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Background: Overexpression of the cytokine – transforming growth factor-beta 2 (TGF-β2) – has 

been implicated in the malignant progression of pancreatic cancer (PAC). OT-101 (trabedersen) 

is an antisense oligodeoxynucleotide designed to target the human TGF-β2 mRNA. In a Phase I/II 

study, OT-101 treatment with subsequent chemotherapy was characterized by outstanding overall 

survival (OS) in patients with PAC.

Objective: This study sought to identify 1) co-regulated sets of cyto-/chemokines; 2) potential mecha-

nisms that link TGF-β receptor type 2 receptor inhibition that may result in the induction of a cytokine 

storm; and 3) predictive biomarkers for OS outcome in OT-101-treated patients with PAC.

Materials and methods: Plasma levels of 31 cyto-/chemokines were tracked over three cycles 

of OT-101 therapy (140 mg/m2/day) in 12 PAC patients. Samples were acquired before onset 

of OT-101 therapy and at eight selected time points during therapy. A mixed ANCOVA model 

was developed for 19 cyto-/chemokines with median expression 1 following OT-101 therapy. 

Regression and hierarchical clustering analyses were performed to identify correlated expressions 

in each patient across cyto-/chemokines or in each cyto-/chemokine across patients. Plasma 

cyto-/chemokine levels were compared with OS with and without subsequent chemotherapy.

Results: Three highly correlated subsets of cyto-/chemokines (Cluster 1: EGF, MIP-1α, MIP-1β; 

Cluster 2: FGF-2, MIG, IP-10, IL-15, IFN-α, IL-12; and Cluster 3: HGF, IL-6, IL-8) were identi-

fied following OT-101 therapy. Suppression of TGF-β signaling by OT-101 led to upregulation of 

IL-8, IL-15, IP-10, and HGF. Protein–protein interaction networks constructed using STRING10 

algorithm identified a relationship between IL-8, IL-15, and  TGF-β receptor type 2 inhibition. The 

mixed analysis of covariance model that examined the levels of 19 cyto-/chemokines with OS 

as the covariate at each of the time points resulted in IL-8 and IL-15 exhibiting a significant 

association with OS during Cycle 1 of therapy. In the whole-blood culture model, the cytokines 

with the most pronounced increase after OT-101 treatment were IL-1β, IL-8, and MCP-1.

Conclusion: No consistent responses in cyto-/chemokine levels were observed due to OT-101 treat-

ment. Levels of IL-8 and IL-15 during Cycle 1 were positively associated with OS across 12 patients 

with PAC and served as potential biomarkers for treatment outcome following OT-101 therapy.

Keywords: antisense oligonucleotides, biomarkers, cytokines, pancreatic cancer, survival, 

transforming growth factor-beta 2

Introduction
Transforming growth factor-beta (TGF-β) is a multifunctional regulatory polypeptide 

that controls many aspects of cell function – including cell proliferation, differentiation, 

migration, apoptosis, adhesion, angiogenesis, immune surveillance, and survival.1 TGF-β 
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has a dual role in cancer.2 It is tumor suppressive in prema-

lignant cells and in the early stage of tumor development, but 

strongly protumorigenic at later stages of tumor progression. 

Autocrine TGF-β signaling promotes epithelial–mesenchymal 

transition, which increases cell invasion and metastasis.3 

Paracrine TGF-β signaling stimulates angiogenesis and con-

tributes to an immune-tolerant environment by suppressing T 

lymphocytes and natural killer (NK) cells. The overall balance 

of tumor inflammatory mechanisms is polarized to promote 

angiogenesis, tumor cell survival, and immune escape, all con-

tributing to tumor growth.4 Consequently, different strategies 

have been developed to inhibit TGF-β activity in the tumor 

microenvironment including 1) blocking the production of 

TGF-β with antisense molecules, 2) blocking the activity of 

TGF-β with neutralizing antibodies, 3) blocking the interac-

tion between TGF-β and its receptors (TGF-βR) with soluble 

forms of TGF-βRs, and 4) blocking TGF-β–mediated recep-

tor signaling by small-molecule tyrosine kinase inhibitors of 

TGF-βRII and TGF-βRIII.5–8

OT-101 (trabedersen) is an 18-mer phosphorothioate 

antisense oligodeoxynucleotide designed to specifically 

target the human TGF-β2 mRNA.5,9,10 On the basis of 

data showing that TGF-β2 is overexpressed in multiple 

cancers and that its levels are closely related to tumor pro-

gression, OT-101 has been clinically evaluated in patients 

with high-grade glioma, pancreatic and colorectal cancers, 

as well as melanoma.10–15 Furthermore, inhibition of TGF-β2 

in tumor tissue leads to reversal of tumor-induced immune 

suppression as well as inhibition of tumor growth, invasion, 

and metastasis.8–10 Similar to its function in malignant glioma, 

TGF-β2 appears to play a central role in the malignancy and 

progression of pancreatic cancer (PAC).16,17 All three mam-

malian isoforms of TGF-β (TGF-β1, TGF-β2, and TGF-β3) 

are overexpressed in human PAC cells in comparison to the 

normal human pancreas.16 However, only overexpression of 

the TGF-β2 isoform in either tumor tissue or plasma has been 

shown to correlate with advanced tumor stage and a more 

aggressive metastasizing tumor phenotype, as proven both 

by animal studies and clinical observations in humans.16,18,19 

In PAC, TGF-β2 plasma levels of patients are significantly 

elevated threefold as compared to healthy controls.

OT-101 reduced TGF-β2 secretion in PAC cell lines 

(Hup-T3, Hup-T4, and PA-TU-8902), with a half maximal 

inhibitory concentration (IC
50

) in the low micromolar range 

without a transfection reagent, efficiently suppressed cell 

proliferation, and completely blocked migration of PAC 

cells.5,9,10 Most importantly, OT-101 at clinically applied 

doses reversed TGF-β2–mediated immunosuppression 

of PAC cells targeted by lymphokine- activated killer 

(LAK) cells, resulting in considerably increased 

LAK cell–mediated cytotoxicity.5,10 Furthermore, in an 

orthotopic mouse model of metastatic PAC, intraperitoneal 

treatment with OT-101 significantly reduced tumor growth, 

lymph node metastasis, and angiogenesis.9 In a Phase I/II 

clinical trial in 37 patients with advanced PAC, a subset of 

patients who received OT-101 treatment followed by sub-

sequent chemotherapy showed outstanding overall survival 

(OS) benefit.20 Consequently, combining agents targeting the 

tumor microenvironment with chemotherapeutic agents is an 

emerging therapeutic arsenal against cancer.21 Therefore, it 

will be important to determine the effect of OT-101 as an 

immunomodulating agent on the tumor microenvironment.

