


In situ Breast Cancer Models to Study the Interaction of Tumor Microenvironment and Mitochondria 
Dynamics in Regulating Disease Progression 

Technical Abstract 

Altered mitochondrial dynamics has been linked to this differences leading to abnormal physiology and cell 
functions and has been implicated in tumor progression. However, whether dysregulated mitochondrial 
dynamics contributes to breast cancer progression and drug resistance is unknown. Mitochondrial integrity is 
central to key tumor cell response such as energy production and cell survival when exposed to a dynamically 
modulating environment. However, how changes in tumor microenvironment (TME) modulate mitochondrial 
dysfunction thus contributing to tumorigenesis and drug resistance is underexplored and provides a new 
paradigm in cancer treatments. In this study, we hypothesis that mitochondrial dynamic regulates several key 
characteristics of breast cancer including tumor progression, metastasis, and drug resistance. We also 
hypothesis that altered mitochondrial dynamics mediated tumor progression might be enhanced, at least in 
part, by cell-cell communication between MSCs and tumor cells. To test this hypothesis, we developed a co-
culture system whereby tumor cells are co-cultured with MSCs, and the ability of the MSCs to modulate 
downstream drug resistance pathways is observed. Such studies will provide biological insight into the role of 
mitochondria on breast carcinoma progression and can aid in the discovery of novel diagnostic markers and 
innovative therapeutic strategies. This is a collaborative project between Dr. Kidambi (Biomedical Engineer) 
and Dr. Khalimonchuk (Biochemist) from University of Nebraska-Lincoln. Kidambi lab will engineer in vitro 
models of breast cancer and study the underlying synergistic pathways regulated by mitochondrial 
dysregulation that affects tumor progression, metastatic ability, and drug resistance. Khalimonchuk lab will also 
in parallel focus on delineating the various pathways that mediate and control mitochondrial dynamics and its 
interaction with breast tumor biology at various stages of cancer. In the short-term, the proposed studies will 
(1) elucidate the underlying mechanism(s) by which TME components regulate mitochondrial dynamics and its 
role in the cancer progression; (2) provide a rational basis for targeting TME and mitochondria for novel 
therapies. The long-term outcomes of this project are scientific and technology basis to develop an unexplored 
diagnostic and therapeutic potential of mitochondrial dysfunction. 

 



In situ Breast Cancer Models to Study the Interaction of Tumor Microenvironment and 
Mitochondria Dynamics in Regulating Disease Progression 

Lay Abstract 
 
Breast cancer is a dynamic disease involving continuously changing phenotype and microenvironment 
leading to differences in the gene and protein profile of the neoplasm. Altered mitochondrial dynamics 
has been linked to this differences leading to abnormal mitochondrial physiology and cell functions and 
has been implicated in tumor progression. The ablation of the mitochondrial quality control system 
through either mutation or deficiency leads to the mitochondrial dysfunction, potentially contributing to 
tumorigenesis. However, whether dysregulated mitochondrial dynamics mediated by OMA1 contributes 
to breast cancer progression and drug resistance is unknown. Tumor microenvironment (TME) has 
garnered the spotlight in recent years for its important role in tumor progression and drug resistance. 
TME also regulates mitochondrial dynamics through important signaling pathways and mitochondrial 
mass and function vary between tumors and individuals but the significance of these events for cancer 
are not fully understood. How changes in TME modulate mitochondrial dysfunction thus contributing to 
tumorigenesis and drug resistance is underexplored and provides a new paradigm in cancer 
treatments.  

The objective of this project is to explore how the distinct mechanisms involved in mitochondrial 
dynamics (OMA1, OPA1, MFN1/2) are coordinated in breast tumor and how deregulation of these 
processes regulates tumor progression and drug resistance pathways. Our approach capitalizes on 
three important features: (i) existing stable patient-derived breast cancer cells (21MT1) isolated from 
the metastatic pleural effusion; (ii) OMA-1 deficient breast cancer cells developed in our lab; and (iii) 
emulation of tumor progression in preliminary studies in our in vitro tumor model. This unique 
combination of platforms is the basis of detailed mechanistic studies to understand the role of TME and 
mitochondrial dynamics on tumor progression and drug resistance in a controlled environment, and 
subsequently, develop a novel and unexplored diagnostic and therapeutic potential. Development of 
next generation therapeutic targets that underlie TME mediated mitochondrial dysfunction has a huge 
potential for clinical management of breast cancer. 

 

 
 



In situ Breast Cancer Models to Study the Interaction of Tumor Microenvironment and Mitochondria 
Dynamics in Regulating Disease Progression 

Overarching Challenge: The proposed research will directly address overarching challenges of the breast 
cancer research, including cellular signal transduction focusing on cancer biology, as listed below:  
A. SPECIFIC AIMS  

