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Introduction:

O-GIcNAc and Emilin genomic instability of breast cancer.

One of the key steps in initiation and progression of breast cancer is the loss of control over DNA
replication and the cell cycle that lead to genetic instability and aneuploidy. Gene amplification and
transcriptional misregulation resulting from this instability represent some of the last steps in the formation of
malignant neoplasias. O-linked N-acetyl glucosamine is a post-trandational protein modification similar in
many respects to protein phosphorylation in the number of targets that are modified and the variety of cellular
pathways it modulates (1). As a byproduct of glycolosis, modification by O-GIcNAc is modulated by the
availability of glucose and thus is thought to act as a nutrient sensor. Previous studies have shown that mis-
regulation of O-GIcNAc can lead to faulty cell cycle regulation and aneuploidy in HelLa cells (2). Wel
hypothesized that modulation of O-GIcNACc regulatory pathways and defects in control of the cell cycle and
DNA repair may act synergistically in the promotion of malignant transformation. Previously, we have shown
that depletion of Early Mitotic Inhibitor 1(Emil) leads to cell cycle defects and re-replication in normal breast
epithelial cells (3). In this study, we have proposed to examine whether ssSRNA knockdown of Emil along with
O-GIcNACc Transferase(OGT) and O-GlcNAcase(NCOAT), enzymes that regulate O-GIcNAc modification of
cellular proteins, can act synergistically to cause large scale re-replication, aneuploidy and eventually lead to
malignant transformation in breast epithelial cells.

Supplemental Aim: Deter mining the role of microRNAsin theresponse to DNA damagein breast cancer.

A great deal of recent attention has been placed on the role of microRNASs in cancer, especially in
regardsto cell survival and proliferation. MicroRNAs are arecently discovered class of small RNA molecules
that post-transcriptionally regulate the expression of a plethora of genes and cellular pathways. They play arole
in the differentiation and function of numerous cell types across species, and some have been shown to
dramatically affect cell survival (4,5). They have been shown to regulate both p53(6) and the estrogen receptor
(7), and have the potential to contribute to the progression of breast cancer. They also represent excellent
therapeutic targets as they can now be readily introduced as well asinhibited both in cellsin culture aswell as
invivo in animals or patients (8). The function and regulation of mMIRNAs are collectively afocus of thislab, as
isthe role of genomic instability in cancer, and the examination of their potential role in the response of breast
cancer to DNA damage ties into the goals of this project. We intend to identify microRNAs whose expression
is modulated in response to DNA damage, to identify microRNAS that may be able to enhance normal breast
epithelial cells ability to cope with re-replication stress. Stable expression of a pro-survival microRNA may then
alow cells undergoing re-replication by perturbation of O-GIcNAc signaling and Emi 1 to continue to
proliferate and undergo malignant transformation.
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Body:
Task 1: Testing checkpoint activation, cell cycle effect and re-replication after co-depleting Emil and
OGT or NCOAT

Co-depleting NCOAT and Emil may result in genomic instability

Our first goal isto determine if Emil knockdown in conjunction with misregulation of O-GIcNAc post-
trandational modification of proteins can act synergistically to cause re-replication. We have obtained
antibodies aswell as SSRNA oligos against OGT, NCOAT and Emil. We treated MCF7 and Sk-Br-3 breast
cancer cellsaswell as MCF10a breast mammary epithelial cell lineswith 20nM siRNA oligos targeting various
combinations of OGT, NCOAT, Emil and GL2 firefly luciferase using Invitrogen Lipofectamine RNAimax
transfection reagent. The cells were collected 72 hours post-transfection and analyzed by flow assisted cell
sorting(FACY) to determine the cell cycle profile and whether re-replication was occurring in these cells. Cells
were stained with propidium iodide for 1 hour and DNA content was analyzed by FACS. Cell cycle analysis
was performed using FloJo software. In addition, whole cell lysates were collected from these samples to
perform western blot to assess depletion of the proteins targeted by the SsSRNAs and to examine various cell
cycle and checkpoint markers.

In the normal mammary epithelial cell line MCF10awe saw a modest increase in the >4N DNA content
population, as well as a decrease in the G1 population, in the NCOAT/Emil knockdown sample as compared to
the GL2/Emil siRNA control indicating that some re-replication may be stimulated by the co-knockdown of
these proteins (Fig. 1a). We observed little cell cycle effect in MCF7 or Sk-Br-3 (Fig. 1b, 1c). Thisdata
contrasts with our previous experience in that SRNA against Emil has been shown to generate large amounts of
re-replication in MCF10a and Sk-Br-3 72 hours post trestment.