Cytokines play a pivotal role in the induction of cell- 

mediated and humoral immunity. Patients with advanced-stage 

cancer appear to experience a simultaneous immunostimula-

tion and immunosuppression with increased concentrations of 

immunomodulating cytokines.22 The result is a local inflam-

matory environment that appears to be a consistent component 

of malignant tumors.23–25 Because OT-101 can interfere with 

autocrine TGF-β2 signaling and can reverse the immunosup-

pressive effects exerted by tumor-derived TGF-β2,5,9,10 a better 

understanding of the molecular cross-talk between tumor cells 

and the immune system would be helpful in developing immuno-

therapeutic approaches to PAC. OT-101 stimulates immune cells 

as a consequence of TGF-β2 inhibition and of target independent 

effects. In the course of this immune stimulation, inflammatory 

cytokines are secreted.26 Thus, the main goals of the present 

study were to analyze, in depth, the cyto-/chemokine expression 

patterns in PAC patients exposed to OT-101 treatment with and 

without subsequent chemotherapy and to identify whether this 

sequential strategy is associated with better survival outcome.

In this study, we sought to identify 1) co-regulated sets 

of cyto-/chemokines; 2) potential mechanisms that link 

TGFBR2 receptor inhibition that may result in the induction 

of a cytokine storm; and 3) predictive biomarkers for OS out-

come in OT-101–treated PAC patients. This analysis utilized 

data from plasma levels of 31 cyto-/chemokines quantitated 

from a subset of 12 PAC patients in the Phase 1/II (P001) 

study to determine the impact of OT-101 on clinical outcome. 

Plasma samples analyzed were acquired before the onset of 

OT-101 therapy, during the screening phase of the study, and 

at selected time points (TPs) during the therapy. In addition, 

both stimulated and unstimulated whole-blood cultures of 

healthy volunteers were tested ex vivo for either induction 

or repression of 34 cyto-/chemokines by OT-101. Taken 

together, these findings suggest the lack of a clear indication 

of a cytokine storm-like phenomenon of OT-101, although 

the drug is not without stimulating potential on cells of the 
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human immune system under physiological conditions. Using 

the mixed analysis of variance (ANOVA) model, levels of 

IL-8 and IL-15 during Cycle 1 were positively associated 

with OS across 12 PAC patients and served as potential 

predictive biomarkers for treatment outcome following 

sequential OT-101 and chemotherapy strategies for PAC.

Materials and methods
Patient selection, study design, and OT-101 
therapy
A Phase I/II OT-101 multicenter dose-escalation clinical 

study (P001 study) was conducted in Germany in adult 

patients (n = 61), stage III or IV (AJCC 2002) with advanced 

PAC (n = 37), malignant melanoma (n = 19), and colorectal 

cancer (n = 5), all known to overproduce TGF-β2. This 

clinical trial (NCT00844064) was sponsored by Antisense 

Pharma GmbH (Regensburg, Germany) and approved by the 

Ethics Committee of the Charité Berlin Campus Virchow-

Klinikum (Berlin, Germany). Written informed consent 

was obtained from all study subjects, and ethical committee 

approval was given by all participating centers. Patients were 

treated with OT-101 by continuous intravenous (IV) infusion 

in escalating doses (40 mg/m2/day up to 330 mg/m2/day) 

of two treatment schedules (initial schedule: 7-days on, 

7-days off (n = 17); modified schedule: 4-days on, 10-days 

off (n = 44); two cycles as core study and up to 10 cycles 

for expanded study). The dose of 140 mg/m²/day was chosen 

based upon a trend for better tolerability as compared to 

higher doses for this schedule while also showing some 

disease stabilization during the escalation phase.

Plasma samples from a subset of 12 patients (three men 

[43–73 years] and nine women [40–75 years]) with advanced 

PAC were analyzed in an exploratory analytical study to 

assess the impact of OT-101 treatment on levels of 31 

circulating cyto-/chemokines. These patients were treated 

with OT-101 (140 mg/m2/day) in the 4-days-on, 10-days-off 

schedule (1 cycle = 14 days). Blood samples were collected 

from 23 TPs, with the following TPs having the cyto-/

chemokine measurements from most of the patients and, thus, 

were included in the analysis. Day 1 values for each patient 

were baseline levels (TP) for the 31 cyto-/chemokines prior 

to OT-101 treatment. Following initiation of IV OT-101 

therapy: Cycle 1/Day 2 (TP 2), Cycle 1/Day 5 (TP 3), 

Cycle 2/Day 1 (TP 6), Cycle 2/Day 2 (TP 7), Cycle 2/Day 5 

(TP 8), final visit/Day 29 (TP 9), and exit period/Cycle 3/

Day 5 (TP 11, 34th day). Samples in ethylenediaminetet-

raacetic acid were measured in duplicate, and data were 

acquired by Lophius Biosciences (Regensburg, Germany) 

for the analysis of multiple cytokines.

The following 31 analytes were measured: EGF, eotaxin, 

FGF-basic, G-CSF, granulocyte–monocyte colony-stimulating 

factor, HGF, IFN-α, IFN-γ, IL-1RA, IL-1β, IL-2, IL-2R, IL-4, 

IL-5, IL-6, IL-7, IL-8, IL-10, IL-12 (p40/p70), IL-13, IL-15, 

IL-17, IP-10, MCP-1, MIG, MIP-1α, MIP-1β, RANTES, 

TNF-α, VEGF, and MICA. Cyto-/chemokine concentration in 

pg/mL for each plasma sample was measured in duplicate. In 

cases where the concentration was too low to be determined, 

the values of the detection limit were used for further calcula-

tions. Detection limits were provided by the manufacturer of 

the assay (Lophius Biosciences). In cases where the concen-

tration was too high to be determined, the 1.5-fold value of 

the highest standard for the applicable cyto-/chemokine that 

was measured on the plate was used for further calculations.

analysis of cyto-/chemokine response to 
three cycles of OT-101 therapy
An ANCOVA model was developed to characterize time 

evolution of cyto-/chemokine levels following OT-101 

treatment. The dependent variable was the standardized 

log10-transformed values calculated from the mean and 

standard deviation (SD) of each cyto-/chemokine in each 

patient. Cyto-/chemokines were treated as a categorical 

variable, TPs were treated as a continuous variable and 

each patient was treated as a random factor with a separate 

variance component (to control for multiple measurements 

taken from the same individual and to take into account dif-

ferences in the responses between individuals). This model 

corrects for the appropriate degrees of freedom (DF) in a 

model with both fixed (time effect, cytokine effect and time 

cytokine interaction) and random effects (patient to patient 

variation). The model consisted of 19 measureable cyto-/

chemokines with median expression 1.

hierarchical cluster analysis of 
cyto-/chemokine profile
Regression and hierarchical cluster analyses were con-

ducted to identify potential cytokine signatures in patients 

investigated in this cohort as follows: 1) characterization of 

pre- and postdose circulating levels of 31 cyto-/chemokines 

in 12 PAC patients at eight selected TPs during OT-101 

treatment protocol; 2) identify co-regulated sets of cyto-/

chemokines to characterize initiation of a cytokine storm; 

3) potential mechanisms that link TGFBR2 inhibition that 

may result in the induction of a cytokine storm; 4) examine 

patient-to-patient variability in the response profiles for 

cyto-/chemokines involved in the emergence of a cytokine 

storm; and 5) investigate the relationship between cyto-/

chemokine levels and OS outcome in 12 patients. Pearson 
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pairwise correlation coefficients of cyto-/chemokine levels 

across all TPs and all patients were utilized to construct 

a correlation cluster figure to identify co-regulated cyto-/

chemokines. Cluster figures were either depicted for each 

individual patient or across all patients by utilizing standard-

ized values calculated from the mean and SD of each cyto-/

chemokine in each patient.

