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ABSTRACT

Namodenoson (CF102, CI-IB-MECA) is a small, water-insoluble, orally
bioavailable highly selective A3 adenosine receptor agonist. Namodenoson
exerts its clinical activity by binding to the A3 adenosine receptor, which
has a role in both inflammation and cancer and was shown to be highly
expressed on cancer and inflammatory cells. Namodenoson is currently
under clinical development as a treatment for hepatocellular carcinoma
(phase 3 trial is ongoing) and metabolic dysfunction-associated steatohepatitis
(phase 2b trial is ongoing). Beyond the liver, namodenoson has also been
shown to provide protective effects in the central nervous system and the
cardiovascular system. The protective effects of namodenoson include
anti-ischemic, anti-inflammatory, anti-toxicity, and anti-fibrotic effects.
Adiponectin is a hormone produced by adipocytes. It is a polypeptide
containing 244 amino acids and can be found in 3 forms (low, moderate,
and high molecular weight). It binds to 3 receptors: adiponectin receptor
1, adiponectin receptor 2, and T-cadherin. Adiponectin plays protective
roles in a variety of physiological functions across many organs, including
the central nervous system, cardiovascular system, and the liver, as well
as the kidneys, muscles, and bones. Similar to namodenoson, adiponectin
provides anti-ischemic, anti-inflammatory, as well as anti-fibrotic
protection, but it is also involved in energy regulation, protection against
oxidative stress, promotion of insulin sensitivity, and more. The current
review discusses the protective effects of namodenoson in the central
nervous system, cardiovascular system, and liver focusing on the available
preclinical evidence supporting such protective effects in each system,
and presents evidence from preclinical models and translational data from
the phase 2 trial in metabolic dysfunction-associated steatohepatitis
supporting the hypothesis that namodenoson’s protective effects are
mediated via pathways that involve adiponectin.

Keywords: A3AR, adiponectin, cardioprotection, hepatoprotection,
namodenoson, neuroprotection.
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Introduction

Namodenoson (CF102, CI-IB-MECA) is a small,
water-insoluble, orally bioavailable highly selective
agonist of A3 adenosine receptor (A3AR), one of 4
known adenosine receptors (Al, A2A, A2B, and
A3). It is a synthetic ribose-based purine nucleoside
with substitution at the 2, N6, and 5' positions
leading to its A3AR specificity. Its molecular
formula is C1sH18CINO4, and its molecular weight
is 544.73 Da**.

A3AR is expressed primarily in the liver, kidney,
heart, and lung, whereas its expression in the
skeletal muscles and the brain is very limited. In
tumor and inflammatory cells it is highly expressed,
whereas the expression in the adjacent healthy
tissue remains low**. Interestingly, a recent study
focusing on the nervous system demonstrated an
expression of A3AR not only on the plasma
membrane but also on the mitochondrial outer
membrane®. Binding of namodenoson to the
A3AR, leads to inhibition of phosphoinositide 3
kinase (PI3K) and subsequent deregulation of the
Wnt/B-catenin and nuclear factor kappa B (NF-kB)
pathways, ultimately causing apoptosis of these
cells’3.  Accordingly, namodenoson is currently
under clinical development as a treatment for both
hepatocellular carcinoma (HCC) where a phase 3
trial is ongoing, and for metabolic dysfunction-
associated steatohepatitis (MASH) where phase 2b
trial is ongoing®5”.

Interestingly, namodenoson has been shown by us
and others to have anti-ischemic, anti-
inflammatory, anti-toxicity, and anti-fibrotic effects
that provide protective benefits across organ
systems. The first three effects were reported in the
(CNS) and the
cardiovascular system. All four effects were

central nervous system
reported in the liver. These protective effects
suggest that namodenoson may offer advantages
in terms of safety and efficacy as a treatment for
oncological or

specifically in liver diseases.