By western blotting for NCOAT, OGT, and Emi1, we found that knockdown of these proteins was not
efficient, with little to no change observed in the the protein levels of these genes between siRNA treatment and
control (GL2) (Fig. 1d). This experiment must be repeated to optimize the transfection conditions in order to
achieve efficient co-knockdown. We will start by adjusting the quantity of SSRNA oligo introduced as well as
titrating the amount of transfection reagent used per sample. Additionally we can modify the order of
combination of reagents to allow liposome formation prior to adding the siRNA oligo to the lipofectamine
bubbles. In testing the antibodies against Emi1, OGT, and NCOAT, we obtained clean signals on the western
blots for Emil and OGT, but need to optimize the conditions using the NCOAT antibody.



Task 2 and 3, immunohistochemistry of global O-GIcNAc in cancer samples and devel oping antibodies
to O-GIcNAc modified p53 and ER will be performed pending the result of successful knockdown experiments
from Task 1. Meanwhile, we have antibodies that will recognize p53 and the ER as well as antibody that
recognizes O-GIcNAc, so immunoprecipitation can be used to determine if O-GIcNAc modifications of these
proteins are present under different conditions. Following these experiments, we will examine the effects of
induced re-replication on long term genomic stability and malignant transformation. In addition, we will
perform these experiments in conjunction with the introduction of DNA damage regulated miRNASs (see below)

to enhance cell survival.

I dentifying microRNAs induced/r epressed by DNA damage that affect cell survival

We are examining the regulation of microRNA expression by DNA damage to identify miRNAs whose
expression is changed following DNA damage. This screen is intended to identify miRNAs that play arolein
maintaining control of survival, cell cycle regulation and genomic stability following genotoxic stress. We
exposed the p53 wild type cell line MCF7 and p53 mutant cell line Sk-Br-3 cell to 5 gray of ionizing
radiation(IR) and collected RNA by trizol extraction 24 hours post radiation. The samples were further purified
using the Qiagen RNeasy kit and sent to Exiqon to be hybridized to microarrays of complementary
oligonucleotidesto all currently identified human miRNAs. miRNA expression was compared between the
irradiated and control samples for each cell line. In MCF7, only one miRNA, miR642, had a greater than 2 fold
difference in expression with miR642 levls being downregulated following irradiation. In Sk-Br-3, the
expression of 9 miRNAs was changed more than 2 fold, all of them reduced after exposure to IR (miR-662,
MiR-492, miR-637, miR-193a, miR-583, miR-939, miR-371, miR-628, and miR-363*). We also chose to study
further 4 miRNAS that were each upregulated less than 2 fold on the microarray, miR-34a, miR-29a, miR-29c
and miR-21 to confirm that they are indeed induced, if to alesser extent than expected.

miR29c is upregulated following DNA damage by ionizing radiation

To confirm the results of the microarray, we performed qRT-PCR to measure the expression of each of
the identified miRNAs following 5gy IR. Primers of identical sequence to these 14 miRNAS were obtained for
use with the Invitrogen NCODE miRNA gRT-PCR kit. gqRT-PCR was performed. Consistent with our
microarray results, miR-29¢(MCF7 p=0.006, Sk-Br-3 p=0.004), miR-29a(M CF7 p=0.02), and miR-21(MCF7
p=0.09) were found to be upregulated following DNA damage (Fig. 2). In contrast, anong the miRNAs
downregulated on the microarray, miR-642(MCF7 p=0.13, Sk-Br-3 p=0.02) was found to be upregul ated and
all the others did not demonstrate any significant change after IR. This was somewhat of a disappointment,
perhaps due to the fact that we achieved alow yield of detected miRNASs on our arrays, with only around 150
being detectable in each comparison. However, the expression miR-29a and miR-29¢c were measured to be
upregulated to a greater extent by gRT-PCR. Thislow yield may be due to the lower sensitivity and dynamic
6



range of detection on this type of microarray. Massively parallel RNA sequencing may be a useful technique to
use to improve the yield and threshold of detection in this experiment in the future.

Basal levels of miR-29c are higher in p53 mutant cell line Sk-Br-3

To examinein further detail the induction of our miRNA hits, we performed atime course by treating
MCF7 and Sk-Br-3 cellswith 5 gy of ionizing radiation and collected samples at 12, 24, and 48 hours post
irradiation. RNA was isolated by trizol extraction for northern analysis, and whole cell protein extracts were
collected as well for western blotting. By northern blotting, miR-29c was induced in both cell lines after
irradiation (Fig. 2d), with a higher basal level in the p53 mutant cell line Sk-Br-3. miR-29c has been reported to
affect cell survival by targeting negative regulators of p53, and thus is of interest in the context of response to
DNA damage.

