genes involved in 

angiogenesis.  The Microarray Core Oligo Arrays are glass slides printed with 

oligonucleotides that are unique for a given gene, and each microchip screens 

over 15,000 genes.  The Affymetrix Arrays are also glass slide microchips, and 

each microchip screens over 20,000 genes.  The membrane arrays have the 

advantage of being more sensitive, particularly when using 32P.  In addition, the 

smaller set of data allows one to focus in on the pathway in question.  On the 

other hand, the advantages of the glass slides is that one can obtain more 

precise data for both a larger number and broader array of genes, which allows 

one to examine the effect of a given treatment on multiple pathways. 
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          In order to study the effect of UV3 on the angiogenesis pathway and to 

determine whether UV3 altered gene expression in other pathways, RNA isolated 

from ARH-77 cells cultured in the presence of UV3 or an isotype control Ig was 

x.  Table 2 

angiogenic genes Angiopoietin-

 

 

 

l 

way. 

evaluated using oligo microarrays from the Microarray Core facility at UT 

Southwestern and the human U-133 2+ microarray from Affymetri

compares the expression data obtained from the genes in the membrane 

microarray with expression data from the oligo microarray and Affymetrix 

microarray.  The membrane microarrays demonstrated that several genes 

involved in angiogenesis are expressed by ARH-77 cells, and that UV3 

significantly decreased the expression of the pro-

1, FGFR-3, and VEGF-D.  However, in both microchip arrays, the same set of 

angiogenic genes was either not expressed or the expression level did not 

change by even 2 fold following UV3 treatment (Table 2).   

          In the oligo arrays, expression data from UV3-treated ARH-77 cells that 

changed two fold or more from isotype control-treated cells did not include any 

genes known to be involved in angiogenesis.  In the Affymetrix array, expression

data from UV3-treated ARH-77 cells demonstrated a 93% decrease in FGF-18

and an 81% decrease in FGF-5 compared to data from isotype control RNA.  

However, these affected genes represent only a small portion of all the 

angiogenic genes tested in each of the arrays.  This suggests UV3 may not

target the angiogenesis pathway.  In addition, the microchip assays did not revea

UV3-induced expression changes that were targeted to any other path
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Angiopoietin-1 Expression Was Not Measurable by Quantitative PCR. 

          Using membrane microarrays, UV3-treated ARH-77 cells demonstrated a 

significant decrease in the expression of the pro-angiogenic gene Angiopoietin-1

In order to confirm and more precisely quantitate the expression of angiop

1, RNA isolated from ARH-77 cells was reverse transcribed into cDNA and 

quantitated relative to a reference cDNA.  When saturating amounts of AR

cell cDNA were used, Angiopoietin-1 was amplified, but the expression of 

Angiopoietin-1 was not measurable (Figure 14).  The range of concentratio

used to obtain the standard curve was lowered and the number of amplif

cycles was increased, but expression of Angiopoietin-1 was not measurable. 

.  

oietin-

H-77 

ns 

ication 

 

SuperArray Membrane Microarrays Did Not Reveal a UV3-Mediated Decrease in 

Angiogenic Gene Expression in Other Multiple Myeloma Cell Lines. 

P=0.63), 

          Other multiple myeloma cell lines cultured in the presence of UV3 or an 

isotype control antibody were examined using the membrane microarrays from 

SuperArray, Inc. to determine whether they would show a similar decrease in the 

expression of angiogenic genes.  As illustrated in Figure 15, U-266 cells did not 

demonstrate a significant decrease in Angiopoietin-1 (P=0.87), FGFR-3 (

or VEGF-D (P=0.81) following UV3 treatment.  In two experiments with NCI-H929 

cells, which were high expressers of Angiopoietin-1 and VEGF-D (Figure 3), 

there was no significant difference in the expression of Angiopoietin-1 (P=0.7) or 
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VEGF-D (P=0.4) in UV3-treated samples (data not shown).  These data suggest 

 

that the anti-angiogenic effect of UV3 demonstrated in the membrane 

microarrays does not correlate with an anti-myeloma effect. 

UV3 Did Not Affect the Secretion of VEGF by ARH-77 cells.  

          Using an ELISA assay, the levels of VEGF were examined in cell 

supernatants harvested from ARH-77 cells cultured for 24 or 48 hours in 

complete medium alone, complete medium with UV3, complete medium with an 

isotype control antibody, or in complete medium with UV3 added immediately 

prior to harvest.  Out of four experiments performed on cell supernatants from 24 

our cultures, two experiments showed a minor decrease in VEGF secretion from 

o 

 

 

h

UV3-treated ARH-77 cells, and the other two experiments showed no change in 

the VEGF secretion from UV3-treated ARH-77 cells.  An additional tw

experiments performed on cell supernatants from 48 hour culture demonstrated

that there was no change in the levels of VEGF among any of the cell 

supernatants tested (Figure 16).  Collectively, these data demonstrate that UV3 

treatment does not inhibit VEGF secretion by ARH-77 cells. 
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UV3 Did Not Significantly Affect the Secretion of VEGF in Other Human Multiple 

Myeloma Cell Lines. 

          VEGF levels were evaluated in cell supernatants from other multiple 

myeloma cell lines cultured for 48 hours in complete medium alone, complete 

ntibody, or in 

complete medium with UV3 added immediately prior to harvest.  There was no 

significant difference in VEGF secretion between UV3-treated or control-treated 

HS-Sultan (P=0.7), IM-9 (P=0.4), or ILKM2 (P=0.2) human multiple myeloma 

cells (Figure 17).  The fact that UV3 does not appear to interfere with VEGF 

secretion from any multiple myeloma cell line suggests that VEGF is not an 

important target in the UV3-mediated anti-tumor pathway. 

medium with UV3, complete medium with an isotype control a
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Tab

Genes as Determined by Other Microarrays 

G
A

uman 

le 2. UV3 Did Not Induce a Decrease in the Expression of Angiogenic 

ene Involved in 
ngiogenesis: 

SuperArray, Inc.  

% Decrease in Normal 
Gene Expression 

Microarray Core 
Oligo Arrays 

Affymetrix H
U-133 2+  

Angiopoietin-1 69* Not Measurable Not Measurable 

Angiogenin 52 Not Measurable Not Measurable 

Collagen Type 18 45 Not Measurable Not Measurable 

Endothelin 

Receptor Type B 

53 Not Measurable < 2 fold Decrease 

FGFR-3 

(1/3 clones) 

42* Not Measurable < 2 fold Decrease 

IFN-α 2 35 Not Measurable Not Measurable 

PAI 38 Not Measurable Not Measurable 

Prolactin 26 Not Measurable Not Measurable 

TGF-α 15 Not Measurable < 2 fold Decrease 

(1/3 clones) 

Tie-2 32 Not Measurable Not Measurable 

VEGF 42 No change in 

expression (2/3 

replicates) 

< 2 fold Decrease 

(3/4 clones) 

VEGF-D 37* Not Measurable Not Measurable 

* - represents a significant decrease
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Table 2.   

          RNA was isolated from ARH-77 cells cultured in the presence of UV3 or the 

isotype control antibod up rr

r n  I y Cor igo 

a  pre NA and labeled with either Cy-3 or Cy-5, 

whereas in the Affymetrix 

The labeled cDNA or aRNA was hybridized to the respective membrane or 

microchip, as described in the methods.  Microarray data from UV3-treated ARH-77 

cells were analyzed for changes in the expression of angiogenic genes relative to 

the isotype-treated ARH-77 cells.  As illustrated in Table

SuperArray membrane array demonstrated that UV3 decreased the expression of 

many genes involved in angiogenesis, and U ecr

expression of Angiopoietin-1, FGFR-3, and V r, i

a signals from e same angiogenic er n  

background levels, not reproducible, or the e en

cells were not altered by 2-fold.  The SuperArray data represent the average of 

greater than 7 experiments.  The Microarray exp

performed 3 times, and the Affymetrix microa ased  

performed. 

y, 13G10.  In the S erArray, Inc. microa

n the Microarra

ay, the RNA was 

e Facility oleverse transcribed i

rrays, aRNA was

 the presence of 32P. 

pared from the cD

human U-133 2+ array, biotin-labeled aRNA was used.  

