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The RNASET2 gene, mapped in 6q27, was previously found to exert control of tumorigenesis in an ovarian
cancer system. We present here results indicating a similar control in a melanoma cancer model. Thus, this
gene is most likely involved in a common general pathway of tumorigenesis. Moreover, its antitumorigenic
activity is manifested in vivo but not in vitro, suggesting that this gene belongs to the growing category of
tumor antagonizing/malignancy suppressor genes. A possible role of RNASET2 in the activation of a senes-
cence program, whose responsible locus was mapped in the same chromosomal 6q27 region, seems to be
inconsistent with our data.

In recent years, a solid body of epidemiological evi-
dence has indicated that the peritelomeric region of hu-
man chromosome 6, namely 6q27 , harbors one or more
tumor suppressor genes involved in a wide range of
tumor types (1-3). Despite intense efforts by several
groups, including ours, no genes belonging to this class
of tumor suppressors have been unequivocally isolated
and characterized so far in this region.

Our group has recently isolated and partially charac-
terized a gene from 6q27 called RNASET2 (4). This gene
is the first mammalian member of the widespread family
of T2 RNAses to be described. Proteins belonging to the
RNAse T2 family (EC 3.1.27.1) are present in all phila
and are endorsed with disparate functions: for instance,
in some microorganisms and plants T2 RNAses can me-
diate phosphate uptake by digesting extracellular RNAs
(5), whereas in self-incompatible plants, specific T2
RNAses prevent self-fertilization by inhibiting the growth
of the pollen tube (6). In still other species, T2 RNAses
have been described to provide host protection against
pathogens or to trigger cellular senescence (7,8). Al-
though involved in apparently different biological pro-
cesses, the most basic and relevant features of RNAseT2
proteins are their localization in the extracellular milieu
(where RNAs are conventionally thought to be unavail-

able) and their ability to control cell growth. Therefore,
a functional link between these two features has been
envisioned, suggesting that RNAses belonging to this
family, besides intracellular RNA digestion, are en-
dorsed with novel biological functions that are per-
formed outside the cell.

Among these biological functions, the well-described
control of cellular growth mediated by T2 RNAses is
particularly attracting from the oncological point of
view. Indeed, RNASET2 was found by our group to be
hypoexpressed or absent at the transcript level in several
primary ovarian tumors and ovarian cell lines (9). More-
over, we reported a clear inhibition of tumor growth fol-
lowing inoculation in nude mice of RNASET2-overex-
pressing cells from the Hey2Met3 ovarian cancer cell
line (10). Despite such a strong effect in vivo, the
RNASET2-transfected cells did not show any change
when cancer-related parameters were assayed in vitro.
The behavior of RNASET2 is thus reminiscent of that
described for the so-called "tumor-antagonizing" or
"malignancy suppressor genes," which are characterized
by an asymmetric oncosuppressive activity (namely, the
ability to suppress tumorigenicity in vivo without affect-
ing growth in vitro) (11-13), and whose occurrence in
the human genome is estimated to be more frequent than
predicted, although very few examples are available to
date.

Addresscorrespondenceto FrancescoAcquati,Departmentof BiotechnologyandMolecularSciences,viaJH Dunant3, 21100 Varese,Italy.Tel:
+39-0332-421512; Fax:+39-0332-421500; E-mail:francesco.acquati@uninsubria.it

http://www.cognizantcommunication.com
mailto:francesco.acquati@uninsubria.it


;ftjeft pwbsjbo dbodfs+ nbmjhobou nfmbopnb jt bmtp
bttpdjbufe xjui dispnptpnbm sfbssbohfnfout jo uif
5r16 sfhjpo- Tf uifsfgpsf xpoefsfe xifuifs lfandoE
dpvme bmtp cfibwf bt b uvnps-tvqqsfttps hfof gps uijt
ijhimz bhhsfttjwf ofpqmbtjb- Eoeffe+ uif hfof qspevdu
fodpefe cz uif lfandoE psuipmphpvt hfof gspn aB@vAH
y;<<DB >;yvA )evccfe :?PE;EJ@* xbt sfdfoumz sfqpsufe
up fggfdujwfmzjoijcju hspxui+ bohjphfoftjt+ boe nfubtub-
tjt jo b ivnbo nfmbopnb npefm tztufn+ uivt qspwjejoh
gvsuifs tvqqpsu up pvs xpsljoh izqpuiftjt )03*-

