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Abstract: Problem statement: RNA polymerase Il (RNA pol Ill) is responsible fdranscribing
many of the small structural RNA molecules invohi@dRNA processing and protein translation,
thereby regulating the growth rate of a cell. RN& I transcribes both gene internal (tRNA) and
gene external (U6 snRNA) promoters and properaitiith by RNA polymerase Ill requires the
transcription initiation factor TFIIIB. TFIIIB habeen shown to be a target of repression by tumor
suppressors such as ARF, p53, RB and the RB-relabettet proteins. Also, TFIIIB activity is
stimulated by the oncogenes c-Myc and the ERK maiteactivated protein kinase. Recently, two
TFIIB subunits, BRF1 and BRF2, have been demotetrao behave as oncogenes, making
deregulation of TFIIIB activity and thus RNA poll Itranscription an important step in tumor
development. PTEN is a commonly mutated tumor seggur regulating cell growth, proliferation and
survival. Thus, we sought to examine the potentide of PTEN in regulating U6 snRNA
transcription.Approach: We examined the potential for PTEN to regulate URNA transcription
usingin vitro RNA pol 1l luciferase assays, western blotting aledetion analysis in cancer cell lines
differing in their PTEN statuResults: Using breast, cervical, prostate and glioblastoanacer cells
we demonstrate: (1) PTEN inhibition of gene exteRIHA pol Il transcription is cell type specific,
(2) PTEN-mediated inhibition of U6 transcriptioncocs via the C2 lipid-binding domain and (3)
PTEN repression of U6 transcription occurs, attleaspart, through the TFIIIB subunit BRF2.
Conclusion/Recommendations. Our data demonstrates that regulation of the U6NgnRgene by
PTEN is mediated, in part by the TFIIIB oncogeneFRpotentially identifying novel targets for
chemotherapeutic drug design.
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INTRODUCTION U6 snRNA, require a TFIIIB complex containing TBP,
Bdpl and BRF2 (Schramm and Hernandez, 2002).
RNA polymerase Il (RNA pol Ill) transcribes RNA pol Il activity is sensitive to growth

genes involved in processing (U6 snRNA) andconditions and is tightly regulated throughout tredl
translation (tRNAs) and influences the growth rate  cycle; RNA pol Ill activity is lowest during mitcsi then

cell (Schramm and Hernandez, 2002). RNA pol lllincreases slowly through G1 and reaches its maximal
recognizes different classes of promoters, whick bea  activity during the S and G2 phases (Widtel., 1995;
classified as gene internal, such as those fourtthédn Leresche et al., 1996). As such, RNA pol Il
VAI and tRNA genes and gene external, as exemglifie transcription is regulated by tumor suppressors and
by the U6 snRNA gene (Schramm and Hernandezpncogenes, most often by modulating TFIIIB activity
2002). TFIIB is required for proper transcription (White, 2005). TFIIIB is specifically targeted biet
initiation and in higher eukaryotes, at least twmis of  tumor suppressors ARF (Mortoa al., 2007), p53
TFIIIB have been identified (Schramm and Hernandez(Felton-Edkinset al., 2003a), RB (Felton-Edkiret al.,
2002). Gene internal promoters, such as tRNA an@003a) and the RB-related pocket proteins p107 and
VA, require a form of TFIIIB consisting of TBP, Bd  p130 (Sutcliffeet al., 1999) and more recently BRCA1
and BRF1, whereas gene external promoters, such @geraset al., 2009). TFIIIB activity is stimulated by the
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oncogenes c-Myc (Felton-Edking al., 2003a), the syndrome, an autosomal dominant hamartomous

casein kinase CK2 (Hat al., 2004; Johnstoret al.,  disease, is characterized by macrocephaly, liposigto
2002) and the ERK (Felton-Edkinet al., 2003b) and hemangiomatosis (Waite and Eng, 2002; Simpson
mitogen-activated protein kinase. RNA pol Il and Parsons, 2001). Additionally, the use of murine

transcription is also down-regulated by Mafl durihg  model to study the effects of PTEN deletion and
growth cycle and in response to nutrient limitafion mytation further supports the role of PTEN as adum

DNA damage, oxidative stress and a variety of qru%uppressor. For example, mouse studies demonstrate
treatments (Rollinst al., 2007; Johnsoet al., 2007, that PTEN deficiency can result in abnormal

