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PROPAGATION PHENOMENA



Figure 2 Release of miRNAs from cells into the blood circulation

Schwarzenbach, H. et al. (2014) Clinical relevance of circulating cell-free microRNAs in cancer

Nat. Rev. Clin. Oncol. doi:10.1038/nrclinonc.2014.5

Release of Cell-free DNA and miRNAs from cells into
the blood circulation



THE DEEP SEQUENCING 
OF CIRCULATING cf-nDNA

Feasibility study on 12 volunteers:

▪ Three healthy YOUNG 25 y ± 0.5; Y
▪ Three healthy OLD 71 y ± 1.6; O
▪ Six 101.8 y ± 1.1; 3 in very good health conditions-HC- (SMMSE ≥ 24, ability to 

walk)  and 3 in unhealthy conditions UHC- (not able to perform SMMSE, 

bedridden, they died about three years after).

✓ F:M = 2:1 (except for unhealthy centenarians who consisted of all females)



Biological questions:

• Did they differ in term of quantity of cf-DNA?

• Did they differ in term of cf-DNA sequences, in particular Healthy
and Unhealthy 100+?

➢No, they didn't.
Y (7.9 ng/mL ± 2 SD); 

O (7 ng/mL ± 0.8); 
H (8.4 ng/mL ± 0.8); 

UHC (7.7 ng/mL ± 1.3).

➢Yes, they did.



▪ Identified an enrichment of 
166-175 bp fragments, which 
corresponds to the length of 
a chromatosome. Where do 
they are from? => a 
bioinformatic approach 
(MNase-seq).

▪ Identified 5 
subcompartments (A1, A2, 
B1, B2, B3) using Hi-C data-
seq associated with distinct
histone modifications.

A1- A2 euchromatic regions that are 

gene rich

B1- facultative heterochromatic 

regions

B2- enriched at the nuclear lamina 

and nucleolus-associated domains 

(NADs)

B3- also enriched at the nuclear 

lamina domain but not at NADs.
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Chrom 11

Cf-DNA signal average in the different
subcompartments along all chromosomes

Average cf-DNA signals



All groups vs Y group (in the picture):
• Increase of B2 and B3;
• Decrease of A1, A2 and B1 in O and UHC 

groups (also confirmed in HC except A2).

▪ Young subjects are similar to healthy
centenarians

▪ Old subjects are similar to unhealthy
centenarians

▪ Redistribution of cf-DNA signals from 
heterochromatin regions to euchromatic
regions in old age and unhealthy conditions

COMPARISONS OF ALL GROUPS INSIDE THE DIFFERENT REGIONS



WHAT RELEVANT SEQUENCES in cf-DNA?

➢ CCCTC-binding factor (CTCF): NDR 
flanked by well-positioned
nucleosomes and these signals
attenuate with age.

➢ CTCF has been shown to play roles
in mediating the formation of 
chromatin loops.

Major differences between Y and UHC 

▪ Expected structure
charactering
Nucleosome-
depleted regions of 
DNA (NDRs);

• Comparison with 
GM12878ENCODE 
ChIP-seq data



Transposable elements: L1HS and AluY

Decreased (first 668 bp of 
5’UTR) cf-DNA signals from L1HS 
promotor and enhancer in UHC
and O.

Decreased cf-DNA signals from 
AluY in UHC and O. 

WHAT GENE-RELATED SEQUENCES in cf-DNA?



WHERE DOES cf-DNA COME FROM?

p < 0.05; Kruskall-Wallis Test  

Correlations with 
corresponding
signal intensities
in Genotyping
Tissue
Expression
Projects (GTEx) 



✓Circulating cf-DNA profile changes with age (increase of 
euchromatin regions).

✓Nucleosome sequences at several genomic locations 
(CCTF-binding site and retrotransposon elements) have
been identified and their signals decrease in old
age/unhealthy longevity. 

✓Data of cf-DNA-seq pave the way for identifying the 
organs/tissues where cf-DNA comes from and likely
characterise new biomarkers of healthy/unhealthy
trajectories.

CONCLUSIONS (I)





Subjects Total reads Aligned reads
Precursor miR

reads

Mature miR

Reads

Y1 1,6E+07 6,0E+06 4,5E+03 5,1E+06

Y2 1,2E+07 6,2E+06 3,2E+03 5,8E+06

Y3 7,7E+06 1,3E+06 1,6E+03 9,3E+05

O1 2,1E+07 9,4E+06 5,7E+03 8,4E+06

O2 1,1E+07 3,4E+06 3,2E+03 2,8E+06

O3 1,4E+07 5,6E+06 9,0E+03 4,5E+06

HC1 7,0E+06 2,7E+06 1,9E+03 2,3E+06

HC2 3,9E+06 1,2E+06 8,6E+02 1,0E+06

HC3 4,1E+06 1,5E+06 1,1E+03 1,2E+06

UHC1 5,1E+06 8,3E+05 3,8E+02 6,4E+05

UHC2 4,5E+06 9,9E+05 7,4E+02 7,8E+05

UHC3 4,6E+06 7,2E+05 1,2E+03 4,6E+05

NextSeq500 (Illumina platform/Exiqon).

Quality control: Q-score>30; 99.9% accuracy.

