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Genetic variations in the genomic sequences of miRNAs in CLL patients *.

miRNA Location ** CLL Normals miRNACHIP
expression

Observation

miR-16-1 Germline pri-miRNA
(CtoT)+7bp in 3’

2/75 0/160 Reduced to
15% and 40%
of normal,
respectively

Normal allele deleted in CLL cells in both patients (FISH,
LOH);
For one patient: Previous breast cancer; Mother died with
CLL; sister died with breast ca;

miR-27b Germline pri-miRNA
(GtoA)+50bp in 3’

1/75 0/160 Normal Mother throat and lung cancer at 58. Father lung cancer at 57.

miR-29b-2 pri-miRNA (GtoT)+212
in 3’

1/75 0/160 Reduced to 75% Sister breast cancer at 88 (still living). Brother "some type of
blood cancer" at 70.

miR-29b-2 pri-miRNAs ins (+A)+107
in 3’

3/75 0/160 Reduced to 80% For two patients: Fam history of unspecified cancer

miR-187 pri-miRNA (TtoC)+73 in
3’

1/75 0/160 NA Unknown
miR-206 pre-miRNA

49(GtoT)
2/75 0/160 Reduced to 25% Prostate cancer; mother esophogeal cancer. Brother

prostate cancer sister breast cancer

miR-206 Somatic pri-miRNA
(AtoT)-116 in 5’

1/75 0/160 Reduced to 25%
(data only for one
pt)

Aunt some type of leukemia (dead)

miR-29c pri-miRNA (GtoA)31 in 5’ 2/75 1/160 NA Paternal grandmother CLL; sister breast ca. (one pt).

miR-122a pre-miRNA 53(CtoT) 1/75 2/160 Reduced to 33% Paternal uncle colon cancer.

miR-187 pre-miRNA 34(GtoA) 1/75 1/160 NA Grandfather polycythemia vera. Father a history of cancer but
not lymphoma.

Note: * - For each patient/normal control more than 12kb of genomic DNAs was sequenced and, in total, we screened by direct sequencing ~627kb of tumor DNA 
and about 700kb of normal DNA. The position of the mutations are reported in respect with the precursor miRNA molecule. The list of 42 microRNAs 
analyzed includes 15 members of the specific signature or members of the same clusters, miR-15a, miR-16-1, miR-23a, miR-23b, miR-24-1, miR-24-2, 
miR-27a, miR-27b, miR-29b-2, miR-29c, miR-146, miR-155, miR-221, miR-222, miR-223 and 27 other microRNAs (randomly selected): let-7a2, let-7b, 
miR-17-3p, miR-17-5p, miR-18, miR-19a, miR-19b-1, miR-20, miR-21, miR-30b, miR-30c-1, miR-30d, miR-30e, miR-32, miR-100, miR-105-1, miR-108, 
miR-122, miR-125b-1, miR-142-5p, miR-142-3p, miR-193, miR-181a, miR-187, miR-206, miR-224, miR-346.

** - When normal correspondent DNA from bucal mucosa was available, the alteration was identified as germline when present or somatic when absent, respectively. 
FISH = fluorescence in situ hybridization; LOH = loss of heterozygosity; NA = not available 





Bcl2 protein expression is inversely correlated with miR-15a and miR-16-1 miRNAs expression in CLL patients. (A) The
unique site of complementarity miR::mRNA is conserved in human and mouse and is the same for all four human m
protein are inversely correlated with miR-15a and miR-16-1 expression. Five different CLL cases are presented, and the
normal cells were pools of CD5+ B lymphocytes. The T cell leukemia Jurkat was used as control for Bcl2 protein
expression. For normalization we used β-actin. The numbers represent normalized expression on miRNACHIP. ND, not
determined. (C) The inverse correlation in the full set of 26 samples of CLL between miR-15a / miR-16-1 and Bcl2
protein expressions. The normalized Bcl2 expression is on abscissa vs. miR-15a (Left) and miR-16-1 (Right) levels by
miRNA chip on ordinates. ACT, β-actin.





















CLL cell viability with U937 effector cells. Bars indicate the average percentage of viable
CLL cells normalized with respect to average percentage of viable untreated CLL cells. CLL
cell viability is assessed after 16h treatment with 3 nM (A) or 10 nM (B) Venetoclax either
alone or in combination with 20 mg/ml Cirmtuzumab or human IgG1 antibody. U937=human
monocyte cell line, No Ab=no antibody control, Cirmtuzumab= anti human ROR1 antibody,
IgG1= anti human IgG1 antibody. Data are shown as mean ± s.e.m.



