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Background and methods
Dysbiosis of the gut microbiota has been linked to 
colorectal cancer (CRC)[1].
Alterations of human microRNAs (miRNAs) are also 
implicated in CRC [2] and recent findings support a 
crosstalk between gut microbiota and miRNAs released in 
the gut lumen. Specifically, miRNAs detectable in feces 
are released in the gut lumen by the epithelial cells, where 
regulate microbial gene expression (Fig. 1A) [3].

An integrative analysis of fecal shotgun metagenomic 
sequencing and small RNA-Seq (sRNA-Seq) data of 
1,358 subjects from ten European cohorts was 
performed (Fig. 1B). The study included 341 CRC 
patients, 195 subjects with precancerous lesions, 194 
with non-tumoral gastrointestinal diseases (other GID), 
and 628 healthy controls.

Figure 1. A) Representation of fecal miRNAs targeting microbial genes (adapted from 
[1]). B) Overview of the study cohorts.
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Levels of fecal miRNAs and microbial species are 
stable in time

Evaluation of stability 
over time

Repeated observations by 
subject and time

Sequencing data from six healthy volunteers were investigated to evaluate overall miRnome and 
microbiome stability over six months (Fig. 2A). PCA for these subjects clustered closely, reflecting 
similar profiles, and suggesting low intra-subject variability and high stability of miRNA levels and 
microbial abundance over time (Fig. B). 

Figure 2. A)  Scheme depicting the workflow used to evaluate 
the fecal miRNA and microbial stability. B) Scatter plots 
reporting the results of PCA based on miRNA levels (top) and 
microbial abundance (bottom) form repeated samples.
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Next steps
● Levels of fecal miRNAs and microbial 
species distinguished single healthy 
subjects and were stable over time

These results support the role of 
miRNAs as mediators of cross-

kingdom interactions

● miRNAs significanlty correlated with 
microbial heterogeneity and abundance, 
forming a network of putative miRNA-
microbial associations

● Use in-vitro systems 
to model putative 
associations

MIVO© gut-on-chip[4]

● Find candidate miRNA targets in the 
microbial transcriptome

Human miRNA

Microbial RNA
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Fecal miRNAs associated with microbial diversity
Trend test analysis identified miRNAs associated with CRC progression. Then, an age-, sex-, and 
cohort-adjusted linear model was fitted to remove confounding and reduce cohort effects, yielding 50 
CRC progression-specific miRNAs. Meta-correlation analysis revealed cohort-shared 
associations between late-stage CRC–linked miRNAs, oral bacterial abundance, and microbial 
evenness.

Figure 3. A) Volcano plot showing the miRNAs associated with disease progression. B) Box plots 
reporting two examples of miRNAs with a significant trend. C) Dot plot showing the correlation 
between selected miRNAs and microbial diveristy metrics.
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A network of miRNA-microbial associations 
characterized CRC patients

A B

C

Meta-correlation analysis was performed to asses the coherent and significant associations among study cohorts (R 
meta package). Particularly, for each sample class, a random model was fitted to estimate the standardized correlation 
coefficient using as input a set of defined correlations computed using Spearman method.

D

Figure 4. A)  Upset plot of identified associations. B) Forest plot showing the top 10 significant associations in each 
sample class. C) Bar plot showing the top 10 correlated species (bold refers to oral species). D) miRNA-microbial 
species association network in healthy controls (left) and CRC patients (right).

The analysis highlighted 161 significant (adj. p <0.05) miRNA-microbial species associations across sample classes 
and cohorts, mainly negative and in CRC (Fig. 4A-B). The set of mostly connected species included oral species (Fig. 
4C), whose associations with fecal miRNAs differed between healthy subjects and CRC patients (Fig. 4D).

Control Other GID Adenoma CRC

−0.7 0.0 0.7 −0.7 0.0 0.7 −0.7 0.0 0.7 −0.7 0.0 0.7

miR−4492 Prevotella marseillensis|SGB1588
miR−10400−5p Prevotella marseillensis|SGB1588

miR−4488 Prevotella marseillensis|SGB1588
miR−3960 Prevotella marseillensis|SGB1588

miR−10400−5p Phocaeicola plebeius|SGB1903
miR−7−5p Dysosmobacter welbionis|SGB15078

miR−1181 Oscillibacter sp PC13|SGB7258
miR−7108−5p Alistipes senegalensis|SGB2296

miR−200a−3p Oscillibacter valericigenes|SGB15124
miR−3960 Oscillibacter valericigenes|SGB15124

miR−192−5p Dysosmobacter welbionis|SGB15078
miR−6126 Faecalibacterium prausnitzii|SGB15332

miR−3960 Ruminococcus bromii|SGB4290
miR−148a−3p Clostridium sp AT4|SGB4753

miR−148a−3p Clostridia bacterium UC5 1 1D1|SGB14995
miR−423−5p Gemella morbillorum|SGB7295

