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Flgurs 3. Loss of mif-21 [z Bespoosible for Constitulive NP« B Activation, &bnormal Gell Srowih, ard Fesistance B Apopbeiic Call Death in

ATL Cells
(AL Expression fovelz of miR-37 and NI In individual AT patients and normad eontbrols using data set obiained by quantitative AT-POCR, Pearson's coralition

coefficient within ATL samples wes desoribed in tha gragh,
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adjacent to clusters of the CONNZ and IFNA familizs, and is
a wall-known hotapot of genomic loss in several types of human
cancers, We performed genome-wide acans of genelic lesions in
168 ATL samples and demonstrated that 271 ATL cases [12.5%)
had genoemic delstion of 9p21.3 containing the hsg-miR-31
coding region (Figure 48; Figurs 334), All of these cases alzo
have genomic defect in COKMNZA region. A major praportion of
ATL cases that are without genelic delstion and somatic auta-
tion in the hss-miA-371 region showed remarkable loss of miR-
31 expression [Figure 48). Detailed expression profiling revealed
drastic downrequiation of Pri-miR-31 transcription in the prdmary
ATL cells {Frgure AC), There was a strong oorrelglion betweean
the levels of mature mif-31 and primary transcript {r = 09414,
P o= 5.45 % 109, fsa-mif-31 is located in intronic region of
LOC554202 gene. However, LOCS54202 mRBMNA lavels wers
wary fow in primary T celis and there was no significant difference
between ATL and nosnal cells, strongly suggesting that foss of
miF-31 sxpression is due to specific ranscriptionsl suppression
in ATL celiz. Using computational analysis, we identifled
a pulative TATA box and transeriptional star] site (TES) 2500 bp
upstraam of the miR-31 coding region {Figurs 40, Although no
CpG istands wers found in this region, we unespactedly discov-
ered an assembly of Y'Y 1-binding motifs upstream of the miF-31
region in human and mouse (Figure D) Figure S3C). YY1 ig
a pivetal transcription factor and a recruitor of the Pelyoomb
reprassive complex (PRCH {Simon and Kingston, 2009), Conver-
gence of the YY1 binding sequence, especially the repressive
motif (Figure S30), ssems o be evolutionarily conserved,
suggesting that YY1 isimportant in the regulation of miR-31 fran-
seription, We further performed chromatin immunopracipitation
IChIP) to avaluate repressive histone hallmarks, including
di- and trimethylated H3K9 (H3K9me2 and H3KSmad) and trime-
thylated H3K27 (H3K27me3). The results showead higher levels of
methylation at H3KS and H3K27 in a broad area confaining the
miR-31 coding region {Figurs 4E). As shown in Figurss S3E-
5305, therse was an inverse correlation between the lgvals of
miR-37 expression and reprassive histong methylation. These
data allowsd usz 1o hypothesize that histone methylation, espe-
ciglly that of Polycomb family-dependent HIK2Fmed, may
contribute to miR-31 repression. To confirm our hypothesis,
wa parformed a YY1 knockdown experiment using a specific
shBENA (Figures 4F-41), As expectsd, knockdown of YY1 led o
an inorease in the levels of Pri-miR-31 and malure miF-31
{Figures 4F and 4G). Furthermors, ChiP assays showed that

Y1 oooupied the miR-31 ragion, especially in the upsiream
region of TSS, where there is an array of YY1 binding sites
(Figurgs 4D angd 4W). The resulls also demonstrated that
decreased ocoupancy of YY1 and concomitant derecruitment
of EZH2, a key componsrt of PRC2, were Induced by YY1
koockdown, indicating involvement of EZHZ in the repressive
complex recruited to the miR-31 region {Figures <9H and 41; Fig-
ure BAHL Thesa results collectively suggest that YY1 regulates
PRCZ localization and initiates miR-31 suppression. Indeed,
we found significant escalation of methylsted histone H3KS
and HIKAT at the miR-31 locus of peripheral blood hmphocytes
af ATL. patients (Figure 48, Indicating that aberrant abundance of
supprassive histona methylation may be responsible for the loss
of miA-31 in the primary ATL cslls,

Gyveraxpression of PRCE Components Leads to mil-31
Bepression

Given that Polycomb-mediated repressiveness affacts miR-31
teval, our findings imply that the amount of EZH2 is related o
rriA=31 expression (Fioure 41 Figures S3G and S44) We found
a significantly upregulated expression of PRCZ components,
especially ELH2 and SUZ12, in the primary ATL cells (Figurss
54 and 58; Table 53). Guantitative RT-PCH revealed that miR-
31 levels inversely corelated with both EZHZ and SUETZ,
respectively (Figure 5C), miR-101 and miR-28a, which are puta-
tive ragative reguistors of EZH2, seem to be associated with this
relationship in ATL celis (Figures S4B-84E), To further confirm
aur hypothetical mechanism linking the apigenstic machinary
and mif-31 expression, we performed g “oss-of-PRCZ-fung-
tion” assay. Retroviral delivery of shSUZ12 and shEZH2 in the
ATL eell fines resulied in 2 greal increase in the levels of
Pri-mif-371 and its mature form {Figure 30; Fgure S4F). Knock-
down of PRC2 induced histons demethylation at H3K27 in the
miS-31 region, which is concomitant with the decreass in
H3xOmed levels, EZH2 ocoupangy, amnd HDACT recruitment
[Figura SE), suggesting that this multimeric complex leads to
a complately closed chromatin architecture as a result of histone
muodifications in the miB-31 geaomic region.