Deletion of miR-15/16 clusters in mice is associated to a shortened lifespan. a, Northern blot analysis of miR-15a, miR-15b and miR-16 in
spleen from DKO mice compared to spleen from wild-type, heterozygous and single KO mice. Non-coding small nuclear RNA U6 was used as a
loading control. b, Relative quantification of miR-15a, miR-15b and miR-16 expression respect to U6 loading control from Northern blot assay.
c, qRT-PCR analysis of spleens from DKO mice compared to spleen from wild-type, heterozygous and single KO mice. Small nucleolar RNAs
snoR-292 and snoR-135 were used for normalization. d, Survival curve of wild-type, heterozygous, single KO and DKO mice. Mice were
followed for up to 24 months and events corresponded to mice that died to illness or those identified as moribund and then sacrificed (p
value < 0.0001).



miR-15/16 DKO mice develop both
myeloproliferative and
lymphoproliferative diseases. a,
Spleens from wild-type, single KO
and DKO mice. b, Quantification of
spleen volume (cm3) of wild-type,
single KO and DKO mice. T-test was
used for statistical analysis. n.s
indicates “not significant”. *, P
≤0.05; **, P ≤0.001. c, Number of
mice for each genotypes with
myeloproliferative disorder and
AML (AML/MDS) or with B-lymphoid
pathologies (NHL) up to 24 month-
old. d, Hematoxylin and eosin stain
showing a small-to-medium
neoplastic cell population
destroying the spleen (left) and
lymph node (right) normal
architecture. e, B220 and F4/80
stained spleen sections from DKO
mice confirmed the neoplastic
expansion of a B220- and F4/80+ cell
lineage. f, Wright-Giemsa stained
blood smear from DKO mouse
showing clusters of blasts. g,
Representative flow cytometry
analysis of spleen and bone marrow
of DKO and wild-type mice. CD3,
B220, CD117, Cd11b and Gr-1
antibodies were used.



The transplant of miR-15/16 cluster
DKO splenocytes results into the
development of myeloproliferative
disorders in recipient mice. a,
Survival curve of wild-type and DKO
recipient mice. Mice were followed
for up to 32 weeks and events
corresponded to mice that died to
illness or those identified as sick and
then sacrificed (P 0.05). b, White
blood cells count using Hemavet
instrument of wild-type and DKO
mice. c, Representative of dissected
DKO recipient mouse. Enlarged spleen
and lymph nodes are highlighted. d,
Wright-Giemsa stained blood smear
from DKO recipient mouse showing
clusters of blasts. e, Representative
flow cytometry analysis of spleen and
bone marrow of DKO and wild-type
recipient mice. CD3, B220, CD117,
Cd11b and Gr-1 antibodies were used.



Validation of predicted targets of miR-15/16 cluster. a, Immunoblotting for Cyclin D1, Cyclin D2 and Bcl-2 performed on
splenic cells lysates derived from wild-type and DKO mice. b-actin was used as a normalizer in order to show equal
protein loading. b, Relative quantification of Cyclin D1, Cyclin D2 and Bcl-2 expression respect to b-actin loading control
in splenic cells from DKO and wild-type mice. c, Immunoblotting for Mcl-1 performed on splenic cells lysates derived
from wild-type and DKO mice. b-actin was used as a normalizer. d, Relative quantification of Mcl-1 expression respect to
b-actin loading control.



Table 2. Alignment of the mature sequences of the miR-15/16 family members. MiR-16-1 and miR-16-2 are identical. 



Extended Data Figure 1. a, Hematoxylin and
eosin (top right), B220 (top left), F4/80
(bottom right) and Ly6G (bottom left)
stained lung sections from DKO mice
showing a F4/80+ large cell neoplastic
infiltration resembling AML with maturation
and megakariocytic differentiation. b,
Hematoxylin and eosin (top row) and F4/80
(bottom row) stained liver sections from
DKO mice showing a hepatic leukemic
involvement.

Extended Data Figure 2. Flow cytometry
analysis of peripheral blood after
transplantation using CD45.1 APC (donor
cells) and CD45.2 PE (recipient/leukemic
cells) antibodies at indicated time point.



