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The "Seed" targets

. , 3"
miRNA: N NNNNNNNNNNNNNN

target: ~_— @ ~_—

Most efficient binding sites:
» in3" UTRs
» supplemented by match to nt 8 or A facing nt 1
» in a favorable sequence context
» phylogenetically conserved

— Computational target prediction.
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» miRNAs are easy to quantify

P their targets are easy to predict

— Many studies describing differential miRNA abundance
in cancer vs. normal tissue, then proposing a causal role for
miRNAs based on automatic annotation of their predicted
targets.
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miRNAs and their targets

» miRNAs are easy to quantify
P their targets are easy to predict

— Many studies describing differential miRNA abundance
in cancer vs. normal tissue, then proposing a causal role for
miRNAs based on automatic annotation of their predicted
targets.

These targets are mere predictions; enrichment in an
annotated function is no proof of a biological effect.
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Fuzzy definition for tumor suppressor miRNAs

Tumor suppressors: selectively lost in cancers;
anti-proliferative action under their endogenous expression

level (Weinberg, 1991).
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Fuzzy definition for tumor suppressor miRNAs

Tumor suppressors: selectively lost in cancers;
anti-proliferative action under their endogenous expression
level (Weinberg, 1991).

Explicitly excludes genes with cytotoxic or cytostatic activity
only upon unrealistic overexpression.
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Tentative definitions of tumor suppressor miRNAs:
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Fuzzy definition for tumor suppressor miRNAs

Tentative definitions of tumor suppressor miRNAs:
» down-regulated in cancers or cancer models (Zhang et
al., 2007);
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Fuzzy definition for tumor suppressor miRNAs

Tentative definitions of tumor suppressor miRNAs:
» down-regulated in cancers or cancer models (Zhang et
al., 2007);
> their proposed targets have oncogenic properties (Wong
et al., 2011);
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Fuzzy definition for tumor suppressor miRNAs

Tentative definitions of tumor suppressor miRNAs:

» down-regulated in cancers or cancer models (Zhang et
al., 2007);

> their proposed targets have oncogenic properties (Wong
et al., 2011);

» both criteria (Adams et al., 2016).
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Fuzzy definition for tumor suppressor miRNAs

Tentative definitions of tumor suppressor miRNAs:

» down-regulated in cancers or cancer models (Zhang et
al., 2007);

> their proposed targets have oncogenic properties (Wong
et al., 2011);

» both criteria (Adams et al., 2016).

No reason to restrict the initial definition to coding genes.

Tumor suppressor
microRNAs: the
case of miR-34a

Fuzzy definition for
tumor suppressor

miRNAs



https://pubmed.ncbi.nlm.nih.gov/16989803/
https://pubmed.ncbi.nlm.nih.gov/16989803/
https://pubmed.ncbi.nlm.nih.gov/22126155/
https://pubmed.ncbi.nlm.nih.gov/22126155/
https://pubmed.ncbi.nlm.nih.gov/26652031/

miR-34a, a candidate tumor suppressor

The most heavily studied candidate tumor suppressor
miRNA:

Tumor suppressor
microRNAs: the
case of miR-34a

miR-34a, a
candidate tumor
suppressor




miR-34a, a candidate tumor suppressor Tumor suppressor

microRNAs: the

case of miR-34a

The most heavily studied candidate tumor suppressor
miRNA:

> 6 miRNAs in the family:

. . . miR-34a, a
Human miR-34 family members: candidate tumor
miR-34b-5p AGGCAGUGU--CAUUAGCUGAUUG- Suppresser

miR-34c-5p AGGCAGUGU--AGUUAGCUGAUUGC
miR-34a-5p UGGCAGUGU--C-UUAGCUGGUUGU
miR-449a UGGCAGUGUAUUGUUAGCUGGU---
miR-449b-5p AGGCAGUGUAUUGUUAGCUGGC---
miR-449c-5p AGGCAGUGUAUUGCUAGC-GGCUGU

 ——
Seed
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The most heavily studied candidate tumor suppressor

miRNA:
» 6 miRNAs in the family
» 2007: miR-34a, b and c are controlled by p53 (review).
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miR-34a, a candidate tumor suppressor

The most heavily studied candidate tumor suppressor

miRNA:
» 6 miRNAs in the family

» 2007: miR-34a, b and c are controlled by p53 (review).

