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m: definition and biogenesis

* Small non-coding RNA family (+ 22 nucleotides)

* miRNAs regulate gene expression at a post
transcriptional level
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m: implication in cancer

There are more than 2000 human miRNAs
Each of them may regulate hundreds of mRNAs (Bartel, cell, 2009)

More than 50 % of mRNAs present at least one miRNA hybridization site
(Friedman et al. Genome Research,2009)

miRNAs have become major recognized actors in molecular cell biology in
general and in cancer physiopathology and diagnosis in particular



miRNA: implication in cancer

* miRNA genes are frequently observed in cancer-associated altered genomic regions
(Calin et al. 2004)

* miRNA expression profiles have been shown to differentiate histological and
pathological types (Lu et al. 2005)

® In vitro data and transgenic mouse models showed that miRNAs have roles in the
initiation and propagation of cancer (Costinean et al. 2006; Callegari et al. 2012; Lin
& Gregory 2015; Liu et al. 2015)
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~“mIRNA: role in tumorigenesis

I_*j_ﬁg

JOOVOVOVOL /150
l

Cytoplasm M

mRNA /
target
g e——A A
MGpppG AAAAA

ORF
uwcks translation
Result

Normal rate of growth, proliferation,
differentiation and cell death

Esquela-Kerscher & Slack. Nature
reviews. Cancer, 2006

® Tumor suppressor miRNAs target oncogenes
® Oncogenic miRNAs target tumor suppressors genes
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* Numerous studies have described the role of miRNAs
in the pathogenesis of thyroid cancer

® But the complex regulation network between miRNAs
and mRNA:s is rarely explored

www.impactjournals.com/oncotarget/ Oncotarget, Advance Publications 2016

miRNA expression and function in thyroid carcinomas: a
comparative and critical analysis and a model for other cancers
Manuel Saiselet!, Jaime M. Pita!, Alice Augenlicht!, Geneviéeve Dom?!, Maxime

Tarabichi', Danai Fimereli’, Jacques E. Dumont’, Vincent Detours’ and Carine
Maenhaut'?



Thyroid cancer and miRNA: state of the art in 2012

Expression variation between tumor and normal samples

PTC FTC ATC

microARN Modulation microARN Modulation microARN Modulation
miR-21-5p + miR-96-5p + miR-26a-5p -
miR-31-5p + miR-181b-5p + miR-29b-3p -
miR-34a-5p + miR-182-5p + miR-30a-5p -
miR-146b-5p + miR-187-3p + miR-30d-5p -
miR-155-5p + miR-221-3p + miR-99a-5p -
miR-181a-5p + miR-222-3p + miR-99b-5p -
miR-181b-5p + miR-125a-5p -
miR-181c-5p + miR-125b-5p -
miR-221-3p + miR-138-5p -
miR-222-3p + miR-222-3p +
miR-224-5p +

He et al. 2005; Pallante et al. 2006; Tetzlaff et al. 2007; Visone et al. 2007; Nikiforova et al. 2008; Braun et al. 2010;

Hébrant et al. 2012
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Aim of our project

to characterize the miRNA expression profiles of 3 primary
tumors and their associated normal samples and lymph node
metastases (LNM)

e Samples selection based on cellular content

e Using one of the most recent and sensitive miRNA quantification
technology: miRNA next generation sequencing



MIiRNA next

miRNA extraction with affinity columns

generatlon sequencmg

Size selection

Adapters ligation et retro-transcription

Adapters

Small RNA

Adapter <DNA

Sequencing by synthesis (Illumina)

Ligation Library
T TGAGGTAGTAGATTGAATAGTT
TGAGGTAGTAGGTTGTATGGTT
TGAGGTAGTAGTTTGTGCTGT

TAAGTGCTTCCATGCTT

»

TAAGTGCTTCCATGTTTGAGTGT

>hsa-mir-101-1 mi:11-32;MA:47-67

e Alignment of the sequences on the
reference genome and miRNAs
guantification
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Dimension 2

