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Cognitive Vitality Reports® are reports written by neuroscientists at the Alzheimer’s Drug
Discovery Foundation (ADDF). These scientific reports include analysis of drugs, drugs-in-
development, drug targets, supplements, nutraceuticals, food/drink, non-pharmacologic
interventions, and risk factors. Neuroscientists evaluate the potential benefit (or harm) for brain
health, as well as for age-related health concerns that can affect brain health (e.g.,
cardiovascular diseases, cancers, diabetes/metabolic syndrome). In addition, these reports
include evaluation of safety data, from clinical trials if available, and from preclinical models.

A3R Agonists

Evidence Summary
Protects tissues against hypoxia and other metabolic stressors. Likely offers clinical benefits for
inflammatory and fibrotic diseases and cancer. Clinically tested agonists have a good safety profile.

Neuroprotective Benefit: BBB penetrant A3R agonists may protect against metabolic stress-
related neurodegeneration by mitigating inflammation and excitotoxicity, and restoring
neuroprotective glial functions.

Aging and related health concerns: Clinical studies show minor benefits in diseases
characterized by inflammation and fibrosis. Preclinical studies show cytoprotection during
ischemia and mitigation of neuropathic pain.

Safety: Clinically tested A3R agonists are well-tolerated and have a good safety profile. Very
high doses may elevate heart rate.
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Availability: In clinical trials

Dose: Not established

Half-life:

CF101 T1/2= 9 hours
CF102 T1/2=12 hours
FM101 Ty/2= 18 hours

BBB: Varies

CF101/CF102
projected to have
no/minimal
penetrance

AST-004 is penetrant

Clinical trials:

CF101: Rheumatoid arthritis
(Phase 2 n=79, 253, 254;
Phase 3 n=525); Plaque-
psoriasis (Phase 2 n=76;
Phase 2/3 n=293; Phase 3
n=407); Dry eye (Phase 2
n=80; Phase 3 n=236);
Glaucoma (Phase 2 n=89)
CF102: Hepatocellular
carcinoma (Phase 1/2 n=19,

32; Phase 2 n=78);
NAFLD/NASH (Phase 2 n=60)

FM101: Phase 1 (n=50)

Observational
studies: None

CF101 (IB-MECA)

Chemical formula:
C18H19IN6O4
MW: 510.3 g/mol

Source: PubChem
AST-004

Chemical formula:

C13H17Ns03S

MW: 323 g/mol
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Source: Liston et al., 2020

CF102 (2-CI-IB-
MECA)

Chemical formula:
C18H18ClINgO4

MW: 544.7 g/mol

Source: PubChem

What is it?

Adenosine is an endogenous purine nucleoside that can modulate a variety of physiological processes.
The cellular response to adenosine is dependent on the expression pattern of the adenosine receptor
subtypes in a given tissue [1]. The adenosine receptors include Al, A2A, A2B, and A3. The A3 receptor
(A3R) is the least well characterized subtype, as it plays a limited role in normal physiological function.
The adenosine receptors are G-protein coupled receptors (GPCRs). A3R preferentially couples to Gi to
inhibit adenyl cyclase leading to a decrease in cyclic adenosine monophosphate (cCAMP) levels, and an
inhibition of cAMP-dependent signaling kinases/signaling. However, in some cell types and conditions
A3R couples to Gq to stimulate the kinase phospholipase C (PLC), and increase levels of intracellular

Ca?. Consequently, the effects of A3R activation are cell-type and context dependent. The expression
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pattern and dynamics of A3R is species dependent, thus any studies assessing receptor function in
animal models need to be confirmed in human tissue.

A3R is widely expressed, but at a low level under basal conditions, and has a much lower affinity for
adenosine than the other receptor subtypes. The concentration of adenosine in the interstitial fluid is
typically in the range of 30-300 nM, and in contrast to the Al and A2 receptors with low nanomolar
range affinity, A3R typically has micromolar range affinity for adenosine [2]. N6-methyladenosine (m6A)
is released under conditions of cellular stress, and has been identified as another endogenous ligand for
A3R [3]. Therefore, A3R function is most relevant under conditions that stimulate adenosine release,
such as metabolic stress [1]. A variety of A3R agonists have been developed with nanomolar affinity to
the receptor. These agonists tend to exhibit bell-shaped dose response curves because at high doses
they can activate multiple adenosine receptors, which may have counteracting effects. Several A3R
agonists have been developed, however, only two have been tested in clinical trials thus far. A3R
agonists are in clinical development for inflammatory autoimmune diseases (rheumatoid arthritis and
plaque psoriasis), glaucoma, hepatocellular carcinoma with liver cirrhosis, and non-alcoholic fatty liver
disease [4].

The two clinically tested A3R agonists have been developed by the Israeli biopharmaceutical company,
Can-Fite Biopharma.

CF101, which is also called Piclidenoson, is an orally bioavailable formulation of the A3R agonist IB-
MECA, which shows approximately 50X selectivity for A3R (Ki=1.1 nM) relative to the Al and A2
receptors. It has been tested in clinical trials for dry eye, glaucoma, rheumatoid arthritis, and plaque-
psoriasis. A Phase 3 RCT is currently underway for plaque-psoriasis (NCT03168256).

CF102, which is also called Namodenoson, is an orally bioavailable formulation of the A3R agonist 2-Cl-
IB-MECA, which has approximately 2500X and 1400X selectivity for A3R (Ki=0.33nM) relative to the Al
and A2A receptors, respectively. It is being tested in clinical trials for hepatocellular carcinoma with
underlying liver cirrhosis (NCT05201404), and non-alcoholic fatty liver disease/ non-alcoholic
steatohepatitis (NCT04697810).

FM101 [(2R,3R,4S)-2-[2-chloro-6-(3-chlorobenzylamino)-9H purine-9-yl]-tetrahydrothiophene-3,4-diol] is
a biased A3R agonist (Ki =1.44 nM), which acts as an agonist toward G-protein mediated signaling, but
acts as an antagonist toward B-arrestin (ICsp 44 nM) mediated signaling [5]. Since B-arrestin mediates
A3R receptor desensitization, this high affinity agonist may be less limited with respect to the issue of
rapid receptor desensitization exhibited by other high affinity agonists. It is being developed by the
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South Korean company, Futuremedicine Co. for glaucoma/ocular hypertension (NCT04585100), and
non-alcoholic steatohepatitis (NCT04710524).

AST-004 (MRS4322) was discovered to be the bioactive metabolite of the P2Y1 modulator MRS2365 [6].
It acts as an agonist toward the A1R (Ki= 1.59 uM) and A3R (1.49 uM) receptors, but is biased with
preferential activity at A3R, and preclinical studies conducted thus far suggest that it does not induce
the cardiovascular side effects that are characteristic of selective A1R modulators. Its affinity for A3R is
closer to A3R’s affinity for endogenous ligands than the high affinity agonists that have been clinically
tested, thus far. As a result, AST-004 is expected to modulate A3R (and A1R) in a manner more in line
with its endogenous functions. AST-004 is blood brain barrier (BBB) penetrant, with a
plasma/cerebrospinal fluid (CSF) ratio of =10 in primates [7]. AST-004 is being developed by Astrocyte
Pharmaceuticals for traumatic brain injury, stroke, and neurodegenerative diseases. They are planning a

Phase 1 study followed by a Phase 2 study in patients with traumatic brain injury (Press Release).

Neuroprotective Benefit: BBB penetrant A3R agonists may protect against metabolic stress-related
neurodegeneration by mitigating inflammation and excitotoxicity, and restoring neuroprotective glial
functions.

Types of evidence
e Several laboratory studies

Human research to suggest prevention of dementia, prevention of decline, or improved cognitive
function? None

Human research to suggest benefits to patients with dementia: None

Mechanisms of action for neuroprotection identified from laboratory and clinical research:

Caution is warranted when interpreting and extrapolating preclinical studies because the tissue profile
of expression for A3R varies across species, and the expression is sensitive to environmental conditions
[8]. Consequently, the results from in vitro cell culture studies are not always consistent with those from
in vivo animal model studies, and in some cases have been contradictory [9]. This is because the
downstream effects of A3R engagement depend on the level of A3R expression, as well as the presence
and engagement of other adenosine receptors in a given cell or tissue type [1].
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Additionally, the majority of A3R agonists tested thus far are high affinity A3R agonists, with affinities for
A3R that are significantly higher than for endogenous ligands (i.e. nanomolar range vs. micromolar
range) [10]. These agonists can trigger the desensitization and internalization of the A3R, which may
affect the interpretation of results, and account for discrepancies between studies that use acute or
chronic treatment. The use of biased A3R agonists may get around the issue of receptor desensitization,
and offer a better therapeutic profile for use in chronic conditions.

Due to the pleiotropic effects of A3R activation depending on the physiological conditions and the
strength of the agonist, different pathophysiological conditions may preferentially benefit from different
biased A3R agonists. In some contexts, modulation of cyclic nucleotide signaling may be preferred, while
others may benefit from modulation of calcium-mediated signaling. It will be necessary to characterize
the adenosine receptor and signaling landscape of a given condition to determine the optimal A3R
modulator.