Reinaet al., 2006; Goodfellqwgt al., 2008)'_ Mafl development of germinal layers, spontaneous
represses RNA pol Il transcription by targeting R development of both thyroid and colon tumors and

(Rollins et al., 2007), BRF1 and RNA pol Il directly . . .
(Reinaet al., 2006). It has also been demonstrated th g?ll(r)nvz/c B/mp(?foThaesséwrar:;feanddenligglstfgt% ?' ;Oe?g tic;ns
both gene internal (VAI) and gene external (U6 P i
SnRNA) RNA pol Il transcription is regulated by development of both breast and endometrial cancers
chemopreventative agents such as EGCG (Jetcab which are characteristic of Cowden syndrome (Waite
2007). " and Eng, 2002). Although murine models never exhibi
A definitive link between overexpression of RNA the exact characteristics seen in either Cowden or
pol 11l product tRNAMet and transformation has beenBannayan-Zonana syndrome, the development of
established (Marshallet al., 2008). Also, BRF2 abnormalities are remmls_cent of both syndromes_l'(e_Wa
expression and U6 snRNA gene external RNA pol (jjand En_g, 2002)_ and it is clear that PTEN deficiency
transcription correlate in all cancer cell linestésl resultﬁ in both diseases. ud iinid bhosoh
implying a potential role for BRF2 as a regulatbcell T_ e PTEN Structure includes a lipid phosphatase
proliferation (Cabarcast al., 2008). More recently, dqmam, a C2-lipid binding domain and a C-terminal
BRF2 the TFIIB subunit required for gene externaltar'1I (Lﬁe '§t| all., .19|99%'KAS an P?QE?XI?& 0:] the
RNA pol Il transcription has been demonstratedé¢o Phosphatidyl Inositol 3-Kinase ( JAKL pat way,
over expressed in 40% of tumors from patients (:}330-PTEN co_ntrols cell growth and_|ts phpsphatase domai
with non-small cell lung cancer and induced expaFss is essential for tumor suppression (Dilleinal., 2007).

; i A The C2-lipid binding domain regulates cell migratio
of BRF2 in bronchial epithelial cells made normelle (Raftopoulou et al., 2003) and has anti-oncogenic