Tf qsftfou ifsf fyqfsjnfoubm fwjefodf jo b nfmb-
opnb npefm pg bo jo wjwpuvnps-joijcjupsz fggfdu pg uif
ivnbo lfandoE hfof uibu jt opu bttpdjbufe xjui bmufs-
bujpot pg uif jo wjusphspxui qbuufso+bt qsfwjpvtmz pc-
tfswfe jo bo pwbsjbo dbodfs npefm- Piftf sftvmut tvqqpsu
uif opujpo uibu lfandoE cfibwft jo wjwp bt b uvnps-
boubhpoj©joh ps nbmjhobodz tvqqsfttps hfof jowpmwfejo
uif qbuiphfoftjt pg uxp joefqfoefou dbodfs uzqft )cpui
bttpdjbufe xjui dispnptpnf bmufsbujpotjo uif 5r16 sf-
hjpo* cz nfbot pg b tjnjmbs npmfdvmbsnfdibojtn-

dAmGiaAcl AeC dGmMgCl

cv<< cD<CDAv r>t oAr>BxvsC;?>

:mmivnbo nfmbopnb dfmmmjoft xfsf nbjoubjofe jo
@IAI nfejvn xjui 0/$ gfubmcpwjof tfsvn )B;O*-
Pif OG-IAH 17 dfmmmjof )b ljoe hjgu pg Mspg-Sboob
;jbodij-Odbssb+ @fqbsunfou pg ?mjojdbmboe Ayqfsjnfo-
ubmLodpmphz+Rojwfstjuz pg Cfopwb+ Eubmz*xbt usbotgfd-
ufe xjui Hjqpgfdubnjof 1/// )Eowjusphfo*-Ojohmftubcmz
usbotgfdufe dmpoft xfsf jtpmbufegpmmpxjohtfmfdujpo xjui
C307 bu 4// Emh.nm-Msjnbsz dvmuvsft pg nfmbopdzuft
)Cfoubvs* xfsf hspxo jo D:I-BmL nfejvn )Ojhnb*
tvqqmfnfoufe xjui Ifmbopnby )Cfoubvs* boe 0/$ B;O-

hDr>C;CrC;Ev loHgcl

PpubmNJ: xbt fyusbdufe gspn qsjnbsz nfmbopdzuft
boe nfmbopnb dfmmmjoft xjui uif PNE sfbhfou )Ojhnb*
boe sfwfstf usbotdsjcfe xjui sboepn fybnfst vtjoh uif
Djhi dbqbdjuz d@J: NP lju ):qqmjfe ;jptztufn*- Msjn-
fst xfsf eftjhofe xjui uif Msjnfs fyqsftt qsphsbn ):q-
qmjfe ;jptztufn*- Nfbm-ujnf NP-M?N xbt qfsgpsnfe po
:;E MNEOI 6/// xjui Mpxfs OU;N hsffo M?N Ibtufs
Ijy ):qqmjfe ;jptztufnt* gpmmpxjohuif nbovgbdsvsfs"
jotusvdujpo- Pif tfrvfodf pg uif qsjnfs qbjs vtfe gps
lfandoE bnqmjgjdbujpoxbt bt gpmmpxt8gLVm-Wlbse~-(-?C
P ::PP?:?P?CPPP???:: E?- 2( boe sf - 8 -(-??
?:PC?PPPP???:?P?:P-2(-

Pif sfbdujpot xfsf qfsgpsnfe jo (/ Fk "'=

wpmvnf dpoubjojoh ubshfu d@-- ~- 8 '#%#*#"_89889(888FL(~
EEEpg Mpxfs Ozcs Csffo M?N E8EmbOuC88jmm--(-~a-

tztufn*+ boe xbufs up uif gjo Wa
qpmznfsbtf bdujwbujpotufq bu$=''( &"

