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Health Research Grants

Instructions: Please complete all of the items as instructed. Do not delete instructions. Do not
leave any items blank; responses must be provided for all items. If your response to an item is
“None”, please specify “None” as your response. “Not applicable” is not an acceptable response
for any of the items. There is no limit to the length of your response to any question. Responses
should be single-spaced, no smaller than 12-point type. The report must be completed using
MS Word. Submitted reports must be Word documents; they should not be converted to pdf
format.

1.

2.

Grantee Institution: The Pennsylvania State University

Reporting Period (start and end date of grant award period): 1/1/2010 - 12/31/2013
Grant Contact Person (First Name, M.I., Last Name, Degrees): John Anthony, MPA
Grant Contact Person’s Telephone Number: 814 935 1081

Grant SAP Number: 4100050904

Project Number and Title of Research Project: 13. Epidermal Stem Cell Properties in
Mice with Altered Polyamines

Start and End Date of Research Project: 1/1/2010 — 6/30/2011

Name of Principal Investigator for the Research Project: Lisa M. Shantz, PhD
Research Project Expenses.

9(A) Please provide the total amount of health research grant funds spent on this project for
the entire duration of the grant, including indirect costs and any interest earned that was

spent:

$ 43,091

9(B) Provide the last names (include first initial if multiple individuals with the same last
name are listed) of all persons who worked on this research project and were supported with
health research funds. Include position titles (Principal Investigator, Graduate Assistant,
Post-doctoral Fellow, etc.), percent of effort on project and total health research funds
expended for the position. For multiple year projects, if percent of effort varied from year to
year, report in the % of Effort column the effort by year 1, 2, 3, etc. of the project (x% Yr 1,
2% Yr 2-3).



Last Name, First Name | Position Title % of Effort on Project Cost

Carr, Theresa Graduate student 100% $43,091

9(C) Provide the names of all persons who worked on this research project, but who were not
supported with health research funds. Include position titles (Research Assistant,
Administrative Assistant, etc.) and percent of effort on project. For multiple year projects, if
percent of effort varied from year to year, report in the % of Effort column the effort by year
1, 2, 3, etc. of the project (x% Yr 1; z% Yr 2-3).

Last Name, First Name | Position Title % of Effort on Project
Nowotarski, Shannon Graduate student 50%
Shantz, Lisa Principal Investigator 10%
Sass-Kuhn, Susanne Research Support Assistant 25%

9(D) Provide a list of all scientific equipment purchased as part of this research grant, a short
description of the value (benefit) derived by the institution from this equipment, and the cost
of the equipment.

Type of Scientific Equipment | Value Derived Cost
None
10. Co-funding of Research Project during Health Research Grant Award Period. Did this

11.

research project receive funding from any other source during the project period when it was
supported by the health research grant?

Yes X No

If yes, please indicate the source and amount of other funds:

An R03 CA142051, which was awarded to the PI from NCI for the time period 7/01/09 to
6/30/11 in the amount of $154,796 TC.

Leveraging of Additional Funds

11(A) As a result of the health research funds provided for this research project, were you
able to apply for and/or obtain funding from other sources to continue or expand the
research?

Yes No X




If yes, please list the applications submitted (column A), the funding agency (National
Institutes of Health—NIH, or other source in column B), the month and year when the
application was submitted (column C), and the amount of funds requested (column D). If
you have received a notice that the grant will be funded, please indicate the amount of funds
to be awarded (column E). If the grant was not funded, insert “not funded” in column E.

Do not include funding from your own institution or from CURE (tobacco settlement funds).
Do not include grants submitted prior to the start date of the grant as shown in Question 2. If
you list grants submitted within 1-6 months of the start date of this grant, add a statement
below the table indicating how the data/results from this project were used to secure that
grant.

A. Title of research B. Funding C. Month | D. Amount | E. Amount
project on grant agency (check and Year of funds of funds to
application those that apply) Submitted | requested: be awarded:
CINIH $ $
None O Other federal
(specify: )
[ Nonfederal
source (specify: )

12.

11(B) Are you planning to apply for additional funding in the future to continue or expand
the research?

Yes X No

If yes, please describe your plans:

The results produced using these CURE funds will be combined with other results and used
as preliminary data in a new R0O1 application examining the role of the polyamine pathway in
epithelial tumorigenesis. The planned submission date is September 2013.

Future of Research Project. What are the future plans for this research project?

These studies provide convincing evidence that reduction in polyamine levels brought about
by AZ expression in the hair follicle and basal cells of the epidermis alters the keratinocyte
gene expression profile to favor differentiation in response to a carcinogenic stimulus.
Further, the results suggest that limiting polyamines reduces expression of the stabilizing
RNA binding protein HUR and decreases its association with the ODC transcript. We will
continue to pursue these new insights into the mechanism of ODC regulation by AZ in skin
tumorigenesis, with the ultimate goal of identifying new means for controlling polyamine
biosynthesis in the setting of both chemoprevention and chemotherapy of skin cancer,
especially among high-risk groups.




13. New Investigator Training and Development. Did students participate in project
supported internships or graduate or post-graduate training for at least one semester or one
summer?

Yes X No

If yes, how many students? Please specify in the tables below:

Undergraduate Masters Pre-doc Post-doc
Male
Female 2
Unknown
Total 2
Undergraduate Masters Pre-doc Post-doc
Hispanic
Non-Hispanic 2
Unknown
Total 2
Undergraduate Masters Pre-doc Post-doc
White 2
Black
Asian
Other
Unknown
Total 2

14. Recruitment of Out-of-State Researchers. Did you bring researchers into Pennsylvania to
carry out this research project?

Yes No X

If yes, please list the name and degree of each researcher and his/her previous affiliation:
15. Impact on Research Capacity and Quality. Did the health research project enhance the

quality and/or capacity of research at your institution?

Yes No X

If yes, describe how improvements in infrastructure, the addition of new investigators, and
other resources have led to more and better research.



