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1. Grantee Institution: Drexel University

2. Reporting Period (start and end date of grant award period): 1/1/2009-12/31/2010

3. Grant Contact Person (First Name, M.I., Last Name, Degrees): Anne Martella

4. Grant Contact Person’s Telephone Number: (215) 895-6471

5. Grant SAP Number: 4100047631

6. Project Number and Title of Research Project: 5 - Identification of Biomarkers and
Therapeutic Targets in 3D Hypoxic Breast Cancer Mode

7. Start and End Date of Research Project: 1/1/2009-12/31/2010
8. Name of Principal Investigator for the Research Project: Gregg Johannes, PhD
9. Research Project Expenses.

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

$ 187,500

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

Johannes Assistant Professor 5% $ 3712
Reginato Assistant Professor 5% $ 6310
Jones Ph.D. student 100% $ 37439
Whelan Ph.D. student 100% $ 37659

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

None

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 No X

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

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



12.

13.

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:
Regulation of the HIF1a XNIH $200,000 $not funded
MRNA by hypoxia O Other federal

(specify: )

1 Nonfederal

source (specify:

)

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:

I plan on resubmitting my grant on investigating the regulation of the HIF1ao mRNA during
hypoxia to the NIH.

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

To continue investigating the role of the loss of the HIF1oo mRNA in regulating gene

expression and tumor development.

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 1
Unknown
Total 1




Undergraduate Masters Pre-doc Post-doc
Hispanic
Non-Hispanic
Unknown 1
Total 1
Undergraduate Masters Pre-doc Post-doc
White 1
Black
Asian
Other
Unknown
Total 1

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 X No

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

The funding for this project allowed for the continued collaboration between the Drs.

Johannes and Reginato in study of the role of hypoxia and the HIF transcription factors in
regulating gene expression and in the development of DCIS.

16. 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?



17.

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 application’s
strategic plan). Summarize the progress made in achieving these goals, objectives and aims
for the entire grant award period. 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.



Specific Aims: The overall goal of this proposal is to validate and test whether 5 key
hypoxia-induced genes that we have identified by microarray analysis are critical for
hypoxia-mediated cell survival and the changes in tissue architecture that are observed in our
3D hypoxic model of DCIS. We will also test whether targeting these genes may reverse the
hypoxic survival phenotype and block hypoxia induced chemoresistance. Additionally, we
will determine if these targets can serve as biomarkers for hypoxic breast cancer.

Aim 1: Validate the expression and function of 5 key hypoxia-regulated genes in 3D acini.
Aim 2: Verify whether the genes identified in hypoxic 3D acini are also altered in hypoxic
DCIS tumors.

Aim 3: Determine whether altering hypoxic gene expression changes the sensitivity to
chemotherapeutic agents in normal and oncogene expressing 3D acini.

Aim 1: Validate the expression and function of 5 key hypoxia-requlated genes in 3D acini.
Based on our microarray analysis of genes up-regulated during hypoxia in 3D conditions, we
chose five candidate genes to initially validate and test. The genes selected have met the
following criteria: 1. RNA was upregulated at least four-fold in microarray analysis under
hypoxic conditions in 3D acini; 2. all are known to activate signaling pathways implicated by
our studies (Akt, Mek/Erk pathway); and 3. proteins are all drugable targets. These genes
include: Lysyl Oxidase (LOX), Integrin a5 (ITGAS), Map Kinase Interacting
Serine/Threonine Kinase 2 (MNK2), Endothelin 2 (ET2), and Angiopoietin-like 4
(ANGPLA4).

Summary of completed work (Aim1): We have completed this aim. We validated the
induction of the MNK2, LOX, ANGPL4, and ET2 mRNAs and found that the targets had
different induction kinetics. In addition, we found that MNK2 was a HIF1 and HIF2 target,
LOX and ANGPL4 were HIF1 specific targets, and ET2 was a HIF2 specific target. This
work showed for the first time that MNK2 and ET2 were induced by hypoxia and that ET2
was a HIF2 specific target. We found that inhibition of these proteins by pharmacological
agents or knockdown of the mRNA by RNA interference did not prevent the hypoxia
mediated suppression of Bim expression. Bim suppression is required for the formation of
DCIS structures when MCF10A cells are grown in 3D hypoxic culture. We could not test
the impact of ET2 because we could not get reproducible and consistent knockdown of this
mRNA. Since none of the tested targets showed any biological effects on the hypoxia
mediated suppression of Bim, the continued analysis of these targets in Aim 2 and Aim 3 was
of limited value. In light of this, we changed Aim 2 to focus on the expression and regulation
HIF1 and HIF2 in response to acute and prolonged hypoxia (see Aim 2, below)