xfsf efobuvsbufe bu TNIc gps 04 t boe boofbmfe.fy-
ufoefe bu RAIc gps 0 njo+ gps 3/ dzdmft- Bmvpsftdfou
tjhobmt hfofsbufe evsjoh M?N bnqmjgjdbujpo xfsf npoj-
upsfe boe bobmz©fexjui :;E Msjtn 6/// O@Otpguxbsf
):qqmjfe ;jptztufnt*- ?pnqbsjtpo pg uif bnpvou pg
fbdi hfof usbotdsjqu bnpoh ejggfsfou tbnqmft xbt nbef
vtjoh ~-bdujo bt sfgfsfodf- Pif bnpvou pg ubshfu NJ:+
opsnbmj©fe up uif foephfopvt sfgfsfodf hfof+ xbt dbm-
dvmbufe cz nfbot pg uif ejggfsfodf-jo-uisftipme-dzdmf
qbsbnfufs )~?F-

gA?<;xvArC;?> aBBrG r>t a>;=r< dF@vA;=v>CB

Eowjuspdfmmhspxui dvswft xfsf bttfncmfe cz qmbujoh
3/// dfmmtjo b 13-xfmmqmbufboe dpvoujoh wjbcmfdfmmt
ebjmz )jo usjqmjdbuf*po b ;vslfs dibncfs gps 6 ebzt- Pp
uftu gps uvnpsjhfojdjuz jo ovef njdf+ dfmmtxfsf hspxo+
uszqtjoj©fe bu 6/$ dpogmvfodf+ ibswftufe+ boe sftvt-
qfoefe jo /-4 nm pg dvmuvsfnfejvn- ?fmmt )2 y 0/5*
xfsf uifo jopdvmbufe tvcdvubofpvtmz joup 5-xffl-pme
ovef njdf- Pvnps hspxui xbt npojupsfe fwfsz 1 ebzt
gps 0-4 npouit cz nfbtvsjoh uvnps tj©f xjui b dbmjqfs-

f?AC-vA> a>r<GB;B

PpubmNJ: xbt fyusbdufe gspn qsjnbsz dvmuvsft pg
nfmbopdzuft xjui uif PNE sfbhfou )Ojhnb*- NJ: xbt
tvctfrvfoumz dmfbofe vq gspn nfmbojo bddpsejoh upHbh-
pojhsp fu bm-)04* cfgpsf cfjoh mpbefe )01 Emhqfs mbof*
joup 0-1$ bhbsptf gpsnbmefizef-efobuvsjoh hfm boe
cmpuufe poup ozmpo nfncsbof ):nfstibn* pwfsojhiu+
gpmmpxjohtuboebse qspdfevsft- Bjmufst xfsf qsfizcsje-
j©fe gps 0-1 i boe izcsjej©fe pwfsojhiu bu57k? jo Mfs-
gfdu-Dzc MmvtDzcsjej©bujpo cvggfs )Ojhnb* xjui 21qa

sbejpmbcfmfe qspcft- :gufs izcsjej©bujpo+ gjmufst xfsf
xbtife podf xjui 1y OO?+ /-0 $ O@O4 njo bu sppn
ufnqfsbuvsf+ uxjdf xjui /-4y OO?+ /-0 $ O@O1/ njo bu
RSIc- boe uxjdf xjui L-my O@O+/-0 $ O@O1/ njo bu
RSIc:

nCrC;BC;sr< a>r<GB;B

Pif jo jo-p boe jo wjwpebub xfsf bobmz©fexjui uif
Ouvefou(t CHCvBC boe uif Iboo-Tijuofz S-uftu+ sftqfd-
vW"fmz-

Pp f bmvbufuif qpufoujbmpodptvqqsfttjwf spmfpg uif
) ,:H<ndoE hfof jo uif dpoufyu pg nbmjhobou nfmbopnb+

fmpg fjhiu nfmbopnb dfmmmjoft xbt tdsffofe gps
e: aNdoE fyqsfttjpo mfwfmtcz sfbm-ujnf NP-M?N )Bjh-
0 - S+jui sftqfdu upopsnbm nfmbopdzuft+ gpvs pvu pg fjhiu
/" siftf dfmmmjoft tipxfe efdsfbtfe mfwfmtpg lfandoE

:- Pijt jt sfnjojtdfou pg xibu xf pctfswfe qsf-
jpvtmz jo bopuifs dbodfs npefm tztufn+ obnfmz pwbsjbo