behave like cancer cells (Lockwoetial., 2010). Taken  fynction (Okumuraet al., 2005). The C-terminal tail
together, these data suggest that TFIIB deregwlati pEST and PDZ domains regulate PTEN stability
may be an important step in cancer developments Thu(Georgesciet al., 1999).
increasing our understanding of how TFIIIB is  pTEN has been shown to repress gene internal
regulated and deregulated, by tumor suppressofs SURNA pol Il transcription by targeting the TFIIB
as PTEN may lead to novel chemotherapeutic drugupunits TBP, BRF1 and Bdp1 thereby, interferinthwi
development, ultimately leading to better patientproper assembly of TFIIB (Woiwodet al., 2008).
outcomes. Furthermore, Woiwodet al. (2008) demonstrated that
The phosphatase and tensin homolog deleted ofhe ability of PTEN to function as a repressor of
chromosome ten (PTEN) is a tumor suppressOgndogenous precursor tRNALeu transcription is
regulating cell growth, proliferation and surviialind  independent of p53 and can be uncoupled from PTEN-
in almost all tissues. Somatic mutations in PTENmediated effects on the cell cycle.
frequently occur in breast, prostate, ovarian, PTEN also inhibits RNA pol | transcription by
endometrial and brain tumors (Leslie and Downesdecreasing promoter occupancy, through TBP
2004; Waite and Eng, 2002; Simpson and Parsongzhanget al., 2005). As BRF2 is also a subunit of
2001). Germline mutations in PTEN result in autoabm TF||IB (Schramm and Hernandez, 2002), we speculated
dominant disorders such as Bannayan-Zonanghat gene external RNA pol Il transcription may be
syndrome and Cowden syndrome (Waite and Engregulated by PTEN, through TFIIB. Using breast,
2002; Simpson and Parsons, 2001). Cowden syndromgervical, prostate and glioblastoma cancer cells we
is a familial cancer predisposition syndrome whish sought to determine if PTEN regulates U6 sSnRNA
characterized by the development of multipletranscription and if PTEN regulates gene exteridAR
hamartomas in the breast and thyroid (Waite and, Engol 1l transcription whether it occurs via the BRF
2002; Simpson and Parsons, 2001). Bannayan-Zonarsabunit.
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MATERIALSAND METHODS status. The Hela cervical carcinoma cell line, DA% 1
prostate carcinoma cell line, MCF-7 breast carciaeil
Cell culture and luciferase assays: Hela, DU-145, line and MCF10A epithelial breast cell lines alpesss
HCC1937, PC-3, MCF-7, MCF10A and U87 cells werefunctional PTEN (Hlobilkovat al., 2000; Yuet al., 2002;
obtained from the American Type Culture CollectionMcMenamin et al., 1999; Wenget al., 1999). We
(ATCC, Rockville, MD). All cell media was measured the effect of PTEN overexpression on both
supplemented with 5% FBS, L-glutamine, non-esskentiagene internal and external RNA pol 1l promoter
amino acids and penicillin/streptomycin (all suppli activity in cells which express functional PTEN. Lide
are from BioWhittaker, Walkersville, MD). The U6&n DU-145, MCF-7 and MCF10A cells were transfected
VAl luciferase vectors and transient transfectibase  with a promoterless pGL3 vector, pGL3-VAI (gene
been previously described (Rollinet al., 2007). internal tRNA-like RNA pol Ill promoter) or pGL3-U6
Luciferase experiments were performed in triplicate (yene external RNA pol Il promoter) and co-
repeated three independent times and data presaméed transfected with increasing concentrations of PTEN.
representative. Luciferase results are reported ashibition of VAI transcripton by PTEN was
Relative Light Units (RLU), representing the averad  statistically significant at the highest PTEN cantcation
the Photinus pyralis firefly activity divided by the tested in the Hela cell line, p<0.05 (Fig. 1A)tthe DU-
average of theRenilla luciferase vector. Statistical 145 cell line, VAI inhibition by PTEN was highly
analysis was performed using one-way ANOVA with astatistically significant at the two highest conizations
Tukey post-test with a 95% confidence intervaltested, p<0.001 (Fig. 1A). In the MCF-7 cell lingl
(GraphpadPrism3.03, San Diego California, USA). inhibition by PTEN was statistically significants@.01
and in the MCF10A cell line, VAI inhibition by PTEN
Mammalian expression constructs: pCDNA3-  was statistically significant, at all concentrasaested,
PTEN was generated as previously describeg<0.05 and p<0.001, respectively (Fig. 1A). Striftin
(Bandyopadhyayt al., 2004). Flag tagged PTEN and PTEN mediated inhibition of U6 snRNA transcription
PTEN gross deletions were constructed using PCRyas highly statistically significant, p<0.001, ireH,
primers designed with Xbal and BamH1 restrictionpy-145, MCF-7 and MCF10A cells at almost all DNA
sites, subsequently cloned into Xbal and BamH5 siteconcentrations tested (Fig. 1B). Interestingly, egen
of the mammalian expression vector p3XFlag-CMV-7.1lexternal RNA pol Il transcription appears to bereno
(Sigma). FlagBRF2 was cloned as previously desdribesensitive to the effects of PTEN in HelLa, MCF-7 and
(Rollins et al., 2007). pSG5L-HAPTEN C124S MCF-10A cells.
(Plasmid 10744); pSG5L-HAPTEN G129E (Plasmid  Ppotentially the expression of both endogenous and
10746); pSG5LFlagHAPTEN G129R (Plasmid 10775),exogenous PTEN together could influence the observe
were all obtained from Addgene (Cambridge, MA). inhibition of both gene internal and external RN@l p
Il transcription. To rule out this possibility, walso
Western blot analysis: Nuclear extracts were prepared measured the effect of PTEN overexpression on both
from HCC1937 cells transfected with an empty Flaggene internal and external RNA pol Ill promoterivigt
vector or Flag-tagged PTEN and western blot wasn the functionally null PTEN cells HCC1937, PC+3da
performed using anti-actin and anti-flag antibodéss U-87. In the breast cancer HCC1937 cell line, VAI
previously described (Rollinat al., 2007). Cytoplasmic  jnhibition by PTEN was statistically significank@01, at
and nuclear extracts were prepared from HelLa cellfhe two highest concentrations tested (Fig. 2A).1VA
transfected with Flag-tagged PTEN or Flag-taggednhibition by PTEN was statistically significant<.05
C2PTEN and western blot was performed using antiand p<0.01, at the two highest concentrations deste
flag antibodies as previously described (Rolleasl.,  (Fig. 2A) in the prostate cancer cell line PC-3stly
2007). in the glioblastoma U87 cell line, VAI inhibitionyb
PTEN was significant, p<0.01 and p<0.001 respelstive
RESULTS (Fig. 2A). These data are in agreement with a recen
report demonstrating inhibition of VAI transcriptidoy
Inhibition of RNA pol Il transcription by PTEN: PTEN (Woiwodeet al., 2008). Interestingly, Fig. 1A
To determine if PTEN can regulate gene external RNAand 2A suggests that the magnitude of PTEN remessi
pol Il transcription, we monitored U6 snRNA of gene internal RNA pol llI transcription may bssue
transcription in a variety of cell lines differing PTEN  specific.
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Fig. 1: PTEN inhibits RNA pol. Il transcription inancer cells which express functional PTEN) HelLa, DU-
145, MCF-7 and MCF10A cells transiently transfectdgth empty pGL3 vector (100 ng), pGL3-VAI (100
ng) alone or co-transfected with increasing conegions of pCDNA3-PTEN (100, 125, 150 ng); (B) HeLa
DU-145, MCF-7 and MCF10A cells transiently transéet with empty pGL3 vector (100 ng), pGL3-U6
(100 ng) alone or cotransfected with increasingceotrations of pCDNA3-PTEN (50, 75, 100 ng). All
luciferase assay results expressed as Relative Ugits (RLU): the average of the Photinus pyrélisfly
activity observed divided by the average of theivagt recorded from the Renilla luciferase vector.
Experiments were done in triplicate, repeated thinélependent times and representative experiments a
depicted. Statistical analysis was performed usingway ANOVA with a Tukey post-test with a 95%
confidence interval (Graphpad Prism 3.03); * = 980 ** = p<0.01; *** = p<0.001