Alzheimer’s disease: POTENTIAL BENEFIT (Preclinical)

Studies from Alzheimer’s disease (AD) patients and animal models suggest that adenosine signaling is
disrupted in the context of AD. The analysis of hippocampal postmortem tissue indicates a decrease in
levels of adenosine receptor A1R and an increase in A2AR, but little is known about A3R in AD patients
[11]. Al1Ris the predominant adenosine receptor subtype in the CNS, however, due to its high
expression in the cardiovascular system, it is not considered an optimal therapeutic target for CNS
conditions [12]. Although expressed at a far lower level, A3R couples to many of the same G-protein
mediated signaling pathways as A1R, including those implicated in mechanisms of neuroprotection.
Since A3R expression is low in the cardiovascular system, it offers a more attractive therapeutic option
for targeting these pathways without cardiovascular side effects. Consequently, AST-004, which is a BBB
penetrant A1R/A3R biased agonist with preferential affinity for A3R, may be particularly suited to CNS
conditions [10]. While there is currently no conclusive evidence indicating whether A3R expression or
function is altered in the brain in patients with AD, evidence from AD animal models and human data
from other conditions suggest that modulation of A3R signaling may be beneficial for AD. It will be
necessary to determine whether there is a particular subset of AD patients who would preferentially
benefit from A3R modulation, such as those with high brain inflammation or hypometabolism. The
restoration of glial function, via metabolic modulation, is one of the proposed mechanisms of action for
A3R agonists, at least for AST-004 [10]. Since glial dysfunction has been detected as one of the earliest
signs of pathology in the AD brain, this may suggest that A3R agonists may have the greatest utility

Conquering Alzheimer’s 57 West 57th Street, Suite 904 CognitiveVitality.org 5
Through Drug Discovery New York, New York 10019 AlzDiscovery.org


https://www.alzdiscovery.org/

Alzheimer’s O

Drug Discovery Cognitive
Foundation Vital Ity.org Last updated on April 21, 2022

during the earliest stages of disease, in reversing detrimental glial changes which contribute to disease
progression.

The adenosine receptors can form receptor complexes, and the composition of the complexes can
impact the signaling profiles of the receptors [13]. This may be due to the steric hinderance of allosteric
sites and/or due to differential affinities of the adenosine receptor subtypes. For example, when in a
heteromeric complex with A2AR, which has a much higher affinity for adenosine, A3R-Gi coupling is
blocked [13]. In this context, A2AR needs to be inhibited in order to achieve ligand-mediated A3R
activation. Consequently, the effects of A3R agonists may depend on the composition of adenosine
receptor complexes in a given tissue under particular (patho)physiological conditions. The expression of
the A2AR-A3R heteromeric complex was found to be elevated in microglia from APPS*&!"d AD mice
relative to control mice [14]. Furthermore, the signaling downstream of adenosine receptor agonist
treatment was altered in AD model microglia. This suggests that the level of these complexes may
impact the potential neuroprotective benefit of A3R agonists in a given individual.

The A3R agonist IB-MECA (0.1 mg/kg i.p.) was shown to reduce scopolamine-induced memory
impairment on a passive avoidance task in mice when administered immediately after scopolamine [15].
Similarly, the A3R agonist 2-CI-IB-MECA (200 pg/kg i.p.) protected against streptozotocin-induced
memory deficits on object recognition, water maze, and passive avoidance tasks in mice [16].
Conversely, a cell culture study found that use of the A3R agonist 2-CI-IB-MECA promoted the neuronal
internalization of LDL-cholesterol and an associated production of AB [17].

A3R agonists have been shown to be neuroprotective with respect to several interrelated aspects of
pathophysiology that may be relevant for AD.

Ischemia: The function and regulation of A3R is best understood for its cytoprotective role under the
metabolically unfavorable condition of hypoxia (see Aging section) [1]. A3R is normally expressed at a
low level in the brain, but expression has been shown to be upregulated in the context of inflammation
injury, whereas treatment with A3R agonists is associated with a reduction in inflammation, neuronal
loss, and neurological impairment. The protective effect is thought to be mediated by reducing
inflammation and excitotoxicity (see below).

One study in the APP23tg AD mouse model found that A3R was upregulated in the hippocampus of pre-
symptomatic mice [23]. Since A3R increases under metabolically unfavorable conditions, it suggests that
the brain has already adapted to a state of impaired energy metabolism (i.e. oxidative phosphorylation)
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in the pre-symptomatic phase, thus this upregulation could be a potential marker of future cognitive
decline. When facing a hypoxic challenge these AD mice were unable to further upregulate this
neuroprotective program. This adaptation, then, reduces the capacity of the brain to protect itself
against additional metabolic/hypoxic insults, leading to an exacerbation of neurodegeneration.
However, the use of A3R agonists in other indications, such as arthritis and cancer, has shown that the
upregulation of A3R is critical to the therapeutic response of the agonists, suggesting that AD patients
with elevated A3R expression may also be more likely to benefit from A3R agonists [4]. In this context,
the agonists could potentially restore the neuroprotection associated with elevated A3R signaling.

Inflammation: A3R is overexpressed in the context of inflammation, and has been shown to be involved
in both pro- and anti-inflammatory responses, depending on the cell type and environmental conditions
[4]. However, in the majority of in vivo studies, A3R agonism is associated with anti-inflammatory
responses. A3R is expressed in nearly all immune cells, where it mediates the role of adenosine in
inflammation. Extracellular adenosine is released through the breakdown of ATP, and increases in the
context of metabolic stress, which typically serves to limit cellular damage [1]. Inflammatory cytokines
modulate A3R expression in an autocrine manner, such that increased levels of the cytokines leads to an
upregulation of A3R, then activation of A3R by its endogenous agonist adenosine limits further
inflammation via the inhibition of NF-kB and TNFa, thereby creating a feedback loop [24]. A3R activation
also modulates the behavior of immune cells, particularly with respect to chemotaxis and migration
[25]. For example, in rats subject to brain ischemic injury, treatment with the A3R agonist LJ529 (1 or 2
mg/kg i.p.) prevented the infiltration of immune cells by inhibiting the microglial chemotaxic response to
the chemokine MCP-1 (CCL2) [19].

Excitotoxicity: Adenosine plays a role in regulating neuronal excitability [8]. This is best understood via
A1R mediated depression of excitability; however, recent work suggests that A3R may play a similar role
in a context-dependent manner. A3R signaling may protect against excitotoxicity-related neuronal loss
following metabolic stress. A study in rats suggests that differential expression of A3R may underlie the
differential vulnerability to ischemic damage in different regions of the hippocampus [20]. Hippocampal
CA1 pyramidal neurons are highly susceptible to damage, whereas CA3 pyramidal neurons are less
vulnerable. A3R mediated signaling facilitated neuroprotective synaptic plasticity leading to a decrease
in glutamatergic neurotransmission following metabolic stress (ischemia) in CA3 neurons, but this
neuroprotective upregulation of A3R did not occur in CA1 neurons. This suggests that vulnerable brain
regions may be protected from neurodegeneration by boosting A3R signaling.
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Traumatic brain injury: POTENTIAL BENEFIT (Preclinical)

In the controlled cortical impact (CCl) model, mice treated with the A3R agonist, AST-004 (0.22 mg/kg
i.p.) 30 minutes following the injury showed less secondary brain injury, including cell loss and BBB
breakdown [10]. Treatment improved performance on a fear contextual conditioning task four weeks
post-injury. In this model, there were sex differences in post-injury related spatial memory impairment,
with only males showing a significant impairment. Treatment prevented this impairment in male mice.
Markers associated with glial activation were reduced in the brain following treatment. The proposed
mechanism of action for AST-004 involves an increase in energy production in astrocytes, which allows
for the restoration of astrocyte-mediated neuroprotective functions, such as ion homeostasis and
glutamate recycling. Consistent with this mechanism, AST-004 treatment was found to increase ATP
production in astrocytes in vivo. This effect is thought to involve A3R activation of the Gg-coupled
pathway, resulting in the IP3-mediated release of Ca?* from intracellular stores.

The A3R agonist, MRS5980 (1 mg/kg i.p.) administered one and four hours post CCl also reduced
secondary brain injury and neuroinflammation during the acute phase, and preserved performance on
memory tasks four weeks post-injury, in this model [26].

These studies suggest that acute activation of A3R shortly after brain injury may mitigate neurological
damage. The relevant therapeutic window in humans needs to be established to determine the
probability for clinical benefit for patients depending on the post-injury time frame they present for
care. Astrocyte Pharmaceuticals has been awarded funding to start Phase 1 clinical testing of AST-004,
with plans for a Phase 2 study in patients with traumatic brain injury (Press Release).

APOE4 interactions:
It is not known whether the efficacy for A3R agonists would vary based on ApoE4 status, however,

various studies have shown that E4 carriers have a higher degree of metabolic disturbances in the brain,
and an associated increase in hyperexcitability even prior to the onset of AD pathology [27]. Since these
are conditions that typically trigger the upregulation of A3R and associated cytoprotective responses, it
suggests that the endogenous adenosine-A3R system may be dysregulated, such that E4 carriers may
preferentially benefit from treatment with A3R agonists.
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Aging and related health concerns: Clinical studies show minor benefits in diseases characterized by
inflammation and fibrosis. Preclinical studies show cytoprotection during ischemia and mitigation of
neuropathic pain.

Types of evidence:
e 10 clinical trials (RCTs for CF101 in rheumatoid arthritis, psoriasis, dry eye, glaucoma; RCTs for
CF102 in hepatocellular carcinoma and NAFLD/NASH)
e Numerous laboratory studies

A3R has been found to be overexpressed in a variety of inflammatory autoimmune disorders and
cancer. A3R agonists have been shown to have benefits in numerous preclinical models of arthritis,
psoriasis, liver cancer, and liver disease [4].

Rheumatoid Arthritis: NO CLINICAL BENEFIT

The A3R agonist CF101 (an oral formulation of IB-MECA also known as Piclidenoson) has been tested in
Phase 2 clinical trials for active rheumatoid arthritis, in which it showed efficacy as a monotherapy, but
not when used in combination with methotrexate (NCT00280917, NCT00556894) [28]. The discrepancy
relates to the dependence on A3R overexpression for clinical efficacy. In a non-placebo-controlled Phase
2 trial (NCT01034306) (n=74) when used as a monotherapy at a dose of 1 mg BID, 55.6%, 33.3%, and
11.5% of the CF101 treated patients achieved at least 20%, 50%, and 70% improvement, respectively, on
the American College of Rheumatology (ACR) joint scores [29]. There were significant correlations
between the baseline A3R expression level and the ACR50% and ACR70% responses, such that those
with the highest baseline levels had the best responses to CF101. Chronic methotrexate use was found
to reduce A3R expression levels, which is thought to account for the lack of therapeutic benefit of A3R

agonists in this pretreated population [28]. Can-Fite, the biopharmaceutical company developing CF101
has also developed an A3R predictive biomarker kit to identify patients with high A3R who are most
likely to respond to the drug (Press Release).

