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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.

Rabeximod

Evidence Summary
Rabeximod may benefit conditions with an autoimmune component. While its narrow mechanism may
lead to good safety, it may also limit its clinical utility.

Neuroprotective Benefit: It is unclear whether rabeximod could reduce T-cell-related neuronal
damage in neurodegenerative disease, though it may benefit neuro-autoimmune conditions.

Aging and related health concerns: Rabeximod may benefit autoimmune conditions in which
antigen-presenting macrophage-derived cells play a prominent role.

Safety: Rabeximod is reported to be well-tolerated in clinical trials, but details are lacking.
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Availability: In clinical trials Dose: Not established Chemical formula:

C22H24CINsO
MW: 409.9 g/mol

Administered as oral tablets

Half-life: Not reported BBB: Not reported
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What is it?

Rabeximod (Rob 803) is an immunomodulatory drug that targets antigen presenting cells, and is being
developed for autoimmune conditions, primarily rheumatoid arthritis [1]. Jan Bergman developed a
series of non-toxic derivatives of ellipticine, a natural alkaloid compound with anti-tumorigenic
properties based on its ability to inhibit DNA topoisomerase Il [2]. The lead compound B-220 was found
to have anti-viral activity, and additional analogs were developed from B-220. Rabeximod is one of these
analogs which was found to have anti-inflammatory activity. It prevents the differentiation of
monocytes into certain pro-inflammatory subsets of antigen presenting cells, such as macrophages and
dendritic cells [3]. Rabeximod was originally developed by OxyPharma, which sponsored a Phase 1 trial
in 2006, and a Phase 2 study for rheumatoid arthritis in 2008. Rabeximod was fully acquired by Cyxone
in 2018 (Press release). In 2021, Cyxone conducted a trial for Covid-19, and as of 2022 is focusing clinical
development on rheumatoid arthritis, with a planned Phase 2b RCT.

Neuroprotective Benefit: It is unclear whether rabeximod could reduce T-cell-related neuronal damage

in neurodegenerative disease, though it may benefit neuro-autoimmune conditions.

Types of evidence:
e 1 laboratory study
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Human research to suggest prevention of dementia, prevention of decline, or improved cognitive
function:

There is increasing evidence indicating that the adaptive immune system is dysfunctional in dementia
patients, and that changes in certain T cell populations are associated with cognitive decline [4]. In
dementia patients, there is clonal expansion of certain CD8 and CD4 memory T cell populations within
the CNS, which is coupled with an overall decrease in T cell diversity [5; 6]. Clonal expansion of a
population of T cells called CD8 T EMRA was seen in the brains of individuals with Alzheimer’s disease
(AD) [5]. These antigen-trained cells increase with aging, and subsets of them have been shown to
display a senescence-associated secretory phenotype (SASP), which drives chronic inflammation [7]. T
EMRA cells are highly heterogeneous and typically associated with the immune response to viral
pathogens, suggesting their expansion may be related to the presence or reactivation of chronic latent
viruses. The presence of these T cells within the CNS is tied to neuronal loss, but the nature of this
relationship is not well understood [4]. It could involve an autoimmune type mechanism whereby
activated T cells primed with CNS antigens attack neural tissue, and/or neuronal loss could be secondary
to prolonged low-grade inflammation stemming from an ineffective primary adaptive immune response.
The majority of the evidence to date points to the latter [8], but does not exclude a role for the former.

Antigen presenting cells train and stimulate T cells to either ignore (i.e. induce tolerance to self-
antigens), or to mount an attack against that particular antigen [9]. Due to the immune privileged status
of the CNS, T cells are trained in the periphery and then migrate into the CNS. The lymphatic/glymphatic
drainage of CNS proteins into the cervical lymph nodes provides a source of potential CNS antigens,
which could be taken up by antigen presenting cells. The interaction between the antigen presenting cell
and the T cell is an important determinant of the ultimate T cell response.