Strikingly, PTEN mediated inhibition of U6 prostate cell lines tested, gene external RNA pbl |
snRNA transcription in both PTEN null HCC1937 transcription was more sensitive to inhibition biyEN,
(breast) and PC-3 (prostate) cells was highlyas compared to gene internal RNA pol Il transaipt
statistically significant (Fig. 2B). However, weddnot  (Fig. 1 and 2).
see inhibition of U6 snRNA transcription by PTEN in To ensure that the observed repression of RNA pol
PTEN null glioblastoma U87 cells (Fig. 2B). Thistala Ill transcription was a result of exogenous PTEN
agrees with Woiwodet al. (2008) who did not see an expression, we prepared nuclear extracts from
effect on U6 transcription by PTEN in the U87 untransfected and transiently transfected HCC1937
glioblastoma cell line. We cannot rule out the cells with Flag-PTEN. Using an anti-flag antibodye
possibility that the effect of PTEN on U6 transtiop  were able to detect PTEN in transiently transfected
may be cell type specific as we are able to shaat th HCC1937 cells (Fig. 2C). The blots were probed with
PTEN significantly represses U6 transcription in aanti-actin as a loading control. Figure 2C confirms
variety of cervical, prostate and breast carcinaeth  exogenous PTEN expression in the PTEN-null
lines (Fig. 1B and 2B). Strikingly, for all breashd HCC1937 cells.
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Fig. 2: PTEN inhibits RNA pol. Il transcription inancer cells which are PTEN-nu{A) PTEN-null HCC1937,
PC-3 U87 cells transiently transfected with emp&LB vector (100 ng), pGL3-VAI (100 ng) alone or
cotransfected with increasing concentrations of N@GB-PTEN (100, 125, 150 ng); (B) PTEN-null
HCC1937, PC-3 and U87 cells transiently transfeeté#d empty pGL3 vector (100ng), pGL3-U6 (100 ng)
alone or co-transfected with increasing concemnatiof pCDNA3-PTEN (50, 75,100 ng); (C) Nuclear
extracts prepared from untransfected HCC1937 aellsICC1937 cells transiently transfected with Flag-
PTEN and immunoblotted with anti-actin and antgflantibodies. All luciferase assay results expisse
Relative Light Units (RLU): the average of the Rhos pyralis firefly activity observed divided bjet
average of the activity recorded from the Renillaiferase vector. Experiments were done in tripica
repeated three independent times and representatperiments are depicted. Statistical analysis was

performed using one-way ANOVA with a Tukey posttt@ith a 95% confidence interval (Graphpad Prism
3.03); * = p<0.05; ** = p<0.01; *** = p<0.001