Lysyl Oxidase (LOX), Map Kinase Interacting Serine/Threonine Kinase 2 (MNK2),
Endothelin 2 (ET?2), and Angiopoietin-like 4 (ANGPL4) have different induction Kinetics.
Since, we have previously shown that these mMRNAs are upregulated by hypoxia in 3D,
suspension, and attached cultures we have utilized the attached culture system for the
subsequent work. To further characterize the expression pattern of the target genes we
analyzed the induction of each of the mRNAs after 6, 12, 24, and 48 hr of hypoxic exposure.
As shown in Figure 1, all target genes were induced by 6 hr of hypoxic exposure but
demonstrated different kinetics for maximal induction. The MNK2 (MNK) and ANGPL4
MRNAs were fully induced by 6 hr, the LOX mRNA required 24 hr, and the ET2 mRNA




required 48 hr of hypoxic exposure for maximum induction. The Adrenomedullin (ADM)
MRNA was used as a positive control because it is a known HIF1 target and the Hypoxia
Inducible Factor 2a (HIF2a) mRNA was used as a negative control. As expected, the ADM
MRNA was fully induced by 6 hr of hypoxic exposure and the HIF2o. mRNA was unaffected
by hypoxia. This work shows the novel finding that ET2 and MNK2 mRNAs are hypoxia
inducible.

ET2 is a HIF2 target. We next determined if the induction of these mMRNASs was dependent
on HIF1 or HIF2 by using RNA interference. siRNAs targeting HIF 1o or HIF2a were
transfected into MCF10A and the impact on target mMRNA induction was evaluated by qRT-
PCR under normoxic and hypoxic conditions. Figure 2 shows that the siRNA targeting
HIF1a (siHIF 1a) knocked down the expression of the HIF1a mRNA by >5-fold while only
marginally affected HIF2a expression. Similarly, the siRNA targeting HIF2a (siHIF2a)
knocked down expression of the HIF2a mRNA by >3-fold without affecting the HIF1a
MRNA. This demonstrates that the siRNAs targeting HIF 1a. and HIF2a are efficient and
specific for the targeted mRNA. Using these siRNAs the impact of HIF1 and HIF2 on the
hypoxic induction of the target mMRNAs was determined. Figure 3 shows that the hypoxic
induction of the ANGPL4 (Figure 3A) and ADM (Figure 3B) mRNAs was significantly
reduced in the HIFla (siHIF1) and HIF2a (siHIF2) knockdown cells. Consistent with this,
the knockdown of both a-subunits had an additive effect. This data indicates that the hypoxic
induction of ANGPL4 and ADM mRNAs can be mediated by either HIF1 or HIF2. This
ability of HIF1 and HIF2 to activate the transcription of common genes demonstrates their
redundant function. Figure 4 shows that the hypoxic induction of the LOX (Figure 4A) and
MNK?2 (Figure 4B) mRNAs is significantly reduced in the HIF 1o knockdown cells but not in
the HIF2a knockdown cells. This indicates that the hypoxic induction of these two mRNAs is
preferentially regulated by HIF1. This is the first report that the MNK2 mRNA is induced by
hypoxia in a HIF1 specific manner. Figure 5 shows that the hypoxic induction of the ET?2
mRNA is significantly reduced in the HIF2a knockdown cells but not in HIF1a knockdown
cells. This is the first report that demonstrates that ET2 is a HIF2 specific target. This may
explain why the ET2 mRNA requires prolonged hypoxic exposure for maximal induction
(Figure 1), because HIF2a remains induced during prolonged hypoxia while HIF1a is only
transiently induced (see Aim 2).

The promoter of the ET2 gene is stimulated by hypoxic treatment. Since it has not been
previously reported that ET2 is hypoxia inducible, we analyzed the promoter region for
hypoxic response elements. Two overlapping promoter regions of the ET2 gene (-654 to +60,
and -459 to +60) were cloned into a promoterless firefly luciferase reporter vector (PGL4,
Promega Inc.). The reporter constructs were then transfected into MCF10A cells and the
impact of hypoxia on luciferase expression was evaluated. As seen in Figure 6, both
constructs showed significant activation when cells were exposed to hypoxia for 48 hr. This
indicates that this region of the ET2 promoter contains a hypoxic response element (HRE),
although no canonical HRE is observed in the sequence. Considering that ET2 is a HIF2
specific target, the analysis of the ET2 promoter will provide important novel information
regarding the cis-acting elements that distinguish HIF1 promoters from HIF2 promoters. This
will be the subject of a future grant proposal.