Protein–protein interaction networks
Protein–protein interaction networks were constructed using 

STRING10 algorithm (http://string-db.org/) for co-regulated 

cyto-/chemokines to identify potential hub proteins connecting 

TGFBR2 pathways to cyto-/chemokines. In these diagrams, 

the nodes depict protein identifiers. Networks were visualized 

by first seeding the inputs and then growing the networks to 

identify connecting hubs between the inputs. The edges indicated 

the confidence level for the association that was calculated 

from various lines of experimental evidence (Neighborhood, 

Gene Fusion, Co-occurrence, Co-expression, Experiments, 

Text mining, Databases, and Homology. All associations were 

filtered for 90% confidence). Clustering was conducted on 

the association scores to group protein–protein interaction 

networks (“MCL” algorithm provided by the software). Solid 

lines represent connections within clusters, and dotted lines 

show connections between clusters.

cyto-/chemokine response to OT-101 
treatment over three cycles and 
Os outcome
An ANCOVA model was utilized to investigate the asso-

ciation of 30 cytokine levels measured across 12 patients 

over three cycles of OT-101 therapy (measured at Cycle 1, 

Days 2 and 5; Cycle 2, Days 1, 2 and 5; final visit [Day 

29]; exit period/Cycle 3/Day 5 [Day 34]) and the OS 

outcome. The dependent variable was the standardized 

log10-transformed values calculated from the mean and SD 

of each cyto-/chemokine in each patient. The ANCOVA 

model was constructed such that at each of the cycles and 

TPs, two factors (cyto-/chemokine id and OS as a covari-

ate) and an interaction term (cyto-/chemokine id x OS to 

profile the dependent variable response for each of the 

cyto-/chemokines and the OS) described changes in cyto-/

chemokines and related it to OS. TPs with which the model 

exhibited significant effects were further examined for 

the association of the cyto-/chemokine response and OS 

across 12 patients. Moreover, the median OS of a subset of 

patients following OT-101 therapy who received either single- 

or multi-agent chemotherapy (oxaliplatin, 5-fluorouracil, 

paclitaxel, gemcitabine, erlotinib, or capecitabine) that was 

dosed within 2 weeks of the last OT-101 infusion were com-

pared. To test whether the assumptions of the model were 

satisfied, normal quantile plots were examined for distribu-

tion of the residuals of the model. The significance of the 

relationship of the cyto-/chemokine and OS was assessed 

from the interaction term parameters and model error deter-

mination for each of the cyto-/chemokines (P-values , 0.05 

were deemed significant if the false discovery rate [FDR] 

was ,10%, considering all the relationships in the interac-

tion term). All calculations were carried out in JMP 10.02 

(SAS, Cary, NC, USA).

Whole-blood cell cultures for the 
cyto-/chemokine response to OT-101
A whole-blood culture model was utilized to quantitate the 

cyto-/chemokine response to OT-101. Whole-blood cultures, 

in general, are superior to other culture models of cells of the 

human immune system in that these cultures include the com-

plete spectrum of cells of the immune system found circulating 

in peripheral blood.27 The whole-blood cultures were initiated 

within 1 hour of blood collection in order to prevent any loss of 

cell activity or nonspecific activation of the leukocytes. Both 

unstimulated and stimulated whole-blood cell cultures (with-

out cell culture medium or serum, but stimulated by bacterial 

lipopolysaccharide [LPS] or staphylococcal enterotoxin B 

[SE-B – a bacterial superantigen]) were grown in 96-well 

micro-culture plates with corresponding controls (unstimu-

lated cell control, unstimulated solvent control, stimulation 

control, and stimulated solvent control). For each donor, one 

plate was prepared with all experiments being conducted in 

triplicate. Different dilutions of OT-101 (0.187, 0.75, 3, 12, 

and 48 µg/mL) were transferred into the plate and incubated 

with whole-blood cells of different donors for 1 hour. Thereaf-

ter, media for the unstimulated cultures or the different stimuli 

(LPS [10 ng/mL] or SE-B [25 ng/mL]) were added to the blood 

cells in order to mimic inflammatory situations within the cell 

cultures: the mixture of sample and capture microspheres 

were thoroughly mixed and incubated at room temperature 

(RT) for 1 hour. At the end of the 48-hour stimulation, the 

supernatants in triplicate were tested as follows: Multiplexed 

cocktails of biotinylated reporter antibodies for each multi-

plex were then added robotically and, after thorough mixing, 

incubated for 1 hour at RT. Multiplexes were developed using 

an excess of streptavidin–phycoerythrin solution for 1 hour 

at RT. Analysis of each multiplexed reaction in matrix buf-

fer was conducted in a Luminex 100/200 instrument, and the 

resulting data stream was interpreted using data analysis soft-

ware developed at Rules-Based Medicine (Myriad Genetics, 

Austin, TX, USA).
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analyte determination in whole-blood 
culture
Except for IFN-α, which was subsequently measured by 

enzyme-linked immunoassay (ELISA), the concentration 

of each analyte to be tested in the supernatants from the 

blood culture was determined using a multiparametric 

bead-based readout system (Luminex™), called the multi-

analyte profile (MAP) test. Aliquots of thawed and clarified 

samples were introduced into one of the capture micro-

sphere multiplexes of the human MAP cores #1 and #2. 

The following 34 analytes were studied by the MAP test: 

brain-derived neurotrophic factor, granulocyte–monocyte 

colony-stimulating factor, IL-1α, IL-2, IL-5, IL-8, IL-12 

p70, IL-18, MIP-1α, matrix metalloproteinase (MMP)-2, 

MCP-1, TNF-α, eotaxin, intercellular adhesion molecule-1, 

IL-1β, IL-3, IL-6, IL-10, IL-15, IL-23, MIP-1β, MMP-3, 

stem cell factor, TNF-β, Factor VII, IFN-γ, IL-1ra, IL-4, 

IL-7, IL-12 p40, IL-17, MMP-9, VEGF, and IFN-α (single 

test by ELISA). For each multiplex, both calibrators and 

controls were included on each microtiter plate. The 

eight-point calibrators were run in the first and last col-

umns of each plate and three-level controls (high, medium, 

and low) were included in duplicate. Unknown values for 

the analytes localized in a specific multiplex were deter-

mined with four or five parameters by using weighted and 

nonweighted curve-fitting algorithms of the data analysis 

package. To evaluate the results of these experiments, a 

ratio was calculated by dividing the values of the differ-

ent OT-101 concentrations by the values of the matched 

control cultures: 1) the stimulated solvent control for the 

activated blood cultures and 2) the solvent control for the 

unstimulated blood cultures. A stimulation index (SI) was 

used to categorize the analyte results (SI ,0.7 to SI 2.0, 

or 30% inhibition to 100% stimulation).

