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Patients face an unpredictable diagnostic odyssey…
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First 
Symptoms

Symptomatic 
Treatment

Symptomatic 
Treatment

Genetic 
Testing

Diagnosis!

Adapted from EURORDIS
1 https://archpublichealth.biomedcentral.com/articles/10.1186/s13690-023-01112-4 

>60% of 

patients1

No
Diagnosis
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95% of patients1

The therapeutic odyssey is even less predictable!
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First 
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Genetic 
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Successful 
Treatment

No Approved 
Treatment

No
Diagnosis

1 https://ojrd.biomedcentral.com/articles/10.1186/s13023-023-02790-7 

Adapted from EURORDIS
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CURRENT DRUG DEVELOPMENT

DRIVEN BY 
TARGETS UNPREDICTABLE Medicine

TARGET PRECLINICAL CLINICAL APPROVAL
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PATIENTS

– not diseases –

respond to 
treatment “The good physician treats the disease; 

the great physician treats the patient 
who has the disease.”

— William Osler, “Father of Modern Medicine”

Credit: Unravel Biosciences

Because…



Patient = Genetics + Environment + Time
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DRUG DEVELOPMENT

DRIVEN BY 
PATIENTS PREDICTABLE Medicine

TARGETPRECLINICALCLINICAL APPROVAL



Unraveling an ORPHAN DRUG REVOLUTION 
by partnering with patients
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Existing Drugs as 
Discovery Tools 

Build Derisked 
New Therapies

Clinical validation

Defragment rare diseases

Help patients today

Molecular Data 
from Patients
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rareShiftTM 

Service Platform
www.rareshift.org  

Rapid drug repurposing for rare, 
ultra-rare, and undiagnosed patients, 

anywhere in the world

A Novel Business Model
Patient-centric focus tying scientific discovery to clinical benefit

Sustainable Discovery & Data Mine Novel Drug Development

www.unravel.bio 

Biopharmaceutical company focused 
on novel drug discovery for high 

unmet need patient diseases

http://www.rareshift.org/
http://www.unravel.bio/
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A global patient and healthy subject DATAMINE
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Our stats:
 

2,500+ samples

30+ countries

6 continents

70+ disorders
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Our Approach
BioNAV  platform predicts clinical outcomes: 40,000 clinical trials per patient!

BioNAV :
RNA Network Model of Health + in silico Compound Library + Patient RNA Datamine

40,000 molecules in database

121M drug-gene interactions

364M unique network patterns

Unravel Biosciences © 2025



A patient’s RNA profile more reliably captures disease impact vs. DNA

Patients change, so RNA lets us 
understand the biology

14

DNA
(mutations, SNPs)

Diet

Microbiome

Medications

Environment

Activity

Sleep/Circadian

Captured by DNA
(static)

Captured by RNA
(dynamic)

Overcomes challenges of commonly-used DNA-based approaches

Why do we use RNA?

Unravel Biosciences © 2025



Biological NETWORKS are like Google Maps for patients
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Map path to restore health 
using simulations of human 

health network and library of 
40,000 compounds

Test existing drug in patients 
to validate efficacy and 

uncover key protein targets

Design optimal new drug to 
navigate back to health using 

clinically validated targets

MAP TARGET OPTIMIZE



Can we predict clinically-proven treatments and 
mechanisms knowing nothing about a disorder?
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Sanity Check:



PREDICTION VALIDATION
Identifying clinically-validated drugs for Tuberous Sclerosis Complex

mTOR inhibitors are the standard of care therapy for TSC – target dysregulated pathway

Analyzed RNAseq from organoids from 10 TSC patients vs controls – no additional data

mTOR inhibitors enriched in top 5% of hits – validated by well-understood biology
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Revolutionizing the rare disease odyssey: 
Collaborating with clinicians

Severe Cornelia de Lange syndrome

Status epilepticus->Unable to walk

Deterioration over 18 months

>100 days in hospital

Palliative care->Hospice transition

Unravel Biosciences © 202518

Before Treatment7 Weeks After Treatment

Used with permission

Walking independently

Minimal seizures & hospitalization



Case Study: Rett Syndrome drug candidate in 18 months
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A Novel Approach to Treat All Aspects of Rett Syndrome 

Unravel Biosciences © 2025
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Å Severe neurogenetic disorder that affects around 18 000 Patients in the US1Rett Syndrome

1) https://www.ninds.nih.gov/Disorders/Patient-Caregiver-Education/Fact-Sheets/Rett-Syndrome-Fact-Sheet.

