Final Progress Report for Research Projects Funded by
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. Questions? Contact Health Research Program staff at 717-783-2548.

1.

2.

Grantee Institution: The Pennsylvania State University

Reporting Period (start and end date of grant award period): 1/1/2009 — 12/31/2011
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: 4100047645

Project Number and Title of Research Project: 9 - Evaluation of mTOR as a
Chemoprevention Target in Skin Cancer"

Start and End Date of Research Project: 1/1/2009 — 12/31/2011

Name of Principal Investigator for the Research Project: Lisa M. Shantz, Ph.D.
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:

$ 180,645

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 Position Title % of Effort on Project Cost

Nowotarski Graduate Student 100% 30,324

Carr Graduate Student 100% 2,170

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 Position Title % of Effort on Project
Shantz P1 - Associate Professor 10%
Sass-Kuhn Research Support Assistant 50%

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
Participated in Animal cage | All of our researchers who have animals at $88,209
washing equip the Animal Research Facility and the

Hershey Center for Applied Research
Facility benefit by the new tunnel and cage
washer system.

10.

11.

Co-funding of Research Project during Health Research Grant Award Period. Did this
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:

This project was initiated as a Graduate Research Supplement Award, which paid one year’s
salary plus fringe and tuition for a graduate student. The award supplemented an R0O3 from
the NCI (CA133945).

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 X No




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:
mTOR-dependent X NIH 10/2009 $423,281 $423,281
pathways in skin L1 Other federal (TC) (TC)
carcinogenesis (specify: ) awarded

[ Nonfederal 7/2010

source (specify: ) (ES19242)

12.

13.

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:

An RO1 application based on this work, NIH grant number ES22259, has been reviewed and
is currently in revision. Resubmission of the Al application is planned for July 2013.

Future of Research Project. What are the future plans for this research project?
We have expanded this project to investigate the role of Raptor and Rictor, which are

essential components of mMTOR complex 1 (mMTORC1) and mTORC2, respectively, in skin
carcinogenesis. This is the subject of the RO1 application mentioned in 11B.

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

15.

carry out this research project?

Yes No_ X

If yes, please list the name and degree of each researcher and his/her previous affiliation:
Impact on Research Capacity and Quality. Did the health research project enhance the
quality and/or capacity of research at your institution?

Yes X No

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

This project participated in the purchase of a LYNX model tunnel cage washer with a
stainless steel utility cabinet enclosure, LYNX model automatic cage dryer, LYNX model
automatic bedding dispenser, and LYNX model cage and rack washer with a stainless steel
utility cabinet enclosure. This purchase replaced the twenty-five-year-old existing equipment
at the Animal Research Facility. LYNX also provided training for animal care technicians,
the facility manager, and the maintenance crew. LYNX was able to provide custom built



16.

17.

equipment to fit our facility and the existing area with minor renovation and redesign of the
space. LYNX also has an excellent service record for repair and maintenance of their
products.

The tunnel and rack washer benefits Penn State Hershey researchers Basic Science
departments, including Biochemistry and Molecular Biology, Cellular and Molecular
Physiology, Comparative Medicine, Microbiology and Immunology, Neural and Behavioral
Sciences, and Pharmacology. The cage washer also benefits Clinical Science departments,
including Medicine and Surgery, as well as the Penn State Hershey Cancer Institute.

All of our researchers who have animals at the Animal Research Facility and the Hershey
Center for Applied Research Facility (HCAR) are benefitted by the new tunnel and cage
washer system. It is estimated that sixty-five investigators currently conduct research at the
Animal Research and HCAR Facilities.

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 No X
If yes, please describe the collaborations:

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 (a) and beta (3) should not
print as boxes () and include the appropriate citation(s). DO NOT DELETE THESE
INSTRUCTIONS.