The Phase 3 RCT (NCT02647762) testing CF101 (1 or 2 mg BID) vs. methotrexate in early-stage
methotrexate-naive patients with rheumatoid arthritis (n=252) for up to 24 weeks was terminated early
due to the failure to show non-inferiority to methotrexate on the primary endpoint of disease activity
score of low disease activity (DAS-LDA) at the interim analysis [30]. The interim results, presented at ACR
Convergence 2021, showed that at 12 weeks, disease activity score improvement was seen in 12% at the
1 mg dose and 15% at the 2 mg dose, relative to 24% in the methotrexate group, and 4% in the placebo
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group. Based on these results, Can-Fite is no longer pursuing clinical development of CF101 for this
indication.

Osteoarthritis: POTENTIAL MINOR BENEFIT (Preclinical)

Synoviocytes are fibroblast-like cells that produce synovial fluid in joints. In the context of joint diseases,
such as arthritis, these cells proliferate and take on an altered phenotype involving the production of
pro-inflammatory mediators which promote the destruction of cartilage in the joint. A study of
synoviocytes from patients with osteoarthritis (n=35) found that adenosine receptors, particularly A2AR
and A3R, are expressed and involved in mediating the inflammatory response in these cells by inhibiting
p38 MAPK and NF-kB pathways [31]. Treatment of the human synoviocytes with A3R agonists reduced
their production of pro-inflammatory cytokines (TNFa, IL-8), suggesting that the agonists may exert
protective anti-inflammatory activity in the context of osteoarthritis. A separate study found that the
modulation of cytokines (TNF, IL-6, 1L-10) by adenosine in synoviocytes in patients with rheumatoid
arthritis or osteoarthritis was primarily mediated by the A2Rs [32], which may explain the lackluster
results A3R agonists for arthritis in clinical trials, thus far.

In a rat model of osteoarthritis (monosodium iodoacetate induced), CF101 treatment (100 pg/kg oral
2x/day) starting upon disease onset prevented cartilage damage, osteoclast formation, and bone
destruction [33]. CF101 inhibited NF-kB mediated inflammatory signaling, reduced the production of
inflammatory cytokines (TNFa), reduced the infiltration of lymphocytes, and promoted the apoptosis of
inflammatory immune cells within the joint. In male rats, treatment with CF101 (100 ug/kg 2X/day for
five weeks) starting one week after induction of the anterior cruciate ligament-transection model of
osteoarthritis, reduced degradation of type Il collagen and delayed disease progression [34]. CF101 also
reduced the levels of inflammatory cytokines, which was dependent on the enhancement of autophagy
in chondrocytes by CF101.

A Phase 2 RCT for CF101 in osteoarthritis was registered (NCT00837291), but subsequently withdrawn
by the sponsor. Can-Fite announced that they have been granted a patent for the use of CF101 for the
treatment of osteoarthritis in mammals, and appears to be interested in developing it for veterinary use
(Press Release).

Cancer: POTENTIAL BENEFIT (Preclinical)

In vitro studies have been mixed as to whether A3R agonists or antagonists are more effective at
inhibiting cancer cell proliferation, however, in vivo models overwhelmingly support the therapeutic
efficacy for A3R agonists in cancer [4]. A3R is highly expressed in solid tumors, and A3R expression on
neutrophils and lymphocytes in the blood has been shown to reflect receptor status in the tumors [35].
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The hypoxic conditions of the tumor drive the production of adenosine and alters the expression of the
adenosine receptors. This process promotes immune suppression and thus fosters tumor growth. In
preclinical animal models, A3R agonists have been shown to inhibit tumor growth, inhibit tumor
metastasis, and potentiate the anti-cancer effects of chemotherapeutics. The beneficial effects stem
from the ability of the A3R agonists to induce different effects on cancer cells and the immune system.
In cancer cells, the signaling pathway triggered by A3R activation involves coupling through Gi, which
lowers levels of cCAMP, and thus inhibits kinase signaling pathways dependent on cAMP such as
PKA/PKB/Akt. This ultimately leads to the downregulation of the Wnt/B-catenin signaling pathways that
drive tumor growth. Meanwhile, within the context of the cancer environment, A3R agonists activate
the ability of the immune system to seek out and destroy cancer cells. Thus far, A3R agonists have only
been clinically tested in the context of hepatocellular carcinoma (see below), but preclinical studies
suggest they may also be useful for other tumor types characterized by high expression of A3R.

Due to their ability to modulate drug transporters, some preclinical studies suggest that A3R agonists
may be useful adjuncts to chemotherapeutics to overcome multidrug resistance. Several A3R ligands
have been shown to modulate the multidrug ATP-binding cassette (ABC) transporters, P-glycoprotein (P-
gp) and ABCG2 [36]. In a mouse xenograft model (lung cancer cell line A549), the combination of the
A3R agonist AB-MECA with the chemotherapeutic doxorubicin had a synergistic effect in reducing lung
tumor growth [37]. Similarly, the combination of 2-Cl-IB-MECA with the chemotherapeutics carboplatin
and doxorubicin had a synergistic effect in pancreatic (JoPaca-1) and liver (Hep-3B) cancer cell lines [38].

Hepatocellular Carcinoma: POTENTIAL BENEFIT

A3R has been shown to be overexpressed in both tumor tissue and peripheral blood mononuclear cells
(PBMCs) (increased by 78% relative to healthy controls) in patients with hepatocellular carcinoma [39].
The expression level of A3R was correlated with levels of NF-kB, a transcription factor associated with
pro-inflammatory signaling, which regulates A3R expression as part of a homeostatic feedback loop.
CF102 (an oral formulation of 2-Cl-IB-MECA also known as Namodenoson) has been tested in
hepatocellular carcinoma patients in Phase 1/2 (NCT00790218, NCT00790673) and Phase 2
(NCT02128958) clinical trials. In the Phase 1/2 open-label study (NCT00790218) (n=18), mean overall
survival of patients treated with CF102 (1, 5, or 25 mg orally BID in 28-day cycles) was 7.8 months [40].

Four patients had disease stabilization and one had regression of tumor metastases. A3R expression was
predictive of therapeutic response, as there was a correlation between baseline A3R expression and
overall survival following CF102 treatment during this study. A Phase 2 placebo-controlled RCT (n=78)
testing CF102 (25 mg BID oral) as a 2™ line therapy in patients with advanced hepatocellular carcinoma
and Child-Pugh B (CPB) liver cirrhosis failed to meet its primary endpoint of improved overall survival
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(median survival 4.1 months vs placebo 4.3 months) (Hazard Ratio [HR] 0.82, 95% confidence interval
[CI] 0.49 to 1.38), but showed a non-statistically significant increase in median survival (6.9 months vs
4.3 months) (HR 0.81, 95% Cl 0.45 to 1.43), and a significant increase in the 12 month overall survival
rate (44% vs 18%) in the pre-specified subgroup of patients with CPB score 7 (CPB7) [41]. However,
there was an imbalance in the study arms, such that all the patients with the highest CPB score (CPB9)
were in the CF102 arm, which may have impacted the results. Patients in this study were able to
continue treatment with CF102 as part of Israel’s compassionate use program (Press Release). According
to the sponsor, one of these patients has survived five years and was cleared of all cancer lesions (Press
Release). Based on these results, the FDA has approved Can-Fite’s Phase 3 study design for CF102 in
patients with advanced hepatocellular carcinoma and CPB7 cirrhosis, which is scheduled to begin in Q2
2022 (NCT05201404).

In preclinical models, CF102 has been shown to inhibit tumor cell growth through de-regulation of the
PI3K-NF-kB and Wnt/B-catenin signaling pathways. De-regulation of PI3K-NF-kB is associated with the
increased expression of pro-apoptotic proteins in cancer cells, while deregulation of Wnt decreased the
expression/activity of proteins involved in cell proliferation, such as B-catenin, LEF/TCF, c-myc, and
cyclin D [39; 42].

NAFLD/NASH: POTENTIAL BENEFIT

Non-alcoholic steatohepatitis (NASH) is an advanced form of non-alcoholic fatty liver disease (NAFLD),
which involves a buildup of fat in the liver leading to inflammatory damage. Liver fibrosis is associated
with canonical Wnt/B-catenin signaling.

CF102 (12.5 or 25 mg BID for 12 weeks) has been tested in an exploratory Phase 2a RCT for
NAFLD/NASH (n=60) (NCT02927314). There were dose dependent decreases in liver enzymes, serum
alanine aminotransferase (ALT) and aspartate transaminase (AST). At week 12, 31.6% in the CF102
group, and 20% in the placebo group showed ALT normalization, though the difference was not
statistically significant (P= 0.405) [43]. The proportion of patients with high steatosis scores decreased in
the 12.5 mg (from 50% to 31%) and 25 mg (from 43% to 14%) CF102 groups, while it increased in the
placebo group (from 33% to 40%). There was also a significant decrease in Fib4-scores (change from
baseline -0.08, —0.28, and -0.04 for the 12.5 mg BID, 25 mg BID, and placebo, respectively; P= 0.011 for
25 mg BID vs placebo), suggestive of a potential slowing benefit on fibrosis progression. CF102 (25 mg
BID) is currently being tested in a Phase 2b RCT for biopsy-confirmed NASH and F1-3 fibrosis
(NCT04697810).
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The expression of the A3R gene (ADORA3) was found to be 1.9-fold lower in hepatocytes from patients
with NAFLD relative to controls [44]. In other conditions, the efficacy of A3R agonists was dependent on
A3R levels. It is unclear if the reduction in hepatic ADORA3 will limit the clinical efficacy of A3R agonists
in this population.