Breast cancer is a dynamic disease involving continuously changing phenotype and microenvironment leading 
to differences in the gene and protein profile of the neoplasm. Altered mitochondrial dynamics has been linked 
to this differences leading to abnormal mitochondrial physiology and cell functions and has been implicated in 
tumor progression.1-3 Several studies have identified three large GTPases, mitofusin 1 and 2 (MFN1 and 
MFN2) in the outer membrane and OPA1 in the inner membrane as the key components controlling the 
mitochondrial dynamics as well as their role in mitochondrial fusion, fission and apoptosis.3-5 The ablation of 
the mitochondrial quality control system through either mutation or protein depletion leads to mitochondrial 
dysfunction, potentially contributing to tumorigenesis.3-5 Recent studies have highlighted a new mitochondrial 
quality control module, metalloprotease OMA1 that processes OPA1 (thus triggering mitochondrial 
fragmentation) in response to stress stimuli.6-9 However, whether malregulation of mitochondrial dynamics 
via OMA1 deficit contributes to breast cancer progression and drug resistance is unknown. 
 Tumor microenvironment (TME) has been garnered the spotlight in recent years for its important role in tumor 
progression and drug resistance.10-12 TME also appears to regulate mitochondrial dynamics through important 
signaling pathways and 
mitochondrial mass. This function 
varies between tumors and 
individuals but its significance for 
cancer is unclear (Fig. 1). 
Mitochondrial integrity is central to 
tumor cell energy production and 
survival when exposed to a 
dynamically modulating 
environment. However, how 
changes in TME modulate 
mitochondrial dysfunction thus 
contributing to tumorigenesis and 
drug resistance is unclear and 
provides a new paradigm in cancer 
treatments. Development of next generation therapeutic targets that underlie TME-mediated mitochondrial 
dysfunction has a huge potential for clinical management of breast cancer. 

The research team’s long term goal is to fulfill the vision of American Cancer Society and Buffett Cancer 
Center that calls for research in a number of areas within the field of cell biology converging on a common 
theme: cellular signal transduction and cancer biology. Our objective is to determine how the distinct factors 
involved in mitochondrial dynamics (OMA1, OPA1, MFN1/2) are coordinated in breast tumor and how 
deregulation of these processes modulates tumor progression and drug resistance pathways. Our approach 
capitalizes on three important features: (i) existing stable patient-derived breast cancer cells (21MT1) isolated 
from the metastatic pleural effusion; (ii) OMA1-deficient breast cancer cell lines developed by our labs; and (iii) 
emulation of tumor progression in preliminary studies in our in situ tumor model. This unique combination of 
platforms is the basis of detailed mechanistic studies to understand the role of TME and mitochondrial 
dynamics on malignancy and drug resistance in a controlled environment, and subsequently, develop a novel 
and unexplored diagnostic and therapeutic potential.  

The proposed studies are expected to have a high probability of success because of the scientific soundness 
and state of development, the strength, breadth, and complementarity of the research team. The investigators 
form a cohesive group lead by two junior faculties.  Dr. Kidambi (Biomedical Engineer) has experience 
developing and validating in vitro tissue engineering models of various tissues including breast cancer and 

Figure 1. Variation in mitochondrial staining in human breast cancers. 
Immunohistochemical staining for mitochondrial 60 kDa antigen reveals marked 
variations in mitochondrial staining between different primary human breast cancers 
with some tumors showing very low staining (left) and others very high staining 
(right). Differences in mitochondrial mass between different primary tumors 
examined in this study was greater than intra-tumor heterogeneity in mitochondrial 
mass. (Adapted from Boland et al) 

• Determine signaling pathways that drives breast cancer growth and determine how to stop it 
• Identify new determinants that cause breast cancers become life-threatening metastasis 
• Identify what makes the breast tissue susceptible to cancer development. 



carrying out mechanistic studies to understand the role of cell-cell communication on tissue function.13-15 Dr. 
Khalimonchuk (Biochemist) is an expert in mitochondrial biology who seeks to determine how alterations in 
mitochondrial protein homeostasis, membrane potential, and dynamics regulate genetic and aging-related 
diseases, including cancer.16-20 The PIs have been successfully collaborating including co-mentoring two PhD 
students who is funded by the NIH T32 fellowship for the past 2.5 years on several projects, including the 
proposed one. The established collaborations with Drs. Hamid Band, Ken Cowen, and Vimla Band at the 
University of Nebraska Medical Center provide the translational validity to the proposed research. The 
following specific aims are proposed: 

Aim 1:  Determine the role of mitochondrial dynamics on tumor progression and drug resistance: 
Dysfunctional mitochondrial dynamics has been implicated in tumor progression, metastasis and drug 
resistance. We will investigate if dysregulated mitochondrial dynamics contributes to tumor progression and 
drug resistance using patient derived 21MT1 cells and OMA1-deficient breast cancer cell lines that we 
developed. We will determine how OMA1 deficiency correlates with tumor cell survival and response to 
genotoxic drugs used in cancer therapies. 

Aim 2:  Investigate the effect of breast cancer-stromal cells interaction on mitochondrial dynamics: The 
bidirectional paracrine signaling between stromal cells and breast cancer cells are found to stimulate tumor 
growth, enhance angiogenesis, and promote metastasis formation. We will investigate how the cell-cell 
communication regulates important mitochondrial function leading to uncontrolled tumor growth and drug 
resistance.  
This project has potential to achieve significant scientific and clinical impact. In the short-term, the proposed 
studies will: (1) provide innovative in vitro model of breast cancer to study the role of TME in different stages of 
breast cancer; (2) elucidate the mechanism(s) by which TME components regulate mitochondrial dynamics 
and its role in the cancer progression; (3) provide rational basis for targeting TME and mitochondria for novel 
therapies. The long-term outcomes of this project are scientific and technological bases to develop an 
unexplored diagnostic and therapeutic potential of mitochondrial dysfunction.  