Used with permission

Severe cognitive impairment

Seizures

Loss of ability to speak

Pathologic hand-wringing

Heart arrhythmias

Breathing difficulties

Loss of motor function

Constipation and gut pain

Metabolic and lipid 
dysregulation

https://www.ninds.nih.gov/Disorders/Patient-Caregiver-Education/Fact-Sheets/Rett-Syndrome-Fact-Sheet
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https://www.ninds.nih.gov/Disorders/Patient-Caregiver-Education/Fact-Sheets/Rett-Syndrome-Fact-Sheet


Discovered RVL001 for Rett syndrome

21

Patient 
RNAseq Data

BioNAV  Drug 
Prediction In-Vivo  Validation

Novak, et al. 2025 https://doi.org/10.1101/2022.03.20.485056  

AI-discovered drug outperformed the only approved treatment

1 2 3

RNAseq Data from Rett 
Syndrome Patients

BioNAV  predicted drug with 
novel target in Rett 

(short chain fatty acid-CoA enzyme)

Predicted drug (RVL001/vorinostat) 
outperformed FDA-approved 

treatment, trofenitide

MeCP2
Mutation

New 
Target

Unravel Biosciences © 2025

https://doi.org/10.1101/2022.03.20.485056


Derisking through CLINICAL IMPACT

Male Rett patient in palliative care

Identified vorinostat using nasal 
swabs/BioNAV

Improvement observed at low dose:
Sleep quality (1 month)

Normalized blood metrics (1 month)

Improved motor and cognitive function and 
awareness (3 months)

2 years of dosing led to continued 
improvement

Unravel Biosciences © 202522

“I have noted a sharp progression of [the patient]’s
abilities, including muscular strength, muscular 
endurance, postural stability, and general
alertness.” 

– Patient’s physical therapist



VALIDATING TARGET IN PATIENTS…
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…while developing RVL002, a NEW DRUG

RVL001 (oral liquid vorinostat)
(repurposed drug)

RVL002
(new drug)

Mechanism Validation
(using developed biomarkers)

CLINICAL DERISKING COMMERCIAL DEVELOPMENT

Two INDs under review in Colombia, pIND with US FDA, Orphan Drug Designation, off-label validation



We partnered with the SPATA Foundation to 
develop treatments for SPATA patients
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PURPOSE of Study

25

Generate clinical RNAseq datasets 
from SPATA patients

1

Computational drug screening 
tailored to patients

2

Build SPATA5 and SPATA5L1
tadpole models

3

Unravel Biosciences © 2025

Screen top drug candidates 
in both tadpole models

4

Patient-Driven 
Discovery

Preclinical 
Development



Who were the study PARTICIPANTS?

26

19 SPATA Patients

18 Healthy Sex-Matched 
Family Members

Thank you to the 39 participants!

Unravel Biosciences © 2025

1 Personalized Study

1 Healthy 
Sex-Matched 

Family Member

1 SPATA 
Patient

1 Population Study



We see one main group and one subgroup of SPATA patients
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Expression of SPATA5 and SPATA5L1 genes 
does not explain the subgroups
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Group1 (smaller one)

SPATA5 SPATA5L1



Proprietary

Patient subgroups may be explained by other gene 
expression patterns -> potential biomarkers!

