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Table 2. Direct and cytokine-mediated effects of Tilsotolimod on CYP enzyme mRNA and activity
in primary cultures of human hepatocytes (n = 3)

INTRODUCTION
The innate immune response to some drugs may involve the release of proinflammatory cytokines, such
as IL-6, which have the ability to suppress xenobiotic-metabolizing CYP enzymes and affect the
pharmacokinetics of co-administered small molecules. The 2012 FDA Drug-Drug Interaction (DDI)
guidance recommended the evaluation of therapeutic proteins such as cytokines or cytokine modulators
for their ability to modulate the expression of CYP enzymes or transporters (Food and Drug
Administration (US), 2012). Although not a peptide drug, it is possible that an immuno-modulator, such
as the oligonucleotide, Tilsotolimod (IMO-2125), an investigational agonist of toll-like receptor 9 designed
to enhance T-cell responses to tumor antigens, could precipitate DDIs. Tilsotolimod alters the tumor
microenvironment by improving antigen presentation by dendritic cells and macrophages with
subsequent proliferation of antigen-specific cytotoxic T lymphocytes (CD8+ T cells) in both injected and
distant tumors resulting in tumor cell death (Figure 1). In this study, we investigated the potential of
Tilsotolimod to cause direct and cytokine-mediated effects on CYP mRNA expression and enzyme
activity in primary human hepatocytes according to a published in vitro method (Czerwinski et al., 2014).
The method comprised stimulation of human blood with a drug or a therapeutic protein followed by
separation and subsequent incubation of human hepatocytes co-cultured with Kupffer cells with the
drug-treated plasma to assess the potential of the drug to alter the expression of drug metabolizing
enzymes and transporters through its effect on cytokines. All cultures of hepatocytes used in this study
were co-cultures of hepatocytes and Kupffer cells isolated from the same donors in routine perfusion and
plating procedures. The test system accounts for the combined effects of all cytokines stimulated by the
drug in blood on CYP expression in primary cultures of human hepatocytes (Figure 2).

MATERIALS & METHODS

Idera Pharmaceuticals provided Tilsotolimod. Other reagents used in this study were obtained from
suppliers described in other literature (Czerwinski et al., 2014). Blood was donated by 10 healthy
volunteers who gave informed consent to participate in the study. Blood was treated with Tilsotolimod (10
or 100 µg/mL) or LPS (10 ng/mL) in the room air at 37°C. The blood and drug were mixed gently and
incubated for 24 h. For the quantification of cytokines, samples were diluted by a factor of four and
analyzed in duplicate by sandwich immunoassay with electrochemiluminescence detection according to
the manufacturer's instructions (Meso Scale Discovery, Gaithersburg, MD, USA). Interferon gammainduced protein 10 (IP-10), monocyte chemoattractant protein 1 (MCP-1) and macrophage inflammatory
protein 1-alpha (MIP-1α) were measured with the Human Chemokine V-PLEX assay interleukin-2 (IL-2),
interleukin-6 (IL-6), interleukin-12 (IL-12p70) and tumor necrosis factor alpha (TNF-α) with the Human
Proinflammatory V-PLEX assay, and interferon alpha (IFN-α2a) with the U-PLEX assay.
Hepatocytes and Kupffer cells were isolated from three non-transplantable livers by a two-step
collagenase perfusion method and plated on collagen-coated 24-well plates as previously described
(Madan et al., 2003). These isolation and plating procedures routinely result in a co-culture of
hepatocytes and liver macrophages (Lambert-Li et al., 2014). For treatment of cell cultures, equal
volumes of drug-treated plasma from 10 donors were pooled.