Research Project Overview (From the Strategic plan)

The overall goal of these experiments is to validate mTOR as a potential target for
chemoprevention of nonmelanoma skin cancer (NMSC). This grant provided one year’s salary
for a graduate student as a supplement to an RO3 research grant that was funded by the NCI
(CA133945). The specific aims of the R03 were: 1) to generate and characterize mice with a
targeted deletion of mTOR in the skin (K5CreERT/mTOR'®/°* mice), and 2) to use these mice in
DMBAJ/TPA skin carcinogenesis experiments. Two additional experiments were proposed in the
CURE project, both of which were recommended by the reviewers of the R03. The first was to
perform a skin carcinogenesis experiment using wild-type mice treated topically with the mTOR
inhibitor rapamycin. Knocking out mTOR in the skin using the Cre/lox approach would affect
the activities of both the mTORC1 and mTORC2 complexes, while rapamycin treatment inhibits
primarily mTORCL. Thus, this experiment would help determine which TOR complex is the
better target for chemoprevention. The second experiment proposed to use a UVB-induced skin
cancer model with K5CreERT/mTOR'™'* mice. Inducing skin tumors by UVB exposure mimics
more accurately sun exposure, which is the primary cause of human NMSC.

The first aim of the CURE project was to perform experiments using the mTORCL inhibitor
rapamycin to complement experiments using mice with genetic ablation of mTOR in the skin.
Both in vivo and in vitro experiments examining the effect of rapamycin treatment in
keratinocytes and mouse skin treated with UVB are described in Figures 1, 2, 3 and 6. The
second goal, to characterize the response of K5CreERT/mTOR'®/° mice to UVB-induced
apoptosis and hyperproliferation, required generation and characterization of this novel mouse
model, as described in Figure 4. Experiments describing the response of K5CreERT/mTOR!®lox
mice to UVB are described in Figures 4, 5 and 7. We performed additional experiments using
Rictor knockout cells, which have a defect in mMTORC?2 signaling, to support a key role for
mTORC2 in UVB-induced apoptosis. These experiments are described in Figure 8. We chose to
concentrate on short-term experiments in these studies, rather than perform carcinogenesis
experiments, which require at least 20 weeks to perform and longer to analyze. The experiments
described in this report thus meet the overall goal of the CURE proposal, which was to validate
mTOR as a chemoprevention target in NMSC, and are an effective use of the modest time and
budget parameters of these grants. Our data provide compelling evidence to support the novel
hypothesis that both mTORC1 and mTORC2 act as critical mediators of UVB-activated signal
transduction in keratinocytes, and suggest that the combined targeting of both mTOR complexes
as a potential chemoprevention strategy against photocarcinogensis.



Rapamycin inhibits UVB-induced cell cycle progression and proliferation
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Figure 1: Rapamycin attenuates UVB-induced cell cycle progression in HaCaT cells. HaCaT cells UVB-induced cell cycle
were starved in 0.1% FBS DMEM for 24h then exposed to 2.5, 5, or 10 mJ/cm? or mock UVB roar ion and
irradiation. A, Immunoblot analysis of mMTORC1 and mTORC?2 activation markers in HaCaT cells p Og_ eSSIQ a .
exposed to sublethal doses of UVB (2.5, 5, 10 mJ/cm?). B, Immunoblot analysis of mTOR activation prol iferation using

markers at 2h post-irradiation of HaCaT cells pretreated with Rapamycin (Rapa 50 nM) or vehicle :
(DMSO). C, Cell cycle analysis of S-phase analyzed by flow cytometry 18 h following UVB radiation rapamycm. It was
exposure (mean = SEM). * p < 0.05, ** p < 0.01; data represent 2-5 independent experiments. prewously shown that