29

Subgroup

Main group



Differences are linked to mitochondrial metabolism 
and immune system function

Unravel Biosciences © 202530



Fatty acid metabolism is completely opposite 
between group 1 & 2

Fatty acid dysregulation also 
found by Braun, et al. 2021 in 
SPATA5 patient

Unravel Biosciences © 202531

Group 1 Group 2

https://www.mdpi.com/1422-0067/22/15/7835 

https://www.mdpi.com/1422-0067/22/15/7835
https://www.mdpi.com/1422-0067/22/15/7835
https://www.mdpi.com/1422-0067/22/15/7835


IL-17 pathway is regulated differently between groups
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Group 1 Group 2



BioNAV  identified many highly ranked drugs with 
repurposing potential for each patient group

Next steps: select top candidates and screen in SPATA models
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Patient Study Summary
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RNAseq datasets from 20 SPATA 
patients and 19 healthy controls

Predicted multiple clinically-
translatable drug candidates

Generate clinical RNAseq datasets 
from SPATA patients

1

Computational drug screening 
tailored to patients

2

Build SPATA5 and SPATA5L1
tadpole models

3

Screen top drug candidates 
in both tadpole models

4



Unravel Biosciences © 202535

TARGETPRECLINICALCLINICAL APPROVAL



SquishyWareTM Screening Platform

Unravel Biosciences © 202536

Embryos CRISPR Disease Model

Genetically engineered tadpoles that match patients’ genetics

Mosaic & outbred disease models which better reflect patient 
heterogeneity

Developing the SPATA5 & SPATA5L1 tadpole models



High-throughput in vivo screening of clinically relevant metrics

37

Social & Behavioral Patterns

Location Preference

Velocity & 
Morphology

Social Interaction Microbehavior

Pathology 
(e.g., Seizure Phenotype)

Physiology     
(E.g., Circadian Rhythm)

Unravel Biosciences © 2025

Drug 
responsiveness



SPATA5 and SPATA5L1 tadpole models were 
created and show relevant symptoms to patients

Unravel Biosciences © 202538

Phenotypes experienced by 
patients include:

Å Developmental delays
ÅMicrocephaly
Å Intellectual disability
Å Seizures
Å Spasticity and hypotonia
Å Hearing and visual 

impairments. 

Phenotypes assessed in the 
tadpole models include:

Å Developmental delays
ÅMicrocephaly
Å Viability
Å Seizures
Å Vestibular function
Å Swimming behavior
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Developmental Delay

SPATAWT 

SPATA5 and SPATA5L1 CRISPR-knockout tadpoles display 
developmental delays through decreased tail lengths

Decreased Viability

SPATA5 and SPATA5L1 CRISPR-edited tadpoles show 
decreased viability compared to Wildtype animals
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Tadpoles models show abnormal brain development

SPATA5 & SPATA5L1 tadpoles present 
with smaller and abnormal brain 
development compared to wildtype 
animals

WT SPATA5 WT SPATA5L1



Proprietary41

Non-seizure

Circling Darting
C-shaped 

Contraction Tremor

Seizure Events

Uncontrollable 
Tail Bending 

Seizure Model – Tadpoles show different types of seizures



SPATA tadpole models show greater seizure activity 

Proprietary42

W
T V

eh
ic

le
 

S
P
A
TA

5 
V
eh

ic
le

 

W
T 4

-A
P
 5

00
uM

S
P
A
TA

5 
4-

A
P 5

00
uM

0

2000

4000

6000

Seizure Assay

F
lo

w
  

M
a

g
n

it
u

d
e

 S
u

m

W
T V

eh
ic

le

S
P
A
TA

5L
1 

Veh
ic

le

W
T 4

-A
P
 5

00
uM

S
P
A
TA

5L
1 

4-
A
P
 5

00
uM

0

2000

4000

6000

Seizure Assay

F
lo

w
  

M
a

g
n

it
u

d
e

 S
u

m

W
T 4

-A
P 5

00
uM

 