MNK? induction promotes elF2a phosphorylation. MNK2 is highly homologous to another
MAP-kinase interacting kinase, MNK1. Both of these kinases can phosphorylate the
translation initiation factor 4E (elF4E). To further investigate if the increased levels of
MNK?2 results in increased levels of elFAE phosphorylation we performed immuno-blot
analysis on extracts from hypoxic and normoxic MCF10A cells grown in 3D cultures. As
shown in Figure 7, hypoxia induces the phosphorylation of elF4E when 3D MCF10A cells
are exposed to hypoxia. This is consistent with the increase in MNK2 expression.

To verify that MNK2 is responsible for this phosphorylation we used RNA interference to
specifically knockdown the expression of MNK2 and evaluated the impact on hypoxia
mediated elF4E phosphorylation. The knockdown of MNK2 was achieved using small
hairpin RNAs (shRNAs) that target the MNK2 mRNA. Lentivirus ShRNA expression vectors
were purchased commercially (Mission shRNA, Sigma) and used to generate lentiviruses.
The shRNA expressing lentiviruses were used to transduce MCF10A cells to generate stable
cell lines that express the shRNAs targeting the MNK2 mRNA. In addition, a virus
expressing a ShRNA targeting a scrambled sequence was used as a control. We tested 5
different MNK2 shRNAs. Figure 8A shows that 4 out of 5 ShRNAs against MNK2 knocked
down expression of the MNK2 mRNA by >70%. In addition, we examined the levels of the
MNK?2 protein and identified 3 ShRNAs that significantly reduce the levels of the MNK2
protein (Figure 8B). This loss of MNK2 blocked the hypoxia mediated phosphorylation of
elF4E (Figure 8B). We also monitored the effect of the MNK2 shRNA on the MNK1 mRNA
to ensure that the knockdown of MNK2 was specific. As shown in Figure 9, the MNK2
shRNA #98 knocked down the expression of the MNK2 mRNA by over 80% but only had a
marginal effect on MNK1 mRNA levels. Together this data strongly indicates that the
induction of MNKZ2 by hypoxia results in increased phosphorylation of elF4E. We have
selected the MNK2 shRNA #98 for use in biological assays to test whether MNK?2 is
required for hypoxic inhibition of anoikis and Bim suppression.

Knockdown of the MNK2 or ANGPL4 mRNA does not prevent the hypoxic block in Bim
expression. We have previously shown that Bim induction is responsible for the induction of
apoptosis (Anoikis) and loss of cells in the lumen of 3D MCF10A acini. We have also shown
that hypoxia suppresses Bim expression in an Erk dependent manner. This block in anoikis
leads to the DCIS phenotype observed in our hypoxic 3D model system [1]. This induction
of anoikis can be mimicked by placing cells in suspension and this phenomenon is blocked
when cells are grown under hypoxic conditions, similar to what is observed in our 3D model
system [1]. We used suspension cultures and Bim expression to evaluate the role of the
individual target genes on the formation of the DCIS-like structures under hypoxic
conditions. If the targeted mMRNA is important for the DCIS phenotype then the knockdown
of the mRNA should block the suppression of Bim when knockdown cells are placed in
suspension under hypoxic conditions.

To examine the role of MNK2, we knocked down expression of MNK2 using ShRNA#98
and evaluated the impact of hypoxia on Bim expression in cells grown in suspension for 48
hr. As shown in Figure 10, knockdown of MNK2 had no effect on the loss of Bim expression
under hypoxic conditions. We did identical experiments to evaluate the impact of ANGPL4
on Bim expression or Erk activation during hypoxia. As shown in Figure 11, the sShRNA



reduced ANGPL4 mRNA levels by >10-fold (Figure 11A). However this knockdown had no
effect on Bim suppression under hypoxic conditions (Figure 11B). We conclude from these
experiments that neither MNK2 nor ANGPLA4 is involved with the inhibition of apoptosis
that allows for the formation of the DCIS phenotype when MCF10A cells are grown in 3D
culture under hypoxic conditions.

