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Occurrence of the most frequent and recurrent chromosomal
abnormalities in human CLL
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Localization of gene for human
p53 tumour antigen to band 17p13
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% Department of Chemical Immunology, Rehovot 76100, Tsrael

Recently the gene for the cellular tumour antigen p53, a phos-
phoprolein found in increased concentration in a variety of human
cells', has been mapped to region 1722 by in sity hybridization
technigues and has been shown (o translocate to the chromosome
carrying the translocation [¢(15 ; 17)] associated with acute pro-
myelocytic leukaemia (APLY. Based on this finding it has been
postulated that this gene has a role in the pathogenesis of APLY.
Here we present evidence that the gene for p53 is not located on
the long arm of chromosome 17, but maps to band 17p13. We
therefore suggest that this gene is not directly invelved in the
chromosome translocation observed in APL.
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Activation of MYC in a masked t(8;17) translocation results in an
aggressive B-cell leukemia
(BCLY gene/oncogene activation /tumor progression)

C. E. GAUwWERKY", K. HUEBNER*, M. Isoee®, P. C. NoweLL®, anp C. M. CrocE*

*The Fels lastitute for Cancer Research and Molecular Biology. Temple University Schoal of Medicine. 3420 Morih Broad Sireet. Philsdelphia. FA 191480
and "Department of Pathology and Laboratory Medicine, University of Pennsylvania School of Medicine, Philadelphia, PA 19104

Contributed by P. C. Nowell, July 24, 1989

ABSTRACT We have analyzed the oncogene rearrange-
ments Involving BCOL2 and MYC In the leukemla cells of a
patient with an sggressive prolymphocytic leukemls that had
an abnormal karyotype including a t(14;18) translocation and
a chromosome 17g+. Molecular analysis showed that BCL2
was rearranged in the major breakpoint cluster region and had
Joined into the immunoglobulin heavy chaln gene as In follic-
ular lymphoma. Cloning and sequence analysis of the re-
arranged MYC gene revealed that MYC was truncated at the
Pvu I site at the end of the first exon of MYC and had joined
Into the regulatory elements of a gene that we called BCLI
(B-cell leukemia,/lymphoma 3). The BCLJ locus was mapped to
chromosome 17 band q22. We found BCLY transcribed as &
message of 1.7 kilobases In many hematopoletic cell lines
representing all hematopoletic Uneages. In the patlent’s leoke-
mia cells, the truncated MYC gene was highly expressed under
the Influence of BCLI regulatory elements, leading 1o an
aggressive B-cell leukemia that presumably had been derived

from an indolent lymphoma carrying a rearranged BCL2 gene.
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Characteristic
Male sex — no. of patients (%)
Age at diagnosis — yrs.

median

range

Therapy begun

No

No. of patients 53
Time since diagnosis — mo. 87
Yes
No. of patients 41
Time between diagnosis and therapy — mo. 40
ZAP-70 level

<20% 48

>20% 46
lgVy

Unmutated £98% homology) 57

Mutated (<98% homology) 37




o

Nr. Component Map P value Group 4 Putative targets *** Observation****
1 miR-15a 13914.3 0,018 high NA cluster 15a/16-1
del CLL & Prostate ca. (ref (10)
2 miR-195 17p13 0,017 high NA del HCC
3 miR-221 Xp1l.3 0,010 high HECTD2, CDKN1B, NOVAL| cluster 221/222
ZFPM2, PHF2
4 miR-23b 9g22.1 0,009 high FNBP1L, WTAP, cluster 24-1/23b
PDE4B, SATB1, SEMA6D FRA 9D; del Urothelial ca. (ref (13)
5 miR-155 21921 0,009 high ZNF537, PICALM, RREBZ, amp child Burkitt's lymphoma (ref (16)
BDNF, QKI
6 miR-223 Xgl2-13.3 0,007 low PTBP2, SYNCRIP, WTAR, normally expression restricted to myelo
FBXW7, QKI lineage (ref (27)
7 miR-29a-2 7932 0,004 low NA cluster 29a-2/29b-1
FRAT7H; del Prostate ca. (ref (13)
8 miR-24-1 9922.1 0,003 high TOP1, FLJ45187, RSBNI1|Lcluster 24-1/23b
RAP2C, PRPF4B FRA 9D; del Urothelial ca. (ref (13)
9 miR-29b-2 (miR-| 1g32.2- 0,0007 low NA
102) 32.3
10 miR-146 5934 0,0007 high NOVAl, NFE2L1, C1lorfig,
ABL2, ZFYVE1
11 miR-16-1 13g14.3 0,0004 high BCL2, CNOT6L, cluster 15a/16-1
USP15, PAFAH1B1, ESRRG| del CLL, prostate ca. (ref (10)
12 miR-16-2 3026.1 0,0003 high see MiR-16-1 identical miR-16-1
13 miR-29c¢ 1932.2- 0,0002 low NA
32.3

