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Phase 1: Integrative bioinformatic drug predictions

A. Gene expression 
meta-analysis

Upper plot. Overview of data used by twoXAR’s DUMA drug discovery
platform to generate RA efficacy predictions. A. Diverse tissues and cell-
types from RA patients and healthy controls1 were compared in a gene
expression meta-analysis. B. Drug-protein interaction2,3 and protein-
protein interaction data4 were integrated with disease expression
changes to score candidates according to the number and confidence of
their interactions with disease-related proteins. C. Drug-disease co-
occurrence were scored by accessing diagnoses and medication use
from participants in FAERS5. D. Candidate efficacy scores from the
individual methods as well as drug attributes were aggregated into a
final composite score using a proprietary machine learning algorithm.

Phase 2: Evaluation and candidate selection Phase 3: Preclinical validation of candidates

A. The biologic relevance of our gene expression meta-analysis was assessed by quantifying
enrichment of Reactome pathways using a GSEA6-like method. Pathways were then
aggregated into general themes. Upper plot. To evaluate the predictive capacity of our
composite scoring method, we assessed enrichment of existing RA treatments near the top
of a ranked list of candidates. Existing treatments were significantly enriched among top-
ranked candidates (p = 9x10-20). Not shown. After excluding existing treatments, candidates
were evaluated on novelty and safety in RA. Candidates that had been suggested as RA
treatments, deemed unsafe for RA, or unavailable for purchase were excluded.

A. Ten high-ranking, safe, and novel candidates were selected for validation in the CIA model of arthritis. Female Lewis rats were habituated
for 7 days, and CIA was induced with injections of type-II collagen in incomplete Freud’s adjuvant on days 0 and 7. Once-daily treatment with
drug candidates began on day 9. During the study, animal movement was continually digitally monitored as a read-out of mobility
impairment, a proxy for disease severity. Data collected on days -2 to 5 were used to ensure balanced assignment per treatment group.
Upper Plot. Movement data were converted to a digital arthritis index; lower scores indicate increased movement. Exenatide was
administered subcutaneously (10 ug/kg) and olopatadine delivered via oral gavage (2 mg/kg) B. Hind-limbs were scored with 0 denoting no
inflammation and 4 denoting severe inflammation and swelling. C. Ankles were measured in triplicate, and left and right ankles averaged for
each animal, then normalized to day 0. In all graphs, gray data represent vehicle controls. Error bars represent standard error of the mean. P-
values were calculated using Kruskall-Wallis with Dunn’s correction (A) or 2-way ANOVA with Tukey’s multiple comparison test (B,C). *
denotes p < 0.05, ** p < 0.01, *** p < 0.001, and **** p < 0.0001.

B: Hind-limb Inflammation Score

A. Reactome pathways enriched in RA gene expression meta-analysis
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Significantly down-regulated themes 

Translation processes

Transcription processes

Signal transduction pathways: FGFR, PI3K

Phosphatidylinositol metabolism

Significantly up-regulated themes 

Immune processes (e.g. T-cell receptor 
and cytokine signaling

ECM organization (e.g. collagen formation)

Hemostasis, including PDGF signaling

Glycosaminoglycan metabolism

Insulin signaling

• Mechanisms beyond the common immunomodulatory
treatments for Rheumatoid arthritis (RA) could greatly
expand treatment options for RA.

• Here we evaluated the efficacy of new drug candidates for
the treatment of RA. To do so, an integrative bioinformatic
model was constructed using patient gene expression,
molecular interactions, and clinical data.

• Ten high scoring novel candidates were then screened in
the collagen-induced arthritis model of RA in Lewis rats.

• Therapeutic treatment with three candidates that do not
act on common RA therapeutic targets (exenatide,
olopatadine, and TXR-112 [not shown]) significantly
improved preclinical endpoints.

Abstract

• Starting with 22,310 drugs with known pharmacology and
using an integrative bioinformatic model we identified high
confidence RA treatment candidates in two weeks.

• Candidate due diligence identified 10 optimal candidates
covering numerous mechanistic hypotheses and potential
targets.

• Preclinical studies resulted in 3 promising candidates for the
treatment of RA (TXR-112 not shown).

• These candidates improve preclinical endpoints by acting on
either known targets7,8 or yet-to-be-discovered targets
resulting in a therapeutic benefit for RA (see below).

• These results may point to novel targets and mechanisms that
can contribute to a deeper understanding of RA and
opportunities for rapid new drug development.

Conclusions
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A. Study design and endpoints

Project summary
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C: Ankle Size

N
o

rm
al

iz
ed

 a
n

kl
e 

si
ze