Inhibition of LOX does not prevent the hypoxic block in Bim expression. To evaluate the
role of LOX in the hypoxic block of anoikis mediate by Bim suppression, we used the
irreversible LOX inhibitor, -aminopropionitrile (BAPN). As seen in Figure 12, BAPN
treatment had no effect on the loss of Bim expression in MCF10A cells grown under hypoxic
conditions in suspension (Figure 12A) or in 3D culture (Figure 12B). Thus we conclude that
the induction of LOX by hypoxia had no effect on the inhibition of Bim mediated anoikis
that results in the DCIS phenotype observed when 3D MCF10A cultures are exposed to
hypoxia.

Knockdown of the ITGA5 mRNA does not prevent the hypoxic block in Bim expression. To
test if ITGAS is involved with the Bim mediated block of anoikis, MCF10A cells were
transfected with siRNA targeting this MRNA. As shown in Figure 13, the knockdown of
ITGAS had no effect on the loss of Bim expression in MCF10A cells grown in suspension
under hypoxic conditions. This indicates that ITGAS induction by hypoxia is not involved
with the block in anoikis that result in the formation of the DCIS phenotype that occurs when
MCF10A cells are grown under hypoxia.

Aim 2: Verify whether the genes identified in hypoxic 3D acini are also altered in hypoxic
DCIS tumors. Since none of the tested hypoxic targets showed any biological effect on the
hypoxia mediated suppression of Bim (Aim 1), the continued analysis of these targets in Aim
2 and Aim 3 was of limited value. In light of this, we shifted to focus on the expression and
regulation HIF1 and HIF2 in response to acute and prolonged hypoxia.

Analysis of the differential regulation of HIF 1o and HIF2a in MCF10A cells exposed to
hypoxia. Changes in gene expression in the hypoxic cells are primarily mediated by two
transcription factors, HIF1 and HIF2 [2, 3]. The abundance and activity of these
transcription factors are regulated by their a-subunit (HIF1a and HIF2a) which is stabilized
under hypoxia [4-7]. HIF1 is considered to be the dominant transcription factor in most cell
types [8-10]. Interestingly, it has been reported that HIF1 can inhibit the activity of HIF2
although the mechanism remains unclear [11]. Although HIF1 and HIF2 target many of the
same genes, several studies have identified genes that appear to be preferentially activated by
HIF1 or HIF2 [12-18]. Thus a growing body of evidence indicates that HIF1 and HIF2 have
overlapping but non-redundant functions.

Summary of completed work. We found that HIF 1a is transiently induced while HIF2a is
continuously induced by hypoxic treatment. Furthermore, we show that the loss of the
HIF1a protein and mRNA in response to hypoxia correlates with a reduction in the stability
of the HIF1a mRNA. Moreover, this data shows that the induction of an endogenous HIF 1 a
antisense RNA (aHIF) correlates with the reduction in the stability of the HIF1a mRNA
during hypoxia. This data strongly suggests that HIF1 and HIF2 have overlapping as well as



unique roles in regulating gene expression during hypoxia and suggests that inhibition of
both transcription factors may be required to prevent and/or treat breast cancer.

The HIF1a protein and mRNA are reduced in response to prolonged hypoxic treatment.
Figure 14A shows that the HIF 1a protein is maximally induced by 2 hr of hypoxic exposure
after which it rapidly declines. Figure 14B shows that the HIF2a protein is also induced by 2
hr of hypoxic treatment but remains constant during prolonged hypoxic treatment. Thus, the
HIF1a protein is transiently induced by acute hypoxia while the HIF2a protein remains
induced during prolonged hypoxia. qRT-PCR analysis of the HIF 1o and HIF2oo mRNAs
(Figure 14C) shows that the loss of the HIF 1a protein correlates with a >2.5-fold reduction of
the HIF1oo mRNA. This suggests that the loss of the HIF1ao mRNA is responsible for the loss
of the HIF 1 a protein. In contrast the HIF2a mRNA does not significantly change in response
to hypoxia.

The loss of HIF1a mRNA is not affected by HIF1a or HIF2a knockdown. To investigate if
the reduction of the HIF1a mRNA is modulated by the HIF1 or HIF2 transcription complex,
RNA interference was used. Figure 15 shows that the siRNA targeting HIF 1a (siHIF1a) or
HIF2a (siHIF2a) reduced the targeted mMRNA by 80% (Figure 15A) and 70% (Figure 15B),
respectively. Neither knockdown blocked the hypoxia induced reduction of the HIF 1o
mRNA (Figure 15A) as hypoxia reduced the expression of HIF1oo mRNA by 3-fold in both
cases. This indicates that the hypoxia induced loss of the HIF1a mRNA is independent of
HIF1 or HIF2. However, it is also possible that HIF1 and HIF2 have redundant functions in
regulating the HIF 1o mRNA and so the simultaneous knockdown of both a-subunits might
be required.