In mouse models of NAFLD and NASH, CF102 treatment (100 or 200 pg/kg i.p.) showed anti-
inflammatory and anti-steatotic effects [45]. Consistent with the clinical study, treatment normalized
ALT levels and improved adiponectin and leptin levels. Anti-inflammatory and anti-fibrotic effects were
attributed to the de-regulation of the Wnt/B-catenin pathway in the liver, leading to a reduction in
inflammatory NF-kB signaling and a-SMA-associated fibrosis. MRS7476 (5 mg/kg 2X/day orally), which is
a water-soluble pro-drug of the A3R agonist MRS5698, improved liver histology, hepatocyte ballooning,
and IL-10 production in the STAM mouse model of NASH, but did not improve hepatic fibrosis or
inflammation [44].

The biased A3R agonist, FM101 (30 or 60 mg/kg/day), which has agonist activity toward Gi-mediated
modulation (inhibition) of adenyl cyclase and cAMP, as well as antagonistic activity toward B-arrestin
signaling, was also shown to inhibit steatofibrosis in a high-fat diet induced mouse model of NASH [46].
Treatment mitigated the elevation in liver enzymes and accumulation of fat within the liver, while
enhancing mitophagic turnover of damaged mitochondria. FM101 (150 mg and 300 mg BID) is currently
being tested in a placebo-controlled Phase 2a RCT in patients with NASH or NAFLD (NCT04710524).

Psoriasis: POTENTIAL MINOR BENEFIT

In a Phase 2 placebo-controlled RCT, patients with plaque-type psoriasis (n=76) were treated with CF101
(1, 2, or 4 mg orally BID) for 12 weeks (NCT00428974). The primary endpoints were safety and change
from baseline on the Psoriasis Area and Severity Index (PASI) and physician’s global assessment (PGA).
There were statistically significant improvements on the mean change on the PASI with CF101 treatment
relative to placebo at weeks 8 (P=0.047) and 12 (P=0.031). The 2 mg dose was most effective, with
35.3% of patients (6 out of 17) achieving a PASI 250 response [47]. A Phase 2/3 cross-over trial (n=293)
testing CF101 (1 or 2 mg orally BID) did not meet its primary endpoint of 275% improvement on PASI at
week 12, but showed linear improvement over 32 weeks of treatment [48]. A Phase 3 RCT testing CF101
(2 mg or 3 mg orally BID) for 32 weeks in patients with moderate to severe chronic plaque psoriasis
(n=528) in comparison to placebo and the active control, apremilast (30mg), will be completed in mid-
2022 (NCT03168256). Can-Fite is currently developing a topical formulation of CF101 for psoriasis, which
has only been tested in preclinical models, thus far (Press Release).
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In the IL-23-induced model of psoriasis, mice treated with the A3R agonists MRS5698 and MRS7344 had
reduced immune cell infiltration into the affected area [49].

Neuropathic pain: POTENTIAL BENEFIT (Preclinical)

Adenosine is involved in pain processing in the CNS by regulating neuronal excitability, neural signaling,
and glial activation. A3R activation does not alter nociceptive thresholds, thus in preclinical models A3R
agonists inhibited pathological but not protective nociceptive responses [50]. A3R agonists have been
shown to inhibit mechanical allodynia and hyperalgesia in the context of neuropathic pain. Notably, A3R
agonists are projected to lack the abuse potential of opioid-based pain medications because their
therapeutic effects are not dependent on the endogenous opioid or endocannabinoid pathways [51].
A3R agonists have been shown to inhibit spinal nociception by decreasing the excitability of dynamic
wide range neurons and activating serotoninergic and noradrenergic circuits [51]. In the context of
chemotherapy induced peripheral neuropathy, A3R agonists have been shown to modulate spinal
neuroinflammatory processes by attenuating astrocyte hyperactivation, reducing the production of pro-
inflammatory mediators (TNFa, IL-13), and increasing the production of anti-inflammatory mediators (IL-
10, IL-4) [52; 53]. One study in mice found that the combination of the A3R agonist IB-MECA with a H4
histamine receptor agonist (VUF 8430) was additive in reducing mechano-allodynia in a model of
neuropathic pain, due to the enhancement of IL-10 release from T cells [54]. A3R agonists also modulate
neurotransmission by inhibiting redox-mediated posttranslational tyrosine nitration and inactivation of
glial proteins involved in synaptic glutamate homeostasis [53]. These studies generally involve treatment
prior to or concurrent with the therapeutic agent, in which they mitigate the establishment of
neuropathic pain. However, a couple of studies found that A3R agonists may also be beneficial in the
context of established neuropathic pain [55]. Treatment with the A3R agonist, MRS5980 (1 mg/kgi.p.)
during the period of peak pain (eight days after a chronic constriction injury) reduced mechano-
allodynia in male and female mice. The effect was dependent on the presence of IL-10 producing T cells,
and the presence of a modification on glutamatergic NMDA receptors involved in the regulation of
neuronal hypersensitivity. In a separate study, a single dose of IB-MECA (0.5 umol/kg i.p.) partially
reversed hyperalgesia 14 days after a neuropathic pain-inducing injury [56]. Based on preclinical studies
suggesting that A3R agonists may augment the anti-cancer activity of chemotherapeutic agents, they
may be particularly suited to use as adjuncts to chemotherapy, where they may have both anti-cancer
and anti-neuropathy effects [50].

Ischemia: POTENTIAL BENEFIT (Preclinical)
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The adenosine-A3R system has been shown to be cytoprotective in the context of ischemic-reperfusion
injuries in a variety of organ systems, including the brain, heart, lung, and liver [19; 57; 58; 59]. A3R
upregulation is associated with the protective effects of ischemic preconditioning, but it has also been
found to exert protective benefits when administered during reperfusion, which is more relevant to
clinical application [1]. Activation of A3R in the context of ischemia is associated with a reduction in cell
loss within the ischemic tissue as well as reduced infiltration of pro-inflammatory mediator producing
immune cell subsets.

Cerebral ischemia: AST-004 was tested in the transient, four-hour middle cerebral artery occlusion
stroke model in adult macaques [7]. The non-human primates were treated with an initial bolus
followed by a 22-hour infusion of AST-004 starting two hours after the ischemic injury. The dosing
regimens ranged from very low (0.11 mg/kg bolus; 0.06 mg/kg per hour infusion) to high (5.2 mg/kg
bolus; 2.8 mg/kg per hour infusion). At the mid (1.7 mg/kg bolus; 0.9 mg/kg per hour infusion) and high
doses, the slopes of lesion growth were significantly lower than for vehicle-treated animals (composite
48% vs vehicle 71%), and the overall lesion volume (composite) was 30% less than vehicle at 120 hours
post-occlusion. The effects on lesion growth rate and volume were correlated with unbound
concentrations of AST-004 in the plasma and CSF and to the estimated brain A3R and A1R receptor
occupancy levels. There was a non-significant improvement in neurological function, but this study was
underpowered for the assessment of neurological outcomes. High A3R interspecies variability reduces
the potential translatability of rodent studies, but there is high sequence homology between human and
non-human primate A3R, which is expected to increase the translational potential of these findings.
Pre-treatment with highly selective A3R agonists, IB-MECA and CI-IB-MECA, has also been shown to be
protective against cerebral ischemic injury in rodent models [60; 61]. The protective effect may involve
the modulation of glial polarization toward a neuroprotective rather than a pro-inflammatory state.
Therapeutic timing has been shown to be critical for efficacy in studies with these potent agonists,
however, with the induction of neuroprotection acutely, and the potential exacerbation of neuronal
injury with prolonged A3R activation during later stages due to the activation of deleterious calcium
signaling cascades [12]. It is unclear whether the receptor desensitization following prolonged activation
of A3R by high affinity agonists plays a role in these effects. If so, it may be a drug-specific effect, but if
not, it may be a class effect for A3R agonists.

Cardiovascular: POTENTIAL BENEFIT DURING ISCHEMIA (Preclinical)
A3R has low expression on cardiac tissue, but numerous preclinical studies indicate that A3R activation
has cardioprotective effects [62], suggesting that its expression and function may be context dependent,
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and only contribute to cardiovascular function in a clinically meaningful manner during trauma. The low
expression and apparent minimal function in the heart under basal conditions potentially improves the
therapeutic profile of A3R agonists relative to A1R and A2R modulators by reducing the risk for
cardiovascular side effects [50]. A3R activation is protective in the context of cardiac ischemia by
regulating protein kinase C (PKC) activity and mitochondrial K(ATP) channels [62]. Rodent models
suggest that A3R does not significantly contribute to atherogenesis or blood pressure regulation, though
it is not known whether these findings are species specific or similar in humans. A3R is upregulated on
neutrophils in the context of hemorrhagic shock, and the degree of upregulation was found to be
correlated with the severity of injury in trauma patients [63]. It is not clear if this is part of a protective
adaptive response. In a rodent study, hemorrhagic shock resulted in a decrease in A3R expression on
vascular cells, which was associated with a loss of vasoreactivity [64]. Treatment with an A3R agonist (IB-
MECA), partially restored vascular reactivity in this model.

Colitis: POTENTIAL BENEFIT (Preclinical)

A3R expression was found to be decreased on epithelial cells in the colon in patients with ulcerative
colitis and in a mouse model of DSS-induced colitis [65; 66]. In ulcerative colitis patients (n=18), the
decrease in A3R was associated with an upregulation of inflammatory mediators, TNFa, IL-1B, and NF-kB
[65]. Treatment of cultured colon tissue from these patients with the A3R agonist 2-Cl-IB-MECA
significantly reduced the production of these pro-inflammatory mediators. In the colitis mouse model, 2-
Cl-IB-MECA reduced damage to the colonic mucosa and reduced levels of the same set of pro-
inflammatory mediators as was seen in the patient tissue [66]. Additionally, A3R agonist treatment
reduced the infiltration of neutrophils and levels of myeloperoxidase (MPO) [25; 66].