To further examine whather the proposed mechanism holds
frug in other human cancers, we analyeed a couple of carcinoma
cell ings, including Hela cells and nonmeatastatic and metastatic
breast carcinoma cell lines, MCOF7 and MDA-MB-453 calls,
raspectively, qRT-PCH revealed that expression of EZM2 and
SLUET12 inversely correlated with miB-31 levels {Fogure 54G).

(B miF-31 restoration by retroviral vecior inhibits A AMA sccumelation i TL-Cm1 cells. The results of MK and matere miR-3 guastifications am shownine 3

maan £ S0

() riP-31 or shMNIK expression dovareauiatos HiK protels sspression ang inhiols downstream pathway of noncanonical NF-«B in TL-Omil oalls,

(I Reduced nuclear teanslocation of Aot and ReB proteing in mif-31- or shNlE-geprassiog TL-OmT cella.

[E) mis-31-depandent doverragulation of NF-<B astivity in TL-DOimt colls oxamined by WAL,

[Fi WF-sB-lociferass reporier assays o= 5, mean & 50, FLAG-MIK plasmid was transiently intredused 48 he prior to e assay

{3 miR-31 loval is relavant 1o proliferation of ATL cslls. Cell proliferation cumss of TL-Om1 cells ware evaluated i hwe FOS condifions (n = 3. mean = S0

[H) Apoptosiz-related gane expression in TL-Om1 ez analyzed by gRT-RPCR (n = 3, mean = S0 and western biots.

£ Lenthvrus-medisted NIK deplation promotes basad and Fas antibody-mediated apoptosis. Venus-positve population reprasentsd lenfhirus-dnfeciad celfs,
Apoptolic calis were determingd by PE-Annaxin W/ 7-481 stainings in = 4), Peprasentative FACS analyses are shown,

Ly k=37 activates Caspase 3T determingd by FAGS in = 3),

{B] -3 axgrossion and BIK depletion indece umor ool death, Prisagry wmes £o8 freen STL patient and bealthy C03+ T cells were infected with lentivires and
analyzed by FACS, The spoptotic cells were dofined by ssouential gating Beginaing with FEG-550 to salect intac! ymphocyias, subgating on ths Venus-positive
population, and calvulating the PE-Anmexin ¥ and 7-A80 profilings. Representaties rosull s 2hewn ang surmumanized dota g presented in Fipure 5 See alsg
Figure 82,
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ChiP assays detectad higher lavels of trimethylated HIK2T and
EZHZ ocoupanay in cells showing lower expression levels of
miR-31 iFigure S4H)L Furthermare, knockdown of EZHZ or
SUZI2 restored miR-31 transcription in MD&-ME-453 and
MOFY calls (Figures 5F and 5G; Figure 34K, respectivaly), which
are consistent with the results obtained with ATL cells, These
results indicate a link between Polycomb-mediated epigenstic
regulation and miB-31 transcription in ATL and breast cancer
call lines.

Palyeomb Group Regulates NP B Pathway
by Controliing miBE-31 Exzprassion
Based on our findings, we considerad an aspeact of the biological
communication between epigenstic silencing and the NF-«8
pathway through miR-31 regulation. The microarray data sets
showed positive corralations belwesn PRC2 components and
miR-31 target gene, MIK sxpression (Figure BA) The resulls
also suggested that these factors tend to show higher levels in
the aggressive subtype (acute type) than in the indolent subtypss
{ehranie and smoldering types), imolying that these genes may
play important roles in the clinfoal phenotype and progaosis of
ATL. To examine this notion, wa perforrmed PRCZ knockdown
it ATL cell lines, Westarn blotz of these cells demonstrated
decreased levels of NIK, p52, and phospho-1xBa (Figure 68, Fig-
ure S5A), suggesting suppression of both canonical and nonca-
nonical MF-«B cascade and activity (Figurs 8C; Figures 358 and
5500 These results are consistent with those of mif-31 overex-
pression (Figures 20-3F), Then, we tested whether exogencus
roanipulation of mif-31 could restore the effect of PRCZ loss.
Anti-mif-31 treatment rescusd impaired NF-2B activity in
PRC2-disrupted cells (Figure G0} On the other hand, overax-
pression of EZHZ induced NF-xB activation, which was partisfly
canceled by the introduction of miR-31 precursor (Figure 8E; Fig-
e 500, These resuits suggest that Polycomb-mediated miR-
31 suppression leads to NF-=B activation. Indesd, knockdown
of the PRC2 complex led to reduced levels of cell proliferation
and greater sensitivity to serum deprivation in ATL celis {Fig-
ure GF; Figure S5EL In addition, PRCZ dissuption showed
& raduction in call migration (Figere S5F),

To gain further insight into this general nebwork, we studisd
the functions of miR-31 and the PRC2 complex in breast cancer
cell fines, NF-«B activity was downragulated by knockdown of

PRCZ components in MOA-MB-453 cells [Figure 80 Figuras
ZAG angd 55MH), although no sigeificant differences were
observed in cell proliferation [datz not shown). Hepression of
NF-xB getivity induced by knockdown of PRCZ components
was partially restored by treatment with 2 miR-31 inhibilor, sug-
gesting that PRC2 knockdown-mediated relisf of MF-«B repres-
sior is al least a part of the result of the miR-31 induction. In
addition, knoskdown of PRGE components resulted ina reduced
level of receptor-initiated socumulation of NiK in B celis (Fig-
wre BH), Dur findings indicate a common molecular machanism
comprising Polycomb-mediated epigenatic regulation, miR-83
expression and the NF-«B signaling pathway.