16.

17.

Collaboration, business and community involvement.

16(A) Did the health research funds lead to collaboration with research partners outside of
your institution (e.g., entire university, entire hospital system)?

Yes X No
If yes, please describe the collaborations:

We have entered into a collaboration with Dr. Susan Gilmour, Lankenau Institute for
Medical Research, to isolate hair follicle bulge stem cells by FACS analysis. Dr. Gilmour
is an expert in skin carcinogenesis, and has published several papers using this technique
(see for example: Hayes CS, Defeo-Mattox K, Woster PM, Gilmour SK. Elevated
ornithine decarboxylase activity promotes skin tumorigenesis by stimulating the
recruitment of bulge stem cells but not via toxic polyamine catabolic metabolites. Amino
Acids. 2013 Jul 25. [Epub ahead of print]).

16(B) Did the research project result in commercial development of any research products?
Yes No X

If yes, please describe commercial development activities that resulted from the research
project:

16(C) Did the research lead to new involvement with the community?
Yes No X

If yes, please describe involvement with community groups that resulted from the
research project:

Progress in Achieving Research Goals, Objectives and Aims.

List the project goals, objectives and specific aims (as contained in the grant agreement).
Summarize the progress made in achieving these goals, objectives and aims for the period
that the project was funded (i.e., from project start date through end date). Indicate whether
or not each goal/objective/aim was achieved; if something was not achieved, note the reasons
why. Describe the methods used. If changes were made to the research
goals/objectives/aims, methods, design or timeline since the original grant application was
submitted, please describe the changes. Provide detailed results of the project. Include
evidence of the data that was generated and analyzed, and provide tables, graphs, and figures
of the data. List published abstracts, poster presentations and scientific meeting presentations
at the end of the summary of progress; peer-reviewed publications should be listed under
item 20.




This response should be a DETAILED report of the methods and findings. It is not sufficient
to state that the work was completed. Insufficient information may result in an unfavorable
performance review, which may jeopardize future funding. If research findings are pending
publication you must still include enough detail for the expert peer reviewers to evaluate the
progress during the course of the project.

Health research grants funded under the Tobacco Settlement Act will be evaluated via a
performance review by an expert panel of researchers and clinicians who will assess project
work using this Final Progress Report, all project Annual Reports and the project’s strategic
plan. After the final performance review of each project is complete, approximately 12-16
months after the end of the grant, this Final Progress Report, as well as the Final Performance
Review Report containing the comments of the expert review panel, and the grantee’s written
response to the Final Performance Review Report, will be posted on the CURE Web site.

There is no limit to the length of your response. Responses must be single-spaced below,
no smaller than 12-point type. If you cut and paste text from a publication, be sure
symbols print properly, e.g., the Greek symbol for alpha (o) and beta (13) should not
print as boxes () and include the appropriate citation(s). DO NOT DELETE THESE
INSTRUCTIONS.

Research Project Overview

Our project will use subpopulations of primary keratinocytes derived from several transgenic
mouse models to identify the downstream targets of polyamines that alter keratinocyte stem
cell expansion. Previous work in our lab has shown that the upregulation of ornithine
decarboxylase (ODC) through overexpressing constitutively active MEK in the skin results
in expansion of epidermal stem cells, activation of progenitor cells, and increased skin
tumorigenesis. Double transgenic mice overexpressing Antizyme (AZ), an endogenous
inhibitor of ODC, and MEK showed a reduction in the MEK-induced phenotypes, including
stem cell expansion and tumor formation. These data strongly support the hypothesis that
polyamines are critical regulators of stem cell expansion and activation of progenitor cells.
However, the downstream targets of polyamines remain largely undefined. We hypothesize
that MEK plays a critical role in stem cell activation by altering transcription in response to
carcinogens, and these changes are mediated in a polyamine-dependent manner. Our aim will
examine the transcriptional profiles of CD34*/asintegrin™" (immature stem cell enriched)
and CD34*/asintegrin'® (committed progenitor cell enriched) populations of cells isolated
from AZ, MEK, and MEK/AZ mice. With these experiments, we hope to identify a pattern of
gene expression in the keratinocyte stem cell population that responds to changes in
intracellular polyamines. Our studies may thus lead to the identification of new targets for
chemoprevention of skin cancer.

The Specific Aims of the parent R03 project are 1) Isolation and characterization of hair
follicle bulge cells from mice with hair follicle-directed transgene expression, and 2)
Examination of the effect of altered polyamine metabolism on keratinocyte differentiation



and tissue organization. These experiments use several transgenic mouse lines expressing
elements downstream of the ras oncogene, as well as antizyme (AZ), an intracellular
regulator of ornithine decarboxylase (ODC).

This project, funded by PA Dept of Health CURE program, will use transcriptional profiling
by microarray 1) to identify gene expression changes that take place in hair follicle stem cells
when MEK, a direct target of Ras, is overexpressed, and 2 ) to establish which of these genes
are mediated in an ODC-dependent manner. Completing these studies, which were not
proposed as part of the funded R0O3, will provide strong additional preliminary data for a
subsequent RO1 application on the role of polyamine biosynthesis in hair follicle stem cell
expansion and differentiation.

Our overall goal was to identify polyamine-dependent gene expression changes within
keratinocyte populations harboring activation of ras-dependent pathways, a common
activating mutation in non-melanoma skin cancer (NMSC). We used mice expressing a
constitutively active mutant of MEK in the skin, and crossed them with mice expressing AZ,
which binds to ODC and causes its degradation. We previously characterized this model in
several publications [1,2].