Note: * - All the members of the signature are mature miRNAs;

*** _ top five predictions using TargetScan i
NCBI site at http://www.ncbi.nlm.nih.gov/entrez.
**x% . FRA = fragile site; del = deletion; HCC = hepatocellulaara@noma; ca. = carcinoma.

(32) were included. NA —not

available; for specific gene names thse



miRNA L ocation ** CLL Normals miRNACHIP Observation
expression
miR-16-1 Germline pri-miRNA 2/75 0/160 Reduced to Normal allele deleted in CLL cells in both patients (FISH, LOH);
(CtoT)+7bpin3’ 15% and 40% For one patient: Previous breast cancer; Mother died with
of normal, sister died with breast ca;
respectively
miR-27b Germline pri-miRNA  1/75 0/160 Normal Mother throat and lung cancer at 58. Fatherlung cancer at 57
(GtoA)+50bp in 3’
miR-29b-2 pri-miRNA (GtoT)+212 in 1/75 0/160 Reduced to 75% Sister breast cancer at 88 (still living). Brotheme'sype of
3 blood cancer" at 70.
miR-29b-2 pri-miRNAs ins (+A)+107 3/75 0/160 Reduced to 80% Fortwo patients: Fam history of unspecified cancer
in3’
miR-187 pri-miRNA (TtoC)+73in3’  1/75 0/160 NA Unknown
miR-206 pre-miRNA 2/75  0/160 Reduced to 25% Prostate cancer; mother esophogeal cancer. Brotlate gros
49(GtoT) cancer sister breast cancer
miR-206 Somatic pri-miRNA (AtoT)- 1/75 0/160 Reduced to 25% Aunt some type of leukemia (dead)
116 in5%’ (data only for one
pt)
miR-29¢c pri-miRNA (GtoA)31 in 5’ 2/75 1/160 NA Paternal grandmother CLL; sisteabteca. (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 hisfasncer but not

lymphoma.

Note: * - For each patient/normal control more than 12kb of genomic DN#ssequenced and, in total, we screened by direct sequencing ~627kb ddiNAnor
and about 700kb of normal DNA. T he position of the mutations are reportespitt with the precursor miRNA molecule. The list of 42 micra®N
analyzed includes 15 members of the specific signature or membbessaime clustersiR-15a, mMR-16-1, miR-23a, miR-23b, miR-24-1, miR-24-2, mR-
27a, miR-27b, miR-29b-2, miR-29¢c, miR-146, miR-155, miR-221, miR-222, miR-223 and 27 other microRNAs (randomly selectdd:7a2, |&t-7b, miR-17-
3p, MR-17-5p, mMiR-18, mMR-19a, mR-19b-1, miR-20, miR-21, mR-30b, mi R-30c-1, miR-30d, mR-30e, mR-32, miR-100, mR-105-1, mR-108, mR-122,
MiR-125b-1, miR-142-5p, mR-142-3p, miR-193, miR-181a, miR-187, miR-206, miR-224, mi R-346.

** _When normal correspondent DNA from bucal mucosa was availabl@ltération was identified as germline when present or somatic alfsent, respectively.
FISH = fluorescencein situ hybridization; LOH = loss of heterozygosity; NA = not available
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Hea_BCLI1 I260=-TATGAAATATCCAATCCTOTOCTACTATCC=1190

LLLLTLIT
Wea _mim-15: T_5
Haa_mif-16: GCOOTTATARATOCACOACGAT -5 "

Memu_BCL2: :mmﬂ?nmm::m
Mau_miR-18: r-5°

M=y _=mlR-16: GLGGTTATARATGCACGACGAT -5

= I FREERL!

