AD

Award Number:
W81XWH-08-1-0178

TITLE:
Understanding and targeting cell growth networks in breast cancer

PRINCIPAL INVESTIGATOR:
Jason D. Weber, Ph.D.

CONTRACTING ORGANIZATION:
Washington University School of Medicine
St. Louis, MO 63110

REPORT DATE:
April 2010

TYPE OF REPORT:
Annual

PREPARED FOR: U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

DISTRIBUTION STATEMENT:

X Approved for public release; distribution unlimited

The views, opinions and/or findings contained in this report are
those of the author(s) and should not be construed as an official
Department of the Army position, policy or decision unless so
designated by other documentation.



F A d
REPORT DOCUMENTATION PAGE OME No. 6704-0188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the
data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing
this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-
4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently
valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)
01-04-2010 Annual 17 MAR 2009 - 16 MAR 2010
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER
Understanding and targeting cell growth networks in breast

cancer 5b. GRANT NUMBER

W81XWH-08-1-0178

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER
Jason D. Weber

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION REPORT
Washington University School of Medicine NUMBER

St. Louis, MO 63110 USA

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S)
US Army Medical Research and

Materiel Command

Fort Detrick, MD 21702-5012 11. SPONSOR/MONITOR'S REPORT
NUMBER(S)

12. DISTRIBUTION / AVAILABILITY STATEMENT
Approved for public release; distribution unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT
In this second annual review, we have demonstrated that Arf-null MMECs contain unique

polysome mRNA profiles, up-regulated Drosha levels, and a novel miRNA signature. We have also
determined that significant crosstalk exists between the MAPK and mTOR pathways to ultimately
regulate ARF mRNA translation in response to oncogenic RasV12 signals. We now understand the
translational regulation of NPM. We have identified FBP1l as a key binding protein and
repressor of the NPM 3’-UTR. We now have mouse models aimed at understanding the complex
functional interactions between ARF, NPM, and DDX5. We have generated two double knockout
mouse models that help to clarify the perceived interaction of these proteins. Loss of one
allele of Npml or Ddx5 results in a partial rescue of Arf loss with regard to tumor
incidence. Taken together, these insightful findings bring us significantly closer to our
goal of understanding how signaling pathways impact major tumors suppressors in the control
of cell growth.

15. SUBJECT TERMS
Cell growth, breast cancer cells, p68DDX5, ribosomes

16. SECURITY CLASSIFICATION OF: 17. LIMITATION 18. NUMBER 19a. NAME OF RESPONSIBLE PERSON
OF ABSTRACT OF PAGES USAMRMC

a. REPORT b. ABSTRACT c. THIS PAGE uu 19b. TELEPHONE NUMBER (include area

U U U 16 code)

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. 739.18




Table of Contents

Page
T o Lo X0 [ U Lo} 4 o] o HAN PR PRPRRP 4
B O Y et e e 4-13
Key Research Accomplishments..........cooooiiiiii e, 13
Reportable OUICOMES. ... ...t e 13-14
CONCIUSION e e e e e e e e e e 14
RTINS ... e 15
AP PENAICES ... ettt e e e e 16



W81XWH-08-1-0178 Jason D. Weber, Ph.D.

INTRODUCTION

Cancers result from an inability of a cell to control its own growth. Normally, a cell interprets external
and internal signals to create a balanced growth schedule. The main interpreters of these signals within
a cell are called ARF and p53, and it falls on the shoulders of these two proteins to maintain normal cell
growth. In this sense, both ARF and p53 are tumor suppressors that constantly monitor the growth
state of the cell. In mouse and human cancers, loss of the ARF tumor suppressor is second only to
mutation of p53, providing critical evidence of ARF’s role in both monitoring and preventing the
outbreak of cancer cells. A common target of ARF is the NPM/B23 oncogene, an abundant protein of
the nucleolus. NPM normally responds to growth factors and, due to its nucleolar localization, is
thought to transmit these growth signals to the maturing ribosome machinery. Cells lacking Arf exhibit
tremendous gains in ribosome production and subsequent protein synthesis. Moreover, the entirety of
this growth phenotype is dependent on NPM and p68DDX5 expression in the nucleolus, with loss of
either capable of completely reversing the phenotype back to normal. This exciting new finding
indicates that ARF is a master regulator of cell growth through its tight control of NPM- or DDX5-
directed ribosome production and export. Importantly, we have found NPM overexpressed in nearly
50% of breast carcinomas that we have analyzed, implying that dysregulation of NPM may be a key
event in promoting breast cancer development. In effect, tumor cells that require increased protein
synthesis might accumulate more NPM or DDX5 in an attempt to increase ribosome output. It is our
goal to determine whether NPM directly regulates ribosome maturation to promote breast cancer
formation and to establish the importance of ARF in deterring this effect. We propose to now determine
the complex roles of ARF, DDX5, and NPM in the nucleolus of breast epithelial cells and how they impact
both ribosome biogenesis and cell growth to prevent and/or promote tumorigenesis.