 2 and Figure 9, the 

V3 significantly d eased the 

EGF-D.  Howeve n both microchip 

rrays, the  th  genes were eith on-existent, below

xpression of the g es in UV3 treated 

 Core Oligo array eriments were 

rray data are b  on one experiment
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Figure 14.  Angiopoietin-1 Expression was Not Measurable Using Quantitative 

-

e 

 were 

PCR. 

          ARH-77 RNA and Strategene’s Human Reference RNA was reverse 

transcribed to cDNA in the presence or absence of reverse transcriptase.  PCR 

reactions for angiopoietin-1 were set up in duplicate containing 1000 pg/µl, 200 

pg/µl, 100 pg/µl, 50 pg/µl, or 10 pg/µl of the reference cDNA and 2000 pg/µl of ARH

77 cDNA, which was a saturating amount.  The various concentrations of th

reference cDNA were used to generate a standard curve of angiopoietin-1 

expression.  As illustrated in the graph below, the levels of expression for 

angiopoietin-1 in 3 different preparations of RNA from untreated ARH-77 cells

not measurable.  This graph is representative of greater than 3 experiments 

performed. 
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Figure 15.  As Determined by SuperArray Analysis, UV3 Did Not Decrease 

Angiogenic Gene Expression in Other Human Multiple Myeloma Cell Lines.  

 from U-

e 

f the 

iopoietin-

t of U-

          RNA was isolated from U-266 cells cultured in the presence of UV3 or

266 cells that received UV3 immediately before harvest.  U-266 RNA was revers

transcribed into cDNA in the presence of 32P.  The radiolabeled probes were 

hybridized to respective SuperArray membranes, and the data were analyzed by 

comparing the intensity of radioactivity of individual angiogenic genes to that o

positive controls.  There was no significant change in the expression of Ang

1 (P=0.87), FGFR-3 (P=0.63), or VEGF-D (P=0.81) following UV3 treatmen

266 cells.  The graph represents an average of 3 experiments. 
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Figure 16.  UV3 Did Not Affect the Secretion of VEGF by ARH-77 cells.  

          ARH-77 cells were cultured for 48 hours in complete medium (untreated), or in 

 

 

complete medium containing 100 µg/ml of UV3 or isotype control Ig, or they were 

cultured in complete medium and received UV3 immediately prior to harvesting 

(sham).  Cells cultured as described were collected and centrifuged, and their

respective supernatants were tested for the presence of VEGF using an ELISA 

assay.  UV3 treated ARH-77 cells showed no change in levels of VEGF compared to

controls (P=0.5).  This graph is an average of 2 experiments. 
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Figure 17.  UV3 Did Not Significantly Alter the Secretion of VEGF in Other 

ol 

ior to 

l 

.4), or in ILKM2 cells 

=0.2) as compared to the controls.  These results are based on the average of 2 

experiments. 

Human Multiple Myeloma Cell Lines.  

          HS-Sultan, IM-9, and ILKM2 cells were cultured in complete medium 

(untreated), or in complete medium containing 100 µg/ml of UV3 or isotype contr

Ig, or they were cultured in complete medium and received UV3 immediately pr

harvesting (sham).  Cells were collected and centrifuged.  Levels of VEGF in cel

supernatants were measured using an ELISA.  UV3 did not significantly inhibit the 

secretion of VEGF by HS-Sultan cells (P=0.7), IM-9 cells (P=0

(P
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D.  The Fc Portion of UV3 is Critical to its Anti-Tumor Activity 

 

Effector Functions are the Predominant Mechanism of Anti-Tumor Activity of 

Monoclonal Antibodies 

          Previous data demonstrated that UV3 can induce both ADCC and CDC in 

vitro (150).  However, the data suggested that UV3 did not act solely via effector 

mediated functions in vivo since F(ab)’2 preparations of UV3 effectively 

prolonged the survival of SCID mice with ARH-77 multiple myeloma (92).  This 

prompted an exploration of additional mechanisms underlying the anti-tumor 

activity of UV3. 

          In studies evaluating the mechanism of action of other monoclonal 

antibodies, it has been demonstrated that therapeutic antibodies can induce 

apoptosis or cell cycle arrest, mediate ADCC or CDC, or block signaling 

cascades such as angiogenesis (69).  Most of these data are derived from in 

vitro studies.  In some cases, antibodies are reported to utilize multiple 

mechanisms to mediate anti-tumor activity (67,71).  Despite the many 

mechanisms by which antibodies mediate anti-tumor activity, a recent study in a 

mouse xenograft model demonstrated that the predominant mechanism of action 

of at least two therapeutic antibodies was related to their ability to mediate 

effector functions (71).  Considering these new findings, the role of UV3 in 

mediating effector functions was re-evaluated.   
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          In order to determine whether F(ab)’2 preparations used previously (92) 

may have been contaminated with amounts of IgG sufficient to mediate effector 

function, F(ab)’2 fragments of UV3 were concentrated to greater than 5 mg/ml 

2  order to determine whether the 

 F(ab)’2 

ith 

ab)’2 fragments.  Lane 3 of Figure 18, however, illustrates a 

ese 

l that 

and examined by gel electrophoresis.  A faint IgG band appeared in the lane with 

the F(ab)’  fragments (data not shown).  In

contaminating IgG may have influenced previous in vivo findings, new F(ab)’2 

fragments of UV3 were prepared for in vivo studies using additional purification 

steps to acquire highly purified preparations of F(ab)’2.  This “ultra-pure”

preparation was concentrated to greater than 5 mg/ml and evaluated by gel 

electrophoresis.  As illustrated in lane 2 of Figure 18, no IgG bands appear w

the ultra-pure F(

F(ab)’2 preparation with 20% of the IgG dose added to the preparation.  Th

preparations of UV3, ultra-pure F(ab)’2, ultra-pure F(ab)’2 with 20% IgG, the 

chimerized (c) UV3 monoclonal antibody and the isotype-matched contro

are illustrated in Figure 18 were used in further in vivo studies to address the 

role of UV3 in mediating effector functions. 

 

Ultra-Pure UV3 F(ab)’2 Bound to Multiple Myeloma Cells 

          The ultra-pure UV3 F(ab)’  was tested by flow cytometry to confirm that it 

bound to ARH-77 cells as well as UV3 IgG.  As illustrated in Figure 19, ultra-pure 

UV3 F(ab)’ bound to 91% of ARH-77 cells, and UV3 IgG bound to 85% of ARH-

77 cells.  Twenty-two percent of the cells were positive when the isotype-

2

2 
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matched control was used.  There was no significant difference between the 

number of cells stained with UV3 IgG vs. UV3 F(ab)’2 (P=0.08). 