To identify stem cells within the
epidermis and hair follicles of mice
expressing MEK or double transgenic
AZ/MEK mice, we first determined the
number of bulge-region label retaining
cells (LRCs). Even though stem cells
within the bulge are relatively
quiescent, they still undergo cycling.
These bulge region stem cells are
characterized by their ability to retain
BrdU over a prolonged period due to
their slow cycling time. To mark LRCs,
mice of all genotypes (N=3 for each
group) were injected s.c. with 50 pg/g
two times per day on post-natal (PN)
day 3, PN4 and PN5, followed by a
chase period of 8 weeks. This time point
was chosen because it has been shown
previously that a long chase period

results in distinct label retention only in
cells from the bulge region of the hair
follicle. Mice were sacrificed and full- - .

Follicular LRC |

thickness skin was isolated, embedded
in paraffin, and analyzed for BrdU
incorporation by immunohistochemistry
using an anti-BrdU primary antibody.
Follicular LRCs were quantified as the

Figure 1. MEK expression expands the number of stem
cells within the hair follicle bulge, and this is partially
reversed by the co-expression of AZ.
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number of BrdU-positive cells per 10 hair follicles, with 4 different skin sections tabulated
per mouse. The results show that MEK overexpression significantly increased the number of
LRCs within the bulge (Figure 1A, B). This supports our hypothesis that overexpression of
this Ras downstream effector leads to the expansion of epidermal stem cells. K5-AZ mice
showed no difference in the number of bulge region LRCs compared to wild-type mice,
while K5-AZ/K14-MEK mice had an intermediate phenotype with significantly more LRC
than wild-type but significantly less than K14-MEK mice (Figure 1A, B). This is in keeping
with our expected results, suggesting AZ expression limits epidermal stem cell expansion in
K14-MEK mice, and that this contributes to the tumor suppressor effects of AZ.

With the knowledge that AZ expression in the basal epidermis of K14-MEK mice affects
stem cell homeostasis, our ultimate goal for the proposed work was to perform transcriptional
profiling on keratinocyte populations that are enriched in stem cells using FACs analysis
with CD34 and asintegrin stem cell markers. These experiments have been technically
challenging, and we have been unable to isolate sufficient numbers of cells using the FACs
system available to us at the College of Medicine that would allow us to do transcriptional
profiling. As a logical alternative to the proposed CURE studies, we chose to perform
transcriptional profiling comparing skin tumors from MEK and AZ/MEK mice. In our
previous experiments designed to analyze the anti-tumorigenic effects of AZ in vivo, K14-
MEK mice were crossed with mice expressing AZ from a Keratin 5 (K5) or Keratin 6 (K6)
promoter. Both the K5-AZ/MEK and K6-AZ/MEK double transgenic mice developed fewer
tumors and had delayed tumor formation in comparison to mice expressing the MEK
transgene alone [2].

To perform gene array analysis on tumor samples, tumor-bearing mice were sacrificed at 14-
16 weeks of age. Briefly, isolated tumors were rapidly frozen in liquid nitrogen and RNA
was isolated from tumors using the Trizol method. Quality of RNA was assessed using the
Agilent 2100 Bioanalyzer (Agilent). Tumors were combined from 4 mice for all genotypes to
minimize variation. For hybridizations, Affymetrix mouse 430 2.0 chips containing 45000
probe sets that recognize more than 34000 mouse genes were used following the
manufacturer’s instructions (Affymetrix). Scanned chip images were analyzed using the
Gene Chip Operating System v1.2 (GCOS; Affymetrix) software and also confirmed using
Gene Spring software (Silicon Genetics).

The AZ/MEK mice and K14-MEK mice + K5-AZ/K14-MEK versus K14-MEK: 279 gene

present a good model to identify genes expression changes

regulated by AZ that potentially contribute to | > 108 genes down-regulated in K5-AZ/MEK tumors
the inhibition of MEK-induced skin » 171 genes up-regulated in in K5-AZ/MEK tumors
tumorigenesis. Global transcriptional profiles
of K14-MEK tumors were compared to
tumors from mice expressing both MEK and |+ K6-AZ/K14-MEK versus K14-MEK: 981 gene
AZ (Figure 2). Interestingly, we found very expression changes

different expression patterns in tumors from |, 795 genes down-regulated in K6-AZIMEK tumors
mice expressing AZ driven by the K5 versus
the K6 promoter. The K6 promoter requires

hyperproliferation to induce maximal Figure 2. Global transcriptional profiles of K14-
MEK and AZ/MEK tumors

» 185 genes up-regulated in K6-AZ/MEK tumors




expression [3]. Thus, the K6-AZ/MEK mice do not express high amounts of the AZ
transgene until proliferation of epidermal cells is increased in response to MEK
overexpression. These mice therefore are representative of a model that determines whether
AZ expression is effective in preventing tumorigenesis after the establishment of an
environment that is favorable for tumor growth. The K5 promoter expresses constitutively
[4], and as a result K5-AZ/MEK mice have a constant expression of AZ from birth. These
mice are therefore more representative of a chemoprevention model.

In keeping with the goals of the proposed studies, we were interested in determining the
expression pattern of genes relevant to differentiation and “stemness” in our tumor samples.
Analysis of K5-AZ/MEK tumors revealed increased expression of Keratins 1, 2 and 10
compared to tumors from mice expressing the MEK transgene alone (Figure 3). These
changes are indicative of highly differentiated papillomas that are unlikely to progress to
carcinomas [5]. Expression of the p63 transcription factor, an essential regulator of stem cell
maintenance in stratified epithelia, was

decreased in KSAZ/MEK tumors. It has been Satb14
shown previously that decreased p63 o oPF
expression is associated with repression of £ Sprr2d
stemness and increased differentiation of < Trps3,
keratinocytes [6]. p63 regulates expression of & S1%02%]
a variety of genes in the skin, including O f""f 12:
Satb1 (special AT-rich binding protein), a K:::: i
direct transcriptional target of p63 that acts ) ™ 5 T T 2

as a genome organizer to remodel chromatin
at the “epidermal differentiation complex”
(EDC). Satbl causes chromosomal looping
to bring distal loci into close proximity, Figure 3. Geng changes affecting differentiation
where histone-modifying enzymes are and stemness in K5-AZ/MEK tumors compared