Hypoxia reduces the half-life of the HIF1a mRNA by 3-fold. We hypothesized that the loss
of the HIF1a mRNA in response to hypoxia is mediated by a reduction in the half-life of the
HIF 1o mRNA. To examine the half-life of the HIF1a. mRNA in response to hypoxia, the
transcriptional inhibitor Actinomycin D (Act D) was added to normoxic cells and cells that
have been exposed to hypoxia for 4 hr. Cells were then maintained in their appropriate
environments and RNA was harvested after 2, 4, 6 and 8 hr of Act D treatment. As shown in
Figure 16A, hypoxia reduced the half-life of the HIF1a mRNA from 30 hr under normoxic
conditions to 9.5 hr under hypoxic conditions. This statistically significant 3-fold reduction
(P<0.005) in half-life is sufficient to account for the loss of the HIF 1a mRNA that is
observed under hypoxic conditions. The half-life of the HIF2a mRNA was unaffected by
hypoxic treatment demonstrating that the reduced stability of the HIF1oo mRNA is a specific
effect of hypoxia (Figure 16B).

The aHIF RNA is induced by hypoxia. The induction of an endogenous HIF 1 a anti-sense
RNA (aHIF) has been implicated in the regulation of the HIF1a. mRNA during hypoxia [19]
[20]. gRT-PCR analysis shows that the aHIF RNA is induced 5-fold in response to 24 hr of
hypoxia (Figure 17A). To determine whether HIF1 or HIF2 plays a role in the induction of
the aHIF RNA, we monitored aHIF RNA expression in the presence of SiIRNAs targeting
HIFla or HIF2a. The HIF1a and HIF2a siRNAs knocked down expression of their target
mRNA by 80 and 70%, respectively (Figure 17B). Knockdown of HIF1a reduced the
induction of the aHIF RNA by approximately 2-fold while knockdown of HIF2a did not
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(Figure 17A). This indicates for the first time that the aHIF RNA is primarily a HIF1 target.
Since the HIF 1o knockdown does not block the hypoxia induced reduction of the HIF1a
MRNA (Figure 15A), it is likely that the 2-fold increase in the aHIF RNA in the HIF1a
knockdown cells is sufficient to reduce the level of the HIF1a mRNA. Alternatively, hypoxia
may promote the interaction of aHIF with the HIF1oo mRNA and this interaction may not be
solely dependent on the abundance of the aHIF RNA. It is also possible that other
mechanisms are involved with regulating the HIF 1o mRNA under hypoxia.