 

Ultra-Pure UV3 F(ab)’2 Did Not Prolong the Survival of SCID Mice with Multiple 

Myeloma.  

 also demonstrated in mice that 

received 20 µg/g of ultra-pure F(ab)’2 (data not shown), and since the purity of a 

F(ab)’2 preparation is still ultimately determined by what bands are visible, the 

 F(ab)’2 confirms the 

mall 

          In order to determine whether ultra-pure F(ab)’2 fragments of UV3 would 

prolong the survival of NOD/SCID mice with advanced ARH-77 multiple 

myeloma, tumor-bearing mice were injected with 4 µg/g of cUV3, 8 µg/g of ultra-

pure UV3 F(ab)’2, or 4 µg/g of an isotype control antibody on days 14-17.  As 

shown in Figure 20, all the mice receiving the ultra-pure F(ab)’2 preparation of 

UV3 developed hind-leg paralysis or severe illness by day 65.  Compared to 

control mice, there was no prolongation in the survival of mice receiving the ultra-

pure F(ab)’2.  However, mice receiving cUV3, which was previously shown as 

effective as UV3 (150), demonstrated a significant increase in survival.  This lack 

of therapeutic effect by ultra-pure F(ab)’2 was

absence of an anti-tumor effect at high doses of ultra-pure

absence of IgG in the F(ab)’2 preparation.  These data suggest that effector 

functions may be responsible for the predominant anti-tumor activity of UV3 in 

vivo.  In addition, the change in survival results induced by the ultra-pure F(ab)’2 

suggests that previous in vivo studies using UV3 F(ab)’2 may have had a s
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amount of IgG in the preparation, which further suggests that lower doses of U

IgG may be highly effective in prolonging advanced multiple mye

V3 

loma. 
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Fig

     affinity 

chromatography on a protein G sepharose column.  Ultra-pure F(ab)’2 fragments 

were purified from pepsin digests of UV3 by utilizing a Protein A column to remove 

any remaining IgG, followed by high performance liquid chromatography (HPLC) to 

separate F(ab)’2 fragments from Fab’ fragments.  UV3 IgG, ultra-pure UV3 F(ab)’2, 

and other preparations used in the in vivo experiments were electrophoresed on a 4-

15% SDS page gel to test and compare the purity of the preparation.  Lane 1 – UV3 

IgG; Lane 2 – UV3 F(ab)’2 ultra-pure; Lane 3 – UV3 IgG plus ultra-pure F(ab)’2 at a 

ratio of 1:50 (one in vivo dose of F(ab)’2 plus 20% of one in vivo dose of IgG); Lane 4 

– cUV3; Lane 5 – isotype control. 

 

ure 18.  SDS-Page Analysis of the Purity of Ultra-pure UV3 F(ab)’2  

     The UV3 hybridoma cell line was cultured, and UV3 was purified by 

 

 Lanes:   1   2   3   4   5 
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Figure 19.  Ultra-Pure UV3 F(ab)’2 Bound to ARH-77 Cells. 

          UV3 IgG, UV3 F(ab)’2, and an isotype-matched control antibody were labele

with FITC and incubated with ARH-77 cells for 30 minutes on ice.  Unbound 

antibody was removed by washing cells in PBS, and the amount of antibody bound 

to the cells was quantitated by FACS.  Ultra-pure F(ab)’

d 

 2 fragments of UV3 bound to

ARH-77 cells, and the percent of positive cells was comparable to that of the IgG.  

This graph represents the average of 3 experiments. 
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Figure 20.  Ultra-Pure UV3 F(ab)’2 Did Not Prolong Survival of SCID mice with 

rads, 

ind-leg paralysis or had lost 

20% of their body weight.  Mice receiving the dose of ultra-pure F(ab)’2, showed no 

significant increase in survival as compared to control mice (P=0.76).  Treatment 

with cUV3 significantly prolonged the survival of SCID/ARH-77 mice (P=0.02).  This 

graph depicts one experiment of 3 performed. 

Multiple Myeloma. 

          Female NOD/SCID mice at 6-7 weeks of age were irradiated with 150 

and 24 hours later, the mice were injected with 107 ARH-77 cells.  On days 14-17 

following tumor cell injection, mice received daily i.v. doses of one of the following: a 

PBS control, ultra-pure UV3 F(ab)’2 (8 µg/g body weight), or cUV3 (4 µg/g body 

weight).  Mice were sacrificed when they developed h
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E.  UV3 was Highly Effective in Treating SCID Mice with Daudi Human Burkitt’s

Lymphoma 

 

V3 

e 

UV3 IgG, UV3 F(ab)’

 

          UV3 was very effective in treating both early and advanced multiple 

myeloma in SCID mice (92).  In order to determine whether UV3 might be a 

beneficial therapy for other hematopoietic tumors, the efficacy of UV3 and cU

in early stage human Burkitt’s lymphoma (Daudi) was examined.  In addition, th

anti-tumor activity of UV3 was further explored with studies examining the role of 

UV3 in mediating effector functions in SCID mice xenografted with Daudi 

lymphoma cells. 

 

2, and cUV3 Bound to Daudi Lymphoma Cells  

          UV3 IgG, UV3 F(ab)’2, cUV3 and control IgG’s were evaluated by flow 

cytometry to determine whether each could bind to the human Burkitt’s 

lymphoma cell line, Daudi.  As shown in Figure 21, 58% of Daudi cells were 

positively stained by UV3 IgG, while 80% of the cells were positively stained by 

the ultra-pure UV3 F(ab)’2.  Twelve percent of Daudi cells were stained by the 

isotype-matched control in a direct immunofluorescent assay.  In 3 experiments, 

there was no significant difference between the percent of Daudi cells stained 

with UV3 IgG vs. the ultra-pure F(ab)’2 (P=0.11).  In an indirect 

immunofluorescent assay, 94% of Daudi cells were stained by cUV3, and 21% 

were stained by the isotype control.  Considering the standard deviations 
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between assays and the slightly higher number of cells stained positively by the 

human isotype control, there was no difference between the ability of UV3 and 

cUV3 to bind to Daudi lymphoma cells. 

 

UV3 Significantly Prolonged the Survival of Mice with Daudi Lymphoma 

          In order to determine whether UV3 would prolong the survival of SCID 

mice with Daudi lymphoma, tumor-bearing mice received PBS or 0.8 µg/g of UV3 

or an isotype control antibody on days 1-4 following tumor cell injection.  As 

shown in Figure 22, all mice that received PBS or the isotype control antib

developed hind-le

ody 

g paralysis by day 55, with an average survival of 

pproximately 30 days.  Mice that received UV3 survived up to 107 days, with an 

nds the 

a

average survival of 60 days.  These data demonstrate that UV3 exte

survival time of mice with Daudi lymphoma by two-fold (P=0.003). 

 

Ultra-Pure UV3 F(ab)’2 Significantly Prolonged the Survival of Mice with Daudi 

Lymphoma  

          The ability of ultra-pure UV3 F(ab)’2 to prolong the survival of SCID mice 

with Daudi lymphoma was evaluated.  Tumor-bearing mice received either PBS, 

0.8 µg/g of UV3 IgG, 0.8 µg/g of an IgG isotype control antibody, or 8 µg/g of 

ultra-pure UV3 F(ab)’2 on days 1-4 following tumor cell injection.  As shown in 

Figure 23, mice that received ultra-pure UV3 F(ab)’2 survived 1.36 times longer 

than mice that received PBS, and mice that received UV3 IgG survived 1.95 
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times as long as mice that received PBS.  These data demonstrate that, as 

compared to the isotype control, ultra-pure UV3 F(ab)’2 significantly prolonged 

the survival of mice with Daudi lymphoma (P=0.002).  However, treatment with 

V3 IgG was superior to treatment with F(ab)’2 (P=0.001).  This suggests that 

tivity, the 

c 

 

U

although the binding alone of UV3 to Daudi cells has some anti-tumor ac

predominant mechanism of anti-tumor activity of UV3 is dependent upon the F

portion of the antibody. 

Small Amounts of UV3 IgG in the Ultra-Pure F(ab)’2 Dose Reproduced the Effect 

Observed with UV3 IgG Alone. 

