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Background: Genomic copy nhumber aberrations (CNAs) in cancer cells
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Averaged frequencies of copy number aberrations (CNAs) in cancers
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Averaged frequencies of copy number aberrations (CNAs) in cancers
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ccRCC (clear cell renal cell carcinoma)
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Downregulation of WDR20 due to loss of 14q is
involved in the malignant transformation of clear
cell renal cell carcinoma

Mika Takahashi,? Yoshiyuki Tsukamoto,’ Tomoki Kai,'? Akinori Tokunaga,® Chisato Nakada,' Naoki Hijiya,’
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Masatsugu Moriyama'
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Faculty of Medicine, Oita University, Oita, Japan

Key words Previously, we reported that genomic loss of 14q occurs more frequently in
14q loss, Apoptosis, clear cell renal cell carcinoma, The high-grade than in low-grade clear cell renal cell carcinomas (ccRCCs), and has
Cancer Genome Atlas, WDR20 a significant impact on the levels of expression of genes located in this
region, suggesting that such genes may be involved in the malignant transfor-
mation of ccRCCs. Here, we found that six of the genes located in the minimal
common region of 14q loss were significantly downregulated in high-grade
ccRCCs due to copy number loss. Using a dataset from The Cancer Genome
Atlas Research Network, we found that downregulation of one of these six
genes, WDR20, was significantly associated with poorer outcome in patients
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Interestingly, the phosphorylation levels of ERK and protein kinase B/AKT,
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that downregulation of WDR20 due to 14q loss may be involved in the malig-
nant transformation of ccRCCs, in part through activation of the ERK and pro-
tein kinase B/AKT pathways.
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salvador Promotes Both Cell Cycle Exit
and Apoptosis in Drosophila and
Is Mutated in Human Cancer Cell Lines

Nicolas Tapon,? Kieran F. Harvey,

Daphne W. Bell, Doke C.R. Wahrer,

Taryn A. Schiripo, Daniel A. Haber,

and Iswar K. Hariharan'

Massachusetts General Hospital Cancer Center
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Summary

The number of cells in an organism is determined by
regulating both cell proliferation and cell death. Rela-
tively few mechanisms have been identified that can
modulate both of these processes. In a screen for
Drosophila mutations that result in tissue overgrowth,
we identified salvador (sav), a gene that promotes both
cell cycle exit and cell death. Elevated Cyclin E and
DIAP1 levels are found in mutant cells, resulting in
delayed cell cycle exit and impaired apoptosis. Salva-
dor contains two WW domains and binds to the Warts
(or LATS) protein kinase. The human ortholog of salva-
dor (hWW45) is mutated in three cancer cell lines. Thus,
salvador restricts cell numbers in vivo by functioning
as a dual regulator of cell proliferation and apoptosis.

Introduction

While the developmental signals that trigger cell cycle
exit or apoptosis in Drosophila are still poorly character-
ized, considerable progress has been made in identi-
fying the endpoints of these pathways. In many different
tissues, cell cycle exit appears to be contingent on the
downregulation of Cyclin E levels (Knoblich et al., 1994).
This coincides with increased expression of the cdk
inhibitor Dacapo during the final cell cycle (de Nooij et
al., 1996; Lane et al., 1996). Dacapo inactivates residual
Cyclin E/cdk2 complexes and facilitates a precisely
timed exit from the cell cycle. The decrease in Cyclin E
levels is primarily achieved by a reduction in its tran-
scription, but other mechanisms including degradation
of Cyclin E protein appear to be important (Jones et al.,
2000; Moberg et al., 2001). Developmentally regulated
cell death in the pupal retina is mediated by caspase
activation. The Reaper, Hid, and Grim proteins bind to
the Drosophila inhibitor of apoptosis 1 (DIAP1) protein
and prevent DIAP1 from inhibiting caspases (Goyal et
al., 2000; Lisi et al., 2000; Wang et al., 1999).

So far, relatively few mechanisms have been shown
to be capable of regulating both cell proliferation and
cell death in a coordinated manner. Using a phenotype-
based screen in the Drosophila eye, we have identified
salvador (sav), a gene that regulates both cell cycle exit
and apoptosis. Here we present a phenotypic and mo-
lecular characterization of sav and show that its human
ortholog is mutated in at least three cancer cell lines.
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Figure 1. sav Mutations Result in Increased
Growth Characterized by an Increase in Cell
Number

(A-C) Adult eyes containing many homozy-
gous clones of either the parent chromosome
with the FRT82B P element (A), the sav’ allele
(B), orthe sav® allele (C). Both sav alleles result
in an increased representation of mutant
(white) tissue over wild-type (red) tissue.
(D-G) Scanning electron micrographs of the
eye (D) and notum (F) of wild-type flies and
of flies that have sav’ mutant clones (E and G).
(H) Adultretinal sections showing sav’ clones.
The mutant tissue lacks pigment. Mutant
clones have excessive tissue (arrow) between
adjacent ommatidia.

