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SUPPLEMENTARY METHODS

Cell culture

All cell culture media, fetal bovine serum (FBS), penicillin/streptomycin and antibiotic/ antimycotic
were obtained from Invitrogen Life Technologies. The A20 cell line, a BALB/c B cell lymphoma,
CT26, a C57BL/6 murine colorectal carcinoma and 4T1, a murine mammary carcinoma were
obtained from the ATCC (Manassas, VA). GL26 a murine glioma line was a kind gift from Dr.
Gerald Grant (Stanford University, Stanford, CA). NDL, a murine mammary cell line were a kind
gift from Katherine Ferrara (University of California Davis, Davis, CA). A20 cells were cultured as
described previously (1) in RPMI 1640 medium supplemented with 10% heat-inactivated FCS
(HyClone Laboratories, Logan, UT), 100 U/mL penicillin, 100ug/mL streptomycin, and 50 uM 2-
ME (Sigma-Aldrich, St Louis, MO). Cells were grown in suspension and maintained at 37°C in 5%
COa2. 4T1 and CT26 cells were both cultured in RPMI 1640 medium supplemented with 10%
heat-inactivated FBS and 100 U/mL penicillin, 100pug/mL streptomycin. NDL cells were cultured in
complete Dulbeccos Modified Eagle Media (DMEM), supplemented with 10% heat-inactivated
FBS and 100 U/mL penicillin, 100ug/mL streptomycin. GI26 cells were also cultured in DMEM
media supplemented with 10% FBS, 2mM sodium pyruvate (Invitrogen Life Technologies) and

antibiotic/antimycotic.

Primary T cell isolation and activation

Murine primary T cells were isolated from the spleens of female Balb/c mice (Charles River) using
a negative selection EasySep Mouse T Cell Isolation Kit (Stemcell Technologies). Purified T cells
were maintained for 2 days in RPMI-1640 supplemented with 10% FBS and 1%
penicillin/streptomycin at a seeding density of 4x10° cells/ml. For activation, the isolated murine T
cells were incubated with mouse T-Activator (CD3/CD28 specific antibody coated) Dynabeads®
as per the manufacturer’'s instructions (a bead: cell ratio of 1:1 was used; Life Technologies,
Grand Island, NY). In addition, a non-specific activation stimuli was also used and Phorbol 12-
myristate 13-acetate (PMA,) (Abcam) and lonomycin (Abcam) were added to cells at a
concentration of 10 ng/ml and 100ng/ml respectively. Tracer uptake experiments or FACS

analysis were performed 48 hours after activation.

Human peripheral blood mononuclear cells (PBMCs) were obtained from freshly obtained buffy
coat fractions (Stanford Blood Center) using Ficoll-Paque Plus following the manufacturer’s
instructions (GE Healthcare). T cells were isolated (at >95% purity as determined by CD3
expression) via magnetic-activated cell sorting (MACS) using the Naive Pan T Cell Isolation Kit

per the manufacturer’s instructions (Stemcell Technologies) and activated with a non-specific



activation stimuli method; Phorbol 12-myristate 13-acetate (PMA) (Abcam) and lonomycin
(Abcam) were added at a concentration of 10 ng/ml and 100ng/ml respectively. Cells were used

for FACs analysis, 48 hours post initiation of activation.

Competitive binding assay

Murine T cells were isolated and activated with PMA and lonomycin as described earlier.
Activated murine T cells (1x1076) were resuspend in FACS buffer (PBS + 2%BSA) and added to
a 96 well plate. For our competitive cell binding assays, serial dilutions of OX40 mAb (clone:
0OX86, BioXcell), DOTA conjugated OX40 mAb, or recombinant mOX40 ligand (R&D Systems),
were performed in replicate ranging in concentration from 10°M to 10° M. In addition, all wells
except unstained controls were incubated with 2ul of BV421 OX40 (0.1mg/ml, clone: OX86,
Biolegend) antibody for 1h at room temperature. Cells were spun down at 2000 rpm for 2 minutes
and washed with FACS buffer, prior to being resuspended and analyzed for BV421 fluorescence

intensity on a BD LSRII cytometer.

Radioligand cell binding assay

Murine primary T cells (activated and resting samples) were counted and prepared at a
concentration of 0.5 x10%/ml in 1 ml of pre-warmed complete media (RPMI-1640). Cells were
then incubated with tracer (5 pCi) at 37°C, 5% CO:2 for 1 hour to measure uptake. For blocking
studies, cells were incubated with 100 ug of anti-mouse OX40 mAb (BioXcell) for 30 minutes prior
to tracer incubation. Cells were then centrifuged at 300g for 5 minutes, placed on ice and the
supernatant discarded. Cells were washed twice with 1 ml ice-cold PBS, centrifuged after each
wash as above and the supernatant discarded. Finally, cells were resuspended in 500ul cold
PBS. 300uL was transferred to gamma counting tubes and counted on an automated gamma
counter (Cobra Il; Packard) to measure cell associated radioactivity. The remaining cells were
used to obtain a cell count using an automated cell counter (Nexcelom Bioscience, Lawrence,
MA). Data was expressed as % of total tracer added/10° cells. The above was repeated for

murine cancer cell lines.