          In order to determine whether a small amount IgG in the F(ab)’2 

preparation could reproduce the therapeutic effect achieved with UV3 alone, 

20, or 30% of a UV3 IgG dose was added to a dose of ultra-pure F

10, 

(ab)’2 and 

sted in SCID mice with Daudi lymphoma.  On days 1-4 following tumor cell 

l 

 µg/g of ultra-pure F(ab)’2 containing 0.08 µg/g, 0.16 µg/g, or 0.24 

 

f 

 

 the 

te

injection, mice received PBS, 0.8 µg/g of UV3 IgG, 0.8 µg/g of an isotype contro

antibody, or 8

µg/g of IgG.  As shown in Figure 24, mice that received UV3 survived up to 107

days, with an average survival of 60 days.  Mice that received ultra-pure F(ab)’2 

plus 20% IgG survived up to 150 days, with an average survival of 77 days.  

These data demonstrate that, as compared to the isotype control, the addition o

20% IgG to ultra-pure F(ab)’2 can significantly prolong survival of SCID mice with

Daudi lymphoma (P=0.004).  In addition, there was no significant difference in
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survival of mice that received a full dose (0.8 µg/g) of IgG or a 20% dose (0.1

µg/g) of IgG (P=0.33), suggesting that less UV3 IgG may achieve the same ant

tumor effect. 

cUV3 Significantly Prolonged the Survival of Mice with Daudi Lymphoma.

6 

i-

 

 

          The therapeutic effect of cUV3 was tested in vivo to determine whether 

cUV3 could prolong the survival of SCID mice with Daudi lymphoma in a manner 

comparable to that of UV3.  Tumor-bearing mice received PBS, 0.8 µg/g of UV3 

ice that received cUV3 treatment survived up to 

d the 

IgG, 0.8 µg/g of cUV3, or 0.8 µg/g of an isotype control antibody on days 1-4 

following tumor cell injection.  M

96 days, with an average survival of 59 days (Figure 25).  cUV3 double

survival time of mice with Daudi lymphoma (P=0.002), performing as well as 

mouse UV3 IgG (P=0.89). 

 

UV3 Did Not Affect the Proliferation of Daudi Lymphoma Cells In Vitro. 

          Daudi lymphoma cells were cultured for 24, 48, or 72 hours with UV3 IgG,

an isotype control antibody, or Doxorubicin (positive control).  Cells were then 

pulsed with 

 

ad 

3H-thymidine to determine whether UV3 would induce apoptosis or 

cell cycle arrest in Daudi lymphoma.  In each of the time points tested, UV3 h

no anti-proliferative effect on Daudi lymphoma cells (Figure 26).  Doxorubicin, an 

anti-neoplastic agent, effectively inhibited the proliferation of Daudi cells.  This 
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suggests that UV3 did not induce apoptosis or cell cycle arrest of Daudi 

lymphoma cells at doses of up to 1 mg/ml. 

 

UV3 Did Mediate ADCC In Vitro 

itro.  

te 

 

lls 

 

lculate cell death.  When effector cells were mixed 

ith UV3-treated Daudi lymphoma cells at ratios of 50:1 or 100:1, there was a 

Daudi 

 

 

          UV3 was evaluated for its ability to mediate ADCC of Daudi cells in v

BALB/c splenocytes were harvested and cultured with IL-2 for 5 days to activa

Fc receptor positive NK cells.  Daudi cells were labeled with [51]-Chromium and 

incubated with an isotype-matched control antibody, UV3, or rabbit anti-human Ig

serum (positive control).  Excess antibody was removed by washing cells in 

serum-free medium, and the effector cells and target cells were mixed at a 10:1, 

50:1, or 100:1 ratio and incubated for 4 hours at 37°C in a CO2 incubator.  Ce

were centrifuged at 300 x g, and the amount of [51]-Chromium remaining in the

supernatant was used to ca

w

13% increase in cell lysis compared to isotype-matched control-treated 

cells.  The increase in lysis of UV3-treated cells was significant compared to the 

isotype-matched control treated cells (P=0.05, 50:1; P=0.004, 100:1), and the 

effect was comparable to the positive control.  This suggests that UV3 mediates

ADCC of Daudi lymphoma cells in vitro. 
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UV3 Did Not Mediate CDC In Vitro 

          Daudi cells were examined in vitro to determine whether UV3 induced 

DC.  Daudi cells were labeled with [51]-Chromium and incubated with an isotype-

r rabbit anti-human Ig serum (positive control).  

 

 to 

 

 

C

matched control antibody, UV3, o

After the removal of excess antibody, the cells were incubated for 4 hours at 

37°C in a CO2 incubator with various dilutions of rabbit serum (1/5, 1/25, or 

1/50).  Cells were centrifuged, and the amount of [51]-Chromium remaining in the

supernatant was used to calculate cell death.  In 3 separate experiments, UV3-

treated Daudi cells failed to demonstrate any increase in cell death compared

isotype-matched control-treated cells.  However, the cells treated with the rabbit 

anti-human Ig serum had a significantly larger number of dead cells compared to 

the isotype-matched control-treated cells (P=0.005). 
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Fig  cUV3 Bound to Daudi Lymphoma Cells  
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ure 21.  UV3 IgG, UV3 F(ab)’2, and

     Daudi lymphoma cells were collected and incubated with various 

centrations of either UV3 IgG, ultra-pure UV3 F(ab)’2 , or mouse IgG isotype 

trol antibodies.  Unbound antibody was removed by washing cells in PBS, and 

 degree of antibody staining was measured by flow cytometry.  Both UV3 IgG 

a-pure UV3 F(ab)’2 stained Daudi cells similarly (P=0.11).  Daudi cells were a

ubated with various concentrations of cUV3 or human isotype control antibodies. 

er washing cells in PBS to remove unbound antibody, the cells were incubated 

h a FITC-goat anti-human antibody.  The secondary antibody was removed by 

shing cells in PBS, and the degree of antibody staining was measured by flow 

ometry.   
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Figure 22.  UV3 Significantly Prolonged the Survival of Mice with Daudi 

Lymphoma 

          Female SCID mice, 6-7 weeks of age, were injected i.v. with 107 Daudi 

lymphoma cells.  Treatment was initiated one day following tumor cell injection, and

mice received a single i.v. dose of PBS, isotype control (0.8 µg/g body weight), or 

UV3 IgG (0.8 µg/g body weight) each day for 4 consecutive days.  Mice were 

sacrificed when they developed hind-leg paralysis.  Compared to the isotype control, 

UV3 IgG significantly prolonged the survival of mice with Daudi lymphoma 

(P=0.003).  This graph depicts the average of 3 experiments.  In each experiment,

there were 5 mice per group.  Untreated (●), isotype control (○), and UV3 IgG (▲). 
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Figure 23.  Ultra-Pure UV3 F(ab)’2 Significantly Prolonged the Survival of

with Daudi L

 Mice 

ymphoma 

homa 

e 

r 4 

homa.  

 

(P=0.002) and UV3 IgG (P=0.0000003) significantly prolonged the survival of mice 

with Daudi lymphoma as compared to the isotype control.  However, treatment of 

Daudi lymphoma with UV3 IgG is clearly superior to F(ab)’2 treatment (P=0.001).  

This graph illustrates the average of 3 experiments. 

 

 

 

 

 

 

 

 

          Female SCID mice, 6-7 weeks of age, were injected with 107 Daudi lymp

cells.  Treatment was initiated one day following tumor cell injection, and mice 

received a single i.v. dose of PBS, isotype control (0.8 µg/g body weight), ultra-pur

UV3 F(ab)’2 (20 µg/g body weight), or UV3 (0.8 µg/g body weight) each day fo

consecutive days.  Mice were sacrificed when they developed hind-leg paralysis.  