(I and J) Phalloidin-stained eye discs from 46
hr pupae (at 25°C) shows a single layer of
interommatidial cells in the wild-type disc (1)
and many additional interommatidial cell out-
lines (arrow) in sav clones (J). The mutant
clone in (J) fails to stain with anti-B-galactosi-
dase (green). Scale bars in (H) and (l) equal
10 pm.
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Figure 7. Homozygous Deletion of the hWW45 Gene in the Human

Renal Cancer Cell Lines ACHN and 786-0O

(A) Genomic DNA from the renal cancer cell lines, ACHN and 786-0,

and control cell lines was digested with EcoRI and hybridized to a

cDNA probe corresponding to exons 3-5 of hWW45 (top). As a
hWW45 loading control, the Southern blot was rehybridized to a cDNA probe

for the WT1 gene (bottom).

(B) Deletion map of the hWW45 locus in ACHN and 786-0O as deter-

mined by PCR. The homozygous deletion in ACHN encompasses
Loading all five exons of hWW45. The 5’ breakpoint of the deletion in 786-O
control is between exons 2 and 3, and the deletion extends 3’ of exon 5.

On the basis of the GENSCAN exon prediction program, hWW45 is
B the only gene localized to the region deleted in both cell lines. The
positions of other genes (Ninein, Spastic Paraplegia 3A, and Kinase
homologous to SPS1/STE20) in the region are indicated in relation

NIN hWWw45s SPG3A KHS to deletion breakpoints and to overlapping BAC clones.
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Micro-RNAs (or miRNAs) are now understood to be one of the major determinants of normal patterns of gene
expression in healthy and diseased tissues, although they have only gained this recognition in the last decade.
With hindsight, their existence seems almost inevitable. Essentially, they are endogenous antisense

oligonucleotides, snippets of RNA without protein-coding potential that bind to and downregulate sets of target m | Cro R N A O) CI:# % z ‘j: E % Q 1 6%& 0)
mRNAs that contain complementary sites. Thus they exploit the digital nature of the genetic code, as opposed to
v sl st "‘ ’ RIZHHEMEDORXA2REEE . AE
the more analogue protein-driven processes of classical transcriptional control.
s P Al
o e . | | DB HITHNTLND,
miRNAs function by interfering with the expression of their target mMRNAs either by down-regulating mRNA

translation or mRNA stability. This is itself a contested point, although current weight of opinion favours the latter.

\Whichever mechanism is employed, this places miRNAs in the arena of post-transcriptional gene control

Two recent studies of renal cell carcinoma typify the power of these techniques. In the first, Nakada et al. [5]
begin with the observation that E-cadherin is frequently lost in clear cell carcinoma, and this is related to
metastasis and poor prognosis. What is the mechanism for this? The authors use microarrays to derive miRNA
signatures from frozen clear cell and chromophobe tumour tissue to find that clear cell carcinoma is typified by
the loss of miR-200c and miR-141. They go on to show that these miRNAs directly target the transcriptional

repressor ZI(:ZI_||£)|§% §3 which itself targets E-cadherin, and that the loss of these miRNAs in tumours is related to E-

cadherin down-regulation. 43
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Analysis of biological function of miR-210 in vivo ~development of miR-210 Tg mouse~
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A transgenic mouse expressing miR-210 in proximal tubule cells

shows mitochondrial alteration: possible association of miR-210

with a shift in energy metabolism
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Result: Frequency of genomic CNAs in gastric cancer
Tsukamoto et al, J Pathol 2008

Summary of genomic profiles from 30 advanced GCs
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Genomic profiling of gastric carcinoma in situ and adenomas
by array-based comparative genomic hybridization
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2001 31BIEICE>TRIRET ZRIEF

30 cases of frozen GC tissues

‘ 30 case

Array CGH

L 4

‘ 24 case

Expression microarray

L 4

Integrative analysis (Pearson’ s correlation coefficients)

-FDR <0.05
- deregulated more than two fold expression level
in at least two cases with high-level copy number aberration

Identification of 125 genes

as candidate genes

for amplifications and deletions in GC

]

8 were identified as candidate targets for 20g13 amplicon.