Actin

BCL2

miR-18.1 MO 147 14 2853 15 139 634
miR-ig-a MO 087 10F 18 14 181 W

Bcl2 protein expression is inversely correlated with mR-15a and mR-16-1 miRNAs expression in CLL patients. (A
unique site of complementarity miR::mRNA is consen ed in human and mouse and is the same for all four human
protein are inversely correlated with mR-15a and mR-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 nomalization we used B-actin. The numbers represent nomalized 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 nomalized Bcl2 expression is on abscissavs. miR-15a (Left) and miR-16-1 (Right) levels by miRNA
chip on ordinates. ACT, B-actin.



Actin (44 kDa)
Bei2 (32 kDa)

APAF1 (130 kDa)
Pro-C8 (43 kDa)

C9 (35 kDa)
PARP {116 kDa)

Cleaved PARP (85 kDa)

Apoptolic DNA ladder
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lable 1| MicroRNAs that function as oncogenes or tumour suppressor genes in human cancers

MicroRNA

miR-15a and
mik-16-1

let-7 (g, b, ¢,
d, . f,gand i)

miR=20{a, b
amdc)

miR-34

miRk-145

meiR-271 and
mik-222

mif-221 and
miR-222
mik-155

mil-17-9
clustar

mif-2]

miR-372 and
rEk-373

Dysregulation

Loss bn CLL prostate cancer and multiple
myalboma

Loss In lung and breast cancer and Invarious
rolid and hasmatopodstic malignancies

Loss b aggressive CLL, AML{11023),
MDS lung and breast cancers and
cholangocarcinoma

Lass in pancreatic, colan, breast ahd Hher
CANCErs

Loss in breast cancar

Lasss i erythrablastéc leuksemia

Crveraxpression In aggressive CLL, thyroid
carcinoma and hepatocellular carcinoma

Upregulated in sggressive CLL, Burkitts
lymphoma and lung, breast and colon cancen

Upregulated In lymphomas and In breast,
lung, colon, stomach and pancreatic cancers

Upragulated in glioblastomas, AML (11523}
asggresaive CLL and bireast, colon, pancraatie,
g, prostate,; lver and stomach cancers

Upragulated in testicudar tumours

Function Validated

targets
Induces apoptosis and inhibits
tumorigenasis

RABRE and
Induces apopiosis snd Inhibits
tumiarigenasks

Induces apoposts and inhibits
tumorigenicity, Reactivates
silenced tumour SUpPRasson geneas

Induees apogbads

HMOGAT

Inhibits profiferation and indwces
apoptosis of breast cancer cells

Inhibits proliferatkon in KIT
erythroblasts

Promotes cell profiferation and

inhibits apoptosisinvarious solid  and TIMP3

malignancies

induces cell proliferation and MAF and SHIP3

Irukasmia or ymphama in mice

Induces proliferation E2F1, BIM and
FTEN

Inhibits apoptosis and increases PTEN, PRICDa,

turmarigenicl by TP%1 and
TIMP3

Promotes tumorigenicity in LATS2

cooperationwith RAS

piT, p57, FTEN

QNC

ONC

ONL

ONC

QONC

15.20,23,
30.57.60

212,26,
42,70

30,64,
a2

G658

il

EL

435173

321-34,
368,371

19.34.35,
4041

313130,
44-50)

74

AML, acute myeloid leuksemoa: BOLY, B eell leuksemunTymphoma 2: BIM, Bel2 cinteracting mediator af cell death: CLL. ehramie lympheoytie Brukssmia DNMT
DA methyltransferase: HMGAZ, high mobslity group AT-hook 2: LATS2, lerge tumauir suppressar homologue 2: MCLL mysioid cell leuksemia sequence 1:

MD%, myelodyaplastic spndrome: PDCDA, programmed cell desth 4 PTEN, phasphatase and tenin homobogue: SHE'L, 5HI domain-containing

inmsitol-5'-phosphatase 1: TCLL T cell lymphoma breskpoint 1: TIMPS, tissue inhibitor of metalloprotesnases 3 TPMI. tropomyosin 1 WTL Wilms tumaour L.
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Group Protein Gene description £5core Comments
Cell growth & cell cycle Ruvbli RuvB-like 1; TATA binding protein interacting 2.01 —
protein 49 KDa
Sugti Suppressor of G2 allele of SKP1 243 =
Cee Cell division cycle 2, Gy 1o 5 and G 1o M 243 —
P GINS complex subamit 1 (Psf1 homolog) 243 -
Antiapoplotic GrpTE Heat shock 70-kDa protein 5 (gluocse-related 243 —
protein, 78 kiDa)
Bel2 B-cell CLLymphoma 2 243 Predicted and validated target of
miR-15a/16 (21}
Pdia2 Protein disulfide isomerase family &, member 2 243 —
Dnecoge s Wil Wil fumoe 1 243 Predicted target of miR-1%aM 6 Validated
qRT-PLR im MEG-01
MageB3 Melanema antigen family B, 3 243 —
Rabag RABIE member BAS oncogene family 216 Predicted target of miR-1%aM5
Crthers Cdhié Cadherin-like 16 243 -
Crhbp Carticotrapin releasing hoermone-binding protein 243 Predicted target of miR-16
Actria AR actinerelated protein 1 homoleg A, 243 Predicted target of miR-1%an6
centractin alpha
Cshil Cherienic samatomammoatropin hermonelike 1 243 Predicted target of miB-16
Precursor
Hla-g Major histocompatibility complex, dass |, B 243 —
Tl Tricsephosphate bomerass 1 2.43 Predicted target of miR-1%aMG
Haip S0 1 Heat shock protein 90-kD protein 1, g 243 —
cil2 Cofilin 2 1.72 Predicted target of miR-16
Aldas, Aldolase &, frudose-bisphasphate 243 —




Gene symbaol Map Gane name CLL MEG-01
HESDLY Fqil Feyclromyiterosd dehydrogendte ke 0001 T 000254
ST aqih Salute carmier family 75 (AP-slalic acid raniporer], memibser Al G001 T is
ECHDET il il Enoyl coenpyme A hydratase domain contaming 1 00031 3 QoGhE
CHRDE 1813 1 Caspase recruitment domain famiby, member & 0 DL 0.000TR
Ol I TpiZ? 2-p32 1 DBAAT hormolag, zine metalopeptidede (5 cerevinlae] 0 00g4s Q.o1ss
LR 2pta-pld UDP-gheoss pyrophaosphonylae 2 0 ooaLs 0000679
CRERLZ 12p13 CAMP redgonibe alerent banding protein-like 2 0.00457 0o
Cepbd g2 Captrosome proten Caphl il e aoi7
Pl fag2 Pinin, desmosome-grsociated protein 00049 200359
TRAT 1224 2-gl4 3 Turmar rejection antigen (gpSs) 1 DDBEGE ooz
HCISES Bptd 3 Solute carver family 5, member B3 0.00&01 0 0208
REOTT g2 Ras hammalog gers family, member T1 0.00ES5 QousT
Lags 5qi} Lewst - tRMA synehartate e Q.002 5
RADSIC Tigll-qll RADS | homolog C (5 meresimar) 00075 000334
WIS g3l Wik ote-dldrich syndrome protein nteracting protein 0.DOTER 0.0hiE
NECLT a1 Miystokl celf beukemis sequencs | (BCLI-related) 0. IO § Qory
ASH]F Ip2d i Additional sex combs lile } (Drosaphila) 0.00ATS 0.000503
ARFPT 45313 ADPrbowlation fector interacting protein 1 larfaptin 1) 0,00 14 & 0108
HERCH dqlii Hect domaln and ALD & .01 16 aodiar
nat Ipil TLA 1 cytetomic granube assocated BMA-binding protein (11079 80116
WIPSESA lg2t-gi2 Vacwolsr protein sorting 45a (yeast) oonr 0 D TEE
HLL-8 g% Luiregy caraey-redated proiesn § p.ovre oolsd
HACET [ =T HECT desinain and srdyrin repeal containing £3 ubkguitin protein hgese 1 00025 2.0115
AR T2 d ARV homobog Byeast) 00154 0 DOGEIS
NTECH1 g2 i 5 mcleotichae, optosolic B-fike 1 80172 aotyg
PO Ip23 Programmed cell death & interscting protein Xy L QD32 16
GIF2HT Mpis1-pid Ganeral trarvcription fartar H, polypeptids 1, 62 ks 00217 200125
APLRD 2pld-p21 miuts homalog 2, cobon cancer, nonpolyposh typee 1 (E. ool o024 =Ee g L]
N tpid-pit v-jun aroorma vires 17 oncogene homolog [ avian) 00281 & 00055
ALOHBAT fagid 3 Aldetyde delydrogerans & family, member Al 0.0297 2.0078
SCAFD Tp2i-pls S farndby- suociated phowphoprotein 7 00298 aotE