B. BACKGROUND AND SIGNFICANCE 
Breast cancer is the most frequently diagnosed cancer and the leading cause of death among females.21, 22 
Human epidermal growth factor receptor-2 (HER2 or ERBB2) gene is overexpressed in approximately 20–25% 
of human breast cancers and is associated with poor clinical prognosis and survival.23, 24 Treatment with 
trastuzumab, a humanized antibody that targets HER-2, has dramatically altered the course of HER-2 positive 
breast cancer patients. However, majority of the patients do not respond to initial treatment or develop 
resistance after continuous treatment of the drug.25, 26 Despite several promising experimental data, the 
underlying molecular mechanisms of what might lead to trastuzumab resistance remains unclear.  

Mitochondria are highly dynamic organelles that have been implicated in tumor proliferation, survival, and 
metastasis.27, 28 Mitochondrial dynamics is regulated by two main events: merging (fusion) and division (fission) 
of mitochondria.29 Imbalances in mitochondrial dynamics (increased mitochondrial fission) are known to 
impede cellular bioenergetics and were shown to greatly stimulate metastatic abilities of breast cancer cells.3, 5, 

28, 30 The spatio-temporal distribution of mitochondria is critical for maintenance of cellular bioenergetics and 
likely to cellular adaptation to tumor stress conditions such as low oxygen tension 31. Likewise, tumor 
microenvironment got much attention in recent years for its role in tumor progression and drug resistance.10-12 
Tumors actively modulate their microenvironment by recruiting lymphocytes and macrophages 32; vascular 
endothelial cells; and tumor-associated stromal cells such as tumor-associated fibroblasts (TAFs) and 
mesenchymal stem cells (MSCs).33, 34 MSCs, in addition to other cells in the TME, have been identified as an 
important population of cells that modulate tumor progression and drug sensitivity.35-37 Although, significant 
progress has been made toward elucidating the biochemical and molecular mechanisms of breast cancer 
progression, clear understanding of the role of mitochondrial dynamics in disease progression is missing. The 
growth- and metastasis-promoting effects of MSCs are well documented,38-40 but their potential role in 
regulating mitochondria dynamics has not been addressed. This is due, in part, to the complexity of recreating 
and isolating the cell-cell communications in clinical and in vivo models. Advances in humanized mouse 
models have closed this gap; however, the heterogeneity of the human xenografts introduced into the mouse 
models makes it challenging to study cell-cell communication in tumors. We have developed in vitro co-culture 
systems capable of engineering controlled environment of spatially defined micro-scale surfaces using 
microfabrication techniques. Our near-in situ platform provides the ability to carry out rigorous 
mechanistic manipulations and quantitative analyses to maximize the information that can be obtained 



regarding the dynamics of mitochondria and tumor microenvironment.  
C. PRELIMINARY STUDIES 
 C.1. Establishing of OMA1 Deficient Patient-derived Metastatic Breast Cancer Cells. In order to study the 
effect of alterations of mitochondrial dynamics on 
tumor biology, we established patient-derived 
metastatic breast cancer cells (21MT1) deficient in 
fragmentation-mediating protease OMA1 (Fig. 2A).  
We tested the effect of such alterations on tumor 
progression by measuring the expression of Ki67 cell 
proliferation marker. OMA1 KD cells exhibited higher 
expression of Ki67 marker compared to control, 
indicating that the alterations in the mitochondrial 
dynamics did regulate the tumor biology. This stable 
OMA1-deficient breast cancer cell line that will be 
used in the proposed studies.     

C.2. Co-culture System Emulates Clinically Relevant Trastuzumab Resistance Pathways. We have 
developed patterned co-culture of breast cancer cell and mesenchymal stem cells (MSCs) on polymer surfaces 
(Fig. 3). HER-2 overexpressing human breast cancer cells that 
were derived from different sources of tumors, 21MT1 from invasive 
mammary carcinoma (IMC) and BT474 from invasive ductal 
carcinoma (IDC), were used to engineer the in situ breast cancer 
model, thus mimicking the pathogenesis of different breast cancer 
subtypes. We observed reduced expression of PTEN in BT-474 and 
complete loss of PTEN in 21MT-1 cells in co-culture with MSCs. In 
contrast, no change was observed in BT-474 cells exposed to 
conditioned media from MSCs (MSCs-CM), however, substantial 
down-regulation was seen in 21MT-1 cells exposed to MSCs-CM 
(Fig. 4). These data suggest that PTEN loss is not limited to the 
physical contact of MSCs with breast cancer cells in more 
aggressive cancers. This result is significant - for the first time a 
PTEN-deficient breast cancer in vitro model has been generated 
without the use of chemical inhibitors or silencing RNAs, thus 
indicating that our co-culture model is a physiologically 
relevant. PTEN is a well-known tumor suppressor, and loss of 
PTEN has long been associated with tumor progress ion and drug 
resistance.41 Furthermore, several reports in different tumor models 
have shown that PI3K/Akt signaling pathways become fundamental proliferative and survival pathways under 
PTEN loss. In our in situ model, we observed ~ 2 fold increase in PI3K expression in BT-474 cells and ~ 3 fold 
increase in 21MT-1 cells when co-cultured with MSCs (Fig. 4). Correspondingly, we observed activation of 
AKT by phosphorylation at Ser-473 (AKT-pS473) in BT-474 as well as in 21MT-1. Significant increase in total 
AKT was also observed in BT-474 exposed to MSCs, in contrast no change in total AKT was observed in 
21MT-1. Notably, no significant changes were observed in BT-474 and 21MT-1 cells exposed to MSCs-CM. 
These data are indicative of our in vitro platform emulating clinically relevant tumor pathways and ideally suited 
to address proposed research aims.   
D. HYPOTHESIS  
Cells continuously adapt to their environment by modifying their mitochondrial dynamics 42 and by remodeling 
their TME.43-45 We proposed that mitochondrial dynamic regulates several key characteristics of breast cancer 
including tumor progression, metastasis, and drug resistance. To test this hypothesis, we developed an OMA1 
deficient patient derived metastatic breast cancer cells to activate mitochondrial dysregulation and investigate 
how the tumor biology is affected. Overexpression of HER2 has been implicated as an important risk factor in 
breast cancer and it is known that HER2 affects several mitochondria-related activities such as mitochondrial 
biogenesis or oxidative stress tolerance, however the link between mitochondrial dynamics and HER2 has not 
been tested 46, 47. We aim to investigate how the altered mitochondrial dynamics in OMA1-deficient cancer cells 
regulate critical tumor pathways established in clinical studies. We postulate that tumor progression due to 
altered mitochondrial dynamics may be enhanced by cell-cell communication between MSCs and tumor cells, 