Results
Cyto-/chemokine profiles during OT-101 
therapy in Pac patients
The impact of OT-101 treatment (Phase I/II, P001 study) 

on 31 cyto-/chemokine levels was assessed in a subset 

of 12 patients with advanced PAC. These patients were 

treated with OT-101 (140 mg/m2/day) in the 4-days-on, 

10-days-off schedule (1 cycle = 14 days). Day 1 values 

(TP 1) for each patient were baseline levels prior to OT-101 

treatment. Among the 23 TPs for blood sampling after the 

initiation of OT-101 therapy, blood from eight TPs were 

tested for cyto-/chemokine levels on Cycle 1/Day 2 (TP 2), 

Cycle 1/Day 5 (TP 3), Cycle 2/Day 1 (TP 6), Cycle 2/Day 2 

(TP 7), Cycle 2/Day 5 (TP 8), final visit/Day 29 (TP 9), and 

exit period: Cycle 3/Day 5 (TP 11, 34th day). The expres-

sion of 12 of the 31 cyto-/chemokines investigated were 

below the lower limit of detection (pg/mL). The induction 

or repression of 19 quantifiable cyto-/chemokine levels was 

assessed by normalizing the levels of each cyto-/chemokine 

to the levels observed in the screening sample for each TP. 

An ANCOVA model was utilized to investigate the associa-

tion of 19 cyto-/chemokine levels measured across 12 patients 

over three cycles of OT-101 therapy and the OS outcome 

with and without subsequent chemotherapy. The dependent 

variable was the standardized log10-transformed values 

calculated from the mean and SD of each cyto-/chemokine 

in each patient.

correlated cyto-/chemokine response 
during three cycles of OT-101 therapy
The mixed ANCOVA model explained a significant propor-

tion of the observed data for the quantifiable levels of 19 

cyto-/chemokines (EGF, eotaxin, FGF basic, HGF, IFN-α, 

IL1RA, IL-2R, IL-6, IL-7, IL-8, IL-12, IL-15, IP-10, MCP-1, 

MICA, MIG, MIP-1α, MIP-1β, and RANTES; R2 = 0.76, P 

, 0.0001; Figure 1). The variance component that examined 

patient-to-patient variation (random effect) accounted for 

16.8% of total variance. Significant differences were observed 

between cyto-/chemokine levels (F
18,1547

 = 250, P , 0.0001), 

and levels of cyto-/chemokines across TPs (F
1,1550

 = 14.4, 

P = 0.0002) with no interaction between cytokine levels 

and regression across TPs (F
18,1547

 = 1.05, P = 0.398). The 

significant time effect in this model enabled the characteriza-

tion of the correlational structure of these expression values 

across patients and cyto-/chemokines to identify modules 

of co-regulated cyto-/chemokines. An examination of the 

parametric estimates of the mixed ANCOVA model across 

TPs to identify individually affected cyto-/chemokines 

showed that only EGF levels increased significantly across 

TPs (DF = 1,547, T = 2.59, P = 0.0097). An increasing trend 

was observed for 13 of the 19 cyto-/chemokines (Figure 2).  

Values differed significantly between TPs for eotaxin, 

G-CSF, IL-6, IL-15, and IP-10.

hierarchical cluster analysis of patient 
cyto-/chemokine levels
Finding patient clusters according to their relative cyto-/

chemokine levels may reveal useful and/or meaningful 

insights into groups of patients that might differ in their 

response to OT-101 treatment. Therefore, cluster analysis 

was conducted for eight TP values. Clustering of correlation 

coefficients resulted in the identification of three highly 
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Figure 2 summary of expression values at each TP for 19 cyto-/chemokines investigated which depicted mean log10 levels and se of mean pooled across patients.
Notes: Mean expression (±se) shown in the plot for 12 patients for each of the 19 cyto-/chemokines (egF, eotaxin, FgF basic, hgF, iFn-α, il-12, il-15, il1ra, il-2r, il-6, il-7, 
il-8, iP-10, McP-1, Mica, Mig, MiP-1α, MiP-1β, and RANTES) are depicted across all eight TPs. Only EGF (left-most panel) increased significantly across TPs (P = 0.0097).
Abbreviations: TPs, time points; se, standard error.

α α β

Figure 1 Fit of the ancOVa model for the 19 cyto-/chemokine data.
Notes: cyto-/chemokines (egF, eotaxin, FgF basic, hgF, iFn-α, il1ra, il-2r, il-6, il-7, il-8, il-12, il-15, iP-10, McP-1, Mica, Mig, MiP-1α, MiP-1β, and ranTes) were 
treated as a categorical variables, TPs were treated as a continuous variable, and each patient was treated as a random factor with a separate variance component (to control for 
multiple measurements taken from the same individual and differences between individual). This model corrects for the appropriate degrees of freedom in a model with both 
fixed and random factors. The plot depicts the actual and predicted log10-transformed levels of 19 cyto-/chemokines with median expression $1 (R2 = 0.76, P , 0.0001).
Abbreviations: ancOVa, analysis of covariance; TPs, time points.
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correlated subsets of cyto-/chemokines (Figure 3; Cluster 1: 

EGF, CCL3/MIP-1α, and CCL4/MIP-1β; Cluster 2: FGF2, 

CXCL9/MIG, CXCL10/IP-10, IL-15, IFNA1/IFN-α, and 

IL12A/IL-12; and Cluster 3: HGF, IL-6, and IL-8).

Protein–protein interaction networks were constructed 

using STRING10 algorithm for co-regulated cyto-/chemokines 

to identify potential hub proteins connecting TGFBR2 

pathways to cyto-/chemokines. Networks were visualized 

by initially seeding the inputs from 16 co-regulated cyto-/

chemokines (EGF, CCL11, IFN-α, IL-10, IL-12A, IL-15, 

IL-1β, IL-1RN, IL-2, IL-4, CXCL8, CXCL10, CCL2, 

MICA, CXCL9, and CCL3). Positive correlations of at least 

five TPs were considered for calculation of Pearson correla-

tion coefficients from 12 patients and 30 cyto-/chemokines 

(18,646 pairs). In total, 1,762 correlations were significant 

with P , 0.05 (FDR = 53%). In total, 175 correlations 

were significant at the 0.002 level (FDR = 21%), from 

12 patients treated with three cycles of OT-101, and then 

grown to identify the connecting hubs between the inputs. 

Correlations of cytokines and chemokines in comparisons 

of patients 1035 and 1037 identified only 44 significant 

correlations with other patients. This analysis identified 

16 cytokines co-regulated between these two patients to 

five other patients in the data set. STAT1, STAT3, MYD88, 

and TRAF6 formed hub proteins connecting these 16 cytok-

ines with no clear emergence of a cytokine storm in these 

patients.

Potential interactions with the TGFBR1/2 pathway and 

Cluster 1–3 proteins were evaluated using the STRING10 

algorithm to identify and group connecting protein–protein 

interaction networks. Connections of the TGFBR2 pathway 

to Cluster 1 proteins potentially occur through STAT3, JUN, 

SRC, and SHC1 proteins (Figure 4); connections to Cluster 2 

proteins can occur via UBC, CTNNB1, MYD88, and TRAF6 

(Figure 5); and connections to Cluster 3 can occur via RELA, 

EP300, and HDAC2 (Figure 6).

