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Discovering and developing protective, patient-originated therapeutic antibodies
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OUR VISION: TO USE THE POWER OF THE HUMAN IMMUNE 

SYSTEM TO DISCOVER NEW MEDICINES AND DIAGNOSTICS
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B CELL RECEPTORS ARE A KEY COMPONENT 

OF ADAPTIVE IMMUNITY 
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THE B CELL RECEPTOR (ANTIBODY) REPERTOIRE

“The sum of all B cells expressing 

distinct B cell receptors, necessary to 

bind diverse antigens and produce an 

effective humoral immune response”
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THE B CELL RECEPTOR REPERTOIRE HAD TWO ELEMENTS

Plasma
Cells

&

Memory
cells

Secondary Repertoire

2

2

2

2

2
2

2

2

22

33

4

5 5

1 1

6 6

(antigen-dependent)(antigen-independent)

Stem

cells

Antigen

Primary Repertoire

T



6

FORMING THE PRIMARY REPERTOIRE
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COMBINATORIAL DIVERSITY 

– VDJ RECOMBINATION

Somatic recombination of gene segments during 

B cell development

Variable segments (V) ~40 ~70

Diversity segment (D) 23 0

D segments read in three frames rarely -

Joining segments (J) 6 5(к) 4(λ)

Joints with N- and P-nucleotides 2 50% of joints

Number of V gene pairs 1.9 x 106

Junctional diversity ~3 x 107

Total diversity ~5 x 1013

Element

Immunoglobulin

H К+ λ
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FORMING THE SECONDARY REPERTOIRE
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AFFINITY MATURATION IN THE GERMINAL CENTRE
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BCR HIGH THROUGHPUT SEQUENCING:

HAS BEEN EVOLVING SINCE 2009

Enabled by

454 sequencing 
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HOW RARE IS CONVERGENCE?

• Largely unique repertoires for each individual

• Between 2 individuals 0.95% of the repertoire was 

shared. Shared clonotypes were skewed towards 

short CDR3s

• Only 0.022% of clones were shared between 

all 10 individuals

• Commonality is driven by early BCR development 

rather than common antigen-specific selection, 

although there is some convergence due to vaccination 

and common infections

• Number of peripheral B cells in a 

healthy individual is approx. 1x109

• Circulating B Cell Repertoire is 

therefore a fraction of the total diversity

• The amount of information encoded in 

“genome” of the adaptive immune 

system exceeds the human genome by 

4 orders of magnitude

DIVERSITY OF THE HUMAN 

REPERTOIRE IS 

THEORETICALLY 1 X 1013

10 INDIVIDUALS VH SEQUENCED

3 BILLION HEAVY CHAINs

Briney et al Nature 2019
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CONVERGENCE INCREASES AFTER COMMON ANTIGEN EXPOSURE

• Convergence increases after a common antigen stimulus and can be used to identify rare antigen-specific sequences

• Vaccination used as an example of a strong, specific stimulus
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AUTOANTIBODIES ARE GENERALLY 

VIEWED AS ‘BAD GUYS”

• Ablate B cells (anti-CD20)

• Plasmapheresis

• Anti-FcRn

• High dose IVIG to block

• Anti-IDs (e.g. anti-anti-Dsg3 autoantibodies)

• SLE  (Polyclonal autoreactive B cells)

• Myasthenia Gravis (anti-AchR)

• Neurological disease (anti-NMDA 

Receptor encephalitis

• Pemphigus (anti- desmosomal proteins)

MANY AUTOIMMUNE DISEASES ARE THE 

RESULT OF PATHOGENIC AUTOANTIBODIES:

TREATMENTS:
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IF THERE ARE BAD GUYS THERE ARE ALWAYS GOOD GUYS



Unbiased platform to identify novel therapeutics 15

ALCHEMAB CONCEPT

We identify especially resilient 

individuals – and learn how they 

overcome or resist disease

We sequence B cells from the resilient 

individuals and identify antibodies with 

similar properties

We discover the binding targets of the 

antibodies, understand their protective 

properties and develop candidates that 

replicate the protective effect

Antibodies Novel Antibody Therapeutic

WE IDENTIFY WE SEQUENCE WE DISCOVER
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DEFINING “RESILIENCE”