To elucidate the mechanism (s) by which PTENPTEN deletions inhibit U6 snRNA transcription: To
inhibits U6 snRNA transcription, we constructedggo determine the mechanism by which PTEN inhibits U6
PTEN deletions and tested their ability to inhipeine  transcription, we used previously characterized RTE
internal and external RNA pol Il transcription. deletions (Odriozolat al., 2007), as depicted in Fig. 3A.
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Fig. 3: U6 snRNA transcription is inhibited by PTHEMletions(A) Schematic representation of full-length PTEN
and PTEN mutantg=ull-length PTEN (1-403) represents the completd8 dMino acid proteinAP-PTEN
(186-403) represents a deletion of the PTPase aowfaPTEN.AC2/CTail-PTEN (1-185) represents a
deletion of the C2 domain and the C-terminal tAlCTail-PTEN (1-351) represents a deletion of the C-
terminal tail. White box corresponds to the phosaém domain which contains a black box correspanttin
the PIP2-binding domain and a red box corresponttirthe catalytic domain. Grey box correspondshto t
C2-terminal half of PTEN containing the C2-lipidnding domain; blue boxes correspond to the PEST
sequences and the yellow box corresponds to the BiBding domain; (B) PTEN-null HCC1937 cells
transiently transfected with empty pGL3 vector (1), pGL3-U6 (100 ng) alone or co-transfected Wi
ng of the following: PTENAP-PTEN,AC2/CTail-PTEN and\CTail-PTEN; (C) PTEN-null HCC1937 cells
transiently transfected with empty pGL3 vector (If), pGL3-VAI (100 ng) alone or co-transfectedhwit
150 ng of the following: PTENAP-PTEN,AC2/CTail-PTEN and\CTail-PTEN. All luciferase assay results
expressed as Relative Light Units (RLU): the averafythe Photinus pyralis firefly activity observéidided
by the average of the activity recorded from theniRe luciferase vector. Experiments were done in
triplicate, repeated three independent times aptksentative experiments are depicted. Statisticalysis
was performed using one-way ANOVA with a Tukey pest with a 95% confidence interval (Graphpad
Prism 3.03); * = p<0.05; ** = p<0.01; *** = p<0.001

The PTEN deletions includeAP-PTEN, AC2/CTail-  terminal tail and has previously been used in cell
PTEN and ACTail-PTEN. AP-PTEN lacks the membrane binding studies (Detsal., 2003).
phosphatase domain and has been previously HCC1937 cells were transiently transfected with
characterized for PTEN interaction (Odriozagal., pGL3-U6 or pGL3-VAI and with full-length PTEN or
2007) and membrane binding studies (Bal., 2003). PTEN deletions. U6 snRNA transcription is highly
AC2/CTail-PTEN lacks the C2-lipid binding domain statistically inhibited by the PTEN mutart$®-PTEN
essential for proper positioning at the cell membra and ACTail-PTEN, p<0.001, Fig. 3BAP-PTEN lacks
and regulating cell migration (Raftopouloet al., the phosphatase domain and significantly inhibis U
2003) as well as the C-terminal tail containing FES snRNA transcription, p<0.001, suggesting that the
and PDZ domains responsible for PTEN stabilityphosphatase domain may not be the primary PTEN
(Georgescuet al., 1999).ACTail-PTEN lacks the C- domain responsible for gene external RNA pol Il
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inhibition. ACTail-PTEN, which has an intact C2 significantly inhibit U6 activity, p<0.001, Fig. 4A
domain but lacks the C-terminal tail, also severelyThese data suggest that the PTEN phosphatase domain
debilitates U6 snRNA transcription. Interestingly6 s not responsible for the observed gene exterhéh R
SnRNA transcription is only slightly inhibited byfEN  pol 111 transcription inhibition by PTEN.

deletion AC2/CTail-PTEN, which expresses the  |nthe case of VAI transcription, Fig. 3B suggeiste
phosphatase domz_;un_ alqne p<0.05, Fig. 3B. St_“W”Q' that the phosphatase domain may be responsibtbdor