Characteristic Value

Age at study entry – yr 57.67 ±17.15

Male sex – no. (%) 35 (50)

Initial white-cell count (Mean) (10^9/L) 76.35 ±84.15

Initial blasts count (Mean) (10^9/L) 52.73 ±69.94

Diagnosis – no. (%) 70 (100)

AML NPM1 mutated – no. (%) 23 (33)

AML with monocytic differentiation AND NPM1 mutated     – no. (%) 1 (1)

AML with monocytic differentiation – no. (%) 3 (4)

AML with inv(16) – no. (%) 3 (4)

AML with inv(3) – no. (%) 2 (3)

AML with maturation – no. (%) 1 (1)

AML with minimal differentiation – no. (%) 1 (1)

AML with myelodysplastic related changes – no. (%) 13 (19)

AML with t(8;21) – no. (%) 1 (1)

AML with t(9;11) – no. (%) 1 (1)

AML without maturation – no. (%) 1 (1)

AML, NOS – no. (%) 12 (17)

Other subtype – no. (%) 8 (11)

Table 3. Characteristics of the
AML patients included in the study



Sample ID Gender Age of Dx Diagnosis Initial WBC (10^9/L) Initial blast (10^9/L) Cytogenetics Molecular Pt status
1 4306 Female 54 AML, NOS 47 39.25 46,XX [20] NPM1 neg, FLT3-ITD neg Alive
2 7625 Male 34 AML with t(8;21) 33.8 16.9 46,XY,t(8;21)(q22;q22),del(9)(q13q22)[9]/46,XY[1] RUNX1/RUNX1T1 pos, KITneg Alive
3 150375 Male 65 AML with NPM1 mutation 20 4.54 46,XY[10] NPM1 pos, FLT3-ITD pos, FLT3-TKD neg Deceased
4 150381 Female 59 AML with NPM1 mutation 31.9 3.51 46,XX [20] NPM1 pos, FLT3-ITD neg, FLT3-TKD neg Alive
5 150549 Female 56 AML 66.4 61.09 46,XX [20] NPM1 neg, FLT3-ITD neg, FLT3-TKD neg Deceased
6 150625 Female 32 AML with inv(3) 61.1 36 45,XX,inv(3)(q21q26.2),-7[11]/46,XX[1] not done Deceased
7 150718 Male 57 AML NPM1 mutated 152 136.8 46,XY[20] NPM1 pos, FLT3-ITD pos, FLT3-TKD neg Deceased
8 150749 Male 62 AML with myelodysplastic related changes 83.5 24.88 46,XY,del(5)(q22q31)[20] not done Deceased
9 150935 Male 21 AML with inv(16)(p13;q22) 92.3 71.99 46,XY,inv(16)(p13.1q22)[5]/46,XY[5] CBFB-MYH11 pos, KIT neg Alive
10 151011 Male 77 AML, NOS 5.3 1.08 47,XY,+8[18]/46,XY[2] not done Deceased
11 151044 Male 69 AML with NPM1 mutation 182.7 171.19 47,XY,+8[3]/46,XY[17] NPM1 pos, FLT3-ITD pos, FLT3-TKD neg Deceased
12 151050 Female 79 AML with NPM1 mutation 72.9 63.42 46,XX [20] NPM1 pos, FLT3-ITD neg, FLT3-TKD pos Deceased
13 151077 Male 77 AML with myelodysplastic related changes 167 147.29 46,XY,-7,+mar[5]/46,XY[2] not done Deceased
14 151149 Male 69 AML, NOS 71.9 68.02 46,XY[20] NPM1 neg, FLT3-ITD pos, FLT3-TKD neg Deceased
15 151156 Male 78 AML with inv(3)(q21q26.2) 21.7 13.15 44~45,X,-Y,del(2)(p1?4),inv(3)(q21q26.2),del(5)(q13q33),-7,-13,add(15)(q24),add(17)(p11.2),add(17)(p13),del(20)(q11.2),-21,add(21)(p11.2),-22,+2~4mar[cp10] not done Deceased
16 151311 Female 77 AML with monocytic differentiation 165 115.5 46,XX,del(5)(q13q31)[6]/47,idem,+11[14] NPM1 pos, FLT3-ITD pos, FLT3-TKD neg Deceased
17 151341 Female 78 Therapy-related AML 61.3 34.02 46,XX[20] NPM1 neg, FLT3-ITD neg, FLT3-TKD neg Deceased