» Some instances of miR-34a deletion in cancers.
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miR-34a, a candidate tumor suppressor

The most heavily studied candidate tumor suppressor
miRNA:
» 6 miRNAs in the family

» 2007: miR-34a, b and c are controlled by p53 (review).

» Some instances of miR-34a deletion in cancers.
» Transfection of miR-34a inhibits proliferation in many
cell lines.
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miR-34a, a candidate tumor suppressor

The most heavily studied candidate tumor suppressor
miRNA:
» 6 miRNAs in the family

» 2007: miR-34a, b and c are controlled by p53 (review).

» Some instances of miR-34a deletion in cancers.
» Transfection of miR-34a inhibits proliferation in many
cell lines.

— Over the last 14 years: a myriad of studies; a clinical
trial (*“MRX34": a synthetic miR-34a, administered to
patients with solid tumors).
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miR-34a, a candidate tumor suppressor

The most heavily studied candidate tumor suppressor
miRNA:
» 6 miRNAs in the family
» 2007: miR-34a, b and c are controlled by p53 (review).
» Some instances of miR-34a deletion in cancers.
» Transfection of miR-34a inhibits proliferation in many
cell lines.

— Over the last 14 years: a myriad of studies; a clinical
trial (*“MRX34": a synthetic miR-34a, administered to
patients with solid tumors).

Failure of the trial (Beg et al., 2017; Hong et al., 2020).
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miR-34a, a candidate tumor suppressor Tumor suppressor

microRNAs: the

case of miR-34a

The most heavily studied candidate tumor suppressor
miRNA:
» 6 miRNAs in the family
» 2007: miR-34a, b and c are controlled by p53 (review). miR-34a, a
» Some instances of miR-34a deletion in cancers. 2333122523“"“"
» Transfection of miR-34a inhibits proliferation in many

cell lines.

— Over the last 14 years: a myriad of studies; a clinical
trial (*“MRX34": a synthetic miR-34a, administered to
patients with solid tumors).

Failure of the trial (Beg et al., 2017; Hong et al., 2020).
Mixed results in mouse (encouraging results in pre-clinical
assays; but the miR-34a—/~, miR-34b=/—, miR-34c~/—
triple KO does not exhibit abnormal p53 response:
Concepcion et al., 2012).
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miR-34a is not repressed or mutated in cancers |REEEEEE
micro s: the
case of miR-34a

Following analyses: published in Mockly et al., 2022.
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miR-34a is not repressed or mutated in cancers |REEEEEE
micro s: the
case of miR-34a

Comparison of miRNA expression in primary tumor and
normal adjacent tissue (GDC data portal).
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miR-34a is not repressed or mutated in cancers

Comparison of miRNA expression in primary tumor and
normal adjacent tissue (GDC data portal):

log(abundance in cancer / in normal tissue)

M\ ‘I |

miR-34a

NOS

Adenocarcinoma, NOS (Cardia, NOS)
Adenocarcinoma, NOS (Prostate gland)
Adenocarcinoma, NOS (Upper lobe, lung)
Adenocarcinoma, NOS (Lower lobe, lung)
Squamous cell carcinoma, NOS (Larynx, NOS)
Squamous cell carcinoma, NOS (Upper lobe, lung)
Squamous cell carcinoma, NOS (Lower lobe, lung)
Adenocarcinoma, NOS (Lung, NOS)

Squamous cell carcinoma, NOS (Lung, NOS)
Squamous cell carcinoma, NOS (Overlapping lesion of lip, oral cavity and pharynx)
Squamous cell carcinoma, NOS (Tongue, NOS)
Infiltrating duct carcinoma, NOS (Breast, NOS)
Hepatocellular carcinoma, NOS (Liver)