Figure 3:  Fluorescent images of patterned 
co-culture, BCCs are labeled with green dye 
and MSCs are labeled with red. (A) BT-474 
cells; (B) BT-474 and MSCs co-culture; (C) 
21MT-1 cells; (D) 21MT-1 and MSCs.  
Scale bar: 1000 µm.  
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Figure 2. (A) Knockdown of OMA1 in 21MT1 cells (B) 
OMA1 knockdown increases Ki67 expression, marker for cell 
proliferation 
 



wherein physical intimacy between the cells is the key factor. To test this hypothesis, we developed a system 
where HER2-positive tumor cells are co-
cultured with MSCs, and the ability of the 
MSCs to activate Src and modulate 
downstream drug resistance pathways is 
observed. Such studies will gain insights 
into the role of mitochondria in breast 
carcinoma progression and could aid in 
the discovery of novel diagnostic markers 
and innovative therapeutic strategies. 
Although cell intrinsic pathways and 
clinical therapies targeting mitochondria 
have been previously investigated, the 
role of TME in regulation of mitochondrial 
outputs and their impact on therapy 
effectiveness remain unaddressed.  

E. RESEARCH DESIGN AND METHODS 
E.1. Aim 1:  Determine the role of 
mitochondrial dynamics on tumor 
progression and drug resistance: 
Changes in mitochondrial dynamics have 
been implicated in tumor progression, metastasis and drug resistance. In this aim we will use patient-derived 
21MT1 cells and OMA1-deficient breast cancer cells that we developed to address this link in a greater detail. 
We will determine how OMA1 deficiency correlates with tumor cell survival and response to genotoxic drugs 
used in anti-cancer therapies. 

E.1.a. Cell Separation from Co-cultures: In direct co-culture system, breast cancer cells will be separated 
from stromal cells by FACS Aria II flow cytometer for probing the individual population of the cells. For sorting 
of cells, breast cancer cells and stromal cells will be stained with CFDSE and PKH26 dyes respectively before 
seeding. Cells will be trypsinized after various times in co-culture, washed once with cold PBS followed by 
suspending cell pellet in 0.5 ml of PBS containing 10% FBS. The population of breast cancer cells and stromal 
cells will be gated in CDFSE positive and PKH26 positive cell quadrant respectively set by monocultures of 
breast cancer cells and stromal cells. The cells will be sorted in exclusion mode and collected into sorting 
tubes. Minimum 30,000-sorted events will be performed for each sample.  For control experiment, instead of 
co-culturing, stained breast cancer cells and stromal cells will be mixed just prior to running the samples on 
flow cytometer. After collection of breast cancer cells and stromal cells in different tubes, the cells will be 
centrifuged and cell pellet will be obtained for western-blot, PCR and other analysis. This process is well 
established in Kidambi’s lab. 14, 15  

E.1.b. Objective 1:  Impact of OMA1 deficiency on mitochondrial function and dynamics. Changes in 
mitochondrial dynamics modulate organelle’s bioenergetics and can enhance ROS production.28 A growing 
body of evidence connects mitochondria and mitochondria-produced ROS to regulation of cell proliferation.48 
Using vital, mitochondria-specific fluorescent dyes and in vivo confocal microscopy, we will visualize 
mitochondria in both mono- and patterned co-cultures described above. Changes in the status of mitochondrial 
network – increased fragmentation or hyperfusion will indicate about alterations in mitochondrial dynamics. In a 
complementary biochemical approach we will examine steady-state levels of key proteins that mediate 
mitochondrial fusion (MFN1/2, OPA1) and fission (DRP1), using commercially available antibodies. The 
energetic status of mitochondria in control and OMA1 KD cells will be measured with ratiometric, mitochondria-
specific fluorescent dye JC-1. Quantitative measurement of red (reflects high membrane potential)/green 
(reflects low membrane potential) fluorescence ratios by flow cytometry will provide information about 
mitochondrial membrane potential of the tested cells. We will also determine if the above conditions lead to 
enhanced ROS production. Cells in question will be stained with commercially available ROS-sensitive dyes 
dihydrorhodamine (DHR, measures total ROS) and MitoSOX (specifically measures superoxide radicals), and 
analyzed by flow cytometry to determine fluorescence levels as a measure of mitochondrial ROS. Increased 
DHE and MitoSOX fluorescence will reflect on elevated ROS levels. These dyes will also allow us to discern 
between the types of ROS produced.    

Figure 4:  Physical contact of Breast cancer cells with MSCs activates 
pathways regulating tumor growth and trastuzumab resistance. Left, western 
blot analysis of PTEN, PI3K, pAKT and AKT.  Right, respective 
densitometry of bands normalized with monoculture after loading control 
(GAPDH) correction. Expression of pAKT was further normalized with 
AKT (pAKT/AKT). 



