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Clinical trial ID#NCT01644968 : 

Individuals, at least 18 years old, with measurable or evaluable metastatic cancer not 

curable with standard surgery, chemotherapy or radiation were eligible for the trial.  

Other eligibility criteria included ECOG performance status 0-2, adequate hematologic, 

renal, cardiac and hepatic function, and the ability to comprehend and sign a written 

informed consent document.  Major exclusion criteria were the presence of HAMA 

before treatment, clinically significant autoimmune disease, HIV infection, serum 

positivity for hepatitis B or C, or allergy to tetanus or shellfish. All patients received 

intravenous infusion of anti-OX40 mAb on days 1, 3 and 5 of a single cycle. Patients 

were enrolled sequentially in cohorts 1-3.  Patients received 0.1mg/kg of anti-OX40 

mAb, 0.4mg/kg and 2mg/kg in cohorts 1, 2, and 3, respectively. Patients were randomly 

enrolled to receive two different sequences of reporter Ag injections.  Arm A received 

1mg KLH/Immunocothel® on day 1 and 0.5 ml tetanus vaccine (5 Lf/ml tetanus toxoid) 

on day 29, while patients on arm B received tetanus vaccine on day 1 and 

KLH/Immunocothel® on day 29.  Peripheral blood samples were collected either as a 

leukapheresis on days 0 and 57, or blood draws on days 5, 8, 15, 29, 36 and 43. 

According to a separate IRB approved protocol 10 normal donors, who were given a 

tetanus vaccine (5 Lf/ml tetanus toxoid) on day 1 had blood samples collected at the same 

time points as patients on the trial.  The clinical trial was conducted solely at the 

Providence Portland Medical Center, Portland, OR, and was approved by the hospital’s 

IRB (IRB 03-66).  All patients and normal donors provided written informed consent. 

Two patients died within 4 weeks of receiving anti-OX40 one from progressive 

metastatic lung cancer, and another from congestive heart failure, which was a 

preexisting condition. 

Blood sample collection, preparation and cryopreservation : 

Whole blood was collected in vacutainer tubes containing sodium heparin (BD 

vacutainer). Peripheral blood mononuclear cells were isolated from whole blood by 



density gradient centrifugation using Ficoll-Hypaque (Pharmacia). Cells recovered from 

the interface were washed twice in RPMI (Lonza) and frozen in 10% DMSO. 

Leukapheresis performed on days 0 and 57 was performed according to the standard 

procedures of the American Red Cross. 

 

 

Flow Cytometry: 

PBMC were analyzed by multicolor flow cytometry as described in Materials and 

Methods. 

Anti-OX40 mAb (9B12): 

A panel of anti OX40 hybridomas was prepared by immunization of balb/c mice with 

OX40 cDNA and fusion with the SP2/0 myeloma cell line (Genovac Ag, Freiburg, 

Germany). Antibody 9B12 was selected based on its ability to elicit an agonist response 

for OX40 signaling, stability, and for its high level of production by the hybridoma. The 

9B12 antibody was produced under good manufacturing practice conditions (Biovest 

International, Minneapolis MN) in a hollow fiber bioreactor using CD Hybridoma 

medium (Life Technologies, Carlsbad. CA) and purified by protein-A chromatography 

(GE healthcare Pittsburg PA).  9B12 mAb was equilibrated with phosphate buffered 

saline, pH 7.0, and its concentration was adjusted to 5.0 mg/ml by diafiltration. The 9B12 

drug product was prepared by aliquoting into vials containing 3.3 ml each (Microtest 

Labs, Agawam MA). 9B12 was used in the phase I clinical trial and in the monkey 

experiment described herein. OX40-induced T cell proliferation was performed as 

previously described (37). Briefly, 96-well plates were coated with goat anti-mouse IgG 

Fc-gamma specific capture antibody in PBS at 2 ug/ml over night at 4oC, anti-CD3 

(OKT3) was added at 2 ng/ml (BSA/PBS) for 90 min at 37oC, then serial dilutions of the 

9B12 Ab were performed. CD4+ T cells purified from PBMC using a CD4 negative 

selection kit (Miltenyi), expanded for 4 days with PHA (1µg/ml) and IL-2 10IU/ml, were 

added at 50,000 cells/well. On day 2, cells were labeled with 1uCi of [3H]-



Thymidine/well (MB Biomedical) for 18hrs before they were collected on filter pads and 

counted on a Wallac Trilux Microbeta scintillation counter. 9B12 binding assay was 

performed as described before (1). Briefly, 96 well ELISA plates (Fischer) were coated 

with goat anti human IgG Fc-gamma specific at 2ug/ml overnight at 4oC. Plates were 

blocked with 1% BSA/PBS, 0.5 ug/ml of human OX40Ig fusion protein was added and 

plates were incubated 90 min at room temperature. Serial dilutions of CD134 mAb were 

performed, a secondary Peroxidase conjugated sheep anti mouse IgG, diluted 1:10000 

was added for 1 hour. TMB substrate was added and allowed to incubate for 10 min.  

ELISA assay for measurement of anti-OX40 (CD134) in human serum:  

Goat anti-human IgG, Fc gamma fragment antibody, (Jackson Labs), 2ug/ml, was 

absorbed overnight at 4°C onto the surface of 96-well plates (Fisher).  Unbound capture 

antibody was washed off and a blocking solution of 1% bovine serum albumin (Fisher) 

was added for 2 hrs at room temperature. CD134:Fc human ligand (Alexis), was added at 

100ul/well for 1hr at RT. Anti-CD134 mAb 9B12, was prepared at 200ng/ml in 1% 

normal human serum and added to the plate as a positive control standard.  Human serum 

samples were then added at an initial dilution of 1/100, and both the standard and test 

samples were serially diluted 2x down the rows.  Following a 2-hr incubation at room 

temperature the plates were washed and peroxidase-linked sheep anti-mouse IgG, whole 

antibody, diluted 1:10,000 (GE, Amersham Biosciences) was added for 1 hour.  Lastly, 

TMB substrate solution (Pierce TMB substrate kit) was added and allowed to incubate 

for 10 minutes in the dark. Immediately following, a stopping solution (2M H2SO4 

solution) was added. Spectrophotometry measurements were made at 450nm (Modulus 

Microplate, Turner Biosystems). 

Monkey experiment: 

In this IACUC-approved protocol, eight female rhesus macaques (Macaca Mulatta) born 

and reared at the Oregon National Primate Research Center (ONPRC) were given either 

9B12 mAb, control mouse IgG1 (MOPC-21) or monkey OX40L:Ig fusion protein at 1.0 

mg/kg by intravenous infusion on days 1, 3 and 5.The monkey OX40L:Ig fusion protein 

was generated with the yeast Traf2 coiled-coil domain and the human OX40L 



extracellular domain were replaced by monkeys sequences. The first two groups of four 

monkeys each also received a tetanus toxoid vaccine on day 1 prior to mAb infusion.  

Blood samples were obtained on days 1, 7, 14, 21, 28 and 35 and PBMC were analyzed 

using a multi-parameter flow analysis panel as described below. 