inflammatory diseases, and

Adiponectin is a hormone produced by adipocytes.
It is a polypeptide containing 244 amino acids and

can be found in 3 forms. These include a low
weight (LMW) form (a trimer,
approximately 90 kDa), a moderate molecular

molecular

weight (MMW) form (a hexamer, approximately
180 kDa), and a high molecular weight (HMW)
form, which includes a variety of multimers with
molecular weights over 400 kDa. In circulation,
adiponectin can be found in multimeric forms or as
globular adiponectin (gAd) formed by cleaving the
full-length form by leukocyte esterase. Each of the
adiponectin forms mediates distinct functions®®,
Adiponectin binds to 3 receptors: adiponectin
receptor 1 (AdipoR1), adiponectin receptor 2
(AdipoR2), and T-cadherin. AdipoR1 and AdipoR2
are highly expressed in the brain, muscle, liver, and
adipose tissue in humans. T-cadherin is widely
expressed in the cardiovascular system. The
receptors differ in their affinity to the different
forms of adiponectin (e.g., AdipoR1 is a high-
affinity receptor for gAd, whereas T-cadherin binds
to the HMW forms of adiponectin)®®. Interestingly,
in alignment with the findings of adiponectin
receptors in the brain, adiponectin was
demonstrated to cross the blood-brain barrier.
Adiponectin was identified in the cerebral spinal
fluid (CSF) in humans, but only in its trimeric and
hexameric forms. The CSF concentrations of
adiponectin were approximately 0.1% of those
found in the serum?®.

The current review discusses the neuro-, cardio-, and
hepato- protective effects of namodenoson and
the evidence supporting the hypothesis that these
protective effects are mediated via adiponectin.

Namodenoson’s Protective Effects

in the Central Nervous Systems

Namodenoson has numerous protective effects on
the nervous system, including anti-ischemic, anti-
inflammatory, and anti-toxicity (attenuating
chemotherapy-induced neuropathic pain***?) effects.

The protective anti-ischemic effects of namodenoson
in the brain were investigated in several in-vitro and
in-vivo models. These studies included in-vitro
examination utilizing primary cortical cultures
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derived from rat embryos which demonstrated that
pretreatment with namodenoson protected against
hypoxia-induced decrease in cell viability®3.
Furthermore, in an in-vivo model of focal cerebral
ischemia induced by transient middle cerebral
artery (MCA) ligation, namodenoson
administration was associated with significantly
decreased infarction volume and higher locomotor
activity compared to control. The effect of
namodenoson on the infarction volume was
mediated through A3AR, as repeating the
procedures in A3AR knockout vs wild-type (WT)
mice revealed that without namodenoson
pretreatment, the infarction volume was larger in
the knockout mice compared to WT, and that the
namodenoson pretreatment had a protective
effect only in the WT but not in the knockout
mice®®. In another study evaluating oxygen and
glucose deprivation (OGD) in hippocampal slices
obtained from rats by field excitatory postsynaptic
potentials (fEPSPs), which were recorded
extracellularly at the dendritic level of the CAl
pyramidal region, long
namodenoson (before, during, and after the OGD)

administration  of

was found to protect the hippocampal slices from
irreversible fEPSP depression induced by seven
minutes of OGD. Namondeson treatment also
prevented/delayed depolarization
appearance. Notably, no namodenoson effect was
observed under normoxic conditions*“.

anoxic

In addition to the anti-ischemic effects,
namodenoson was also shown to have protective
anti-inflammatory effects in the CNS. For example,
in a rat model of experimental subarachnoid
hemorrhage (SAH), namodenoson attenuated
neurological impairment and brain edema, as well
as inhibited activation of microglia, the innate
immune cells of the CNS, and reduced the
expression of pro-inflammatory cytokines'. In a
subsequent study investigating the effect of
namodenoson in an in-vivo SAH model in aging
rats, treating the rats with namodenoson before
SAH significantly improved neurological functions,
and this effect was mediated via A3AR, as this

improvement was impaired upon treating the rats

with the selective A3AR antagonist MRS1523.
Moreover, neuronal apoptosis observed in the SAH
group was dramatically attenuated by
namodenoson treatment, and this effect was also
blocked by MRS1523'. Analyses of mRNA and
protein levels after SAH
namodenoson treatment was associated with