The key question with respect to the potential therapeutic efficacy of rabeximod in this population is
whether these detrimental effects to adaptive immune cell function are tied to changes in the antigen
presenting cells, and if so, which antigen presenting cell populations are most relevant? Antigen
presentation involves the major histocompatibility complex (MHC), which is comprised of human
leukocyte antigen (HLA) genes [10]. HLA genes and single nucleotide polymorphisms (SNPs) in genes
that regulate HLA genes have been associated with AD [9]. This suggests that altered antigen
presentation can promote neurodegeneration. One study found evidence for increased self-antigen load
in the brain in the context of AD [11].
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Microglia, the resident innate immune cells in the brain, show little antigen presentation capacity under
homeostatic conditions [8]. However, in the context of an inflammatory event, they can upregulate MHC
proteins and interact with T cells. Microglia typically promote tolerance, but under pathophysiological
conditions, these interactions may lead to the induction of a tissue damaging T cell response. While
evidence from rodent studies suggests a role for microglia, definite human studies are lacking. As such,
the identity of the relevant antigen presenting cells in AD remains unclear. In the context of multiple
sclerosis models, it is the infiltrating myeloid cells and dendritic cells, rather than the resident microglia,
that appear to act as the antigen presenting cells in the activation of myelin-destroying T cells [12].
There is controversy regarding the contribution and fate of infiltrating myeloid cells, such as monocyte-
derived macrophages, in the CNS. Based on the purported mechanism of action for rabeximod, which
impacts the differentiation of proinflammatory macrophages and dendritic cells, its potential efficacy is
dependent upon the contribution of these cell types to disease etiology. The link for autoimmune and
injury-related neurodegeneration is clear, but the relevance for AD is unclear.

There are several outstanding questions. Are infiltrating macrophages and dendritic cells important
antigen presenting cells in the brain under physiological conditions? Is this activity increased or
decreased in the context of dementia? Do changes in the presence and/or activity of these cells
influence the migration or activation status of T cells in the CNS? Are the T cells hyperactive, anergic, or
a combination?

For rabeximod to be a viable therapeutic for AD, the uptake of CNS antigens by peripheral monocytes,
and the subsequent effect of T cell activity within the CNS needs to be an important mechanism of
pathophysiology. Another key consideration is the relevant therapeutic window. Studies in autoimmune
disease models indicate that there is a critical window of rabeximod administration for efficacy [13]. This
window is associated with the activation of the antigen presenting cells in response to antigen priming.
The relevant therapeutic window in the disease course of AD has not been established.

Human research to suggest benefits to patients with dementia:

Rabeximod has not yet been tested in patients with dementia.
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Mechanisms of action for neuroprotection identified from laboratory and clinical research:

Traumatic brain injury: UNCLEAR BENEFIT (Preclinical)

In the controlled cortical impact model of TBI in male mice, rabeximod (40 mg/kg i.p.) administered as a
single dose 30 minutes following the injury, reduced markers of antigen presentation in the brain
without affecting the activation of microglia or astrocytes [14]. The effect was driven by a reduction in
the invasion of MHC class Il and lysozyme 2 expressing classical dendritic cells (CD11c) with high antigen
presenting capacity. Rabeximod didn’t impact the overall infiltration of dendritic cells, only the antigen
presenting capacity of the infiltrating cells. The length of the therapeutic window for administration
following injury has not been established, so the clinical utility is not yet clear. Additionally, neurological
outcome measures were not assessed, so it is unclear whether rabeximod has a meaningful impact on
neurological recovery.

APOE4 interactions: While the general role of antigen presenting cells in AD is unclear, there is evidence
to suggest that they may be particularly relevant in the context of ApoE4. The secretion of ApoE by MHC
Il expressing (i.e. cells with antigen-presenting capacity) microglia may promote the capture, processing,
and presentation of lipoprotein antigens [15]. The cholesterol content of dendritic cell membranes
influences the density of receptors involved in antigen presentation, and thus influences the antigen
presenting capacity of the cells. The ApoE4 allele is less efficient at transporting cholesterol, which
results in dendritic cells with higher cholesterol content and enhanced T cell activating capacity [16].
Consequently, ApoE4 carriers were shown to have higher levels of circulating activating T cells. This
suggests that rabeximod may preferentially benefit ApoE4 carriers, though more work is needed to
understand the contribution of these cells to the pathophysiology.

Aging and related health concerns: Rabeximod may benefit autoimmune conditions in which antigen-
presenting macrophage-derived cells play a prominent role.