MEGOIL MEGDI

A —E ] w s—rEE O S e 1 @RS 1S L8 MOCK pRS-E
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I

2

1.3

Mock pRS-E pRS15/16

MiR15a/16-1 cluster inhibits the growth of MEG-01 tumor engraftments in nude mice. (A)
Growth curve of engrafted tumors in nude mice injected with MEG-01 cells pretransfected
with pRS-E or pRS15/16 or mock transfected. (B) Comparison oftumor engraftmentsizes
of mock-, pRS-E-, and pRS15/16-transfected MEG-01 cells 28 days after injection in nude
mice. (C) Tumorweights SDin nude mice.

MEGO1
pRIS/16




Clustenng analysis of 540 samples representing 6 solid cancers and the

respective normal tssues. MiRNAS were included in the tree when their
expression level (background-subtracted intensity) was higher than the threshold
value {256) in at least 50% of the samples. Ong& hundred thirty seven microRNAs
were retained for clustening. Arrays were median-centeraed and normalized by
using Gene Cluster 2.0. Average linkage clustenng was performed by using

uncenteraed comalation metric.



Table 7. miIRNAs used to classify human cancers and normal tissues

Up- Down- Misclassification error
regulated regulated after 10-fold cross
Cancer miRs miRs validation

Breast 15 12 0.08
Colon 21 1 0.09
Lung 35 3 0.31
Pancreas 55 2 0.02
Prostate 39 6 0.11
Stomach 22 6 0.19

Median normalization was performed, and the method of the nearest
shrunken centroids was used to select predictive miRNAs (28).



Table 8 The miRNAs shared by the signatures of the six
solid cancers

miR N Tumor type

miR-21 6 Breast, colon, lung, pancreas, prostate, stomach
miR-17-5p 5 Breast, colon, lung, pancreas, prostate
miR-191 5 Colon, lung, pancreas, prostate, stomach
miR-29b-2 4  Breast colon, pancreas, prostate
miR-223 4 Colon, pancreas, prostate, stomach
miR-128b 3 Colon, lung, pancreas

miR-199a-1 3 Lung, pancreas, prostate

miR-24-1 3 Colon, pancreas, stomach

miR-24-2 3 Colon, pancreas, stomach

miR-14& 3 Breast, pancreas, prostate

miR-155 3 Breast, colon, lung

miR-181b-1 3 Breast, pancreas, prostate

miR-20a 3 Colon, pancreas, prostate

miR-107 3 Colon, pancreas, stomach

miR-32 3 Colon, pancreas, prostate

miR-92-2 3 Pancreas, prostate, stomach

miR-214 3 Pancreas, prostate, stomach

miR-30¢ 3 Colon, pancreas, prostate

miR-25 3 Pancreas, prostate, stomach

miR-221 3 Colon, pancreas, stomach

miR-106a 3 Colon, pancreas, prostate

The list includes 21 commoanly up-regulated micoRMNAs in 3 or more (N)
types of solid cancers (Pvalue = 25 x 10-%).
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Modulation of mismatch repair and genomic stability
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MicroRNA-21 induces resistance to 5-fluorouracil by
down-regulating human DNA MutS homolog
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Mutator activity induced by microRNA-155 (miR-155)
links inflammation and cancer
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Fig. 1. Kaplan-Meier estimates of observed 5-y survival in CT-screening INT-
IEO trial. () Data arranged according to the extent of disease: 92% for stage
1(95% ClI: 70.0-97.8) and 7% for stage [I-IV (95% CI: 0.5-27.5, P < 0.001). (B)
Data arranged according to the year of CT-detection: 77% for lung cancers
detected in the first 2 y of the study (95% Cl: 53.7-89.8) and 36% for lung
cancers diagnosed from third to fifth years (95% CI: 13.7-58.7, P = 0.005)



