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NT219, a dual inhibitor of IRS1/2 and STAT3, suppresses cancer stem cell-mediated resistance to KRASG12C and KRASG12D inhibitors in solid tumors 
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METHODS 

• The inhibitory effects of NT219 as monotherapy or in combination with either KRASG12C inhibitors 
(sotorasib/adagrasib) or KRASG12D inhibitor (MRTX1133) were tested in 2D cell growth and colony 
formation assays using mKRAS inhibitor sensitive and resistant cancer cell lines. The effect on the 
sensitive model was also tested in xenograft H2122 NSCLC model.

• The effect of NT219 and mKRASi on cancer stem cells was assessed using 3D spheroid assay 
evaluating spheroid size (microscopic measurements), cell viability (CellTiterGlo) and stemness 
marker expression (FACS analysis).
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RESULTS 

• NT219 is a novel small molecule, a dual inhibitor that uniquely triggers the degradation of Insulin 

Receptor Substrates 1/2 (IRS) and the dephosphorylation and suppression of STAT3, two major 

oncogenic targets that play a key role in drug resistance. 

• Mutated KRAS (mKRAS) has long been referred to as undruggable until recently when KRASG12C 

inhibitors were approved. While KRASG12C is the most common oncogenic driver in NCSLC, KRASG12D 

is found in 42% of pancreatic tumors. 

• Novel resistance mechanisms to KRAS inhibitors are firstly demonstrated including feedback 

activation of IRS1/2 & STAT3 and cancer stemness.

• Cancer stem cells (CSC), a critical cell population for tumor propagation, are characterized by self-

renewal and multipotency, and known to promote resistance and tumor recurrence.

• We present NT219 suppressive effect on mKRASi resistant and sensitive cells of both PDAC and 

NSCLC, as well as on cancer stem cells (CSC). Synergistic effects of NT219 with both KRASG12C and 

KRASG12D inhibitors are demonstrated. 

CONCLUSIONS

❖NT219 suppressed cancer stem cell viability as monotherapy and synergizes with 
sotorasib to induce disintegration of established mKRAS(G12C) NSCLC spheroids

❖ Combination with NT219 suppressed spheroid satellites appeared following 

treatment with sotorasib

Figure 4: NT219 suppressed spheroid satellites. Sotorasib 0.06uM reduced spheroid volume by 42% but surprisingly induced the 
formation of multiple spheroid satellites (A). The combination treatment reduced spheroid size to the same extent but completely 
abolished satellite formation (A, B). In accordance, feedback upregulation of STAT3 was observed following treatment with 
sotorasib alone and completely suppressed with the combination with NT219 (C). Assay conditions: H358 cells were seeded in 
Corning® Costar® Ultra-Low Attachment 96 Well Plates. 

❖ Feedback activation of IRS1/2 and pSTAT3 induced by sotorasib and adagrasib 

as a potential resistance mechanism to mKRASi
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Figure 2: NT219 synergizes with sotorasib to suppress established spheroids. Spheroid assay is characterized by enriched cancer 
stem cell population. Monotherapy treatment with NT219 of established H358 (NSCLC) spheroids harboring G12C KRAS mutation 
demonstrated a significant effect on cell viability, as opposed to sotorasib (A). Synergistic effects of NT219 + sotorasib is shown on 
cell viability p<0.0001 (A), spheroid size p<0.0001 (B), and led to disaggregation of established spheroid (C) following 8 day (n=24 
per group) and 12 day (n=7 per group) treatment, respectively. Assay conditions: seeding 5000 cells per well in 96 well U-bottom 
repellent plates (Grenier). Treatment of established spheroid was initiated 5 days later including NT219 5µM, Sotorasib 0.06 µM, or 
a combination of the two. 

Figure 3: NT219 suppressed stemness markers. The cancer stem cell marker ALDH, increased 6.6-fold in H358 spheroids as 
compared to 2D-grown cells. This increase was reversed by the combined treatment of the spheroids with NT219 and Sotorasib (A). 
Sotorasib induced a significant increase (4-fold) in stemness marker SOX2 expression in established H358 spheroids, while the 
combination treatment with NT219 suppressed it (B). The basal levels of these stemness markers were suppressed by NT219 
monotherapy as well.
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Figure 1: Feedback activation of IRS1/2 and STAT3 by mKRAS inhibitors (sotorasib and adagrasib) or MEK inhibitor (trametinib) in 
NSCLC (mKRASG12C) cell lines is suppressed by NT219, and the combined treatment simultaneously blocks the MEK/ERK, IRS, and 
STAT3 major mitogenic pathways, leading to synergistic effects against mKRAS driven cancers.

❖ NT219 suppresses the clonogenic potential of KRAS(G12C) inhibitor resistant NSCLC 

cells and synergizes with adagrasib to inhibit tumor growth 

Figure 5: NT219 reduces the number and size of colonies formed by both KRAS G12Ci-sensitive (H2122) and resistant (H2122-R) NSCLC 
cells in a dose-dependent manner with higher sensitivity of mKRASi resistant cells (A). In vitro synergy of adagrasib+NT219 (CI=0.6) in 
H2122 viability assay (data not shown) was replicated in H2122 xenograft model, where synergistically superior tumor inhibition in the 
NT219+adagrasib arm was observed, compared to single agent treatments (B). Effect on resistant tumors to be tested.

❖ NT219 reverses mKRAS(G12D) inhibitor-resistant pancreatic cancer and 

demonstrates synergistic effect with MRTX1133, a KRASG12D inhibitor
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❖NT219 suppressed cancer stem cell markers as monotherapy and in combination 
with sotorasib

H
2

1
2

2-
R

 
so

to
ra

si
b

 
re

si
st

an
t 

cl
o

n
e

H
2

1
2

2
 

so
to

ra
si

b
se

n
si

ti
ve

 
ce

lls

NT219 (nM)

A

B

C D

A

NT219Control

MRTX1133 NT219
+MRTX1133

CI < 1

B

Figure 6: Higher sensitivity of mKRAS(G12D)i resistant PDAC and synergy of NT219 with MRTX1133. Inhibition of mKRAS G12Di-sensitive 
(AsPC-1) and resistant (AsPC1-MRTX1133-R) by NT219 (2D cell proliferation) shows 8-fold lower IC50 for the resistant cell line (A). NT219 is 
effective both as monotherapy and in combination with MRTX1133 in colony formation assay of sensitive and resistant PDAC cell lines (B). 
Synergistic effect (CI<1) of NT219 and MRTX1133 was demonstrated in 2D growth (C) and in spheroid 3D growth (D) of HPAC PDAC cells. 
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•  NT219, a novel dual inhibitor of IRS1/2 and STAT3, significantly suppresses cancer stem cells. 

Enhancement in stemness potential induced by sotorasib, is suppressed by NT219, suggesting a novel 

therapy and new mechanism to combat  cancer recurrence and resistance to mKRAS inhibitors. 

• Synergistic effect of NT219 and KRAS inhibitors, G12C & G12D, in NSCLC and PDAC respectively, is shown. 

• Feedback activation of IRS1/2 and STAT3 following treatment with mKRASi, suggest the involvement of 

NT219 target proteins in resistance to mKRAS inhibitors. The combined treatment simultaneously blocks 

the MEK/ERK, IRS, and STAT3 major mitogenic pathways, leading to synergistic effects against mKRAS 

driven cancers.

• NT219 reverses acquired resistance to mKRAS inhibitors by addressing both cellular escape 

pathways and cancer stem cell mechanisms. 
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