Types of evidence:
e 2 clinical trials
e Several laboratory studies
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Rheumatoid arthritis: POTENTIAL BENEFIT

Rabeximod has been tested in a Phase 2 RCT (NCT00525213) in patients with moderate to severe
rheumatoid arthritis (RA) (n=224). Participants were treated with two capsules per day of rabeximod
(Rob 803) or placebo for 12 weeks in combination with a stable dose of methotrexate. The primary
outcome was efficacy based on the American College of Rheumatology (ACR) definition of improvement
requiring at least 20% improvement on a set of measures (ACR20) at 12 weeks. The trial was completed
in 2009, but details from the study sponsor, OxyPharma, are not publicly available. Cyxone, who
acquired rabeximod from OxyPharma in 2018 have indicated that the study did not meet its primary
endpoint, but a beneficial effect was seen at 16 weeks, suggesting that the original trial duration was
too short for efficacy (Cyxone July 2018 Newsletter). As a result, Cyxone has submitted a request for

regulatory approval for a Phase 2b RCT testing rabeximod in patients with moderate to severe RA with
an inadequate response to methotrexate for 24 weeks (Press release). If approved by European
regulators, the trial would begin in late 2022.

Studies in preclinical models indicate that there is a discrete therapeutic window for efficacy, however,
in the course of a relapsing condition with periodic inflammatory flare-ups, it is likely that this window of
action occurs not only upon disease initiation, but within the course of each inflammatory episode [13].
In the collagen-induced arthritis model in rats, subcutaneous treatment with rabeximod (40 mg/kg) for
14 days, starting the day of immunization (disease induction), modestly slowed the onset of disease and
reduced disease severity [17]. The effect was related to a reduction in T cell proliferation in lymph
nodes. No effect on disease was seen when administered after the animals reached a clinical score of 2.
Similarly, in the collagen antibody-induced arthritis model in mice, subcutaneous treatment with
rabeximod (40 mg/kg) reduced disease severity when treatment began between days 3 to 5, but not
when administered prior to disease induction or starting after day 5 [13]. The therapeutic window
coincides with the period between antigen priming and disease onset. Rabeximod acts on the activation
of macrophages downstream of toll-like receptors (TLRs) or other activating stimuli [1]. Cell culture
experiments with human monocytes indicate that rabeximod acts specifically on the activation of pro-
inflammatory monocyte-derived macrophages and the differentiation of monocyte-derived dendritic
cells, without impacting the differentiation or activity of anti-inflammatory macrophages [3]. Rabeximod
impaired the ability of the monocyte-derived dendritic cells to take up antigens, without impacting the
overall phagocytic capacity of monocytes. Together, these studies suggest that rabeximod has a discrete
mechanism of action regarding the differentiation and activation of monocytes into proinflammatory
antigen presenting cells which may limit the activation of tissue-damaging T cells in response to
autoantigens.
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Covid-19: NO BENEFIT

Rabeximod was tested in a placebo-controlled Phase 2 RCT in patients with moderate severity Covid-19,
that had difficulty breathing but did not require mechanical ventilation (n=92) (EudraCT Number: 2020-
004571-41). Rabeximod was dosed at 15 or 30 mg o.d. with or without oxygen therapy for 14 days. The
primary outcome was the proportion of subjects alive and free of respiratory failure at day 28. The

majority of patients were alive and free of respiratory failure at the end of the study, with no significant
difference across study arms (Press release). Topline results indicated that 100%, 97%, and 97% of
patients met this outcome in the 30 mg, 15 mg, and placebo groups, respectively. Based on these
results, the development of rabeximod for this indication has been discontinued.

Safety: Rabeximod is reported to be well-tolerated in clinical trials, but details are lacking.

Types of evidence:
e 3 clinical trials
e Several laboratory studies

Rabeximod has been tested in a Phase 1 trial (Single Ascending Dose and Multiple Ascending Dose) in 80
healthy volunteers, assessing safety, tolerability, pharmacodynamics, and pharmacokinetics (Press
release). It was also tested in a Phase 2 study in patients (n=224) with rheumatoid arthritis
(NCT00525213). These trials were completed in 2006 and 2009, respectively, with OxyPharma as the
study sponsor, but other than indications that it was orally available, well-tolerated, and showed a
favorable safety profile, details are lacking.

