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Distinct metabolic preference of atypical KRAS mutant 
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Pancreatic ductal adenocarcinoma (PDAC) is an extremely 
lethal form of cancer that typically results from small 
GTPase KRAS point mutations. These constitutively active 
mutants are prone to the activation of multiple downstream 
effectors, which transduces growth-related signals to the 
cells and promotes cellular neoplastic phenotypes. Various 
types of KRAS mutations have been reported in almost 
30% of all cancers including 95% of PDAC, 35% of lung 
adenocarcinoma, and 40% of colon cancers. Most point 
mutations of KRAS occur in three major amino acid 
residues G12, G13, or Q61, resulting in GTP bound active 
form of KRAS (1). The position of KRAS mutations varies 
among cancers in different tissues: PDAC and non-small 
cell lung carcinoma (NSCLC) showed KRAS mutations at 
G12 most frequently, whereas colon and rectal carcinoma 
(CRC) showed the additional G13 mutation (~20%), as 
well as predominant point mutation at G12. Moreover, the 
types of substitution at G12 are also dependent on tissue 
types; for example, the predominant substitutions of G12 
in PDAC and CRC are G12D and G12V. In contrast, the 
major substitution in NSCLC is G12C, which is rare in 
PDAC. Another type of substitution, G12R is rarely found 
in colorectal cancer and lung cancer (~1%), but more 
frequently shown in PDAC (~12%) (1). Understanding 
physiology and molecular regulation of distinct KRAS 
mutations in each context would provide fundamentals to 
develop personalized anti-cancer therapies for targeting 
mutant specific KRAS. 

Recently, Hobbs et al. (2) have reported that distinct 
point mutations of KRAS confer context specific effects 

on cell growth and survival, particularly in PDAC 
development. First, the authors have examined the 
molecular significance of KRAS G12R mutant compared 
to that of common KRAS G12D and G12V in aspect of 
multiple growth-related downstream signaling pathways. 
Reverse-phase protein array (RPPA) analyses and 
immunoblots for phosphorylation of KRAS downstream 
effectors were performed in cells expressing a series of 
KRAS G12 mutants, frequently shown in PDAC. As a 
result, PI3K-AKT signals was significantly downregulated 
in the KRAS G12R mutants-expressing cells, compared 
to that of KRAS G12D or G12V mutants. Interestingly, 
the authors found that phosphor AKT levels in KRAS 
G12R mutant-expressing epithelial cells were significantly 
reduced, but still intact in KRAS G12D mutant. 

They also found that KRAS G12R mutant failed 
to interact with an important subunit of PI3K p110α 
(PIK3CA), a well-known KRAS downstream target, 
because of its unordered protein structure in switch II 
region to complete interaction with PI3K p110α. This 
result was confirmed by their in-depth structural analysis 
of G12R mutant protein. As the importance of KRAS and 
PI3K p110α interaction in tumor progression has been 
reported previously in mice (3), KRAS G12R mutants can 
be expected to show substantial reduction of cell growth, 
explaining why this atypical KRAS mutant is shown to be 
relatively rare in lung and colon cancers.

However, the authors raised questions about how 
KRAS G12R mutant can still lead cell proliferation and 
sustain high prevalence in PDAC development, despite its 
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low PI3Kα activity. One hypothesis is that KRAS G12R 
mutant may rewire specific downstream signaling pathways 
associated with KRAS activity thus this mutant might utilize 
alternative pathways to support PDAC development. 

Given that nutrients-supporting for cancer cell 
growth was supplied by oncogenic KRAS-mediated 
macropinocytosis, the atypical point mutation of KRAS, 
G12R mutant was examined to determine its importance 
for macropinocytosis. PDAC cell lines harboring KRAS 
G12D and G12V showed decreasing macropinocytosis 
under transient KRAS knockdown. In contrast, multiple 
PDAC cell lines containing KRAS G12R still promote 
macropinocytosis in knockdown of KRAS despite the 
defective PI3Kα activity.

Macropinocytosis is a unique clathrin-independent 
endocytic process that internalizes macromolecule-rich 
extracellular fluid without the need for specific vesicle-
coat proteins. Multiple growth factor signals are known to 
induce macropinocytosis, which facilitates the protrusion of 
plasma membrane ruffles, allowing engulfed extracellular 
fluid to be internalized into the cell. This process is most 
well-defined in dendritic cells and macrophages. Recently, 
macropinocytosis has been revealed to contribute to cell 
growth and survival in cancer cells through the maintenance 
of nutrient balance (4,5). The expression of oncogenic Ras 
including KRAS and HRAS has been reported to induce 
macropinocytosis, which plays a major role in the support 
of the cellular demand for metabolites, such as amino acids, 
during the metabolic stress resulting from the rapid growth 
of cancers (6).