AremiR-29c tar gets downregulated following DNA damage?

To examine potential effects of miR-29c after DNA damage, we used the Miranda algorithm to predict
target genes for miR-29c. We obtained primersto several predicted targets of interest and performed qRT-PCR
to measure changes in gene expression. None of the potential targets were downregulated at the level of mMRNA
24 hours post irradiation (Fig. 3a, 3b). This does not rule them out as targets completely as miRNAS can act at
both the level of MRNA stability aswell asinhibition of tranglation. In addition downregulation of these targets
may occur 2-3 days after the initial induction of miR-29c, so similar analysis must be performed at later time
points.

We western blotted for cyclin E and PTEN, two predicted targets of miR-29¢ which regulated cell cycle
and cell survival, after transfecting MCF7 cells with SSRNA mimicking miR-29c, 2’ -0-methyl antisense oligo
inhibitor of miR-29c¢, or sSIRNA against GL 2 with and without treatment with 5gy IR. We found no change
between the untreated samples, or between the radiation treated samples and their untreated controls (Fig. 4a,
4b).

Other studies have shown that p53 isindirectly upregulated by miR-29c, however when 2’ -0-methyl
antisense oligo inhibitor against miR-29¢c was transfected in MCF7 cells, we a so found that the p53 response to
radiation was unchanged with respect to GL 2 (Fig. 4b). However, it remains difficult to quantify the effect of
such antisense oligos as levels of the miRNA often are unchanged by northern or RT-PCR whileits action is
inhibited.

To determine the efficacy of our SRNA mimic to miR-29¢(si29¢) and 2'-O-methyl antisense
inhibitor(2'-O-m 29c), we generated a luciferase reporter construct containing target sequence complementary
to miR-29c. This construct was transfected into MCF7 and Sk-Br-3 cells along with combinations of si29¢ and
2'-O-m 29c (Fig. 4c). The effect of si29¢ on the reporter was modest, yet co-transfection with 2'-O-m 29c¢ did
not rescue this effect. Expression of the luciferase reporter increases with the transfection of 2'-O-methyl 29¢
7



alonein Sk-Br-3 cells. Since these cells have a higher basal miR29¢ expression, this result is consistent with
the inhibition of endogenous but not exogenous miR29c by the 2'-O-methyl antisense. There are several
conditions that we will adjust to improve the results of this assay, including quantity of the luciferase reporter,
guantity of the normalizing Renillaluciferase plasmid, order of transfection with SsSRNA and 2’ -o-methyl

antisense oligo as well as the concentration of oligo.

Transfection of SRNA mimic of miR-29c decreases M CF7 cell survival following DNA damage

MiR-29c is speculated to act in a pro-apoptotic role by the downregulation of MCL 1, an anti-apoptotic
protein related to BCL-2, aswell as by upregulating p53, thus we speculated that its upregulation post-DNA
damage could impact long term cell survival, and ectopic expression of miR-29¢c may impair cell survival
following DNA damage. To test this, we transfected si29c in MCF7 cells 48 hours prior to irradiation with
doses of 0-5 gy IR. We then assessed survival by colony formation assay and found it to be reduced at several
doses, indicating that miR-29c does indeed negatively regulate cell survival following DNA damage (1gy,
p=0.01, 2gy p=0.08, 3gy p=0.002) (Fig. 4d).

Basal levels of miR-29c inver sely correlate with the presence of p53

We observed that in the p53 mutant cell line Sk-Br-3, miR-29c was expressed at a higher basal level,
therefore we examined its expression following depletion of p53 in the wild type cell [ine MCF7. MCF7 cells
were treated with SSIRNA against p53 or firefly luciferase GL 2, and treated with 5gy IR to examine the DNA
damage response. As shown, si-p53 resultsin higher expression of miR-29c, but the induction following DNA
damage is no longer observed, indicating there exists a potentially complex p53 dependent regulatory loop
controlling miR-29c (Fig. 3c). We also examined expression without and following DNA damagein p53+/+
and p53-/- HCT116 colon cancer cells, and found that basal expression was higher in the absence of p53, while
it was induced following radiation in the presence of p53, but in a more transient fashion than MCF7 (Fig. 3d).