Fluorescence-activated cell sorting (FACS) analysis of cells and tissue

FACS analysis of tissues was performed either 2 days or 9 days after the first intra-tumoral
therapy administration. Mice were anesthetized with 2.5% isoflurane gas and blood was collected
by terminal cardiac puncture and subsequently added to ammonium chloride lysis buffer (Thermo
Fisher Scientific). This was left at room temperature for 10 minutes. Tumors, lymph nodes and
spleen were obtained and dissociated gently by pushing through a 40um strainer to achieve a
single cell suspension. Both blood and dissociated tissue samples then underwent standard wash

steps for flow cytometry and cells counted prior to staining.



Murine cells were first stained with a LIVE/DEAD aqua fixable cell stain (Molecular Probes
L34957) used as per the manufacturer’s instructions to distinguish between live and dead cells.
Cells were then washed in FACS buffer (PBS and 2% BSA) and stained with the following murine
antibodies; cell surface marker specific antibodies CD3-APC (hamster 1gG1 k, clone:145-2C11,
BD Biosciences), CD4-APC-Cy7 (rat IgG2b k, clone GK1.5:, Biolegend) and CD8-PE (rat IgG2a
k, clone: 53-6.7, Biolegend), and activation marker specific antibodies; CD25-PE-Cy7 (rat IgG1 v,
clone: PC61, BD Biosciences) CD44-PerCP-Cy5.5 (rat IgG2b k, clone: 1M7, BD Biosciences)
and OX40-BVv421 (rat 19G1 k, clone: OX-86, Biolegend). Prior to immunostaining of ex vivo
samples, Fc receptors were blocked to prevent nonspecific binding for 10 min with anti-CD16/32

(rat, clone: 2.4G2, BD Biosciences).

Human T cells were stained with the following human antibodies in addition to the LIVE/DEAD
fixable dead cell stain; CD3-FITC (mouse IgG2 ak, BW264/56 Miltenyi Biotech), CD4-PerCP-
Cy5.5 (mouse IgG1l k, clone: RPA-T4, BD Biosciences), CD8-PE-Cy7 (mouse IgG1l k, clone:
RPA-T8: , BD Biosciences) and activation marker specific antibodies CD69-PE (mouse IgG1
clone: FN50, Miltenyi Biotech) and OX40-BV605 (mouse IgG 1k /Ber-ACT35, Biolegend). All cells
were fixed in 2% paraformaldehyde, stored at 4°C and analyzed within a week with the
appropriate compensation control beads (ThermoFisher) using the LSR Il flow cytometer (BD
Biosciences). Data were analyzed using FlowJo software. For ViSNE plots, cells were first gated
on live and singlets and then down-sampled prior to visualization with the built in tSNE module in
FlowJo. Clustering parameters included CD3, CD4, CD8, CD25, CD44, PD1, and OXA40.
Additional settings for computation were as follows: iterations = 1000; perplexity = 20, learning
rate = 200, theta = 0.5.

Luminex® analysis of cytokines in mouse plasma

Mice were anesthetized with 2.5% isoflurane gas and 400uL blood was obtained via terminal
cardiac puncture and placed in EDTA coated blood collection tubes (BD Biosciences). The tube
was inverted a few times and subsequently centrifuged at 400-500 rcf at room temperature for 10
minutes. Plasma was carefully removed from the tube and placed in a clean eppendorf tube and

frozen and stored at -80°C until analysis.

Plasma were analyzed for cytokines by the Stanford Human Immune Monitoring Core facility with
a 38-plex murine Luminex® array (eBiosciences/Affymetrix), used according to the manufacturers’
instructions. Briefly, beads were added to a 96 well plate and washed in a Biotek ELx405 washer.
Frozen plasma amples were defrosted, diluted (1:3) and subsequently added to the plate

containing the mixed antibody-linked beads. The sample and beads were incubated together and



placed on a orbital shaker at 500-600 rpm, first at room temperature for 1 hour before an
overnight incubation at 4°C also with shaking. Plates were washed the next day in a Biotek
ELx405 washer and biotinylated detection antibody added for 75 minutes at room temperature
with shaking. The plate was washed as above and streptavidin-PE added. After a 30 minute
incubation at room temperature, a wash was performed as above and reading buffer added to the
wells. Each sample was measured in duplicate. Plates were read using a Luminex 200 instrument
with a lower bound of 50 beads per sample per cytokine. Custom assay Control beads by Radix

Biosolutions were added to all wells.

