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Biogenesis and function of microRNAs (miRNAs)

« miRNAs are short noncoding RNAs consisting of 17-25 nucleotides.

* miRNAs regulate gene expression by inhibiting the translation of target mRNAs.

* A total of 2656 miRNAs were identified (miRBase 22).
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Circulating miRNAs

Primary tumor site . . .
Stably present in the circulation

« Taken up by the other cells (assist cancer progression)
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MicroRNA expression profiles classify human
cancers

Jun Lu"**, Gad Getz'*, Eric A. Miska’*1, Ezequiel Alvarez-Saavedra®, Justin Lamb', David Peck’, )
Alejandro Sweet-Cordero™*, Benjamin L. Ebert"*, Raymond H. Mak'*, Adolfo A. Ferrando®, James R. Downing’,

Tyler Jacks™, H. Robert Horvitz* & Todd R. Golub™*®

nﬂ.}rﬁ;h

HTI rll _

EP
Gl
R - B e — e —
o TR L w SR =
* = e L e
— — e S e - - T
- ~= 2 - = = -— - -
It . -~
- - T A - 3 !

‘:ﬂ'u
]
’

(M '
" Wi
-
\

"

| M

»
I

L

T

A e

W

1

(Lu et al. Nature 435:834, 2005)



Circulating microRNAs and extracellular vesicles as potential
cancer biomarkers: a systematic review

MEDLINE searching on
January 20, 2017

2,686 papers

A 4

Studies about circulating
miRNAS or EVs as cancer
biomarkers

876 papers

A 4

Studies feasible to grasp

the potential of circulating

miRNAs or EVs as cancer
biomarkers

219 papers

Table 1 The 10 most frequently documented miRNAs in cancer

Cancer site Representative targets

hsa-miR-21-5p  Hepatocellular, colorectal, breast, lung, pancreatic, nasopharyn-  PTEN, PDCD4, RPS7

geal
hsa-miR-221-3p Hepatocellular, colorectal, lung, sarcoma CDKNIB, KIT, TMED7
hsa-miR-155-5p  Lung, breast, colorectal, pancreatic, laryngeal CEBPB, SOCS1, TP53INPI
hsa-miR-223-3p Hepatocellular, colorectal, lung, esophageal, pancreatic, sarcoma IGFIR, FBXW7, NFIA
hsa-miR-92a-3p  Colorectal, hepatocellular, breast, gastric, endometrial BCL2L11, FOXN2, SOX4
hsa-miR-16-5p  Breast, esophageal, gastric, lung, melanoma, pancreatic, ovarian BCL2, VEGFA, CCNEI
hsa-miR-20a-5p  Lung, colorectal, gastric, hepatocellular, pancreatic CCNDI, TGFBR2, E2F1
hsa-miR-141-3p Colorectal, hepatocellular, breast, lung ZEB2, ZEBI, YRDC
hsa-miR-145-5p  Colorectal, hepatocellular, lung, breast, gastric, ovarian IRS1, FSCNI, POUSFI
hsa-miR-210-3p  Colorectal, breast, lung, pancreatic, glioma, hepatocellular, EFNA3, ISCU, E2F3

melanoma, renal, bladder

* The top 3 reported genes according to miRTarBase

(Matsuzaki & Ochiya. Int J Clin Oncol. 22:413, 2017)
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can check for 13 types of cancers

NEDOWIAIRIZE]

Japanese team develops blood test that
f svare NP TWEET in sHARE % EMAIL .

TOKYO - A research team led by the Tokyo-based National Cancer
Center Japan has developed a new test to diagnose 13 kinds of
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Members in the project
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Natl. Cancer Center Biobank Japan

Mational Cancer Center

Bi®bank
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Circulating miRNA microarray analysis

1. Total RNA extraction from serum

~
N

\_

Fluorescent
labeling
R

/ RNN RNA \
extraction purification
Water
[ 4 . I Serum
s Addition ayer RNA
g ]l / 4uL
v |
Vortex —LL
clg | ) |
'1.,_1'* |:> Extraction e
RNA  concentration
— purification
Organic layer (96 well)

-

DNA chip

analysis \

e

*__J

o

\_

Hybridization

=

Wash

A\

/

2500 samples / month

-

Analysis\
Scan

L

igitiziny




Analytical steps

2,588 miRNA expression levels for each sample (miRBase rel. 21)

.