revealed that

considerably decreased levels of pro-inflammatory
cytokines interleukin (IL)-18 and tumor necrosis
factor (TNF)-a. that was partially reversed by
MRS1523, whereas the levels of the anti-
inflammatory cytokines IL-4 and IL-10 increased
compared to the SAH group. The increased levels
of IL-4 and IL-10 were also shown in an in-vitro
system of microglia cells*®. Interestingly, findings
from a recent in-vitro murine study are not aligned
with the aforementioned results. This study, in
which total RNA was isolated from activated
primary microglia cells with or without
namodenoson treatment followed by mMRNA
sequencing, demonstrated that treatment with
namodenoson led to downregulation of certain
pro-inflammatory genes (most notably, CCL19),
but also to upregulation of other pro-inflammatory
genes (most notably, CXCL11), suggesting that
additional studies are required to better elucidate
the effect of namodenoson (dosages, timing,
microglia activation approach used, etc)'’. Another
recent study focused on the neuroprotection
effects of namodenoson in murine primary
microglia cells and the HMC3 cell line (human
primary microglial cells) related to mitochondrial
function and oxidative stress. In activated primary
microglial cells, namodenoson treatment was
associated with upregulation of nuclear genes that
are involved (directly or indirectly) in redox
homeostasis, and downregulation of nuclear genes
that are relevant to the immunological function of
microglia®. Analysis of mitochondrial respiration
using activated HMC3 cells as a model
demonstrated that namodenoson in combination
with the A2AR antagonist SCH582561 but not by
itself protected the mitochondria from the maximal
and compensatory respiratory pro-inflammatory
effects, pointing to a potential role of dual
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targeting of the A3 and A2A adenosine receptor*®. Namodenoson’s Protective Effects

The protective anti-toxic effect of namodenoson in
the nervous system involves its mitigation of

chemotherapy-induced peripheral

in the Cardiovascular System

Namodenoson has been shown to render multiple

neuropath , . .
pathy protective effects in the cardiovascular system,

(CIPN), which occurs in up to 85% and more of
patients receiving chemotherapy with severity
depending on the chemotherapeutic agents used
and the duration of treatment*®. In a murine model

which were first demonstrated over 25 years ago®.
Since then, the protective roles of namodenoson in

preclinical models myocardial

of neuropathic pain induced

constriction injury (CCIl) of the sciatic nerve,

infarction, and ischemia/reperfusion (I/R) injury

by~ chronic have been well-established. The studies

consistently demonstrated that the effect of

intraperitoneal administration of namodenoson

was shown to reverse the development of
established mechanoallodynia (abnormal pain
response to mechanical stimuli), as measured by
probing the paws of the mouse (ipsilaterally, and
contralaterally as a control) with increasing
pressure and determining the paw withdrawal
threshold. The observed protective effect of

namodenoson is mediated via A3AR, by either
using specific ABAR antagonists or by employing
A3AR knockout animal models (Table 1)*°3!, Both
the anti-ischemic and anti-inflammatory properties
of namodenoson are relevant in the context of
these cardiovascular conditions, as I/R injury is
characterized by the triggering of inflammation
and oxidative stress®.

namodenoson was mediated by A3AR, as it was

blocked by MRS1523™,

Table 1. Summary of anti-ischemic protective effects of namodenoson in the cardiovascular system.

Author, year Models

Main findings

Stambaugh In vitro: Primary cardiac
etal., 1997%° ventricular myocytes (cultured
from chick embryos), under

prolonged hypoxic conditions.

e Reduction in hypoxia-induced injury demonstrated by increased cell viability and
a decrease in the amount of CK released.

e The reduction was dose-dependent and blocked by MRS1191 and MRS1097
(selective A3AR antagonists).

Thourani et Ex vivo: Cardioplegia model
al., 19992t using isolated perfused rat
hearts.

e Administering namodenoson before the cardioplegic procedure protected
against post-ischemic left ventricular dysfunction, myocardial edema, and CK
release.

e The protective effects were not observed when namodenoson was administered
during the cardioplegic procedure.

Shneyvays et In vitro: Primary cardiac

al.,, 200222 myocyte culture derived from
newborn rat hearts and
treated in a hypoxic chamber
in glucose-free media.