Heguiation of NF-«vB by Polycombs family may in fum contrel
the cellular apoptosis responsas, We found that lentivirus-med;-
sed EZH2 knockdown led {o increased apoptotic sensitivity in
TL-Om1 cells (Figure 81), Additiona! expression of MIK nhibited
the call desth induced by EZM2 knockdown, suggesting the
reciprocal relationship betwesn Polycomb and MNF-«<B cascades.
By using primary turnor cells from patient, we tested the killing
affect induced by miR-31, NIK knockdown, and EZH2 knock-
down (Figure BJ; Figures 551 and 55J). Al tested samples
showed strong death response, demonstrating that survival of
ATL cells was closely associated with miR-31, MK, and EZH2,
all of which show deregulated expression in ATL cells,

By gAT-PCR we finally examined the expression levels of
some genes mvalved in the noncanonical NF-cB pathway, As
shown in Figurs 8K, the results deardy demonstrated higher
expression levels of positive regulstors such as ANIK, CD40,
and LTBA, and lower expression levels of the negative regulators
such as BIRC23 (clAP1/2), which are invalved in proteasomat
degradation of NI (Zarnegar et al., 20084}, These obeervations
are in fine with a pravious report on Multiple Myeloma calls (An-
nunsigta et gl 2007) In addition to these data, we obtained
convineing svidence for a molecular aspect of MIK azcurmulation
in ATL eells. Polycomb-dependent spigenetic gens silencing
may be associated with miR-31 loss, followed by ME-«B activa-
tion and other signaling pathways {Figurs 7).

DISCUSSION

Constitutive activation of NF-xB contributes to abnormal prolif-
eration and inhibition of apoptotic cell death in cancer calls,

Figure 4, Genetic and Epjganatic Aboormasfities Cauge miF=31 Lags in ATL Salls

[4] Genaric loss of chapmozome 20815 i primany ATL cells. Copy surmber znabyses revealed tumor-associated deletion of mif-31 region [$17168) and COKNE
region (46/168), Recurrent ganalic chamges are depicted by horizontal linss based on CRAG output of the SNP armay analysis.

{B) rriR-31 expression in variaus sample sels, Expression lovels wam evalusted by reghtime PCR,

Liogs, sarmpies with gencanic loss of the miF-31 region: |- samples wilhout gesomsie loss of 1na mif-31 reglon.

{01 PCR-based miR-31 quantifications in primary ATL sampies, ATL samples withoul gonetic 1oss fn mif-31 regiondn = 9, Figure 338}, and normal G044+ 7 celis
{r = T) wens tested, pvalues (ATL versus normal] are shown,

$030 1 Bandding motif cluster around tracesriptional start site (TS5 of miR-31 region. Arows represent positions of thes matils, Regons of PCR amplification for
CHIP sesay are showr

{E} Bapression-assntinted hmne mathylation in mif-31 segion determingd by ChlP assay (n = 3, mean 2 80). The resulis of relative esvichment against input
contred e prasented and digtance fram miR-31 TSS i descrited, MYTT and GAPDH promoters are as positive or negative controbs, respactively,

{F-1" 1-depandent EZH2 cooupancy e mif-31 ocus, (F1 Y knockdewn In TL-Ome? colls, gAT-PLR (B o =3, mean = B0) and westam blotting fighl) showed
decreased 1 bevel (3} 7Y knockdown lad to bath prirsry and mature mif-31 restation in TL-Od cells in = 3, mean = S04 (M YY'? cooupancy in mil-31
regian analyzed by ChiP in= 3, mean « S00. YY1 cooupancy inomif-31 s wis redutad by YY1 keosxdoen, () EZH2 occupaney in mil-31 reglon analyzed by
CRIF {n = 3, mean & SO0, YY1 knockdown inhibited EZHZ recruitrmant in miF-31 regon,

LIk Abarrant accumulaiion of repression-sssociated histons methyiations widely bn miF-37 region of primary AT calls, PEMCs freably isolated from ATL patiems
i = B} were anslyead by ChiP sssay, PEMD from healihy aduits were wsed for eormal conbrals. Ses also Piwe 51
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including ATL, diffuse large B cell ymphoma [DLBCL), Hodgkin
ymphoums, breast cancer, prasiate cancer and ofhers (Prasad
st g, 2070 MF-«B s also essential for various cell unctivns,
including inflammation, innate immunity, and lymphooytic devel-
opment {HMayden and Ghosh, 2008), dentification of NF«B
determinants will lead to marked progress in understanding
molacular pathology.