K ey accomplishments:

o Obtained reagents for quantification of OGT, NCOAT, O-GIcNAc Emil.

o Generated RNAI oligosfor OGT, NCOAT, Emil

. Performed knockdown experiments in breast cancer and normal mammary epithelial cell lines,
determined further troubleshooting needed to generate efficient knockdown and effectively
determine effects on cell cycle and genomic stability.

. Identified mMIRNA’ s regulated by DNA damage in breast cancer cell lines MCF7 and Sk-Br-3 by
microarray

o Confirmed miRNA' s upregulated following DNA damage by gRT-PCR and northern blotting

o Examined protein and RNA level of targets of miR-29c¢ following IR induced DNA damage



. | dentified miR-29c as having an anti-survival and radiosensitizing effect on breast cancer cells
following DNA damage
. |dentified a p53 dependent regulation of miR-29c¢ independent of DNA damage

Reportable Outcomes:

Conclusions:
O-GIcNAc and Emilin genomic instability of breast cancer.

Preliminary experiments examining Emi1l depletion and perturbation of O-GIcNAc signaling seem to
show a modest effect in generating re-replication in MCF10a normal mammary epithelial cells, but we can
expect to see greater effects once knockdown efficiency isimproved. This can be solved by multiple approaches
including optimization of the SIRNA transfection conditions, like increasing the oligo concentration and
quantity of lipofectamine transfection reagent, use of short hairpin RNA encoding vectors, and chemical
inhibition of OGT and NCOAT. Thereis some indication that inhibition of Emi1 and NCOAT may
synergistically generate re-replication in normal breast epithelial cells, which is a positive sign for the future of
the project. Once these cell cycle effects can be confirmed, we will examine whether they can lead to sustained
aneuploidy, and whether interference in these pathways can lead to malignant transformation in a cell culture
model, perhaps along with previously characterized oncogenes, or miRNAs we identify to be responsive to
DNA damage. Understanding how interfering with the nutrient sensing mechanisms of cells can affect their
genetic stability could lend some insight into the development and survival of cancer within the nutrient
conditions of the tumor environment. Understanding the cellular mechanisms cancers use to survive despite a
harsh tumor environment could potentially provide new therapeutic targets that are specifically effectivein the

local physiologic conditions cancer cellsexist in.

Determining therole of microRNAsin the responseto DNA damagein breast cancer.

Additionally we have identified at |east one microRNA that is upregulated in breast cancer following
DNA damage, which may function to increase the rate of cell death following genotoxic stress. miR-29¢ seems
to be regulated by p53, which it has already been shown to regulate itself, setting up the potential for a
microRNA mediated negative feedback loop tying into one of the most important pathwaysin cell cycle
checkpoint regulation that cancers have to bypass. Elucidating this mechanism of regulation and how it may be
perturbed and bypassed could provide clues to the development of breast cancersin different p53 backgrounds,
aswell as potential targets for the modulation of tumor radiosensitivity. These targets could lead to
radiosensitizer therapeutics in the future which could dramatically improve the efficacy of radiation therapy of

breast cancer down the road.
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Supporting Materials:

Cell line MR A, Fold Downregulated after IR
MCFT mik -642 282
Sk-Br-3 miRk-B65 582
mik 492 4.97
mik-837 483
mikR-193a-5p 4.09
mik-583 219
mik-939 215
mik-371 214
mik-628-3p 2086
mik 3637 202

Table 1. miRNAs downregulated more than 2 fold 24 hrs. following 5gy IR.
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MCF7(c). This appears due to inefficient knockdown of Emi1, OGT, NCOAT,
non-specific band shows under-loading in lane 10 and overloading in lane 15
(d). Optimization of knockdown conditions should rectify this.
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) miR-29¢ and 642 are upregulated following 5gy ionizing radiation in MCF7(a) and Sk-
Figure 2. g_3(b) breast cancer cell lines. In a 48 hour time course, miR29a and miR21 show sustained
upregulation following DNA damage(c). By northern blot miR-29¢ is upregulated in MCF7

and Sk-Br-3, but is at a higher basal level in the p53 mutant Sk-Br-3 cell line(d).
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Figure 3. Targets of miR-29c are not downregulated at the mRNA level 24 hours following
DNA damage in MCF7 and Sk-Br-3(a-b). siRNA of p53 results in a higher basal
level of miR-29¢ expression in MCF7(c). miR-29¢ has a higher basal expression
in p53-/- HCT116 cells than p53++ HCT116(d).
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