¢ Namodenoson treatment during the hypoxic treatment protected against
myocyte injury. It attenuated hypoxia-induced LDH release, as well as hypoxia-
induced decrease in ATP levels.

e The protective effect (measured by LDH release) was mediated by A3AR since it
was blocked by MRS1523 (a selective A3AR antagonist) and was dose-dependent.
At higher concentrations (=1uM) the protective effect decreased.

Harrison et Ex vivo: I/R injury in isolated
al., 2002% perfused hearts from mice.

¢ Namodenoson significantly enhanced post-ischemic contractile recovery (left
ventricular function) and did not impact coronary re-flow.

e The effect was mediated by A3AR since it was blocked by MRS1220 (a selective
A3AR antagonist).

Maddock et In vitro: Hypoxia/

al., 20022*  reoxygenation in primary
cardiac myocyte culture
derived from adult rats.

Ex vivo: I/R injury in perfused
hearts from rats.

e In vitro: The presence of namodenoson during the reoxygenation phase
attenuated hypoxia-induced necrosis and apoptosis

e Exvivo: The presence of namodenoson during the reperfusion phase limited the
infarct size.

¢ In both in-vitro and ex-vivo models, the effect was dose-dependent (at least up
to a certain concentration) and mediated by A3AR since it was blocked by MRS1191
(a selective A3AR antagonist).
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Author, year Models

Main findings

Hochhauser Ex vivo: I/R injury in isolated

et al., 2004% perfused hearts from rats.

e Isolated hearts were either perfused with namodenoson or namodenoson was
injected prior to the I/R procedure. The beneficial effects were mainly in the injected
group.

¢ In the injected group, namodenoson attenuated left ventricular dysfunction and
coronary flow, and the effect was mediated via A3AR, as it was blocked by MRS1523
(a selective A3AR antagonist).

¢ Namodenoson also reduced infarct size and attenuated the following I/R-induced
effects: CK release, decrease in ATP levels, and mitochondrial damage.

¢ Namodenoson treatment (pre-ischemia and for the first 10 min of the reperfusion)
protected against impaired sensitivity to 2-chloroadenosine and ADP, limited post-
ischemic coronary dysfunction and improved peak flow in post-ischemic hearts.

¢ In vivo: Pretreatment with nhamodenoson reduced in a dose-dependent manner,
the size of myocardial infarct induced by I/R in WT but not in A3AR knockout mice.
The effect in WT was blocked by MRS1523 (a selective A3AR antagonist).

e Ex vivo: Namodenoson protected against left ventricular dysfunction in isolated
hearts from WT but not from A3AR knockout mice.

e The isolated hearts were perfused with namodenoson or namodenoson was
injected before the I/R procedure. The beneficial effects were seen more in the
injected group.

¢ Namodenoson was beneficial in the recovery of left ventricular function, coronary
flow and ATP levels in hearts from both strains. The recovery of left ventricular
recovery dysfunction was better in the normotensive strain.

¢ In WT mice, namodenoson administered during the reperfusion phase reduced
infarct size, and limited leukocyte infiltration into the myocardium.

e The protective effect was mediated by A3AR expressed in the bone marrow, as it
was not seen in A3AR knockout mice, or in chimeric mice without A3AR expression
in the bone marrow.

¢ Namodenoson treatment during the hypoxic treatment attenuated hypoxia-
induced LDH release.

Zattaetal.,, Exvivo: I/R injury in isolated
20062¢ perfused hearts from mice.
Geetal., In vivo: I/R injury in WT and
2006%" A3AR knockout mice.
Ex vivo: I/R injury in isolated
perfused hearts from WT and
A3AR knockout mice.
Hochhauser Ex vivo: I/R injury in isolated
et al., 2007 perfused hearts from
normotensive and
hypertensive strains of rats.
Ge etal, In vivo: I/R injury in WT, A3AR
2010%° knockout mice, and a chimeric
mice without A3AR expression
in the bone marrow.
Chanyshev? In vitro: Primary cardiac
et al., 20123 myocyte culture derived from
newborn rat hearts.
Hussain et  Exvivo: I/R injury in isolated
al., 2014¢3° perfused hearts from rats.

