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Gupta, Neetu, Ph.D., BC075266

FINAL REPORT

Title: A systems biology approach to evaluate ezrin as a therapeutic target in breast
cancer.
Pl: Neetu Gupta, Ph.D.

Introduction

The complexity of breast cancer demands a systems level understanding of aberrant
biochemical signaling in order to develop smart therapeutic targets. Severa studies have
reported a correlation between the expression of ezrin and development of many types of
human malignancies and metastasis. In particular, a strong correlation exists between
ezrin expression and histological grade and clinical outcome in breast cancers. Existing
breast cancer therapies target proteins whose effects are limited to certain subsets of
breast cancer patients. We hypothesize that the association of ezrin with different cellular
proteins governs different functional outcomesin breast cancer cells as compared to
normal breast epithelial cells. We further suggest that ezrin uses phosphorylated residues
to interact with particular signaling playersin normal breast epithelial cells and that these
interactions are abnormal in breast cancer cells, contributing to tumor growth, survival
and metastasis. Our aim isto identify ezrin-specific protein interactions in normal and
cancerous breast cells using multiplexed quantitative proteomics. Wild type and mutant
forms of ezrin will be tagged for tandem affinity purification (TAP). The TAP-tagged
wild type and mutant proteins will be expressed in normal and cancerous breast cells, and
ezrin-containing protein complexes will be isolated by TAP. The complexes will be
subjected to differential labeling with iTRAQ reagents followed by tandem mass
spectrometry for identification and quantification of binding partners. Our research will
enable a systems level understanding of the abnormal cell biology of breast cancer cells,
and provide insights into the regulation of tumor growth and metastasis by ezrin.

Body
MAJOR RESEARCH TASKS PROPOSED AND ACHIEVED:

(1) Mutagenesis of TAP-tagged wild type ezrin in plRES2EGFP vector to generate
the pandl of TAP-tagged mutants (T567D, T567A, S66A, Y 353F, Y477F):
Mutagenesis at all the proposed sitesis complete. The constructs have been subjected to
quality control using restriction digestion and DNA sequencing. Mutations were
confirmed by DNA sequencing.

(2) Stable expression of TAP-tagged wild type ezrin and mutantsin normal breast
epithelial cellsand 4T 1 cells:

The expression of N- and C-terminal TAP-tagged wild type ezrin was tested in the highly
metastatic breast cancer cell line 4T1 cells by nucleofection, followed by flow cytometry
and western blotting. The transfection efficiency of the N-TAP and C-TAP constructs
was 37% and 41%, respectively. Both proteins showed overexpression, however, a
difference in size was observed between the N-TAP and C-TAP ezrin fusion proteins
(Fig. 1). Thismay be due to proteolytic processing of the C-TAP-tagged protein.
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Vector control
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Figure 1. 4T1 cells were left untransfected

or transfected with NTAP- or CTAP-tagged
ezrin in pI2E vector. After overnight incubation
lysates were prepared, and probed with
antibodies to calmodulin binding protein (CBP),
ezrin and actin.
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Expression of the mutant ezrin plasmids
was similarly tested by transient
expression in 4T1 cell line. The DNA
constructs were transfected into 4T1 cells
by nucleofection using vendor
recommended conditions. Expression was
monitored by flow cytometry for GFP
fluorescence and western blotting with
ezrin antibody. The tranfection efficiency
for T567D, T567A, Y 353F, Y477F and
S66A mutants was 4%, 2.7%, 3%, 5.2%
and 8%, respectively. Despite the low
transfection efficiency, western blotting
of lysates obtained from 4T1 transfectants
with ezrin antibody showed 3-4 fold
overexpression of the mutants while the
expression of actin was unchanged (Fig.
2).

The effect of the mutant proteins on basal levels of the mitogen-activated protein kinase
(MAPK) and phosphoinositide 3-kinase (PI3K) signaling pathways was evaluated by
comparing the phosphoERK 1/2 and phosphoAkt levelsin untransfected 4T1 cells and
those transfected with the T567D, T567A, Y 353F and Y 477F mutants. There was no
significant change in the activation of Erk1/2 and Akt upon expression of the mutants
(Fig. 3). The effect of stimuli such as epidermal growth factor (EGF) on mutant ezrin-
expressing 4T 1 transfectants remains to be tested.

The transiently tranfected 4T1 cells were
propagated in G418-containing growth
medium to select stably expressing clones.
Unfortunately, repeated attempts to obtain
stable transfectants during the grant period
have proven unsuccessful so far. Transient
transfection does not provide sufficient
numbers of cells necessary for mass
spectrometric analyses. Therefore, it was
not possible to attempt isolation of wild
type and mutant ezrin protein complexes
from 4T1 breast cancer cells and mass
spectrometric identification of binding
partners. We will continue to attempt
generation of stable transfectants of 4T1
cells expressing TAP-tagged ezrin mutants,

Untransfected

T567D-Ezrin
T567A-Ezrin
Y353F-Ezrin
Y477F-Ezrin
S66A-Ezrin

WB: Ezrin

e TS RN SRS W W | \VB: Actin

Figure 2. 4T1 cells were left untransfected

or transfected with T567D, T567A, Y353F,
Y477F or S66A mutants of ezrin in pl2E vector.
After overnight incubation lysates were prepared,
and probed with antibodies to ezrin and actin.

by varying growth and selection conditions, or by changing the breast cancer cell line.
However, in an independently funded project in the lab we have been able to create stable
transfectants of a B lymphoma cell line expressing TAP-tagged wild type ezrin. We spent
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the remaining three months of the grant

period in optimizing conditions for § £ £ £ €
tandem affinity purification (TAP) of S w4 4 o
ezrin from B cell lines (see sections 3, 4 G g g RS
and 5). In future, when we have 5 g B g ¥
generated breast cancer cell lines stably h g . Ak

expressing ezrin mutants, we will be able
to apply TAP to these cells and proceed #- —— ﬂ WB: Akt
with the experiments proposed in the

(3) Tandem affinity purification of ezrin .
and mutant ezrin complexes from normal p. ' ' WB: Erk/2

and cancer cell transfectants.