The HIF1a mRNA redistributes to the cytoplasm in response to hypoxia. It has been reported
that the aHIF RNA is predominately nuclear while the HIF1a mRNA is evenly distributed
between the nucleus and the cytoplasm [20]. To evaluate if the aHIF RNA or the HIF1a
MRNA redistributes from the nucleus to the cytoplasm in response to hypoxia, the amount of
the HIF1a mRNA and the aHIF RNA in nuclear and cytoplasmic RNA fractions was
determined. Figure 18 shows that the aHIF RNA is 10% cytoplasmic under both normoxic
and hypoxic conditions indicating that it does not redistribute during hypoxia. However, the
HIF1a mRNA is 20% cytoplasmic under normoxic conditions and 70% cytoplasmic during
hypoxia As expected the cyclophilin A mRNA is 80% cytoplasmic under both conditions
verifying the efficient fractionation of the nuclear and cytoplasmic RNA. . This novel finding
indicates that the HIF1a mRNA redistributes from the nucleus to the cytoplasm in response
to hypoxia. The molecular mechanism responsible for this redistribution and its importance
in regulating HIF 1 a expression remains unknown and is the subject of a grant (RO1, NIH)
that will be resubmitted in the near future.
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Figure 1: Induction of the hypoxia inducible target mMRNAs. MCF10A cells were
exposed to hypoxia (1.0% O3) for 0, 6, 24, and 48 hr and the amounts of the HIF2a,
ADM, MNK2, LOX, ANGPL4, and ET2 was determined by qRT-PCR. All
MRNAs were normalized to 18S rRNA and the level found under normoxic
conditions was set to 1. Standard error mean bars are shown. * p <0.05, ** p
<0.005. For all studies, qRT-PCR analysis was performed using gene specific
primer-probe set (ABI) and the Stratagene MX3000P real-time machine.
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Figure 2. siRNAs directed against HIF1a or HIF2a efficiently knockdowns the
expression of the targeted mMRNA. MCF10A cells were transfected with sSiRNAs
targeting HIF1a (siHIF1a), HIF2a (siHIF2a), or scramble sequence. 48 hr after
transfection, RNA was harvested and the amount of the HIF1a mRNA, HIF2a mRNA,
and 18S rRNA was determined by qRT-PCR. The ratio of HIF1a. mRNA /18S rRNA and
HIF20 mRNA/18S rRNA found in cells transfected with the control siRNA was set to
100% (data not shown). The Relative mRNA level was determined by normalizing the
amount of HIF1a (A) or HIF2a (B) mRNA in the knockdown cells to the level found in
the cells transfected with the control siRNA. Standard deviation bars are shown.
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Figure 3. ANGPL4 and ADM are HIF1 and HIF2 targets. MCF10A cells were transfected
with siRNAs targeting HIF1a (siHIF1a), HIF2a (siHIF2a), or a control siRNA (siScr) and
placed under hypoxic conditions for 24 hr. The amount of the ANGL4 and ADM mRNAs was
determined by gRT-PCR and normalized to the amount of the 18S rRNA. The normalized
level of ANGPL4 (A) and ADM mRNA (B) in hypoxic cells transfected with the control
SIRNA was set to 100%. The graph to the right shows the induction of the mRNA in response
to 24 hr of hypoxic treatment the level of the mRNA/18S rRNA under normoxic conditions
was set to 1. Standard error mean bars are shown. * p-value <0.05, **p-value <0.005, ***p-
value < 0.005
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Figure 4 LOX and MNK2 are HIF1 targets. MCF10A cells were transfected with sSiRNAs
targeting HIF1a (siHIF1a), HIF2a (siHIF2a), both (siHIF1a/siHIF2a), or a control SiRNA
(siScr) and placed under hypoxic conditions for 24 hr. The amount of the LOX and MNK2
MRNAs was determined by gRT-PCR and normalized to the amount of the 18S rRNA. The
normalized levels of the LOX (A) and MNK2 mRNAs (B) in hypoxic cells transfected with
the control siRNA were set to 100%. The graph to the right shows the induction of the
mMRNA in response to 24 hr of hypoxic treatment (the level of the mRNA/18S rRNA under
normoxic conditions was set to 1). Standard error mean bars are shown. * p-value <0.05,
**p-value <0.005, ***p-value < 0.005.
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Figure 5. ET2 is a HIF2 target. A) MCF10A cells were transfected with sSIRNAs
targeting HIF1a (siHIF1a), HIF2a (siHIF2a), both (siHIF1a/siHIF2a), or a control
siRNA (siScr) and placed under hypoxic conditions for 24 hr. The amount of the
ET2 mRNA was determined by gRT-PCR and normalized to the amount of the
18S rRNA. The normalized level of ET2 mRNA in hypoxic cells transfected with
the control siRNA was set to 100%. B) The induction of the mMRNA in response
to 20 hr of hypoxic treatment. The level of the mMRNA/18S rRNA under
normoxic conditions was set to 1. Standard error mean bars are shown. * p-value
<0.05, **p-value <0.005, ***p-value < 0.005.
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Figure 6. ET2 promoter activity is stimulated by hypoxia. MCF10A cells were transfected
with ET2 promoter reporter constructs that contained (A) 650 bp (-654 to +60) or (B) -459 bp
(-459 to +60) of the ET2 promoter region. The cells were incubated for 24 hrs and then either
maintained under normoxic (N) conditions or placed under hypoxic (H-48) conditions. Cells
were harvested and the amount of firefly luciferase (Fluc) activity in the extract was
determined using the Dual Luciferase Assay Kit (Promega). All constructs were transfected
with a Rennila luciferase control reporter that was used for normalization. The level of
normalized Fluc found in normoxic samples was set to 1. Standard error mean bars are
shown. *p<0.05, **p <0.005. C) Schematic representation of the promoter region and first
exon of the Endothelin 2 gene. The transcription start site (+1) and the beginning of the ET2
open reading frame is denoted. The location of the forward and reverse primers used to
generate the ET2 fragments for cloning into the PGL4.10 (Luc2) plasmid are denoted by
arrows.
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Figure 7: Hypoxia induces MNK2 expression and elF4E