Differential expression

Differential expression PTC / normal

A precursor|microRNA logFC PValue
M I d ] | I hsa-mir-372|hsa-miR-372 5.806910066  0.0002642
hsa-mir-146b|hsa-miR-146b-3p 5.312454786 1.78E-12
u tl ImenSIOna Sca Ing hsa-mir-146b|hsa-miR-146b-5p 5.307953036 1.72E-15
. hsa-mir-187|hsa-miR-187-3 4.61946889 2.02E-10
(398 m|RNAS) hsa—mir—187|hsa—miR—187—52 4_391512303 7.95E-08
hsa-mir-221|hsa-miR-221-3p 4.088828129 1.70E-12
hsa-mir-222|hsa-miR-222-3p 3.80201266 6.89E-12
hsa-mir-221|hsa-miR-221-5p 3.320709012 7.23E-10
hsa-mir-551b|hsa-miR-551b-3p 3.027750622 0.000108
TUMOR.1 hsa-mir-34a|hsa-miR-34a-5p 2.887427704 1.45E-06
o LMEI%I hsa-mi_r-345|hsa-miR—345-3p -3.099220329 0.0003879
(=] . hsa-mir-4521|hsa-miR-4521 -3.177391313 0.0010833
hsa-mir-138-1|hsa-miR-138-1-3p -3.21717763 2.16E-05
TUMOR 3 hsa-mir-873|hsa-miR-873-5p -3.786267376 3.32E-07
hsa-mir-876|hsa-miR-876-5p -3.827990126  2.38E-06
- hsa-mir-1179|hsa-miR-1179 -4.36899806 8.73E-06
o | hsa-mir-7-2|hsa-miR-7-5p -4.373513693  1.81E-06
hsa-mir-204|hsa-miR-204-5p -4.487066877 1.20E-07
hsa-mir-204|hsa-miR-204-3p -4.551411401 1.73E-08
hsa-mir-7-2|hsa-miR-7-2-3p -5.783233746  3.58E-08
e
[ . . . .
Differential expression Lymph node metastasis / PTC
B precursor|microRNA logFC Pvalue
- NORMAL 1 hsa-mir-196a-2|hsa-miR-196a-5p 3.962661378  0.0007352
? ] hsa-mir-196a-1|hsa-miR-196a-5p 3.744847676 0.001113
NORMAL.2 hsa-mir-508| hsa-miR-508-3p 3.120001493  0.0001911
NORMAL.3 hsa-mir-514a-2|hsa-miR-514a-3p 2.498622525 0.0011051
hsa-mir-514a-3|hsa-miR-514a-3p 2.498105968 0.0010842
o TUMOR.2 hsa-mir-514a-1|hsa-miR-514a-3p 2.497927532  0.0010771
-] ’ hsa-mir-375|hsa-miR-375 2.228640329 0.0001215
! hsa-mir-509-3|hsa-miR-509-3p 2.220744285 0.0018246
hsa-mir-509-2|hsa-miR-509-3p 2.220735575 0.0018306
hsa-mir-509-1|hsa-miR-509-3p 2.220639027 0.0018993
o META.2 hsa-mir-127|hsa-miR-127-3p -2.031564178  0.000584
r? T hsa-mir-376c|hsa-miR-376c-3p -2.031791479 0.0014561
hsa-mir-485|hsa-miR-485-3p -2.033887507 0.0015625
-06 04 02 00 02 04 hsa-mir-199b|hsa-miR-199b-5p -2.094216413 0.0008084
hsa-mir-485|hsa-miR-485-5p -2.162499969 0.0007515
Dimension 1 hsa-mir-210|hsa-miR-210-3p -2.174397385 0.0019173
hsa-mir-382|hsa-miR-382-3p -2.261306922 0.0008969
hsa-mir-409|hsa-miR-409-3p -2.446081871 0.0002424
hsa-mir-873|hsa-miR-873-5p -3.787954055 5.99E-05

hsa-mir-876|hsa-miR-876-5p -6.79150197 8.56E-05




Differential expression

Quantitative RT-PCR validation on normal samples, primary tumors and
LNM from 14 independent patients