Table 1. Top 10 miRNAs deregulated between tumor and
normal lung tissue (class comparison analysis)

Tumaer vs. normal tissues

miRNAs deregulated (P < 0.001) Direction Fold change

mir-7-2-prec Up 1.3

mir-126 Down 0.4
mir-200b Up 1.3
mir-210 Up 3

mir-219-1 Up 1.6
mir-21 Up 29
mir-324-5p Up 1.3
mir-451 Down 0.5
mir-486-5p Down 0.5

mir-20a Down 0.6




Table 2. Associations between miRNA expression in tumor and normal tissues and clinical-pathological
characteristics of patients

Tumaor tissue Normal tissue
Clinical-pathological characteristics miRNA Direction P value miRNA Direction P value
Histotype (ADC vs. SCC or others) mir-205 Down <0.001
mir-21-pre Up <0.001
Growth rate diameter (<50% vs. >50%) mir-518e Up <0.001 mir-30d* Up <0.001
mir-144-pre Up =<0.001
Disease-free survival (alive vs. dead or relapse) mir-429 Down 0.003 mir-34b Up 0.001
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Fig. 1. Dnmt3A protein expression level in NSCLCs is inversely associated
with overall survival. Kaplan-Meier curve showing survival of 172 NSCLC
patients with different levels of Dnmt3A expression in tumors relative to
adjacent normal lung. Patientswith higher expression of Dnmt3A had shorter
overall survival (P = 0.029).
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Fig.2. Complementarity sites for miR-29sin the 3'-UTR region of DNMT34 and
-3B. The capital and bold letters identify perfect base matches, according to the
TARGETSCAN 3.1 software, The PicTar software identifies two additional match
regions between miR-29a and DNMT38, indicated with an asterisk,
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Flg. 3. MIR-29s directly target DNMTIA and -8. (3] Results of the lucferase assay for DNMT3s expression after transfection with mif-295 In A549 cells. (b) (Upper)
Ammessmant of exprassion of ONASTIA and DA TIE mEMAS by qRT-PCR, after trarsfection of A549 cellswith miR-20s or a negative control, (Lower) Sllencing of mik-29s
with amtisense molecules {AS) Induces Increased expresion of DNAMTIA and OMMTIE mBNA () Western blot of proteins extracted from AS49 cells that wera
cotransfected with the GFP repression wectors for the DNAMTIA and -8—-3"-UTR plus miR-2% or scrambled {Scr) oligonudectides, (0) miR-29b acts as an endoganous
primer to retrotranscribe 115 pradicted DNMTIE mRNA target. Black, DNMTIE cDNA (GenBank accession no. NMU175B48); blue, doned and sequenced cDNAS
experimentally obtained {eight dones anaklvzed); red, deduced RMNA sequences and corresponding miR-29b, The upper underiined black and blue nucleotides have no
homology between target and experimental cOMAS. The lower undedined red nudeotides represent RN A sequence complementary To cDNAS that lack homology te
the miR-29b sequence. Nudleotides in bold represent tha PicTar-predicted match site,
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Fig.4. Correlation of endogenous miR-29 levels with DNMT3A/8 mRNA levels,
Inverse correlation between endogenous mRNA levels of DNMT3A and DNMT3B
and endogenous levels of miR-29s determined by qRT-PCR in 14 NSCLG. R,
regression coefficient; CJ, regression line; @, actual sample correlations.
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Fig. 5. Effect of restoration of miR-29% on the cancer cell epigenome, (a) Global DNA methylation changes induced by miR-295 on 2549 cells harvested 48 and
72 h after transfection. The results are compared with nontransfected {modk} cells and celks transfected with a scrambled oligonucleotide. () Determination of
FHIT and WWOX mRNA levels in A549 and H1299 cells 48 h after transfection with miR-29s or a negative control by qRT PCR; miR-29s Induced reexpression of
FHIT and WWOX mRNAs. (o) Immunoblot of Fhit and Whwox proteins in 4549 and H1.299 cells 72 h after transfection with miR-2595 or negative contral; by 72 b,
miR-2%s induce increased expression of Fhit and Wwox proteins. The numbers above the immunoblot images represent the intensity of the bands relative to the
GAPDH gene (upper row, Fhit; bower roww. Wiwox). (d) Graphical representation of the guantitative DNA methylation data for FHIT and WWOX promoter region
by using the Mass ARRAY system. Each square represents a single CpG or a group of Cpes analyzed, and each arrosw represents a sample. Methylation frequencies
are displayed for each experiment in a color code that extends from light green {lower methylation frequencies) to bright red (higher methylation frequencies).
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Fig. 6. Effects of miR-2% on tumorigenicity of AS49 cell. [a) Growth curve of AS49 cells transfected in vitro with miR-29 or srambled oligonucleatide or
mock-transfected, (b} Percontages of live cells wire measured in A549 cells transfected with scrambled oliganudeatidie or with mik-293 oligonucleatides (100
nh final concentration). (o) Growvth curee of engrafted tumors in nude mice injected with AS2S cells pretransfected (48 h before injection) with miR-29%s,
scrambled oligonuciectides, or mock transfected, (d) Comparison of tumor engraftment sizes of mock-, sorambled-, and miR-2F-tramsfectod A549 cells 21 days
after injecthon v nude mice, The images show everage-sived tumors from among five of each category. () Tumor welghts = 5D in nude mice.
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Fgure 1. The miRkA network in nommal thases {1107 semples, 20 thaues, 115 mifidas), The network was infemed for all expee e and '-raryhﬁ
miEMAs, without, proseleciing for difierential expresilon, Standard Bango pararmirters wiene adopled with a gb dbcretimtion policy, The consensus grap
e pacted here was obiained from e best 100 nets (afer searching through 8.3 % 107 netwonks), MCL graph-based clustenng ks thm was appled to
chators extraction (miRMA with highly related expression pattem have edgis of the same colerl; thus, different chesters in the network ane inked by
diffeenil cobor edged vEd graph aditor (WFiles software) wis emgloyed fod graphs viouskeation. See test for further discisdon