Figure 3. 4T1 cells were left untransfected
S_table transreCtantS of the Bal :_|'7 B cell or transfected with T567D, T567A, Y353F,
line expressing TAP-tagged wild type and Y477F mutants of ezrin in pl2E vector.

ezrin were generated after nucleofection After overnight incubation lysates were prepared,
and selection in G418-contai ning growth and probed with antibodies to Akt, pAkt, Erk1/2

. . . and pErk1/2 to assess basal activation of the
medium. High GFP-expressing cells PI3K and MAPK signaling pathways.
were isolated using a cell sorter to obtain
highest expression of TAP-tagged ezrin
(Fig. 4).
The C-terminal TAP-tagged ezrin (CTAPEZ) cell line was used to prepare lysates and
subjected to TAP using the manufacturer’s (Stratagene) protocol. The purity and
complexity of proteinsin the purified CTAPEz was analyzed by SDS-PAGE (Fig. 5a)
and western blotting (Fig. 5b). The area corresponding to CTAPEz was submitted to the
Cleveland Clinic Proteomics Core

for mass spectrometric

verification of the protein. Briefly, S 28 & g

the excised portion was subjected 820 00Z

to in-gel digestion with trypsin to - =

generate peptide fragments, g e (€— NTAP-ezrin _
followed by liquid - —— —— g Endogenous ezrin

chromatography and tandem mass Figure 4. Bal17 cells (lane 1) or stable clones

spectrometry. Both, sequences of expressing NTAP-tagged ezrin (lanes 2-6) were
the tags calmodulin bi nding lysed and probed with antibody to ezrin.
peptide (CBP) and streptavidin

binding peptide (SBP), and ezrin
were identified in the excised band confirming the presence of CTAPEz in the purified
preparation.

(4) Processing of complexesfor iTRAQ labelingand LC-M SM S analysis.
Could not be undertaken for 4T1 cells due to reasons described above.

(5) Data processing including sequence sear ches, identification, and quantification.
Could not be undertaken for 4T1 cells due to reasons described above.
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Figure 5. One hundred million Bal17 cells expressing
NTAP-tagged ezrin were lysed and subjected to
tandem affinity purification using manufacturer’s
instructions. Lysates (lane 1) were incubated with
Streptavidin resin overnight. The beads were
centrifuged and supernatant (lane 2) collected.
The bound proteins were eluted (lane 4)from the
Streptavidin resin and incubated with Calmodulin resin
overnight. The beads were centrifuged and supernatant
(lane 5) collected. The bound proteins were eluted
(lane 7) from the Calmodulin resin. Both, Streptavidin
(lane 3) and Calmodulin (lane 6) resin were also boiled
to examine the extent of left-over TAP-tagged ezrin.
(a) All samples were subjected to SDS-PAGE and staining
with Gel-code Blue. (b) Aliquots of each sample were
also subjected to western blotting with CBP antibody.
e
R
(b)
- — |
Key Research Accomplishments
1. Generation of TAP-tagged ezrin at the C- and N-terminus.
2. Mutagenesis of ezrin at key phosphorylation sites to create inactive and
congtitutively active protein (T567D, T567A, Y 353F, Y477F, S66A)
3. Testing overexpression of mutant ezrin protein in the highly metastatic breast
cancer cell line4T1.
4. Testing the effect of overexpression of ezrin mutants on basal activity of MAPK
and PI3K in 4T1 cédlls.
5. Optimization of tandem affinity purification protocol for purification of TAP-
tagged ezrin and identification by mass spectrometry.
Reportable Outcomes
1. Generation of TAP-tagged ezrin constructs
2. Generation of phosphorylation site mutants of ezrin (T567D, T567A, Y 353F,

Y4TTF, S66A).
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Conclusions

The sites of protein-protein interaction on ezrin likely include the phosphorylation sites at
T567, Y353, Y477 and S66. These sites have been reported to undergo phosphorylation
in avariety of cellsin response to growth factor stimulation. We hypothesize that ezrin
interacts with cellular signaling proteins differently in normal and breast cancer cells. In
order to identify signaling proteins that interact with ezrin in normal and cancerous
epithelial cells, we tagged ezrin at the N- or C-terminus with CBP and SBP and show
overexpression of tagged proteins in transient transfection assays. We also generated
mutants of ezrin at the phosphorylation sites to enable loss of interaction and gain of
interaction studies. The mutants were shown to overexpress in transient expression
systems but stably expressing cell lines could not be generated. We plan to try different
conditions including different growth and selection mediain order to generate stable
transfectants so that the remaining part of the proposed study can be carried out, resulting
in identification of ezrin interactorsin normal and cancerous breast cells.
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