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① Loading of saRNA into Ago protein

② saRNA-Ago targets gene promoter

③ saRNA-Ago activates gene transcription

④ Protein up-regulation
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STING saRNA
We hypothesise that saRNAs targeted against STING will restore its expression to
levels that are necessary for pathway activation either as monotherapy or in
combination with other cancer therapeutics. Here, we present the development of
our STING saRNA lead to overcome the downregulation of STING in myeloid cells.

STING is downregulated in tumor microenvironment

cGAS-cGAMP-STING is essential for sensing foreign DNA from pathogens or self-
DNA from dying cancer cells. Activation of this pathway is critical for the innate
immune response to cancer and is necessary for the full efficacy of various cancer
treatments including checkpoint and PARP inhibitors, radiotherapy, and CAR T-cells.
Intense efforts have focused on triggering this pathway with cGAMP analogs, which
are small-molecule activators of STING. However, recent reports show that many
cancer cells downregulate STING by promoter methylation1,2. Furthermore, T-cells
activated by cGAMP undergo apoptosis, which limits the efficacy of T-cell-based
tumour eradication3,4. Emerging evidence suggests that the critical cells in which
STING activation achieves maximal anti-cancer efficacy are myeloid cells in the
tumour microenvironment (TME) 5,6.

RNA activation (RNAa) mechanism restores downregulated genes

Small activating RNAs (saRNAs) are short double-stranded oligonucleotides
designed to upregulate target gene expression by transcriptional activation. saRNAs
transfected into cells are loaded into Ago2 and translocate into the nucleus where
they interact specifically at the target gene leading to recruitment and activation of
RNA Polymerase II. This leads to new mRNA production resulting in increase of the
target protein7. MTL-CEBPA, the first saRNA medicine developed by MiNA
Therapeutics is in Phase II evaluation for the treatment of Hepatocellular
Carcinoma (NCT04710641)8.

In a dose range finding study, cynomolgus monkeys were treated by subcutaneous
administration of control, or 0.3 – 3.0 mg/kg of MTL-STING for a 3 week period on
day 1, 8 and 15 of the study. Parameters monitored during this study included
mortality, clinical observations, food consumption (qualitative) and body weights. The
study reported no MTL-STING related clinical observations at all dose levels.
A series of blood samples collected on Days 1 and 15 was analysed for cytokines by
Meso Scale Discovery (MSD). Treatment with MTL-STING resulted in a transient and
dose dependent increase in the serum levels of (A) MIP-1β and (B) CXCL10 indicating
the priming of innate immunity that could potentiate combination therapy; similar
effects were observed in the murine surrogate study. These increases are consistent
with on-target pharmacological activity of MTL-STING10.

Taken together, the results support further development of MTL-STING to
overcome hypermethylation of the STING promoter in the TME of cancer patients.
MTL-STING is currently being evaluated in IND-enabling studies and expected to
enter a Phase I clinical trial in 2023.

Background Immune modulatory effects of clinical
candidate translate in non-human primates
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Clinical candidate – To confirm strand specificity of saSTING, an inverted abasic
residue was added to the antisense strand (invAb-As) instead of the sense
strand. For testing sequence specificity, mutations within the seed regions were
introduced (seed mut). When transfected in human cell line, saSTING
upregulates STING mRNA; the reduction of activity by saSTING invAb-As and
the complete lost of activity of saSTING seed mut demonstrated that the
activity of saSTING is strand and sequence specific (A). saSTING increases
STING mRNA in a dose dependent manner (B) and activity of saSTING is
sustained over a prolonged period. Cells treated with FLuc control remains the
same. Only values for FLuc at 96hrs are depicted. Staining of human cell lysates
untreated (UNTR), transfected with FLuc control, or saSTING with a STING
specific antibody showed specific upregulation of STING protein after saSTING
transfection (C). The targeting region of saSTING within rhesus and cynomolgus
are identical and differ from the human genome by 1 nucleotide, transfection
of the clinical candidate in a rhesus cell line increases rhesus STING mRNA in a
dose dependent manner.

Murine surrogate (muSting) – invAb-As and seed mut versions of controls were
designed based on the targeting sequence of muSting. Similar to the clinical
candidate, muSting demonstrated strand and sequence specificity (E) in a
dose dependent manner (F).

Murine surrogate compound
(E)

(A) (B)

In vivo pharmacology of murine surrogate

I.P. (PD-1) 10.0 mg/kg
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Pharmacology of NOV340/muSting was assessed by I.T. dosing of subcutaneous MC38 tumour model that was implanted for 8 days and had a mean tumour volume of 0.12
cm3. (A) Repeated dosing of NOV340/muSting alone, or combination of PD-1 antibody were well tolerated in mice. Although the study was highly sensitive to PD-1 inhibition
(B), treatment group receiving combination of NOV340/muSting and PD-1 showed distinct pharmacology (C), with significant reduction of tumour volumes after 1 cycle (1
week) of treatment (D), and was the only group that induced tumour regression below pre-treatment sizes (E).

I.P. (PD-1) 10.0 mg/kg
I.T. (NOV340/muSting) 2.4 mg/kg

We welcome all types of collaboration. For further information,
please contact business development - bd@minatx.com

We previously reported the screening and characterisation of saSTING, the clinical
(human) candidate that upregulates STING expression in human cells9. Here, we
confirm the activity of saSTING in rhesus and cynomolgus models and identified a
murine surrogate molecule that upregulates murine STING mRNA by targeting a
similar location within the STING gene. Similar to saSTING, the surrogate molecule
targets the first intron of the murine STING gene.
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Formulation / Delivery
For in vivo delivery, saSTING is formulated in NOV340 liposomes (BioNTech), a
clinically-validated RNA delivery technology to myeloid cells. The formulated clinical
candidate and murine surrogate are named MTL-STING and NOV340/muSting
respectively. Both compounds are intended for intra-tumour (I.T.) dosing.
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Mean tumour volume (cm3)

PBS 0.121 0.203 0.359 0.539 1.228
NOV340/siFLuc 0.124 0.191 0.268 0.337 0.606
NOV340/muSting 0.125 0.217 0.339 0.509 0.930
NOV340/siFLuc + PD-1 0.125 0.219 0.240 0.218 0.153
NOV340/muSting + PD-1 0.124 0.155 0.146 0.095 0.060

p  values (vs PBS control)

NOV340/siFLuc 0.850 0.767 0.217 0.133 0.066
NOV340/muSting 0.811 0.732 0.839 0.869 0.449
NOV340/siFLuc + PD-1 0.817 0.847 0.352 0.101 0.008
NOV340/muSting + PD-1 0.889 0.269 0.022 0.008 0.007

* p < 0.05 - vs PBS group
**p < 0.01 - vs  PBS group
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