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The micro-RNA content of extracellular vesicles in papillary thyroid cancer : from identification in mouse 
thyroid tumor to detection in the plasma of patients
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Extracellular Vesicles: 
Actors and Markers of thyroid cancerthyroid cancer

Thyroid follicle
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Larynx
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BRAFV600E MUTATION

Tumor cell

MAPK pathway overactivation

Loss of follicle structure : papillae formation

Stromal reaction

Immune recruitment

Impaired thyroid function

Papillary thyroid cancer 
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Papillary thyroid cancer (PTC)

BRAFV600E MUTATION

Trachea

Larynx

Thyroid gland

• Most frequent type of thyroid cancer & most common

endocrine malignancy

• Clinicians are facing 2 main challenges :

1. Patients with aggressive & recurrent PTC (~20%)

→ Need for a better understanding of tumorigenesis 
mechanisms

2. Overdiagnosis & unnecessary surgeries (~60%)

→ Need for the discovery of new diagnostic tools

Extracellular vesicles (EVs)

Lipids

mRNAs

miRNAs

Proteins
Proteins

50-150 nm

• Small vesicles released by almost all cell types carrying

complex & specific cargo

• Scientists have interest in EVs for :

1. Their role in cell-cell communications, particularly

during tumorigenesis

2. Their biomarker potential in liquid biopsies due to

their presence and stability in body fluids

Could extracellular vesicles be actors and markers in thyroid cancer ?
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Extracellular Vesicles: 
Actors and Markers of thyroid cancer

A. Characterize EVs released by the tumor & their miRNA content.

B. Decipher the mechanisms by which these actors impact on thyroid cancer and

its microenvironment

C. Evaluate the diagnostic value of circulating miRNAs.

③

Blood?

Biomarker

Characterization

Mechanism

②

①
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Need for a better understanding 

of tumorigenesis mechanisms
Need for the discovery of new 

diagnostic tools

EV-miRNAs
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EV-

miRNAs ?

Blood ?1

2 3

Diagnostic biomarker

Characterization Mechanism
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Actors and Markers of thyroid cancer
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Need for a better understanding 

of tumorigenesis mechanisms
Need for the discovery of new 

diagnostic tools



A1. Double transgenic 
mouse model

BRAFV600E 
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1.1. rtTA/BRAFV600E  mouse model
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Sacrifice 
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Figure adapted from Debyani
Chakravarty; The Journal of Clinical 
Investigation 2011, 121, 4700-4711

PTC mouse model optimization

by C. Spourquet & P. Lemoine

J. A. Fagin’s lab
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1.2. BRAFV600E  induction in mouse thyrocytes mimics 
human PTC

Nis Tpo Tg Tshr Pax8 Nkx2.1
0.0

0.5

1.0

1.5

2.0
Control Dox

** ** **
** ** **

m
R

N
A

 f
o
ld

 c
h
a
n
g
e

Mean + SD

** p-value < 0,01

Thyrocyte dedifferentiation
p
-E

R
K

5μm

MAPK activation

Control Dox

Control Dox

100μm

Thyroid tissue remodelling

With doxycycline

Mean + SD

** p-value < 0,01

miRNA deregulation

0

5

10

15

20
200

250

300

350

400

m
iR

N
A

 f
o
ld

 c
h
a
n
g
e

Control Dox

Mean + SD

** p-value < 0,01

**

**

**

**

**

J. A. Fagin’s lab

C. Spourquet 

& P. Lemoine

M
et

ho
ds

R
es

ul
ts

Co
nc

lu
si

on
s

In
tr

od
uc

tio
n

G
oa

ls

A.
 I

n 
vi

vo
-p

ro
du

ce
d

EV
s

ch
ar

ac
te

ri
za

tio
n

9



A2. Extracellular 
vesicle isolation & 
characterization
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BRAFV600E 

Control vs Doxycycline-

treated mice

Thyroid lobes

microdissection & dissociation

Differential ultracentrifugation

EV-pellet

2.1. CTL and BRAFV600E thyroids release EVs with exosomal
characteristics

In-depth characterization

Number & size

Nanoparticle tracking analysis
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A3. miRNA sequencing 
& bioinformatic analysis
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3.1. Abundance of EV-miRNAs varies with tumor 
progression 
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3.1. Abundance of EV-miRNAs varies with tumor 
progression 

RT-qPCR validation with extended time-points

- Time-course of miRNA changes in cells and in EVs 

- Deregulation in EVs reflects changes in tissue during cancer 

progression : first upregulation, delayed downregulation

- The most deregulated miRNAs are miRNAs already identified in 

human thyroid cancer

- Selection of interesting candidates



3.2. More abundant EV-miRNAs are enriched in 
immune-related pathways

More abundant

miRNAs in EVs
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A4. Cell source 
identification
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4.1. The Exoview technique 
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→ Most of in vivo-produced EVs are derived from the endothelial CD31+ 

and immune CD11b+ populations, BUT the number of EVs produced 

by those population doesn’t vary between control and tumor tissues

4.2. EVs derived from epithelial (Ecad+) and immune 
(CD45+) cells are the most deregulated in tumor tissue
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4.2. EVs derived from epithelial (Ecad+) and immune 
(CD45+) cells are the most deregulated in tumor tissue
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In cancerous tissue compared to normal tissue, there are 