sub-apoptotic doses of
UVB (2.5 to 10 mJ/cm?) activate epidermal growth factor receptor (EGFR) and AKT and induce
G1-S cell cycle progression in serum-deprived HaCaT cells [2]. To determine whether mMTORC1
contributes to UVB-induced cell cycle progression, HaCaT cells were serum-starved to
synchronize them in GO and then subjected to low dose UVB. As shown in Fig. 1A, low dose
UVB activates both mTORC1 and mTORC2 signaling pathways as measured by
phosphorylation of S6K and AKTS®73 respectively. To determine whether mTORC1 activation
is involved in UVB-mediated cell cycle progression, cells were incubated with 50 nM rapamycin
to block mTORC1 activation. Rapamycin suppressed UVB-induced S6K phosphorylation, but
did not alter phosphorylation of AKTS¢73 (Fig. 1B). Low dose UVB stimulated cell cycle
progression in vehicle-treated cells, as measured by the percentage of cells in S-phase 18 h after
irradiation (Fig. 1C). The proportion of cells in S-phase decreased significantly in cells treated
with rapamycin (Fig. 1C).
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Figure 2: Rapamycin inhibits UVB-induced epidermal hyperproliferation in vivo. FVB/N mice Concentrations of p_SGK and
at 7-weeks of age were treated topically with Rapamycin (Rapa, 100nmol) or vehicle 1h prior to S473 .
being exposed to 120mJ/cm?or mock UVB irradiation. A, Representative immunoblot analysis of p'AKT were too low in
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Figure 3: Rapamycin attenuates TPA-induced epidermal thickening. FVB/N mice at 7
weeks of age were shaved 24 h prior to the start of the experiment. Mice were treated
topically with rapamycin (25 nmol or 100 nmol) or vehicle (D:A 100 uL) 1h prior to
TPA (6.8 nmol) or vehicle (acetone 200 pL). Treatment regimen was repeated every 3
days for a total of 4 treatments. Tissue specimens were collected 6 h after final TPA
treatment. A, Representative H&E images from of skin sections (scale bar = 50um). B,
Quantification of epidermal thickness (mean + SEM) for 3 mice/group; * p< 0.05, ** p <
0.01



proliferation in mock-irradiated animals. There was noticeable epidermal thickening in vehicle-
treated animals at 24 h and 48 h following UVB exposure, but this effect was significantly
reduced in animals treated with rapamycin (Fig. 2B,C). Similar blocking effects were seen with
rapamycin when epidermal thickening was stimulated by treatment with the chemical tumor
promoter 12-O-tetradecanoylphorbol-13-acetate (TPA) (Fig. 3).

When BrdU labeling was used to mark actively proliferating cells at 48 h, vehicle- treated mice
showed a significant increase in BrdU-positive cells post UVB, and this effect was significantly
reduced by rapamycin treatment (Fig. 2D,E). Collectively, these results and those in Fig. 1
suggest that mTORC1 plays an important role in keratinocyte cell cycle progression and
epidermal hyperproliferation following UVB irradiation.