This work has tremendous clinical implications as Arf (9p21) and p68Ddx5 (17q24) reside on loci that are
either deleted or amplified in ER+ resistant breast tumors, respectively. This fact makes our basic
science on this interesting growth network directly applicable to the breast cancer phenotype/genotype.

BODY

As stated in the approved Statement of Work, we focused our energies on the tasks planned for Months
13-24. These included experiments outlined in Tasks 1 and 2. In the last two months of this fiscal year
(January and February 2010) we have initiated experiments in task 3. In this second Annual Progress
Report, we detail the progress and results from these studies.

Task 1. Determine the role of ARF in suppressing breast tumor formation (Months 1-30):

d. Generate and validate polysome microarray profiles for wild-type and Arf-/- MECs
(Months 10-30).

During the second year of this grant, we have focused our efforts more broadly on completing the
experiments outlined in Tasks 1 and 2. For Task 1, this included the challenging job of generating
polysome arrays derived from wild-type and Arf-deficient cells. In this endeavor, we have been
extremely successful. We isolated 2 pg of polysome-associated mRNA from fractions harvested by
gradient centrifugation and constant UV monitoring (Figure 1). Using this standard technique, it is clear
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that cells lacking Arf contain greater numbers of polysomes actively translating mRNAs (Figure 1,
compare red and blue lines at the far right end of the sucrose gradient).

Figure 1. Equal numbers of wild-type (WT) and Arf-/-
MMECs (3x106) were isolated and incubated with 50 pg/ml
cycloheximide to freeze ribosomes on mRNA. Cells were
lysed and separated on continuous sucrose gradients by
ultracentrifugation.  Fractions were isolated using 1SCO
constant UV monitoring and plotted as absorbance (254
nm) versus gradient position. The peaks from left to right
are 408, 60S, 80S and polysomes. (Task 1d)

We next isolated mRNA from sucrose gradient fractions taken at 2 ml intervals. Thus, each fraction
contained approximately 2 ug of total RNA (mRNA + rRNA). Isolated mRNA was amplified and labeled
for microarray analysis. We utilized the mouse 20k gene array from Illumina. We also performed this
analysis on identical samples of total mRNA. This allowed us to functionally analyze both the
transcriptome (total mRNA) and translatome (polysome mRNA) from wild-type and Arf-/- cells. As
shown in Figure 2, WT and Arf-/- total and polysomes did not cluster together. Rather, replicates from
each sample clustered nicely which allowed us to perform broad statistical analyses on each sample.
From this analysis, we have begun to identify each mRNA whose rate of translation is distinct from its
rate of transcription. Using this parameter, we will rank mRNAs based on either increased or decreased
translation in the absence of Arfin the coming year (months 24-36).

FCA Mapping (69 8%)

Figure 2. mRNA isolated from polysomes of wild-type
(WT) and Arf-/- MMECs (3x10°%) was hybridized to
Illumina bead chips containing mouse MRNA probes
spanning over 20,000 genes. Total RNA was also
isolated to compare transcriptome to translatome. WT

mMRNA is depicted as squares and Arf-/- as triangles.
Total RNA is in blue and polysome RNA is in red. (Task
1d)

e. Determine the influence of ARF on Drosha-mediated RNA translation (Months 11-16).

One hypothesis that could explain the differences in translation we observed in the absence of Arf could
be a dysregulation of microRNA biogenesis. To assess this possibility, we first investigated the
expression levels of Drosha, a key component of primary microRNA processing in the nucleoplasm.
Wild-type and Arf-/- MMECs were passaged every three days and harvested for western blot analysis
using antibodies recognizing mouse Drosha. We found that indeed Drosha protein expression increased
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in the absence of Arf and continued to increase over 20 passages in culture (Figure 3). In the next year,
we will determine the mechanism behind this unique finding.