Our global analyses demenstrated an interssting miBNA
exprassion signature as well as an aberrant mAMNA expression
profile, which may ba associated with leukemagenesis In the
primary ATL cells (Figures © and 8A). We revealed downregula-
tion of tumor-suppressive miANA including Let-7 family, miB-
1250, and miF-148kL, which can contribule fo aberant tumor
cedl signaling. Becent studies have suggested unique sxpression
profiles of mifMAs in ATL (Yaung et al, 2008; Belion et al., 2008},
but lass of miR-31 has not besan focused. Celiular amount of mif-
MN#s may be susceptible to varipus environments such as tran-
scriptional activity, maturation processing, and also epigenstic
regulation. The end results appear to be affected by method-
ology employad and condtions and types of samples used,
Our integrated sxpression profiling of primary ATL cells are
based on a significantly larger number of samplas and fruitfully
provides infriguing information that may be usedul in improving
the understanding of T cell biology as wall a5 in 1he identification
of biomarkers for disgnosis.

Pigintropy of mil-31 was first reported by Valastyan st al
{200%. The suthors elegantly demonstrated the function of
miR-31 in viva and also identified several target genes that con-
tribute to cell migration and invasivanass, In the present siudy,
we focused on the functional significances of mil-31 in the regula-
tion of MF-xB signaling that contributes to tumor cell survival.

Overexpression of NIK acts as an oncogenic driver in vartious
cancers, In the present study, NIK was identified as a miR-31
target bassd on seversl lines of evidence, First, luciferase-3
UTR reporter assay showed that NiK 3" UTR sequence has
a rofe for negative regulation (Figure 318). 8y combining
a specific inkibitor and mutations in miR-31-binding site, we
demonsirated that miB-31 recognizes and negalively regulates
the N 35 UTR (Figures 28 and 20). Sscond, by introducing
a miR-31 precursor or inhibitor, we showed that amount of
rmiR-31 inversely corrslates with levels of NIK axpression and
downstream signaling {(Figuras 2E-2K). Third, genetic evidence
indicated strong base paiing and bivlogical conservation
(Bartel, 2009} {Figures S1L-810). Our experimental approach
llustrated that mmu-mil-31 requlates mouse Map3k14 gens.
Fourth, individual assessmenis using gens expression data

clearly revealed an inverss cormslation between the axprassion
levals of miR-31 and MK {Figurs 34), Collectively, we provide
definitive evidence for the notion that mil-31 negatively regu-
lates MIK exprassion and activity.

It is well known that the NIK level directly reguiates NF-«<B
activity in various cell types {Thu and Fichmond, 2010L We
axparimanially showsd that miR-31 regulates noncanonical
WF-cB gotivation stimulated by BAFF and CD40L, both of which
arg migior B cell activaling oyvtokines, Since signals from recep-
tors are essential for the development and activity of B calls,
the negative role of miB-31 inoytokines-indused MIK accumula-
tion appears o he widely important in the noncanonical regula-
tion of MF-:B in B cells and other cell types {Figures 2H-2K}.
Again, our findings revealsd the role of NIK in the regulation of
canonical MF-«B pathway. Btrict regulation of NIK appaars to
be clogely associated with the fate of lymphooytes.

The level of miR-31 was drastically suppressed in all tested
primary ATL cells, and its magnitude is greater than that which
has been reported in other cancers, Our resulis demonsirated
a profound downregulation of miR-31 {fold change, 0.00403; Fig-
ure 18} in all ATL cases, suggesting that miH-31 loss is a prereg-
uisite for ATL developmaent, Restoration of miR-31-repressad
MF-xB activity in ATL cells, resulling in impaisment of the proli-
grative index and apoptosis rasistance (Figure 31 Furthermorns,
ol rasults demonsirate that inhibition of NF-xB promotes tumor
cell death in cell tines and also primary tumor cells from ATL
patients (Figures 3 and 6], which are consistent with our previous
ohservation (Watanabe st &, 2008} Since it 15 highly possible
that mil-21 and relevant factors are pivolal in cancers, their
expressions would have a grest importance in view of
biomarkers for the aberrant signaling and ciinical outcames.

By studying clinical samples and in vitro and ex vive modsls,
we oblained several biologically interssting results, First, we
idertified the Polycomb protein complex as a strong suppressor
of miA-31. Generally, the Polycomb group constitutes a multi-
meric compiax that negatively controls a large numbaer of genes
invalved in cellular development, reproduction, and stermness
{Sparmann and van Lohuizen st al., 2006} Howeaver, the key
moleciles involved in cancer development, progression, and
prograsis are ot yet fully understood, In breast and prostate
cancers, oncogenic funclions of EZH2 and MNF-xB activation
warg reported independently {HKlesr st al, 2003 Varambaly
etal,, 2002, 5uh and Habson, 2004). Interestingly, thess tumors
show tow miB-31 levels [alastyan et al, 2009; Schaefer gt 8l
2010} Recently, Min et al, (2070 reported that EZHZ activates
NF-xB by silancing the DAB2IP gzne in prostale cancer cells.