U6 snRNA transcription is more sensitive to eSS  opserved inhibition of gene internal RNA pol Il

by PTEN mutants expressing the C2 domainyanscription. To further examine the role of tHEER
suggesting that the C2 domain may play a pwo@ ro phosphatase domain in regulating gene internal RNA
in repressing gene external RNA pol Il transcripti pol Il transcription, we transiently transfected

To examine which portion of PTEN may be in-1937 cells with pGL3-VAI and the well
responsible for VAI inhibition, HCC1937 cells were characterized phosphatase domain mutants, G129E
transiently transfected with pGL3-VAI and with full ~ 595 Jnq c1245 Fig. 4B. Figure 4B dem(’)nstrates’

length PTEN or PTEN deletions. VAI transcription is : ;
S S ) that none of the phosphatase point mutations tested
significantly inhibited by full-length PTEN amntiCTail- capable of inhibiting VAI activity. These data sesy

PTEN, p<0.05 (Fig. 3C). The PTEN mutax®-PTEN, t mutati lete deleti f the ph ¢
lacking the phosphatase domain, is incapable nga mutation or complete deletion of the phospitta

i i the ability of PTEN to inhibit
inhibiting VAI transcription (Fig. 3C) suggestingrale omain compromises tne abiity o © Innhib!

N . 27~ gene internal RNA pol Il transcription, Fig. 3Bcd4B.
for_the phosphat_ase domain in VAI mediated infooit This data is in agreement with the data presented b
This data is in agreement with a recent repor

. . Woiwodeet al. (2008) who demonstrated a role for the
demonstrating that the phosphatase domain

1 k . e

: o X hosphat d f PTEN hibit
responsible for VAI inhibition (Woiwodet al., 2008). atgrsr?alaRall\lSAe\ pol()lrlTatlLZns(z:ription N 1NNibEing - gene
The ACZ/.CTa"'I.DTEN r_"”t.af‘t- lacking th_e (_:2 and C- These data suggest that the phosphatase activities
tail domains, failed to inhibit VAI transcriptiof:hus, of PTEN are responsible for VAI inhibition but dotn
the possibility exists that the phosphatase doriaél play a role in inhibition of gene external U6 snRNA
may be unable to inhibit VAI transcription but othe

. . : .. transcription, Fig. 3-4. Interestingly, in the caxfeU6
PTEN functional domains may _be_ required _to _'nh'b'tsnRNA transcription, theAC2/CTail-PTEN mutant
gene external RNA pol Il transcription. Combinedhw

the observation that deletion of the phosphataseatio g?gl\lts’a?:j%gg}’aml;?Elﬁs?pTg%gf)l l?&g’fh 3%?\1ﬂ'2his
did not affect PTEN’s ability to inhibit U6 tranggtion suggests the C2 domain of PTEN may be important in
(Fig. 3B) we further investigated the potentialeraf egulating gene external RNA pol 11l transcriptioro

the PTEN phosphatase domain in regulating RNA po[est this hypothesis, we generated a previously
lll transcription, by testing several well charaaed . Ccharacterized mutant ,expressing the PTEN C2 domain

pE(s)imd mUtE;tLOﬂS iT ;%%4Iipid phosphatase Olomamalone (Chuet al., 1997) and tested its ability to affect
(Bandyopadhyayt al., )- . ... RNA pol Il transcription.
HCC1937 cells were transiently transfected with