In vitro:
Hypoxia/reoxygenation in
primary myocyte culture
derived from adult rats.

e Ex vivo: Namodenoson administered during the reperfusion phase significantly
reduced infarct size. This effect was abolished by either a PI3K or MEK1/2 inhibitor.
e In vitro: Namodenoson presence during reoxygenation reduced apoptosis,
necrosis, cleaved-caspase 3 activity and increased phosphorylation of BAD at Ser-
112 and at Ser-136. All these effects were abolished by either a PI3K or MEK1/2
inhibitor.

2The study focused on multivalent dendrimeric A3AR agonists and namodenoson served as a control. Only the namodenoson data are presented here.
Abbreviations: A3AR, A3 adenosine receptor; CK, creatine kinase; I/R, ischemia/reperfusion; LDH, lactate dehydrogenase; WT, wild type.

The anti-inflammatory properties of namodenoson
were specifically demonstrated in an in-vivo murine
model of I/R injury®. Consistent with the other I/R
studies (Table 1), this in-vivo study showed that
receiving namodenoson during the reperfusion
phase was associated with significantly reduced
infarction size. It also showed that namodenoson
administration led to a significantly lower number
of leukocytes infiltrating into the ischemic-
reperfused myocardium?®. This effect was A3AR-
mediated as it was not observed in A3AR knockout

mice or chimeric mice with no A3AR expression in

The
attributed this anti-inflammatory effect to the
inhibition  of

bone-marrow-derived cells. researchers

neutrophil  migration

activation of the A3AR in the bone marrow?®.

through

An additional protective effect observed preclinically
with namodenoson treatment is the mitigation of
chemotherapy-induced cardiotoxicity and specifically
that of doxorubicin-induced cardiotoxicity, which
occurs in up to 9% of patients with cancer receiving
this drug®. This protective effect was observed
preclinically both in vitro and in vivo. In studies
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using primary cardiac myocyte culture derived from
newborn rats, incubation of the cells with
doxorubicin for 18 h, was shown to result in cell
damage. This damage was attenuated by
namodenoson introduced prior to and during the
treatment with doxorubicin. The protective effect
was mediated via A3AR, as it was considerably
reduced by MRS1523%234, This protection reduced
cell loss and attenuated several doxorubicin-
induced dysfunctions such as diminished sarcoplasmic
reticulum calcium uptake, mitochondrial calcium
overload, generation of free radicals, peroxidation
of lipids, mitochondrial damage, and decreased
ATP production®*343°, Consistent with the in-vitro
studies, in-vivo studies in rats demonstrated that
namodenoson administration protected against
doxorubicin-induced left ventricular dysfunction,
bradycardia, ST-segment elevation, increased
levels of creatine kinase (CK)-MB, and myocardial
degeneration®*®*, This cardioprotective effect was
A3AR-mediated, as it was blocked by MRS1334 (a
selective A3AR antagonist)®. The
cardioprotective effects of namodenoson were
shown to involve reducing doxorubicin-induced

in-vivo

oxidative stress, which is deleterious by itself and
can also cause an inflammatory response. Thus, the
anti-inflammatory properties of namodenoson led
to the amelioration of the doxorubicin-induced
inflammatory responses and the resultant apoptosis®.

Namodenoson’s Protective Effects

in the Liver

The protective effects of namodenoson in the liver
include anti-ischemic, anti-inflammatory, anti-
fibrotic, and anti-toxicity effects. The anti-ischemic
effects were evaluated in a study using a surgical
procedure to induce I/R injury in rats by first
clamping the blood flow to the liver and then
restoring it. Namodenoson (100 pg/kg) or control
were administered by subcutaneous injection
during the reperfusion phase and orally thrice daily
thereafter. Serum levels of alanine transaminase
(ALT) and aspartate aminotransferase (AST) were
used as proxy for the I/R injury-induced liver
damage. Namodenoson attenuated the I/R liver

injury as serum ALT and AST levels were
significantly reduced compared to control 48 h
after the I/R procedure. Furthermore,
histopathological analyses 48 h after the I/R
procedure revealed that unlike the control group
which exhibited large necrotic areas surrounded by
inflammatory cells, in the namodenoson-treated
rats, no necrotic areas were observed and only a
few inflammatory cells were observed®’. A similar
protective effect was observed in rats that
underwent liver hepatectomy on 70% of their liver,
whilst being exposed to ischemia for 10 min.
Administration of namodenoson during the
reperfusion phase (100 pg/kg, subcutaneous
injection and orally thrice daily thereafter)
attenuated the increase in ALT and AST observed
in the control as well as increased the regeneration
of the remnant liver®’.

