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In an M2-polarized state, elevated M1 marker expression from transcription-factor based
master regulators is concurrent with decreases in multiple M2-associated markers (IL-10,
{ 200 CD163,and CD206).
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Both M1 master regulators have distinct molecular signatures that
150 are stronger than a secreted IFNy payload at driving an M1-like state

N
w

Applications: immuno-oncology, anti-infection . ., 1.0 <
. . .o . % % ga e ° ®
Polarization state-specific promoters can drive macrophage £ £ & i Ph S h c
peciiic promo ers car Phag 5 5 enotype Switch Circuit
polarization logic circuits 1 =
6 6 0.5 a
7 7 50 Top M2 Promoter Candidates Top M1 Master Regulator
8 8 Macrophage phenotype
Re-engineered Compact Fully Enhancer-based 0 0 4 e w  Wasassessed using PCA of
Native Promoters Synthetic Promoter Synthetic Promoters S promrer S e o © S D o LEFS oty IFNy-driven M1 Phenotype | m w1 15 markers : 4 flow surface
(500-2000bp) Screening (<200bp) (500-2000bp) o ] o o @ crsmnery A M markers (CD80, CD40,
Minimal promoter engineering increases strength and specificity e oy g CD163, CD206, PDL1) and

11 cytokines (IL-6, IL-10,
IFNy, MIP-18, IFNa, GROaq,

EFS—IFNy

Pooled screening o of the M2c promoters 2
of fully synthetic

@ EFS—mChery EFS—mCherry

B A EFS—IFNy

Native promoters
mined from RNA-Seq

enhancers mined TR B okl et A

i i EFS—mCherry IL-23, IL-18, IL-19, IL-4,
promoter libraries from ATAC-Seq . or Strenath Bty
Bioinformatic oromo er Streng 2 Negative controls @, 1L-12p70).
FunCtion mapping Via Selection Of Selective 10_ . . SB13055 ( /0 Of1 EOFS) g ) T PP , ....................................................................................... Final PCA:-oading‘:se " e E?IZOOG
mutational variants MPRA Hits Enhancer . KX Mutational variants of the § PB 12987 | & ootes
> : i

|dentification S ] : @ SB13064 8o  native .enhanf:e.r from 5B11779 SBTSY Il sB12987 - - v cRos

I N By W95 (selective activity A o 11

S 351305g . ® oB13044 60 benchmarked with blue - o AgEgzea;as : s s

7 ° . dotted lines) were tested to B divir g 5 1o lo -+ cos

-~ : ® : @ 40 . . i sB12983 o @ CD8o

Outcome: Outcome: Outcome: S 4 S N map functional elements in PRI Sy ey + POLY
_ . _ S 7 SB13050 the native enhancer sequence. M EFg M1 TF ] e

Strong & Specific Strong & Specific Strong & Specific s 7 20 promoter strength was o

M1 Promoters M1 Promoters M2 Promoters 4  SBi3065 benchmarked against 4 : ; : : —+ , 1123
T TTT | T T T T | T — 1T T 1T17T1T] enc . ma.r €d agalnst d -4 -2 0 2 4 6 PC1 (26.87%) IL12p70

1 10 100 constitutive promoter (EFS, PC1 (26.87%)
M2c/MO Selectivity black doted lines) Many of candidates M2>M1 Phenotype Switch circuits can drive a phenotype comparable to

Successful discavery of state-specific ‘“sensors”’ from three our constitutive controls ( oval). This suggests that our state-selective promoters when

S 4 . . : L
. . 2 - MO aired with our TF-based master regulator are just as strong a constitutive promoter (EFS),
parallel promoter discovery strategies c . M1 o
_____________________________________________ 5 6 3- but also have leaky activity in the MO and M1 states.
S o - M2c
o o 600 - Il EXP-03705
whd > -
ATAC-Seq in M0, M1, M2c cells PE,d % 7 . B Controls (EXP-03705)
| L2 £ z BN EXP-03799
Promoter Type O o f 2 900+ 2 Bl Controls (EXP-03799)
| List of 100 e Constitutive Control g ® ST R ISR ORI, /5L SURV S0 0% IOV OO At Y ISR/ A | S ) WO W /ﬂ\ .......... % i g 7
active ° o Native a E 185 £ i —— £ 300+ [
enhancers _ © ::>‘\./ g %007 o m i LT 3 : | o
enriched in 10 © MPRAHt 0 ' ¥ S N W | AT &  200- 1 | A F= =
M2¢ g ® 3rd Gen Syn Pro =TT T T T == =iy —r—r—r Tt T =l F R 1n 1 : " e
3 e ATAC-Seq Derived NN NN NN NN N NN N NN NN N NN I NN N : 11E01 ] : A IR AR
S B A N e A L RS YL NGO S B N e A L R AT L YN S
3 SBID OB PLLBODILE” O CPBLBDL LR RE & OB PLLBLDILE” O (R PRLBLLRLRE &
s & Go & & & Go & &S
: 1e-001 & &L & && & &L & &&
minfrot Repressive M2-specific active Non-specifically 10° 2005
ATAC seq based | > Leaky Element(s) g
enhancers  ———y__MCherry ] element(s) element(s) active element(s) = =
1€-002 ———rrrrm— T T 2 1 217 ——
= R = T
1e-001 1 10 100 1000 ° ° ° o go ° s I R ——— £ T
M26/MO Selectivity Variant screening enables identification of regulatory element | N | T ]
e ° ° ° ° . . § 1 | 1 | § 1 |
Enhancer-based synthetic promoters have higher M2c- activity within native promoter sequence : 1\ 10 : ] -
. . . . zIB 10°4 ' : ' < 504 : : ' :
selective activity than any other promoter discovery strategy : 1l i 2 1l i
_____________________________________________ I I I | 1 I