pGL3-U6 and with the well-characterized PTEN o . o
phosphatase domain mutants: G129E, G129R an@in® C2 domain is responsible for PTEN inhibition
C124S (Fig. 4A) (Ramaswangyal., 1999). The PTEN of U6 snRNA _tran_scrlpt|on: The C2 domain can
phosphatase point mutations used in this study aréégulate cell migration (Raftopoulaat al., 2003) and
depicted in Fig. 4. G129R is defective for bothidip has anti-oncogenic function independent of the
binding and protein phosphatase activities. G129EPhosphatase activity (Okumurat al., 2005). To
defective for lipid phosphatase activity, was poegly ~ determine if the C2 domain alone could inhibit U6
used to demonstrate that PTEN mediated repression 8NRNA transcription we constructed a previously
gene internal RNA pol Il transcription requirepidi ~ characterized C2 domain construct (Fig. 5)
phosphatase activities (Woiwoekeal., 2008; Zhangt al.,  (Raftopoulouet al., 2003; Dast al., 2003). HCC1937
2005). C124S, a phosphatase deficient and catallytic cells were transiently transfected with pGL3-U6 and
inactive mutant was tested as well (Ramaswanhgt., full-length  PTEN or pGL3-U6 and C2-PTEN.
1999). Figure 4A demonstrates that neither the limir ~ Strikingly, the C2 domain alone is capable of
protein phosphatase activities are required for U&ignificantly inhibiting U6 promoter activity, p<@01
inhibition by PTEN as G129E, G129R and C124S all(Fig. 5A).
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Fig. 4: PTEN phosphatase point mutations inhibitdd&NA transcriptionSchematic of well-characterized PTEN
phosphatase point mutations in the catalytic & PTEN-null HCC1937 cells transiently transfectsith
empty pGL3 vector (100 ng), pGL3-U6 (100 ng) alareco-transfected with 100 ng of the following:
following: pSG5L HA PTEN G129E; pSG5L Flag HA PTERML29R; pSG5L HA PTEN C124S; (B) PTEN-
null HCC1937 cells transiently transfected with éynpGL3 vector (100 ng), pGL3-VAI (100 ng) alone or
co-transfected with 150 ng of the following: followg: pSG5L HA PTEN G129E; pSG5L Flag HA PTEN
G129R; pSG5L HA PTEN C124S. All luciferase assagules expressed as Relative Light Units (RLU):
the average of the Photinus pyralis firefly activibserved divided by the average of the actiwtyorded
from the Renilla luciferase vector. Experiments evdone in triplicate, repeated three independemtdi
and representative experiments are depicted. Statisnalysis was performed using one-way ANOVA
with a Tukey post-test with a 95% confidence inér{Graphpad Prism 3.03); * = p<0.05; ** = p<0.01;
*** = p<0.001

We further tested if the C2 domain plays a role in  How PTEN enters the nucleus appears to be
PTEN mediated inhibition of VAI activity, we influenced by a variety of mechanisms (Planckioal .,
transiently transfected HCC1937 cells with pGL3-VAI 2008). NLS-like sequences within PTEN and amino
and full-length PTEN or pGL3-VAI and C2-PTEN. acids 265-269, which are within the C2 domain, were
Figure 5B demonstrates the C2-PTEN construct is nofnown to be necessary for nuclear import (Chetraj.
capable of inhibiting VAI activity, further confirmg  5q05) Also, the C2 domain has been shown to iatera
the role of the PTEN phosphatase domain in regugati with the Major Vault Protein (MVP) in Hela cells

gene internal RNA pol Il transcription. The - . :
. i .1 providing a mechanism by which PTEN can enter the
observation that the C2-PTEN mutant preferenuallynucleus (Yiet al., 2002). MVP is one of three proteins