Renal cell carcinoma, NOS (Kidney, NOS)
Papillary adenocarcinoma, NOS (Thyroid gland)
Clear cell adenocarcinoma, NOS (Kidney, NOS)

Papillary adenocarcinoma, NOS (Kidney, NOS)

Renal cell carcinoma, chromophabe type (Kidney, NOS)

(cancer types with > 10 analyzed cases)
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miR-34a is not repressed or mutated in cancers [REg——

microRNAs: the

case of miR-34a

Comparison of miRNA gene loss in cancer (GDC data
portal):

tumor

miRNA
[[] Adenocarcinoma, NOS (Upper lobe, lung)
Adenocarcinoma, NOS (Lower lobe, lung)
Infiltrating duct carcinoma, NOS (Head of pancreas)
Hepatocellular carcinoma, NOS (Liver)

3 B Squamous cell carcinoma, NOS (Tongue, NOS)

g 80 Squamous cell carcinoma, NOS (Lower lobe, lung)

S Squamous cell carcinoma, NOS (Upper lobe, lung) miR-34a is not

< Squamous cell carcinoma, NOS (Larynx, NOS)

g % Clear cell adenocarcinoma, NOS (Kidney, NOS) repressed or

L Renal cell carcinoma, NOS (Kidney, NOS) mutated in cancers
g Papillary adenocarcinoma, NOS (Kidney, NOS)

2 20 Transitional cell carcinoma (Bladder, NOS)

8 T lymphoblastic leukemia lymphoma (Bone marrow)

= 0 Acute myeloid leukemia, NOS (Bone marrow)

Mixed glioma (Cerebrum)
Malignant melanoma, NOS (Skin, NOS)
Astrocytoma, anaplastic (Cerebrum)
Glioblastoma (Brain, NOS)

I Adenocarcinoma, NOS (Prostate gland) -
Infiltrating duct carcinoma, NOS (Breast, NOS) Supplementary
Serous i NoS data

Lobular carcinoma, NOS (Breast, NOS)
Squamous cell carcinoma, NOS (Cervix uteri)
Adenocarcinoma, NOS (Sigmoid colon)
Adenocarcinoma, NOS (Colon, NOS)

Papillary carcinoma, follicular variant (Thyroid gland)
Papillary adenocarcinoma, NOS (Thyroid gland)

| serous cystadenocarcinoma, NOS (Ovary)

mir-34a locus

(cancer types with > 100 analyzed cases)
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miR-34a is not repressed or mutated in cancers |REEEEEE
micro s: the
case of miR-34a

Comparison of miRNA sequence variation in cancer (GDC RIS and ther
data portal): Fuesyldletr tianites

tumor

[ Globastoma (8ain N0S) <

i o et ) &

2

s B

z

E

s

c 4

S

s

g2 miR-34a is not

<

3 repressed or

go mutated in cancers
el mesobetama. matgnan (eus, NOS) 8
Savamovs oo crcgma.NOS (Cov o) ®

Astocytoma, NOS (Gorotrum)
‘Adenocarcinoma, NOS (Colon, NOS)

s S Conte o)
Trtons o corenom Loore wl o o

denocarinoma NOS (rcsnad rcton
Acrenal cotcal ca Cor

NOS (C.
(0S (Upper obe. lung)
Sauamous call carcinoma, NOS (Lower obe, lng)

Supplementar
data

L] Adenccarcinoma, NS (Cacum)

mir-34a locus

(cancer types with > 100 analyzed cases)
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miR-34a is not a general repressor of proliferation |REEEEEEs
micro s: the
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Available data: over-expression experiments.
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miR-34a is not a general repressor of proliferation

Available data: over-expression experiments (prone to false
positives; Mockly and Seitz, 2019).
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miR-34a is not a general repressor of proliferation