Patients progressing

unusually slowly with

neuro-degenerative disorders

Long-lived,

healthy individuals

Patients who 

survive 

advanced cancer

People who survive 

grievous, deadly 

infectious disease
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WE COLLABORATE WITH A BROAD AND 

GROWING NETWORK OF INSTITUTIONS 

NEURODEGENERATION ONCOLOGY

PLATFORM TECHNOLOGY OTHER AREAS
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CONVERGENT AUTOANTIBODY SEQUENCES PROVIDE 

THE STARTING POINT FOR DISCOVERY

POPULATION B CELL REPERTOIRE ANALYSIS

CONVERGENCE

Shared antibodies that do not 

occur in controls or progressors

Sequences

of disease-free 

population

Sequences

of resilient 

patients

Sequences

of disease 

progressors

10’s-100’s of Individuals; 

Millions of BCR sequences
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REDUCING THE VAST B CELL REPERTOIRE 

DOWN TO CANDIDATE ANTIBODIES

CLUSTERING

Grouping together antibodies based

on sequence relatedness

CONVERGENCE

Searching for clusters containing sequences 

derived from multiple resilient individuals –

indicates selection for similar specificities

VALIDATE & TRIAGE

Validating convergent signals, and 

understanding features of the best antibodies
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1,000,000

B cell 

activation
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Structure
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DISCOVERY PROCESS POWERED BY 
ADVANCED SEQUENCING, BIG DATA, 
AND DEEP LEARNING

PROCESS

Data driven phenotypic and 
functional biology cascade
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DISEASE-

ASSOCIATED 

ANTIBODY 

SIGNATURES

Shared by individuals 

within a disease group 

and distinct from 

healthy controls 

Heatmap of 1,337 COVID-19 clonotypes, 1,180 Influenza clonotypes and 351 breast cancer clonotypes, 

demonstrating that the convergent signatures are unique to each disease cohort. Healthy controls subtracted.

*Breast cancer
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Infectious Disease 
CASE STUDY 
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COVID-19 STUDY

Galson et al., https://doi.org/10.3389/fimmu.2020.605170
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Oncology
CASE STUDY 
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PANCREATIC CANCER COHORT

11 Healthy control 10 Progressors12 Resilient

7 – 10 years

IIB

All primary

ALL PDAC PATIENTS HAVE UNDERGONE RESECTION



CLUSTER SIZE
CONVERGENCE 

LEVEL (OUT OF 12)

CDR3 

LENGTH
MUTATIONS

GENERATION 

PROBABILITY

PROP. IN HEALTHY 

CONTROL

PREVALENT 

ISOTYPE

151 8 20 1.58 4.35E-12 0.060 IGHG1

40 8 20* 1.65 9.34E-12 0.050 IGHG1

43 8 19* 1.35 4.63E-20 0.186 IGHG1

73 7 16 1.51 2.13E-13 0.055 IGHG1

42 5 16 2.07 1.29E-12 0 IGHG1

73 5 15* 1.41 7.42E-11 0.082 IGHG1

33 5 14* 1.52 7.69E-11 0 IGHG1

17 5 13 1.18 1.14E-11 0.059 IGHG1

16 6 13 17.63 1.01E-11 0 IGHM

22 5 11 25.59 5.20E-10 0.091 IGHA1
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HIGHLY CONVERGENT RESILIENT CLONOTYPES FOUND IN 

MULTIPLE INDIVIDUALS 

10 clonotypes found with exceptional convergence among resilient individuals which were not found in progressors:

• Length-independent super-convergence • Low probability of generation & rare in healthy controls • Predominantly IgG1
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HOMOLOGY TO APPROVED KDR MAB TRANSLATES 

TO TARGET BINDING

• Assay shows 
binding for multiple 
antibodies from 
clonotype 41671 
to KDR

Ramucirumab is a VEGFR2 (KDR) antibody, 

approved for treatment of solid tumors

One of Alchemab’s convergent clusters 

is highly homologous to ramucirumab
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Neuro degeneration
CASE STUDY 



EPAD
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DEFINING RESILIENCE IN AD