@
MaSter Re u ator Creenln " 3 3 J 3 :
A oD Vo™ o 09 60 A oD 6D oD MK S AN o Va® a0 00 A oD 0D O N iK ) A oD oV oD o 09 60 A oD oD 0O N 4K S AN oo o000 A 6D 0D O & )
S oD R DR DLV R R DD D A ¢ A A P G P R I e N S oD PP LD D VR DD DD A’ ¢ 90D DD TR D DV R DD D AL ¢
g g RQ’\@\'9\@\'9\"9\’9\@\@\'9\@\@9’7 (;oe’,\ 3@\‘9\@\@\‘9\@\'9\“9\“9&\@\@ 7 ‘00.\ 9@\'9\'9&&(&\@\'9\'9\"9\"9\'@97 °,\ ,QQ’\@\@\@\‘9\‘9\“9\'@\@\@\@(‘9@7 ’o"”,\

ATAC-Seq derived enhancer- K PRRRRPPRFRRE S & ébfo‘z’foQ’9‘3’9‘3’6@9@9@9@9‘2’%‘2’«’;‘2&3&\ PR R R R R R :,&c.::@ RKPLLLLLRRRFIE &S
based synthetic promoters & &E & & &E &
L — @sB09964 (purple dots within black M?2c polarized macrophages engineered with our phenotype switch circuits (dashed cyan
= e oval) imparted higher M2c- Constitutive Promoter Candidate M1 Master Regulators boxes) can drive strong expression of M1-associated cytokines (MIP-1B, IL-6, IFN-a, and IL-
- SBB935 . . . . .
% state selective activity than 18) that far exceeds the phenotype changes due to constitutively expressed IFNy controls.
N [ 0 SRR PN S o e L R A SO, RN ST . . . .
any other previously tested :
z rglmOterSp(OUt“neg/With 4 PC scores Polarization State N These changes are robust.across two blologlcaI. replicates
& P o ©SB05586 MO | Pairing an M2-state responsive promoter with an M1 master
= 6001 blue square). However, all 5805587 o M1 Loadings Vectors * CD163 . . .
ATAC-Seq Derived Enhancer Hits promoters had <20% o M2c & 10 regulator can switch an M2-polarized cell to an M1-like phenotype
strength of EFS. Eight o OIFty * CD206
1e-002——— T T enhancer-derived promoter L 27 ° o = COnCI usions
1e-001 1 B 190 9% candidates (circled in pink) & o © ° @5B05587 ) = IL-6
M2c/MO Selectivity ) 8 o ® © : ——® 4 GRO«
M2c Strength (% of EFS) were selected for further = ° SBOSSEG = 4 05 T = IEN _ , , _ ,
. N O y o Putative native enhancers mined from ATAC-Seq can be engineered into strong and M2c
optimization. '8 ®  |3B05587 |.SBO5586| o ¥ CD80 o _ . . _ o
o o0 'é. --------------------------- P 0.5+ + TNFa polarization state selective promoters when paired with certain minimal promoters
. oIFNy : g"&;ﬁ o Generation of mutational variants of native M2 enhancers enable functional identification
% 20- MO 000 op o .“' ! o ¥ IFNy and mapping of regulatory elements
S P 15 M M1 I ®g °F PC1(34.07%) o Overexpression of transcription factors can be used as a master regulator to drive an M1-
% m B M2c 2 4 A 0 > 4 6 Blue vector = M2-associated marker like phenotype
§ ‘S 10+ PC1 (34.07%) Red vector = M1-associated marker o State-specific promoters can be built into smart sensor circuits to control macrophage
o °\° . . . . 1 i i
g ~ 5- Over a dozen transcription factors were constitutively over-expressed and screened as polarization logic
a 0- potential master regulators driving an M1-like state despite being exogenously polarized to Next St
SB09935 SB09955 SB09956 SB09959 SB09963 SB09964 SB09965 SB09966 either an M1, M2c or MO state. SB05586 and SB05587 (cyan rectangles) drive an M1-like o Nextoteps | |
. : **Optimize pairs of engineered promoters and payloads for enhanced dynamic control of
Construct ID phenotype when assessed by principal component (PC) analysis.
macrophage cell state
Enhancer-based synthetic promoters were <20% promoter Identified two transcription-factor based master regulators * Further testing in a therapeutically relevant model system
strength of constitutive control promoter (EFS) capable of driving an M1-like state **Demonstrate that an M2 = M1 phenotype switch gene circuit can turn a cold tumor hot