E.1.c. Objective 2: Bioenergetics and respiratory chain activity: We have shown that OMA1-deficient 
mouse embryonic fibroblasts exhibit destabilized respiratory supercomplexes 
and, as a consequence – impaired bioenergetics plasticity.16 In this set of 
experiments, we will conduct extracellular flux analysis to measure oxygen 
consumption rates (OCR) in living control and OMA1 KD breast cancer cells 
using the Seahorse XF24 Extracellular flux analyzer available in Dr. 
Khalimonchuk’s lab. We will use uncouplers (carbonyl cyanide-4-
(trifluoromethoxy)phenylhydrazone, FCCP) and inhibitors of OXPHOS 
(rotenone, antimycin A) to elucidate the maximal respiratory capacity, ATP-
linked respiration, proton leak and residual, non-mitochondrial OCR. We will 
concurrently determine extracellular acidification rates (ECAR), a proxy to 
glycolysis. We expect the oxygen consumption rates to be decreased in the 
OMA1 deficient cells. Next, the specific activities and abundance of the 
individual mitochondrial OXPHOS complexes (complex I, II, IV and V) in 
isolated mitochondria will be assessed by established quantitative enzymatic 
in-gel staining of blue-native polyacrylamide gel electrophoresis (BN-PAGE)-
separated individual respiratory complexes, as exemplified by Fig. 5.49, 50 We 
will also perform immunoblot analysis with commercially available antibodies 
enabling further visualization of the individual respiratory units and 
supercomplexes. The abundance of unrelated mitochondrial inner membrane 
protein VDAC complex will be a denominator in this analysis. No in-gel staining 
assay is available for the respiratory complex III. In case there is evidence for the complex III being affected, or 
if available in-gel staining for the other respiratory complexes is not sensitive enough to detect subtle activity 
changes, an alternative approach will be used. There, we will measure specific activities of the respiratory 
enzymes in isolated mitochondrial fractions by classical spectrophotometric methods.51 Dr. Khalimonchuk’s lab 
has substantial experience with either approach.18, 20, 52 

E.1.d. Objective 3:  Tumor biology in OMA1 KD cancer cells. Our preliminary data show that OMA1-
deficient cancer cells have higher expression of cell proliferative marker Ki67, indicating that the alterations in 
mitochondrial dynamics regulate the tumor biology. We will compare the control and OMA1 KD cells to 
determine the impact of mitochondrial dynamics alterations on HER2 signaling and downstream signaling 
pathways. Cell morphology will be observed by confocal microscopy. We will further carry out experiments to 
measure the HER2 and EGFR expression using qRT-PCR and western blot. We will also test the effect of 
stiffness-mediated HER2 expression on Src family kinases (SFK), PI3K-Akt, Ras-Raf-ERK, and Rho-ROCK 
pathways in order to elicit its final outcome (via western blotting and immunoprecipitation). 

E.1.e. Objective 4: Drug Resistance in OMA1 deficient cells. To investigate if altering mitochondrial 
dynamics may confer resistance to chemotherapeutic drugs in breast cancer cells, we will assess the LD50 
using MTT assay and migratory potential using wound healing assay of control and OMA1 KD cancer cells 
upon exposure to doxorubicin. We will also determine the rate proliferation in wild type and OMA1 knockdown 
breast cancer cells in the presence of doxorubicin. Breast cancer cells will be probed for Ki67, proliferative 
marker. Live-dead assay will also be carried out to quantify the drug resistance if any in the OMA1 KD cells. 

E.2.f. Expected Outcomes: We expect to elucidate the role of mitochondrial dynamics on tumor cell 
migration, proliferation, and drug resistance. We expect to have investigated the role of mitochondrial 
dynamics in regulating HER2 expression and effect on the underlying signaling pathways, thus identifying 
possible mechanism(s) of mitochondria mediated cancer progression as well as novel therapeutic targets to 
treat breast cancer. Because OMA1 is a loss of heterozygosity site in many cancers 6-9, understanding of the 
proliferative consequences of its loss may enable the development of a new breast cancer prognosis marker. 

E.2.g. Potential Problems and Alternative Strategies: Based on our preliminary work and PIs experience, 
we expect to identify novel pathways regulated by mitochondrial dynamics. The PIs have access to all required 
equipment in their labs and core facilities at UNL. PIs are collaborating with Drs. Hamid Band and Vimla Band 
(University of Nebraska Medical Center). This will provide them with the necessary assistance to correlate the 
in vitro data to in vivo models. 

E.2. Aim 2: Investigate the effect of breast cancer-stromal cells interaction on mitochondrial dynamics. 
The impact of multicellular organization and cell-cell communication on mitochondrial dynamics in breast 
cancers is not well understood. We will determine how paracrine interactions between breast cancer and 

Figure 5: Left panel: 
Representative blue native 
gel electrophoresis (BN-
PAGE) of mitochondrial 
OXPHOS complexes I-V 
from primary 
cardiomyocytes. Right 
panel: In-gel activity 
staining of the respective 
OXPHOS complexes 



MSCs regulate mitochondrial function. Reciprocally, we will investigate how breast cancer cells are impacted 
by changes in mitochondrial dynamics. We will use co-cultures of breast cancer cells (normal, DCIS, IDC) and 
MSCs to address these questions.  