4 e
™
T &

> e .. ; . . . '
é\‘l b'\ {\X bk Figure 3. Primary MMECs derived from wild-type (WT) or Arf-/-
x 2 . s mice were grown in matrigel and passaged every three days and
LW s @S Drosha harvested at the indicated passage numbers. Cells were lysed,

proteins separated by SDS-PAGE and immunoblotted with

— e e G T.5uln antibodies recognizing mouse Drosha and tubulin. (Task 1e)

Having shown that Drosha levels are elevated in the absence of Arf, we next sought to determine
whether this alteration could also affect the levels of miRNAs produced in the absence of Arf. With
assistance from the Genome Sequencing Center at Washington University, we were able to perform
deep sequencing of mouse miRNAs isolated in WT and Arf-/- MEFs. We were unable to produce enough
MMECs to perform our initial analysis. However, we plan to perform the identical experiment in MMECs
in the next year. Our deep sequencing showed a clear dysregulation of miRNA synthesis in the absence
of Arf that was only more pronounced as cell were passaged in vitro (Figure 4). This result suggests that
miRNAs deregulated in the absence of Arf might have a more direct impact on the translatome than
previously thought. In the next year, we will begin to characterize the effects of individual miRNAs
identified in our deep sequencing and parse their potential effects on cell growth and transformation in
the absence of Arf.

4.00
2.00

']
E 0.00 - = . l
Q .00 - ‘I |
=]
8
2 W pd Arf-/-
% -4.00 - L MEFs
4 Op13 Arf-
"éq £.00 - . |- | ! J /- MEFs
j: i mp23 Arf-
{-'.; 8.00 + 1 | /- MEFs
2 .

-10.00 & § =

12.00

mu-miR-34b-3p

Mmu-miR-129-3p
Mmu-miR-339-5p
Mmu-miR-380-5p
Mmu-miR-411
Mmu-miR-433
Mmu-miR-434-3p
Mmu-miR-434-5p
Mmu-miR-666-5p
Mmu-miR-667

Mmu-miR-10a
Mmu-miR127

Mmu-miR-132
Mmu-miR-134
Mmu-miR-152
Mmu-miR-182
Mmu-miR-183
Mmu-miR-197
Mmu-miR-30d
Mmu-miR-34c
Mmu-miR-379
Mmu-miR-382
Mmu-miR-652

M

Figure 4. Primary Arf-/- mouse embryonic fibroblasts were harvested at the indicated passages and
microRNA was isolated. MicroRNAs were subjected to deep sequencing and internally controlled for by U6

RNA levels. Values for fold-change are representative of three independent experimental sequencing runs.
(Task 1e)
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f. ldentify the signaling pathway(s) responsible for enhanced ARF mRNA translation (Months
12-24).

We had previously shown that the ARF tumor suppressor was regulated post-transcriptionally by the
mTOR pathway. In order to establish the mechanism behind this protein induction, we investigated the
ability of the more classical MAPK pathway to also activate ARF protein expression. Primary WT MMECs
infected with retroviruses encoding either constitutively activate RasV12 or MEK-Q56P were harvested
and immunoblotted against MAPK and mTOR pathway proteins. Infection with RasV12 led to
tremendous increases in ARF protein expression (Figure 5, lane 2). However, ARF was also significantly
induced by constitutively activated MEK (Figure 5, lane 3), although not to the extent of RasV12. This
suggests that MAPK may in fact be regulating ARF expression independent of mTOR. However, the
result is compounded by the fact that we also observed equal S6 phosphorylation with MEK-Q56P,
suggesting that there may be some level of crosstalk between MAPK and mTOR pathways. In the next
year, we will determine the mechanism behind this apparent crosstalk and determine if it is the reason
for ARF induction in the absence of classical mTOR signals (no phospho-AKT in lane 3).

& Q-"é‘ \f’g
Figure 5. Primary wild-type MMECs were infected
. Ras with retroviruses encoding oncogenic RasV12 or
activated MEKQ56P and selected with puromycin
- = for 48 hours. Following selection, cells were

harvested and subjected to SDS-PAGE and

= [PIERK-Tyr202, The24  immunoblot analysis with antibodies recognizing
— each of the indicated proteins (labeled on the right).

-ﬁ- ERic GAPDH served as an internal protein expression
e control. (Task 1f)
T - [P} AKT — Ser 473

— —— AKT

R (P} 56 — Ser 235/238

. W ()56 Ser240244

e — GAPDH

g. Determine the mechanism for ARF translation (Months 12-30).