. to K14-MEK tumors.
recruited. It has recently been shown that p63
and Satblcombine to alter expression of a number of genes at the EDC locus (chromosome 1
in humans; chromosome 3 in mice) [7]. Interestingly, Satb1 expression is also down-
regulated in KSAZ/MEK tumors. This is accompanied by a number of changes in Sprr and
S100 genes, which are located at the EDC locus [7,8]. Finally, we observed at least 2-fold
reduced expression of genes expressing keratin-associated proteins 8-1, 8-2, 14, 16-1, 16-8,
and 16-3, several of which contain Satbl
regulatory regions.

relative gene changes in K5-AZ/MEK

+ Down-regulated > 2-fold + Up-regulated > 2-fold

» Cell cycle control » Cell cycle control
IKBKB HDAC7A  Trp53 Cdkn2b (p15INK4B)*

It is important to note that none of the ceNG2 > Signaling
gene changes described above in K5- » Signaling Egrl*  Egi2Fos
AZ/MEK tumors were observed in K6- SIS Stop3  Socd
AZ/MEK tumors. Examples of gene Kee Mt TGFOT » Translation factors
changes associated with expression of AZ STATI  STAT3  AKT" | oE
driven by the Keratin 6 promoter include » Translation factors g V;/Vr: pafhway
cell-cycle regulatory genes, intracellular elF4B  4EBP2 4EBP3
signaling effectors, translation factors and elF4GT elfSA  elF2asT

> Wnt pathway
Fzd6Ctnnb1* LdIr
Csnkle Fosl1

Table 1. Gene changes in K6-AZ/MEK tumors. Gene
expression analysis was performed as described in the
9 text. * = validated by PCR.

Whnt-pathway intermediates (Table 1;
genes marked * were validated by gRT-




PCR of tumor RNA). These results suggest that although AZ expression from either the K5
or K6 promoters inhibits tumor development, the molecular mechanisms of these effects
appear to be strikingly different depending on whether AZ is expressed constitutively (K5) or
inducibly (K6). We are continuing to pursue these findings in current studies.

The gene expression pattern observed in the K5-AZ/MEK tumor samples suggested strongly
that constitutive expression of AZ and MEK together within the hair follicle and the basal
layer of the epidermis, where the putative stem cell population resides, results in not only a
lower tumor number compared to MEK expression alone, but those tumors that form in
MEK/AZ mice are more highly differentiated. To test our hypothesis that limitation of
intracellular polyamines in MEK-overexpressing keratinocytes results in the expression of
differentiation-associated gene products, we measured markers of early (Keratin 1) and late
(Involucrin, Loricrin) differentiation in primary keratinocytes isolated from mice of each
genotype of interest. Wild-type, K14-MEK, K5-AZ and K5-AZ/MEK keratinocytes were
isolated 1-3 days after birth and established in low calcium medium as follows: epidermis
and dermis were incubated in 0.25% trypsin overnight at 4°C. After removal of the dermis,
epidermal keratinocytes were isolated and plated in standard growth medium consisting of
Ca*?- and Mg*>-free EMEM (Biowhitaker) and 8% FCS treated with Chelex (BioRad
Laboratories). Final calcium concentration was adjusted to 0.05 mM using CaCl», and the
culture medium was also supplemented with EGF (5ng/ml). Cells were harvested and
assayed at the times described in the figure legends. While this approach does not
specifically enrich for stem cell populations, the procedure allows isolation of cells only from
the proliferating basal layer of the epidermis, which contains the stem cell population, and
eliminates other more differentiated populations such as suprabasal cells. The results suggest
that MEK expression substantially delays differentiation of keratinocytes in culture compared
to wild-type cells, and this is completely reversed by the co-expression of AZ, which limits
ODC activity and subsequent polyamine accumulation (Figure 4). Since these changes were
originally identified at the transcriptional level in tumors, these results further suggest that
polyamines regulate the expression of differentiation-associated genes in the keratinocyte,
which ultimately results in a more

. . : wT AZ MEK MEK/AZ
highly differentiated tumor phenotype. B ——
Further analysis of MEK and AZ/MEK Involucrin —— — - -
tumor arrays revealed a R — = '—
downregulation (2.4-fold) of the "

H . - ———
ELAV1 gene, also known as HuR, in Pt
both K5-AZ/MEK and K6-AZ/MEK GAPDH S - S G S
tumors. HuR is a ubiquitously-
expressed mMRNA binding protein Figure 4. Expression of AZ in the presence of
(RBP) that binds to cis-acting elements activated MEK causes increased expression of
within the 3"UTRs of its targets differentiation-associated gene products. Primary

keratinocytes from 1-3 day old pups were cultured for

resulting in mRNA stabilization 7 days in low Ca*? (0.05mM) media and harvested in

(reviewed in [9]). Of interest to our RIPA buffer. Differentiation markers were identified
studies, changes in intracellular by Western blot analysis. All samples are presented in
polyamine pools have been shown to duplicate and each measurement was performed at
affect the expression and intracellular least twice.
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localization of HuR [10,11], although the effects of polyamines on HuR expression and
regulation in the skin have not been defined. HUR has been shown to bind to and stabilize
numerous transcripts whose overexpression contribute to tumorigenesis, such as c-Myc,
COX2, and VEGF, and a correlation between HuR localization and neoplastic transformation
has been described. Studies were therefore designed to measure the intracellular localization
and expression of HUR in keratinocyte- and tumor-derived cells with differing levels of
polyamines.

The mouse keratinocyte cell model used in these experiments is comprised of two cell lines:
C5N cells have a wild-type keratinocyte morphology and contain no detectable mutations in
the H-ras gene, which is mutated at a high frequency in non-melanoma skin cancer (NMSC).