Mapping on miRBase 2.0

Manuscript in 
preparation; 
Morsiani et al., 

THE DEEP SEQUENCING OF CIRCULATING small-RNAs: 
the same cohort of 12 volunteers



18 Significant deep-sequenced miRs with age

7 Significant deep-sequenced miRs in 
Healthy/Unhealthy longevity



Validation in an enlarged cohort (66 subjects) by RT-qPCR
miR-19a-3p

Y = 16 subjects
O = 16
C = 17
HC = 11
UHC = 6
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Validation in an enlarged cohort (66 subjects) by RT-qPCR
miR-19b-3p
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11.0%

89.0%

Y

base seq others seq

11.4%

88.6%

O

base seq others seq

11.5%

88.5%

C

base seq others seq

0.8%

99.2%

HC

base seq others seq

22.1%

77.9%

UHC

base seq others seq

miR-19a-3p ISOMIRs: Expression (%) of the 
exact sequence vs other sequences

*

B

p = 0.012



5.3%

94.7

HC

base seq others seq

12.3%

87.2%

Y

base seq others seq

11.4%

88.6%

O

base seq others seq

12.3%

87.7%

C

base seq others seq

19.3%

80.7%

UHC

base seq others seq

p = n.s.

miR-19b-3p ISOMIRs: Expression (%) of the 
exact sequence vs other sequences



KEGG pathways considering the intersection of miR-19a-3p and miR-19b-3p validated targets



KEGG pathway: Proteoglycans in cancer (44 genes)

p <1e-325

Color code:
Orange: target of both miRs
Yellow: target of one out of two miRs



p < 1e-325 (30 genes) 

KEGG pathway: Intersection of miR-19a-3p; -19b-3p; -221-5p and -145-5p validated targets

Color code:
Orange: shared
target of all miRs
Yellow: target of 
one out of four
miRs



p < 1.192673e-05 (47 genes)

Color code:
Orange: shared target of all miRs
Yellow: target of one out of four miRs



✓miR-19a-3p and miR-19b-3p change with age/longevity
and are involved in the PROTEOGLYCANS IN CANCER 
pathway (KEGG) in particular IGF1R is a target of both;

✓Small-RNA deep sequencing between HC and UHC identify
seven miRs and their targets (shared by 4 out of 7 miRs) 
converge on Extracellular-Matrix interaction and Thyrod
Hormone signalling pathways => convergence with cf-DNA-
seq data;

✓Isomirs-19a/19b increase in HC.

CONCLUSIONS (II)



NEW PERSPECTIVE

➢Do isomirs explain epigenetic adaptation phenomena? Do 
they represent a possible molecular advantage? => 
association with ER –stress (Mesitov et al., 2017); induced 
by IFN-type I (Nejad et al., 2018).

➢THE INCREASE OF CIRCULATING ISOMIRs IN HEALTHY 
LONGEVITY MAY BE THE RESULT OF THE INDIVIDUAL 
IMMUNOBIOGRAPHY



Circulating cf-DNA and miRs/IsomiRs for 

healthy and unhealthy trajectory prediction?

Olivieri F, Capri M et al., 2017



MiR-TEAM at ALMA MATER STUDIORUM 

Miriam Capri

Cristina Morsiani

Current projects:

❖ Aging/longevity

❖ Carotid disease

❖ Liver transplant and old donors

❖ Myopathies

❖ Myelofibrosis syndromes

❖ Inflammation associated with 

human spaceflight

Salvatore Collura



Thank you very much for your attention!
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▪ NIH-NIA-National Institute of Health-MD, USA

▪ BGI- Honk Kong

▪ Universidade Federal de Minas Gerais, Brasil



Haemato-biochemical Parameters

WBC MCHC RDWCV ALB PROT CRP

HC mean 5.65 31.82 14.68 3.82 7.10 3.41

sd 0.92 0.78 0.99 0.58 0.48 4.41

UHC mean 7.55 30.43 16.30 3.25 6.46 11.57

sd 2.41 1.32 2.23 0.23 0.36 10.18

p value 0.039 0.019 0.063 0.039 0.028 0.041

WBC: white blood cell count (4.8-8.5 x1000/µl). MCHC: mean corpuscular hemoglobin concentration 

(33-38 gr/dl). RDWCV: red blood cell distribution (11.5-14.5 %). ALB: albumin (3.5-5.2 gr/dl). PROT: 

total protein (6.2-8 gr/dl). CRP: C-reactive protein (max 6 mg/l).



Relative expression of miR-206. 

RT-qPCR in plasma samples of 15 
healthy young donors (average 30 
years old), 16 healthy old donors 
(average 71 years old), 16 
centenarians of which 10 healthy 
and 6 unhealthy (average 101 
years). miR-206 was evaluated in 
young (Y), old (O), healthy (HC) and 
unhealthy centenarians (UHC). 
Data are reported as mean values 
± standard deviation. Data were 
analyzed with Kruskal-Wallis test: * 
= p ≤ 0.05.

microRNAs from skeletal muscle

Paper in progress with Marco Sandri

myo



ISTAT- Up-dated
January 1st 2019

CENTENARIANS IN ITALY (100+): 14,456; M = 2,324; F= 12,132

North-Est

2867; M:F = 1:6.8

Center 3168; 

M:F = 1:5

ISLANDS:

1459; M:F = 1:3.7

Population: 60,359,546

North-West

3948; M:F = 1:7.6

Bologna (and province): 343; M:F = 1:6.8

105+ = 1,112
110+ = 21

Torino (and 
province): 489; 
M:F = 1:6.6

South: 3014; 

M:F = 1: 3.5