GcaedMCAHlOek_kOk_mTiTOcrk_dTILrG:I Ufi RNASET: TogiTjj_fe cTmTcj_e OgOeTcfU dTcOefdO RTccc_eTj+LWTG:I OjjOp nOj
gTiUfidTS Oj STjRi_PTS_e EOkTi_OcjOeS ETkWfSj+RNASET: TogiTjj_fe nOj RfdgOiTS kf kWOkfPjTimTS _e giTjTeTjRTek efidOc
dTcOefRpkTj Ufccfn_eV efidOc_qOk_fe n_kWkWT~rORk_eiTUTiTeRTVTeT+LWTU_VliTjWfnj TogiTjj_fe SOkOUifd kWiTT_eSTgTeSTek
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kldfij $5(+LWTiTUfiT)O dTcOefdO RTccc_eT n_kWcfn
RNASET: dIF8 kiOejRi_gkcTmTcj$JC E?D .4( nOj
RWfjTe Ufi UlikWTiRWOiORkTi_qOk_fe+8ckWflVWjfdT RTcc
c_eTj S_jgcOpTS Oe TmTe cfnTi RNASET: TogiTjj_fe
cTmTcnWTe RfdgOiTS kf kWTJCrE?D .4) kWTpnTiT S_jr
ROiSTSUfi UlikWTiOeOcpj_jSlT kf kWT_igffi iTgc_ROk_fe
iOkT_e m_kifOeS dOc_VeOeRpgfkTek_Oc_e m_mf$SOkOefk
jWfne(+ LWTJCrE?D .4 RTccc_eTnOj kWTiTUfiTjkOPcp
kiOejUTRkTSn_kWT_kWTikWTUlccrcTeVkWRNASET: R;F8
RcfeTS _ekf kWTgR;F8/ mTRkfifi kWTTdgkp gcOjd_S
mTRkfi)OeS _e m_kifRTccVifnkW iOkTjnTiT jlPjThlTekcp
dTOjliTS Ufi kiOejUTRkTSRcfeTj nWfjT RNASET: Tor
giTjj_fe cTmTcjnTiT _emTjk_VOkTSPp FfikWTie OeOcpj_j+
8j STg_RkTS_e @_VliT.O) nWTe RNASET: R;F8rkiOejr
UTRkTSRcfeTj nTiT RfdgOiTS n_kWRfekifc RcfeTj) ef jkOr
k_jk_ROccpj_Ve_U_ROekS_UUTiTeRTjRflcS PT TjkOPc_jWTS+
@likWTidfiT) O RcfefVTe_R OjjOp gTiUfidTS n_kWPfkW
Rfekifc OeSIF8J?L.rkiOejUTRkTS RTccjS_Sefk jWfn Oep
S_UUTiTeRTPTknTTe kWTknf TogTi_dTekOcViflgj $SOkO
efk jWfne(+ Lf STkTid_eTkWTgfjj_PcT TUUTRkfURNASET:
TogiTjj_fe fe kldfi VifnkW _e m_mf)kWTkiOejUTRkTS
RcfeTj nTiT kWTe_eaTRkTSJ: _ekf kWTUcOebfU elST
d_RT+:fej_jkTek n_kWfli giTm_flj iTjlckj _e Oe fmOi_Oe
ROeRTidfSTc) d_RT PTOi_eVRfekifc RcfeTj kiOejUTRkTS
n_kWkWTTdgkp gcOjd_S jWfnTS OjkOk_jk_ROccpj_Ve_U_ROek
_eRiTOjT_e kldfi j_qTj nWTe RfdgOiTS kf d_RT PTOi_eV
RNASET:-rnalofecred RcfeTj) PTV_ee_eVOk kWTUflikW
nTTb OUkTi_eaTRk_fe$@_V+.P(+ LWlj) RNASET: nOj
jWfne kf jlggiTjj kldfi VifnkW _e m_mf_e kW_jdTcOr
efdOrSTi_mTS RTccc_eT+

?Oicp VTeTk_RjklS_Tj WOmTjlVVTjkTSkWOkkWTgTi_kTcr
fdTi_R gfik_fe fU RWifdfjfdT 2) eOdTcp 2h.3) RflcS
WOiPfi O kldfirjlggiTjjfi VTeT_emfcmTS_e kWTjTeTjr