Ab5 carcinoma cells were isolated from the tumor of a mouse that had been subjected to the
classical two-stage protocol of initiation with the carcinogen DMBA, which results in
mutations in ras and high levels of MEK activation, and promotion with the phorbol ester
TPA, which is known to induce ODC activity and polyamine accumulation in the skin. Thus,
C5N cells express very low levels of ODC and polyamines, while A5 cells have induced
ODC activity and higher polyamine content, particularly putrescine [12].

HuR is predominately nuclear and has been
shown to shuttle between the nucleus and
cytoplasm in response to various stimuli or
intrinsic cellular conditions. In human
tumors, both greater expression of HUR and
accumulation in the cytoplasm correlates
with increased tumor grade and decreased
survival rate [13-15]. This also fits with our
tumor array analysis, which shows decreased
HuR expression in the more differentiated
AZ/MEK tumors compared to those
expressing MEK alone. Based on this, we
decided to investigate the content and
cellular localization of the HuR protein in
C5N keratinocytes and A5 carcinoma cells.
The immunofluorescence results show that
HuR is almost exclusively nuclear in C5N
cells; whereas in A5 cells HuR is both
nuclear and cytoplasmic (Figure 5). Since a
mutated HUR protein has never been reported
in cancer, our results suggest the possibility
that HuR is post-translationally modified in
A5 cells, thereby causing its cytoplasmic
accumulation, where it can bind to a variety
of target MRNAs.

Given that HuR is a stabilizing RBP and that
its cellular localization is influenced by
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HuR

Dapi

C5N

C5N

AS

A5

Figure 5. HUR is exclusively nuclear in C5N normal
keratinocytes but is both nuclear and cytoplasmic in
ADb spindle carcinoma cells. Cells were grown on
glass coverslips as described in the Experimental
Procedures. HUR protein was detected using anti-HuUR
antibody (1:500). Cy-2 secondary antibody was used
(1:200) (green fluorescence). The nucleus was stained
using Dapi (1:1000) (blue fluorescence). Images were
taken at a 40X magnification. Representative pictures
of triplicate experiments are shown.




intracellular polyamine content, we decided to investigate whether HUR binds to the ODC
MRNA transcript in our keratinocyte-derived cell lines. These studies came about in part
from the fact that upon examination of the ODC mRNA 3°UTR, we identified several
adenosine- and uracil-rich elements (ARES), which are sequences classically located within
the 3’UTR of labile mRNAs. These sequences behave as cis-acting elements for the binding
of RBPs, and are located in numerous proto-oncogene, cytokine, and transcription factor
MRNAs. The endogenous intracellular association of ODC mRNA and HuR was assessed
through immunoprecipitation of HUR in an assay that allows the association between HUR
and its target mMRNAs in cytoplasmic ribonucleoprotein (RNP) complexes to be maintained.
Little or no ODC mRNA was immunoprecipitated from the C5N keratinocyte cell line
cytoplasmic lysate, but a strong ODC band was detected in the immunoprecipitated material
from A5 cells (Figure 6). GAPDH was present at very low levels in both lysates, while the
positive control c-Myc mRNA associated strongly with HUR protein in A5 lysates (Figure 6).
The difference in HuR cellular localization likely accounts for the lack of association
between HuR and the ODC mRNA in C5N cytoplasmic extracts. In fact, when C5N nuclear

extracts were used to investigate HUR binding to the
ODC mRNA transcript, HUR was able to bind to the
ODC 3’UTR (data not shown). Taken together, these
data extend the idea that the stabilizing RBP HuR is
regulated by intracellular polyamine content, and
suggest that HuR present in the cytoplasm binds to
the ODC transcript, further contributing to
polyamine accumulation by stabilization of the ODC
MRNA and subsequent increase in ODC protein and
activity. These data, combined with other results on
the regulation of ODC mRNA stability, were
published in The Journal of Biological Chemistry
[12].

In summary, the data acquired with these CURE
funds extended our knowledge of the polyamine
pathway in skin carcinogenesis. These results
provide a rationale for the continuing study of
polyamine biosynthesis inhibitors as both
chemopreventive and chemotherapy agents in skin
cancer, especially among high-risk groups. In
agreement with this idea, the ODC inactivator
DFMO has shown promise as a chemopreventive
agent in clinical trials monitoring human skin cancer
development [16].
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Figure 6. Association of endogenous HUR
with endogenous ODC mRNA in A5 cells
but not in C5N cells. Cytoplasmic lysates
from C5N and A5 cells were used for
immunoprecipitation (IP) with anti-HuR or
nonspecific mouse 1IgG. RNA in the IP
material was extracted using phenol
chloroform, reverse-transcribed to cDNA for
PCR, and visualized on a 2% agarose gel.
The levels of ODC mRNA and GAPDH
MRNA were assessed using primers specific
for their respective coding regions. The level
of c-Myc bound to HuR served as a positive
control. Results are representative of
triplicate experiments.




Data from this CURE grant were presented in the following oral and poster presentations:

Carr, TD and Shantz, LM. Antizyme represses MEK-mediated epidermal proliferation and stem
cell expansion. 9" International Skin Carcinogenesis Conference, June 2010. Poster presentation
by Theresa D. Carr (MD/PhD student).

Carr TD, Feith DJ, and Shantz LM. The role of MEK and Antizyme in keratinocyte stem cell
expansion and differentiation. American Association for Cancer Research Annual Meeting.
Chicago, IL, March 2012. Poster presentation by Theresa D. Carr (MD/PhD student).

June 19, 2013 “Keratinocyte differentiation and expansion in mice with altered polyamines”;
Invited talk by Lisa M Shantz (PI), Gordon Research Conference on Polyamines, Waterville
Valley, NH.
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6. Tumbar, T., Guasch, G., Greco, V., Blanpain, C., Lowry, W.E., Rendl, M. and Fuchs, E.
(2004) Defining the epithelial stem cell niche in skin. Science, 303, 359-63.