Identification of protein–protein 
interactions linking TgFBr2 to 
cyto-/chemokines
To identify cross-talk mechanisms for TGF-β pathways and 

transcriptional activation of cyto-/chemokines, a text-mining 

approach was undertaken. Suppression of TGF-β signaling 

by OT-101 led to a significant upregulation of IL-15, 

IP-10, and HGF, with a mean induction factor of 2.7, 1.7, 

and 2.2, respectively. Furthermore, positive correlations were 

observed with other cyto-/chemokines that were investigated 

in this study. Therefore, a literature survey was carried out 

through text mining in an EVEX database, which contains 

more than 40 million biomolecular events among more than 

76 million automatically extracted gene/protein name list-

ings (http://evexdb.org/), to identify potential mechanisms 

that exhibited downregulation of transcriptional activation 

of cyto-/chemokines via activation of the TGF-β pathway. 

Two mechanisms were discovered that linked TGF-β path-

way activation and downregulation of STAT1 via the IFN 

pathway that targets IP-10 and MIG expression,28,29 whereas 

STAT6 targeted HGF which was upregulated by OT-101.30 

In addition, the TGF-β pathway is capable of inhibiting 

nuclear factor-kB (NF-κB), which targets TNF-α, IL-1β, 

IL-6, IL-12, and MIP-1β activation via p38.31 Both of these 

mechanisms for the negative regulation via STAT1 and 

NF-κB pathways were identified in the protein–protein 

networks linking TGFBR2 to cyto-/chemokines, thereby 

providing potential mechanisms for the induction of cytokine 

storms in these patients.

Examination of patient to patient variation for the expres-

sion of proinflammatory cytokines, anti-inflammatory factors, 

and chemokines revealed that four (patients 1035, 1037, 

1044, and 1051) out of 12 patients exhibited a consistent 

Figure 3 Two-way hierarchical clustering using the correlation coefficient metric (r) 
identified three sets of co-regulated cyto-/chemokines during OT-101 therapy.
Notes: expression values were log10-transformed and color coded from blue to 
red on a heatmap representing increasing levels of expression observed in these 
12 patients with Pac. The average linkage method was applied to identify co-regulated 
chemo-/cytokines. Hierarchical cluster figures for each of the 19 cyto-/chemokines 
highlighted patient-to-patient variability for the expression of proinflammatory 
cytokines, anti-inflammatory cytokines, and chemokines following three cycles of 
OT-101 therapy with no consistent profile for cytokine storm induction emerging 
across the eight TPs investigated.
Abbreviations: TPs, time points; Pac, pancreatic cancer.
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increase in the levels of proinflammatory cytokines (IL-1β 

and MIP-1α), and fewer patients registered increases for each 

of the other cytokines in the study (Figure 7). Hierarchical 

cluster figures for each of the cyto-/chemokines highlighted 

patient-to-patient variability for the time profiles following 

three cycles of OT-101 treatment, with no consistent profile 

for induction of cytokine storm emergence across all the 

eight TPs investigated. Standardized expression values for 

each patient and each cyto-/chemokine presented as a cluster 

figure showed that the expression values ranged to within 

2.5 SD units.

OT-101–induced cyto-/chemokine levels 
correlated with Os
The cyto-/chemokine response to OT-101 treatment over 

three cycles and OS outcome was examined. The ANCOVA 

model explained a significant proportion of the observed 

data for Cycle 1/Day 2 measurements of cyto-/chemokines 

(R2 = 0.3, F
59,217

 = 1.575, P , 0.0103). Other TPs did not 

exhibit a significant model fit or significant relationships 

in the interaction term: Baseline, R2 = 0.271, P = 0.0542 

(no significant relationships in the interaction term); 

Cycle 1/Day 5, R2 = 0.26, P = 0.0984; Cycle 2/Day 1, 

Figure 4 Potential cluster 1 protein–protein interactions with TgFBr1/2 using the sTring10 algorithm using the input seed TgFBr2, egF, ccl3, and ccl4.
Notes: Nodes are protein identifiers. Networks were visualized by first seeding the inputs and then growing the networks to identify connecting hubs between the inputs. 
Edges indicate the confidence level for the association calculated from various lines of experimental evidence (Neighborhood, Gene Fusion, Co-occurrence, Co-expression, 
Experiments, Text mining, Databases, and Homology. All associations are filtered for 90% confidence). Clustering conducted on the association scores to group 
protein–protein interaction networks (“Mcl” algorithm provided by the software). solid lines represent connections within clusters and dotted lines connections between 
clusters. Protein–protein interaction networks constructed using sTring10 algorithm (http://string-db.org/).
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R2 = 0.2, P = 0.892; Cycle 2/Day 2, R2 = 0.26, P = 0.368; 

Cycle 2/Day 5, R2 = 0.400, P = 0.0256 (no significant 

relationships in the interaction term); and final visit (Day 

2), R2 = 0.170, P = 0.996; Cycle 3/Day 5 (Day 34), 

R2 = 0.229, P = 0.463. Three significant associations of 

cyto-/chemokine and OS were observed at Cycle 1/Day 2 

measurements (7% FDR): eotaxin (negative association, 

T-value = −3.55, n = 12, P = 0.0005); IL-8 (positive associa-

tion, T-value = 2.92, n = 12, P = 0.0039); and TNF-α (positive 

association, n = 4, T-value = 2.74, P = 0.0067).

Figure 5 Potential cluster 2 protein–protein interactions with TgFBr1/2 using the sTring10 algorithm using the input seed TgFBr2, FgF2, il-12, Mig, iP-10, il-15, 
and iFn-α.
Notes: Nodes are protein identifiers. Networks were visualized by first seeding the inputs and then growing the networks to identify connecting hubs between the inputs. 
Edges indicate the confidence level for the association calculated from various lines of experimental evidence (Neighborhood, Gene Fusion, Co-occurrence, Co-expression, 
Experiments, Text mining, Databases, and Homology. All associations were filtered by 90% confidence). Clustering conducted on the association scores to group protein–
protein interaction networks (“Mcl” algorithm provided by the software). solid lines represent connections within clusters and dotted lines connections between clusters.
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IL-8 and IL-15 levels significantly 
correlated with Os
A detailed representation of EGF, IL-8, and IL-15 levels 

depicted using a heatmap and the clustering of patients 

across three cycles of OT-101 treatment exhibited variable 

responses in each of the 12 patients and at each of the treat-

ment cycles (Figure 8). Patients were clustered according 

to the peak of the EGF, IL-8, and IL-15 response during 

Cycles 1–3. Pairwise correlations during Cycle 1 revealed 

that plasma EGF levels were positively associated with OS 

in nine patients with PAC measured after Cycle 1/Day 5 

treatment with OT-101 (bivariate analysis with R2 = 0.64, 

DF = 7.1, T-value = 3.55, P = 0.0094). Although ANCOVA 

analysis suggested that EGF levels increased consistently 

across the three cycles of treatment, the survival benefit is 

lost when examining Cycles 2 and 3 and there was a trend of 

a negative relationship between EGF levels and OS.

Peak levels of IL-8 response after 2 days of OT-101 

treatment were positively correlated with OS in patients 

with PAC. The maximum levels of IL-8 measured after 

Day 2 were subtracted from the maximum levels on 

Day 5 treatment after each cycle and these standardized 

scores were correlated with log10-transformed OS values. 