Inducible mTOR deficiency inhibits UVB-stimulated epidermal proliferation. We next explored
the consequences of deletion of mTOR in the basal layer of the skin, targeting both mTORC1
and mTORC?2 signaling, to analyze the contribution of both mTOR-signaling complexes in
UVB-mediated responses. Because homozygous deletion of mTOR is lethal in utero [3], we used
a transgenic system with 40HT-inducible deletion of mTOR in the epidermis (K5-
CreER™;mTOR™™). We verified that the topical treatment with 4OHT, but not vehicle, leads to
CreER"?-dependent recombination of the mTOR allele (ALoxP) by PCR analysis using DNA
from the dorsal epidermis harvested from mice 1 week after the final 4OHT treatment (Fig. 4A).
No recombination was observed in the absence of either CreER™ expression or 4OHT induction
(data not shown). Western blot analysis confirmed reduction of mTOR protein levels in 4OHT-
treated K5-CreER™;mTOR™" animals (Fig. 4B). Downregulation of both mTORC1 and
mTORC2 signaling pathways was verified by examining phosphorylation of S6K and AKTS¢r473
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in whole skin protein extracts. In the absence of UVB stimulation of mTOR pathways, there was
no apparent difference between the vehicle-treated and 4OHT-treated animals (Fig. 4C).
However, p-S6K and p-AKT>*73 Jevels were dramatically increased at 6 h after UVB
(120mJ/cm?2) in vehicle-treated mice. This effect was significantly attenuated upon treatment of
K5-CreER™;mTOR™ animals with 40HT (Fig. 4C), confirming that 4OHT treatment in K5-
CreER™;mTOR™M mice was sufficient to block UVB-induced activation of both mTORC1 and
mTORC2. Histological evaluation of epidermal thickness and proliferation index in mock-
irradiated animals revealed no differences between vehicle-treated and 40OHT-treated animals
(Fig. 4D-G). UVB irradiation caused a significant increase in epidermal thickness in vehicle-
treated K5-CreER™;mTOR™™ mice at 24 h and 48 h, while mice treated with 4OHT (Fig. 4D and
E) showed much less epidermal thickening in response to UVB. K5-CreER™:mTOR™" mice
treated with 40HT also showed a significant reduction in proliferation index at 48 h after UVB
treatment compared to vehicle-treated controls (Fig. 4F and G). All mice used as controls in
these experiments responded similarly to each other and to wild-type mice at all timepoints,
including mTOR™ mice treated with 4OHT, mTOR™" mice treated with vehicle, and K5-
CreER™;mTOR™ mice treated with vehicle (Fig. 5).
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Figure 5: Vehicle-treated K5-CreER™;mTOR™, 40HT-treated mTOR™™, and vehicle-treated mTOR™" mice
do not differ. mTOR™" and K5-CreER™;mTOR™" mice, at 7-weeks of age were treated topically with
40HT (1mg) or vehicle (D:A) daily for 5 days. A, PCR analysis of epidermal DNA harvested 14d after
final 4OHT treatment. ALoxP denotes primers specific for the recombined mTOR allele. B,
Representative H&E images (scale bar = 50um) of skin sections from vehicle-treated mTOR™" and 40HT-
treated mTOR™" mice. C, Quantification of epidermal thickness (mean + SEM) for 3-5 mice/group;
includes data from Figure 3 for comparison; There was no significant differences between mTOR-vehicle,
MTOR-40HT, and Cre/mTOR-vehicle; t: p <0.05 for Cre/mTOR-40HT vs. mTOR-vehicle, vs. mTOR-
40HT, and vs. Cre/mTOR-40HT; i:p < 0.05 for Cre/mTOR-40HT vs. mTOR-vehicle, vs. mMTOR-40HT,
and vs. Cre/mTOR-40HT.
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Rapamycin does not alter UVB-mediated cell death
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Figure 6: Rapamycin does not sensitize keratinocytes to UVB-induced cell death.
Wild-type primary keratinocytes were harvested from 1-3 day-old pups and plated in
low-calcium media. When confluent, cells were treated with Rapamycin (Rapa) for 1h
and exposed to 50mJ/cm? UVB irradiation. A, Immunoblot analysis of mTORC1 and
mTORC?2 activation markers in primary keratinocytes exposed to UVB. B, Immunoblot
analysis of mTOR activation markers at 2h post-irradiation of cells pretreated with
various doses of Rapamycin. C, MTS cell viability at 24-h post UVB exposure. D,
Immunoblot analysis of cleaved caspase-3, a marker of apoptosis, at 9-h post UVB. All
data are representative from 3-5 independent experiments.

Because one of the major activities of AKT is to promote cell survival [4], we sought to
investigate whether UVB-induced mTOR activation of AKT-dependent pathways plays a role in
preventing cell death following high dose UVB. We investigated mTOR-signaling pathways
after 50mJ/cm? UVB exposure by examining the expression of total and phosphorylated S6K and
AKT in normal mouse primary keratinocytes by Western blot analysis. Enhanced signaling
through both mTORC1 and mTORC2 was indicated by increased levels of p-S6K and p-
AKTSe73 at 30 min after 50mJ/cm? UVB and remained upregulated at 2 h (Fig. 6A).
Pretreatment of cells with rapamycin for 1 h completely blocked UVB-induced activation of
mTORC1 signaling (p-S6K), but had little if any effect on mTORC?2 activity (p-AKT>*7) (Fig.
6B). To determine if inhibition of mMTORCL1 could sensitize keratinocytes to apoptosis, cells
exposed to various rapamycin concentrations were harvested 24 h after UVB exposure and
assayed for viability. Treatment with a wide range of rapamycin concentrations did not alter cell
viability in mock-irradiated cells (Fig. 6C). Exposure to 50mJ/cm? UVB resulted in an obvious
decrease in cell viability (54% + 3.6%). However, rapamycin did not enhance UVB-mediated
cell death in wild-type primary keratinocytes (Fig. 6C), and this same result was seen in HaCaT
cells (data not shown). Additionally, increasing the pretreatment time with rapamycin to 24 h did
not enhance UVB-mediated cell death (data not shown). Western blot analysis of cleaved

