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Polarization state specific synthetic promoters for 
control of macrophage cell therapies
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1GeneFab, in Alameda, CA and South San Francisco, CA

Macrophage Polarization State Specific Promoters

M1 Promoter Discovery

Macrophage Polarization Logic Promoter Discovery Strategies

Our bioinformatics pipeline enables potent genomic loci selection 
with high M2c state selective activity

Emerging Cellular Therapies
Santa Fe, NM 
Poster #2030

M1 
Macrophage

IFN-𝛄, TNFɑ, 
Hypoxia, or  

LPS

IL-10, TGF-𝛽,
IL-4, IL-13, 
Dexamethasone

M2 
MacrophagePhenotype 

Plasticity

Macrophage Macrophage Polarization Phenotype and Plasticity. Macrophages can be polarized 
to M1 or M2 states by various extracellular cues (left) and are plastic with the ability to 
revert to an alternative phenotype if new cues are encountered. Macrophages contain 
endogenous DNA regulatory elements such as enhancers that are responsive to these 
external polarization cues. These regulatory elements can be leveraged and built into 
synthetic promoters and gene circuits to create “smart sensors”. 

Smart 
SensorSmart 

Sensor

M2 Promoters
Applications: 

immune deficiency,  
oncology

Applications: 
autoimmune disease, 

wound healing 

Polarization state specific promoters sense pathological states 
and locally control payload expression

M1 Promoters

Successful discovery of state-specific “sensors” from three 
parallel promoter discovery strategies

M2 Promoter Therapeutic Payload M2 Promoter Therapeutic Payload

Re-engineered Native 
Promoters (500-2000bp)

Compact Fully Synthetic
 Promoter Screening (<200bp) 

Enhancer-based Synthetic 
Promoters (500-2000bp) 

Pooled screening of fully synthetic 
promoter libraries 

Bioinformatic selection of 
MPRA Hits

Clonal
Validation

Native promoters mined 
from RNA-Seq

Functional mapping via 
mutational variants

Re-design into 3rd 
generation variants

Putative enhancers mined 
from ATAC-Seq

Selective Enhancer 
Identification

Core Promoter 
Engineering

Strong & Specific
M1 Promoters
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Top eight enhancer-derived promoters (pink circles above) were re-engineered into next generation promoters by swapping out the original minimal promoter (min Pro 
1)  for five new variable minimal promoters  (pink circles below). All other promoter candidates screened are in dashed blue square. 

Promoter Structure and NGS Strategy

Synthetic Enhancer Min. Promoter

Barcode Reporter

Read 1

Read 2

ca. 300 bp

TF
 b

in
di

ng
 m

ot
ifs

Targeted, Compact, Fully Synthetic Promoter Library 
Construction Enables High-Throughput Screening

• Synthetic enhancer linked to a minimal promoter created a 
compact, fully synthetic promoter

•  Fully synthetic promoter library (>10,000 members) 
constructed from select TF binding motifs, native enhancer 
sequence fragments, and control sequences 

• Unique barcodes enabled deconvolution of synthetic 
promoters via next generation sequencing
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Example Enhancer Architectures

Enhancer Library

Putative M1 Enhancer

Screening of Targeted Synthetic Promoter Library Assessment 
Reveals Multiple State-Selective Hits 
• “Hits” empirically identified from M1 targeted library MPRA screening
• M1 selective hits in red, M2c selective hits in green
• Library hits were then clonally validated (above)

Genomic traces from ATAC-Seq provides insight into chromatin accessibility in different cell states

M0

M1 State (a)

M1 State (b)

M2 State
Promoter Region

Proximal Enhancers
Distal Enhancers

Open in M1 States Open in M2 State Open in all states

Robust element for strong, 
constitutive expression 

Highly specific regulatory 
element for M2 state

Selective regulatory 
element for M1 states

Native Macrophage Promoter Screening Identifies M1 State-Selective Promoters (left)
• >20 native promoter-reporter constructs mined from RNA-Seq data tested for state-selective activity
• All promoter activity normalized to a constitutive control, EFS, to assess promoter strength
• SB09406/SB05132 (blue rectangle) selected as a highly M1-state selective native promoter for engineering

2nd Generation Promoter Variant Screening Reveal Regions of Functional Regulatory Elements (above)
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2nd Generation Mutational Variants
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Core promoter engineering increases both strength and specificity 
of M2c-state specific promoters

Fully synthetic promoter library hits are as strong and M1-
selective as native promoters 

Native promoter engineering into synthetic variants improves 
strength and specificity of M1-specific promoters
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3rd Generation Promoter Variants Improve Specificity by an Order of Magnitude
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ATAC-Seq Derived Enhancer Hits
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ATAC-Seq Derived Enhancer Hits

Next Gen ATAC-Seq Derived Promoters