In human HCT-116 and HAP1 cells:

sgRNA: AAGCUCUUCUGCGCCACGGUGGG sgRNA: GCCGGUCCACGGCAUCCGGAGGG
mir-34a
pre-miRNA
T T T T T 1
9,151,550 9,151,600 9,151,650 9,151,700 9,151,750 9,151,800
|
chrt: - . MIR34AHG

T T T T
9,130,000 9,140,000 9,150,000 9,160,000 9,170,000 9,180,000
bp (in hg38 assembly)
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microRNAs: the

case of miR-34a

In human HCT-116 cells:

3x10°
E 4
=y miR-21-5p
E‘,’ 5|
S 2x10
9
g «: miR-5p (miR-34 subfamily)
c « : miR-5p (MiR-449 subfamily)
§ 1x10°4 o @Ef%p fmli—ijigb[aﬁﬂly‘?/ ; )
8 miR-3p (MiR-449 subfamily) miR-34a is not a
S general repressor
< of proliferation
ol &
i T T 1
0 1x10° 2x10° 3x10°

Abundance in WT (ppm)
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microRNAs: the

case of miR-34a

In human HCT-116 cells:

__ 700~

g

8 600-
\‘i 500-

v i ] «: miR-5p (miR-34 subfamily)

% 400 «: miR-5p (MiR-449 subfamily)

o: miR-3p (miR-34 subfamily)

£ 300 TN 449 subfamil

3 miR-3p (miR-449 subfamily) miR-34a is not a
S 200+ z general repressor
2 - of proliferation
3 100+ miR-34a-5p

<

o A!m\R—ZMa—Sp \'
0 100 200 300 400 500 600 700
Abundance in WT (ppm)
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microRNAs: the

case of miR-34a

600
—~ 500
g 94% decrease
8 400+ °
Q
2 300
g iR-34
c N — MiR-94a
3% miR-4492a
< 100+ miR-449c miR-34a is not a
_I//— miR-34c genera! repressor
0- _:_ miR-449b of proliferation

WT miR-34a” " miR-34b
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microRNAs: the

case of miR-34a

Cell line: HCT-116

-

S 3.5+

s 3

1) _zns
-% 2.5 L

k] 3 o

5 2

2 L

B 1.5 2

2 e 4

E 1" 27

8 »° p-value = 0.321
£ 057 #%.. wild-type clones (T, = 18.2 h)
E o4 «s» miR-34a’ clones (T4 = 18.7 h)
2 6 1'0 2'0 3'0 4'0 5'0 miR-34a is not a

Time (h) genera! repressor
of proliferation
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microRNAs: the

case of miR-34a

Cell line: HCT-116 Cell line: HAP1
3.5
3_
2.54
2_
1.5
1_
e p-value = 1.4x10°

051 & _
,* +++» wild-type clones (T, = 16.8 h)
0L -« MiR-34a" clones (T4 = 17.8 h)

1" z
»° p-value = 0.321
051 Z, wild-type clones (T, = 18.2 h)
04 «s» miR-34a’ clones (T4 = 18.7 h) i )
0 10 20 30 40 50 0 10 20 30 40 50 60 milR 3‘73 s
Time (h) Time (h) general repressor

of proliferation

log(number of cells) relative tot =0 h
&
f
[
W
log(number of cells) relative tot =0 h
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micro s: the
case of miR-34a

Cell line: HCT-116 Cell line: HAP1

- p-value = 0.321

057 %, wild-type clones (T, = 18.2 h)

04 «s» miR-34a’ clones (T4 = 18.7 h)

0 10 20 30 40 50 0 10 20 30 40 50 60

Time (h) Time (h) general repressor
of proliferation

# p-value = 1.4x10°
,* +++» wild-type clones (T, = 16.8 h)
0L -« MiR-34a" clones (T4 = 17.8 h)

log(number of cells) relative tot =0 h
&
f
[
W
log(number of cells) relative tot =0 h
o
:
I

miR-34a is not a

— Proliferation arrest may be an artifact of miR-34a
overexpression.
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microRNAs: the

case of miR-34a

10 nM mimic:

nd
o

N

o

p-value = 1.99x10*
« ctrl duplex (T4 = 30.6 h)
+ miR-34a duplex (T, = 40.5 h)
T T T T 1
%0 Tir:eo(h) s 60 70 miR-34a is not a
general repressor
of proliferation

log(number of cells) relative tot = 0 h
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microRNAs: the
case of miR-34a