Topline results from a Phase 2 study testing rabeximod in Covid-19 in a trial sponsored by Cyxone
indicate that rabeximod was well-tolerated, did not worsen disease, and was not associated with any
severe adverse events (Press release).

The main theoretical concern for rabeximod would be the risk for infection due to a blunted immune
response. Although the preclinical and clinical studies conducted thus far were too short to provide a
clear indication regarding this risk, its narrow activity on particular immune subsets suggests it is likely
much safer than broad-acting immunosuppressants, and may not impact global immune
function/pathogen control in a clinically meaningful manner.
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Drug interactions: Interactions have not been established, but rabeximod may interact with other
immunomodulatory drugs.

Sources and dosing:

Rabeximod is under clinical development for rheumatoid arthritis by Cyxone. No clinically efficacious
dose has been established. It is administered in the form of oral tablets in clinical trials. Preclinical
studies in arthritis models suggest that subcutaneous dosing may be more effective, though this appears
to be related to a bioavailability issue, with drug concentrations not necessarily reaching therapeutic
levels with oral administration [13; 17]. This could be a function of the animal models used, in which
case it may not be applicable to human studies. Presumably, the drug used in clinical trials has been
formulated and dosed in a manner where biologically active concentrations are reached with oral
administration.

Research underway:

Rabeximod is expected to be tested in a Phase 2b RCT in moderate to severe rheumatoid arthritis
starting in 2022.

Search terms:
Pubmed, Google: Rabeximod, Rob 803
e Neurodegeneration, Arthritis, Clinical trial, Safety

Websites visited for Rabeximod:
e (Clinicaltrials.gov
e PubChem

e DrugBank.ca

References:

1. Hultqvist M, Nandakumar KS, Bjérklund U et al. (2010) Rabeximod reduces arthritis severity in mice by decreasing
activation of inflammatory cells. Annals of the Rheumatic Diseases 69, 1527-
1532.https://ard.bmj.com/content/annrheumdis/69/8/1527.full.pdf.

2. Joule J (2020) A tribute to Professor Jan Bergman. ARKIVOC 2020, 1-15.https://doi.org/10.24820/ark.5550190.p001.478.

Conquering Alzheimer’s 57 West 57th Street, Suite goq CognitiveVitality.org 8
Through Drug Discovery New York, New York 10019 AlzDiscovery.org


https://www.alzdiscovery.org/
https://www.clinicaltrials.gov/ct2/results?cond=&term=rob+803&cntry=&state=&city=&dist=
https://pubchem.ncbi.nlm.nih.gov/compound/Rabeximod
https://go.drugbank.com/drugs/DB05772
https://ard.bmj.com/content/annrheumdis/69/8/1527.full.pdf
https://doi.org/10.24820/ark.5550190.p001.478

Alzheimer’s .
Drug Discovery Cognitive
Foundation Vitality.org Last updated on July 11, 2022

3. Giusti P, Frascaroli G, Tammik C et al. (2011) The novel anti-rheumatic compound Rabeximod impairs differentiation and
function of human pro-inflammatory dendritic cells and macrophages. Immunobiology 216, 243-
250.https://www.sciencedirect.com/science/article/pii/S0171298510000537.

4. Dai L, Shen Y (2021) Insights into T-cell dysfunction in Alzheimer's disease. Aging Cell 20,
e13511.https://doi.org/10.1111/acel.13511.

5. Gate D, Saligrama N, Leventhal O et al. (2020) Clonally expanded CD8 T cells patrol the cerebrospinal fluid in Alzheimer's
disease. Nature 577, 399-404.https://www.nchi.nlm.nih.gov/pmc/articles/PMC7445078/.PMC7445078

6. Joshi C, Sivaprakasam K, Christley S et al. (2022) CSF-Derived CD4+T-Cell Diversity Is Reduced in Patients With Alzheimer
Clinical Syndrome. Neurology - Neuroimmunology Neuroinflammation 9,
e1106.https://nn.neurology.org/content/nnn/9/1/e1106.full.pdf.