Among 43 transcripts encoded on the minimal common region of 20013 (46-49 Mb, NCBI Build 36),

DDX27 DEAD (Asp-Glu-Ala-Asp) box polypeptide 27 0.71

A _23_P40194 0.00012 24
A 24 P53935 KUA-UEV ubiquitin-conjugating enzyme E2 variant 1 0.69 0.00019 1.7
A 23 P68472 DPM1 dolichyl-phosphate mannosyltransferase polypeptide 1. catalytic subunit 0.67 0.00033 1.5
A 23 P254179  ADNP activity-dependent neuroprotector 0.66 0.00037 1.3
A 32 P205637 PARD6B par-6 pantitioning defective 6 homolog beta 0.62 0.00080 1.1
A 23 P338830  PTPN1 protein tyrosine phosphatase, non-receptor type 1 0.59 0.00190 1.3
A_24 P161463  C200rf199  chromosome 20 open reading frame 199 0.57 0.00281 21
A 23 P59395 ARFGEF2  ADP-ribosylation factor guanine nucleotide-exchange factor 2 0.54 0.00459 1.4
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Background: What is DDX277?

249 423
1 218 246 457 603 796

DDX27 ATP-binding l Helicase

Q-motif

(Prosite)

an ATP-dependent RNA helicase, functions at nucleolus

3 FBL (Nucleolus)
—of
00 N
ATP hydrolysis
/

ADP g’%’ —(?—

Figure1.DEAD and DExH box RNA helicases.
(Klostermeier et al, 2012, RNA Biology, vol9, p751)

Tsukamoto, Am Cancer Res, 2015
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Result: DDX27 expression correlates worse prognosis of GC patients

100 %
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p=0.0021 (Log rank test)
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Result: Overexpression of DDX27 is an independent prognostic factor

Univariate Multivariate
Factors P value 95% ClI P value
Age
<65/=65 0.0454 1.69 0.81 - 3.91 0.1683
Sex
Female/Male 0.0585 - - -
Histological type
Intestinal/Diffuse 0.9835 - - -
Lymphatic invasion
Negative/Positive 0.0128 1.32 0.39 - 6.00 0.6774
Vascular invasion
Negative/Positive 0.0001 1.15 055 -252 0.722
Tumor depth
m, sm, mp/ss, se, Si <0.0001 4.05 144 - 1456 0.0065
Lymph node metastasis
Negative/Positive 0.0044 1.38 0.54 - 428 0.523
DDX27 expression
Score 0, 1/2, 3 0.0021 2.33 1.01 - 6.39 0.0465

Tsukamoto, Am Cancer Res, 2015 69
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Original Article

Expression of DDX27 contributes to colony-forming
ability of gastric cancer cells and correlates

with poor prognosis in gastric cancer

Yoshiyuki Tsukamoto Shoichi Fumoto*2, Tsuyoshi Noguchi®, Kazuyoshi Yanagihara®, Yuka Hirashita*®,

ChiSato Nakada®, Naoki Hijiya*, Tomohisa Uchida?!, Keiko Matsuura*, Ryoji Hamanaka®, Kazunari

Murakami®, Masao Seto’, Masafumi Inomata?®, Masatsugu Moriyama* ) ) .
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Receptor Tyrosine Kinase (RTK) family
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Gancer Science

Reduced phosphorylation of ribosomal protein S6 is
associated with sensitivity to MEK inhibition in
gastric cancer cells

|Yuka Hirashita,? Yoshixuki Tsukamoto,l Kazuyoshi Yanagihara,? Shoichi Fumoto,* Naoki Hijiya,' Chisato Nakada,’
omohisa Uchida,” Keiko Matsuura,> Masaaki Kodama,? Tadayoshi Okimoto,? Tsutomu Daa,® Masataka Seike,?

Hidekatsu lha,” Kuniaki Shirao,® Kazunari Murakami? and Masatsugu Moriyama'

Japanese Cancer ZFg A —
—— 4]'C A Open Access
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Nature Reviews Cancer 4, 937-947, 2004
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Molecular and Cellular Pathobiology

MicroRNA-375 Is Downregulated in Gastric Carcinomas and
Regulates Cell Survival by Targeting PDK1 and 14-3-3(

Yoshiyuki Tsukamoto', Chisato Nakada', Tsuyoshi Noguchi?, Masato Tanigawa®, Lam Tung Nguyen'*,

Tomohisa Uchida', Naoki Hijiya', Keiko Matsuura’, Toshio Fujioka®, Masao Seto®,
and Masatsugu Moriyama'