The graph depicts the fold increase in survival time of mice with Daudi lymp

The bars from left to right represent the survival of untreated mice, mice treated with

the isotype control, UV3 F(ab)’2, and with UV3 IgG.  Ultra-pure UV3 F(ab)’2 
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Figure 23. 
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Figure 24.  The Addition of 20% UV3 IgG to a F(ab)’2 Preparation of UV3 was 

Enough to Reproduce the Anti-Tumor Activity Observed Using UV3 Alone. 

          Female SCID mice, 6-7 weeks of age, were injected i.v. with 7 Daudi 

lymphoma cells.  Treatment was initiated one day following tumor cell injection, and 

mice received a single i.v. dose of PBS, isotype control (0.8 µg/g body weight), UV3 

IgG (0.8 µg/g body weight), or ultra-pure UV3 F(ab)’2 (20 g/g body weight) plus 

20% of the UV3 IgG dose (0.16 µg/g body weight) each day for 4 consecutive days.  

Mice were sacrificed when they developed hind-leg paralysis.  Treatment with UV3 

F(ab)’2 that contained 20% IgG significantly prolonged the survival of mice with 

Daudi lymphoma compared to the isotype control (P=0.004).  However, there was no 

significant difference in survival in mice treatment with F(ab)’2 

plus 20% IgG (P=0.33).  This graph depicts the average of 3 experiments.  In each 

experiment, there were 5 mice per group. Untreated (●), isotype control (○), UV3 IgG 

(▲), and 20% UV3 IgG (∆). 
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Figure 25.  cUV3 Significantly Prolonged the Survival of Mice with Daudi 

Lymphoma. 

          Female SCID mice, 6-7 weeks of age, were injected i.v. with 107 Daudi 

lymphoma cells.  Treatment was initiated one day following tumor cell injection, and 

mice received a single i.v. dose of PBS, isotype control (0.8 µg/g body weight), UV3 

IgG (0.8 µg/g body weight), or cUV3 (0.8 µg/g body weight) each day for 4 

consecutive days.  Mice were sacrificed when they developed hind-leg paralysis.  

Treatment with cUV3 significantly prolonged the survival of mice with Daudi 

lymphoma compared to the isotype control (P=0.002), and cUV3 was equally as

effective as UV3 (P=0.89) in treating mice with Daudi lymphoma.  This graph 

represents the average of 2 experiments with cUV3 treatment and 3 experiments 

with UV3 treatment.  There were 5 mice per group in the each experiment: untreated

(●), isotype control (○), UV3 IgG (▲), and cUV3 (∆). 
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Figure 26.  UV3 Did Not Affect the Proliferation of Daudi Lymphoma Cells

Vitro. 

 In 

l, 

1 mg/ml 

 

          Daudi lymphoma cells were cultured in the presence of an isotype contro

UV3 IgG, or Doxorubicin for 24 hours.  The cells were pulsed with 3H-thymidine 

during the final 8 hours of incubation, and the incorporated radioactivity was 

measured as a percent of that incorporated by untreated cells.  Using up to 

of antibody, UV3 did not inhibit the proliferation of Daudi lymphoma cells (P=0.72). 

This graph is based on an average of 3 experiments. 
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Figure 27.  UV3 Mediated ADCC of Daudi Lymphoma Cells, In Vitro. 

          Daudi lymphoma cells were labeled with [51]-Chromium and incubated with an 

e 

for 4 

sis.  Compared to the 

otype-matched control, Daudi cells treated with UV3 had a 13% higher specific 

lysis when cultured with effector cells at a 50:1 and 100:1 ratio.  This difference was 

significant (P=0.05, E:T 50:1; P=0.004, E:T 100:1), and these results are based on 

the average of 3 experiments. 

excess of isotype-matched control antibody, UV3, or rabbit anti-human Ig serum 

(positive control).  BALB/c splenocytes were isolated and cultured for 5 days in th

presence of IL-2.  These lymphokine-activated killer cells were then cultured 

hours at 37˚C in a CO2 incubator with Daudi cells at effector to target ratios of 10:1, 

50:1, and 100:1.  The cells were centrifuged, and the amount of [51]-Chromium 

present in the supernatant was used to calculate cell ly
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Discussion   

 

A. Multiple Myeloma: an Incurable Disease 

          Multiple myeloma is responsible for 20% of all hematological malignancy-

related mortality (10).  If untreated, the average survival of multiple myeloma 

patients is 17 months.  Regardless of the type or dose of the chemotherapeutic 

agent used, patients who receive chemotherapy have a median survival of 3

years, and patients who receive a combination of chemotherapy with autol

stem cell transplants have a median survival of 5 years (42,53).  Multiple 

myeloma remains an incurable disease. 

          Despite the prolongation of life, the treatment regimens have significant 

morbidity, leading to immuno

 

ogous 

suppression and myelosuppression (42,49).  

Thalidomide holds promise for patients because, in its native form, it does not 

induce myelosuppression.  However, thalidomide induces neuropathies (54).   

 

B. Monoclonal Antibodies for Immunotherapy 

          Immunotherapy is an essential tool in the treatment of many diseases, 

particularly cancer.  Passively administered monoclonal antibodies are a type of 

immunotherapy commonly used because of their specificity and low toxicity, 

resulting in prolonged survival and a better quality of life for patients.  Monoclonal 

antibodies can destroy their target by inducing apoptosis or cell cycle arrest, 

inhibiting angiogenesis, blocking the binding of substrates by the tumor cell, and 
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recruiting effector cells and molecules (67).  The unique aspect of monoclonal 

antibodies lies in their ability to exert a therapeutic effect by utilizing more than 

addition, antibodies can be 

 

 been 

ized anti-CD20 antibody, has been 

ronic 

Avastin, a humanized anti-VEGF antibody, and Erbitux, a chimeric anti-EGFR 

 of colorectal cancer (2,89).  The 

l 

 

one of these mechanisms of action (71).  In 

engineered to further enhance their various functions by increasing antibody 

avidity, improving their binding to certain Fc receptors, improving tumor 

penetration, altering the half-life of the antibody, and/or conjugating the antibody

to a toxic payload such as a toxin or a radionuclide (67,69,76).  

          The evidence for the success of monoclonal antibodies is clear.  To date, 

five unconjugated monoclonal antibodies for the treatment of cancer have

approved by the FDA.  Rituxan, a chimer

approved for the treatment of non-Hodgkin’s lymphoma (79).  Campath, a 

humanized anti-CD52 antibody, has been approved for the treatment of ch

lymphocytic leukemia (85).  Herceptin, a humanized anti-HER-2/neu antibody, 

has been approved for the treatment of metastatic breast cancer (69,76,82).  

antibody, have been approved for the treatment

clinical success of these agents suggests that immunotherapy with monoclona

antibodies may provide a novel avenue of therapy for other cancers as well. 

          In multiple myeloma, a variety of efforts are underway to explore this 

possibility.  SGN-40, a humanized antibody recognizing CD40, demonstrated a 

modest cytotoxic effect on multiple myeloma cells from patients and a 2-4 fold

reduction in IL-6 production in vitro (60).  Rituxan, an anti-CD20 antibody, 
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induced one partial response and 5 stable disease in 19 evaluable multiple 

myeloma patients.  However, few tumors in patients with multiple myeloma 

express CD20 (52,60).  Other target antigens under investigation include

CD19, CD38, CD45, CD138, HM1.24, and MUC-1 (52).   

