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Cancer cells with varied KRAS mutations exhibit different
sensitivity to SHP2 inhibition. A recent work published in
Nature Communications revealed the underlying drug resis-
tance mechanism of cancer cells harboring KRAS Q61Hmuta-
tion to SHP2 inhibitors (SHP2i).1 This work showed that KRAS
Q61H mutation renders cancer cells resistant to SHP2i via
decoupling KRAS from SHP2-mediated upstream nucleotide
exchange factors for (guanine nucleotide exchange factor
[GEF])/GTPase activating protein (GAP) regulation, providing
new insights into treating cancerswithKRASQ61Hmutations.

KRAS, themost frequentlymutated RAS isoform, is a proto-
oncogene that encodes small GTPase transductor protein. In
response to upstream signals, KRAS can switch between
inactive guanosine diphosphate (GDP) state and active guano-
sine triphosphate (GTP) state by GEFs, such as Son of Sevenless
(SOS), orGAPs.2KRASmutations, primarily at codons12, 13, or
61, account for 86% of RASmutations. In particular, glutamine
61plays a direct role in the catalytic process by positioning the
attackingwatermolecule and stabilizing the transition state of
the hydrolysis reaction.3,4 Conventionally, mutant KRAS can
result in accumulation of active GTP-bound KRAS by affecting
GAP-mediated GTP hydrolysis, leading to hyperactivation of
the RAS–RAF–MEK–ERK pathway accompanied by uncon-
trolled cell proliferation.4 KRAS mutations are frequently
observed innumeroushumancancers, especially inpancreatic
cancer, non-small-cell lung cancers and colorectal cancer. It is
worth mentioning that specific KRAS mutations may cause
different prognosis and therapeutic responses of tumor-bear-
ing patients. Thus, KRAS mutations have posed challenges to
researchers of cancer therapy.2,4,5Historically, KRAS has been
considered as an “undruggable” drug target, as it does not
contain a classical druggable binding pocket for small mole-
cules.6 Indirect anddirect approaches havebeendeveloped for
anticancer drug development by shutting down the oncogenic

KRAS network.6,7 The druggable pocket below the switch-II
loop region in the KRAS-G12C variant has provided binding
sites for pan-KRAS inhibitors and irreversible covalent inhib-
itors such as clinical candidates AMG 510 and MRTX849.
However, inhibiting the enzymatic function of KRAS directly
is still frustrated as for the possible off-target toxicity. Indirect
KRAS suppression strategies include inhibiting
upstream signaling molecules (e.g., EGRF, SOS1, and SHP2)
or downstream effectors (e.g., RAF, MEK, ERK, and PI3K),
inhibiting KRAS expression or processing processes, or
suppressing related downstream processes (e.g., glycolysis,
autophagy, and immunosuppression), proving novel direc-
tions for treating KRAS-driven cancer. These indirect
approaches provide guidance for designing combination ther-
apies to overcome drug resistance, whereas the combined
therapies may cause increased toxicity.7 Accordingly, full
characterization of underlying pathogenenic mechanisms of
mutant KRAS is vital for treating KRAS-driven cancers.

SHP2, encoded by proto-oncogene PTPN11, is a protein
tyrosine phosphatase that serves as a converge node in differ-
ent signaling pathways. As an important upstream regulator,
SHP2participates in severalRAS-mediated signalingpathways
including the RAS–RAF–MEK–ERK and PI3K–AKT–mTOR to
regulate cell survival, proliferation, and differentiation.8–11 As
an adaptor protein, SHP2provides binding sites for the recruit-
ment of Grb2/SOS complex and dephosphorylates p120-Ras-
GAP. Thereby, SHP2modulates the KRASGTPase cycle through
promoting GEF and restraining GAP activity, favoring KRAS
activation. Additionally, SHP2 directly reverses Src phosphor-
ylation of KRAS and then enhances KRAS-binding affinity for
its effector proteins.9,12 Evidence has shown that SHP2i alone
or in combination with MEK, ERK, or ALK can suppress cell
growth and induce death of KRAS-dysregulated cell
lines.9,13–15 Several studies also suggested that distinct
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KRAS-mutant or BRAF-mutant cancer cell lines were insensi-
tive to SHP2i. Thus, it is necessary to elucidate detailed
mechanisms for the different sensitivity of KRAS mutants to
SHP2i.1

Gebregiworgis et al reported that pancreatic ductal adeno-
carcinoma cells with KRAS Q61Hmutationwere insensitive to
bothallosteric andorthosteric SHP2i,which is auniquefeature
for Q61H mutant.1 Q61H mutation was insensitive to SOS-
mediated nucleotide exchange as for the unstable KRAS–SOS
complex. Given the important role of Gln61 in hydrolysis, the
GTPase cycle in KRAS Q61H mutation was also severely
decoupled from regulation by GEF and GAP activities of
SOS1 and RASA1. Further phosphorylation profiling of KRAS
showed that Q61H mutation did not affect KRAS phosphory-
lation by Src or dephosphorylation by SHP2. Therefore, the
resistance to SHP2iwas not caused by differential phosphory-
lation of mutants. However, Src phosphorylation of Q61H
promoted the intrinsic exchange rate of KRAS, leading to the
accumulation of active GTP-bound KRAS and activation of
downstream signaling. It was caused by structural perturba-
tions of KRAS switch I and II residue regions for coordinating
nucleotides GAPs and GEFs. Moreover, the structural alterna-
tion of theQ61H switch I region also interfered the interaction
with effector proteins (e.g., RAF). Thereby, the Src phosphory-
lation of KRAS Q61H had little impact on the binding of RAF,
which was different from the reduced binding affinity to RAF
in WT or G12V mutant KRAS. This result indicated that KRAS