Figurs 5. Amount of BRCE Compenenits Eplgenetionily Links to miR-31 Exg}mséimy in T Cells and Epithelial Celiz
{8 Cverespression of PROZ componensts in primary ATL culls esseasueed by gl T-FCRATL, no= 28 normal, n= T mean £ 800, These resuils were supported by

the data of gens sxgression microarray {Tabls 53).

{8 Escaration of EZH2 protein and timethylated HAKET levels in primary ATL calls ilestrated by imsruncoytostamning (nos 4, a representative sesull i showe).

Bosting T oolls wove as sormal conrol, Scale barg = 20 pm.

{15} Sratiatical cormlation gmong e levels of mil-31, 262, and SLEZ 12 b individuzl ATL zamples. Carelation eoeticiants within ATL samples gre showo in he

graghs.

(D and B} Loss of PORE fursstion souses chraratn resreangament and mif-37 upregulation, (0 TL-0mi cells sxpressing shBUL12, shEZHE, and scramibded HRA
ware sztablished by retroviral vector, The levels of BZHEZ, SURNE, Si-rmif2-37, and matuse mif-31 wers measured by western biotting asd gRT-PCR =3,
rraEn = 505 (E] Fesults of ChIP assays with indicated antibodies a = 3, mean £ 50 Sroans ol immupagrasipiated DA weres anslysed by region-speoific POR.

GAPOH promoter served as a reglan control,

IF angl & Knogkdown of Polyoomb family proteins i MDA 548453 cefls. F] EZHE and S22 are shoan by westem blot. meR-31 level was examined by gRT-
FOH s B, mean = B0, (G) Histone methyistion and EZH2 ocoupansy evaluated t OHP gssay 0= 3, mean = S00. See alao Tavle 53 and Fogers 54,
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&) Peciprocal celationship of mPRA expression betwesn MK znd Polyoom geoup in prirreany samples, Pearson's vorrelation cosflickats amang ATL samples
A shown.

(B FRCE knoohaown regatively alfects NF-«B sigraling o TL-Om calls, Alter establabiment of PRCS knackdown, thi bevels of M0 ANA I = 4, e = B0 and
profeies of MK, p32R 100, and phospho-leBa wars axarmingd,

101 Dovenragrdation of NP8 gotivity s PROZ-disrepled oolls detected by EMSA
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Pobysarmly riprissive Mo o finked o MIK-dopeadont NE-«B activalion vis
mift-31 ragulabian,

Iy the present study, we found that the Palyonmb group regu-
lates miA-31 axpression and that elevated expragsion of EZHZ
leads to NF-2B activation via NIK-miH-31 regulation in ATL and
braast cancer cells (Figura 8}, Wa also showed that restaration
of miR-31 partially impaired Polycomb-mediated NF-xB opera-
tion (Figurss 80, 6E, and 63), suggesting that miR-31 is involved
irs this relationship. Furthermore, g connection between MIK and
PRCZ was obsarved in B cefls (Flgue GH). Polycomb group
proteins are essential in ymphooyte development and activation
{5u 2t al, 2003, 2003). Further, given the NF-cB s a pivotal tran-
seription regulator in normal and oncogenic functions, practical
participations of epigenstic regulators and mil-31 in NF-xB
signaling will increase our understanding of tha molecular mech-
anisms of T cell functions, For gengralization of the maolecular
axis in other cancers and normal cells, further study will be
neadad.

Second, Y¥1 is arecruiter of PRC2 o the mil-31 region. in hu-
mang, the Polycomb response elemeant (PRE) has oot been
pracizely idantifisd, A good candidate for a mammalian recrutter
of PACZ s ¥Y1, the homolog of I melanogaster PHO (Simon
and Kingston, 2008). We found an assembly of the YY1 binding
mevgtif in the miR-31 locus and demonstrated that YY1 knock-
down dislodged EZH2 in this region (Figurs 48), which supports
previous findings (Carstti st al., 2004). The detailsd mechanism
by which YY1 mediates recruitment of the Polycomb family
may be important in the context of epigensatic regulation of
orchastrated gene expression and T cell functions,

Third, Palycomb family proteins can control miRNA expres-
sion in an epigenetic fashion. The amount of PRCZ factors
strangly influanced the degres of suppression of miR-31 expres-

sion [Figurs 2) We speculats that, in addition 1o controlling the
trangcription, the Polycomb group can modulate franslation via
mifAlA regulation. Furthermore, miB-101 and miR-Z26a are
known to regulate EZM2 expression (Sander at al,, 2008 Varam-
bally st al, 2008}, which is supported by our observation
(Fiagure 340 This signaling circuit will permit multiple gene
ragulation. Whereas genetic loss at the miR-21 locus iz obsarvad
in some cases of ATL (Foure 488, no genetic daletion in the
miR-101-1 gr mil-101-2 region was datectad in ATL, which is
nef consistent with a previous finding in prostate cancer, Cur
results also suggested putative association betwean Let-¥ farmily
and EZH2 [Figure 84), Aberrant downrequlations of these miR-
MAs in the primary ATL cells will be the nextimportant questions
to be addressed in afforts to improve undarstanding of the enco-
aenic signaling nebwork.