Figure 9 depicts the significant regression and 95% CI 

for 11 patients (Patient 1038 is shown but not included 

in the calculation because measurements were only taken 

after Cycle 1 therapy; R2 = 0.58, F
1,9

 = 12.32, P = 0.0068), 

whereby the increasing difference of IL-8 following Day 2 

Figure 6 Potential cluster 3 protein–protein interactions with TgFBr1/2 using the sTring10 algorithm using the input seed TgFBr2, hgF, il-6, and il-8.
Notes: Nodes are protein identifiers. Networks were visualized by first seeding the inputs and then growing the networks to identify connecting hubs between the inputs. 
Edges indicate the confidence level for the association calculated from various lines of experimental evidence (Neighborhood, Gene Fusion, Co-occurrence, Co-expression, 
Experiments, Text mining, Databases, and Homology. All associations were filtered by 90% confidence). Clustering conducted on the association scores to group protein–
protein interaction networks (“Mcl” algorithm provided by the software). solid lines represent connections within clusters and dotted lines connections between clusters.
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Figure 7 Patient cyto-/chemokine profiles at eight TPs after intravenous OT-101 therapy.
Notes: expression values were log10-transformed, standardized, and color coded from blue to red heatmap, representing increasing levels of expression observed in these 
four representative patients. The average linkage method was applied to identify co-regulated cyto-/chemokines. Hierarchical cluster figures for each of the 19 cyto-/chemokines 
highlighted patient-to-patient variability for the expression of proinflammatory cytokines, anti-inflammatory cytokines, and chemokines following OT-101 treatment with no 
consistent profile for cytokine storm induction emerging across all the TPs investigated. One-way clustering of patients for each cyto-/chemokine was also undertaken, showing 
that a subset of four patients (patients 1035, 1037, 1044, and 1051) exhibited an increasing trend in the expression of il-1β and MiP-1α with three cycles of OT-101 therapy.
Abbreviation: TPs, time points.
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Figure 8 Plasma levels of egF, il-15, and il-8 in 12 Pac patients following three cycles of OT-101 therapy.
Notes: heatmap represents standardized expression levels (blue to red depicts increasing expression levels relative to mean and sD of log10-transformed egF (upper panel), 
il-15 (middle panel), and il-8 (lower panel) expression level in each patient organized using one-way hierarchical clustering technique (dendrogram joined using the average 
distance metric). Missing values were imputed and shown by a cross in the cell. egF, il-15, and il-8 plasma levels were variable for different patients across three cycles of 
OT-101 therapy. Two patients (patients 1035 and 1047) exhibited marked increases in il-8 expression during cycle 1/Day 2 treatment with OT-101.
Abbreviation: Pac, pancreatic cancer.
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treatment versus Day 5 treatment was positively correlated 

with OS.

Given the improved OS of patients receiving che-

motherapeutic treatment following OT-101 as compared 

to those who did not, the correlational analysis of cyto-/

chemokine levels with OS was further delineated in the 

subset of 12 patients with PAC. The results showed posi-

tive correlations between OS and levels of IFN-α, IL-6, 

IL-8, IL-12, IL-15, and IP-10 with and without subsequent 

chemotherapy. Predictive biomarkers should, in principle, 

determine the potential survival response beginning at an 

OS of 0 months. IL-8 and IL-15 were the only cytokines 

that intercepted at the zero axis with and without subsequent 

chemotherapy, suggesting that the plasma levels of these two 

cytokines can predict 0% survival at the lower limit, regard-

less of whether they received subsequent chemotherapy 

(Figure 10). This indicated the potential to predict efficacy 

based on the maximum difference between Day 2 and Day 

5 levels of these two cytokines and OS during OT-101 treat-

ment and subsequent chemotherapy. With the subsequent 

chemotherapy as the covariate in the ANCOVA model, a 

significant positive correlation was observed between the 

difference in IL-8 levels and OS (P = 0.002), as well as a 

strong positive trend in OS for three patients (5.5, 18.2, and 

18.9 months) with subsequent single- or multi-agent chemo-

therapy (P , 0.07) administered within 2 weeks of OT-101 

treatment (Figure 10A). Similarly, levels of IL-15 exhibited 

a significant positive correlation with OS following OT-101 

treatment (R2 = 0.50, P = 0.032). However, due to low patient 

numbers, this positive trend with subsequent chemotherapy 

did not achieve statistical significance (R2 = 0.93, P = 0.172; 

Figure 10B).

Figure 9 Peak of il-8 response after 2 days of OT-101 treatment are positively 
correlated with Os in patients with Pac.
Notes: Twelve patients were treated with three cycles of OT-101, and il-8 
levels were measured during each cycle following 2 and 5 days of treatment 
(three measurements were taken after each cycle on Day 5 treatment, and two 
measurements following cycles 1 and 2 were taken for Day 2 treatment). Maximum 
levels of il-8 measured after Day 2 were subtracted from maximum levels on Day 5 
treatment after each cycle, and these standardized scores were correlated with 
log10-transformed OS values. Depicted in this figure, is the significant regression 
and 95% ci for 11 patients (patient 1038 is shown but not included in the calculation 
because measurements were only taken after cycle 1 therapy; R2 = 0.58, F1,9 = 12.32, 
P = 0.0068; 95% ci with patient numbers depicted by the red-shaded area), whereby 
the increasing difference of il-8 following Day 2 treatment versus Day 5 treatment 
was positively correlated with Os.
Abbreviations: Os, overall survival; Pac, pancreatic cancer; std, standard.

Figure 10 Cytokine levels (Day 2–Day 5) plotted against OS of patients and stratified with and without subsequent chemotherapy.
Notes: (A) IL-8 levels (max Day 2–max Day 5) across three cycles of treatment plotted against OS and stratified with and without subsequent chemotherapy. With the 
subsequent chemotherapy as the covariate in the ANCOVA model, a significant correlation was observed between IL-8 levels versus OS that was dependent on subsequent 
chemotherapy (il-8: ancOVa, F3.8 = 162, P , 0.0001; interaction of il-8 levels × subsequent therapy, F1,8 = 43, P = 0.0002). A significant positive correlation was shown 
between the difference in il-8 levels and Os (R2 = 0.77, P = 0.002, 95% ci with patient numbers depicted by the blue-shaded area) as well as a strong positive trend in Os for 
patients with subsequent chemotherapy (R2 = 0.98, P , 0.069). (B) Significant overall correlation was observed for IL-15 levels versus OS and the relationship was dependent 
on subsequent chemotherapy (il-15: ancOVa, F3,8 = 127, P , 0.0001; interaction of il-15 levels × subsequent therapy, F1,8 = 23.5, P = 0.0013). OT-101 treatment led to a 
significant positive correlation (R2 = 0.51, P = 0.0311) of il-15 cytokine levels (max Day 2–max Day 5) plotted against Os. however, subsequent chemotherapy did not result 
in a significant positive correlation (R2 = 0.93, P = 0.172) due to low patient numbers.
Abbreviations: Os, overall survival; ancOVa, analysis of covariance; std, standard.
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effect of OT-101 in the whole-blood 
cultures of healthy volunteers
OT-101 elicited proinflammatory cytokine and chemokine 