MEASURE OF 

RESILIENCE

RESILIENT SAMPLE 

COHORTS

Report of Extraordinary individual with Presenilin 

(PSEN1) mutation but considerable delay of cognitive 

decline, with high b-amyloid plaque load but low Tau

Arboleda-Valasquez et al (2019) Nature Medicine

Mini Mental State exam

Cognitive function
Commercial study

100+ cohort EPAD*

ApoE status and other 

genetic mutations

B-amyloid (CSF/ plaques)

Tau (CSF/plaques)

Additional biomarkers (NfL)

EPAD

100+ cohort

* European Prevention of Alzheimer’s Dementia
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Longitudinal study over 2 years 

(visits every 6 months)

Mini Mental State Exam score used for 

assessment of disease progression

Starting range 15-24 out of a 

maximum score of 30

ALZHEIMER’S DISEASE 

PILOT STUDY

Study enrolment 681

Diagnosis of AD 333

Age at entry >59 268

Minimum 4 visits 63

Δ MMSE score visits 1/4

Slow 

progressor 13

Average 

progressor 12

Fast 

progressor 12
Matched 

control 12

Elite controllers
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IDENTIFICATION OF AD 

CONVERGENT CLONES
Exclusively convergent clonotypes have a highly skewed VH 

germline gene distribution which indicates disease specific activation

Sequence data from 30 Alzheimer’s patients was 

triaged to select 38 antibodies according to the 

following workflow:

• CLONOTYPING:

sequences with near identical V, J, and CDR3 length 

are clustered

• EXCLUSIVITY:

Clonotypes chosen which are sare exclusive to 

resilient group and not seen in healthy controls

• EXPRESSION FILTER:

Sequence seen more than once per sample

• MUTATION FILTER:

Filter for  clonotypes undergoing active selection via 

somatic hypermutation



32

ALZHEIMER’S DISEASE ANTIBODY SELECTION

CONVERGENT 

CLUSTERS 

ANTIBODIES TRIAGED 

FOR PRODUCTION 

ANTIBODY HITS

• 8 antibodies bind immune cells

• 2 antibodies bind neuronal cells

• 3 antibodies bind astrocytes

Further analysis ongoing

SEQUENCES

Neuronal cell lines

Human iPSC

Immunophenotyping

6,300,000

38

13

~200
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AD CONVERGENT ANTIBODY SHOWING 

NEURONAL BINDING (TARGET UNKNOWN)

Alchemab Ab ATL 4527
VGLUT1 (pre-synaptic)
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SUMMARY
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ALCHEMAB DATA CUBE: 

EXCEPTIONAL INSIGHT INTO 

BCR REPERTOIRES AND THEIR 

ASSOCIATION WITH DISEASE 
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a
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• FULL STACK AND ADVANCED 

ANALYTICS PIPELINE 

• DEEP LEARNING TOOLKIT:

• Quality assessments 

• Clustering 

• Cross disease analysis 

• In silico light chain pairing 

• Patient stratification …enabling a powerful next 
generation drug discovery engine 
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ANTIBERTA: ALCHEMABS’S ANTIBODY-

SPECIFIC LANGUAGE MODEL
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(B) Phage display

Immunization 

With targets

Mouse mAb

Phage-displayed Ab libraries

Biopanning

With targets

(3-5 cycles)

Humanized mAb

Chimeric mAb

Constructing of 

Human lgG

Immunization 
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Harvest Splenocytes

Generate hybridomas

Human mAb

Human

PBMC

Sort B cells with

Labeled antigens

PCR, construct vH and vL

VHDJHCY1 VKJKCK

Screening

Screening

Screening

Screening
Chimerization

CDR graft

Harvest Splenocytes

Generate hybridomas

Computation

Convergence & triage 

(C) Transgenic mouse (D) Single B cell (E) B cell convergence(A) Mouse hybridoma

CONVERGENCE ANALYSIS COULD BE PART OF THE 

NEXT WAVE OF ANTIBODY GENERATION

scFv or Fab

Source: Journal of Biomedical Science, 21:1 (2020) - Adapted
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OUR VISION: TO USE THE POWER OF THE HUMAN IMMUNE 

SYSTEM TO DISCOVER NEW MEDICINES AND DIAGNOSTICS