To determine the mechanism for ARF protein induction following activated mTOR signals, we utilized
Tscfl/fl MMECs treated with control LacZ or Cre-adenoviruses. Using this method, we had previously
shown that mTOR is hyperactivated and that ARF protein is induced. We now show that in the presence
or absence of Tsc, ARF mRNA is equally stable (Figure 6), suggesting that increased ARF mRNA stability is
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not the mechanism for the apparent increases seen in ARF protein in the absence of Tsc. Furthermore,
we went on to show that the ARF protein is equally labile in the presence or absence of Tsc (Figure?7),
again indicating that stability is not the reason for increased ARF protein expression in the presence of
hyperactivated mTOR signals.

Figure 6. Tscfl/fl MMECs were infected with

adenoviral LacZ or Cre and harvested 10 days
120.00

s | post-infection following indicated pulses of
80.00 \ﬂ"““«\w — actinomycin D. ARF mRNA was analyzed by qRT-
s0a == —— PCR using probes unique to ARF exon 1f. ARF
e [ mRNA stability was plotted against GAPDH

control to determine half-life of 7 hours. (Task 1g)
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Figure 7. Tscfl/fl MMECs were infected with

immunoblotting with antibodies recognizing mouse
ARF. ARF protein stability was plotted against tubulin
8 control to determine half-life of 6 hours. (Task 1g)
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In the next year, we will complete Task 1 in its entirety and plan on submitting the data generated to a
peer-reviewed scientific journal. This will complete our studies which strived to determine mechanism
behind enhanced ARF translation in the absence of Tsc1 using genetically-modified MMECs.

Task 2. Examine the mechanism behind NPM'’s ability to promote ribosome biogenesis and cell growth in
breast epithelial cells (Months 1-36):

c. Validate the responsiveness of a novel 5’-3' NPM-TOP luciferase reporter construct to in
vitro mTOR signals (Months 12-36).

Recognition and binding of elements within the 5’ and 3’ UTRs of mRNAs by regulatory proteins is a
common mechanism underlying selective mRNA translational control (1). Indeed, previous reports have
indicated that various mRNAs are subject to such regulation (2-7). To determine whether a comparable
mechanism may be responsible for the translational regulation of NPM, we first identified the 5° UTR
sequence of the NPM transcript by rapid amplification of cDNA ends (RACE) (GenBank accession number
GU214027). Like the human NPM 5’ UTR (8), RACE revealed that the murine NPM 5 UTR contains a
canonical terminal oligopyrimidine tract (TOP) also contained in the 5’ UTRs of transcripts encoding
ribosomal proteins, elongation factors, and other components of the translational machinery (9, 10). We
attained the complete NPM and GAPDH 3’ UTR sequences from GenBank (accession numbers
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BC054755.1 and NM_008084.2, respectively).

We sought to evaluate whether the NPM 5’ and 3’ UTRs were sufficient to modulate translation
of another ORF in a manner equivalent to translational regulation of the NPM ORF. Specifically, we
wanted to determine whether fusion of the NPM 5’ and 3’ UTRs to a firefly luciferase (Fluc) ORF
rendered Fluc expression sensitive to rapamycin. To test this, Tscl'/'p53'/' MEFs were transduced with
plasmids encoding NPM 5’ and 3’ UTR-flanked Fluc. Although NPM 5’-luc-NPM 3’ protein activity
increased over the duration of serum stimulation, this induction was greatly attenuated in the presence
of rapamycin compared to vehicle (Figure 8A). These data indicate that NPM 5’-luc-NPM 3’ activity is
driven by changes in translation rather than transcription. To examine whether the rapamycin-induced
reduction of NPM 5’-luc-NPM 3’ activity was specific for an mTOR-regulated mRNA, Tsc1”p537" MEFs
were transduced with plasmids encoding GAPDH 5’ and 3’ UTR-flanked Fluc. Notably, rapamycin failed
to affect GAPDH 5’-luc-GAPDH 3’ activity at any time point evaluated (Figure 8B).

To examine the independent roles of each NPM UTR as potential targets of regulation, we
generated chimeric reporters by fusing the NPM 5’ UTR and the GAPDH 3’ UTR or the GAPDH 5’ UTR and
the NPM 3’ UTR to the respective ends of the Fluc ORF. Surprisingly, NPM 5’-luc-GAPDH 3’ activity
resembled GAPDH 5’-luc-GAPDH 3’ activity, with rapamycin having no effect at any time point measured
(Figure 8C). GAPDH 5’-luc-NPM 3’ activity, however, demonstrated rapamycin sensitivity similar to that
observed with NPM 5’-luc-NPM 3’ activity (Figure 8D). Collectively, these data suggest that sequences
within the NPM 3’ UTR, but not in the NPM 5’ UTR, mediate regulation of NPM mRNA translation, as the
NPM 3’ UTR alone was sufficient to render the Fluc ORF rapamycin-sensitive. Given that rapamycin
sensitivity of 5 TOP mRNAs ranges from resistance to marked repression (11), these data are in
accordance with the poorly understood role of the 5 TOP. Our findings are consistent with reports
highlighting the paucity of regulatory protein-RNA interactions in the 5 UTR, but the abundance of
examples for 3’ UTR-protein regulation (12).
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Figure 8. (A-D) Tscl'/'p53'/' MEFs were