Cancer
Research

Abstract

We investigated expression profiles of microRNA (miRNA) in gastric carcinomas by use of a miRNA micro-
array platform covering a total of 470 human miRNAs. We identified 39 differentially expressed miRNAs in
gastric carcinoma, of which six were significantly downregulated and the other 33 were upregulated. We found
that miRNA-375 (miR-375) was the most downregulated and that its ectopic expression in gastric carcinoma
cells markedly reduced cell viability via the caspase-mediated apoptosis pathway. Interestingly, we found that
expression of miR-375 inhibited expression of PDK1, which is a direct target of miR-375, followed by suppres-
sion of Akt phosphorylation. Further analysis by gene expression microarray revealed that 14-3-3, a potent
antiapoptotic gene, was significantly downregulated at both the mRNA and protein levels in cells transfected
with miR-375. The activity of a luciferase reporter containing the miR-375 binding sequence at the 3" untrans-
lated region (UTR) of 14-3-3( mRNA was repressed by the ectopic expression of miR-375, suggesting that miR-
375 targets the 3’ UTR of 14-3-3¢. In addition, knockdown of either PDK1 or 14-3-3¢ in gastric carcinoma cells
induced caspase activation, which was also observed in miR-375-transfected cells, suggesting that miR-375 may
exert its proapoptotic function, at least in part, through the downregulation of PDK1 and 14-3-3C. Taken to-
gether, we propose that miR-375 is a candidate tumor suppressor miRNA in gastric carcinoma. Cancer Res: 70(6):
2339-49. ©2010 AACR.

Cancer Res, 70: 2339-49, 2010.

miR-375(XFH X NI EL - B D EHIFImicroRNA (2021511 A £ 4740 5| )

miR-375(XPDK1&£14-3-3tF2MIELTHY . miR-375FIFE THAPDK1E14-3-3FKIBTTHESE .
RO TR A ZE 0L TSI EEHE LT,

Tsukamoto and Nakada et al.,
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Matsuo et al. Molecular Cancer 2013, 12:15
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MiR-29c is downregulated in gastric carcinomas DHERBEEHH LTl

, : : EETTESE . BREDIE
and requlates cell proliferation by targeting RCC2 =B ALTNG.

Mitsuhiro Matsuo'", Chisato Nakada'", Yoshiyuki Tsukamoto', Tsuyoshi Noguchi?, Tomohisa Uchida', Naoki Hijiya',
Keiko Matsuura' and Masatsugu Moriyama'

Abstract

Background: Previously, using miRNA microarray, we have found that miR-29c¢ is significantly downregulated in
advanced gastric carcinoma. In the present study, we investigated whether miR-29c functions as a tumor-
suppressor miRNA in gastric carcinoma cells. For this purpose, we verified the downregulation of miR-29¢ in gastric
carcinoma tissues, and assessed the biological effect of miR-29c on gastric carcinoma cells.

Results: In miR-29c-transfected cells, both proliferation and colony formation ability on soft agar were significantly
decreased. Although apoptosis was not induced, BrdU incorporation and the proportion of cells positive for
phospho-histone H3 (510) were significantly decreased in miR-29¢-transfected cells, indicating that miR-29¢ may be
involved in the regulation of cell proliferation. To explain the mechanism of growth suppression by miR-29¢c, we
explored differentially expressed genes (>2-fold) in miR-29c-transfected cells in comparison with negative control
transfected cells using microarray. RCC2, PPIC and CDK6 were commonly downregulated in miR-29¢c-transfected
MKN45, MKN7 and MKN74 cells, and all of the genes harbored miR-29c¢ target sequences in the 3'-UTR of their
mRNA. RCC2 and PPIC were actually upregulated in gastric carcinoma tissues, and therefore both were identified as
possible targets of miR-29¢ in gastric carcinoma. To ascertain whether downregulation of RCC2 and/or PPIC is
involved in the growth suppression by miR-29¢, we transfected siRNAs against RCC2 and PPIC into MKN45 and
determined cell viability, the rate of BrdU incorporation, and caspase activity. We found that RCC2-knockdown
decreased both cell viability and BrdU incorporation without any increase of caspase activity, while PPIC-knockdown
did not, indicating that downregulation of RCC2 may be at least partly responsible for the growth suppression by
miR-29c¢.

Conclusions: Our findings indicate that miR-29c may have tumor-suppressive functions in gastric carcinoma cells,
and that its decreased expression may confer a growth advantage on tumor cells via aberrant expression of RCC2.