Caspase-3 verified that there was no increase in UVB-mediated apoptosis with rapamycin
treatment (Fig. 6D).
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Inducible mTOR deficiency sensitizes keratinocytes to UVB-induced apoptosis

To investigate the possible role of MTORC?2 in suppressing apoptosis after UVB exposure, we
utilized primary keratinocytes isolated from K5-CreER™;mTOR™" mice. PCR analysis verified
recombination of the mTOR allele (ALoxP) in cells cultured with 40HT, but not vehicle (Fig.
7A). There was no obvious difference in mTORC1 and mTORC2 activities in 4OHT-treated
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Figure 7: Induction of mTOR deletion in mouse primary keratinocytes and epidermis sensitizes cells to
UVB-induced apoptosis. K5-CreER™;mTOR™" and mTOR™ keratinocytes were harvested from 1-3 day-
old pups and cultured in 40HT (1mM) or vehicle for 3 days prior to UVB (50mJ/cm?) exposure. A, PCR
analysis of K5-CreER™;mTOR™" primary keratinocyte DNA harvested 24 h after final 4OHT treatment.
ALoxP denotes primers specific to the recombined mTOR allele. B, Immunoblot analysis of mTORC1 and
mTORC2 activation markers in K5-CreER™;mTOR™ keratinocyte extracts harvested following UVB
(50mJ/cm?) exposure. C, MTS cell viability (mean = SEM) of mTOR™ and K5-CreER™;mTOR™
keratinocytes at 24h post UVB; *** p < 0.005. D, Immunoblot analysis (K5-CreER™;mTOR™"" primary
keratinocytes) of caspase-3 and quantification (mean + SEM) at 9-h post UVB; * p<0.05. A-D data are
representative from 2-4 independent experiments. E, Representative cleaved Caspase-3 staining images of
skin sections (scale bar = 200um) from K5-CreER™;mTOR™" mice treated topically with 4OHT and exposed
to UVB (120mJ/cm?). F, Quantification of cleaved capsase-3 (CC3) staining (mean + SEM) for 3-5
mice/aroup: ** p < 0.01.

CC3 positive cells per mm

o
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keratinocytes not exposed to UVB (0 min), as measured by p-S6K and p-AKTS¢"3 (Fig. 7B).
However, when keratinocytes were exposed to UVB (50mJ/cm?) to activate both mTOR
complexes, a dramatic reduction in phosphorylation of both S6K and AKTS¢#"3 was observed in
40HT-treated cells compared to vehicle, confirming downregulation of both mTORC1 and
MTORC2 signaling (Fig. 7B). Unlike inhibition of mMTORC1 with rapamycin, deletion of mMTOR
enhanced UVB-induced cell death (Fig. 7C). Though there was no difference in cell viability in
mock irradiated cells, K5 CreER™:mTOR™" keratinocyte cultures treated with 4OHT contained
significantly fewer viable cells 24 h after UVB exposure compared to both vehicle-treated K5-
CreER™;mTOR™"" and 40HT-treated mTOR™" cells. To determine whether the significant
decrease in cell viability was due to apoptosis, immunoblot analysis of cleaved caspase-3 was
examined (Fig. 7D). Cell extracts harvested at 9 h after UVB showed significantly higher levels
of cleaved caspase in mTOR-ablated keratinocytes than in vehicle-treated K5-CreER™;mTOR™
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cells.

We further investigated the effects of mTOR deficiency on UVB-meditated apoptosis in vivo
using K5-CreER™:mTOR™ mice. UVB irradiation increased the number of cleaved caspase-3
positive cells 24 h and 48 h after irradiation in the epidermis of K5-CreER™2;mTOR™ mice
treated with vehicle. The number of apoptotic cells was significantly increased in the epidermis
of mTOR-deficient mice (4OHT treated) compared to vehicle controls at 24 h (Fig. 7E and 7F).