 

UV3: a Monoclonal Antibody Against CD54 (ICAM-1) 

          UV3 was developed in an effort to create a specific monoc

 anti-

C. 

lonal antibody to 

nts.   

ent in 

ing 

24 

V3 

 

treat multiple myeloma.  The ultimate goal in generating this monoclonal antibody 

was to provide not only a change in the therapeutic strategy for multiple 

myeloma, but also an improved therapeutic option for multiple myeloma patie

          In a SCID xenograft model, the therapeutic success of UV3 was evid

both early and advanced disease.  SCID mice injected i.v. with ARH-77 multiple 

myeloma cells and treated with PBS or an isotype-matched control antibody 

developed hind-leg paralysis as a result of the growing tumor by day 35 follow

tumor cell injection.  However, tumor-bearing mice treated with UV3 one day 

following tumor cell injection (early disease), survived for 150 days at which point 

the experiments were terminated.  Mice receiving UV3 at an advanced stage of 

disease, which was 15 days following tumor cell injection, survived for over 1

days following tumor cell injection (92).  Using very low doses of antibody, U

significantly prolonged the survival of SCID mice with ARH-77 multiple myeloma

(67,69,92).   
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          None of the monoclonal antibodies currently under development for 

multiple myeloma have demonstrated this degree of long-term therapeutic 

efficacy in advanced disease.  Most of the current monoclonal antibodies teste

were not specifically designed for multiple myeloma.  In ad

d 

dition, with the 

xception of Rituxan, there are no available in vivo data that demonstrate the 

(52,60,62).  

 UV3 

 

r 

 

 homing was unlikely given the success of UV3 in treating 

advanced disease (92).  Therefore, considering all the possible mechanisms by 

e

potential of these antibodies in treating multiple myeloma 

          The therapeutic success of UV3 has led to its chimerization and 

development for phase I clinical trials(150).  However, in addition to 

demonstrating the therapeutic success, it is important to understand how

exerts its anti-tumor activity.  The mechanism of action might suggest potential 

clinical side effects and provide information as to which of the current therapeutic 

options might work well in combination.  It will also provide information that can 

predict its usefulness in other diseases.   

          Early studies aimed at evaluating the mechanism of action of the anti-

CD54 antibody demonstrated that UV3 did not interfere with the adherence of

one tumor cell to another, nor did it interfere with the adherence of tumor cells to 

the bone marrow stroma.  UV3 did not induce cell cycle arrest or induce 

apoptosis.  UV3 could mediate effector functions, but when F(ab)’2 fragments 

demonstrated efficacy in the SCID-ARH-77 model, it was concluded that effecto

functions were not the only mechanism of action of UV3.  The possibility that UV3

interfered with
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which antibodies produce their therapeutic effect, it was hypothesized that U

interfered with angiogenesis in multiple myeloma, either by signaling the do

regulation of angiogenic cytokines by the tumor cell or by blocking the reception 

of angiogenic molecules. 

 

Objectives and Major Findings 

V3 

wn-

D. 

ther ARH-

eristic of 

) 

e 

 expression, protein secretion, or by 

 

along 

          The objectives of this study were as follows: 1) to determine whe

77 cells expressed angiogenic genes and whether the trait is charact

ARH-77 cells only or is also present in a panel of multiple myeloma cell lines, 2

to determine whether ARH-77 cells secreted angiogenic proteins, 3) to determin

whether the angiogenic proteins would affect the growth and proliferation of 

HUVECs, 4) to determine whether UV3 would block this cascade of angiogenic 

events by interfering with angiogenic gene

binding soluble angiogenic proteins, 5) to determine whether there is in vivo 

evidence for a reduced vascular supply in UV3-treated SCID/ARH-77 mice, and

6) to re-evaluate the role of the Fc portion of UV3 in mediating anti-tumor activity. 

          The major findings to emerge from this study are 1) ARH-77 cells, 

with a panel of multiple myeloma cell lines, secrete some pro-angiogenic 

cytokines; 2) UV3 may induce a minor anti-angiogenic effect; 3) the Fc portion of 

UV3 is critical for its anti-tumor activity; and 4) UV3 prolongs the survival of SCID 

mice with Daudi lymphoma. 
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E. 

 that ARH-77 cells express a number of angiogenic 

enes.  In addition, ARH-77 cells secrete pro-angiogenic cytokines/molecules 

stimulate the migration of HUVECs across a 

ic 

, 

heir 

 in 

 

H-77 

m multiple myeloma patients at various stages of 

isease progression and cultured without serum, induced angiogenesis in vivo in 

Multiple Myeloma Cells Secrete Pro-Angiogenic Cytokines 

          In this study, ARH-77 multiple myeloma cells demonstrate their pro-

angiogenic capabilities in a variety of ways.  Both microarray analysis and semi-

quantitative PCR revealed

g

such as VEGF and sCD54, which 

fibronectin membrane.  ARH-77 cells are not unique in their ability to do this.  

Several multiple myeloma cell lines are CD54+, express a number of angiogen

genes, and secrete VEGF.  This suggests that multiple myeloma cells, in general

might grow and develop by inducing angiogenesis. 

          The concept that multiple myeloma cells depend on angiogenesis for t

growth and progression is well supported.  As a patient’s monoclonal 

gammopathy progresses to smoldering multiple myeloma, overt multiple 

myeloma, and finally relapsing multiple myeloma, the degree of angiogenesis

the bone marrow increases, directly correlating with the disease progression 

(157).  Multiple myeloma cells secrete angiogenic proteins, such as VEGF, and 

there is a significant correlation between the density of microvessels in the bone

marrow and the number of proliferating plasma cells (30,158).  In SCID/AR

mice, there is an increase in the vascularization of bone marrow compared to the 

bone marrow of healthy mice (data not shown).  Conditioned media from plasma 

cells, which were isolated fro

d
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the chick chorioallantoic membrane assay, and the amount of angiogenesis 

he 

H-

s 

 

F. 

ultiple 

 that 

  

he 

induced was directly proportional to the disease progression.  In addition, t

conditioned media stimulated HUVEC proliferation and migration in vitro (159).   

          Multiple myeloma cells secrete pro-angiogenic cytokines that induce 

angiogenesis to support their growth and differentiation, and in our studies, AR

77 cells displayed similar characteristics.  They expressed and secreted 

angiogenic cytokines and molecules, which promoted the migration of HUVEC

in vitro. 

UV3 May Induce a Minor Anti-Angiogenic Effect 

          Several experiments have been performed to determine whether UV3 

either down-regulates or interferes with the angiogenic signals from m

myeloma cells.  Some microarray and PCR results support the hypothesis

UV3 is anti-angiogenic, while other microarray and PCR results do not support it.

