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Immunotherapies have revolutionized the treatment of solid tumors, 
which represent 90% of adult human cancers. Given the double-
edged nature of immune-based interventions, there is increased 
emphasis on developing precision therapies that target tumors while 
having minimal effects on healthy tissues. IL-12, a potent 
immunostimulatory cytokine, is robustly effective in terms of anti-
tumor activity in preclinical models. However, systemically delivered 
IL-12 is poorly tolerated potentially due to its off-target activity. To 
overcome this challenge, we developed an mRNA platform that 
utilizes programmable genetic circuits to regulate the expression of 
encoded protein based on specific molecular cues, enabling precise 
control of payload expression in the target tissues. Using this 
platform we developed STX-003, a self-replicating mRNA encoding IL-
12 which bears programmable genetic circuitry that limits expression 
of payload in the spleen, while preserving expression in tumors. 

CONCLUSIONS

INTRODUCTION CIRCUIT DEMONSTRATES SPLENIC DETARGETING WHILE 
MAINTIANING EFFICACY IN B16-F10 ONCOLOGY MODEL 
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o Mice were implanted subcutaneously with B16-F10 melanoma cells and were 
dosed intravenously with mRNA-LNP when tumors reached an average size of 
~100-150 mm3.

o Mice dosed with circuited mRNA significantly (≥ 40-fold) knocked down levels of 
mIL-12 in the spleen at Tmax, while mIL-12 levels in the tumor were comparable to 
the uncircuited cohort.

o The presence of the circuit did not impact efficacy, as tumor control was 
comparable with the uncircuited cohort.
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CIRCUIT REPRESSES PAYLOAD IN NON-HUMAN PRIMATES 
WHILE PRESERVING EXPRESSION IN CANCER CELLS
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Patient-Derived
Breast Cancer Organoids

o Cynomolgus monkeys were intravenously injected with mRNA-LNP.

o The presence of the circuit resulted in a  ~99% reduction in circulating hIL-12 and 
~95% reduction in circulating IFN-g.

o Transfection of circuited and uncircuited mRNA into cancer organoids or A549 
cancer cells yielded comparably robust expression of hIL-12 payload.

o STX-003 expresses its IL-12 payload in tumors while selectively 
repressing its expression in the spleen.

o STX-003 significantly reduces serum levels of IL-12 and IFN-g in naïve 
mice and cynomolgus monkeys after intravenous dosing. In naïve 
mice, this correlates with improved tolerability.

o STX-003 demonstrates spleen-specific detargeting while maintaining 
effective tumor control upon systemic administration.

o These data demonstrate the potential of STX-003, a programmable 
mRNA circuit platform, for the development of precision mRNA 
therapies for cancer.

IN SILICO MODELING INFORMS CIRCUIT SELECTION

o Unique miRNA signatures were identified using in silico, and high throughput in vitro 
screening.

o Candidate circuit was selected based on characteristics of detargeting the spleen.

o Circuited mRNA were formulated into LNPs and administered IV in mouse models to 
conduct proof-of-concept studies.
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CIRCUIT IMPROVES TOLERABILITY IN NAÏVE MICE

o The presence of the circuit lowered test article-related body weight loss as well as 
recovery time in naïve C57BL6/J mice. 

o This correlated with lower levels of splenic and circulating IL-12 and IFN-g. 

6h
r
24

hr
26

4h
r

6h
r
24

hr
26

4h
r

6h
r
24

hr
26

4h
r

0

50,000

100,000

150,000

m
IL

-1
2 

(p
g/

m
L)

Serum mIL-12 Levels

PBS
Uncircuited mRNA (Low Dose)

Uncircuited mRNA (High Dose)

Circuited mRNA (Low Dose)

Circuited mRNA (High Dose)

PBS Low Dose High Dose

6h
r
24

hr
26

4h
r

6h
r
24

hr
26

4h
r

6h
r
24

hr
26

4h
r

0

100

200

300

400

m
IL

-1
2 

(p
g/

m
g)

Spleen mIL-12 Levels

PBS Low Dose High Dose

6h
r
24

hr
26

4h
r

6h
r
24

hr
26

4h
r

6h
r
24

hr
26

4h
r

0

50,000

100,000

150,000

m
IL

-1
2 

(p
g/

m
L)

Serum mIL-12 Levels

PBS
Uncircuited mRNA (Low Dose)

Uncircuited mRNA (High Dose)

Circuited mRNA (Low Dose)

Circuited mRNA (High Dose)

PBS Low Dose High Dose