A P B UTRuchPM °UTR B GAPDH § UTR-uc.caroH 3ure  transfected with plasmids depicted in S28. Cells
g 4: r TR T were serum starved and then incubated with
B Wehicks
; 4 wRapanmyen l = 3 Eibshicks 10% serum in the presence or absence of
B_ as 8 _ Rapamyein . L . .
£2 5 - EE }f sl = rapamycin for the indicated durations. Plasmid
%% = 1 E% i expressing CMV-driven Renilla luciferase (Rluc)
i r . I E E 4 L1 was used as an internal control for transfection
2 b A | . T + & I -
i u:l (e L | B . E p |—. N | efficiency. Photon flux was calculated by
h @ @ wh 2@ s an  aw 4z a4y normalizing firefly luciferase (Fluc) activity to
i i s RN Time atter serum additian Rluc activity. Levels of Fluc mRNA at each time
C e D AP 5 UTRepn 3 ure | POINT Were measured by qRT-PCR from total RNA
g 2 L isolated from transfected MEFs. Shown is
L 5 Myt 1 | £ 35 ehiche ' photon flux normalized to Fluc mRNA levels.
-‘;’- m Rapaimycin A =. 3 B Rapamryon ]- .
2T z ;E 28 i Data are mean = s.d. of quadruplicate samples
gz ¥ Eg 2 . | per condition from three independent
_E'E 1 L L "I’ I ~ experiments (* P < 0.05, ** P < 0.005, Student’s
g of -Li |__. ‘ I % 05 l: r— | h I I t-test). (A) Rapamycin reduces NPM 5’ UTR-Fluc-
£ gl X = = : € oilk l® : NPM 3’ UTR activity. (B) Activity of GAPDH 5’
=h 4h 2h 128 24h h ah th 13h 24h

Tinse after sarusm acdition Time after serum aditicn UTR-Fluc-GAPDH 3’ UTR is unchanged upon
treatment with rapamycin. (C) Rapamycin has no
effect on NPM 5 UTR-Fluc-GAPDH 3’ UTR
activity. (D) Activity of GAPDH 5’ UTR-Fluc-NPM
3’ UTR is abrogated upon rapamycin treatment.
(Task 2c)

We are now poised to test these constructs in MMECs to determine whether this regulation is more
general.

d. Identify proteins that bind to the 5’ and 3’ UTR of NPM mRNA to regulate its translation
(Months 10-36).

Although reporter assay data (Figure 8A-D) indicated that only the NPM 3’ UTR is important for
modulation of the NPM mRNA, we undertook an unbiased approach to screen for putative regulatory
binding proteins of the NPM 5’ and 3’ UTRs. We utilized an RNA pull-down assay coupled to mass
spectrometry to identify proteins that bind the NPM 5’ or 3’ UTR. Whole cell lysates prepared from Tsc1
/'p53'/' MEFs treated with vehicle or rapamycin were incubated with biotinylated NPM 5" UTR or 3’ UTR
RNA. Several proteins were found to preferentially interact with the NPM 3’ UTR, but none appeared to
bind exclusively to the NPM 5’ UTR, consistent with reporter assay findings (Figure 9, arrows). We next
employed mass spectrometry to identify putative NPM 3’ UTR binding proteins and confirmed their
identities as FBP1, FBP2 (also known as KHSRP or KSRP), and heterogeneous nuclear ribonucleoprotein
(hnRNP) A/B. Since the A/B subfamily of hnRNPs refers to several promiscuous, multifunctional RNA
binding proteins (13), subsequent experiments focused on evaluating the roles of FBPs in NPM

translational regulation.