Table 1. Differentially regulated miRNA in solid cancers

Parametric Intensities in Intensities in Chromosomal
P-value FDR solid cancers normal tissues Fold-change miRMNA location
<1 % 107 <1 %107 967 617.9 1.57 hsa-miR-21 17g23.1
<1 =107 <1 %1077 1378.2 917.7 1.5 hsa-miR-25 7q22.1
<1 % 1077 <1 %1077 902.7 626.3 1.44 hsa-miR-20a 13g31.3
<1 % 1077 <l %107 925.7 646.9 1.43 hsa-miR-17 13g31.3
<1 x 1077 <1 x 10”7 652.3 469 1.39 hsa-mik-106a Xg26.2
<1 %1077 <1 %107 410 297.8 1.38 hsa-miR-106b 7q22.1
1.30 x 10°% 1.1 %107 9188 6979 1.32 hsa-miR-146a 5q34
<1 %107 <1 %1077 11893.3 9370.9 1.27 hsa-miR-92a 13q31.3,Xq26.2
1.60 = 10°% 1.2x 1078 23549 1919.4 1.23 hsa-miR-103 5g35.1,20p13
<1 x 1077 <l % 10° 289.4 237.8 1.22 hsa-miR-130b 22q11.21
<1 =107 <1 =107 452.7 372 1.22 haa-miR-93 7q22.1
3.90 « 107 2.7 %10 2116.4 17436 .21 hsa-miR-107 10g23.31
<l = 1077 <1 % 10° 297.7 248 1.2 hsa-miR-30e 1p34.2
7.4 x 1075 4.8 % 10°° 2256 259.4 087 hsa-miR-138 16q13,3p21.33
1107 1=10°" 220.5 260.2 0.85 hsa-miR-326 11g134
3.7 % 107°% 26x10° 419.9 507.8 0.83 hsa-miR-193a 17q11.2
2x10°7 1.8 %10 382.5 47.2 0.81 hsa-miR-206 6pl2.2
3% 10°% 2.2 x 10°% 273.7 3496 0.78 hsa-miR-205 1g32.2
<1 %107 <1 % 10 7149 1015.1 0.70 hsa-miR-145 5q32
<l x l[ll'? <l =107 2I5.7 403.0 0.68 hsa-miRk-203 14g32.33