→ more E-Cadherin+ EVs, in both CD81+ and CD9+ populations 

→ more CD45+ EVs in the CD81+ population
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4.3. MiRNA expression in FACS-sorted cell populations
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Conclusions (A)

Characterization
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Conclusions (A)
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BRAFV600E 

2. In vivo-produced EV isolation & characterization

→ Exosomal characteristics

1. Thyroid cancer mouse model

3. Time-course of EV-miRNAs deregulation in thyroid upon BRAFV600E induction

4. Identification of producing cells
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B1. In vitro assays
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1.1. Thyroid-derived EVs are internalized by bone marrow-
derived macrophages
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1.2. PTC-derived EVs promote a anti-inflammatory 
signature in macrophages ?

CTL EVs

DOX EVs

RNA sequencing

Bone marrow-derived
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CTL-EVs

DOX-EVs

Bone marrow-derived

macrophages
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Conclusions (B)
Mechanism
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Conclusions (B)

A. Characterize EVs released by the tumor & their miRNA content.

EV-miRNAs
?

②

①

Characterization

Mechanism

In our settings, we could not demonstrate a strong effect of thyroid-derived EVs on

macrophage polarization

→ Mixed phenotype due to heterogenous population of EVs?
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B. Decipher the mechanisms by which these actors impact on thyroid cancer and its

microenvironment
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Conclusions (B)

EV-miRNAs
?

②

① Blood?

③
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Characterization Mechanism

Diagnostic biomarker

Literature screening

miR-146b-5p

miR-21a-5p

miR-221-3p

miR-31-5p

miR-222-3p

miR-204-5p
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C. Patient study
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1. Design of the study

Benign Malignant

MNG group PTC group

Total number 19 17

Sex F=15/19 F=17/17

M=4/19 M=0/17

Age (years) Mean = 56,6±19,2 Mean = 48,9±14,7

(18-78) (23-66)

Diagnosis MNG=19/19 Classical PTC=15/17

Follicular variant of PTC=2/17

Mutational status / BRAF=8/17

HRAS=2/17

Extend of surgery Lobectomy=9/19 Lobectomy=3/17

Total thyroidectomy=10/19 Total thyroidectomy=14/17
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Do not allow to discriminate 

thyroid diseases or ablation

Do not allow to discriminate 

thyroid diseases or ablation

50%

30%

10%

Low density
band

High density
band

1 mL

6 mL of 
plasma

Iodixanol

500 µL fractions

270 000g
SW41 rotor

Amicon Ultra-4 
centrifugal filter

10k

Sepharose beads
PBS elution

1. Iodixanol density cushion

2. Size exclusion chromatography

3. Ultrafiltration

M
et

ho
ds

R
es

ul
ts

Co
nc

lu
si

on
s

In
tr

od
uc

tio
n

G
oa

ls

C.
 D

ia
gn

os
tic

 v
al

ue
 o

f 
ci

rc
ul

at
in

g
m

iR
N

As
2. Highly purified EVs are isolated from plasma by density 

cushion combined with size exclusion chromatography
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Do not allow to discriminate 

thyroid diseases or ablation

Do not allow to discriminate 

thyroid diseases or ablation

2. Highly purified EVs are isolated from plasma by density 
cushion combined with size exclusion chromatography
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3. MiR-146b-5p and miR-21a-5p levels in purified plasma-

EVs are higher in malignant thyroid diseases
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Conclusions (C)
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Conclusions (C)

miR-146b-5p
②

① Blood?
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1. Identification of two miRNAs, miR-146b-5p and miR-21a-5p that are significantly increased in

circulating extracellular vesicles of patient with PTC compared with benign diseases ;

2. No difference are observed in bulk plasma, supporting the hypothesis that circulating EVs are a

more consistent source of tumor-derived miRNAs.

miR-21a-5p

37



General conclusions
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EV-miRNAs
?

②

① Blood?

③

- We described a gentle tissue dissociation method that allows the isolation of EVs from normal and

cancerous thyroid and could be tested on other organs;

- We provided a gradual EV-miRNAs profiling during BRAFV600E-driven PTC development showing a

differential timing between up- and downregulation of EV-miRNAs that reflects miRNA deregulation in

thyrocytes;

- We identified the cellular origin of thyroid-derived EVs showing a massive contribution of immune and

endothelial EVs and questioning the extend of intercellular communication occurring in healthy and

cancerous thyroids via EVs;

- We showed that EV enrichment from patient plasma prior to miRNA analysis can effectively increase

differences between disease conditions and help in diagnosis;

- We proposed interesting candidates for further studies on EV-miRNAs in thyroid cancers.
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