In silico validation using the dataset from The Cancer Genome Atlas:

mMiRNA next generation sequencing of 59 normal samples, 495 PTC, and 8
LNM

Results:

e We identified down-regulated miRNA, such as miR-7-5p or miR-30c-2-3p
e Some of these miRNA are less expressed in LNM than primary tumors



Differential expression

® Loss of expression is stronger in aggressive tumors

dedk

ke ke
a5 - * - - * 1.5 - *k /= - * - - * 15 - hid
o4 T o I wq : * 09 * o B w4 T | *
25 . H 25 f H ' - 25 ' . 25 ' ' ' ' -
0 X 20 ! - 20 ! ' 10 ! 20 4 ' 20 | - 20 | ; 10 .
10 * 10 R 10 * . 0.5 : 10 * 10 - 10 - 05
s L T 5 o pag "k . s o 5 T o Q
o -— 0 - — o - 0.0 b — 0 - — 0 - —— 0 L 00 e —
miR-1179 miR-7-5p miR-7-2-3p miR—-876-5p miR-1179 miR-7-5p miR-7-2-3p miR-876-5p
*k *k ik sk ok
o « * ‘:’ *
350 - - ek - - - - 350 4 - - - - -
0 : 27 4 * wl 2 1ot i I 0q ! : w1 T T
— 250 . I ' - 300 ' ' _— 250 - ' ' ' | . - !
& 20 ! ; 13 . * o e . * o . S o U 1 18 - . 80 . x a0 . '
= 1m0 . N 0] = - 80 T 200 4 E = 150 A - 10 o g &0 - 200 4 EF E
100 : 40 T 1 . 100 T 40 - 4 4 '
% a—*l s *E. 20 E. 100 i 2 %] **Q 1 = 20 L-Q 100 .
& o [ prm a e a - T o4 o & o - o a o Erep—. 0 .
i< miR-204-5p miR-138-1-3p miR-138-5p miR-30c-2-3p T miR-204-5p miR-138-1-3p miR-138-5p miR-30¢c-2-3p
8 sk dek 8 sk sk
Q * o * *
c 500 - 120 - 12000 4 T 257 -~ o c - 120 T 12000 4 T ol B
% 400 - ! 100 HEE 10000 ' 204 0 L * g 400 T . 100 ! 10000 200« T T
? 00 HEE 80 . - 8000 ) 1.5 T o 300 | 80 . - 8000 15 I
o T 60 : 6000 i Lo = T s | o 7 l -
cimim iBig Slg.. Gl [ iimig B g o
o 10 L H% 20 - E i 2000 - 054 w '™ + - 20 - . - 2000 -~ T 054
o T 4 p R 0d = 00 4 - 0 - 4 P - 4 04 - a0 4 -
miR-139-5p miR-139-3p miR-451a miR-504 miR-139-5p miR-139-3p miR-451a miR—-504
sk sk
* *
1200 T T - sk 1500 - - .
1000 ' 6 : * - i 6 ' *
OO * | - 1000 . ' -
600 M . 4 ' * E 4
4004 1 2 ©ow p 500 - 2 -
200 E . o L ;. B NORMAL (59) = 0 i E B NORMAL (59)
O CLASSICAL (323) n B BRAF+(233)
miR-152 miR-873-5p W FOLLICULAR (99) miR-152 miR-873-5p 0O BRAF- (168)

*: t-test; expression modulation significant between normal simples and primary tumors or LNM (p<0,05)
**: t-test; expression modulation significant between primary tumors and LNM (p<0,05)



mntial expression

Conclusions:

* These observations contradicted previous studies which suggested that PTC present
mainly up-regulated miRNAs

* Down-regulated miRNAs in PTC could be used as diagnostic and prognostic markers
and could have a function in thyroid tumorigenesis

Saiselet et al. BMC Genomics (2015) 16:828

DOI 10.1186/512864-015-2082-3
BMC

Genomics
New global analysis of the microRNA @

transcriptome of primary tumors and lymph
node metastases of papillary thyroid cancer

Manuel Saiselet'’, David Gacquer', Alex Spinette?, Ligia Craciun’, Myriam Decaussin-Petrucci®, Guy Andry”,
Vincent Detours'" and Carine Maenhaut"®'!