By pollaborative profiling of miRMNA and mBMA exprassion, wa
identified a notable refationship betwesn ATL sublypes and
a gane cluster that cordaing miF-31, NIK, EZHZ, and 50212,
This finding sugpests that an aberrant gene exprassion pattem
correlates with the malignant phenotype, and this provides
important clues about clinical manifestations and may halp
identify therapsutic tangsts against ATL cells {Figure B4,
Although HDAC inhibitors did not show effective responsas
[Figures 54| and 544}, emerging epigenetic drug such an EZH2
inhibitor (Fiskus et al, 2008) may pave a pathway leading to
pures for various malignancies that involve constilutive activa-
tion of NF-«8.

In summary, we show that genetic and epigenstic loss of
mifA-31 iz rezponsible for oncogenic NF-B activation and malig-
nant phenetypes In ATL, This provides evidence for the idea that
mif-31 ig an impertant tumor suppressor, An amerging pathway
involving an epigenstic process, mif-31, and MF-«E wil provide
a conceptual advance in epigenstic reprogramming, inflamma-
tory signaling, and oncogenic addiction,

EXPERUMENTAL PROCEDURES

Cell Lines and Brimary ATL Qolis

The primary paripharal blood mononeclear cells [FBMOs) from ATL patisnts
and neaithy voluesrs used inthe present work were a part of thoss collected
wilh as Informed consent as 9 colizborative progct of the Joint Study an
Progjricstic Factors of ATL Dowsapment (JSEFADL The proseat was agppeoved
by 1 Iostitute of Modical Sciences, the University of Tokye (ST} Human
Cierme Fesearch Ethics Commiltes. Additional ATL clinient sanipdes for
oopy number analysis werg provdided by Des. Y, Yamada, Nagasak University,

10) NF-cB acthily svaluated By reporter ouseys o ihe presencs or absence of miB-31 Ihibitor fn = 5, mean £ S0 Anti-rmiR-31 restment partially rescued the

NF-s3 sty In PROZ brackdavned TL-00m) colis,

{81 Qvarprprassed EZHZ acthates MP-wB vig sedH-3 1, Jurkat colls were tanslectod with an BEHZ plasrmid jooethes with mil-37 precurscs or contral BMA [0 = &,

mean £ 50).

IFPRCR dyslunciion changes TL-0m1 cell profferstion and response b serum stanaticn. Leder condilions of 109% ar B V% of FCE, call growiin curves wonm
exgringd = 3, mean = 300, PRCZ doweregulalion decreased oell growth with statistical significance.

(€21 FF-xB gotidty in BECH-rockdownsd MDA-MEB-453 calls in the presencs or ghesnos of miF-31 inbibitor were sxamited (n = 5, mean = S0L

b4y BPRCT disreption irndbits BAFF-dependerd NI acoumulation and IvBle srosphoryiation in BJAB oslls.

(11 Apagtetic coll death induced by fentivinug-mediatod BZH2 knockdowr in TL-0m1, Yenus-positive populations were analyzed by Annexin V/7-480 stanings
(= 3} arad represontative of FACS data gm0 siovwen,

{Jy Susrnary af prizsary lurmor ol death, Lenbivires-basod miR31 exprossian, MIK krockdosn, and B2H2 krackdawn showed killing affacts in gle prirmarg ATL
samples. Slalistica!l significanses are shown in e graph, Results of FACE and gRT-POCR arm shown i Figures 55 ard 854,

(Ki Enpression levels of genes invalved in noncanenioal MF-«B patheay in primary ATL colls (AT, res 3 narmal, g 7 meancs S04 Relative expresgon els wees
teated by qRT-PCR {'p = (.05). Bee also Figure 56,
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and K, Onshima, Burame University, where the projects ware approved by the
Heseach Ethles Comnitoss of Nagazakl Usiversity and Kurues Uinkversity,
respastivaly, PEMG wor molaled by Fiooll sepoaralion. STL colis, grimary
femphocydes, and all T oall Inos were maintaived in BPRITES0 supplemented
with 10% of FCS and antibiotios. Clnical information of ATL samplas is
provided in Takls 51,

Espression Snalyses

Clinizal samples for migroarays were coliscted by a cofishorative study
groug, JEPFAD {waraga ef al, 2070) Gene exprassion microaray was
used 4xd4d Whele Human Genome Oligo Microaray (Agitent Technolagies)
and miBKA rrcroaray was used Human miRMS microarray Kit w3 (Agilent
Technslogies), msgpechely, Cuaslitative BT-POR was performcd with
SYBRGroon {TAKARAL Mature muPtA sssayvs were purchassd from Applied
Hinaysiames,

Cupy Humbor Analysos

Gentmic DA from ATL patients was provided from the matoral bank of
JEPFALD, Magasaki University, and Korums University, and was analyzed by
Affymetriz GenaUhip Human Mapping 250K Msp Array (Afymetri). Oblained
diata wers analyzed by CNAG/AASCHNAR pragram (Chen et al., 2008]

Ofigenucieotides, Mlasmids, and Retrovives Veslors

Al BT-PCR primars and ofigonusieotides are descdbed i Supplemental
Exparimerntsl Procedures, miPNA precursor and inhibitor were from Appiied
Bigmyslems, Transfecton of smadl HNA arad ather plasmid DNA wers par
formied By Lipeloctamine2000 (odtrogent For miPMa o s5HENA sepassion,
restrowiral vectors (pSISRUG, TAKARS) vera used.