inhibits U6 snRNA transcription, but not VAI, suge X . _ . :
that the mutant is indeed being expressed (FigBBA- Whlgh comprise mammalian vaults, a_nbonucleoprnte|
However, to confirm the expression and localizatipn Particle which is proposed to function as a nuelear
the C2-PTEN mutant, nuclear and cytoplasmic esxractCytoplasmic transporter (Mossink al., 2003). Thus,
from HeLa cells transiently transfected with Flagne We speculate that the C2 domain of PTEN may be
or FlagC2PTEN were prepared and western blottingapable of repressing RNA pol Il transcription by
confirmed that the C2 mutant localized to the cellentering the nucleus via the MVP or the NLS-like
nucleus (Fig. 5C). sequence within amino acids 265-269.
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The C2 domain is responsible for PTEN iitlobh of U6 snRNA transcriptioifA) Schematic of C2-PTEN
domain alone. PTEN-null HCC1937 cells transientinsfected with empty pGL3 vector (100 ng), pGL3-
U6 (100 ng) alone or co-transfected with 100 néutflength PTEN or C2-PTEN; (B) PTEN-null HCC1937
cells transiently transfected with empty pGL3 vedt00 ng), pGL3-VAI (100 ng) alone or co-transéstt
with 150 ng of full-length PTEN or C2-PTEN; (C) Near and cytoplasmic extracts prepared from
untransfected Hela cells or Hela cells transiemthnsfected with Flag-PTEN and Flag-C2PTEN and
immunoblotted with anti-actin and ntiflag antibosti€D) PTEN-null HCC1937 cells transiently transést
with pGL3 (100 ng), pGL3-U6 (100 ng) alone, pGL3-(®0 ng) and full-length PTEN, or co-transfected
with pGL3-U6, full-length PTEN and BRF2; (E) PTENh#HCC1937 cells transiently transfected with
pGL3 (100 ng), pGL3-U6 (100ng) alone, or co-trantdd with pGL3-U6 and BRF2. All luciferase assay
results expressed as Relative Light Units (RLUE Hverage of the 10 Photinus pyralis firefly atyivi
observed divided by the average of the activityorded from the Renilla luciferase vector. Experitsen
were done in triplicate, repeated three independiemts and representative experiments are depicted.
Statistical analysis was performed using one-wayOAMA with a Tukey post-test with a 95% confidence
interval (Graphpad Prism 3.03); * = p<0.05; ** =(81; *** = p<0.001
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The data presented suggests a role for the C@R008) demonstrated that the ability of PTEN tailiith
domain in PTEN-mediated regulation of gene externatRNALeu transcription is independent of p53, we
RNA pol Il transcription. We demonstrate that 2  speculate that PTEN-mediated inhibition of U6 sSnRNA
domain itself is capable of regulating U6 snRNA transcription in HCC1937 cells may also be
transcription (Fig. 5A). The precise mechanism byindependent of p53 as HCC1937 cells are p53 null
which PTEN inhibits gene external RNA pol Il (DelloRusscet al., 2007).
transcription has yet to be elucidated, but theenlei This report demonstrates a novel role for the C2
inhibition of U6 and VAI transcription by PTEN was domain of PTEN, independent of its phosphatase
not equivalent (Fig. 1 and 2), suggesting thatRWA  activity, as a regulator of U6 transcription. Wetlfier
pol Il enzyme itself may not be the primary target demonstrate that overexpression of the TFIIIB sitbun
Thus, we speculate that regulation of gene externdBRF2 can alleviate PTEN inhibition of U6 snRNA
RNA pol Il transcription by PTEN may involve transcription (Fig. 5D). As both gene internal and
TFIIB. external TFIIIB complexes share TBP and Bdpl, it is

. o possible PTEN may regulate U6 snRNA transcription
PTEN repression of U6 snRNA transcription occurs — yig TBP and Bdp1 as well and remains to be tested.
via the TFII1B subunit BRF2: To determine if PTEN We speculate that the observed PTEN tissue

inhibits U6 snRNA transcription .through _TFIIIB, We specific repression of gene internal and gene eater
overexpressed the TFIIIB subunit BRF2 in HCC1937pNA pol 111 transcription occurs via two independen
cells. HCC1937 cells were transiently transfectéthw | achanisms. In the case of VAI transcription, ipél|

pGL3-UB, pGL3-U6 and PTEN, or pGL3-U6, PTEN hhosphatase domain of PTEN is required (Fig. 3D and
and BRF2. Interestingly, overexpression of the T8Il - 4¢y and inhibition occurs via the TFIIIB subunitRBL
subu_mt BRF2 (F|g. 5D) is capable of aIIewaU_ngER\T and Bdpl (Woiwodeet al., 2008). Inhibition of U6
mediated repression of U6 snRNA transcription andsnrRNA transcription requires the C2 domain of PTEN

restoring transcription to levels of pGL3-U6 alofi@ (Fig. 3B and 5A) and occurs via the TFIIB subunit
ensure that BRF2 was not limiting in our assay, Wegrgo (Fig. 5D).

transiently transfected HCC1937 cells with pGL3-U6

alone and co-transfected with pGL3-U6 and BRF2 CONCLUSION

(Fig. 5E). As demonstrated, co-transfecting BRFthwi ) )
pGL3-U6 does not increase activity of U6 (Fig. SE).  This report, to the best of our knowledge, progide
These data suggest that PTEN exerts its repressioni€ first evidence demonstrating tissue specific
activity, at least in part, through the TFIIIB suliu regulation of U6 snRNA transcription by PTEN, Wieet
BRF2, recently demonstrated to be an oncogené—':”'B oncogene BRF2. We also demonstrate a novel

(Lockwoodet al., 2010). role for the C2 domain of PTEN in the regulation
snRNA transcription. Together, these data provide
DISCUSSION evidence for the rationale design of novel cancer
o therapeutics.
Here we report the inhibition of U6 snRNA
transcription by PTEN in cervical, prostate andalste ACKNOWLEDGMENT
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