When three different types of KRAS G12 mutant 
were overexpressed in normal epithelial cells respectively, 
KRAS G12D or G12V mutants- tended to promote 
macropinocytosis whereas KRAS G12R mutant showed 
reduced levels of macropinocytosis. However, multiple 
PDAC cells harboring KRAS G12R mutant still showed 
sufficient macropinocytosis even in the knockdown 
of KRAS, suggesting that other mechanisms might 
be regulating factors for inducing macropinocytosis 
in addition to KRAS. Of interest, co-expression of a 
constitutively activated PI3K p110α variant (p110α-
CAAX) (7) with various G12 mutants, significantly rescued 
macropinocytosis, especially in KRAS G12R mutant-
expressing cells, suggesting that PI3K-AKT signaling plays 
a positive role in regulate macropinocytosis as well as cell 
growth. Conclusively, the lack of interaction with PI3K, 
p110α can lead to the impairment of KRAS G12R to induce 
macropinocytosis.

Although the authors have discussed that tumor cells 
harboring same mutant can reveal their various phenotypes 
in a context with genetic and epigenetic complexity, each 
point mutation in KRAS, a pivotal oncogenic driver, 
can determine cell physiology by regulating metabolic 
sensitivity of cancer cells in multiple layer networks. 
Recently, our findings (8) with other recent reports (9), 
suggested that mTOR plays distinctive roles in regulating 
macropinocytosis in environmental- or context-dependent 
manner. Under normal nutrient conditions, PI3K-mTOR 
activity has a predominant role in transmitting growth-
related signaling to support cell growth and survival. PI3K 
works as a positive effector for macropinocytosis which is 
dispensable for cell growth under nutrient-rich conditions. 
However, when mTOR activity is suppressed under 
nutrient-poor, metabolic stress conditions, macropinocytosis 
becomes an essential route to support cell growth and 
survival. Accordingly, it is presumed that KRAS G12R 
mutant PDAC cell lines decreases mTOR activities, thereby 
preferentially utilizing macropinocytosis to generate energy 
supply and sustain tumor progression. 

Moreover, the suppression of PI3Kα activity in KRAS 
G12R mutant PDAC cells might induce catabolic signaling 
pathways such as autophagy to maintain cellular metabolic 
homeostasis. Indeed, on examination of basal autophagy 
activity among in KRAS G12 mutant PDAC cells, KRAS 
G12V and KRAS G12D mutants showed substantially 
reduced autophagy activity rather than that of KRAS G12R 
mutant. 

It has been reported that PI3K-AKT and ERK/MAPK, 
well-known downstream effectors of active KRAS, have a 
compensatory regulation mechanism between these two 
signaling pathways (10). Thus, it can be predicted that 
defective PI3Kα activity caused by KRAS G12R mutation 
confers sensitivity to inhibition of ERK/MAPK. Based on 
this rationale, initially the authors have performed large 
scale cytotoxicity analyses in several KRAS G12R and 
G12D PDAC cell lines with single inhibitors. As expected 
KRAS G12R mutant PDAC lines tend to be more sensitive 
to either MEK inhibitor or autophagy inhibitor-chloroquine 
than KRAS G12D mutant. Moreover, PDAC organoids and 
PDAC patient-derived xenograft (PDX) tumors with KRAS 
G12R mutant are also more susceptible to treatment with 
MEK1/2-selective inhibitor, Selumetinib. 

Overall data suggest that KRAS G12R mutant PDAC 
more likely utilizes a degradative pathway, autophagy to 
support cancer growth, which was induced by defective 
PI3K-AKT growth signaling in KRAS G12R mutation. 
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Therefore, combinatorial treatment of ERK inhibitor 
and chloroquine can provides synergistic anti-cancer 
effect, particularly in KRAS G12R mutant PDAC cell 
lines, but just additive effect in KRAS G12D mutant. In 
addition to lysosomotropic autophagy inhibitors, specific 
pharmacological inhibitors of ULK1s, an autophagy-
related protein, also exhibited synergistic anti-tumorigenic 
effect in combination with ERK inhibitors. Although the 
similar antitumor strategy using combinatorial treatment 
of ERK and autophagy inhibitors in pancreatic cancer has 
been reported (11), the authors more likely focused on the 
distinct molecular roles of allele-specific KRAS mutants in 
this study.

This work delineates a molecular mechanism to 
understand how specific types of KRAS mutation redirect 
downstream signaling pathways to access metabolically 
favorable cellular processes which ultimately support 
rapid tumor progression; for example, PDAC harboring 
KRAS G12R mutant seems more addicted to lysosomal 
degradation of intra- or extracellular macromolecules 
following autophagy or macropinocytosis under the 
suppressive conditions of PI3Kα-mTOR signaling axis. 
Accordingly, for PDAC harboring atypical KRAS G12R 
mutation, concomitant targeting macropinocytosis and 
ERK/MEK pathway can be considered as a promising 
anti-cancer strategy, which should be investigated further. 
Moreover, the results of this study might also provide 
a molecular basis for setting up guidance to patient 
stratification for personalized cancer treatment.

Furthermore, it should be worthwhile to generate 
atypical mutation KRAS G12R-driven PDAC mouse 
model which is used for further investigation in vivo to 
examine whether this mouse model derived from pancreas-
specific mutations KRAS G12R can develop PDAC, with 
or without a well-known additional mutant p53. This 
spontaneous PDAC mouse model would be important  
in vivo system to examine the physiological role and 
regulation mechanism of macropinocytosis in PDAC derived 
from KRAS G12R mutation. In addition, this system would 
be useful to estimate in vivo therapeutic potency of those 
having multiple anti-cancer approaches, which should be 
determined prior to personalized clinical trials. 
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