The FBP family is most noted for its transcriptional regulation of c-myc (14, 15); however, the
FBPs have also been reported to bind several RNAs, though in in-vitro studies only (16). To evaluate FBP
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binding specificity, we incubated biotinylated GAPDH 5’ UTR, GAPDH 3’ UTR, NPM 5’ UTR, or NPM 3’
UTR RNA with whole cell lysates from Tsc1”p53” MEFs treated with vehicle or rapamycin. FBP1 and
FBP2 were visualized by Western blot analysis of UTR-precipitated samples (Figure 9). Although FBP3
was not identified by mass spectrometry, we also analyzed it by immunoblot assay, as it is a member of
the highly related FBP protein family. Consistent with analyses from mass spectrometry, however, FBP3
was undetectable. FBP1 was precipitated exclusively by the NPM 3’ UTR (Figure 10A). FBP2 was
precipitated predominantly by the NPM 3’ UTR, but also by the GAPDH 3’ UTR and the NPM 5’ UTR in
vehicle-treated cells (Figure 10A). The more promiscuous RNA binding by FBP2 is in agreement with
previous reports implicating FBP2 in RNA editing, RNA trafficking, RNA stabilization, and RNA decay (17-
23).

¥
+

] "‘ Figure 9. Identification of NPM 3’ UTR binding proteins.

| Lanes indicated as RNA (—) represent samples pre-cleared

with streptavidin sepharose. Arrows indicate proteins

| selected as putative regulatory binding proteins of the

- ,|_| FEP2 NPM 3’ UTR, and identified proteins are shown. (Task 2d)
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We next sought to verify the interaction of FBP1 with endogenous NPM mRNAs. FBP1 was
immunoprecipitated from whole cell extracts prepared from Tscl'/'p53'/' MEFs treated with vehicle or
rapamycin (Figure 10B, top). Total RNA was isolated from FBP1 immunoprecipitates, and bound NPM
MRNA was measured by qRT-PCR. Significantly higher numbers of NPM transcripts were associated with
FBP1 in rapamycin-treated cells versus vehicle-treated cells (Figure 10B, bottom). Moreover, FBP1
protein expression dramatically increased upon rapamycin treatment (Figure 10C), suggesting that the
enhanced number of NPM transcripts bound by FBP1 in the presence of rapamycin was a result of
elevated FBP1 expression. We have already begun to move our analysis into MMECs and identified
numerous human ER+ breast tumors that harbour significant loss of FBP1 expression.
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10% GAPDH GAPDH NPM  NPM Figure 10. (A) FBP1 specifically interacts with the NPM 3’
input 5'UTR F'UTR 5 UTR 3 UTR
UTR. (B) Endogenous NPM mRNAs preferentially bind FBP1

rapamyein - + - + - + — 4+ - % . . . o
in rapamycin-treated cells. FBP1 was immunoprecipitated
ey oFeM (IP) from vehicle-treated (—) or rapamycin-treated (+) Tsc1
P e __ Reatas /'p53_/_ MEF lysates with anti-FBP1 antibody. Non-immune
B goat serum (IgG) was used as a control. NPM mRNA from
rapamycin — * - + immunoprecipitates was measured by qRT-PCR. Data are
10% Inputs 166 1P 1gG 1P mean + s.d. of triplicate samples from three independent
I - ‘. e experiments (* P < 0.05, Student’s t-test). (C) Rapamycin
. results in increased FBP1 protein expression. (Task 2d)
e OVehicle
- BRapamycin ]—‘

*

NPM transcripts (x107)
Qo

| oG a-FBP1 |

Immunoprecipitation

C rapamycin —  +
- w— o-FBF1

e e, G.-T—tubulin

Task 3. Establish the oncogenic potential of the p68DDX5 RNA helicase (Months 24-48):

b. Determine whether NPM and p68 are phenocopies of one another (Months 24-36).

We had previously shown that ARF regulated both the NPM and p68DDX5 proto-oncogenes
independent of p53. If NPM and p68 are unable to be correctly regulated in the absence of ARF,
deregulated cell growth ensues. We hypothesized that the levels of NPM and p68 might contribute to
this phenotype in vivo. Specifically, unregulated NPM and p68 might promote cell growth in the
absence of Arf and that by lowering the levels of either ARF target, cell growth might be restored to
normal levels. Thus, we crossed Arf-/- mice with p68+/- and Npm1+/- mice obtained through separate
funding sources (NIH GM066032 and NIH CA120436). We have followed these double knockouts for
over one year now. As shown in Figure 11, loss of one copy of Nom1 or p68Ddx5 partially rescues the
tumor incidence rate of the Arf-/- background. We know our animal numbers for the double knockouts
are low (3 and 8 mice, respectively). We have three Arf-/-p68+/- mice that are still alive after 75 weeks.
We also have additional mice (12 and 10, respectively) for each genotype that we are currently following
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at the 12 week mark. Win the next year, we will complete the mouse phenotype studies and begin to
focus our attention on the in vitro characterization of the MMECs isolated from these mouse cohorts.