The anti-toxic effects of namodenoson were
evaluated in the context of its anti-inflammatory
effects in concanavalin A (Con. A)-induced
hepatitis in mice. Namodenoson (100 pg/kg, oral,
twice daily) attenuated the Con. A-induced
increases in serum ALT and AST levels compared
to control. Furthermore, pathological analyses
revealed that the livers of the control mice were
characterized by an extensive area of necrosis at
the parenchyma whereas those of the namodenoson-
treated mice exhibited no signs of necrosis. This
pathologic finding was consistent with decreased
expression of pro-apoptotic proteins (FasR, Bax,
and Bad) in the namodenoson-treated mice vs
controls®. Another study using a murine STAM model
demonstrated that treatment with namodenoson
(200 pg/kg, oral, thrice daily) resulted in
significantly less inflammation as was evident from
histopathological analysis of H&E-stained liver
sections from namodenoson-treated animals vs
controls (P < 0.05 in a morphometric analysis)™®.

The anti-fibrotic effects of namodenoson in the
liver were assessed in two studies, both of which
used a murine model of carbon tetrachloride
(CCL4)-induced liver fibrosis. Both
demonstrated that in this model, not only did

studies

© 2025 European Society of Medicine 6



namodenoson (intraperitoneal administration twice
a week at 100 pg/kg® or 200 pg/kg*) show its liver
protective characteristics by significantly attenuating
the CCL4-induced increase in ALT and AST, it also
significantly reduced the CCL4-induced fibrosis, as
evident from histopathological analyses of liver
sections stained with Sirius Red (P <0.01 in a
morphometric analysis of namodenoson-treated
mice vs controls in both studies)®°,

Adiponectin Effects in the Central
Nervous System, Cardiovascular

System, and the Liver

Adiponectin plays protective roles in a variety of
physiological functions across many organs,
including the CNS, cardiovascular system, and the
liver, as well as the kidneys, muscles, and bones.
Overall, it provides anti-ischemic, anti-inflammatory,
as well as anti-fibrotic protection, and in addition,
was shown to be involved in energy regulation,
protection against oxidative stress, promotion of
insulin sensitivity, and more®. In the CNS,
adiponectin has protective effects in numerous
diseases including stroke, Alzheimer’s disease, and
anxiety/depression®. The anti-ischemic and anti-
inflammatory effects of adiponectin were evident
in preclinical studies in mice, where adiponectin-
knockout mice exhibited larger infarction size and
greater neurological function deficits after an
ischemic injury compared to WT. Supplementing
mice with adiponectin (via adenoviral vector)
reduced the infarct size in both the knockout and
WT mice**2, In the cardiovascular system, adiponectin
has also been linked to several pathologic states
including cardiac hypertrophy, ischemic heart
disease, and chronic heart failure*®. A recent meta-
analysis of preclinical animal studies examined the
cardioprotective effects of adiponectin against
myocardial I/R injury. The meta-analysis, which
included 20 studies and 426 animals,
demonstrated that adiponectin significantly
reduced the infarct size, improved left ventricular
function, as well as reduced inflammatory factor
(TNFa), oxidative stress indicators (superoxide

production), and apoptosis indicators (caspase 3),
supporting a multi-faceted cardioprotective role
for adiponectin®. In the liver, adiponectin has been
linked to metabolic dysfunction-associated steatotic
liver disease (MASLD)/MASH and HCC*“,
Specifically, adiponectin was shown to prevent
hepatic steatosis, inflammation, and fibrosis, promote
apoptosis and antagonize pathways related to cell
proliferation, migration, and invasion“. For example,
in a mouse model where MASH was induced by a
choline-deficient L-amino acid defined diet, after a
week on this diet, hepatic steatosis was greater in
an adiponectin knockout mice compared to WT,
and after 24 weeks, approximately half of the
knockout mice developed liver cirrhosis and hepatic
tumors vs none of the 15 WT mice*’. Furthermore,
in a mouse model where MASH was induced by
high-fat diet with low methionine and no added
choline, administration of an adiponectin replacement
therapy (an adiponectin-derived peptide), significantly
ameliorated hepatic steatosis, inflammation, and
fibrosis, thus preventing the development of MASH*,