I UTE-Conjunaied smif-31 Boporier Agzay

Hela cells ware colanslected with 3° UTH-nsered pMIR-AEPORT firefly
papsmid (hrnkdany, REV-Reonilla luslemse pasnid, and mifie infsbitar. The
colls were collented gt 24 br postlmnslection, and Duablusilorsse reporder
axsay was poriormed (Pramegal.

Astalysis of WF-«8 Patheany

MNFB activity was evalusted by EMSA and raporter assays as previoushy
desonbed (Hode of gl 2004]. Antibodies lor western Blots are described in
supplernantal infzrmatan, Cell protferative assay was performed by Call
Counting #it-8 (Dofinde).

{antivires Yeotors and Apopiecis Snalysiz

A lentivirus vector (C8-H1-EVBsdl was provided from RIKEN, BRC, Japan.
Lentivirus sofution was produced by cotranafection with packaging piesmid
InCafE-HiVop and YEV-G- and Bov-expeassing plasmid (pOMV-VSY-G-
FE-Hay) into ROAFT calle. After infection of lentivines, the apoptetic colf was
evifustad by PE fanexin W/ 7-8AD0 staining (B0 Phartlinges) and analyzed
by FACS Calibur [Becton, Diskinson). Colfected data were analyzed by Flowdo
softwars (Trea Stary,

ChIF Assay

P aszay was previously described [Yamagiste et al, 2008). Brielly, calls
weara orasslinked with 1% of forrmaldehyde, sonicated, and subjecied to chire-
matin-canjugated P using specific antthodizs. Precipitated ONA was purified
ard anatyzed by real-time POA with speciiic primers (see Suppdemsnial Exper-
enemal Frocedurag),

Camputational Prediction

Tor idgntity midd-31 target genas, we ntegrated ihw cutput resufls of multiphs
prediction programs: TorgelScan, PieTar suBands, and PITA, BRAKybrid
weas for secondary struchure of miBMNA-3 UTH hybdd, TS50 geagram was
for TATA box and TSS predictions. TRS metiylation site was predicled by
G istard Bearcher.

Biptistieal Analyses

Drata weosre anglyzed as fofiows: (1) Welch's © et for Gene Expression Micro-
artaty o value cula®t a1 307 % and miIAMA Mioraarray (p valus cmolf 8t 1075,
21 Pearson's comalation for o gimersiongl Mareehiosl clusiering onalygs
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argl individual assesement of mizrearray data setsr (3] two-tailed pared
Sfudant's ¢ test with p < 005 considersd statistically significant for In vitrs
it Bros ard prirgey celis expedmants, inchadeg luciferase assay, AT-POHA,
CHIP assay, coll growil agsay, and migeation assay. Data are presented o8
smiean = S0,

ACCESSION HUMBERS

Coosdingtes have been deposited in Gene Exgréssion Omrihus detabasze
with accessicn rumbers, GSEITEIS [mifMA microarray). GEEZIE1S {gens
eapression microaray), and GEEIZENY (copy number analyses),

SUPPLEMENTAL INFORMATION

Supplemanta!l Information incfudes three tables, five fgures, ard Supple-
mantal Experimental Procedures and can be found wilh this articls aling at
o 10 1B oo 2011 1 096,
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A THIRE H M9 (adult T-cell leukemia/lymphoma ;
ATL)iZ e FMTHlEE MR 4 VX 12 (human T-cell
leukemia virus type 1 ; HTLV-1) ®&#I2 & - THl
SRS NLEELRTHRERIR/Y Y YETH %,
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Abnormal expression of miRNA in Adult T Cell Leukemia

LLJX
i
Makoto Yamagishi

L

T #BRBRME (ATL) &, BEZ2AU7E HTLV-1 B30
%, %5 0FL LOBRNBRBENOBICRET 5. B
BTHEBREIMAINZEBEFEMICEIFIEL, BETF
BENEBENLVEBELTRET . UL, L
EESLICED 3 BEFOEREH FAE IR ISR
Thb, PAREDESET microRNA (MRNA) RREE
NEHEDRCRBHON TV D, HTLV-1/ATL D4EI T HEE
DPPNEFTREDREL S 77, BRI+ HTH o7
HE 513 HTLV- B ok — MEFR @A JSPFAD
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BEATBENF-«k BEEISFELIhMRESFEIN
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miR-31, NIK DS X HBEOEGICEETH5I L
R&hi Polycomb 77IU—DEEIZELADI AR
TEESWTHY, EELEHTFIENESLS, mRNAEZRNL
7= Polycomb & NF- k B D 7O =731 B2 TH
VD, KAEORERICEVIES X719y VEEEN NF-
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A - TS