mTORC2 disruption sensitizes cells to UVB-induced apoptosis

Our results demonstrate that K5-CreER™;mTOR™™ primary keratinocytes treated with 40HT to
induce mTOR deletion have enhanced sensitivity to UVB-induce apoptosis, but wild-type
primary keratinocytes treated with the mTORCL1 inhibitor do not. These data suggest that
MTORC?2, but not mTORC1, influences cell survival signaling following UVB exposure. To
further elucidate the specific role of MTORC2 in UVB-induced apoptosis, we utilized rictor-null
MEFs (Rictor”). UVB exposure (50mJ/cm?) increased phosphorylation of S6K and AKTS®™72 in
wild-type MEFS (Rictor**) (Fig. 8A). UVB induced p-S6K in a similar manner in Rictor” cells,
but p-AKT®e"73 was completely absent, illustrating the loss of mMTORC2 signaling (Fig. 8A).
Significantly fewer rictor-null cells were viable compared to wild-type cells at 24 h after UVB
exposure (Fig. 8B). To determine whether this represents an increased sensitivity to apoptosis in
the absence of mTORC2 signaling, cells were analyzed using Annexin V by flow cytometry.
There was a significant increase in the percentage of apoptotic Rictor” cells following UVB
compared to wild-type cells (Fig. 8C). The marked increase in apoptosis was verified by Western
blot analysis of caspase-3.
The results show that cleaved
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Figure 8: Loss of Rictor increases sensitivity of MEFs to UVB-induced apoptosis. Rictor
wild-type (+/+) and knock-out (-/-) MEFs were exposed to UVB (50mJ/cm?) at 70%
confluence. A, Immunoblot analysis of mMTORC1 and mTORC2 activation markers in cells
exposed to UVB. B, MTS cell viability (mean + SEM) at 24 h post UVB exposure; **
p<0.01. C, Annexin-V flow cytometry (mean + SEM) at 24-h post UVB exposure. D,
Immunoblot analysis of caspase-3 and quantification (mean + SEM); * p<0.05. All data are
representative from 2-4 independent experiments.

of mTORC2 signaling sensitizes cells to UVB-induced apoptosis.
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CONCLUSIONS

Using rapamycin to inhibit mTORC1, and a Cre/LoxP approach to block both mTORC1 and
mMTORC2 signaling, the studies described here demonstrate that the two mTOR complexes play
distinct roles in mediating UVB-induced proliferation and pro-survival signaling in the
epidermis. Our results fit a model in which mTORC2-dependent pathways maintain the survival

of DNA-damaged keratinocytes after exposure to carcinogens, while mTORC1-dependent
pathways control their proliferation.

This is to our knowledge the first study to report that mMTORC1- and mTORC2-dependent
pathways are both activated by UVB, and play unique roles in controlling proliferation and

apoptosis in the skin. These results emphasize the need to further elucidate the roles of mMTORC1
and mTORC?2 in photocarcinogensis and their links to cell proliferation, apoptosis, and tumor
development. Our data provide compelling evidence to support the novel hypothesis that both
MTORC1 and mTORC2 act as critical mediators of UVB-activated signal transduction in
keratinocytes, and suggest that the combined targeting of both mTOR complexes, or alternatively
MTORC1 and AKT, may be an effective chemoprevention strategy against photocarcinogensis.
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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
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If yes, please describe your plans:

We estimate that this project will yield one more publication in the future.

21. 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
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None
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This is to our knowledge the first study to report that mMTORC1- and mTORC2-dependent
pathways are both activated by UVB, and play distinct but complimentary roles in
controlling proliferation and apoptosis in the skin. Our results fit a model in which
MTORC2-dependent pathways maintain the survival of DNA-damaged keratinocytes after
exposure to carcinogens (tumor initiation), while mTORC1-dependent pathways control their
proliferation (tumor promotion). These studies emphasize the need to further elucidate the
roles of mMTORC1 and mTORC?2 in photocarcinogensis and their links to cell proliferation,
apoptosis, and tumor development. Our data provide compelling evidence to support the
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novel hypothesis that both mTORC1 and mTORC2 act as critical mediators of UVB-
activated signal transduction in keratinocytes, and suggest that the combined targeting of
both mTOR complexes, or alternatively mTORC1 and AKT, may be an effective
chemoprevention strategy against photocarcinogensis.
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