S
P
A
TA

5L
1 

4-
A
P
 5

00
uM

0

2000

4000

6000

Induced Seizure Activity

F
lo

w
  

M
a

g
n

it
u

d
e

 S
u

m

ṦṦ

SPATA5 and SPATA5L1 tadpoles experience more seizure events than control animals both 
spontaneously and when dosed with seizure inducer
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Vestibular Function

SPATA5 and SPATA5L1 tadpoles display an abnormal loss 
in vestibular function compared to control animals

Swimming Behavior

Å Wildtype animals display normal swimming patterns 
consistently staying around the outside of the dish

Å SPATA5 and SPATA5L1 tadpoles swim more irregularly in 
the middle of the dish

SPATA5L1SPATA5

WT
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Comparing SPATA5 and SPATA5L1

SPATA5L1 tadpoles 
display significantly worse 

vestibular function

SPATA5L1 tadpoles often show a severe 
and mild group as shown above

SPATA5 tadpoles have slightly worse 
survival

SPATA5 tadpoles show slightly 
more seizure events
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Preliminary in vivo Validation of BioNAVTM Predictions

Low doses of highly predicted drugs appear to improve 
viability and swimming behavior in SPATA5 tadpoles.

Low-Scoring Drugs Worsen Symptoms

Low-ranked drugs appeared to worsen phenotypes 
like viability, seizures, and vestibular function

High-Scoring Drugs Improve Symptoms



Summary

46 Unravel Biosciences © 2025

RNAseq datasets from 20 SPATA 
patients and 19 healthy controls

Predicted multiple clinically-
translatable drug candidates

Validating selected drug candidates with 
two promising hits so far

In progress

Generate clinical RNAseq datasets 
from SPATA patients

1

Computational drug screening 
tailored to patients

2

Build SPATA5 and SPATA5L1
tadpole models

3

Screen top drug candidates 
in both tadpole models

4

The SPATA5 and SPATA5L1 tadpole 
models have been developed
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Richard Novak, PhD
 Co-Founder and CEO
 richard.novak@unravel.bio

 
 Frederic Vigneault, PhD
 Co-Founder and CSO
 frederic.vigneault@unravel.bio 
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The predictable medicine company

rareSHIFT : https://www.rareshift.org/

Unravel Biosciences: https://www.unravel.bio/ 

mailto:richard.novak@unravel.bio
mailto:frederic.vigneault@unravel.bio
https://www.rareshift.org/
https://www.unravel.bio/


PREDICTABLY STRATIFY PATIENTS
Therapeutic response biomarkers to stratify patient populations
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Therapeutic Response 
Group (TRG)

pvalue log2fc

Group 1 0.0533 -0.3456
Group 2 0.0005 -0.4101

Subgroup 1 Subgroup 2
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IDH2 Expression
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Pathogenic Gene

Stratification Biomarker

Complex Patient Population



PREDICTABLE DRUG DEVELOPMENT PATH
Matching preclinical models with patient subgroups to derisk clinical translation

Unravel Biosciences © 202551

SURF1 
Models



BioNAV  network analysis extracts consistent 
DISEASE SIGNATURES ACROSS TISSUES

52

ALS signatures are dominated 
by source tissue

ALS therapeutic responses 
transfer across tissues 

PCA – gene expression PCA – BioNAV  networks

Unravel Biosciences © 2025
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BioNAVTM simulates the biological 
network response to a treatment for 
each patient, predicting 2 clusters. 
Lived experiences suggest ћůŔũĬ vs 
ƚĲƻĲƖĲќ presentations even between 
patients with the same mutation. 
Bimodal distributions of plasma 
neurofilament-L has been reported 
as part of the natural history study6. 

Nasal swabs accurately represent patients 

Home collection kit with preservation 
solution enables:

Å Self-collection with good patient compliance

Å No need for cold chain

Å Global sample collection

Gene expression from nasal swabs provides 
reliable coverage of even neuronal genes. 

Å >57,000 coding and non-coding transcripts captured 

All 1,600 neuronal and synaptic genes

Å Neuronal-related pathways are well represented
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