In a rat model of DNBS-induced colitis, treatment with the novel selective A3R agonist AR170 (1.5 mg/kg
i.p.) for six days starting one day prior to induction of colitis, reduced body weight loss and macroscopic
damage to the colon, including adhesions and bowel dilations [67]. AR170 also reduced levels of
inflammatory mediators (TNF, IL-13, and MPO) in the colon. Additionally, AR170 treatment reduced
visceral hypersensitivity/pain. The A3R agonists MRS5980 and CI-IB-MECA also reduced visceral pain in
the DNBS-induced model of colitis in rats during both the acute and chronic phases [68]. In this model,
this effect was mediated via the inhibition of the Cay2.2 calcium channel.

Ocular disease: MARGINAL POTENTIAL BENEFIT

The preclinical literature has been mixed as to whether A3R agonists or A3R antagonists are more
beneficial for ocular diseases, however the discrepancies are likely related to the context dependent
nature of adenosine signaling, such that the effects of A3R activation may differ based on the
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experimental conditions [1; 69]. Early clinical trials of the A3R agonist CF101 suggested possible benefits
for several ocular diseases, but subsequent trials failed to show clinical efficacy.

Glaucoma

Preclinical studies have been mixed as to whether A3R agonists are protective against optic nerve
degeneration, but suggest the effects may be cell type dependent. The A3R agonist 2-CI-IB-MECA
exacerbated oligodendrocyte cell death and myelin loss in rat oligodendrocyte cell culture, but
protected against retinal ganglion cell death when administered intravitreally in rat models of retinal
ischemic injury and optic nerve injury. Increased intraocular pressure (IOP) is one of the major risk
factors for glaucoma. It was noted in a Phase 2 RCT for dry eye that treatment with 1 mg CF101 BID for
12 weeks decreased IOP by 1.1 mmHg, which was a significant reduction relative to placebo [70].
However, oral CF101 failed to significantly reduce IOP in a Phase 2 RCT (NCT01033422) in patients with
ocular hypertension or glaucoma [4]. Since preclinical and clinical studies used different routes of
administration, it is unclear if the pleiotropic effects of systemic A3R agonism impact its efficacy in
ocular disease, and whether targeted topical or intravitreal formulations of CF102 would offer higher
therapeutic benefit.

Preclinical studies suggest that the biased A3R agonist, FM101, may be a more effective option for
lowering IOP [5]. Topical formulations (500 and 750 uM) of FM101 lowered IOP in rabbits and in the
DBA/2J glaucoma mouse model [71]. Systemic administration of FM101 (oral 10 or 20 mg/kg) also
lowered IOP to a similar extent in a glucocorticoid-induced glaucoma mice model. The reduction to IOP
was associated with the remodeling of the trabecular meshwork in a manner to increases outflow of
fluid in the eye (aqueous humor).

Dry Eye
CF101 (oral 1mg BID for 12 weeks) significantly improved clinical symptoms of dry eye, including the

proportion of patients with more than 25% improvement in corneal staining (CF101 84.6% vs placebo
52.2%), and an improvement in tear meniscus height, in a Phase 2 RCT (n=68) (NCT00349466) [70].
However, the Phase 3 RCT (NCT01235234) testing CF101 for dry eye did not meet its primary endpoint,
and clinical development has been discontinued for this indication.

Uveitis

Uveitis is an inflammatory eye condition which can result in blindness. In a mouse model of autoimmune
IRPB-induced uveitis, CF101 (10 pg/kg, 2x/day oral) improved pathological manifestations of uveitis such
as the infiltration of immune cells, retinal folds and focal retinal detachments [72]. Treatment was
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associated with anti-inflammatory effects including, the inhibition of pro-inflammatory cytokines IL-2,
TNFa, and IFNg, along with the upregulation of the anti-inflammatory cytokine IL-10. A clinical trial
testing CF101 for uveitis was registered (NCT01905124), but was subsequently withdrawn by the
sponsor.

Safety: Clinically tested A3R agonists are well-tolerated and have a good safety profile. Very high doses
may elevate heart rate.

Types of evidence:
e 12 clinical trials (7 clinical trials for CF101, 4 clinical trials for CF102, 1 clinical trial for FM101)
e Numerous laboratory studies

Since A3R expression is generally low at basal levels, and tends to only increase in the context of trauma,
such as metabolic stress, the therapeutic safety profile of A3R modulators is expected to be superior to
other modulators of adenosine signaling [4]. Preclinical and clinical safety studies provide further
evidence of a good safety profile for A3R agonists.

The A3R agonists CF101 and CF102 have been shown to be well-tolerated and have a good safety profile
in patients with rheumatoid arthritis, plaque psoriasis, dry eye, glaucoma, hepatocellular carcinoma, and
NAFLD/NASH, as well as in healthy volunteers. The pharmacokinetics were linear, proportional to dose
[73]. Can-Fite’s annual Drug Safety Update Report for 2020, demonstrates favorable safety profiles for
CF101 and CF102, based on clinical testing in over 1,500 patients (Press Release).

In a Phase 1 ascending dose study in healthy men (n=43) for CF101, single oral doses up to 5 mg and
multiple doses up to 4 mg were safe and well-tolerated [73]. Single oral doses of 10 mg were associated
with flushing, tachycardia, nausea and vomiting, while multiple doses of 5 mg were associated with
headache, drowsiness, hot flushes and dizziness. Aside from elevated heart rate at the highest dose,
there was no other evidence of adverse cardiac events, based on electrocardiogram monitoring.

In reported Phase 2 and Phase 3 RCTs, the incidence of adverse events was typically similar to placebo.
At the 4 mg dose of CF101, three rheumatoid arthritis patients discontinued treatment due to adverse
events, including headache/nausea, atrial tachycardia, and an exacerbation of Parkinson’s disease [29].
In RCTs testing the 1 to 2 mg dose range, adverse events were mild, and included headache, nausea, and
rash [29; 47; 48; 70]. There were two severe adverse events, pruitis and a skin allergic reaction, in
patients with psoriasis taking 1 mg BID CF101 [47].
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In a Phase 1/2 trial testing CF102 at oral doses up to 25 mg BID in hepatocellular carcinoma, there were
no serious drug-related adverse events or dose related toxicities [40]. In a Phase 2 RCT in the same
population, treatment related adverse events were primarily grade 1 or 2 for gastrointestinal events or
reductions in blood cell counts [41; 74]. One grade 3 adverse event was reported for hyponatremia. In
patients with NAFLD/NASH taking CF102 at 12.5 or 25 mg BID, there were three adverse events
considered possibly treatment related; myalgia, muscular weakness, and headache [43]. There were no
severe treatment-emergent adverse events, no hepatotoxicity, and no deaths in this study.

The biased A3R agonist FM101 was tested in Phase 1 SAD (75 mg to 2400 mg) and MAD (150 mg QD to
450 mg QD and 600 mg BID for one week) studies assessing safety, tolerability, and pharmacokinetics in
healthy volunteers (n=50) (NCT03879928). All of the adverse events were mild, with gastrointestinal
events, including nausea and diarrhea, as the most common. FM101 was rapidly absorbed with linear
pharmacokinetics, and steady-state levels were achieved within one week [75]. It was well-tolerated up
to the highest tested doses (2400 mg single dose; 600 mg BID for one week). There were no clinically
relevant safety signals on vital signs, laboratory tests, or electrocardiogram parameters.

FM101 has been tested in acute and sub-chronic toxicology studies in rats and dogs [5; 71]. Abnormal
posture, irregular respiration, decreased movement, loose stools, and ear flushing were observed during
the early phase of dosing in rats that received 500 and 1000 mg/kg/day (orally). No adverse effects were
observed related to ophthalmology, clinical chemistry, urine, organ weight, and histopathology [5]. The
no evidence of adverse events level (NOAEL) was determined to be 1000 mg/kg/day in rats.

In adult male cynomolgus monkeys, AST-004, administered as an intravenous infusion in the context of a
transient middle cerebral artery occlusion ischemic injury, did not exert any clinically relevant changes
to physiological parameters during the course of the study [7].

Sources and dosing:

CF101 (Piclidenoson) and CF102 (Namodenoson) are being developed by Can-Fite BioPharma for plaque
psoriasis and hepatocellular carcinoma/NASH, respectively, and are currently being tested in RCTs.
CF102 is available in Israel for patients with advanced liver cancer as part of a compassionate use
program. The derivative compounds IB-MECA (CF101) and 2-CI-IB-MECA (CF102) are available for
research use from commercial suppliers. A therapeutic dose has not yet been established, but CF101 has
shown to have a good safety profile at an oral dose of 1 or 2 mg BID, and is currently being tested at oral
doses ranging from 1 to 3 mg BID in Phase 3 RCTs. CF102 has been safely tested at oral doses up to 25
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mg BID. FM101 is being developed by Futuremedicine Co. for glaucoma and NASH, and has been found
to be safe at a single oral dose of 2400 mg and up to 600 mg BID for one week. AST-004 has not yet been
clinically tested in humans. It was found to be safe up to a dose of 5.2 mg/kg bolus; 2.8 mg/kg per hour
infusion for 22 hours in a stroke model in non-human primates. It is currently formulated for
intravenous dosing. Astrocyte Pharmaceuticals is working on developing an oral formulation of AST-004
for use in chronic conditions (Company website).

Research underway:

CF101 is currently being tested in the Phase 3 Comfort™ study for moderate to severe plaque-psoriasis
(NCT03168256). Topline results are expected in Q2 2022.

CF101 is currently being tested in patients with Covid-19 (NCT04333472). Due to its anti-inflammatory
activity, A3R agonists have been proposed to be good candidates for immunotherapy associated
cytokine release syndrome [76].

CF102 is currently being tested in a Phase 2 RCT in patients with NASH and F1-3 fibrosis (NCT04697810).
The estimated study completion date is in 2023.

CF102 will be tested in the Phase 3 LIVERATION RCT in patients with advanced hepatocellular Carcinoma
with Child-Pugh class B7 cirrhosis (NCT05201404). The estimated completion date is in 2025.

FM101 (150 or 300 mg BID) is being tested in a Phase 1/2a trial in patients with ocular hypertension and
to assess the bioavailability of an oral tablet formulation relative to an oral solution in healthy
volunteers (NCT04585100). The estimated completion date is in 2023.

