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Elucidation of the resistance mechanism to the molecular targeting drug in renal
cancer using the genome editing technology
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We established a sunitinib-resistant RCC cell line, followed by the
establishment of HIF2a knockout cell line (HIF2a -KO-SU-R-786-0) by CRISPR/Cas9. By using omics
analyses using the cell, we found that serine biosynthesis was significantly activated in HIF2a
-KO-SU-R-786-0, and that PHGDH, a key enzyme for serine synthesis, was accelerated in HIF2a
-KO-SU-R-786-0. PHGDH inhibitor reduced cell growth in vivo and in vitro by inducing apoptosis in
HIF2a -KO-SU-R-786-0 more than in parent cells. Public database showed that patients with PHGDH gene

amplification had poor overall survival (P = 0.0003) compared to patients without amplification. In
conclusion, PHGDH can be a therapeutic target for patients showing activated serine biosynthesis

after HIF2a deficiency. Furthermore, PHGDH inhibitor should be considered as a first treatment in
patients with PHGDH amplification.

Urological cancer

CRISPR/Cas9 PHGDH



1)

2 , 2
5 5-10
Sorafenib, , Axitinib Everolimus
Temsirolimus mTOR 40
2016 8 26
PD-1
(CheckMate 025) 25
75%

()
Molecular pathway for renal cell carcinoma
70% _|@ - — Temsirolimus
A A Everolimus
60 von Hippel Lindau VHL i~
VHL VHL [VEGF|  [PDGF| [TGFalpha|
Y YV
VHL HIF Cetuximab
; . : . : — PanHumumab
Axit
transforming growth factor (TGFa ) Soral I m...ﬂ.r@.m.. )

» <—ntracellular Glucose
miR-143/145 ‘” }— ATP = OxPhos <= 5C02
Blucoss 6-phosphate

vascular endothelial growth factor (VEGF)

]

Fructose 6-phosphate

platelet-derived growth factor (PDGF)

miR:1355 Fructose 1,6- > Fructose 26
ALDA
Dihydroxyacetone phosphate
™
HIF VEGF PDGF TGF 1,3bisphosphoglycerats Transcriptional
. Regulation
o pﬁtircmmnym 3-phosphate of Glycolysis
3-phosphoglycerate
PGM }
b ENO1 z.mph?ww“ Green: MYC targets
1 Phosphoenolpyruvate Cy IF ta s
PKM2 Blue: p53 targets
H I F Acetyl Co-A b p,“fv.m Red: targets of both
LOHA + MYC & HIF
Lactate
®)
RNA miRNA
mMiRNA
RNA HIF

miRNA miRNA  miR-1285



(Hidaka et al. Oncotarget 2012)
miR-135a c-myc (Yamada et
al. Cancer Science 2013)
miR-1291 GLUT1
(Yamasaki et al. Cancer Science 2013)
miR-143/145 cluster  Warburg effect HK2

(Yosino et al. Cancer Science 2013)

HIF

HIF

1) mMiRNA HIF
HIF

(2) HIF
RNA sequence

@)
@) HIF

in vitro/in vivo

HIF

4
(1) HIF miRNA HIF

)

®)

4) in

vitro/in vivo

CRISPR/Cas9 HIF

PHGDH



(n=524) PHGDH

7
1. Sugita S, Yoshino H, Yonemori M, Miyamoto K, Matsushita R, Sakaguchi T, Itesako T,
Tatarano S, Nakagawa M, Enokida H. Tumor-suppressive microRNA-223 targets WDR62 directly
in bladder cancer. Int J Oncol. 2019 Jun; 54(6):2222-2236.
2. Osako Y, Yoshino H, Sakaguchi T, Sugita S, Yonemori M, Nakagawa M, Enokida H. Potential
tumor-suppressive role of microRNA-99a-3p in sunitinib-resistant renal cell carcinoma
cells through the regulation of RRM2. Int J Oncol. 2019 May; 54(5):1759-1770.
3. Yoshino H*, Yonezawa T*, Yonemori M, Miyamoto K, Sakaguchi T, Sugita S, Osako Y,
Tatarano S, Nakagawa M, Enokida H. (* equal contribute). Downregulation of microRNA-1274a
induces cell apoptosis through regulation of BMPR1B in clear cell renal cell carcinoma.
Oncol Rep. 2018; 39:173-181.
4. Sugita S*, Enokida H*, Yoshino H, Miyamoto K, Yonemori M, Sakaguchi T, Osako Y, Nakagawa
M. (* equal contribute). HRAS as a potential therapeutic target of salirasib RAS inhibitor
in bladder cancer. Int J Oncol. 2018 Aug; 53(2):725-736.
5. Sakaguchi T*, Yoshino H*, Sugita S, Miyamoto K, Yonemori M, Osako Y, Meguro-Horike
M, Horike SI, Nakagawa M, Enokida H. (* equal contribute). Bromodomain protein BRD4
inhibitor JQ1 regulates potential prognostic molecules in advanced renal cell carcinoma.
Oncotarget. 2018; 9: 23003-23017.
6. Yoshino H, Nohata N, Miyamoto K, Yonemori M, Sakaguchi T, Sugita S, Kofuji S, Nakagawa
M, Dahiya R, Enokida H. PHGDH as a key enzyme for serine biosynthesis in HIF2a targeting
therapy for renal cell carcinoma. Cancer Research. 2017; 77:6321-6329.
7. Yoshino H, Yonemori M, Miyamoto K, Tatarano S, Kofuji S, Nohata N, Nakagawa M, Enokida
H. microRNA-210-3p depletion by CRISPR/Cas9 promoted tumorigenesis through revival of
TWISTL1 in renal cell carcinoma. Oncotarget. 2017; 8:20881-20894.

106
. 2018.

CRISPR/Cas9
106 . 2018.

3. Hideki Enokida, Hirofumi Yoshino, Kazutaka Miyamoto, Masaya Yonemori, Masayuki

Nakagawa. Elucidation of the resistance mechanism to the molecular target drugs in renal

cell carcinoma using the genome editing technology. . 2017.



o 0
o 0
@
@

Nakagawa Masayuki
Enokida Hideki
Yoshino Hirofumi
Gutkind JS

Gutkind JS

Nohata Nijiro

Sugita Satoshi

Sakaguchi Satoshi