Q61Hwas resistant to phosphorylation-dependent regulation
of MAPK signaling. In summary, distinct biochemical proper-
ties of each KRAS mutant may confer varied sensitivity of
cancer cells with specific KRAS mutations to SHP2i. The
specific characteristic of Q61Hmutation disturbs the intrinsic
nucleotide change of KRAS but does not evade phosphoryla-
tion by Src to confer resistance to SHP2 inhibition (►Fig. 1).

In viewof the conserved catalytic domains of all RAS GAPs
and GEFs, Q61H mutation may also confer resistance to the
regulation of other RAS GAP and GEF activities. For example,
KRAS Q61H mutation is one of the main causes of acquired
drug resistance to estimated glomerular filtration rate inhib-
itors in both lung and colorectal cancers.1 Hence, targeting
the upstream effectors such as RTKs, SHP2, and SOS may be
ineffective in KRAS Q61H-mutated tumor, whereas targeting
the downstream signalingmolecules of KRAS (e.g., RAF,MEK,
ERK, PI3K, AKT, mTOR) may be a feasible approach for the
treatment of KRAS Q61H-driven cancers. Moreover, combi-
nation of KRAS inhibitor and downstream target inhibitors
may show therapeutic promise in tumors harboring KRAS
Q61H mutation.
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Fig. 1 Resistance mechanism of KRAS Q61H mutation to SHP2 inhibition.

Pharmaceutical Fronts Vol. 4 No. 1/2022 © 2022. The Author(s).

Highlights and Comments e41



Conflict of Interest
The authors declare that there are no conflicts of interest.

References
1 Gebregiworgis T, Kano Y, St-Germain J, et al. The Q61H mutation

decouples KRAS from upstream regulation and renders cancer
cells resistant to SHP2 inhibitors. Nat Commun 2021;12(01):6274

2 Liu P, Wang Y, Li X. Targeting the untargetable KRAS in cancer
therapy. Acta Pharm Sin B 2019;9(05):871–879

3 Stephen AG, Esposito D, Bagni RK,McCormick F. Dragging ras back
in the ring. Cancer Cell 2014;25(03):272–281

4 Hobbs GA, Der CJ, Rossman KL. RAS isoforms and mutations in
cancer at a glance. J Cell Sci 2016;129(07):1287–1292

5 Urnov FD. A path to efficient gene editing. Nat Med 2018;24(07):
899–900

6 Moore AR, Rosenberg SC, McCormick F, Malek S. RAS-targeted
therapies: is the undruggable drugged? Nat Rev Drug Discov
2020;19(08):533–552

7 Tang D, Kroemer G, Kang R. Oncogenic KRAS blockade therapy:
renewed enthusiasm and persistent challenges. Mol Cancer 2021;
20(01):128

8 ChanRJ, FengGS. PTPN11 is thefirst identifiedproto-oncogene that
encodes a tyrosine phosphatase. Blood 2007;109(03):862–867

9 Song Y, Zhao M, Zhang H, Yu B. Double-edged roles of protein
tyrosine phosphatase SHP2 in cancer and its inhibitors in clinical
trials. Pharmacol Ther 2022;230:107966

10 Tang K, Jia YN, Yu B, Liu HM. Medicinal chemistry strategies for
the development of protein tyrosine phosphatase SHP2 inhibitors
and PROTAC degraders. Eur J Med Chem 2020;204:112657

11 Song Y, Zhao M, Wu Y, Yu B, Liu HM. A multifunctional cross-
validationhigh-throughput screening protocol enabling thediscov-
eryof newSHP2 inhibitors. Acta PharmSinB 2021;11(03):750–762

12 Montagner A, Yart A, DanceM, Perret B, Salles JP, Raynal P. A novel
role for Gab1 and SHP2 in epidermal growth factor-induced Ras
activation. J Biol Chem 2005;280(07):5350–5360

13 Mainardi S, Mulero-Sánchez A, Prahallad A, et al. SHP2 is required
for growth of KRAS-mutant non-small-cell lung cancer in vivo.
Nat Med 2018;24(07):961–967

14 Dardaei L, Wang HQ, Singh M, et al. SHP2 inhibition restores
sensitivity in ALK-rearranged non-small-cell lung cancer resis-
tant to ALK inhibitors. Nat Med 2018;24(04):512–517

15 Bunda S, Burrell K, Heir P, et al. Inhibition of SHP2-mediated dephos-
phorylation of Ras suppresses oncogenesis. Nat Commun2015;6:8859

Pharmaceutical Fronts Vol. 4 No. 1/2022 © 2022. The Author(s).

Highlights and Commentse42