E.2.a. Objective 1: Mitochondrial morphology and dynamics: MitoTracker Green (MTG) mitochondria-
specific fluorescent dye will be used to visualize mitochondria in living breast cancer cells co-cultured with 
MSCs. MTG is an advanced dye that binds to mitochondria in membrane potential-independent manner, 
thereby allowing visualization of both healthy and depolarized mitochondria. Alternatively, we may transfect our 
cells with available mitochondria-targeted mCherry reporter. We then will assess mitochondrial networks and 
their dynamics by in vivo confocal microscopy. These experiments will be done with the help of the Center for 
Biotechnology/Redox Biology Center Microscopy Core Facility at UNL. A complementary biochemical 
approach will test for changes in the steady-state levels of key proteins known to mediate mitochondrial fusion 
(MFN1/2, OPA1) and fission (DRP1), using commercially available antibodies against respective proteins. The 
levels of outer mitochondrial membrane-associated and cytosol-exposed mitofusins (MFN1/2) and DRP1, are 
regulated by ubiquitin proteasome system.53, 54 If MSCs affect mitochondrial network and cause its 
fragmentation (fission), we would expect to see decreased levels of the MFN1 and 2 and slight accumulation of 
DRP1. The opposite result will be indicative of mitochondrial hyperfusion. Fusion and fission of the outer and 
the inner mitochondrial membranes are coordinated but physically separate events.55 OPA1, the inner 
membrane GTPase represented by two isoforms, long (L-OPA1) and short (S-OPA1), mediates the latter 
event.56, 57 Analysis of L-OPA1/S-OPA1 steady state levels and ratios will further inform about the effects of 
MSCs on mitochondrial dynamics. 

E.2. b. Objective 2: Mitochondrial outputs in co-cultures. Using the aforementioned co-cultures, we will 
assess mitochondrial health and dynamics - as described in section D.1.a,b. In addition, we will test the impact 
of sustained/forced mitochondrial fusion on proliferation and stemness of the cultures in question. Our 
preliminary data from monoculture experiments indicate that inhibition of mitochondrial fragmentation via 
depletion of mitochondrial protease Oma1 (cleaves L-OPA1 upon mitochondrial distress) enhances 
proliferative properties of metastatic breast carcinoma cells (Fig. 2). Using the co-culture systems, we will 
determine the consequences of Oma1 loss in these explants. Specifically, in control and Oma1 knockdown 
cultures we will: 1) compare the levels of HER2 expression by qPCR; 2) assess proliferation rates via 
measurement of Ki67 markers; 3) compare expression of EMT markers by qPCR and immunoblotting.   

E.2.c. Expected Outcomes: By completing the Aim 2, we expect to better understand the role of breast 
cancer-stromal cell interactions in regulating mitochondrial biology and effect on the related signaling pathways, 
thereby providing possible mechanism(s) pertinent to breast cancer malignancy and possible therapeutic 
targets. 

E.2.d. Potential Problems and Alternative Strategies: Based on our previous work and preliminary results, 
we do not expect any major issues with this aim. To correlate and emulate the in vitro data to animal and 
human models, the PIs are collaborating with Drs. Cowen and Band. 

F. STATEMENT OF CANCER RELEVANCE  
The successfully completion of this study will provide a mechanistic understanding of how mitochondrial 
variation within individual tumor cells, among cells within TME, or in the same cell types from different 
individuals influences tumorigenesis or progression. There is a lack in mechanistic framework to couple 
mitochondrial variation in cancer cells with certain phenotypic behaviors or how mitochondrial heterogeneity 
integrates with either common or unique processes of tumorigenesis overall. Our study will provide basic 
mechanistic insights into how cancer cell morphology and organization mediated by mitochondrial 
heterogeneity leads to specific phenotypic behaviors. 

G. PROJECT TIMELINE 
The sequence of studies will commence with the engineering of co-culture models, along with understanding 
the role of mitochondrial dynamics on tumor progression and drug resistance. Concurrently, we will optimize 
the process of extracting and identifying tumor cells from patient tumor samples we will be receiving from Dr. 
Cowan. Analysis of the co-cultures of these patient-derived cells will continue in year 2. Pilot funds will enable 
proof-of-concept studies to apply for NIH R01 funding (February and June 2016 deadlines) and DoD CDMRP 
for Breast cancer. 
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A. Personal Statement 
I have the appropriate training, experience, enthusiasm, leadership, and necessary resources to direct the 
proposed studies. I have a broad background and proven track record in the areas of tissue engineering, 
biomaterials, drug delivery, and cancer biology, and my current research aims to develop in situ models of 
tissues including liver in healthy and diseased state utilizing micro and macro scale technologies. My interest in 
developing such tissue mimics stems from my graduate and postdoctoral work, in which I engineered polymer 
based thin films for tissue engineering of liver, brain and cancer. In my current lab, we engineer in vitro models 
of tissues including cancer, liver, and brain in an effort to understand the role of the tissue microenvironment 
(physical attributes, cell-cell communication, and ligand density) on the underlying biology of healthy and 
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recreate the various components of the tissue microenvironment. These components include controlling the 
cell-cell interactions using patterned co-cultures and recreating the mechanical properties of tissues to provide 
a snapshot of physiologically relevant stages of the tissues in healthy and disease state. Since tissue function 
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photolithography and molding, to regulate the architecture of these platforms. Using this strategy we have 
developed in situ models of breast cancer, liver, and brain.  
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Role: PI 
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Liposome based Drug Delivery System       
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The major goal of this project is to develop liposome based drug delivery system for the treatment of 
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Location of Project: UNL 