Treatment

Direct and cytokine-mediated effects of Tilsotolimod, LPS or the controls on CYP1A2, CYP2B6 and
CYP3A4 in primary cultures of human hepatocytes are presented in Table 2 and Figure 3. Treatment of
three cultures of hepatocytes with enzyme inducers omeprazole, phenobarbital or rifampin caused
expected increases in CYP1A2, CYP2B6 and CYP3A4 mRNA expression, on average, of 37, 11 and 10
fold over the vehicle control, respectively. Corresponding increases in the enzyme activities were
observed. Flumazenil, a negative control for CYP induction, had no effect on the CYP mRNA or enzyme
activity levels. Direct treatment of hepatocytes with up to 100 µg/mL Tilsotolimod had little or no effect on
the CYP mRNA or enzyme activity levels with changes ranging from 0.813 to 1.52 fold over the vehicle
control. Treatment of hepatocytes with 40% v/v of plasma from blood incubated with up to 100 µg/mL
Tilsotolimod changed CYP1A2, CYP2B6 and CYP3A4 mRNA, on average, 1.50, 0.633 and 0.520-fold
over the saline plasma control, respectively. These changes were accompanied by reduction of
CYP1A2, CYP2B6 and CYP3A4 enzyme activity, on average, 0.474, 0.132 and 0.862-fold over the
saline plasma control, respectively.
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To examine the direct effects of Tilsotolimod on CYP enzyme levels in primary co-cultures of
hepatocytes and Kupffer cells, the drug was added to cells in the absence of peripheral blood
mononuclear cells (PBMC). To examine the cytokine-mediated effects, IMO-2125 was incubated ex vivo
with whole blood containing PBMCs after which plasma was prepared and added to the co-culture of
hepatocytes and Kupffer cells (final concentration equal to 40% v/v of cell culture medium). Plasma
levels of selected cytokines were evaluated by sandwich immunoassay with electrochemiluminescence
detection (Meso Scale Discovery). After 72-h incubation, changes in CYP expression were determined
by RT-PCR or enzyme activities toward CYP-selective probes in situ.
Figure 3. Direct and cytokine-mediated effects of Tilsotolimod on CYP enzyme mRNA and
activity in primary cultures of human hepatocytes
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the ratio of treatment vs. control groups, are the mean ± standard deviation of Relative
Quantification Factor;
b Values, the ratio of treatment vs. control groups, are the mean ± standard deviation of triplicate
determinations of phenacetin O-dealkylation (CYP1A2), bupropion hydroxylation (CYP2B6) or
midazolam 1´-hydroxylation (CYP3A) expressed as percent of control. Control values in vehicle control
and saline plasma were 1.77 ± 0.91 and 0.842 ± 0.214 pmol/incubation/min for CYP1A2, 1.04 ± 0.50
and 1.11 ± 0.10 pmol/incubation/min for CYP2B6 and 5.06 ± 2.49 and 1.58 ± 1.58 pmol/incubation/min
for CYP3A, respectively;
* Plasma was applied to hepatocytes at 40% v/v of cell culture medium
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The effects of incubation of blood with or without saline, LPS or Tilsotolimod on IP 10, MCP-1, MIP-1α,
IL-2, IL-6, IL-12p70, TNF-α and IFN-α2a are compared in Table 1. After 24 h incubation, the levels of
MCP-1, MIP-1α and TNF-α in the untreated plasma were increased by 30, 57 and 9.3 fold, respectively.
Incubation of blood with saline (1% v/v) had no effect on the plasma level of any of the cytokines as
compared to the untreated control. The plasma level of IFN-α2a in saline treated blood was below the
limit of quantification (BLQ). Treatment of blood with 10 ng/mL LPS increased the plasma level of IP-10,
IL-2, IL-6, IL-12 and TNF-ɑ by 72, 3.5, 62, 28 and 230 fold relative to the saline control, respectively.
Treatment of blood with 10 ng/mL LPS decreased the plasma level of MCP-1 down to 23% of the saline
control. LPS also increased the plasma levels of MIP-1ɑ and INF-ɑ2a, but statistical significance of
these increases was not determined as several data points were above or below the limit of
quantification (ALQ or BLQ). Treatment of blood with up to 100 µg/mL Tilsotolimod elevated plasma
levels of IP-10, MCP-1, MIP-1ɑ and TNF-ɑ by 61, 1.7, 3.4 and 2.8 fold of the saline control, respectively.
Tilsotolimod also increased the plasma level of IFN-ɑ2a, approximately as high as 1500 fold relative to
the saline control.
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Treatments of hepatocyte cultures and evaluation of CYP mRNA levels and enzymatic activity were
conducted as previously described (Czerwinski et al., 2014).

RESULTS
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Figure 2. Experimental approach to an in vitro evaluation of direct and cytokine-mediated drug
interaction potential of immuno-modulating drugs
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TIL – tumor-infiltrating lymphocytes

Tilsotolimod, a toll-like 9-receptor agonist, stimulated release of IP-10, MCP-1, MIP-1ɑ, TNF-ɑ and IFNɑ2a in blood of healthy donors. Strong increases of MCP-1 and IFN-ɑ2a, as well as a lack of effect on
IL-2, IL-6 and IL-12p70, differentiated the Tilsotolimod response from that of the prototypical toll-like 4receptor agonist, LPS.
Tilsotolimod was free of direct inductive or suppressive effects (i.e., the changes were between 0.5 and
2-fold) on the CYP1A2, 2B6 or 3A4 mRNA or enzyme activity levels in primary cultures of human
hepatocytes, but the plurality of cytokines released into the plasma in response to the drug suppressed
CYP1A2 and 2B6 activities. The most pronounced response to the Tilsotolimod plasma was a reduction
of CYP2B6 enzyme activity down to 13% of the saline control. This response of hepatocytes to the
Tilsotolimod plasma was more pronounced than the effect of the LPS plasma.
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