7. Callender LA, Carroll EC, Beal RWIJ et al. (2018) Human CD8+ EMRA T cells display a senescence-associated secretory
phenotype regulated by p38 MAPK. Aging Cell 17, €12675.https://doi.org/10.1111/acel.12675.

8. Katsel P, Haroutunian V (2019) Is Alzheimer disease a failure of mobilizing immune defense? Lessons from cognitively fit
oldest-old. Dialogues in Clinical Neuroscience 21, 7-19.https://doi.org/10.31887/DCNS.2019.21.1/vharoutunian.

9. Schetters STT, Gomez-Nicola D, Garcia-Vallejo JJ et al. (2018) Neuroinflammation: Microglia and T Cells Get Ready to
Tango. Frontiers in Immunology 8.https://www.frontiersin.org/articles/10.3389/fimmu.2017.01905.

10. Viatte S (2022) Human leukocyte antigens (HLA): A roadmap. UpToDate.https://www.uptodate.com/contents/human-
leukocyte-antigens-hla-a-roadmap.

11. Huang P, Yang Y-H, Chang Y-H et al. (2020) Association of early-onset Alzheimer’s disease with germline-generated high
affinity self-antigen load. Translational Psychiatry 10, 146.https://doi.org/10.1038/s41398-020-0826-6.

12. Borst K, Prinz M (2020) Deciphering the heterogeneity of myeloid cells during neuroinflammation in the single-cell era.
Brain Pathology 30, 1192-1207.https://doi.org/10.1111/bpa.12910.

13. Hultgvist M, Nandakumar KS, Bjorklund U et al. (2009) The novel small molecule drug Rabeximod is effective in
reducing disease severity of mouse models of autoimmune disorders. Annals of the Rheumatic Diseases 68, 130-
135.https://ard.bmj.com/content/annrheumdis/68/1/130.full.pdf.

14. Israelsson C, Kylberg A, Bjorklund U et al. (2015) Anti-inflammatory treatment of traumatic brain injury with
Rabeximod reduces cerebral antigen presentation in mice. Journal of Neuroscience Research 93, 1519-
1525.https://doi.org/10.1002/jnr.23607.

15. Chen Y, Colonna M (2021) Microglia in Alzheimer's disease at single-cell level. Are there common patterns in humans
and mice? Journal of Experimental Medicine 218, €20202717.https://doi.org/10.1084/jem.20202717.

16. Bonacina F, Coe D, Wang G et al. (2018) Myeloid apolipoprotein E controls dendritic cell antigen presentation and T cell
activation. Nature communications 9, 3083.https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6079066/.PMC6079066

17. Westman E, Thi Ngoc DD, Klareskog L et al. (2008) Suppressive effects of a quinoxaline-analogue (Rob 803) on
pathogenic immune mechanisms in collagen-induced arthritis. Clinical and Experimental Imnmunology 152, 192-
199.https://doi.org/10.1111/j.1365-2249.2008.03613.x.

Conquering Alzheimer’s 57 West 57th Street, Suite goq CognitiveVitality.org 9
Through Drug Discovery New York, New York 10019 AlzDiscovery.org


https://www.alzdiscovery.org/
https://www.sciencedirect.com/science/article/pii/S0171298510000537
https://doi.org/10.1111/acel.13511
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7445078/.PMC7445078
https://nn.neurology.org/content/nnn/9/1/e1106.full.pdf
https://doi.org/10.1111/acel.12675
https://doi.org/10.31887/DCNS.2019.21.1/vharoutunian
https://www.frontiersin.org/articles/10.3389/fimmu.2017.01905
https://www.uptodate.com/contents/human-leukocyte-antigens-hla-a-roadmap
https://www.uptodate.com/contents/human-leukocyte-antigens-hla-a-roadmap
https://doi.org/10.1038/s41398-020-0826-6
https://doi.org/10.1111/bpa.12910
https://ard.bmj.com/content/annrheumdis/68/1/130.full.pdf
https://doi.org/10.1002/jnr.23607
https://doi.org/10.1084/jem.20202717
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6079066/.PMC6079066
https://doi.org/10.1111/j.1365-2249.2008.03613.x

Alzheimer’s .
Drug Discovery Cognitive
Foundation Vitality.org Last updated on July 11, 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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