Keywords: Gastric carcinoma, miR-29¢, RCC2

Matsuo, Nakada, Tsukamoto et al,  Molecular Cancer, 12:15, 2013  IF 27.5 g5
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FEREHRRN61.9%IEMEKPEE#HI&CLU-KDH A KXW IBMEMFIEhD

8 (38.1%) 13 (61.9%)
Ineffective to combination Sub-group 6 (1 line. 4.8%) Effective to combination
of PD and CLU-KD . PD alone: NO of PD and CLU-KD

+ CLU-KD alone: NO
Sub-group 5 (2 lines, 9.5%) » Combination: NO

« PD alone: NO
« CLU-KD alone: YES
« Combination: NO

Sub-group 1 (6 lines, 28.6%)
« PD alone: YES
« CLU-KD alone: YES
« Combination: YES

Sub-group 4 (5 lines, 2
« PD alone: YES
« CLU-KD alone: NO
« Combination: NO

Sub-group 2 (6 lines, 28.6%)
« PD alone: YES

« CLU-KD alone: NO

« Combination: YES

Amada and Hijiva, submitted 116

Sub-group 3 (1 line, 4.8%)
« PD alone: NO

« CLU-KD alone: NO
« Combination: YES
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43R EJIF: 6. 833

1. Hijiva N, Tsukamoto Y, Nakada C, Tung Nguyen L, Kai T, Matsuura K, Shibata K, Inomata M, Uchida T, Tokunaga A, Amada K, Shirao K,
Yamada Y, Mori H, Takeuchi I, Seto M, Aoki M, Takekawa M, and Moriyama M. Genomic Loss of DUSP4 Contributes to the Progression of
Intraepithelial Neoplasm of Pancreas to Invasive Carcinoma.

Cancer Res, 76: 2612-25, 2016. IF: 12.701
TERELERBEEZESOEEI100ZR V7L ACGHENICXY ., BBAETIXSHELBEREBI O R KSp loss)MBfHMEh DTN hoT=, SHICHEEMIAR12
HOMEHREBITOER. REEEZHETI25/AMNGEETFEL TDUSPAE, HETEREZE HIEIT 5 H A M EIEF &L TZNF395, PLEKHA2, RAB11FIP1%#H
L7z, BEREIEDUSPAD HBE FICHESMAPXF—E DIEEMEMHELICKYRBREZERTIL. EHEIEMAPTF—E 3B EHABRENTHILERLT,

2. Ichimanda M, Hijiya N, Tsukamoto Y, Uchida T, Nakada C, Akagi T, Etoh T, lha H, Inomata M, Takekawa M, and Moriyama M. Downregulation
of dual—specificity phosphatase 4 enhances cell proliferation and invasiveness in colorectal carcinomas.

Cancer Sci, 109: 250-8, 2018. IF: 6.716
KGR TR EFRICMAPXF—E/RRV A IR FETIRIETH D, 2LDRBAEXRBETITRTREL-EMETOUSPAORBENETLTLVSILEZREL
T=. DUSPAD HEBE T IIMAPFF—E DiEHLZL-6L. BRES LURBEOREICHTFE T LEHLMILIz, ChoDHEN S, RITORMEGFLET4—
PEFEICTINZ T, MEKWPERKZ BN ELI=FR S FIEMABRN ZLDRGEICEMTHIENRE SN,

3. Ratsada P, Hijiya N, Hidano S, Tsukamoto Y, Nakada C, Uchida T, Kobayashi T, and Moriyama M. DUSP4 is involved in the enhanced
proliferation and survival of DUSP4—-overexpressing cancer cells.
Biochem Biophys Res Commun , 528: 586-93, 2020. IF: 3.575

—BOKBEMEETIEIELAILODUSPAZHRBL TS EEZRHELE-, Cho DMk TIIDUSPAZ /v o8 T HETRM AN FESINEENBEEC
MEshtz. TOHEFLELT. BLRILODUSPAFEB L, ps3Ic &5l AHADHHEF v I THETHEMBRETEICHTE S T 5 EEBHALMITLT-, DUSPAIEH
EDEE-FEMICEWTIXINABEFIELTHEELTLSIEERL-,

4. Kurogi S, Hijiva N, Hidano S, Sato S, Uchida T, Tsukamoto Y, Nakada C, Yada K, Hirashita T, Inomata M, Murakami K, Takahashi N,
Kobayashi T, and Moriyama M. Downregulation of ZNF395 Drives Progression of Pancreatic Ductal Adenocarcinoma through
Enhancement of Growth Potential.