responses in ex vivo studies with human peripheral blood 

mononuclear cells that do not express TGF-β2. Among the 

34 cyto-/chemokines analyzed in whole-blood cultures of 

healthy volunteers, mediators with the most pronounced 

increase after OT-101 treatment were IL-1β, IL-1RA, IL-6, 

IL-8, MCP-1, and MIP-1β as well as IL-10. Only three of 

these were found to be increased by OT-101 in experimentally 

stimulated cultures (IL-1β, IL-8, and MCP-1; Figure 11A), 

whereas IL-10 was found to be inhibited. Levels of IL-6 and 

MIP-1β were not influenced by OT-101 in activated immune 

cells. OT-101–mediated release of IL-1β, IL-8, and MCP-1 

Figure 11 il-1β, il-8, and McP-1 levels in unstimulated (A) and lPs/s-eB stimulated (B) whole-blood cell cultures of three healthy volunteers following exposure to OT-
101.
Notes: Four-fold dilutions of OT-101 (0.187, 0.75, 3, 12, and 48 µg/ml) were incubated with whole-blood cells from three normal volunteer donors for 1 hour. Thereafter, 
the medium for the unstimulated cultures or the different stimuli (bacterial LPS or S-EB) were added to the blood in order to mimic inflammatory situations within the 
cell cultures: at the end of 48-hour stimulation, the concentration of analytes in both the control and the treated supernatants in triplicate were determined using a 
multiparametric bead-based readout system (luminex™). Multiplexes were developed using an excess of streptavidin–phycoerythrin and analysis was conducted in a luminex 
100/200 instrument; the resulting data stream was interpreted using data analysis software developed at rules-Based Medicine. To evaluate the results, a ratio was calculated 
by dividing the values of the different test sample concentrations by the values of the matched control and a stimulation index was used to categorize the analyte results.
Abbreviations: lPs, lipopolysaccharide; s-eB, staphylococcal enterotoxin B.
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was markedly increased when blood cultures were co-

stimulated with LPS/S-EB, mimicking a preinflammed state 

(Figure 11B). In unstimulated cultures, the increase in cyto-/

chemokines levels occurred only at the highest concentration 

of OT-101 tested (48 µg/mL) and never reached 10% of 

the amount released by the cells stimulated by either LPS or 

S-EB, except in the case of MCP-1. The release of this 

chemokine was found to be increased by OT-101 up to 20%. 

IFN-α was measured by single ELISA and also exhibited a 

moderate costimulating effect of OT-101 on the LPS/S-EB-

activated cultures of two of the three donors. These findings 

suggest the lack of a clear indication of a cytokine storm-like 

phenomenon of OT-101, although the drug is not without 

stimulating potential on the cells of the human immune 

system under physiological conditions.

Discussion
An appropriate balance of the T-helper type 1 and T-helper 

type 2 (Th1/Th2-type) cytokine profile is considered 

important for an effective antitumor response. Patients with 

advanced-stage tumor appear to experience simultaneous 

immunostimulation and immunosuppression with increased 

concentrations of cytokines, including IL-6, IL-8, IL-10, 

IL-18, TGF-β, MIF, and TNF-α.23 The result is a local 

inflammatory environment that appears to be a consistent 

component of malignant tumors.23–25 TGF-β2 production 

in tumors shifts the cytokine balance toward immunosup-

pression by suppressing the secretion and activity of Th1 

inflammatory cytokines, decreasing the expression levels 

of cytokine receptors, and stimulating immunsuppressive 

factors such as IL-10 and prostaglandin E2.32–34 A shift from 

a Th2 to Th1 cytokine is important for mounting an effective 

antitumor immune response.35,36 This study assessed the puta-

tive impact of infusion therapy of antisense oligonucleotide 

OT-101 in a subset of patients with advanced PAC on the 

plasma levels of 31 cyto-/chemokines. In addition, both 

stimulated and unstimulated whole-blood cultures of healthy 

volunteers were tested ex vivo for either induction or repres-

sion of 34 cyto-/chemokines by OT-101.

OT-101 specifically binds to human TGF-β2 mRNA 

and downregulates its protein expression in tumor cells.5,8,37 

Inhibition of TGF-β2 is, therefore, assumed to increase the 

release of inflammatory cytokines and is part of the intended 

antitumor response.33 Indeed, changes in cyto-/chemokine 

levels were identified in some patients during the course 

of the Phase I/II clinical study with three cycles of OT-101 

infusion. Plasma levels of quantifiable cyto-/chemokines 

were log10-transformed and the expression of each cyto-/

chemokine was standardized in each PAC patient across 

the selected TPs 1, 2, 3, 6, 7, 8, 9, and 11 post treatment. 

However, no consistent responses in cyto-/chemokine levels 

were observed during three cycles of OT-101 treatment using 

the mixed-model ANCOVA. Each patient exhibited a high 

level of variation in time profiles for the 19 quantifiable cyto-/

chemokines, and the expression values ranged from −2.4 

to +2.5 SD units, suggesting that these changes were not in the 

order of magnitude that is typically observed with immune 

modulators such as therapeutic antibodies.5,9,38–40

A two-way clustering analysis was utilized to organize the 

expression of cytokines across rows and the patient at each 

TP to visualize high levels of expression that were consistent 

across patients and TPs. A high expression cluster was identi-

fied, but a closer examination of this cluster did not reveal 

components of the cytokine storm across multiple patients 

at multiple TPs. A correlation cluster analysis revealed 

three clusters of co-regulated expression and a supervised 

protein–protein network depiction of potential connection 

hubs between TGFBR2 and the cytokine pathways, and also 

identified UBC, STAT1, STAT3, and NFKB interactions 

as potential mechanisms for increases in cytokine levels 

via TGFBR2 inhibition. Controlling for patient-to-patient 

variability, only EGF showed a significant increase in levels 

across TPs. A statistically significant upregulation of cyto-/

chemokine levels was found for the factors HGF, IFN-α, 

and IL-15 in Cluster 1. The eotaxin level was significantly 

downregulated in Cluster 2. The high level of patient-to-

patient variability in the time profiles of cytokine expression 

levels suggests that the changes in these expression levels 

were highly context-specific, requiring a much larger sample 

of patients to identify consistent trends.

A literature review was conducted to compile the various 

mechanisms of cytokine storms induced by viruses, monoclonal 

antibodies, and other cyto-/chemokines. The constituents 

of a cytokine storm were highly dependent on the induction 

mechanism and model system used.41–43 Common mediators 

of cytokine storms included IL-1β, IL-2, IL-6, IL-8, IL-10, 

IL-12, IL-17, IFNγ, MIP-1α, and TNF-α. Peak levels of 

IFN-γ, IL-6, sgp130, and sIL-6R are highly associated with 

severe cytokine-release syndrome.43 In the present study, 

protein–protein interaction networks that connected the 

TGFBR2 pathway to the cytokine storm identified common 

hub proteins, such as UBC, TRAF6, MYD88, and STAT3, as 

the ones identified from the correlation cluster analysis. This 

prompted an examination for the signature of the mediators of 

cytokine storms from the OT-101–treated patients. An exami-

nation of co-regulated sets of cytokines and chemokines did 

not reveal a cluster of common cytokine storm mediators. 