                                    

 

Effort: 0.8 month 
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A.  Personal Statement 
I have the appropriate training, experience, enthusiasm, leadership, and necessary resources to direct the 
proposed research. I have a broad background and proven track record in the areas of yeast genetics, cell 
biology, and protein biochemistry, and my current research aims to determine the roles of mitochondrial quality 
control proteases in mitochondrial welfare and delineate their contribution to aging-associated clinical 
manifestations. My interest in molecular mechanisms of disease stems from my postdoctoral work, in which I 
used yeast models to address the mechanisms of mitochondria-associated genetic disorders and made 
significant progress in defining the early stages of cytochrome c oxidase (CcO) biogenesis and the molecular 
basis of diseases such as Leigh syndrome, infantile cardiomyopathy, and hereditary paraganglioma. Studies 
on the maturation of CcO redox sites revealed the involvement of Oma1 protease in the quality control of this 
key CcO assembly step. Recently, my group discovered that the protease Oma1 has a critical role in 
mitochondrial protein homeostasis and stress management. These findings led to novel research avenues, in 
which we use yeast and mammalian cell culture models to determine (1) the mechanisms of intramitochondrial 
heme trafficking in health and disease and (2) why the mitochondrial quality control proteases are essential for 
mitochondrial homeostasis and delineate their contribution to aging-associated complex diseases in humans. 

My research has been supported by the University of Nebraska-Lincoln as well as by grants from the NIH. I 
have substantial experience in successfully managing research projects and collaborating with other 
biomedical researchers and am thus well qualified to conduct the proposed studies. 
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Khalimonchuk, O. Franco, R. (2014) Non-toxic alpha-synuclein overexpression increases 
dopaminergic cell death induced by environmental copper exposure independent from its aggregation. 
Neurobiol. Disease pii: S0969-9961(14) 00364-7. (PMCID4459946). 
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Claypool, S.M., Lewis, R.E., Chan, S.S.L., Khalimonchuk, O. (2015) Metalloprotease OMA1 is 
involved in fine-tuning of mitochondrial bioenergetic function and respiratory supercomplex stability. 
Sci. Rep. 5, 13989. (PMCID4568518). 
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2011-Present Assistant Professor, Department of Biochemistry, University of Nebraska-Lincoln 
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2005-2008  Member, European Life Scientist Organization (ELSO) 
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2014- Present Member, American Heart Association/American Stroke Association (AHA/ASA) 
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2015 Reviewer, Federal Ministry of Education and Research (BMBF), Germany 

Honors 
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C.  Contribution to Science 
1. My early research was primarily focused on understanding how multi-protein complexes (e.g., 

respiratory chain enzymes) within the mitochondrial inner membrane are formed and maintained and 
how their erroneous biogenesis leads to disorders. This work provided key insights into the biogenesis 
and maintenance of respiratory chain complexes and the molecular basis of associated diseases, 
including Leigh syndrome, infantile cardiomyopathy, and hereditary paraganglioma.  
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assembly of cytochrome oxidase. J. Biol. Chem. 282:17442-17449. (PMC Journal – In Process). 
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Cremers, C.W.R.J., Schiffman, J.D., Bentz, B., Gygi, S.P., Winge, D.R., Kremer, H., Rutter, J. 
(2009) SDH5, a gene required for flavination of succinate dehydrogenase, is mutated in hereditary 
paraganglioma. Science 325:1139-1142. (PMC3881419). 

c. Khalimonchuk, O., Bestwick, M., Meunier, B., Watts, T.C., Winge, D.R. (2010) Formation of the 
redox cofactor centers during Cox1 maturation in yeast cytochrome oxidase. Mol. Cell. Biol. 
30:1004-1017. (PMCID2815561).  

d. Khalimonchuk, O., Kim, H., Watts, T., Perez-Martinez, X., Winge, D.R. (2012) Oligomerization of 
heme o synthase in cytochrome oxidase biogenesis is mediated by cytochrome oxidase assembly 
factor Coa2. J. Biol. Chem. 287:26715-26726, (PMCID3411010). 

2. My current research is a natural continuation of the previous studies that revealed a key cellular role of 
the Oma1 protease. These findings led to novel research avenues where my research team uses yeast 
and mammalian cell culture models to determine why the mitochondrial quality control proteases are 
essential for mitochondrial homeostasis and how their malfunction contributes to aging-associated 
diseases including cancer. 



a. Khalimonchuk, O., Jeong, M.Y., Watts, T., Ferris, E., Winge, D.R. (2012) Selective Oma1-
mediated  proteolysis of the Cox1 subunit of cytochrome oxidase in assembly mutants. J. Biol. 
Chem. 287:7289-7300. (PMCID3293553). 

b. Bohovych, I., Donaldson, G., Christianson, S., Zahayko, N., Khalimonchuk, O. (2014) Stress-
triggered activation of the metalloprotease Oma1 involves its C-terminal region and is important for 
mitochondrial stress protection in yeast. J. Biol. Chem. 289:13259-13272. (PMCID24648523). 

c. Anandhan, A., Rodriguez-Rocha, H., Zavala-Flores, L., Bohovych, I., Rochet, J.C., Lee, J., 
Khalimonchuk, O. Franco, R. (2014) Overexpression of alpha-synuclein at non-toxic levels 
increases dopaminergic cell death induced by copper exposure via modulation of protein 
degredation pathways. Neurobiol. Disease pii: S0969-9961(14)00364-7. (PMCID4459946). 

d. Bohovych, I., Fernandez, M.R., Rahn, J.J., Stakley, K.D., Bestman, J.E., Anandhan, A., Franco, R., 
Claypool, S.M., Lewis, R.E., Chan, S.S.L., Khalimonchuk, O. (2015) Metalloprotease OMA1 is 
involved in fine-tuning of mitochondrial bioenergetic function and respiratory supercomplex stability. 
Sci. Rep. 5, 13989. (PMCID4568518). 