Pathobiology, 88: 374-82, 2021. IF: 4.342
8p lossIZfELVZNF395MDHMME T LTI EEMIAZRAL T, FEEICZNFISEZH IR T 2B EBIL -, ZNFIOBSDRBEFE T 5L, AL RIGEMAP
FF—ETHAHINKPPISD LT FILISA DA hERIETHIEFASHIICLI, TOHE. MERAMNOGIHAS LN EL., BELAMFH S, BEEUIREZGER
W =REHBIEEICT, ZNFSBIIEERE P LERETIIRBREIN TSI, —F., BBE (FICTESEEERE) CIEBEZEICTIETLTWAZEEEREL-.5

5. Amada and Hijiya, submitted.
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RESEARCH ARTICLE

Personalized In Vitro and-In —ang
Models to Guide Precision Medicine - 2

Chantal Pa.lulilvz-3, Benjamin D. Hopins‘, David Prani5, Reid hawG:TarcisioFehrizzis, Andrea b.onerl-4'7,
IRESULTS

WES Is Insufficient to Identify Clinically Targetable | ‘ \
Alterations for Many Advanced Cancer Types 74 /737 FEBIL VG FARIZEQOBRAICE S0

=t

c N (Cancer Discovery, Pauli et al., 462-477, MAY 2017)

an|

A Specimen distribution based on tumor origin B EXaCT-1 overview: detected genomic
alterations
W Prostate B Somatic alterations
H Bladder in currently not targetable
¥ Kidney cancer genes
B Blood/bone marrow B Somatic alterations in
m Ovary targetable cancer genes
® Colon/rectum (potential off-label drug use)
® Lung ®m Somatic alterations in
' Pancreas cancer genes with FDA-
Breast approved drugs
B Small intestine . . .
: B Somatic alterations with
Sk ) v; unknown clinical and
m Others (e.g., soft tissue/ 4.29 biological significance
bone, uterus, stomach, 0.4%
esophagus, etc.)

Figure 1. WES detects a limited number of clinically targetable alterations in patients with advanced cancer. A, Overview of the sites of origin of speci-

men collected from patients and run through the EXaCT-1 test. The majority of these samples were taken from metastatic sites of patients with advanced

disease. B, WES has been performed on a total of 769 specimens. Data presented here also include large-scale deletions (>50 genes), and each gene is indi-

vidually included in the analysis. In 85.8% ‘660‘;69 of the cases seguenced. somatic alterations in currently not tar%etable cancer genes were detected,

In total, three cases (0.4%), two gastrointestinal stromal tumors with an activating KIT mutation and a clear cell renal cell carcinoma with a

mutation, have FDA-approved drugs available. In 9.6% (71/737) of these, there are somatic alterations in cancer genes that could be clinically actionable 124
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'{."& ’,:;. Driehuis et al, Cancer Discov 2019
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Abstract

Mutations in RAS or BRAF are associated with poor prognosis and resistance to epidermal growth factor receptor (EGFR)-
targeted therapy in colorectal cancer (CRC). Despite their common ability to activate downstream genes such as MEK and
ERK, the therapeutic benefit of MEK inhibitors for patients with RAS/BRAF mutant CRC is limited, highlighting the need
for biomarkers to predict the efficacy of MEK inhibition. Previously, we reported that a change in phosphorylation of
ribosomal protein S6 (pS6) after MEK inhibition was significantly associated with sensitivity to MEK inhibition in gastric
cancer cells. Here, we investigated the value of the response in pS6 for predicting the efficacy of trametinib, a MEK
inhibitor, in patients with RAS/BRAF mutant CRC using patient-derived CRC organoids. We found that a subset of CRC

Hirashita Y, Lab Invest, 2021
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y
profile of renal ceII carcinoma (RCC) in end-stage renal disease
(ESRD) by analyzing genomic copy number aberrations. Seventy-
nine tumor samples from 63 patients with RCC-ESRD were
analyzed by array comparative genomic hybridization using the
Agilent Whole Human Genome 4 x 44K Oligo Micro Array (Agilent
Technologies Inc., Palo Alto, CA, USA). Unsupervised hierarchical
clustering analysis revealed that the 63 cases could be divided into
two groups, Clusters A and B. Cluster A was comprised mainly of
clear cell RCC (CCRCC), whereas Cluster B was comprised mainly of
papillary RCC (PRCC), acquired cystic disease (ACD)-associated RCC,
and clear cell papillary RCC. Analysis of the averaged frequencies
revealed that the genomic profiles of Clusters A and B resembled
those of sporadic CCRCC and sporadic PRCC, respectively.
Although it has been proposed on the basis of histopathology that
ACD-associated RCC, clear cell papillary RCC and PRCC-ESRD are
distinct subtypes, the present data reveal that the genomic profiles

of these types, categonzed as Cluster B, resemble one another.
P304 b e

doi: 10.1111/1.1349-7006.2011.02176.x
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assoclate L wiicricas tumors exhibiting a papillary archi-
tecture dlld clear cytoplasm are designated *‘clear cell papillary
RCC* {1