miR−3960 Phocea massiliensis|SGB14837
miR−10400−5p Oscillibacter valericigenes|SGB15124

miR−182−5p Bifidobacterium dentium|SGB17234
miR−194−5p Oscillibacter valericigenes|SGB15124

miR−939−5p Faecalibacterium prausnitzii|SGB15332
miR−7−5p Gemella morbillorum|SGB7295

miR−200b−3p Clostridia bacterium UC5 1 1D1|SGB14995
miR−1246 Fusobacterium nucleatum|SGB6014

miR−1246 Dialister pneumosintes|SGB5842
miR−1246 Solobacterium moorei|SGB6826
miR−200b−3p Veillonella parvula|SGB6939

miR−148a−3p Streptococcus anginosus|SGB8028 group
miR−148a−3p Fusobacterium nucleatum|SGB6011

miR−1290 Dialister pneumosintes|SGB5842
miR−1246 Guopingia tenuis|SGB14127

miR−200c−3p Prevotella timonensis|SGB1507
miR−3960 TM7 phylum sp oral taxon 352|SGB19860 group
miR−4488 TM7 phylum sp oral taxon 352|SGB19860 group

miR−10400−5p Streptococcus thermophilus|SGB8002
miR−181a−5p Segatella copri|SGB1626

miR−3960 Streptococcus thermophilus|SGB8002
miR−4488 Streptococcus thermophilus|SGB8002
miR−4516 Streptococcus thermophilus|SGB8002