Percent survival

Effects of Npm*" on Arf"- Death Rates

100 T e e 101 -m-pB8+/+ Arf-
801 = nomar” B 75 o
" ¢~ Npm™ /A" E
60 - NpmTAF" = 5iH
404 -+ NPM™Arf” 8
£ 251
20_
I} T T T 1
0 : . 0 25 50 75 100
0 20 40 60 age |weeks)

Figure 11. Arf-/- mice were crossed into Npm+/- or p68+/- mice to generate Arf-/-Npm+/- or

Arf-/-p68+/- mice. Each mouse was monitored for tumor formation and scored based on

pathology at time of death. Percent survival is calculated based on tumor free survival at time
of death. (Task 3b)

KEY RESEARCH ACCOMPLISHMENTS

Arf-null mouse mammary epithelial cells (MMECs) contain unique polysome mRNA profiles (Task
1d)

Drosha protein expression is elevated in the absence of Arf (Task 1e)

Arf-null MECs have a distinct miRNA profile (Task 1e)

MAPK and mTOR pathways converge to regulate ARF protein expression (Task 1f)
MAPK cross-talks with the mTOR pathway to regulate ARF (Task 1f)

ARF mRNA is not transcribed or stabilized more in the presence of RasV12 (Task 1g)
The 3’-UTR of NPM imparts rapamycin sensitivity (Task 2c)

The 5’ and 3’ UTRs of NPM work together to regulate NPM translation in response to growth
stimuli (Task 2c)

FBP1 interacts with the 3’-UTR of NPM to halt NPM translation (Task 2d)

Npm1+/- and Ddx5+/- genotypes partially rescue the Arf-/- mouse tumor phenotype (Task 3b).

REPORTABLE OUTCOMES

Manuscripts: Brady, S.N., Maggi, L.B., Winkeler, C.L.,, Pelletier, C.L.. and Weber, J.D. (2009).
Nucleophosmin protein expression level, but not threonine 198 phosphorylation, is essential in

growth and proliferation. Oncogene, 28:3209-3220.
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Abstracts/Presentations: None

Patents/Licenses: None

Animal Models: In the second year, we have generated Npm1+/-Arf-/- and Ddx5+/-Arf-/- mice which will
be free to any research that requests them.

Cell Lines: We have developed a unique primary mouse mammary epithelial cell (MMEC) line lacking
the ARF tumor suppressor. These were established directly from Arf knockout mice on a pure C57BI6
background. The Arf-null MMECs maintain a diploid phenotype and wild-type p53. These cells are
spontaneously immortal and contain no artificial genes or plasmid constructs.

Funding Applied for: None

Employment Opportunities: Named Co-Director of the Breast Cancer Research Program, Siteman

Cancer Center, Washington University School of Medicine, spring 2010.
CONCLUSION

We have shown that Arf-null mouse mammary epithelial cells (MMECs) contain unique polysome mRNA
profiles. This might be due to the deregulation of Drosha protein expression which in turn is altering the
production profile of miRNAs. These miRNAs would in turn function to alter the translational landscape
of Arf-/- cells. Determining which miRNAs are important for the observed ARF phenotype will be critical
in the next year.

We have made significant progress in our ability to identify signaling components that ultimately
regulate ARF protein levels in response to classical oncogenic stimuli such as RasV12. We have now
determined that crosstalk exists between the MAPK and mTOR pathways. This most likely results in
enhanced ARF translation as we have been unable to detect any difference in either ARF mRNA or
protein stability in the presence of RasV12. Understanding this crosstalk will be a major focus of the
coming yeatr.

We now understand the regulation of NPM translation. We have shown a clear mechanism of NPM
translation by the 3’-UTR binding by FBP1. While the precise mechanism of FBP1 translational
repression of NPM will be determined in the next year, we are confident that our unique reporter
construct will provide critical insights.

Our unique efforts at understanding the functional interactions between ARF and NPM and p68DDX5
have yielded a plethora of data on the past two years. We now have mouse models implicating NPM
and DDX5 as crucial downstream targets of ARF. In the next year, we will determine whether this
functional interaction exists in MMECs and whether either protein presents itself as a clear target for
therapeutic intervention in breast tumors lacking functional ARF.



W81XWH-08-1-0178 Jason D. Weber, Ph.D.

REFERENCES

1. Gebauer F & Hentze MW (2004) Molecular mechanisms of translational control. Nat Rev Mol
Cell Biol 5(10):827-835.

2. Takagi M, Absalon MJ, McLure KG, & Kastan MB (2005) Regulation of p53 translation and
induction after DNA damage by ribosomal protein L26 and nucleolin. Cell 123(1):49-63.