It h.x.\ been reported that the various histological subtypes of
sporadic RCC are associated with distinct genetic abnormalities.
In CCRCC, gains of chromosomes 5q and 7q, and losses of
chromosomes 3p and 14q, are frequently reported,''™'¥
whereas in PRCC gains of chromosomes 7,)q and 17pq and a
loss of chromosome Y are often observed.">'” However, the
genomic aberrations present in RCC-ESRD are still largely
unknown."® Therefore, to identify the genomic profiles and to
clarify the molecular mechanisms responsible for the pathogene-
sis of RCC-ESRD, we analyzed DNA copy number alterations
(CNAs) throughout the entire genome using array-based
comparative genomic hybridization (CGH).
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Clear cell papillary renal cell carcinoma

Definition

Clear cell papillary renal cell carcinoma
(RCC) is an indolent renal epithelial neo-
plasm composed of bland clear epithelial
cells arranged in tubules and papillae,
with at least a predominantly linear nu-
clear alignment away from the basement
membrane and a distinctive immunophe-
notype {160,1003,2717}.
ICD-0 code 8323/1
Synonyms

Clear cell tubulopapillary renal cell car-
cinoma {160}; renal angiomyoadenoma-
tous tumour (obsolete) {1888, 1890}

Epidemiology
This tumour accounts for 1-4% of all re-
sected renal tumours {50,2962,3084}. It

o ¥ L 4 R %" =
Fig. 1.39 Clear cell papillry renal cell carcinoma. A Tightly packed bland tubules lined by clear cells are associat
are seen on the left B Small tubules and papillae composed of clear cells with uniform nuclei show a finear arrangement away from the basal membrane. € Cells display carbonio-

affects patients aged 18-88 years, with
no sex predilection. The tumour arises
sporadically and with end-stage renal
disease and von Hippel-Lindau syn-
drome {160,1003,2717}.

Clinical features

These tumours are typically detected
incidentally, in asymptomatic patients.
Some patients have abdominal or flank
pain {3084},

Localization
The tumours are usually located in the
renal cortex.

Macroscopy

The tumours are often small, well circum-
scribed, and encapsulated {13,50,160}.
Cystic change is common. More than

4D

y

anhydrase IX positivity with a cup-like distribution. D Strong diffuse CKT staining is noted.

40 Tumours of the kidney

Py 1 o
ed with smooth muscle stroma; compressed and collapsed tubules

Srigley JR.
Cheng L.
Grignon D.J.
Tickoo SK.

95% of the tumours are pT1 at presenta-
tion. Rare multifocal or bilateral tumours
have been reported {160,2343,2962),
Surface colouration is variable and ne-
crosis is absent.

Histopathology

Tubular, papillary, acinar, cystic, ribbon-
like, and solid patterns are seen in vary-
ing proportions {160,2146,3084}. Tumour
cells are cuboidal to low columnar, with
round, generally uniform nuclei with in-
conspicuous nucleoli arranged linearly,
away from the basal aspect {160,1890,
3084]. Most tumours are of WHO / Inter-
national Society of Urological Pathology
(ISUP) grade 1 or 2. Apical snouts of clear
cytoplasm are seen. Occasional groups
of larger cells may be seen {2962}. Eo-
sinophilic secretions are often present.

Fibrous and/or smooth muscle stroma i
\arying amounts is noted. Some tumour
with this spectrum of histology and

predominant smooth muscle componer
(which were previously referred to as rg
nal angiomyoadenomatous tumours) ar
now recognized as examples of this e
{ity. Tumour necrosis, perirenal invasior}
and lymphovascular invasion are absen
The tumour cells have diffuse CK7 posi
fivity, carbonic anhydrase IX positivity
in cup-like distribution, and racemas
negativity {160,2717,2962). PAX2, PAXY
and 34pE12 are positive, and CD10

typically negative or focally positive.
Clear cell papillary RCC can have a col-
lapsed acinar-like pattern, solid architec-
ture, and prominent delicate vascular-
ity, resembling clear cell RCC (ccRCC).
Conversely, ccRCC can show focal clear
cell papillary-like areas. Caution should
be exercised in diagnosing cases with
limited needle biopsy sampling.

Genetic profile

The tumours have molecular profiles dis
tinct from those of ccRCC and papillar
{160,881,1003,1603,1979,2343

RCC

typically negative or focally positive.
Clear cell papillary RCC can have a col-
lapsed acinar-like pattern, solid architec-
ture, and prominent delicate vascular-
ity, resembling clear cell RCC (ccRCC).
Conversely, ccRCC can show focal clear

Comparative genomic hybridization has
revealed differences between clear cell
papillary tumours occurring sporadically
and those occurring in end-stage renal
disease {13,1281}.

cell papillary-like areas. Caution should
be exercised in diagnosing cases with
limited needle biopsy sampling.