For Luminex® cytokine expression data, samples were run in duplicate (n = 4/group) and
statistical analyses were performed based on the MFI of each sample replicate normalized to the
average MFI of control replicates. Heat maps were generated in R (v3.3.3) based on log: fold
change in cytokine expression of a given experimental replicate compared to control.
Unsupervised hierarchical clustering was performed using Euclidian distance and Ward’s linkage.
To identify significantly upregulated cytokines, significance analysis of microarrays (SAM) was

applied with a false discovery rate of < 0.01.

To add biological context to the clusters identified by unsupervised hierarchical clustering,
cytokine gene ontology analysis was performed in R (v3.3.3). Using Entrez gene IDs, the
Ensembl database was queried and cytokines were annotated using the biological processes
nomenclature. Over representation analysis was performed using the one-sided Fisher’s exact
test. Annotations for cytokines in cluster 1, 2, or 3 were compared relative to the total number of

cytokines in the Luminex cytokine panel.

Classification and prediction of tumor response

We classified mice into two labeled groups with the help of unsupervised hierarchical clustering.
To determine the cut point, we randomly selected a subset of mice (training cohort), and
clustered their tumors based on their tumor growth over the study window. Based on this, tumors
exhibiting less than 0.03 log fold change in tumor volume were considered responders, while
tumors exhibiting greater tumor growth were considered non-responders. These class labels
conformed with reasonable definitions for treatment response and subsequently provided the
optimal classification results in this study. We next performed k-means clustering based on our
imaging biomarkers for our training cohort and determined that the mean %ID/g tracer uptake in
the tumor, tumor draining lymph node, and tumor draining lymph node normalized to tumor
volume, provided the best delineation of tumors as responders or non-responders. We fixed the
centroids of these clusters and then tested the performance of our simple classifier on an

independent test cohort, as well as all cohorts included in our study. Assignments to response



groups were made based on Euclidian distance from the cluster centroid. All analyses were
performed in R (v3.3.3).

Histology

Tumors were harvested and fixed in 4% PFA on the day of culling. After 16 hours later, tumor
samples were transferred to 2% sucrose and stored at 4 degrees C. Prior to sectioning, tumors
were transferred to OCT and frozen on dry ice. Sectioning and Immunofluorescent staining were
performed independently by HistoTec Laboratory Inc. (Hayward, California). Samples were
stained for DAPI, CD3 and OX40, excluding negative, single stain, primary, and secondary only

controls.

In situ vaccine in OX40 knock out mouse model

An OX40 knockout (KO) model was employed to demonstrate the specificity of the radioligand in
vivo. Six to eight-week-old female B6.129S4-Tnfrsf4tm1Nik/J (also known as OX40 KO) mice
were purchased from JAX Laboratories. B16-F10 tumor cells (0.05 x 109 were injected
subcutaneously at sites on both right and left shoulder of the mice. B16-F10 bearing
tumors underwent the same treatment as in the A20 tumor model (50ug CpG in 50 yL PBS) in
the tumor on the left shoulder. Mice in the control group received a 50 pL injection of PBS into the

left shoulder tumor. Mice were then used for PET imaging.
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SUPPLEMENTARY FIGURE LEGENDS

Supplementary Figure 1. Tracer synthesis and quality control schematic. A) Synthesis
schema B) Conjugation results with representative mass spectrometry histograms. C)
Competitive binding assay between the OX40 antibody and DOTA conjugated mAb or
endogenous OX40 ligand (OX40L) using activated murine T cells D) Gel of unconjugated stock
antibody showing bands corresponding to 150kDa and 50kDa (lane 1), antibody sample post
DOTA conjugation (lane 2) and HPLC peak product (lane 3) E) Radio-HPLC F) Final tracer

synthesis results.

Supplementary Figure 2. Study design. Timeline and schedule for therapy, blood draws,

imaging and biopsies (d=day).

Supplementary Figure 3. FACS gating and supporting data. A) FACS plot representation of
the gating strategy employed throughout this study. B) Mean frequency of OX40+ CD3 T cells in
tumor and tumor draining lymph node (TDLN). One-way ANOVA with Bonferroni post-test. ***, p
< 0.001; **, p < 0.01; *, p < 0.05. Representative FACS plots from Tumor and TDLN of CPG and
Vehicle (Veh) cohorts respectively. Values on plots represent % of CD3 T cells. C) Freq of CD4
and CD8 T cells in CpG vs Vehicle tumor, tumor draining lymph node and spleen at the early day
2 timepoint. D) Frequency of CD4 and CD8 T cells in CpG normalized to vehicle at early and late

time points.