Bethesda classification

* Hundreds of thousands of fine needle aspiration biopsies (FNAB) per year in Europe

for thyroid cancer suspicion
* The cytological diagnosis of 20 to 30% of FNAB are indeterminate (Bethesda

categories lll to V)
* Patients presenting indeterminate nodules often go to lobectomy / thyroidectomy,

but the majority of these nodules are benign

category cytology % of risk of malignancy % of the total FNAB
1-4 12,9

non diagnostic

benign 0-3 59, 3
follicular lesion of
. s e 5-15 9,6
undetermined significance
suspicion for a follicular
15-30 10,1
neoplasm
suspicious for malignancy 60 - 75 2,7
malignant 97 -99 5,4

Bongiovanni et al. Acta Cytologica, 2012
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mular test for FNAB diagnosis

Commercially available molecular tests for indeterminate thyroid fine

needle aspirations, in USA:

e Afirma (Veracyte company): mRNA gene expression microarray analysis (Alexander et al. 2012)

Each of them presents advantages and drawbacks

An Independent Study of a Gene Expression Classifier
(Afirma) in the Evaluation of Cytologically
Indeterminate Thyroid Nodules

Bryan Mclver, M. Regina Castro, John C. Morris, Victor Bernet,
Robert Smallridge, Michael Henry, Laura Kosok, and Honey Reddi

“Altogether, only a benign GEC
result has meaningful impact
on patient management, but a
suspicious GEC result merely
confirms the indeterminate
nature of the nodule.”

Nishino, Cancer Cytopathology,
2015



/I\/Iﬁular test for FNAB diagnosis

Commercially available molecular tests for indeterminate thyroid fine
needle aspirations, in USA:
e Afirma (Veracyte company): mRNA gene expression microarray analysis (Alexander et al. 2012)
e ThyroSeq (University of Pittsburgh): mutational panel (Nikiforov et al. 2014, 2015)

Each of them presents advantages and drawbacks

Evaluation of ThyroSeq v2 “However, the PPV of the test was
performance in thyroid nodules with 'ower than expected; and its

. . performance particularly in B-llI
indeterminate cytology specimens may be variable among

centers”
Pablo Valderrabano, Laila Khazai2, Marino E Leon2t, Zachary J Thompson3, Valderrabano et G/ Endocrine—Related
Zhenjun Ma3, Christine H Chung’, Julie E Hallanger-Johnson', Kristen J Otto!, ”

Kara D Rogers), Barbara A Centeno? and Bryan Mclver Cancer, 2017



Molecular test for FNAB diagnosis

Commercially available molecular tests for indeterminate thyroid fine
needle aspirations, in USA:
e Afirma (Veracyte company): mRNA gene expression microarray analysis (Alexander et al. 2012)
e ThyroSeq (University of Pittsburgh): mutational panel (Nikiforov et al. 2014, 2015)
e ThyGenX/ThyraMIR (Interpace Diagnostics company): miRNA expression and detection of
specific mutations (Labourier et al. 2015)
Each of them presents advantages and drawbacks
miRNAs used by ThyGenX/ThyraMIR:
miR-29b-1-5p, miR-31-5p, miR-138-1-3p, miR-139-5p, miR-146b-5p, miR-
155, miR-204-5p, miR-222-3p, miR-375 and miR-551b-3p

po.

2

What could be the diagnostic utility of recently
discovered down-regulated miRNAs?