phosphorylation in MCF10A 3D acini. MCF10A cells were

grown in matrigel (3D) under normoxic conditions until day
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Figure 8: Knockdown of MNKZ2 blocks hypoxia induced phosphorylation of elF4E.
MCF10A cells expressing shRNA constructs targeting MNK2 (#’s 96-00) or scrambled
sequence (Sc) were grown in monolayer culture and placed in hypoxia (1% O2) for 6 hours
at which point cells were lysed and total mRNA (A) and protein (B) were isolated. A) The
amount of the MNK2 mRNA was determined by gRT-PCR. 18S ribosomal RNA was used
as a normalization control. The normalized level of each mMRNA under normoxic
conditions was set to 1. B) Equal amounts of protein (30 ug) were subjected to immuno-
blot analysis with antibodies targeting MNKZ2, total elF4e, and phospho-elF4E (p-elF4E).
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Figure 9: shRNA directed against MNK2 does not target MNK1. Cells were
transduced with a lentivirus expressing a ShRNA targeting the MNK2 mRNA
(MNK?2 sh) or a scrambled (Scr sh) sequence. 24 hr after transduction RNA
was harvested and the amount of MNK1 and MNK2 mRNA present in the
cells was determined by qRT-PCR. All data were normalized to the amount of
18S rRNA mRNA. The normalized amount of each RNA in the control cells
were set to 100 (relative mRNA ).
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Figure 10. MNKZ2 induction by hypoxia is not required for the hypoxia-mediated
Bim suppression or Erk activation. MCF-10A cells were infected with a lentivirus
encoding a scrambled shRNA (scrambled) or one targeting MNK?2 (sh #98,
MNK?2). 48 hours after infection, cells were placed in suspension under normoxic
or hypoxic conditions. Immuno-blot analysis was used to determine levels of Bim,
phospho-Erk (pERK), and total Erk. Actin was used as a loading control.
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Figure 11. Angiopoietin-like 4 (ANGPL4) expression is not required for hypoxia-
mediated Bim suppression. A) MCF-10A cells were infected with a lentivirus encoding
a scrambled shRNA (mock) or one targeting ANGPTL4. 48 hours after infection total
MRNA was harvested. The amount of ANGPL4 normalized to cyclophilin A was
determined by gRT-PCR. The amount of normalized ANGPL4 mRNA found under
normoxic conditions was set to 1. B) 48 hours after infection with the ANGPL4 shRNA
encoding lentivirus, MCF-10A cells were placed in suspension under normoxic or
hypoxic conditions for 48 hours. Immuno-blot analysis was used to determine levels of
Bim. Actin was used as a loading control.
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Figure 12. Inhibition of lysly oxidase (LOX) does not reverse hypoxic Bim suppression or

Erk activation. A) MCF10A cells were treated with the indicated concentration of the LOX

inhibitor B-aminopropionitrile (BAPN) and then placed in suspension for 48 hr under
normoxic or hypoxic conditions. Immuno-blot analysis was used to determine the levels of
Bim, phospho-Erk (pErk), and total Erk. Actin was used as a loading control. B) MCF10A
cells were cultured in 3D until day 6 at which point cells were treated with vehicle
(DMSO) or BAPN (300 uM) and then kept under normoxic conditions or placed in
hypoxic conditions for 48 hours. Immuno-blot analysis was used to determine levels of

Bim. Actin was used as a loading control.
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Figure 13. Integrin a is not required for the hypoxia-