Although potential mechanisms that link TGFBR2 receptor 
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inhibition to the induction of a cytokine storm were identi-

fied in a literature review and analysis of protein–protein 

network, the cluster analysis of standardized expression 

levels stratified across patients and cyto-/chemokines did not 

reveal an elevated signature for the emergence of a cytokine 

storm following repeated intravenous OT-101 treatment.

Further confirmatory studies were conducted with 

whole-blood cultures of healthy volunteers for evaluating 

the potential for cytokine storm induction by OT-101. 

Whole-blood cultures provide a complete spectrum of cells 

of the immune system found in the peripheral blood, thereby 

ensuring a maximum cell-to-cell cooperation for character-

izing the activity profile of immune modulators.44–47 Using the 

whole-blood culture model derived from three normal healthy 

volunteers, biologically relevant effects of OT-101 were 

found. The mediators with the most pronounced increase after 

OT-101 treatment were IL-1β, IL-1RA, IL-6, IL-8, MCP-1, 

and MIP-1β as well as IL-10. OT-101–mediated release of 

IL-1β, IL-8, and MCP-1 was further increased when blood 

cultures were co-stimulated with LPS/S-EB, mimicking a 

pre-inflammed state, whereas IL-10 was inhibited. Thus, 

OT-101 triggered a background activity in unstimulated 

whole-blood cultures, which was a minor fraction of the 

experimentally stimulated cultures. When added to cultures 

stimulated with LPS/S-EB (mimicking a preinflamed immune 

system in vivo), OT-101 revealed a more differential stimu-

latory type of response. Taken together, there was no clear 

indication of a cytokine storm-like phenomenon with OT-101 

during a Phase I/II clinical study in PAC patients as well as in 

whole-blood cultures of healthy volunteers, although OT-101 

is not without stimulating potential on the cells of the human 

immune system under physiological conditions.

Given the improved OS of patients receiving chemo-

therapy following OT-101 as compared to those who did not, 

the correlation analysis of cyto-/chemokine levels with OS 

was delineated in the subset of 12 patients with PAC. For a 

more practical application of the predictive biomarkers, the 

correlation between fluctuations in cyto-/chemokine levels 

from OT-101 treatment – represented by the maximum differ-

ence between Cycle 1 Day 2 values and Day 5 values – and 

OS was further investigated. The maximum levels of cyto-/

chemokine levels on Day 5 were subtracted from levels on 

the Day 2, and these standardized scores were correlated with 

OS values. Results showed positive correlations between OS 

and levels of IFN-α, IL-6, IL-8, IL-12, IL-15, and IP-10. 

Only regression lines of IL-8 and IL-15 levels for patients 

with and without subsequent chemotherapy intersected at 

an OS of 0 months. With the subsequent chemotherapy as 

the covariate in the ANCOVA model, significant positive 

correlation was shown between the difference in IL-8 and 

IL-15 levels and OS, as well as a significant increase in OS for 

three patients (5.5, 18.2, and 18.9 months) with subsequent 

single- or multi-agent chemotherapy administered within 

2 weeks of OT-101 treatment.

Both IL-8 and IL-15 play important roles in immune-

mediated antitumor response and chemotherapy.48 IL-8 

produced by tumor cells exerts various functions in shaping 

protumoral vascularization and inflammation/immunity.49–51 

IL-8 expression is primarily regulated by activator protein 

1 and NF-κB transcription factors. Because of its potent 

proinflammatory properties, IL-8 is tightly regulated, and its 

expression is low or undetectable in normal tissue. Different 

stimuli have been shown to upregulate IL-8 expression, 

and high IL-8 levels have been reported in serum or tissue 

specimens from patients with tumor and they correlated with 

tumor size, depth of infiltration, stage, and prognosis;52–54 

however, its value as a tumor biomarker to predict changes 

in tumor burden and to monitor response to therapy has 

been poorly explored.19,55,56 In contrast, IL-15 has already 

been proven to have a beneficial effect in patients with 

PAC because IL-15–producing PAC cells induce a tumor-

reducing effect via NK cells,57,58 and that human umbilical 

cord blood-derived mesenchymal stem cells producing IL-15 

eradicate pancreatic tumors in mice.59 In PAC specifically, 

it has been shown that higher absolute levels of NK cells 

in circulation are associated with better survival.60 Conse-

quently, IL-15 has the potential to play an important role in 

the treatment of PAC by stimulating NK cells to target both 

tumor cells and the surrounding desmoplastic barrier.

In addition to these clinical findings, our earlier preclini-

cal studies demonstrated that OT-101 synergizes with pacli-

taxel (PTX) and dacarbazine (DTIC) when tested in three 

xenograft tumor models (glioblastoma, ovarian cancer, and 

melanoma), with enhanced antitumor activity and prolonged 

survival.21,61 Both PTX and DTIC have been shown to exhibit 

drug-IL-8 upregulation (16 and four associations with PTX 

and DTIC, respectively), identified using text mining in the 

CTDbase (http://ctdbase.org/). Of the 718 genes affected by 

PTX and the 25 genes affected by DTIC, 17 were affected by 

IL-8. Of the 222 genes affected by temozolomide (TZM), 52 

were affected by both TZM and PTX. PTX induces reactive 

oxygen species-dependent expression of hypoxia-inducible 

factor-1 α (HIF-1α) and HIF-2α, leading to HIF-mediated 

expression of IL-6, IL-8, and MDR1, which promote 

the survival of cancer cells – a response that is a critical 

determinant of treatment failure and patient mortality.62,63 

DTIC induces IL-8 protein overexpression and secretion 
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via transcriptional upregulation in melanoma cell lines.64 

Future clinical trials are planned to further explore the rela-

tionship between IL-8 and IL-15 and sequential OT-101 and 

chemotherapy strategies, as Th1 cytokines should increase 

with elimination of immunosuppression activity of TGF-β2 

via OT-101 treatment. Currently, the gemcitabine plus 

nab-paclitaxel combination and the FOLFIRINOX regimen 

are the first-line therapies for patients with advanced PAC.65,66 

Whereas improvements to patient survival have been made 

in such advances, the majority of patients will progress after 

6 months of treatment. New therapies with greater efficacy 

are urgently needed for this disease. To this end, targeting 

tumor desmoplasia with OT-101 to improve drug delivery 

and overcome chemoresistance is being investigated as a 

new therapeutic approach.

Conclusion
The cluster analysis of standardized expression levels of 

plasma cyto-/chemokines did not reveal an elevated signature 

for the emergence of a cytokine storm following OT-101 treat-

ment, although the drug is not without stimulating potential on 

cells of the human immune system. Using the mixed ANOVA 

model, a spike in levels of IL-8 and IL-15 during Cycle 1 were 

positively associated with OS across 12 patients with PAC 

and served as potential predictive biomarkers for treatment 

outcome following OT-101 therapy. Future clinical trials 

should further explore the relationship between IL-8, IL-15, 

and sequential OT-101 and chemotherapeutic strategies as Th1 

cytokines should increase with the elimination of the immu-

nosuppressive activity of TGF-β2 via OT-101 treatment.
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