Normalization
(internal control miRNAs: miR-149-3p, miR-2861, miR-4463)

(Shimomura, Matsuzaki et al. Cancer Sci 2016)

@

Samples were randomly divided into training & validation sets

¥

Construction of discriminant models in the training set

€

Validation
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Detection of sarcoma

PC#2,11.3%

'
w

® Malignant (n=117)
® Benign (n=134)
® Healthy (n=125)

PCA (79.8%)

PC#1,68.4%

Diagnostic index

0

o

Validation set

[7 miRNAs]
- ’,
3 e
i > P
*E? i - ’
A ———— = % < 2 e
- = =6 ’
e ‘%F’ c ,l
. O p
V)] R4
R AUC 0.98
- o 5 = R [0.96 - 0.99]
= = o = * —
3 3 3 3 1-Specificity
£ o = >
g E ? é e 0 o
kel E g 3 Sensitivity, 0.90
o I o (] o
= 5 Specificity, 0.95
(=



miRNA index and histological subtypes in
intermediate tumors

[7 miRNAs] Intermediate
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% with malignant transformation
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(Asano, Matsuzaki et al. Nat Commun [in revision])



Detection of prostate cancer

1050 patients with serum
RNA samples

809 PCa (positive prostate biopsy)
241 NPBx (negative prostate biopsy)

A 4

A 4

A 4

Discovery
set

41 PCa
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Training
set
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100 NPBx

Validation
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(Urabe, Matsuzaki et al. Clin Cancer Res [in press])



Detection of ovarian cancer

Validation

AUC 1.00

Sensitivity 0.99
Specificity 1.00
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Diagnostic index = (0.996) X miR-4687-3p + (-0.741) X miR-939-5p + (0.718) X miR-5739 + (-0.798) X
miR-211-3p + (0.719) X miR-1273g-3p + (1.036) X miR-3663-3p + (0.520) X miR-4726-5p + (-0.583) X
miR-4745-5p + (0.786) X miR-1268b + (-0.223) X miR-658 - 25.0

(Yokoi, Matsuzaki et al. Nat Commun, 2018)
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Preoperative prediction of lymph node metastasis

v" Sentinel lymph node biopsy (SLNB) has become the gold-
standard, less invasive procedure to evaluate the axillary
lymph node metastasis’.

v" SLNs, which are considered as lymph nodes which receives
first drainage from tumor, can be detected by radioactive dye.

v' The morbidity after SLNB is not negligible.

« impaired shoulder range of motion, pain?
« Radiation exposure for pregnant female surgeons?

Lymph nodes _ o o ®
- o ¥ -y s - 2
- ! por — ‘, -
’ oy ¢ ;: e ¢
! ) % ASentinel <=
, Tumor i { Mes :\ P
ioacti - probe 7/ B8 &J ol
Radioactive | & obe/ i Tumorand | &
substance o) ’ | - sentinel nodes. -
ordye = \ " 4 | removed |
%
{ /

‘ Biomarkers to predict the need of SLNB are required!

1. Krag et al. Lancet Oncol, 2010.
2. Langer et al. Ann Surg 2007.
3.  Kimura et al. Breast Cancer 2015.



Diagnostic accuracy

Log, expression
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(Shiino, Matsuzaki et al. Clin Cancer Res, 2018)



Risk prediction of stroke

2]

PC2: 12.8%
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(Sonoda, Matsuzaki et al. Stroke [in revision])



Summary

e Circulating miRNA profiles...

- provide us accurate cancer diagnosis in the
early stage.

- predict cancer localization.

- could be useful to improve therapeutic
strategies



NEXT STEP

Validation using fresh Approval as clinical
samples application

Serum miRNA
DATABASE
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NEXT STEP

Validation using fresh Approval as clinical
samples application

Serum miRNA
DATABASE

v Understand reasons for false-positive and false-negative

v Reveal novel mechanisms of disease development/progression

v' Identify potential preventive/therapeutic targets



Circulation

Donor cells I @ S S

Platelets
Immune cells (innate? acquired?)
Endothelial cells
Mesenchymal cells
Adipose tissue
Large organ
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Triggers
Obesity
Diabetes
Dysbiosis
Hypoxia
Psychological stress
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