3. Pontrelli L, Sidiropoulos KG, & Adeli K (2004) Translational control of apolipoprotein B mRNA:
regulation via cis elements in the 5' and 3' untranslated regions. Biochemistry 43(21):6734-6744.

4. Sidiropoulos KG, Zastepa A, & Adeli K (2007) Translational control of apolipoprotein B mRNA via
insulin and the protein kinase C signaling cascades: evidence for modulation of RNA-protein
interactions at the 5'UTR. Arch Biochem Biophys 459(1):10-19.

5. Zhang J, Tsaprailis G, & Bowden GT (2008) Nucleolin stabilizes Bcl-X L messenger RNA in
response to UVA irradiation. Cancer Res 68(4):1046-1054.

6. Irwin N, Baekelandt V, Goritchenko L, & Benowitz LI (1997) Identification of two proteins that
bind to a pyrimidine-rich sequence in the 3'-untranslated region of GAP-43 mRNA. Nucleic Acids
Res 25(6):1281-1288.

7. Jiang Y, Xu XS, & Russell JE (2006) A nucleolin-binding 3 ' untranslated region element stabilizes
beta-globin mRNA in vivo. Molecular and Cellular Biology 26(6):2419-2429 (in English).

8. Meyuhas O (2000) Synthesis of the translational apparatus is regulated at the translational level.
(Translated from eng) Eur J Biochem 267(21):6321-6330.

9. Proud CG (2007) Signalling to translation: how signal transduction pathways control the protein
synthetic machinery. Biochemical Journal 403:217-234.

10. Proud CG (2009) mTORC1 signalling and mRNA translation. Biochemical Society Transactions
37:227-231.

11. Patursky-Polischuk |, et al. (2009) The TSC-mTOR pathway mediates translational activation of
TOP mRNAs by insulin largely in a raptor- or rictor-independent manner. Molecular and Cellular
Biology 29(3):640-649.

12. Jackson RJ, Hellen CU, & Pestova TV (2010) The mechanism of eukaryotic translation initiation
and principles of its regulation. Nat Rev Mol Cell Biol 11(2):113-127.

13. He Y & Smith R (2009) Nuclear functions of heterogeneous nuclear ribonucleoproteins A/B. Cell
Mol Life Sci 66(7):1239-1256.

14. Duncan R, et al. (1994) A sequence-specific, single-strand binding protein activates the far
upstream element of c-myc and defines a new DNA-binding motif. Genes Dev 8(4):465-480.

15. He L, et al. (2000) Loss of FBP function arrests cellular proliferation and extinguishes c-myc
expression. EMBO J 19(5):1034-1044.

16. Chung HJ, et al. (2006) FBPs are calibrated molecular tools to adjust gene expression. Mol Cell
Biol 26(17):6584-6597.

17. Li H, et al. (2009) Identification of mMRNA binding proteins that regulate the stability of LDL
receptor mRNA through AU-rich elements. J Lipid Res 50(5):820-831.

18. Briata P, et al. (2003) The Wnt/beta-catenin-->Pitx2 pathway controls the turnover of Pitx2 and
other unstable mRNAs. Molecular Cell 12(5):1201-1211.

19. Briata P, et al. (2005) p38-dependent phosphorylation of the mRNA decay-promoting factor
KSRP controls the stability of select myogenic transcripts. Molecular Cell 20(6):891-903.

20. Gherzi R, et al. (2004) A KH domain RNA binding protein, KSRP, promotes ARE-directed mRNA
turnover by recruiting the degradation machinery. Molecular Cell 14(5):571-583.

21. Kroll TT, Zhao WM, Jiang C, & Huber PW (2002) A homolog of FBP2/KSRP binds to localized

mMRNAs in Xenopus oocytes. Development 129(24):5609-5619.



W81XWH-08-1-0178 Jason D. Weber, Ph.D.

22. Min H, Turck CW, Nikolic JM, & Black DL (1997) A new regulatory protein, KSRP, mediates exon
inclusion through an intronic splicing enhancer. Genes Dev 11(8):1023-1036.

23. Snee M, Kidd GJ, Munro TP, & Smith R (2002) RNA trafficking and stabilization elements
associate with multiple brain proteins. J Cell Sci 115(Pt 23):4661-4669.

APPENDICES

None



	cover
	sf298
	toc
	Body…………………………………………………………………………………..4-13

	Report



