
 

Differences in animal biology can affect
cancer drug development
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Differential co-occurrence and effects of KRAS, TP53 and LKB1 mutations on
human and mouse LUADs (A) MSK Impact oncoprint of co-occurrence of
KRAS, TP53 and LKB1 mutations in human lung adenocarcinomas , with
Fisher's exact test of statistical likelihood of co-occurrence of LKB1 and TP53
mutations in a LUAD with a KRAS mutant or wildtype background. (B) Fisher's
exact test of statistical likelihood of co-occurrence of LKB1 and TP53 mutations
in a KRAS mutant or wildtype background respectively. (C) 3D spheroid growth
in Matrigel of isogenic clones of the H358 cell line labeled with a tdTomato
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fluorescent reporter and expressing CAS9 and non-targeting controls (sgNT1.4
and sgNT1.6) or LKB1-specific (sgLKB1-2.1 and sgLKB1-3.2) guide RNAs.
5,000 cells were seeded into Matrigel and grown for10 days in media changed
every 24 hours. Images taken on EVOS fluorescence microscope under 4x
magnification and filter to resolve tdTomato signal intensity and brightfield. (D)
3D spheroid growth in Matrigel of isogenic clones of the H2009 cell line labeled
with a tdTomato fluorescent reporter and expressing CAS9 and non-targeting
controls (sgNT1.1 and sgNT1.2) or LKB1-specific (sgLKB1-3.1 and
sgLKB1-3.7) guide RNAs. 5,000 cells were seeded into Matrigel and grown for
10 days in media changed every 24 hours. Images taken on Nikon fluorescence
microscope under 4x magnification and filter to resolve tdTomato signal
intensity and brightfield. (E) 3D spheroid growth in Matrigel of GEMM-derived
mLUAD cell lines containing transgenic lentiviral expression of GFP under
control of a CMV promoter. 5,000 cells were seeded into Matrigel and assay was
conducted for 10 days in culture media changed every 24 hours. Images taken on
EVOS fluorescence microscope under 10x magnification and filter to resolve
GFP signal intensity and brightfield. (F) Mean (-/+ s.e.m.) volumes of mouse
634T (KP) and Lkb1-t2 (KPL) lung adenocarcinoma allograft tumors. 1 x 104
cells implanted in right hind flank (n = 10 per cohort). (G) 3D spheroid growth
in Matrigel of isogenic clones of the H358 cell line labeled with a tdTomato
fluorescent reporter and expressing Cas9 and non-targeting controls (sgNT1.6) or
LKB1-specific (sgLKB1-3.2) guide RNAs. 1,000 cells were seeded into Matrigel
and grown for 14 days in media changed every 72 hours with addition of fresh
AMG-510. Dose range for AMG-510 was 1 nM—1 µM Images taken on EVOS
fluorescence microscope under 4x magnification and filter to resolve tdTomato
signal intensity. (H) Western blot analysis of H2009 (KRAS;TP53) isogenic
clones (KP: sgNT1.1 and sgNT1.2; KPL: sgLKB1-3.1 and sgLKB1-3.7) and lines
with additional transgenic expression of guide RNA resistant LKB1 wildtype
(WT) (sgLKB1-3.1 + LKB1 WT and sgLKB1-3.7 + LKB1 WT) or LKB1 kinase
inactive (KI) (sgLKB1-3.1 + LKB1 KI and sgLKB1-3.7 LKB1 KI) and treated
with 11.1 mM or 0.5 mM glucose for 6 hours as indicated. Restoration of
AMPK signaling in LKB1 WT lines in response to 0.5 mM glucose validated by
blotting for P-AMPK Thr172 and downstream substrates (P-ACC S79, P-ULK1
S555, P-Raptor S792). Similar results observed in three independent
experiments. Credit: Cancer Discovery (2023). DOI:
10.1158/2159-8290.CD-22-0805
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A small but significant metabolic difference between human and mouse
lung tumor cells, has been discovered by Weill Cornell Medicine
researchers, explaining a discrepancy in previous study results, and
pointing toward new strategies for developing cancer treatments. 

The work, published in Cancer Discovery, focuses on lung
adenocarcinoma, a common but often difficult to treat cancer that
researchers have long studied in mouse models. However, those models
didn't quite align with human clinical observations in some instances.
The new paper shows why; a specific gene mutation has opposite effects
on tumor growth in mice and humans. 

The inspiration for the project dates back more than a decade, when co-
lead author Dr. Benjamin Stein, now an instructor of cancer biology in
medicine at Weill Cornell Medicine, was studying the role of the tumor
suppressor LKB1 in metabolism as a graduate student. In mice, tumors
containing mutations in two key genes, KRAS and TP53, can become
much more aggressive by acquiring a mutation in the third gene, LKB1. 

"But the clinical data showed that the three mutations didn't really co-
occur with high frequency in humans," said Dr. Stein. Upon starting his
post-doctoral appointment in the laboratory of co-senior author Dr.
Lewis Cantley, the former director of the Sandra and Edward Meyer
Cancer Center at Weill Cornell Medicine, Dr. Stein decided to focus on
decoding this difference. 

At the time, co-lead author Dr. John Ferrarone was pondering the same
observation in the human clinical data next door, as a medical oncology
fellow working in the laboratory of co-senior author Dr. Harold Varmus,
the Lewis Thomas University Professor of Medicine and a member of
the Meyer Cancer Center. 
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"My main interest in this project was more from a clinical angle, so I
was interested in learning if there was a way to potentially exploit tumors
with these common mutations," said Dr. Ferrarone, who is now an
instructor in medicine at Weill Cornell. 

Teaming up with Dr. Varmus, Dr. Cantley, who is now at the Dana
Farber Cancer Center, and additional collaborators across Weill Cornell
and at other institutions, the researchers embarked on a deep dive into
the way the products of the three genes behave in mouse models and
cultured human cells. The group employed techniques that ranged from
the cutting edge of genetic engineering, proteomics, metabolomics and
mouse models to classical biochemical and cell biological experiments. 

"Using multiple approaches at the genetic, protein and metabolite level
allowed us to obtain a more comprehensive understanding of what was
going on within each species, and then try to cross-correlate and dissect
where the disparities were between the two," said Dr. Stein. 

The multi-disciplinary approach pinpointed a crucial difference in
regulation of glucose metabolism between mice and humans driven by
LKB1, due to slight differences in the two species' regulation of the
metabolic enzyme triose phosphate isomerase (TPI1). 

As a result, mouse tumors that carry mutations in KRAS and TP53 gain
a significant metabolic advantage by mutating LKB1 as well. But, in
humans, mutating LKB1 in the same context appears to harm the tumor
cells as they can no longer regulate TPI1 and glucose metabolism. That
explains why the three mutations seldom occur together in human
cancers. 

Those results suggest a new strategy for attacking lung adenocarcinomas:
targeting the metabolic pathway LKB1 controls. "Taking out a master
regulator enzyme can have very detrimental effects, so the discussions
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now are more about going downstream and targeting other molecules,"
said Dr. Stein. 

Nonetheless, he and Dr. Ferrarone are optimistic about the work guiding
future drug discovery efforts. The new findings also sound a cautionary
note for investigators relying heavily on mouse models to screen drug
candidates, as compounds that might work well against human cancers
could actually be missed in current murine tumor models. 

  More information: Benjamin D. Stein et al, LKB1-dependent
regulation of TPI1 creates a divergent metabolic liability between human
and mouse lung adenocarcinoma, Cancer Discovery (2023). DOI:
10.1158/2159-8290.CD-22-0805
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