Diagnostic utility of down-regulated miRNA

* 51 per-operative biopsies have been obtained from 14 malignant nodules (13 PTC and 1 FTC)
and 37 benign nodules.

e After RNA purification, miRNA expression of biomarker candidates have been evaluated on
the cytological samples by quantitative RT-PCR and a computational analysis classifies the
samples as benign or malignant.

* The postoperative histological status of the samples have been used as gold standard
reference in order to define the test performance
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@ Mapo Foundation for Medical Education and Ressaroh. All ighta reserved.




Diagnostic utility of down-regulated miRNA

miR-1 * [0 Malignant
miR-2 | *

MiR-3 it | % (] Benign

miR-11 | %% * 1 p<0,05;

MIR-12 |——— | Hk% ** 1 p<0,01;

MiR-13 =t | ek *¥*%* 1 p<0,001
miR-14 ————— | gk Mann and Whitney U test
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Diagnostic utility of down-regulated miRNA

Up-regulated miRNAs in thyroid cancer
compared to normal sample
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Diagnostic utility of down-regulated miRNA

Down-regulated miRNAs in thyroid cancer
compared to normal sample
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Molecular test

Diagnostic utility of down-regulated miRNA

Objective: to compare the diagnostic utility of a selection of down-regulated miRNAs to
previously characterised miRNA biomarkers of thyroid malignancy

Protocol used: expression levels of the 14 miRNAs in each sample have been used by a
classification algorithm. The samples have been classified as benign or malignant by the
algorithm. This classification has been compared to the postoperative histological status

Results: we obtained a list of miRNAs which maximize the efficiency of the prediction of the
status for each sample independently

Gold standard

Malignant sample

Benign sample

Positive True positive (TP)

False positive (FP)

Negative False negative (FN)

True negative (TN)

Sensitivity: TP/ (TP+FN); the probability that a patient with the
disease receives a positive result.

Specificity: TN/ (TN+FP); the probability that a patient without
the disease receives a negative result.

Positive predictive value (PPV): TP/ (TP+FP); the probability that
a patient with a positive result actually has the disease.

Negative predictive value (NPV): TN/ (TN+FN); the probability
that a patient with a negative result is actually disease free.
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First potential diagnhostic sighature

Signature 1: algorithm has been designed to promote the correct
classification of malignant nodules

Gold standard

§ Malignant (n=14) | Benign (n=37)

‘—:‘: Positive (n= 30) 14 16 PPV: 47% (prevalence 27% )
[

<  Negative (n=21) 0 21 NPV: 100% (prevalence 27%)
=

Sensibility: 100% Specificity: 57%

MiRNAs selected by the algorithm to maximize the efficiency of the prediction :
mMiR-13 (100%); miR-12 (96%); miR-14 (41%); miR-1 (37%)

Down-regulated miRNAs
Up-regulated miRNAs
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~ Second potential diagnhostic signature

Molecular test

Signature 2: algorithm has been designed to promote the correct
classification of benign nodules

Gold standard

Malignant (n=14) | Benign (n=37)
Positive (n=9) 7 2 PPV: 78% (prevalence 27% )
Negative (n=42) 7 35 NPV: 83% (prevalence 27%)
Sensibility: 50% Specificity: 95%

MiRNAs selected by the algorithm to maximize the efficiency of the prediction :

miR-13 (100%); miR-12 (98%); miR-14 (66%); miR-1 (64%); miR-11 (60%); miR-6
(60%); miR-3 (60%); miR-2 (50%); miR-9 (33%); miR-7 (33%); miR-5 (33%); miR-8

%): miR-4 %): miR-10 y
(33%); miR-4 (33%); mi (33%) Down-regulated miRNAs

Up-regulated miRNAs



Diagnostic utility of down-regulated miRNA

Conclusions:

Some down-regulated miRNAs between primary thyroid tumors and normal tissues
show the same down-regulation in malignant FNAB compared to benign FNAB

Our data suggest that down-regulated miRNAs in malignant FNAB may be better
biomarkers than previously characterised up-regulated miRNAs

miRNA signatures have the potential to discriminate benign from malignant FNAB
with a high PPV or NPV
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