7. Fessing, M.Y., Mardaryev, A.N., Gdula, M.R., Sharov, A.A., Sharova, T.Y., Rapisarda,
V., Gordon, K.B., Smorodchenko, A.D., Poterlowicz, K., Ferone, G., Kohwi, Y.,
Missero, C., Kohwi-Shigematsu, T. and Botchkarev, V.A. (2011) p63 regulates Satb1l to
control tissue-specific chromatin remodeling during development of the epidermis. J Cell
Biol, 194, 825-39.

8. Kypriotou, M., Huber, M. and Hohl, D. (2012) The human epidermal differentiation
complex: cornified envelope precursors, S100 proteins and the 'fused genes' family. Exp
Dermatol, 21, 643-9.

9. Hinman, M.N. and Lou, H. (2008) Diverse molecular functions of Hu proteins. Cell Mol
Life Sci, 65, 3168-81.

10. Zou, T., Liu, L., Rao, J.N., Marasa, B.S., Chen, J., Xiao, L., Zhou, H., Gorospe, M. and
Wang, J.Y. (2008) Polyamines modulate the subcellular localization of RNA-binding
protein HUR through AMP-activated protein kinase-regulated phosphorylation and
acetylation of importin alphal. Biochem J, 409, 389-98.
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11.

12.

13.

14.

15.

16.

18.

Zou, T., Mazan-Mamczarz, K., Rao, J.N., Liu, L., Marasa, B.S., Zhang, A.H., Xiao, L.,
Pullmann, R., Gorospe, M. and Wang, J.Y. (2006) Polyamine depletion increases
cytoplasmic levels of RNA-binding protein HuR leading to stabilization of
nucleophosmin and p53 mRNAs. J Biol Chem, 281, 19387-94.

Nowotarski, S.L. and Shantz, L.M. (2010) Cytoplasmic Accumulation of the RNA-
binding Protein HUR Stabilizes the Ornithine Decarboxylase Transcript in a Murine
Nonmelanoma Skin Cancer Model. J. Biol. Chem., 285, 31885-31894.

Abdelmohsen, K. and Gorospe, M. (2010) Posttranscriptional regulation of cancer traits
by HUR. Wiley Interdisciplinary Reviews - RNA, 1, 214-229.

Lopez de Silanes, 1., Fan, J., Yang, X., Zonderman, A.B., Potapova, O., Pizer, E.S. and
Gorospe, M. (2003) Role of the RNA-binding protein HUR in colon carcinogenesis.
Oncogene, 22, 7146-54.

Denkert, C., Weichert, W., Winzer, K.J., Muller, B.M., Noske, A., Niesporek, S.,
Kristiansen, G., Guski, H., Dietel, M. and Hauptmann, S. (2004) Expression of the
ELAV-like protein HuR is associated with higher tumor grade and increased
cyclooxygenase-2 expression in human breast carcinoma. Clin Cancer Res, 10, 5580-6.
Kreul, S.M., Havighurst, T., Kim, K., Mendonca, E.A., Wood, G.S., Snow, S., Borich,
A., Verma, A. and Bailey, H.H. (2012) A phase I11 skin cancer chemoprevention study of
DFMO: long-term follow-up of skin cancer events and toxicity. Cancer Prev Res (Phila),
5, 1368-74.

Extent of Clinical Activities Initiated and Completed. Items 18(A) and 18(B) should be
completed for all research projects. If the project was restricted to secondary analysis of
clinical data or data analysis of clinical research, then responses to 18(A) and 18(B) should
be “No.”

18(A) Did you initiate a study that involved the testing of treatment, prevention or
diagnostic procedures on human subjects?
Yes
X_No

18(B) Did you complete a study that involved the testing of treatment, prevention or
diagnostic procedures on human subjects?
Yes
X _No

If “Yes” to either 18(A) or 18(B), items 18(C) — (F) must also be completed. (Do NOT
complete 18(C-F) if 18(A) and 18(B) are both “No.”)

18(C) How many hospital and health care professionals were involved in the research
project?

Number of hospital and health care professionals involved in the research
project
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18(D) How many subjects were included in the study compared to targeted goals?

Number of subjects originally targeted to be included in the study
Number of subjects enrolled in the study

Note: Studies that fall dramatically short on recruitment are encouraged to
provide the details of their recruitment efforts in Item 17, Progress in Achieving
Research Goals, Objectives and Aims. For example, the number of eligible
subjects approached, the number that refused to participate and the reasons for
refusal. Without this information it is difficult to discern whether eligibility
criteria were too restrictive or the study simply did not appeal to subjects.

18(E) How many subjects were enrolled in the study by gender, ethnicity and race?

Gender:
Males
Females
Unknown

Ethnicity:
Latinos or Hispanics

Not Latinos or Hispanics
Unknown

Race:
American Indian or Alaska Native
Asian
Blacks or African American
Native Hawaiian or Other Pacific Islander
White
Other, specify:
Unknown

18(F) Where was the research study conducted? (List the county where the research
study was conducted. If the treatment, prevention and diagnostic tests were offered in
more than one county, list all of the counties where the research study was
conducted.)

19. Human Embryonic Stem Cell Research. Item 19(A) should be completed for all research
projects. If the research project involved human embryonic stem cells, items 19(B) and
19(C) must also be completed.

19(A) Did this project involve, in any capacity, human embryonic stem cells?

Yes
X No
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19(B) Were these stem cell lines NIH-approved lines that were derived outside of
Pennsylvania?