Genetic profile

The tumours have molecular profiles dis-
tinct from those of ccRCC and papillary

RCC {160,881,

Prognosis edictive factors

For the casegfeported to date, no local
recurrence orfinetastasis has been docu-
mented {15492590).

,1979,2343).
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Comparative genomic hybridization has
revealed diffefences between clear cell
papillary tum(j rs occurring sporadically

an A

wviival igdilies
Clinical features and imaging presen-
tation are similar to those of other RCC
Subtypes. Most patients present at an
advanced clinical stage {319,589,1243,
1387,1709,3096).

Localization
The localization of unclassified RCC is
similar to that of other RCC subtypes.

Macroscopy
Unclassified RCCs are usually large and

BU, W 1uie UULRIIg
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Clear cell papillary renal cell carcinoma

Definition

Clear cell papillary renal cell carcinoma
(RCC) is an indolent renal epithelial neo-
plasm composed of bland clear epithelial
cells arranged in tubules and papillae,
with at least a predominantly linear nu-
clear alignment away from the basement
membrane and a distinctive immunophe-
notype {160,1003,2717}.

ICD-O code 8323/1

Synonyms

Clear cell tubulopapillary renal cell car-
cinoma {160}; renal angiomyoadenoma-
tous tumour (obsolete) {1888,1890}

Epidemiology
This tumour accounts for 1-4% of all re-
sected renal tumours {50,2962,3084}. It

—D—DNINESLEEHTRERH

affects patients aged 18-88 years, with
no sex predilection. The tumour arises
sporadically and with end-stage renal
disease and von Hippel-Lindau syn-
drome {160,1003,2717}.

Clinical features

These tumours are typically detected
incidentally, in asymptomatic patients.
Some patients have abdominal or flank
pain {3084}

Localization
The tumours are usually located in the
renal cortex.

Macroscopy

The tumours are often small, well circum-
scribed, and encapsulated {13,50,160}
Cystic change is common. More than

Srigley J.R.
Cheng L
Grignon D.J.
Tickoo SKK.

95% of the tumours are pT1 at presenta-
tion. Rare multifocal or bilateral tumours
have been reported {160,2343,2962}
Surface colouration is variable and ne-
crosis is absent.

Histopathology

Tubular, papillary, acinar, cystic, ribbon-
like, and solid patterns are seen in vary-
ing proportions {160,2146,3084}. Tumour
cells are cuboidal to low columnar, with
round, generally uniform nuclei with in-
conspicuous nucleoli arranged linearly,
away from the basal aspect {160,1890
3084}. Most tumours are of WHO / Inter-
national Society of Urological Pathology
(ISUP) grade 1 or 2. Apical snouts of clear
cytoplasm are seen. Occasional groups
of larger cells may be seen {2962}, Eo-
sinophilic secretions are often present.

Fibrous andjor smooth muscle stroma i
varying amounts is noted. Some tumour,
this spectrum of histology and

edominant smooth muscle componer]
yhich were previously referred to as rej
angiomyoadenomatous tumours) ar
w recognized as examples of this ey
fity. Tumour necrosis, perirenal invasio
and \ymphovascu\ar invasion are absen
The tumour cells have diffuse CK7 pos
carbonic anhydrase IX positivit
o-like distribution, and racemast
y {160,2717,2962). PAX2, PAX
34pE12 are positive, and CD10

witf

tivit

NN

typically negative or focally positive.
Clear cell papillary RCC can have a col-
lapsed acinar-like pattern, solid architec-
ture, and prominent delicate vascular-

ity, resembling clear cell RCC (ccRCC).

typically negative or focally positive.
Clear cell papillary RCC can have a col-
lapsed acinar-like pattern, solid architec-
ture, and prominent delicate vascular-
ity, resembling clear cell RCC (ccRCC)
Conversely, ccRCC can show focal clear
cell papillary-like areas. Caution should
be exercised in diagnosing cases with
limited needle biopsy sampling

Genetic profile

The tumours have molecular profiles dis-
tinct from those of ccRCC and papillary
RCC {160,881 1979,2343).

Comparative genomic hybridization has
revealed differences between clear cell
papillary tumours occurring sporadically
and those occurring in end-stage renal
disease (13,1281}

Prognosis edictive factors

For the casesifreported to date, no local
recurrence ofinetastasis has been docu-
mented {15482590}.
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