&5

Toshiki Watanabe

=402

B T HIFLE I (Adult T cell Leukemia, ATL) i3t b

T SRR 9% 7 A VA T (Human T cell Leukemia Virus
type 1, HTLV-1) DU Lo T &I ENAEEL THH
FAERIIR / V7B TH S 50 ~ 60 F L) BWER
AR HTLV-1 B RAEIN T MR O BETF BE D
ERULFAAH TSI EN D, BUEHFITIZ 2000 HA
DL EDBEE B EENEY, HRIFIES, #1120
FANDBIE D TFEAE VR 1000 AR 25 ATL ASFE
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BUILHANEEOBEBEIREKTH LIS T/VAIL
DRERBOAFE LRERAL, IR E DS FA =X
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PRUHEL R TAVADIRIEL BIROF, ik
BEERIR A B L F LV SRR E T B Vs
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T3 2 HTLV-1 BREMIL TR YA NI Vs BT
% % Tax %° NF- k B DEZEY (canonical) KU IEE H
#J (noncanonical) & % BIBIZEEILT50S Tax @
BHPFRD LN\ ATL EEMAZICBITS NF-«B O
EHAL A = A AR L B S olz. Z0, &=
FEHMEATIZ X 5T NF- « B inducing kinase (NIK) @
mRNADBRFEHAMER 8% NF- « BOERAICES L
TWBIERHELRITE TV A, NIK DEFRIE
BIZOWTCIRETH o720 NF- k B VT FVOEELE
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miR-31 IX NIK ® i {2 RhoA, Radixin, Integrin a5,
FoxP3, FIH, E2F2 2E#eiBEF2RICHMEL, MR
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pEey BEETERTEGSH
BERE ATL R HEmicHE
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DEMBEHETLLEDN TS, —JF5 T miR-31
#4% Polycomb 7 7 IV —i3Z L DEM) L YE, HIIRE,
BEESEOMIBOMEE, £, SBRICERLRFTHS
ZEDRESNTVDED, EOEREET S OFRER
CEEEE LIRSS ol EHLIL, B
Ze TS 07z, D miR31 12X 5 NIK 2A-L72 NF-«
BEBOHEIHE, @ Polycomb 77 IV —I2 X5 miR-31 D
ZHEB#E %S, Polycomb 12 LAYV 2T AV IR
HlAEIDS NIK KR 72 NF- « B BB OBRIBICEDS, L)
REZE L Tlzo ZHFE T Polycomb 7 7 37)—& NF-«B #%
B ORBMRIZETER STV id o7z,

LR L7248, ATL SRBERRIC BT EZH2 D LI
SUZI2 %/ v 2 ¥ 5L, miR31 DFEBIFESN,
ZOEENIK OLAVHTET$5Z L2 ko TTFHRO VS
FIVDMEIEL, NF- k BIEHELSVMET L7z, 25122
5 DA IR B B U MR SESR T DE TF L7
Polycomb, miR-31, NIK 13Z#EM O LRI ETHHEF
T, MRS 357 My MIREARTBICIEE T L E 2
SNBEY, UTOEEREEICLY, LEoSTFHErE
WEBETHLEEZLND, O Polycomb 773V —D. v
T A Lo TIET L7z NF- k B IEMEL UV, miR-31 DFE
ERERFLLZLICESTREIETAZ L5, Polycomb
12X % NF- k B OFI#iE miR31 ZALTWAE I LATRIBE
N%. @ Polycomb D/ v 7 ¥ 7N Lo THEEEN S ATL
HRBROREHIR 72 Apoptosis 1 3UTR %7272\ NIK (12 Lo
TLAFa2—EN5b, D%V Polycomb 77 IV —I2 X oTHE
BT AEE REFREO—EIX NIK O L>TEHL
ENbe B miR-31 DBFIFEELR Polycomb D v 7 ¥ 7
1%, B I BITSH BAFFE %° CD40L %> 5 DIEERIHY NF-
Kk BREEROEEALEEETAZ NS, DAY v
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2T, EEMROYZFVORBIIIEETH D,
@ miR-31 DFEIR KU Polycomb @/ v 7 572 &) ATL
HfED MDC (CCR4 VA~ I) 1o 3581 EAYME T L,
0T, NIK LA miR-31 OEREE TR L ARER
i& Polycomb 77 3V —IZ Lo THESN TV B

5. HiMaBEDREEN

Polycomb M BFFH, miR31 DFEHKIE, NIK OB
FIBTLL NF- « B OWEFENEE KL, wWihd ATL OF
FRAREP DL o7z, EFOIIFMROBIELLT,
LED ATL MO 5 F L OSSO EFICED
BT ERE L7z miR31 OHIRIE, EzZH2
BLENIK D w75 Y BTV T IANANG 5 —%

- PERL, BFHk ATL MIRCE#EEAT 2 LiZdoTer

vivo COFHIEZAT o720 DR, HIHEEOEAZITRE
DOENLY, WENOLYF I/ NVABEED ATL KA
HoE D ATL MIBLICHBE R T R =Y A T2 Z EAVR
ENTzo RO E BEHROKBMBEHIRS LI
THIFCH L CiHEE ASBENEL, GTFLIVvoNT Y
AEED ATL FEEMIROEFIUBL o TWA I EATR
Ehize TRHORERIE, miR31 A% ATL A R

CBIEENLRHOIEERLTV A, oT, mik31 D ATL

SR RA AR RIS H T 1T LY, [miR-31 AR
B EDRIETIEC ATL OFSHEBERRCO%
BUBMARTHRLELLNS (H2)

BbHYIC
ABFTIE, ATL c:m?%%ﬁf;&%?#%ﬂ@ & NF-«B
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