18 151344 Male 66 AML with myelodysplastic related changes 37.1 13 46,XY,add(5)(p13),der(10)t(10;11)(p11.2;q13),del(11)(q23),del(12)(p11.2p13)[10] NPM1 neg, FLT3-ITD neg, FLT3-TKD neg Deceased
19 151566 Female 42 AML with mutated NPM1 112.5 95.06 46,XX[20] NPM1 pos, FLT3-ITD neg, FLT3-TKD pos Deceased
20 151598 Female 51 AML with mutated NPM1 21.6 12.7 46,XX [20] NPM1 pos, FLT3-ITD neg, FLT3-TKD neg Alive
21 160028 Female 22 AML, NOS 32.5 6.1 46,XX[16] NPM1 neg, FLT3-ITD neg, FLT3-TKD neg Alive
22 160053 Female 37 AML, NPM1 mutated 326 305 unsuccessful NPM1 pos, FLT3-ITD neg, FLT3-TKD neg Alive
23 160114 Male 70 AML with monocytic differentiation 123.5 80.77 46,XY[20] NPM1 neg, FLT3-ITD pos, FLT3-TKD neg Deceased
24 160142 Female 65 AML with inv (16) 70.9 36.09 INV (16) AND inv(16)(p13.1q22) CBFB-MYH11 pos, KIT neg Alive
25 160326 Male 67 AML with myelodysplastic related changes 36.7 23.67 45,X,-Y,-9,add(17)(p11.1),+mar1[4]/45,X,-Y,-9,-17,+20,+mar1[2]/45,X,-Y,+1,der(1;17)(q10;q10)[2]/46,XY[4] not done Deceased
26 160345 Male 68 AML with mutated NPM1 11.1 1.23 46,XY[20] NPM1 pos, FLT3-ITD pos, FLT3-TKD neg Deceased
27 160414 Male 77 Therapy-related AML 24.1 2.82 46,XY,-10,der(16)t(10;16)(q22;p13.3),+mar[7]/46,XY,del(7)(q22),t(10;16)(q22;p13.3)[3] not done Deceased
28 160601 Male 75 AML with mutated NPM1 22.6 6.74 46,XY[20] NPM1 pos, FLT3-ITD pos Alive
29 160757 Female 61 AML with NPM1 mutation 118.4 111.41 46,XX [20] NPM1 pos, FLT3-ITD neg Alive
30 160846 Male 28 AML with mutated NPM1 107.5 81.38 unsuccessful NPM1 pos, FLT3-ITD neg, FLT3-TKD pos Alive
31 160906 Female 63 AML with myelodysplastic related changes 142.3 125.76 46,XX,del(9)(q13q22)[11] NPM1 neg, FLT3-ITD pos, FLT3-TKD neg Deceased
32 160950 Female 68 AML with myelodysplastic related changes 1 0.05 46,XX [20] NPM1 neg, FLT3 TKD neg, FLT3 ITD neg,  PML/RARA neg Deceased
33 161072 Male 46 AML with inv(16)(p13.1q22) 51.7 30.5 47,XY,+8,inv(16)(p13.1q22)[8]/48,sl,+22[2] KIT pos, CBFB-MYH11 pos Alive
34 161102 Female 62 AML 44 5.28 46,XX,del(5)(q13q31)[5]/46,XX[2] not done Alive
35 161153 Female 68 AML with myelodysplastic related changes 328.7 65.74 46,XX [20] NPM1 neg, FLT3-ITD pos Deceased
36 161172 Male 34 AML without maturation 135.4 120.64 46,XY,del(3)(q12q25)[9]/46,XY[1] NPM1 neg, FLT3-ITD neg Alive
37 161200 Male 62 AML with NPM1 mutation 117.1 60.89 46,XY[20] NPM1 pos, FLT3-ITD neg Deceased
38 161210 Female 69 AML with maturation 60.4 41.5 46,XX,t(7;9)(q32;q12)[2]/47,XX,+19[2]/46,XX[16] not done Alive
39 161216 Female 83 AML with NPM1 mutation 26.1 17.2 46,XX,der(4)t(3;4)(q12;q35)[7]/46,XX,dup(3)(q12q29)[2] NPM1 pos, FLT3-ITD neg Deceased
40 161240 Female 50 AML 22.1 6.85 46,XX[20] not done Deceased
41 161254 Female 66 AML with myelodysplastic related changes 12.6 9.72 44~50,XX,-5,del(5)(q13q33),-7,-10,+11,add(12)(p11.2),+14,+15,add(19)(q13.4), not done Deceased
42 161282 Male 38 AML, NOS 18.1 14.34 46,XY,del(9)(q13q22)[2]/46,XY[18] NPM1 neg, FLT3-ITD neg Alive