FM101 (150 mg or 300 mg BID) is being tested in a Phase 2a trial in patients with NASH or NAFLD
(NCT04710524). It is expected to be completed in 2022.

Search terms:
Pubmed, Google: A3R, CF101, CF102, IB-MECA, 2-CI-IB-MECA, AST-004
o Alzheimer’s diease, neurodegeneration, ischemia, inflammation, cancer, arthritis,
cardiovascular, neuropathy, glacuoma, clinical trial, safety

Websites visited for A3R agonists:
e (linicaltrials.gov (CF101, CF102, FM101)
e PubChem (CF101, CF102)
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e DrugBank.ca (CF101, CF102)
o Cafepharma (CF101, CF102)

References:

1. Borea PA, Varani K, Vincenzi F et al. (2015) The A3 Adenosine Receptor: History and Perspectives. Pharmacological
Reviews 67, 74-102.http://pharmrev.aspetjournals.org/content/pharmrev/67/1/74.full.pdf.

2. Sachdeva S, Gupta M (2013) Adenosine and its receptors as therapeutic targets: An overview. Saudi Pharmaceutical
Journal 21, 245-253.http://www.sciencedirect.com/science/article/pii/51319016412000448.

3. Ogawa A, Nagiri C, Shihoya W et al. (2021) N6-methyladenosine (m6A) is an endogenous A3 adenosine receptor ligand.
Molecular Cell 81, 659-674.e657.https://www.sciencedirect.com/science/article/pii/S109727652030959X.

4. Jacobson KA, Merighi S, Varani K et al. (2018) A(3) Adenosine Receptors as Modulators of Inflammation: From Medicinal
Chemistry to Therapy. Med Res Rev 38, 1031-1072.https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5756520/.

5. Park C-W, Han C-T, Sakaguchi Y et al. (2020) Safety evaluation of FM101, an A3 adenosine receptor modulator, in rat, for
developing as therapeutics of glaucoma and hepatitis. EXCL/ J 19, 187-200.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7105940/.

6. Liston TE, Hinz S, Miiller CE et al. (2020) Nucleotide P2Y(1) receptor agonists are in vitro and in vivo prodrugs of
A(1)/A(3) adenosine receptor agonists: implications for roles of P2Y(1) and A(1)/A(3) receptors in physiology and
pathology. Purinergic Signal 16, 543-559. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7855190/.

7. Liston TE, Hama A, Boltze J et al. (2022) Adenosine A1R/A3R (Adenosine Al and A3 Receptor) Agonist AST-004 Reduces
Brain Infarction in a Nonhuman Primate Model of Stroke. Stroke 53, 238-
248.https://www.ahajournals.org/doi/abs/10.1161/STROKEAHA.121.036396.

8. Liu Y-J, Chen J, Li X et al. (2019) Research progress on adenosine in central nervous system diseases. CNS Neurosci Ther
25, 899-910.https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6698970/.

9. Rebola N, Rodrigues RJ, Oliveira CR et al. (2005) Different roles of adenosine A1, A2A and A3 receptors in controlling
kainate-induced toxicity in cortical cultured neurons. Neurochemistry International 47, 317-
325.http://www.sciencedirect.com/science/article/pii/S0197018605001257.

10. Bozdemir E, Vigil FA, Chun SH et al. (2021) Neuroprotective Roles of the Adenosine A3 Receptor Agonist AST-004 in
Mouse Model of Traumatic Brain Injury. Neurotherapeutics 18, 2707-2721.https://doi.org/10.1007/s13311-021-01113-7.

11. Cellai L, Carvalho K, Faivre E et al. (2018) The Adenosinergic Signaling: A Complex but Promising Therapeutic Target for
Alzheimer’s Disease. Frontiers in Neuroscience 12.https://www.frontiersin.org/article/10.3389/fnins.2018.00520.

12. Coppi E, Cherchi F, Venturini M et al. (2022) Therapeutic Potential of Highly Selective A(3) Adenosine Receptor Ligands
in the Central and Peripheral Nervous System. Molecules 27, 1890.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8952202/.

Conquering Alzheimer’s 57 West 57th Street, Suite goq CognitiveVitality.org 21
Through Drug Discovery New York, New York 10019 AlzDiscovery.org


https://www.alzdiscovery.org/
https://www.drugbank.ca/drugs/DB05511
https://www.drugbank.ca/drugs/DB12885
http://www.cafepharma.com/search/site/cf101
http://www.cafepharma.com/search/site/cf102
http://pharmrev.aspetjournals.org/content/pharmrev/67/1/74.full.pdf
http://www.sciencedirect.com/science/article/pii/S1319016412000448
https://www.sciencedirect.com/science/article/pii/S109727652030959X
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5756520/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7105940/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7855190/
https://www.ahajournals.org/doi/abs/10.1161/STROKEAHA.121.036396
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6698970/
http://www.sciencedirect.com/science/article/pii/S0197018605001257
https://doi.org/10.1007/s13311-021-01113-7
https://www.frontiersin.org/article/10.3389/fnins.2018.00520
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8952202/

Alzheimer’s .
Drug Discovery Cognitive
Foundation Vitality.org Last updated on April 21, 2022

13. Lillo A, Martinez-Pinilla E, Reyes-Resina | et al. (2020) Adenosine A(2A) and A(3) Receptors Are Able to Interact with
Each Other. A Further Piece in the Puzzle of Adenosine Receptor-Mediated Signaling. Int J Mol Sci 21,
5070.https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7404137/.

14. Lillo A, Raich |, Lillo J et al. (2022) Expression of the Adenosine A(2A)-A(3) Receptor Heteromer in Different Brain
Regions and Marked Upregulation in the Microglia of the Transgenic APP(Sw,Ind) Alzheimer's Disease Model. Biomedicines
10, 214.https://www.ncbi.nIm.nih.gov/pmc/articles/PMC8869194/.

15. Rubaj A, Zgodzinski W, Sieklucka-Dziuba M (2003) The influence of adenosine A3 receptor agonist: IB-MECA, on
scopolamine- and MK-801-induced memory impairment. Behavioural Brain Research 141, 11-
17.http://www.sciencedirect.com/science/article/pii/S0166432802003145.

16. Andrade GM, Bezerra JR, Nascimento TdS et al. (2019) Effects of CF102, an Adenosine A3 Receptors Agonist, on
Memory Deficits and Oxidative Stress in a Mouse Model of Streptozotocin-Induced Dementia of Alzheimer’s Type. The
FASEB Journal 33, 806.811-806.811.https://www.fasebj.org/doi/abs/10.1096/fasebj.2019.33.1 supplement.806.11.

17.Li S, Geiger NH, Soliman ML et al. (2015) Caffeine, Through Adenosine A3 Receptor-Mediated Actions, Suppresses
Amyloid-B Protein Precursor Internalization and Amyloid-B Generation. J Alzheimers Dis 47, 73-
83.https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4609209/.

18. Fedorova IM, Jacobson MA, Basile A et al. (2003) Behavioral characterization of mice lacking the A3 adenosine
receptor: sensitivity to hypoxic neurodegeneration. Cell Mol Neurobiol 23, 431-447.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3145360/.

19. Choi I-Y, Lee J-C, Ju C et al. (2011) A3 adenosine receptor agonist reduces brain ischemic injury and inhibits
inflammatory cell migration in rats. Am J Pathol 179, 2042-2052.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3181366/.

20. Dennis SH, Jaafari N, Cimarosti H et al. (2011) Oxygen/glucose deprivation induces a reduction in synaptic AMPA
receptors on hippocampal CA3 neurons mediated by mGluR1 and adenosine A3 receptors. J Neurosci 31, 11941-
11952.https://www.nchbi.nlm.nih.gov/pmc/articles/PMC3160741/.

21. Bjorklund O, Shang M, Tonazzini | et al. (2008) Adenosine Al and A3 receptors protect astrocytes from hypoxic
damage. European Journal of Pharmacology 596, 6-
13.http://www.sciencedirect.com/science/article/pii/S0014299908008583.

22. Chen G-J, Harvey BK, Shen H et al. (2006) Activation of adenosine A3 receptors reduces ischemic brain injury in
rodents. Journal of Neuroscience Research 84, 1848-1855.https://onlinelibrary.wiley.com/doi/abs/10.1002/ijnr.21071.

23. von Arnim CAF, Verstege E, Etrich SM et al. (2006) Mechanisms of hypoxic tolerance in presymptomatic APP23
transgenic mice. Mechanisms of Ageing and Development 127, 109-
114.http://www.sciencedirect.com/science/article/pii/S0047637405002435.

24. van der Putten C, Zuiderwijk-Sick EA, van Straalen L et al. (2009) Differential Expression of Adenosine A3 Receptors
Controls Adenosine A2A Receptor-Mediated Inhibition of TLR Responses in Microglia. The Journal of Immunology 182,
7603-7612.https://www.jimmunol.org/content/jimmunol/182/12/7603.full.pdf.

25. Butler M, Sanmugalingam D, Burton VJ et al. (2012) Impairment of adenosine A3 receptor activity disrupts neutrophil
migratory capacity and impacts innate immune function in vivo. European Journal of Imnmunology 42, 3358-
3368.https://onlinelibrary.wiley.com/doi/abs/10.1002/¢ji.201242655.

Conquering Alzheimer’s 57 West 57th Street, Suite goq CognitiveVitality.org 22
Through Drug Discovery New York, New York 10019 AlzDiscovery.org


https://www.alzdiscovery.org/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7404137/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8869194/
http://www.sciencedirect.com/science/article/pii/S0166432802003145
https://www.fasebj.org/doi/abs/10.1096/fasebj.2019.33.1_supplement.806.11
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4609209/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3145360/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3181366/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3160741/
http://www.sciencedirect.com/science/article/pii/S0014299908008583
https://onlinelibrary.wiley.com/doi/abs/10.1002/jnr.21071
http://www.sciencedirect.com/science/article/pii/S0047637405002435
https://www.jimmunol.org/content/jimmunol/182/12/7603.full.pdf
https://onlinelibrary.wiley.com/doi/abs/10.1002/eji.201242655

Alzheimer’s .
Drug Discovery Cognitive
Foundation Vitality.org Last updated on April 21, 2022

26. Farr SA, Cuzzocrea S, Esposito E et al. (2020) Adenosine A(3) receptor as a novel therapeutic target to reduce secondary
events and improve neurocognitive functions following traumatic brain injury. J Neuroinflammation 17, 339-
339.https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7659122/.