Supplementary Figure 4. Phenotypic characterization of OX40 cells. A) VISNE graphs
displaying biomarkers and clustering in tumor and TDLN. OX40 restricted to CD4 cluster. B)
FACS plots of OX40+ or OX40- CD4+ T cells in the tumor and tumor draining lymph node
(TDLN). C) CD4+ T cell phenotype in CPG treated Tumors. D) Effector (FoxP3-) vs. regulatory
(FoxP3+) OX40+ CDA4 T cell percentages in CPG vs Vehicle cohorts.

Supplementary Figure 5. Blood cytokine signature. A) Heat map of log2 fold change cytokine
expression in vehicle and CPG mice normalized to control. Unsupervised hierarchical clustering
performed on heat map rows (cytokines). Column naming key: (2/9) day of analysis; (C/V) CpG or
Veh; (A/B/C) sample identifier; (1/2) sample replicate. Three primary clusters labelled as 1, 2 & 3.
B-C) Tabular results of top upregulated hits from significance analysis of microarrays for day 2
and day 9 respectively. D-E) Unsupervised hierarchical clustering phylograms of CpG and

Vehicle samples based on cytokine signatures from day 2 and day 9 respectively.



Supplementary Figure 6. Cytokine ontology. A) Number of unique Entrez gene ID biological
processes annotations for the three primary cytokine clusters identified by unsupervised
hierarchical clustering. B) Top over representation analysis hits and respective p-values for
biological processes associated with cytokine cluster 1. C) Top over representation analysis hits

and respective p-values for biological processes associated with cytokine cluster 2.

Supplementary Figure 7. ImmunoPET imaging supporting data. Annotated PET/CT images
from CPG, CPG + blocking and vehicle cohorts. Left: Coronal cross-sections. Right: Axial cross-
sections. C.LN = cervical lymph node; A.LN = axillary lymph node; LT = left tumor; RT = right
tumor; B.LN = brachial lymph node; Sp = spleen; K = kidney; B = bladder; I.LN = inguinal lymph
node; P.LN = popliteal lymph node.

Supplementary Figure 8. Histology of CpG and vehicle treated tumors A). Two
representative day 2 histology sections stained for DAPI (purple) and CD3 (red) from CpG and
vehicle cohorts. White scale bar represents 1mm. B) Histology sections from CpG and Vehicle
cohorts with OX40 (green) staining, 20x magnification of selected regions. C) CpG and vehicle

histology sections at 40x magnification showing DAPI, OX40 and CD3 staining.

Supplementary Figure 9. Supporting ImmunoPET Quantification and Imaging Controls A)
Unsupervised hierarchical clustering of CpG vs Vehicle mice based on imaging biomarkers.
Parameters for each cluster are listed in figure. B) Early (day 2) post therapy %Cu-DOTA-
AbOX40 uptake profile [%ID/g ROI; no PVC] in CpG (n=7) vs Vehicle (Veh, n=7) vs intratumoral
blocking (I.T. block, n=4) and naive (n=3) cohorts at 24 hours post tracer injection [100 pCi]. UT:
untreated tumor; TT: treated tumor; Sp: spleen; Ax: axillary lymph node; Pop: popliteal lymph
node; Ing: inguinal lymph node; Mus: muscle; Br: brain C) %*Cu-DOTA-AbOX40 ROI vs BIOD
uptake [%ID/g] in tumor, tumor draining lymph node, spleen and muscle. Black dashed line: y=x;
Shaded gray zone: 95% CI D) Fold change in treated tumor uptake [%ID/g, BIOD] between CpG
and control groups [Vehicle, Intravenous (i.v.) blocking, & Intravenous isotype]. E) Fold change in
treated vs untreated tumor uptake [%ID/g] BioD in CpG treated wt mice and CpG treated OX40
k/o mice. All values represent mean +/- SEM unless specified. Two-way ANOVA with Bonferroni
post-test for multiple comparisons; else student’s t-test **** p < 0.0001; ***, p < 0.001; **, p <
0.01; *, p < 0.05, ns = not significant.

Supplementary movie 1. CPG mouse imaged with OX40 ImmunoPET (day 2 post therapy, 24h
post tracer injection)

Supplementary movie 2. Vehicle mouse imaged with OX40 ImmunoPET (day 2 post therapy,

24h post tracer injection).
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A. Study Design
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Supplementary Figure 2. Study design.
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Supplementary Figure 9. Supporting ImmunoPET Quantification and Imaging Controls
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