RTeRTgifViOd $-2(+9TROljT RNASET: WOjPTTedOggTS
_e kWTjOdT iTV_fe) nT kTjkTSnWTkWTikW_jVTeTRflcS
PT _emfcmTS_e gfjkiTgc_ROk_mTjTeTjRTeRTPp dfe_kfi_eV
RNASET: dIF8 cTmTcj_e gi_dOip dTcOefRpkTj OkS_Ur
UTiTekgfglcOk_fe SflPc_eVj) jkOik_eVUifd -- G;j lg kf
/3 G;j nWTe iTgc_ROk_mTjTeTjRTeRTfRRliiTS+8j jWfne
_e@_VliT/) RNASET: dIF8 cTmTcj_e gi_dOip dTcOefr
RpkTj nTiT _emOi_OekUifd TOicp kf cOkTgOjjOVTj $kWT
jOdT iTjlck nOj fPjTimTS Ufi gi_dOip U_PifPcOjkj7SOkO
efk jWfne() kWlj ilc_eV flk iTgc_ROk_mTjTeTjRTeRTOj kWT
P_fcfV_ROcdTRWOe_jdPp nW_RWRNASET: ROii_Tjflk _kj
feRfjlggiTjj_mT ORk_m_kp_e kW_jRTcclcOidfSTc+

BekW_jiTgfik) nT giTjTek UlikWTiTm_STeRTfUOkldfir
jlggiTjj_mT ifcT Ufi kWTRNASET: VTeT_e OdTcOefdO
ROeRTijpjkTd+ :flgcTS n_kWfli giTm_flj iTjlckj _e Oe
fmOi_OeROeRTijpjkTd OeS kWTiTRTekcpSTjRi_PTSfeRfr
jlggiTjj_mT ifcT fU 8:LB9BF; $kWTVTeTgifSlRk fU kWT
RNASET: fikWfcfVUifd A2 lhgen, _e OWldOe dTcOefdO
dfSTc) kWTjTSOkOjlVVTjk kWOkRNASET: Rfekifcj kldfir
_VTe_R_kp_e OkcTOjkknf S_UUTiTekROeRTijpjkTdj+ NT
WOmTOcjf _emTjk_VOkTSnWTkWTikW_jjTRiTkTSOeS UleRr
k_feOccpORk_mTIF8jT $-3( RflcS PT iTjgfej_PcT Ufi kWT
ORk_mOk_fefU O jTeTjRTeRTgifViOd _e gi_dOip dT-Oefr
RpkTj OeS U_PifPcOjkj)Plk ef OckTiOk_fej_e RNASET:
dIF8 cTmTcjRflcS PT STkTRkTSOj RTccjnTiT gOjjOVTS
Uifd TOicpkf cOkTSlgc_ROk_fejkOVTj+LWTjTgiTc_d_eOip
SOkOjTTd kWTiTUfiTkf ToRclST kW_jVTeTOj PT_eViTr
jgfej_PcT Ufi jlRW gifViOdj _e kWTjTRTcclcOidfSTcj+
AfnTpTi) _e PfkWROeRTikpgTj kWTdfjk jOc_TekUTOkliT
fURNASEn OggTOijkf PTORfej_jkTekRfekifc fUkldfir
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O_cbRg+Hkc TSNaRcA-xtervlhfxhg MbPhkc Ocbhfc_ O_cbRgkRfR igRP Scf hUVgRldRfVaRbh+9MOUO_cbRkMg VbcOi_MhRPVbhcSVjR
VbPRdRbPRbhMbVaM_g+