27. Nuriel T, Angulo SL, Khan U et al. (2017) Neuronal hyperactivity due to loss of inhibitory tone in APOE4 mice lacking
Alzheimer’s disease-like pathology. Nature Communications 8, 1464.https://doi.org/10.1038/s41467-017-01444-0.

28. Fishman P, Cohen S (2016) The A3 adenosine receptor (A3AR): therapeutic target and predictive biological marker in
rheumatoid arthritis. Clinical Rheumatology 35, 2359-2362.https://doi.org/10.1007/s10067-016-3202-4.

29. Silverman MH, Strand V, Markovits D et al. (2008) Clinical evidence for utilization of the A3 adenosine receptor as a
target to treat rheumatoid arthritis: data from a phase Il clinical trial. The Journal of Rheumatology 35, 41-
48.http://www.jrheum.org/content/jrheum/35/1/41.full.pdf.

30. Reitblat T G-BA, Harpaz Z, Farbstein M, Silverman M, Kerns W, Fishman P (2021) The Efficacy and Safety of Piclidenoson
vs Methotrexate in Early Rheumatoid Arthritis: Phase 3 Randomized, Double-blind, Placebo-controlled Study [abstract].
Arthritis Rheumatol 73.https://acrabstracts.org/abstract/the-efficacy-and-safety-of-piclidenoson-vs-methotrexate-in-early-
rheumatoid-arthritis-phase-3-randomized-double-blind-placebo-controlled-study/.

31. Varani K, Vincenzi F, Tosi A et al. (2010) Expression and functional role of adenosine receptors in regulating
inflammatory responses in human synoviocytes. Br J Pharmacol 160, 101-
115.https://bpspubs.onlinelibrary.wiley.com/doi/abs/10.1111/j.1476-5381.2010.00667..x.

32. Sohn R, Junker M, Meurer A et al. (2021) Anti-Inflammatory Effects of Endogenously Released Adenosine in Synovial
Cells of Osteoarthritis and Rheumatoid Arthritis Patients. Int J Mol Sci 22, 8956.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8396606/.

33. Bar-Yehuda S, Rath-Wolfson L, Del Valle L et al. (2009) Induction of an antiinflammatory effect and prevention of
cartilage damage in rat knee osteoarthritis by CF101 treatment. Arthritis & Rheumatism 60, 3061-
3071.https://onlinelibrary.wiley.com/doi/abs/10.1002/art.24817.

34. Liu L, Bai H, Jiao G et al. (2022) CF101 alleviates OA progression and inhibits the inflammatory process via the
AMP/ATP/AMPK/mTOR axis. Bone 155, 116264.https://www.sciencedirect.com/science/article/pii/S8756328221004300.

35. Merighi S, Battistello E, Giacomelli L et al. (2019) Targeting A3 and A2A adenosine receptors in the fight against cancer.
Expert Opinion on Therapeutic Targets 23, 669-678.https://doi.org/10.1080/14728222.2019.1630380.

36. Abel B, Murakami M, Tosh DK et al. (2022) Interaction of A3 adenosine receptor ligands with the human multidrug
transporter ABCG2. European Journal of Medicinal Chemistry 231,
114103.https://www.sciencedirect.com/science/article/pii/S0223523422000046.

37. Solanki N, Patel L, Shah S et al. (2022) Pharmacological Study of A3 Adenosine Receptor agonist (AB Meca) in Xenograft
Lung Cancer Model in Mice through In Silico and In Vivo Approach: Targeting TNF. Current Drug Discovery Technologies 19,
73-80.http://www.eurekaselect.com/article/117243.

38. Kotulova J, Lonova K, Kubickova A et al. (2022) 2-CI-IB-MECA regulates the proliferative and drug resistance pathways,
and facilitates chemosensitivity in pancreatic and liver cancer cell lines. Int J Mol Med 49,
31.https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8788926/.

Conquering Alzheimer’s 57 West 57th Street, Suite goq CognitiveVitality.org 23
Through Drug Discovery New York, New York 10019 AlzDiscovery.org


https://www.alzdiscovery.org/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7659122/
https://doi.org/10.1038/s41467-017-01444-0
https://doi.org/10.1007/s10067-016-3202-4
http://www.jrheum.org/content/jrheum/35/1/41.full.pdf
https://acrabstracts.org/abstract/the-efficacy-and-safety-of-piclidenoson-vs-methotrexate-in-early-rheumatoid-arthritis-phase-3-randomized-double-blind-placebo-controlled-study/
https://acrabstracts.org/abstract/the-efficacy-and-safety-of-piclidenoson-vs-methotrexate-in-early-rheumatoid-arthritis-phase-3-randomized-double-blind-placebo-controlled-study/
https://bpspubs.onlinelibrary.wiley.com/doi/abs/10.1111/j.1476-5381.2010.00667.x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8396606/
https://onlinelibrary.wiley.com/doi/abs/10.1002/art.24817
https://www.sciencedirect.com/science/article/pii/S8756328221004300
https://doi.org/10.1080/14728222.2019.1630380
https://www.sciencedirect.com/science/article/pii/S0223523422000046
http://www.eurekaselect.com/article/117243
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8788926/

Alzheimer’s .
Drug Discovery Cognitive
Foundation Vitality.org Last updated on April 21, 2022

39. Bar-Yehuda S, Stemmer SM, Madi L et al. (2008) The A3 adenosine receptor agonist CF102 induces apoptosis of
hepatocellular carcinoma via de-regulation of the Wnt and NF-kappaB signal transduction pathways. International journal
of oncology 33, 287-295 https://pubmed.nchi.nlm.nih.gov/18636149/

40. Stemmer SM, Benjaminov O, Medalia G et al. (2013) CF102 for the treatment of hepatocellular carcinoma: a phase I/II,
open-label, dose-escalation study. Oncologist 18, 25-26. https://www.ncbhi.nlm.nih.gov/pmc/articles/PMC3556251/.

41. Stemmer SM, Manojlovic NS, Marinca MV et al. (2021) Namodenoson in Advanced Hepatocellular Carcinoma and
Child-Pugh B Cirrhosis: Randomized Placebo-Controlled Clinical Trial. Cancers (Basel) 13,
187.https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7825785/.

42. Cohen S, Stemmer SM, Zozulya G et al. (2011) CF102 an A3 adenosine receptor agonist mediates anti-tumor and anti-
inflammatory effects in the liver. J Cell Physiol 226, 2438-2447. https://www.ncbi.nIm.nih.gov/pmc/articles/PMC3474360/.

43, Safadi R, Braun M, Francis A et al. (2021) Randomised clinical trial: A phase 2 double-blind study of namodenoson in
non-alcoholic fatty liver disease and steatohepatitis. Alimentary Pharmacology & Therapeutics 54, 1405-
1415.https://onlinelibrary.wiley.com/doi/abs/10.1111/apt.16664.

44, Suresh RR, Jain S, Chen Z et al. (2020) Design and in vivo activity of A(3) adenosine receptor agonist prodrugs.
Purinergic Signal 16, 367-377.https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7524976/.

45, Fishman P, Cohen S, Itzhak | et al. (2019) The A3 adenosine receptor agonist, namodenoson, ameliorates non-alcoholic
steatohepatitis in mice. Int J Mol Med 44, 2256-2264. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6844636/.

46. Shon C, Choi SY, Park JS et al. (2019) Preclinical characterization of FM101, a first-in-class A3 adenosine receptor
modulator for the treatment of non-alcoholic steatohepatitis. Poster: The International Liver
Congress.https://www.postersessiononline.eu/173580348 eu/congresos/ILC2019/aula/-FRI 344 1.C2019.pdf.

47. David M, Akerman L, Ziv M et al. (2012) Treatment of plaque-type psoriasis with oral CF101: data from an exploratory
randomized phase 2 clinical trial. Journal of the European Academy of Dermatology and Venereology 26, 361-
367.https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1468-3083.2011.04078.x.

48. David M, Gospodinov DK, Gheorghe N et al. (2016) Treatment of Plaque-Type Psoriasis With Oral CF101: Data from a
Phase II/Ill Multicenter, Randomized, Controlled Trial. Journal of drugs in dermatology : JDD 15, 931-

multicenter-randomized-co-S1545961616P0931X/.

49, Lépez-Cano M, Filgaira |, Nolen EG et al. (2021) Optical control of adenosine A3 receptor function in psoriasis.
Pharmacological Research 170, 105731.https://www.sciencedirect.com/science/article/pii/S1043661821003157.

50. Janes K, Symons-Liguori AM, Jacobson KA et al. (2016) Identification of A3 adenosine receptor agonists as novel non-
narcotic analgesics. BrJ Pharmacol 173, 1253-1267. https://www.nchi.nlm.nih.gov/pmc/articles/PMC4940822/.

51. Little JW, Ford A, Symons-Liguori AM et al. (2015) Endogenous adenosine A3 receptor activation selectively alleviates
persistent pain states. Brain 138, 28-35.https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4285194/.

52. Janes K, Wahlman C, Little JW et al. (2015) Spinal neuroimmune activation is independent of T-cell infiltration and
attenuated by A3 adenosine receptor agonists in a model of oxaliplatin-induced peripheral neuropathy. Brain Behav
Immun 44, 91-99.https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4275321/.