The fact that UV3 down-regulates sCD54, which is pro-angiogenic, supports t

hypothesis, but no significant change could be demonstrated in migration of 

HUVECs.  In addition, there was no measurable decrease in the levels of VEGF 

secreted by the cells.  In order to come to a conclusion, the data must be 

examined both individually and collectively. 
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Reconciling Microarray Data 

          Microarrays are a relatively new technology.  The assay uses a solid 

support, which is either a nylon membrane or a glass slide, that contains a library 

ish 

d vs. 

 in several anti-angiogenic genes, with a significant decrease in 

Angiopoietin-1, FGFR-3, and VEGF.  These effects were not reproduced using 

etrix array. 

reated 

pression of genes from untreated 

RH-77 cells, which are considered normal, and changes in gene expression are 

escribed as a percent increase or decrease of normal expression.  Multiple 

xperiments were performed to determine whether the effects of UV3 were 

of cDNA fragments or oligonucleotides unique to various genes, which can f

out the genes expressed in target RNA.  In this study, 3 different microarrays 

were used to determine the expression of angiogenic genes in UV3-treate

control-treated ARH-77 cell RNA.  The SuperArray microarrays demonstrated a 

decrease

the oligo arrays from the microarray core or the Affym

 

cDNA Microarrays 

          SuperArray microarrays are nylon membranes printed with cDNA 

fragments of 20 different genes.  There is one probe per gene, and the probes 

are printed on the array in duplicate.  Data are acquired by evaluating the 

intensity of radioactivity at each probe and then determining the value of 

expression of a given gene relative to the positive control genes.  To determine 

the effect of UV3 on gene expression, the expression of genes from UV3 t

ARH-77 cells are evaluated relative to the ex

A

d

e
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reproducible and significant.  Although it appears that almost all the genes tested 

 

 

t would 

xamine a larger number of genes.  Large scale microarrays could examine the 

al genes at one time, thus providing information about other 

 to 

 

 

ains 

nal 

decreased in their expression as a result of UV3 treatment, the changes 

described are averages, and some averages fluctuated around zero.  The 

expression of several cytokine genes, not involved in angiogenesis, did not 

change.  However, three pro-angiogenic genes did decrease significantly, and

the decrease in expression was reproducible. 

 

Oligonucleotide Microarrays 

          As the field of microarray technology grew and improved, it was important

to evaluate UV3-induced expression changes with microarrays tha

e

expression of sever

genes involved in angiogenesis as well as several other pathways known

contribute to cancer progression (160).  However, analysis of the large scale 

array data revealed few, if any, UV3-induced changes in the expression of

angiogenic genes. 

          Although the cDNA spotted arrays (SuperArray) are considered more 

sensitive, the oligo arrays (Affymetrix and Microarray Core) are considered more 

specific (161).  For each gene examined in the oligo arrays, multiple probe pairs

are designed to target different segments within a gene sequence, and with each 

probe pair, one probe is an exact sequence match while the other probe cont

a single mismatch in sequence.  In other words, each gene has its own inter
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control.  In addition, oligonucleotide sequences are generally designed to have 

similar hybridization temperatures and binding affinities.  Further controls

specificity are utilized in data analysis.  Genes with low levels of expression

example, can lead to poor reproducibility and changes that are misleading.  

to these differences in cDNA spotted arrays vs. oligo arrays, it is expected that 

data obtained using these microarrays would d

 for 

, for 

Due 

iffer (162). 

etin-1, 

i-

as not subsequently confirmed by a decrease in the levels of 

 

Conclusions 

          The data acquired from the SuperArray microarrays could not be validated 

with quantitative PCR studies to examine the expression levels of Angiopoi

and other multiple myeloma cell lines did not demonstrate the same expression 

changes.  However, in UV3-treated cells, the Affymetrix microarray revealed 

large changes in the expression of some FGFs, and a number of genes with 

unknown function were affected, which may play a role in angiogenesis.  In 

addition, although the decrease in the expression of VEGF observed in sem

quantitative PCR w

protein secretion, it is possible that the decrease in the expression of pro-

angiogenic TGF-β and the increase in the expression of anti-angiogenic IFN-γ 

may alter secretion levels, leading to changes in downstream events.  Most 

importantly, UV3 inhibited the secretion of sCD54, which has proven to be 

involved in pro-angiogenic activity (104).  Considering the data, it is unlikely that 

the anti-angiogenic properties of UV3 play a prominent role in the anti-tumor 
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activity of UV3.  However, because genetic and cellular changes do not equate t

biological effects of similar proportions in vivo, it is possible UV3 may induce 

some anti-angiogenic effects. 

 

CD54 and Angiogenesis

o 

 

          There are a variety of reasons that collectively implicate CD54 in the 

rocess of angiogenesis.  Surface adhesion molecules modulate signal 

athways, and they can associate with other membrane receptors, 

tes 

gs, 

 

f 

p

transduction p

such as growth factor receptors (163).  CD54 plays a role in adhesion and 

inflammation, both of which are processes in angiogenesis, and ligands for 

CD54, such as fibrinogen, are endothelial cell matrix proteins involved in the 

angiogenic process (94,119,164).  Several cytokines considered to be 

angiogenic promoters regulate CD54 expression and activation (94,165).  In 

addition, sCD54 stimulates angiogenesis in vitro and in vivo.  sCD54 stimula

the migration and tube formation of endothelial cells, the sprouting of aortic rin

and it stimulates angiogenesis in the chick chorioallantoic membrane assay 

(104,156).  

          Agents that modulate angiogenesis have become very important in the 

therapy of cancer (126,135).  Thalidomide is an effective therapy for multiple

myeloma as a single agent and in combination with chemotherapy or 

immunosuppressive therapy, and the effect is largely due to its role as an anti-

angiogenic agent (55).  Interestingly, thalidomide decreases the expression o
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CD54 (41).  UV3 may have a small, but real, downstream biological effect on 

angiogenesis. 

 

G. he Fc Portion of UV3 is Critical for Anti-Tumor Activity 

unction is a predominant mechanism of anti-tumor 

 The 

yeloma.  

)’2, 

ata 

e, 

he case of several antibodies, the role of effector functions in 

t.  

ibit 

nstrated 

T

          Mediating effector f

activity of UV3, and it takes very small amounts of IgG to produce an effect. 

ultra-pure UV3 F(ab)’2 did not prolong the survival of mice with multiple m

It slightly prolonged the survival of mice with daudi lymphoma, but UV3 IgG was 

clearly more effective.  When small amounts of IgG were added to the F(ab

20% of an original IgG dose was enough to reproduce the anti-tumor effect 

observed with a regular dose of UV3 IgG.  The efficacy of the ultra-pure UV3 

F(ab)’2 suggests there may be some in vivo signaling, and considering d

linking CD54 with angiogenesis (94,104,156,163,165) and data presented her

the signals may interfere with angiogenesis.  However, the superior efficacy of 

UV3 IgG suggests that effector functions are the predominant mechanism of 

action. 

          As in t

antibody-mediated effects appears to be more important than originally though

In a study by Clynes et al (71), both Herceptin and Rituxan were unable to inh

tumor growth in mice that lacked activating Fc receptors.  It was demo

that both Herceptin and Rituxan relied on effector functions for their efficacy in 
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vivo, despite numerous studies demonstrating other mechanisms of action for 

these antibodies in vitro (71).   

        In contrast, a recent study by Wang et al (Clinical Cancer Research, 

 in a uveal 

 a 

s 

t 

 innate and the adaptive immune system are suppressed (166).  UV3 

the 

 

different among various types of tumors, among tumor cells in various sites 

  

submitted) demonstrated that the therapeutic efficacy of UV3

melanoma model was independent of effector function.  It is possible that, as

solid tumor, melanoma depends on angiogenesis for its growth more than tumors 

of myeloid or lymphoid origin.  It has been demonstrated that the expression of 

CD54 increases with more adhesive tumors (111), and changes in CD54 

expression can influence the regulation of angiogenesis (165).  In addition, the 

levels of sCD54 in solid tumors are slightly elevated compared to lymphoma

and myelomas (105). 

          Another factor that may contribute to the different therapeutic effect in 

uveal melanoma is the role of immune privilege in the eye.  In the anterior 

chamber of the eye, there are regulatory proteins that inactivate the complemen

cascade, NK cell activity is impaired, and many more effector components of 

both the

F(ab)’2 worked as well as IgG in treating tumors in the anterior chamber of 

eye, but in the subcutaneous models of melanoma, UV3 IgG was slightly better.  

Indeed, UV3 IgG induced complement-mediated lysis of melanoma cells in vitro 

(167).   