The Protective Effects of
Namodenoson are Adiponectin-
mediated: Preclinical and Clinical

Evidence

Several lines of evidence demonstrate that
namodenoson exerts its protective effects through
adiponectin (Figure 1). In an in-vitro study
examining the impact of namodenoson on human
bone marrow mesenchymal stem cells (hBM-
MSCs), in which adipocyte differentiation was
induced, treatment with namodenoson resulted in
a significant increase in adiponectin levels as
determined by enzyme-linked immunosorbent
assay (ELISA). Treatment with 4 yM and 20 yM
namodenoson resulted in 2.2- and 6.0-fold increase
in adiponectin levels, respectively, compared to
control (P< 0.01, both) (Figure 2)*. Similarly, treating
murine adipocytes with 10 nM namodenoson was
also associated with increased levels of adiponectin
expression compared to control*®.
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Figure 1. Schematic representation of the neuro, cardio, and hepatoprotective effects of hamodenoson

through adiponectin.
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Figure 2. Dose-dependent induction of adiponectin production in hBM-MSC by namodenoson compared

to control as determined using ELISA.
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The bars represent the mean and the error bars represent SD of three measurements using hBM-MSCs from three independent
donors. **P <0.01. Adapted from Yu et al., 2017.%° ELISA, enzyme-linked immunosorbent assay; hBC-MSC, human bone marrow

mesenchymal stem cells; SD, standard deviation.

The findings of these in-vitro analyses are supported
by in-vivo studies utilizing the murine STAM model
which mimics the progression of human MASH and
HCC by using male C57BL/6 mice with a
background of late type 2 diabetes (T2D) to which
a single dose of streptozotocin is administered
followed by a high-fat diet. The study showed that
oral administration of namodenoson (200 pg/kg thrice
daily) for 4 weeks was associated with significantly
increased adiponectin levels in the liver compared
to vehicle, as determined by immunohistochemistry
staining of liver sections (P < 0.01)%*.

Data from the phase 2 clinical trial of oral
namodenoson in MASLD/MASH further supports
this mechanistic link. This study randomized 60
MASLD patients with or without MASH to 12 weeks

of namodenoson 125 mg BID (n = 21),
namodenoson 25 mg BID (n = 19), or placebo (n=
20)°%. The main endpoints of the study included
serum ALT levels at 12 weeks and safety. One of
the secondary endpoints was the change from
baseline (CFB) in serum adiponectin levels at 12
weeks. The CFB was statistically significantly higher
in the 12.5 mg BID arm compared to placebo
(mean, 539 ng/mL vs -78 ng/mL, P = 0.032), and
was numerically but not statistically significantly
higher in the 25 mg BID arm compared to placebo
(mean, 220 ng/mL vs -78 ng/mL, A= 0.216)>".

Conclusions

The preclinical evidence supporting the protective
characteristics of namodenoson and those of
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adiponectin in the CNS, cardiovascular system, and
the liver is extensive. The mirroring of the effects
rendered by namodenoson and adiponectin
combined with the available preclinical and clinical
evidence showing that administering namodenoson
is associated with an increase in adiponectin,
suggests that the protective effects of
namodenoson are mediated by pathways that
involve adiponectin.

The protective effects of namodenoson could
explain its excellent safety profile observed in the
clinical trials evaluating namodenoson for
MASLD/MASH and HCC5%*3. Furthermore, these
effects suggest that the role of namodenoson
could potentially be expanded beyond liver
diseases to include conditions in the CNS or
cardiovascular system, or to be an add-on drug to
address chemotherapy-induced toxicities.
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