mediated Bim suppression and Erk activation. MCF-

10A cells were mock transfected or transfected with
integrin a5-targeting SiRNA. 48 hours after
transfection, cells were placed in suspension under
hypoxic conditions. Immuno-blot analysis was used
to determine the levels of integrina5, Bim, phospho-
Erk (PERK), and total Erk. Actin was used as a
loading control. C = Mock transfected; a5 = ITGA5
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Figure 14. HIF 10 is transiently induced by acute hypoxia. MCF10A cells were grown under
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normoxic conditions (UT) or hypoxic conditions for various times as indicated. A&B) The
amount of HIF1a (A) or HIF2a (B) protein was detected by immuno-blot analysis using
HIF1a (BD Bioscience) or HIF2a (Novus, Inc) specific antibodies. Actin (antibody from
Sigma, Inc) was used as a loading control. C) RNA was isolated from normoxic MCF10A
cells or cells that were grown in hypoxia (H) for 6, 24, or 48 hr and the levels of the HIF1a
mRNA, HIF2a mRNA, and 18S rRNA was determined by qRT-PCR. All mRNA levels
were normalized to 18S rRNA (Relative mRNA level) and the level found under normoxic
conditions was set to 1. Standard error bars are shown.
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Figure 15. The hypoxic induced reduction of the HIF1a mRNA is independent of
HIF1a or HIF2a expression. MCF10A cells were transfected with an siRNA targeting
the HIF1a mRNA (siHIF1a), HIF2a mRNA (siHIF2a), or a scrambled sequence
(control). The cells were placed under hypoxic or normoxic conditions for 24 hr and
the amount of the HIF 1o mRNA, HIF2a mRNA and 18S rRNA was determined by
gRT-PCR after 24 hr of hypoxic conditions or normoxic cells. The ratio of HIF1a
mRNA /18S rRNA (A) or HIF2a mRNA/18S rRNA (B) under normoxic conditions
for the control sSiRNA was set to 1. Standard deviation bars are shown. * : P value
<0.05. NS: not sianificant P value >0.2
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Figure 16. Hypoxia reduces the half-life of the HIF1o mRNA by 3.0-fold. MCF10A cells
were grown under normoxic conditions or placed in hypoxia for 4 hr at which point Act D
was added and the cells were maintained in the appropriate environment. RNA was
harvested at 0, 2, 4, 6, and 8 hr after Act D addition. The amounts of the HIF1a (A) and
HIF2a (B) mRNAs were determined by qRT-PCR. Cyclophilin A was used as a
normalization control and the normalized value at 0 hr of Act D addition was set to 100%.
A linear scale is used to more clearly show the decay of the long-lived HIF1a and HIF2a
MRNAs. The half-life for each RNA was determined using the exponential trend line
(shown). SEM bars are shown. ***P<0.005 (N vs. H half-life)
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Figure 17. The aHIF RNA is induced by hypoxia. MCF10A cells were transfected with a
siRNA targeting the HIF1a mRNA (siHIF1a), HIF2o mRNA (siHIF2a), or a scrambled
sequence (siScr) and grown under normoxic conditions for 24 hr. Transfected cells were then
placed under hypoxic conditions for 24 hr or maintained in normoxic conditions. Total RNA
was isolated and the amount of the aHIF RNA (A), HIF1a mRNA (B), HIF2a mRNA (B),
and 18S rRNA was determined by qRT-PCR. A) The ratio of aHIF RNA/18S rRNA under
normoxic (N) conditions was set to 1. The fold induction of the aHIF RNA under hypoxia is
shown. B) The ratio of HIF1a/18S rRNA or HIF20/18S rRNA was determined for cells
transfected with siHIF1a or siHIF2a and normalized to the value found in cells transfected
with the scrambled siRNA (which was set to 100%). C. MCF-10A cells were exposed to
hypoxia for the indicated times (hr) and the amount of the HIFla mRNA and aHIF RNA was
determined by gRT-PCR and normalized to the 18S rRNA. The amount of the normalized
HIF1la mRNA and aHIF RNA found under normoxic conditions (0 hr was set to 1. Standard
error mean bars are shown.
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18. 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 2

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

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

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
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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

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, listed in the table, in a PDF version 5.0.5 format, 1,200 dpi.
Filenames for each publication should include the number of the research project, the last
name of the PI, the number of the publication and an abbreviated research project title. For
example, if you submit two publications for PI Smith for the “Cognition and MRI in Older
Adults” research project (Project 1), and two publications for PI Zhang for the “Lung
Cancer” research project (Project 3), the filenames should be:

Project 1 — Smith — Publication 1 — Cognition and MRI

Project 1 — Smith — Publication 2 — Cognition and MRI

Project 3 — Zhang — Publication 1 — Lung Cancer

Project 3 — Zhang — Publication 2 — Lung Cancer
If the publication is not available electronically, provide 5 paper copies of the publication.
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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 Authors: Name of Peer- Month and | Publication
Avrticle: reviewed Year Status (check

Publication: Submitted: | appropriate box
below):

1.

OSubmitted
None L1Accepted
OPublished

21.

22.

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:

We plan on submitting a manuscripts based on these findings detailing the expression and
regulation of the HIF transcription factors and the HIF2 specific induction of Endothelin 2

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.

None
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23. 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.”)

a.

b.

Title of Invention:
Name of Inventor(s):

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

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:

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:

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?

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:
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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. For Nonformula grants only — include information
for only those key investigators whose biosketches were not included in the original grant
application.
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