          The tumor microenvironment is a highly complex network.  Vascularity is
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within an organ, and among various sites within a tumor (168,169).  UV3 may b

capable of mediating the same 

e 

activities in each environment, but because each 

rees 

H. 

environment is site-specific, certain functions of UV3 may have different deg

of importance in vivo. 

 

UV3 May Induce Anti-Tumor Activity in Other Malignancies 

 

The Therapeutic Efficacy of UV3 

         UV3 is highly effective in treating SCID mice with Daudi lymphoma.  

Compared to control mice, UV3 doubled the survival time of tumor-bearing mic

cUV3 also doubled the

e.  

 survival time of tumor-bearing mice, demonstrating equal 

nt 

t 

d Cancer

therapeutic efficacy.  The success of UV3 in the murine model of Daudi 

lymphoma suggests that UV3 may be a beneficial therapy for other maligna

diseases.  Indeed, in addition to the multiple myeloma and Daudi lymphoma 

models, UV3 demonstrated anti-tumor activity in a murine model of uveal 

melanoma (167), and preliminary studies reveal UV3 also reduces the growth 

and progression of prostate carcinoma and breast carcinoma in SCID xenograf

models (Brooks and Spiridon, unpublished results).   

 

CD54 an  

          There are a number of studies that implicate a role for CD54 in cancer 

growth and progression, yet reports are conflicting as to what that role is.  In 
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melanoma, there is a correlation between increased CD54 expression and 

metastasis (115).  However, in breast carcinoma, increased expression of CD54 

correlates with a good prognosis (116).  The expression of CD54 is influenced by 

inflammatory cytokines (97,170), angiogenic cytokines (119), adhesion (171) 

(111), and activated immune cells (111).  Interestingly, the secretion of sCD54 

bound CD54 

04,172). 

ther than membrane-bound CD54, is the 

  

s 

r 

 to 

ound CD54 to lyse tumor 

rgets (112). 

does not necessarily correlate with the expression of membrane-

(1

          It is possible that sCD54, ra

predominant source of the claimed impact of CD54 on cancer progression.

sCD54 can be shed during inflammation(156), and it can be shed by cells 

surrounding the tumor (172).  Compared to healthy individuals, sCD54 is 

significantly up-regulated in patients with multiple myeloma, non-Hodkin’

lymphoma, Hodgkin’s disease, ovarian carcinoma, breast carcinoma, renal 

cancer, gastrointestinal cancer, and bladder cancer (105) (173).  Studies 

demonstrate, in addition to pro-angiogenic activity, sCD54 stimulates tumo

growth in vivo (156).  Furthermore, sCD54 can inhibit the binding of leukocytes

tumor targets, and it can suppress NK cell and T cell function (111,116,117).  

This interference may block the ability of membrane-b

ta
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I. Future of UV3 

This study emphasizes the importance of the Fc in UV3’s ability to mediate 

anti-tumor activity.  However, we could not define exactly why the Fc portion is so 

important.  One possibility may be that it recruits effector cells, since stimulate

BALB/c splenocytes induced more specific lysis of UV3-labeled tumor targets.  

Another possibility is that anti-tumor signaling by UV3 may be concentration an

time-depen

d-

d 

dant, and the Fc portion would assist in both by prolonging the half-

ng of 

 Fc in 

ental 

 

 an 

 

f UV3 is more important than originally thought.  Additionally, the 

function of the Fc of UV3 could be examined by making UV3 IgG mutants that 

could only be bound by certain Fc receptors.  By determining which receptor(s) 

life of UV3.  Additionally, there may be a difference in the localization and 

distribution of the IgG in tumor tissue compared to the F(ab)’2 since the bindi

the Fc by the FcRn would affect the transcytosis of the IgG.  The role of the

mediating UV3’s anti-tumor activity may encompass any or all of these 

possibilities. 

In order to distinguish among these possibilities, there are a few experim

directions that could be taken.  One option would be to test the therapeutic

efficacy of a constant infusion of ultra-pure UV3 F(ab)’2 administered through

osmotic pump.  If a continuous infusion of the ultra-pure F(ab)’2 prolonged the 

survival of tumor-bearing mice in a manner equal to the efficacy of UV3 IgG or

significantly better than the efficacy of 4 day i.v. schedule, it would suggest the 

signaling role o

 151



are involved in anti-tumor activity, we might obtain a clearer picture of why the Fc 

of U

 

 

d that 

ed with 

ontinued therapy (174,175).  The anti-CD54 antibody was 

imm

f 

e 

 

 

combination with other agents. 

V3 is important. 

         Aside from further understanding the mechanism of UV3, a number of pre-

clinical and clinical studies are underway.  UV3 has been chimerized and will 

soon enter phase I clinical trials for patients with relapsed and refractory multiple

myeloma (150).  The fact that CD54 is present on a number cells in the body may

raise safety concerns regarding the use of UV3, but previous phase I/II studies 

using another anti-CD54 antibody to treat rheumatoid arthritis demonstrate

another anti-CD54 was well-tolerated.  Adverse effects were mild and included 

headache, fever, nausea/vomiting, light-headedness, and urticaria.  The side 

effects occurred on the first or second day of treatment, and they lessen

time despite c

unosuppressive, but there were no infectious complications related to the 

therapy (174). 

          In addition to the clinical use of UV3, there are number of pre-clinical 

studies to be completed.  Further studies are needed to evaluate the efficacy o

UV3 in the breast and prostate cancer models, and in vivo studies evaluating th

efficacy of UV3 in murine models of lung and pancreas cancer are being carried

out (Brooks, unpublished results).  Studies are also needed to evaluate whether 

increased doses of UV3 or different dosing schedules would further improve the

anti-tumor effect of UV3.  Finally, the effect of UV3 must be evaluated in 
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J. Conclusions 

          Monoclonal antibodies are beneficial for the treatment of cancer, and their 

success is largely due to their ability to target diseases by mechanisms that are 

different from other anti-tumor therapies.  Multiple myeloma is an incurable 

disease, and, at this time, there are no monoclonal antibodies available for 

treatment.  UV3 is a monoclonal antibody designed for the therapy of multiple 

myeloma, and it is highly effective in treating both early and advanced multiple 

myeloma in a murine model of human disease. 

          The objective of this study was to elucidate the mechanism(s) of action of 

UV3 or, more specifically, to determine whether UV3 interfered with angiogenesis 

by inhibiting the secretion of pro-angiogenic molecules.  ARH-77 cells express 

and secrete angiogenic molecules, which can influence the migration of 

HUVECs.  The expression and secretion of angiogenic molecules is a common 

feature of a number of multiple myeloma cell lines.  When UV3 is added to the 

cell culture, the expression of some angiogenic genes is affected, but microarray 

analysis reveals that angiogenesis is not the only pathway targeted.  UV3 affects 

genes from multiple pathways, and in combination with the biologically, multi-

functional role of CD54, it suggests that UV3 mediates multiple of signals.  

Angiogenesis may be one pathway affected, and the evidence of a downstream 

effect of UV3 on sCD54 supports this.  However, in vivo studies comparing ultra-

pure F(ab)’2 with IgG demonstrate that the predominant mechanism of action of 
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UV3 is dependant upon its Fc portion, either because it confers a longer half-life, 

or because it mediates CDC or ADCC. 

          In addition to a murine model of multiple myeloma, UV3 is highly effective 

in treating Daudi lymphoma.  UV3 also demonstrated therapeutic efficacy in a 

murine model of uveal melanoma (167), and preliminary data indicate UV3 is 

effective in murine results models of breast and prostate cancer (Brooks and 

Spiridon, unpublished).  Since previous Phase I and II clinical trials have 

demonstrated that an anti-CD54 monoclonal antibody is safe, UV3 is a candidate 

for clinical evaluation in the therapy of many cancers. 
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