VTRbRgVgVbjVjc) MggcOVMhRPkVhUM_MOWcS TfckhU Ocbhfc_
VbjVhfc+

;RbRg RbPckRP kVhUMbMgmaaRhfVOgiddfRggVcb cS
hiacfVTRbRgVg$V+R+)Ocbhfc__VbThiacf TfckhU VbjVjc Nih
bch Vb jVhfc( UMjRTMVbRPVbOfRMgRPMhhRbhVcbcjRf hUR
_MghSRk mRMfg$--o-/(+ :cf RlMad_R)hURTfcid cS A_RVb
UMgOMffVRPcih MdVcbRRfVbTkcfW cb hUVgOMhRTcfmcS
TRbRg)MbPhc PMhRSVjRcS hURa $B:) B@C8-) ?J7B_)
?J 7B.) MbPI?B( UMjRNRRbVgc_MhRPMbPOUMfMOhRfVnRP
Sfca hUR/d OUfcacgcaR $-/(+ IRfm fRORbh_mMbchURf
TRbR)OM__RP89R- MbPaMddRP hc 3e/.oe/0) kMgScibP
hc NR_cbThc hURgMaROMhRTcfm$-2(+ EhURfbchMN_RRlo
Mad_RgcS TRbRggUckVbTMgmaaRhfVOhiacf giddfRggVcb
MfRhUcgRdcghi_MhRPNmhURRMf_mghiPVRgOMffVRPcih Vb
hUR-31,g MbP-32,g NmhURTfcidg cS ?MffVg)GhMbNfVPTR)
MbPA_VbR$-.() kUVOUMShRfacfR hUMbhkc PROMPRgMfR
ghV__ibVPRbhVSVRP+@bhRfRghVbT_m)hURgRTRbRgPc bch OcffRo
gdcbP hc MbmcS hURhiacfogiddfRggcf TRbRgVPRbhVSVRP
NmhURkVPR_mRad_cmRPMggMmcS BE? cf NmOcadMfMN_R
ac_ROi_MfOmhcTRbRhVOMddfcMOURg+

HURNRUMjVcfcS hURTSNaRcA TRbRVbMaR_MbcaM
OMbORfgmghRahUMhkR PRgOfVNRURfRSifhURfgiTTRghghUMh
hUVgTRbRgUci_P NRfMbWRPMgMbcjR_ aRaNRf cS hUVg

TfckVbT O_MggcS ~hiacfoMbhMTcbVnVbTTRbRg+~@bPRRP)Mg
kR M_fRMPmfRdcfhRPVbMbcjMfVMbOMbORfacPR_ gmghRa
,E-2 TSNaRcA kMg gUckb hc giddfRgg hURhiacfVTRbVO
dchRbhVM_cS MaR_MbcaMOR___VbRVbjVjc kVhUcihMSSROho
VbThURTfckhU fMhRVbjVhfc+HURgRfRgi_hgMfRdMfhVOio
_Mf_mVbhfVTiVbTVb_VTUhcS cif dfRjVcig cNgRfjMhVcbhUMh
TSNaRcA VgigiM__mgROfRhRPVbhURRlhfMOR__i_MfaV_VRi
$-1(+ HUig) MbFD7G9H.oaRPVMhRPdMfMOfVbRgVTbM_VbT
dMhUkMmaMm NR RbjVgVcbRP)Nm kUVOUTSNaRcA gRo
OfRhRPNmMdMfhVOi_MfOR__hmdR$V+R+)MbRdVhUR_VM_OR__(
OMbhfVTTRfMNVc_cTVOM_fRgdcbgRVbMPVSSRfRbhOR__hmdR
$V+R+)OcadcbRbh cS hURhVggiRghfcaM( hUMhi_hVaMhR_m
RjcWRMbMbhVdfc_VSRfMhVjRgVTbM_+GiOUMfRgdcbgRkci_P
dfcNMN_mbch NR cNgRfjRP Vb M ~cbR OR__ohmdRcb_m~
acPR_ gmghRa) giOU MgVb jVhfc Oi_hifR cS TSNaRcA-
RldfRggVbTOR__g+7g SMfMghURd_MigVN_RNVc_cTVOM_fRo
gdcbgR RjcWRPNmhUVgTRbRVgOcbORfbRP)Mh_RMghhUfRR
PVSSRfRbhaROUMbVgagOMbNRdcghi_MhRP)MOOcfPVbThc hUR
dihMhVjRSibOhVcbM_SRMhifRgMhhfVNihRPNmA_RVbhc hiacf
MbhMTcbVnVbTTRbRg$-.(4 -( VbUVNVhVcbcS MbTVcTRbRgVg5
.( ghVai_MhVcbcS OR__i_MfPVSSRfRbhVMhVcb5MbP/( Ocbhfc_
cS hVggiRMfOUVhROhifR+GVTbVSVOMbh_m)hURfR_MhVjRfc_R cS
hURgRhUfRROcad_Rl RjRbhgVbhURgiddfRggVcbcS hiacfVo
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