- 10 nM mimic: - 1 nM mimic:
S 25 S 25 L-Ans
" il 3
) < 4 K
° 2 PNt - 2 I.'o
< Y 315 P 4
2 2
8 8 1 2
® s i
@ [ i
€ p-value = 1.99x10* 2057 .- p-value = 0.857
f:, « ctrl duplex (T4 = 30.6 h) g I~ « ctrl duplex (T4 = 26.9 h)
3 + miR-34a duplex (T, = 40.5 h) 2 0-% « miR-34a duplex (T4 = 27.1 h)
2 r T T T T T 1 2 r T T T T T 1
10 20 30 40 50 60 70 10 20 30 40 50 60 70 iR-34a i
Time (h) Time (h) miR-34a is not a

general repressor
of proliferation
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microRNAs: the

case of miR-34a

1x10'g
1x10°
1x10°
1x10*
1x103 miR-34a is not a

general repressor
- of proliferation
1x10%-

miR-34a mimic (nM): 0 1 10
Quantified miRNA: miR-34a

Copies of miRNA / ng of total RNA
LU L L L 1
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microRNAs: the

case of miR-34a

1x10'g
1x10°
1x10°
1x10*

1x103 miR-34a is not a
general repressor
- - of proliferation
1%102-
miR-34a mimic (nM): ? T E
Quantified miRNA: miR-34a

Copies of miRNA / ng of total RNA
NI T T T

1 nM transfection over-expresses miR-34a by >490-fold;
10nM: by >8,000-fold.
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microRNAs: the

case of miR-34a

1x10'g

1x108

1x10°5

1x10%

1x10%4]

Copies of miRNA / ng of total RNA
RN T T AT

1x102-

miR-34a is not a

general repressor

of proliferation
Time post-transfection (h): 1 24 1 24

miR-34a mimic (nM): 0 1 10
Quantified miRNA: miR-34a

1 nM transfection over-expresses miR-34a by >490-fold;
10nM: by >8,000-fold.




miR-34a is not a general repressor of proliferation

1x107g

1x108

1x10°

1x10%

1x103

O T N 11 T

Copies of miRNA / ng of total RNA

Time post-transfection (h): 1 24 1 24 1

1x102-

24

miR-34a mimic (nM): 0 1 10 0 1 10
Quantified miRNA: miR-34a miR-21

1 nM transfection over-expresses miR-34a by >490-fold;
10nM: by >8,000-fold.

Tumor suppressor
microRNAs: the
case of miR-34a

miR-34a is not a
general repressor
of proliferation
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microRNAs: the

case of miR-34a

5_
< 1x10 E
zZ =
x .
S i
2
5 1x10%*
2 = n.s.
S - S—
3 ,
> |
x
£ 1x10°-
k] =
%] — miR-34a is not a
% : general repressor
8 of proliferation
1x102—
Time post-treatment (h): 24 24
Doxorubicin treatment: - +
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miR-34a does not meet any of the two criteria (frequent
inactivation in cancer; anti-proliferative activity under its
endogenous expression levels).

» miR-34a mutation is not a driver for 1p36 deletion in
cancer (CHD5 could be the driver: Bagchi et al., 2007).

» Detecting a miRNA by a sensitive method (RT-qPCR,
Small RNA-Seq, ...) does not imply its functionality
(Mullokandov et al., 2012).

Conclusion

Large amounts of transfected miR-34 is cytotoxic: why not

using it to block tumor growth, no matter how un-natural it
is? No better than current chemotherapy protocols (adverse
effects).
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