Solid cancer samples numbering 2532 vs. 806 comesponding nomnal samples, at least one class with intensity =250, Pvalue <1 x 1075,
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Figure 2. Cellular pathways requlated by differentially expressed miRNAs
in cancer. KEGG analysis by ClueGO (Bindea et al. 2009) of pathways
(score = 3, P-value < 1 = 10 %) simultaneously targeted by both up-reg-
ulated and down-regulated miRNAs (listed in Table 1; Supplemental Ta-
bles IV, V). The KEGG pie-chart shows the functional effect of differentially
expressed miRNAs on cellular pathways in cancer. The large majority of
the affected pathways is related to cancer or signal transduction (i.e., Wnt,
VEGF, TGF-beta, insulin, and phosphatidylinositol signaling, focal adhe-
sion, and colorectal cancer). Targel genes selection was performed with
DIANA-miRpath, microT-V4.0 (Papadopoulos et al. 2009). The union of
the target mRNAs with a score above 3 was used as an input to ClueGO.
Right-sided hypergeometric test yielded the enrichment for GO temms.
Benjamini-Hochberg correction for multiple testing controlled the P-values.
GO term fusion was applied for redundancy reduction.
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Figure 4. Comparison of miRNA networks in normal lung and adenocarcinoma. (A) Normal lung
(71 samples). A single complete mIRNA network is shown, (8) Lung adenocarcinoma (125 samples). In
this graph, one major and eight minor subnetworks were detecied. For example, hsa-miR-10a/b, hsa-

miR-29a/b, hsa-miR-107, and hsa-miR-103 are in minor independent subnetworks disioint Irom the
main one.
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Figure 5. The KECG tunctional analyss of esght disgnted minod miliA networks in lung adenocarcinama. The miRNA present in the unconnedtied
cliques Langel genes ahe imvoheed in many cancer related lenmmi, such ad local sdbwbon, wmall cell lung cancer, and calchum wignaling. The delailed il ol
sgnificant GO terms is shown in Supplemental Figure 7.
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Figure 6. The milNA network in acute myeloid leukemia (589 samples, two subnetworks). Standard Barngo prmmm:dmedwﬁh a gb
discretization policy. The consensus graph depicted here was obtained from the best 100 nets (after ssarching through 8.5 = 10" networks). The miRNA
network in AML has digointed cliques. hsa-mil-1 55 and hsa-miB-181, bwo miBMNAL with clinical relevance are in two sepafated subnetworks, o expected
fram their prognostic independence. hsa-miR-181 is anociated with hsa-miR- 146a in a detached yeillow miniclique. mir-155 belongs 1o the main sub-
netwiork, in the same red MCL chgue of sa-mil- 223, haa-miR-92a, hsa-mil-25, and has-mif-32. Fnally, hsa-miR-290 has a key rode in AML and acts o
a hub in the AML nel.
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three subnetworks). Standand parameiers achopied with
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discretization policy. The consensus graph depictied bere was obtaned from the best 100 nets (after searching

graph shiows a major net and wo separated minicligues: hsa-miR-Z3a/b and the hsa-miR-15/16 custer. hsa-mik-15 and hsa-miR-16, two miRhAs fre-
guently deleted in CLL, hisve been shown (o regulaie apaptoss va BOLZ. The key hsa-maR-29h, acting & & hub in AML, b only a8 branch in CLL. AML
prognostic hsa-miR-181 is digointed in AML but not in CLL, while the reverse happens in CLL for prognostic hsa-miR-15/16 genes.

Figure 7. The miRNA network in chronic lymphocytic leukermia (254 samples,




FRgure B. Deregulsied milllids in eulenis from Myl 55 mamsgsne mace are prelerentialy keaslsd dose o hia-mill-15% in the camcer network. We
conpared A profiles of theee lsulania sarmples rom M 155 ramgenss 1o conitmoly rom wild-type mice. The deregulated milthids

Tabde X)) were mapped onio the nces network and highlghited o yellow . Mot of the other milsAs sre condcentrated arcund hea-ml- 155 node (ack)
Wheen a dhaaponal b draen and the teed wies companed the difference betoween pellow nodes B sopificant (Faher's exad best, two-Lad Paaboe < 0009)