Conquering Alzheimer’s 57 West 57th Street, Suite goq CognitiveVitality.org 24
Through Drug Discovery New York, New York 10019 AlzDiscovery.org


https://www.alzdiscovery.org/
https://pubmed.ncbi.nlm.nih.gov/18636149/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3556251/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7825785/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3474360/
https://onlinelibrary.wiley.com/doi/abs/10.1111/apt.16664
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7524976/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6844636/
https://www.postersessiononline.eu/173580348_eu/congresos/ILC2019/aula/-FRI_344_ILC2019.pdf
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1468-3083.2011.04078.x
https://jddonline.com/articles/treatment-of-plaque-type-psoriasis-with-oral-cf101-data-from-a-phase-iiiii-multicenter-randomized-co-S1545961616P0931X/
https://jddonline.com/articles/treatment-of-plaque-type-psoriasis-with-oral-cf101-data-from-a-phase-iiiii-multicenter-randomized-co-S1545961616P0931X/
https://www.sciencedirect.com/science/article/pii/S1043661821003157
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4940822/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4285194/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4275321/

Alzheimer’s .
Drug Discovery Cognitive
Foundation Vitality.org Last updated on April 21, 2022

53. Janes K, Esposito E, Doyle T et al. (2014) A3 adenosine receptor agonist prevents the development of paclitaxel-
induced neuropathic pain by modulating spinal glial-restricted redox-dependent signaling pathways. Pain 155, 2560-
2567.https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4529068/.

54. Micheli L, Durante M, Lucarini E et al. (2021) The Histamine H(4) Receptor Participates in the Anti-Neuropathic Effect of
the Adenosine A(3) Receptor Agonist IB-MECA: Role of CD4(+) T Cells. Biomolecules 11,
1447 .https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8533073/.

55. Durante M, Squillace S, Lauro F et al. (2021) Adenosine A3 agonists reverse neuropathic pain via T cell-mediated
production of IL-10. J Clin Invest 131, €139299.https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8011899/.

56. Cioato SG, Medeiros LF, Lopes BC et al. (2020) Antinociceptive and neurochemical effects of a single dose of IB-MECA
in chronic pain rat models. Purinergic Signal 16, 573-584. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7855191/.

57. Du L, Gao Z-G, Nithipatikom K et al. (2012) Protection from myocardial ischemia/reperfusion injury by a positive
allosteric modulator of the A; adenosine receptor. J Pharmacol Exp Ther 340, 210-217.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3251031/.

58. Mulloy DP, Sharma AK, Fernandez LG et al. (2013) Adenosine A3 receptor activation attenuates lung ischemia-
reperfusion injury. Ann Thorac Surg 95, 1762-1767.https://www.ncbi.nIm.nih.gov/pmc/articles/PMC3725313/.

59. Ohana G, Cohen S, Rath-Wolfson L et al. (2016) A3 adenosine receptor agonist, CF102, protects against hepatic
ischemia/reperfusion injury following partial hepatectomy. Molecular medicine reports 14, 4335-4341.
https://pubmed.ncbi.nlm.nih.gov/27666664/

60. Cheng P, Zhang J, Chu Z et al. (2022) A3 adenosine receptor agonist IB-MECA reverses chronic cerebral ischemia-
induced inhibitory avoidance memory deficit. European Journal of Pharmacology 921,
174874 .https://www.sciencedirect.com/science/article/pii/S0014299922001352.

61. Li P, Li X, Deng P et al. (2020) Activation of adenosine A3 receptor reduces early brain injury by alleviating
neuroinflammation after subarachnoid hemorrhage in elderly rats. Aging (Albany NY) 13, 694-
713.https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7835045/.

62. Nishat S, Khan LA, Ansari ZM et al. (2016) Adenosine A3 Receptor: A promising therapeutic target in cardiovascular
disease. Curr Cardiol Rev 12, 18-26.https://www.nchi.nlm.nih.gov/pmc/articles/PMC4807713/.

63. Bulger EM, Tower CM, Warner KJ et al. (2011) Increased neutrophil adenosine a3 receptor expression is associated
with hemorrhagic shock and injury severity in trauma patients. Shock 36, 435-
439.https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3204900/.

64. Zhou R, Chen F, Li Q et al. (2010) Stimulation of the adenosine A3 receptor reverses vascular hyporeactivity after
hemorrhagic shock in rats. Acta Pharmacol Sin 31, 413-420. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4007655/.

65. Ren TH, Lv MM, An XM et al. (2020) Activation of adenosine A3 receptor inhibits inflammatory cytokine production in
colonic mucosa of patients with ulcerative colitis by down-regulating the nuclear factor-kappa B signaling. Journal of
Digestive Diseases 21, 38-45.https://onlinelibrary.wiley.com/doi/abs/10.1111/1751-2980.12831.

66. Ren T, Tian T, Feng X et al. (2015) An adenosine A3 receptor agonist inhibits DSS-induced colitis in mice through
modulation of the NF-kB signaling pathway. Sci Rep 5, 9047-9047.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4357005/.

Conquering Alzheimer’s 57 West 57th Street, Suite goq CognitiveVitality.org 25
Through Drug Discovery New York, New York 10019 AlzDiscovery.org


https://www.alzdiscovery.org/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4529068/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8533073/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8011899/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7855191/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3251031/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3725313/
https://pubmed.ncbi.nlm.nih.gov/27666664/
https://www.sciencedirect.com/science/article/pii/S0014299922001352
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7835045/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4807713/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3204900/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4007655/
https://onlinelibrary.wiley.com/doi/abs/10.1111/1751-2980.12831
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4357005/

Alzheimer’s .
Drug Discovery Cognitive
Foundation Vitality.org Last updated on April 21, 2022

67. Antonioli L, Lucarini E, Lambertucci C et al. (2020) The Anti-Inflammatory and Pain-Relieving Effects of AR170, an
Adenosine A(3) Receptor Agonist, in a Rat Model of Colitis. Cells 9, 1509.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7348903/.

68. Lucarini E, Coppi E, Micheli L et al. (2020) Acute visceral pain relief mediated by A3AR agonists in rats: involvement of
N-type voltage-gated calcium channels. Pain 161, 2179-2190. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8272921/.

69. Galvao J, Elvas F, Martins T et al. (2015) Adenosine A3 receptor activation is neuroprotective against retinal
neurodegeneration. Experimental Eye Research 140, 65-
74.http://www.sciencedirect.com/science/article/pii/S0014483515300051.

70. Avni |, Garzozi HJ, Barequet IS et al. (2010) Treatment of dry eye syndrome with orally administered CF101: data from a
phase 2 clinical trial. Ophthalmology 117, 1287-1293. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3668568/.

71. Lee S, Yang J, Park C et al. (2017) Efficacy, Pharmacokinetic and Non-clinical Safety Profile of a novel A3AR antagonist,
FM101, in the Treatment of Glaucoma by Oral administration. Poster: 7th WORLD GLAUCOMA
CONGRESS.https://wga.one/WGC/2017/wgc2017 thefiles/uploads/ninja-forms/6/2017%20WGC%20-%20Poster-Final.pdf.

72. Bar-Yehuda S, Luger D, Ochaion A et al. (2011) Inhibition of experimental auto-immune uveitis by the A3 adenosine
receptor agonist CF101. Int J Mol Med 28, 727-731. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3167223/.

73. van Troostenburg AR, Clark EV, Carey WD et al. (2004) Tolerability, pharmacokinetics and concentration-dependent
hemodynamic effects of oral CF101, an A3 adenosine receptor agonist, in healthy young men. International journal of
clinical pharmacology and therapeutics 42, 534-542 https://pubmed.nchi.nlm.nih.gov/15516022/

74. Stemmer SM, Manojlovic NS, Marinca MV et al. (2019) The Safety and Efficacy of Namodenoson in the Second-Line
Treatment of Advanced Hepatocellular Carcinoma (HCC) Patients with Underlying Child-Pugh B (CPB) Liver Cirrhosis: A

Phase 2, Randomized, Double-Blind, Placebo-Controlled Trial. Presentation: 13th Annual ILCA Conference https://ilca-

online.org/wp-content/uploads/2019/10/namodenoson-phase2-study-20-9-19-final.pdf.

75. Ha SA, Kim MR, Kang S et al. (2020) A randomized, double-blind, placebo-controlled, first-in-human single ascending
dose, multiple ascending dose, and food effect study to evaluate the safety, tolerability, and pharmacokinetic profile of
FM101 in healthy volunteers. Journal of hepatology 73, S446-

S447 https://www.cochranelibrary.com/central/doi/10.1002/central/CN-02229772/full.

76. Cohen S, Fishman P (2019) Targeting the A(3) adenosine receptor to treat cytokine release syndrome in cancer
immunotherapy. Drug Des Devel Ther 13, 491-497. https://www.ncbi.nIm.nih.gov/pmc/articles/PMC6363488/.

Conquering Alzheimer’s 57 West 57th Street, Suite goq CognitiveVitality.org 26
Through Drug Discovery New York, New York 10019 AlzDiscovery.org


https://www.alzdiscovery.org/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7348903/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8272921/
http://www.sciencedirect.com/science/article/pii/S0014483515300051
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3668568/
https://wga.one/WGC/2017/wgc2017_thefiles/uploads/ninja-forms/6/2017%20WGC%20-%20Poster-Final.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3167223/
https://pubmed.ncbi.nlm.nih.gov/15516022/
https://ilca-online.org/wp-content/uploads/2019/10/namodenoson-phase2-study-20-9-19-final.pdf
https://ilca-online.org/wp-content/uploads/2019/10/namodenoson-phase2-study-20-9-19-final.pdf
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-02229772/full
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6363488/

Alzheimer’s .
Drug Discovery Cognitive
Foundation Vitality.org Last updated on April 21, 2022

Disclaimer: Cognitive Vitality Reports® do not provide, and should not be used for, medical
advice, diagnosis, or treatment. You should consult with your healthcare providers when
making decisions regarding your health. Your use of these reports constitutes your agreement
to the Terms & Conditions.

If you have suggestions for drugs, drugs-in-development, supplements, nutraceuticals, or
food/drink with neuroprotective properties that warrant in-depth reviews by ADDF’s Aging and
Alzheimer’s Prevention Program, please contact INFO@alzdiscovery.org. To view our official
ratings, visit Cognitive Vitality’s Rating page.
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