43 161305 Male 47 AML, NOS 133.5 123.09 48,XY,t(6;11)(q27;q23),+21,+21[20] NPM1 neg, FLT3-ITD neg Deceased
44 161380 Female 66 AML with NPM1 mutation 377.8 361.56 unsuccessful NPM1 pos, FLT3-ITD pos Alive
45 161406 Male 66 AML, NOS 11.4 6.84 46,XY[20] NPM1 neg, FLT3-ITD neg Deceased
46 161407 Female 67 AML with mutated NPM1 34.2 23.74 46,XX [20] NPM1 pos, FLT3-ITD neg Deceased
47 161421 Female 59 AML with NPM1 mutation 316 205.4 unsuccessful NPM1 pos, FLT3-ITD pos Alive
48 161498 Female 57 AML 29.3 21.01 46,XX [20] NPM1 neg, FLT3-ITD neg, CBFB-MYH11 neg Alive
49 161528 Female 49 AML, NOS 14.5 9.28 46,XX,t(11;19)(q23;p13.1)[13]/46,XX[7] PML/RARA neg Alive
50 161660 Female 74 AML with mutated NPM1 40.5 29.69 46,XX[20] NPM1 pos, FLT3-ITD neg Deceased
51 161673 Female 77 AML with myelodysplastic related changes 5.7 0.51 46,XX[18] NPM1 neg, FLT3-ITD neg Deceased
52 161734 Male 48 AML with mutated NPM1 59.5 53.85 47,XY,+13[6]/46,XY[4] NPM1 pos, FLT3-ITD neg Alive
53 161769 Male 68 AML with minimal differentiation 26.9 16.01 unsuccessful NPM1 neg, FLT3-ITD neg Deceased
54 161780 Male 19 AML, NOS 40.1 36.49 46,XY,t(10;11)(p1?2;q23)[10] not done Deceased
55 161820 Male 30 AML with t(9;11)(p22;q23) 179 27.39 47,XY,+X,t(9;11)(p22;q23[10] not done Deceased
56 161868 Male 63 AML with mutated NPM1 85.2 55.64 46,XY[20] NPM1 pos, FLT3-ITD pos Deceased
57 161905 Male 67 AML with myelodysplastic related changes 16.9 13.99 43,XY,del(5)(?q11.2q35),add(7)(q36),add(13)(p11.2),-15,-17,-17,-18,der(20)t(15;20)(q11.2;q13.1), not done Deceased
58 162002 Female 70 AML with myelodysplastic related changes 28.1 16.59 46,XX[20] NPM1 neg, FLT3-ITD pos Deceased
59 162089 Male 38 AML, NOS 136.4 113.21 46,XY,del(9)(q13q22)[7]/47,idem,+8[2]/46,XY[1] not done Deceased
60 162102 Female 54 AML with monocytic differentiation 12.3 10.7 46,XX,idic(7)(q11.1)[10] not done Alive
61 162111 Male 18 AML with mutated NPM1 40.8 22.8 45,X,-Y[9]/46,XY[11] NPM1 pos, FLT3-ITD neg, CBFB-MYH11 neg Alive
62 162131 Female 64 AML with myelodysplastic related changes 57.4 10.45 46,XX[20] NPM1 neg, FLT3-ITD pos Alive
63 162218 Male 70 AML, NOS 24.3 18.95 unsuccessful NPM1 neg, FLT3-ITD pos Deceased
64 162229 Female 64 AML, NOS 17.1 7.25 48,XX,+13,+13[9]/46,XX[2] NPM1 neg, FLT3-ITD neg Deceased
65 162235 Female 59 AML with NPM1 mutation 34.4 22.02 46,XX[20] NPM1 pos, FLT3-ITD neg Alive
66 162252 Female 25 AML with NPM1 mutation 48 43.2 46,XX[20] NPM1 pos, FLT3-ITD neg Alive
67 162292 Female 70 Therapy-related AML 105.6 73.92 46,XX,del(1)(p22p32),t(8;21)(q22;q22)[9]/46,XX[2] KIT neg,RUNX1/RUNX1T1 pos Deceased
68 162335 Male 68 AML with monocytic differentiation 30 6.8 46,XY[20] NPM1 neg, FLT3-ITD neg Alive
69 162372 Male 23 AML 8.9 5.6 45,X,-Y[20] RUNX1/RUNX1T1 pos, KIT pos Alive
70 166054 Male 73 AML with myelodysplastic related changes 18.8 17.33 47,XY,+11[10]/47,XY,+8[2] NPM1 neg, FLT3-ITD neg Deceased