Yes

No

19(C) Please describe how this project involved human embryonic stem cells:

20. Articles Submitted to Peer-Reviewed Publications.

20(A) Identify all publications that resulted from the research performed during the funding
period and that have been submitted to peer-reviewed publications. Do not list journal
abstracts or presentations at professional meetings; abstract and meeting presentations should
be listed at the end of item 17. Include only those publications that acknowledge the
Pennsylvania Department of Health as a funding source (as required in the grant
agreement). List the title of the journal article, the authors, the name of the peer-reviewed
publication, the month and year when it was submitted, and the status of publication
(submitted for publication, accepted for publication or published.). Submit an electronic
copy of each publication or paper submitted for publication, listed in the table, in a PDF
version 5.0.5 (or greater) format, 1,200 dpi. Filenames for each publication should include
the number of the research project, the last name of the PI, and an abbreviated title of the
publication. For example, if you submit two publications for Smith (PI for Project 01), one
publication for Zhang (PI for Project 03), and one publication for Bates (P1 for Project 04),
the filenames would be:

Project 01 — Smith — Three cases of isolated

Project 01 — Smith — Investigation of NEB1 deletions

Project 03 — Zhang — Molecular profiling of aromatase

Project 04 — Bates — Neonatal intensive care
If the publication is not available electronically, provide 5 paper copies of the publication.

Note: The grant agreement requires that recipients acknowledge the Pennsylvania
Department of Health funding in all publications. Please ensure that all publications listed
acknowledge the Department of Health funding. If a publication does not acknowledge the
funding from the Commonwealth, do not list the publication.

Title of Journal Article: Authors: Name of Month and | Publication
Peer- Year Status (check
reviewed Submitted: | appropriate
Publication: box below):

1. Cytoplasmic accumulation | Shannon L. The Journal | May 2010 | OSubmitted

of the RNA binding protein Nowotarski and | of LJAccepted

HuUR stabilizes the ornithine | Lisa M. Shantz Biological X Published

decarboxylase transcript in a Chemistry

murine non-melanoma skin

cancer model
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21.

22.

23.

20(B) Based on this project, are you planning to submit articles to peer-reviewed publications
in the future?

Yes X No

If yes, please describe your plans:

Results of the gene array analysis will be published in the future.

Changes in Outcome, Impact and Effectiveness Attributable to the Research Project.
Describe the outcome, impact, and effectiveness of the research project by summarizing its
impact on the incidence of disease, death from disease, stage of disease at time of diagnosis,
or other relevant measures of outcome, impact or effectiveness of the research project. If
there were no changes, insert “None”; do not use “Not applicable.” Responses must be
single-spaced below, and no smaller than 12-point type. DO NOT DELETE THESE
INSTRUCTIONS. There is no limit to the length of your response.

None

Major Discoveries, New Drugs, and New Approaches for Prevention Diagnosis and
Treatment. Describe major discoveries, new drugs, and new approaches for prevention,
diagnosis and treatment that are attributable to the completed research project. If there were
no major discoveries, drugs or approaches, insert “None”’; do not use “Not applicable.”
Responses must be single-spaced below, and no smaller than 12-point type. DO NOT
DELETE THESE INSTRUCTIONS. There is no limit to the length of your response.

The data acquired with these CURE funds extended our knowledge of the polyamine
pathway in skin carcinogenesis by demonstrating that reduction in polyamine levels brought
about by AZ expression in the hair follicle and basal cells of the epidermis alters the
keratinocyte gene expression profile to favor differentiation in response to a carcinogenic
stimulus. These results provide a rationale for continuing studies designed to identify new
mechanisms of limiting intracellular polyamine biosynthesis for prevention and treatment of
skin and other epithelial cancers.

Inventions, Patents and Commercial Development Opportunities.
23(A) Were any inventions, which may be patentable or otherwise protectable under Title 35
of the United States Code, conceived or first actually reduced to practice in the performance

of work under this health research grant? Yes No X

If “Yes” to 23(A), complete items a — g below for each invention. (Do NOT complete items
a-gif23(A)is “No.”)
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a. Title of Invention:
b. Name of Inventor(s):

c. Technical Description of Invention (describe nature, purpose, operation and physical,
chemical, biological or electrical characteristics of the invention):

d. Was a patent filed for the invention conceived or first actually reduced to practice in
the performance of work under this health research grant?
Yes No

If yes, indicate date patent was filed:

e. Was a patent issued for the invention conceived or first actually reduced to practice in
the performance of work under this health research grant?
Yes No
If yes, indicate number of patent, title and date issued:
Patent number:
Title of patent:
Date issued:

f.  Were any licenses granted for the patent obtained as a result of work performed under
this health research grant? Yes No

If yes, how many licenses were granted?

g. Were any commercial development activities taken to develop the invention into a
commercial product or service for manufacture or sale? Yes_ No

If yes, describe the commercial development activities:

23(B) Based on the results of this project, are you planning to file for any licenses or patents,
or undertake any commercial development opportunities in the future?

Yes No X

If yes, please describe your plans:

24. Key Investigator Qualifications. Briefly describe the education, research interests and
experience and professional commitments of the Principal Investigator and all other key

investigators. In place of narrative you may insert the NIH biosketch form here; however,
please limit each biosketch to 1-2 pages.
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BIOGRAPHICAL SKETCH

Provide the following information for the Senior/key personnel and other significant contributors.
Follow this format for each person. DO NOT EXCEED FOUR PAGES.

NAME

POSITION TITLE

Shantz, Lisa M. Associate Professor

eRA COMMONS USER NAME (credential, e.g., agency login)
Ishantz

EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing, include postdoctoral training and
residency training if applicable.)