miR−320a−3p Sutterella wadsworthensis|SGB9283

Standardized corr.
Significance

ns

adj. p <0.05

p <0.05

Phocaeicola coprocola|SGB1891

miR-181a-5p

Bifidobacterium dentium|SGB17234

miR-21-5p

Segatella copri|SGB1626

Parvimonas micra|SGB6653

miR-2861

Streptococcus mitis|SGB8168

miR-4497

Senegalimassilia anaerobia|SGB14824 group

Oscillibacter valericigenes|SGB15076

Pseudoflavonifractor capillosus|SGB15140

miR-423-5p

miR-4636

miR-939-5p

Hydrogenoanaerobacterium saccharovorans|SGB15350

Streptococcus parasanguinis|SGB8071

Brotolimicola acetigignens|SGB4914

Gemella sanguinis|SGB7298 group

miR-7-5p

miR-192-5p

Dysosmobacter welbionis|SGB15078

miR-320a-3p

bacterium 210917 DFI 7 65|SGB14999

miR-10400-5p

Sutterella wadsworthensis|SGB9283

Alistipes senegalensis|SGB2296

Phocaeicola plebeius|SGB1903

Roseburia hominis|SGB4936

miR-4258

miR-148a-3p

let-7a-5p

miR-6126

Fusobacterium nucleatum|SGB6011

Solobacterium moorei|SGB6826

Faecalibacterium prausnitzii|SGB15332

miR-4488

miR-1290miR-143-3p

Streptococcus thermophilus|SGB8002

miR-1181

Dialister pneumosintes|SGB5842

Streptococcus anginosus|SGB8028 group

Clostridium SGB6173|SGB6173

Clostridia bacterium UC5 1 1D1|SGB14995

Prevotella marseillensis|SGB1588

miR-200b-3p

miR-12136

miR-3960

Rothia mucilaginosa|SGB16971 group

Oscillibacter sp PC13|SGB7258

miR-4516

miR-4634

Fusobacterium nucleatum|SGB6001

TM7 phylum sp oral taxon 352|SGB19860 group

Clostridium SGB4909|SGB4909

let-7f-5p

Prevotella timonensis|SGB1507

miR-194-5p

Clostridium sp AT4|SGB4753

miR-4651

miR-7108-5p

Fusobacterium nucleatum|SGB6014

Alistipes shahii|SGB2295

miR-26a-5p

Ruminococcus bromii|SGB4290

Streptococcus oralis|SGB8130

Veillonella parvula|SGB6939

miR-320e
miR-200a-3p

Phocea massiliensis|SGB14837

Eubacteriaceae bacterium|SGB3958

miR-4492

miR-1246

Yeguia hominis|SGB72336

miR-3160-5p

Eisenbergiella tayi|SGB4988

Clostridiales bacterium|SGB15143

Alistipes putredinis|SGB2318

miR-151a-3p

Agathobaculum butyriciproducens|SGB14993

Lachnotalea sp AF33 28|SGB5200

Ruthenibacterium lactatiformans|SGB15271

miR-378h

miR-200c-3p

let-7b-5p

Clostridium fessum|SGB4705

miR-215-5p

miR-7704

Gemella morbillorum|SGB7295

Oscillibacter valericigenes|SGB15124

Catenibacillus scindens|SGB59869
miR-182-5p

Phocaeicola coprocola|SGB1891

miR-181a-5p

Bifidobacterium dentium|SGB17234

miR-21-5p

Segatella copri|SGB1626

Parvimonas micra|SGB6653

miR-2861

Streptococcus mitis|SGB8168

miR-4497

Senegalimassilia anaerobia|SGB14824 group

Oscillibacter valericigenes|SGB15076

Pseudoflavonifractor capillosus|SGB15140

miR-423-5p

miR-4636

miR-939-5p

Hydrogenoanaerobacterium saccharovorans|SGB15350

Streptococcus parasanguinis|SGB8071

Brotolimicola acetigignens|SGB4914

Gemella sanguinis|SGB7298 group

miR-7-5p

miR-192-5p

Dysosmobacter welbionis|SGB15078

miR-320a-3p

bacterium 210917 DFI 7 65|SGB14999

miR-10400-5p

Sutterella wadsworthensis|SGB9283

Alistipes senegalensis|SGB2296

Phocaeicola plebeius|SGB1903

Roseburia hominis|SGB4936

miR-4258

miR-148a-3p

let-7a-5p

miR-6126

Fusobacterium nucleatum|SGB6011

Solobacterium moorei|SGB6826

Faecalibacterium prausnitzii|SGB15332

miR-4488

miR-1290miR-143-3p

Streptococcus thermophilus|SGB8002

miR-1181

Dialister pneumosintes|SGB5842

Streptococcus anginosus|SGB8028 group

Clostridium SGB6173|SGB6173

Clostridia bacterium UC5 1 1D1|SGB14995

Prevotella marseillensis|SGB1588

miR-200b-3p

miR-12136

miR-3960

Rothia mucilaginosa|SGB16971 group

Oscillibacter sp PC13|SGB7258

miR-4516

miR-4634

Fusobacterium nucleatum|SGB6001

TM7 phylum sp oral taxon 352|SGB19860 group

Clostridium SGB4909|SGB4909

let-7f-5p

Prevotella timonensis|SGB1507

miR-194-5p

Clostridium sp AT4|SGB4753

miR-4651

miR-7108-5p
Fusobacterium nucleatum|SGB6014

Alistipes shahii|SGB2295

miR-26a-5p

Ruminococcus bromii|SGB4290

Streptococcus oralis|SGB8130

Veillonella parvula|SGB6939

miR-320e
miR-200a-3p

Phocea massiliensis|SGB14837

Eubacteriaceae bacterium|SGB3958

miR-4492

miR-1246

Yeguia hominis|SGB72336

miR-3160-5p

Eisenbergiella tayi|SGB4988

Clostridiales bacterium|SGB15143

Alistipes putredinis|SGB2318

miR-151a-3p

Agathobaculum butyriciproducens|SGB14993

Lachnotalea sp AF33 28|SGB5200

Ruthenibacterium lactatiformans|SGB15271

miR-378h

miR-200c-3p

let-7b-5p

Clostridium fessum|SGB4705

miR-215-5p

miR-7704

Gemella morbillorum|SGB7295

Oscillibacter valericigenes|SGB15124

Catenibacillus scindens|SGB59869 miR-182-5p

CRC

Healthy

34

29

24

15 15

10
9

6
5

3 3
2

1 1 1 1 1 1

0

10

20

30

In
te

rs
ec

tio
n 

S
iz

e

CRC negative
Control positive
CRC positive

Conrol negative
Other GID positive
Adenoma negative
Other GID negative
Adenoma positive

010203040

Set Size

0

20

40

60

80

Fuso
bac

te
riu

m
 n

ucl
ea

tu
m

|S
GB60

01

Osc
illi

ba
cte

r v
ale

ric
ige

ne
s|S

GB15
12

4

Pho
ce

a 
m

as
sil

ien
sis

|S
GB14

83
7

Dys
os

m
ob

ac
te

r w
elb

ion
is|

SGB15
07

8

Fuso
bac

te
riu

m
 n

ucl
ea

tu
m

|S
GB60

11

Fuso
bac

te
riu

m
 n

ucl
ea

tu
m

|S
GB60

14

Gem
el

la
 m

orb
ill

oru
m

|S
GB72

95

Hyd
ro

ge
no

an
ae

ro
ba

cte
riu

m
 sa

cc
ha

ro
vo

ra
ns

|S
GB15

35
0

Pre
vo

te
lla

 m
ar

se
ille

ns
is|

SGB15
88

Dial
ist

er
 p

ne
um

os
int

es
|S

GB58
42

N
um

be
r 

of
 a

ss
oc

ia
te

d 
m

iR
N

A
s

log2FC

-2 2.0

Stand. Corr.

-0.4 0.4

Feature
miRNA

Microbial SGB

Oral SGB

Association
Significant

ns

Abstract: SIC804-41