INSTITUTION AND LOCATION _DEGREE MM/YY FIELD OF STUDY
(if applicable)
University of Scranton, Scranton, PA B.S. 05/84 Chemistry
Johns Hopkins University, Baltimore, MD Ph.D. 09/89 Pharm./Mol. Science
Pennsylvania State University College of 11/89 — .
Medicine, Hershey, PA Postdoctoral 12/92 Cell. & Mol. Physiology

A. Personal Statement.

| have extensive experience in non-melanoma skin carcinogenesis studies using transgenic
animal models. We were the first to show a link between induction of the RaffMEK/ERK
pathway and increased ornithine decarboxylase (ODC) in skin tumors. Importantly, we
established that high ODC activity is a necessary component of MEK-induced skin tumor
development, and both antizyme (AZ), which binds to ODC and causes it to be degraded, and
DFMO, a suicide inactivator of ODC, are a powerful suppressors of these tumors. | also have a
long-standing interest in the mechanism of protein synthesis regulation by mTOR signaling in
both skin carcinogenesis and other models of neoplastic transformation. Current work uses
mice with conditional deletion of mMTOR components within the basal layer of the epidermis to
explore the role of MTOR-dependent pathways in skin carcinogenesis in response to both
chemical carcinogens and UV light, and examines the role of polyamines in keratinocyte
differentiation.

B. Positions and Honors.
Positions

1993 — Assistant Professor, Department of Cellular and Molecular Physiology, The Milton S.
2001 Hershey Medical Center, Hershey, Pennsylvania
2001 — Associate Professor, Department of Cellular and Molecular Physiology, The Milton S.
present Hershey Medical Center, Hershey, Pennsylvania

Honors

1980-84 — University Scholarship

1983 — Sigma Xi - Scientific Research Honor Society

1983 — Phi Lambda Upsilon - Chemistry Honor Society

1984 — Magna Cum Laude - BS from University of Scranton

1988 — Upjohn Travel Award, American Association for Cancer Research
1999 — Established Investigator Award; American Heart Association

19



2007 — Chair-Elect, Gordon Research Conference on Polyamines

2009, 2011 — Dean’s Award for Excellence in Teaching; Penn State College of Medicine
2009 — Vice-Chair, Gordon Research Conference on Polyamines

2011 — Chair, Gordon Research Conference on Polyamines

C.
1.

10.

11.

12.

13.

14.

15.

Most relevant peer-reviewed publications (in chronological order; 15 of 47 total).

Shantz, L.M. and Pegg, A.E. Ornithine decarboxylase induction in transformation by H-Ras and
RhoA. Cancer Res. 58: 2748-2753, 1998. PMID: 9661886

Kimball, S.R., Shantz, L.M., Horetsky, R.L. and Jefferson, L.S. Leucine regulates translation of
specific mRNAs in L6 myoblasts through mTOR-mediated changes in availability of elF-4E and
phosphorylation of ribosomal protein S6. J. Biol. Chem. 274, 11647-11652, 1999 PMID: 10206976
Feith, D.J., Shantz, L.M. and Pegg, A.E. Targeted antizyme expression in the skin of transgenic
mice reduces tumor promoter induction of ornithine decarboxylase and decreases sensitivity to
chemical carcinogenesis. Cancer Res. 61:6073-81, 2001. PMID: 11507056

Shantz, L. M., Guo, Y., Sawicki, J. A., Pegg, A. E., and O'Brien, T. G. Overexpression of a
dominant-negative ornithine decarboxylase in mouse skin: effect on enzyme activity and papilloma
formation. Carcinogenesis 23: 657-64, 2002. PMID: 11960919

Shantz, LM Transcriptional and translational control of ornithine decarboxylase during Ras
transformation. Biochem. J. 377: 257-264, 2004. PMCID: PMC1223852

Feith DJ, Bol DK, Carboni JM, Lynch MJ, Sass-Kuhn S, Shoop PL, Shantz LM. Induction of
ornithine decarboxylase activity is a necessary step for mitogen-activated protein kinase kinase-
induced skin tumorigenesis. Cancer Res. 65:572-8, 2005. PMID: 15695401

Feith, DJ, Origanti, S, Shoop, PL, Sass-Kuhn, S, Shantz, LM. Tumor suppressor activity of ODC
antizyme in MEK-driven skin tumorigenesis. Carcinogenesis 27: 1090-1098, 2006. PMID: 16400186
Origanti, S and Shantz, LM. Ras transformation of RIE-1 cells activates cap-independent
translation of ornithine decarboxylase: regulation by the Raf/MEK/ERK and PI13-kinase pathways.
Cancer Res. 67: 4834-4842, 2007. PMID: 17510413

Feith DJ, Shantz LM, Shoop PL, Keefer KA, Prakashagowda C, Pegg AE. Mouse skin chemical
carcinogenesis is inhibited by antizyme in promotion-sensitive and promotion-resistant genetic
backgrounds. Mol Carcinog. 46: 453-465, 2007. PMID: 17219416

Nowotarski SL, Shantz, LM. Cytoplasmic accumulation of the RNA binding protein HuR stabilizes
the ornithine decarboxylase transcript in a murine non-melanoma skin cancer model. J. Biol. Chem.
285: 31885-31894, 2010. PMCID: PMC2951260

Nowotarski SL, Origanti S, Shantz LM. Posttranscriptional regulation of ornithine decarboxylase.
Methods Mol Biol. 720:279-92, 2011. PMCID: PMC3590796

Zhang Y, Cheng Y, Ren X, Hori T, J Huber-Keener K, Zhang L, Yap KL, Liu D, Shantz LM, Qin ZH,
Zhang S, Wang J, Wang HG, Shih IM, Yang JM. Dysfunction of Nucleus Accumbens-1 Activates
Cellular Senescence and Inhibits Tumor Cell Proliferation and Oncogenesis. Cancer Res. 72: 4262-
4275, 2012. PMCID: PMC3614094
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decarboxylase overexpression inhibits mouse skin tumor promotion. Carcinogenesis 33:1310-1318,
2012. PMCID: PMC3499050

Origanti S, Nowotarski SL, Carr TD, Sass-Kuhn S, Xiao L, Wang JY, Shantz LM. Ornithine
decarboxylase mRNA is stabilized in an mMTORC1-dependent manner in Ras-transformed cells.
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induced cell proliferation and survival. Cancer Prev. Res. 5: 1394-1404, 2012. PMCID in progress.
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