 
Complete List of Published Work in MyBibliography (Total of 34 publications) 
http://www.ncbi.nlm.nih.gov/myncbi/collections/bibliography/47539645/?reload=publicURL 

D.  Research Support 
Ongoing Research Support 
NIH-NIGMS 1R01 GM108975  Khalimonchuk (PI)  09/05/2014 – 05/31/2019 
A Conserved Metalloprotease Required for Mitochondrial Maintenance and Protection 
The goal of this project is to define the mechanisms by which metalloprotease Oma1 contributes to damage 
sensing in stressed or aging cells.  
Role: PI 

NIH-NIGMS P30 GM103335  Becker (PI)      09/01/2012 – 07/31/2017 
Redox Biology Center 
The goal of this project is to build a nationally visible and internationally recognized program of excellence in 
redox biology that spans basic and applied sciences.  
Role: Program project leader  

Redox Biology Center Pilot Grant  Wilson (PI)   10/01/2013 – 09/30/2015 
Caenorhabditis elegans as Model System for Studying Mitochondrial Biology and Dysfunction  
The goal of this proposal is to introduce this organism to the Redox Biology Center (RBC) and to establish 
standard protocols for the study of redox processes and mitochondrial function in C. elegans that will benefit 
the research of multiple RBC-affiliated labs and facilitate collaborative grant proposals. 
Role: Co-investigator  
 
Completed Research Support 
American Heart Association 15SDG22450008  Khalimonchuk (PI)  01/01/2015 – 12/31/2019  
Molecular Bases of Heme a Biosynthesis, Trafficking and Associated Dysfunctions 
The goal of this project was to understand the mechanisms by which important heme cofactor is transported 
from the site of its synthesis to the respiratory enzyme that is absolutely critical for heart function.  
Role: PI (This award was relinquished due to the acceptance of NIH funding) 

University of Nebraska-Lincoln Jane R. Layman Award  Khalimonchuk (PI)  06/01/2013 – 05/31/2014 
Mechanisms of Mitochondrial Quality Control and Protection 
The goal of this project was to investigate the mechanisms by which conserved matalloprotease Oma1 senses 
damages and maintains mitochondrial protein homeostasis in the yeast Saccharomyces cerevisiae model. 
Role: PI 

American Heart Association 10POST4300044  Khalimonchuk (PI)  07/01/2010 – 06/30/2012  
Functional Analyses and Pathological States of Heme a Biosynthetic Enzymes 
The goal of this project was to investigate the catalysis and regulation of Cox10 and Cox15, which are 
enzymes involved in heme a biosyntheis.  
Role: PI  
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OTHER SUPPORT  
KHALIMONCHUK, Oleh 
ACTIVE 

1R01GM108975-01A1 (PI: Oleh Khalimonchuk)    10/01/2014 – 09/31/2019 1.00 calendar 
NIH/NIGMS         $273,189 direct 
A Conserved Metalloprotease Required for Mitochondrial Maintenance and Protection 
The goal of this study is to define the mechanisms by which metalloprotease Oma1 contributes to damage 
sensing in stressed or aging cells. The project aims to: (1) Define the mechanism of stress-triggered Oma1 
activation; and (2) Determine the net effects of Amyotrophic Lateral Sclerosis-associated mutations in Oma1 
on mitochondrial function.  

OVERLAP: None

P30 GM103335 (PI: Donald Becker; PL: Khalimonchuk)    9/01/2012 – 7/31/2017 1.00 calendar 
NIH/NIGMS         $20,000 direct 
Nebraska Redox Biology Center 

The major goal of this project is to build a nationally visible and internationally recognized program of 
excellence in redox biology that spans basic and applied sciences. The Center’s objectives are to enhance 
Nebraska’s biomedical research capacity by creating strategically linked infrastructure of strong research 
programs in redox biology and to mentor a cadre of talented junior faculty to independent success. 

OVERLAP: None 

RBC Pilot Grant (PI: Wilson, Co-Is: Khalimonchuk, Becker)  10/01/2013 – 09/30/2015  0.50 calendar 
Nebraska Redox Biology Center     $17,000 direct 
Caenorhabditis elegans as Model System for Studying Mitochondrial Biology and Dysfunction  

The goal of this proposal is to introduce this organism to the RBC and to establish standard protocols for the 
study of redox processes and mitochondrial function in C. elegans that will benefit the research of multiple 
RBC-affiliated labs and facilitate collaborative grant proposals. 

OVERLAP: None

Biomedical Research Seed Grant (PI: Becker, Co-Is: Khalimonchuk, Wilson)  01/03/2015 – 01/12/2016  
University of Nebraska-Lincoln      $17,000 direct   0.50 calendar  
Mitochondrial dysfunction in neurological disorders and health span  

The long term goal of this project is to provide molecular insights into how mitochondrial dysfunction 
contributes to the pathology of neurodegeneration and discover novel strategies for therapeutic intervention 
using the roundworm model system. 

OVERLAP: None 

PENDING 
1R01GM108975-01A1 (PI: Winge. Co-I: Khalimonchuk)   04/01/2016 – 03/31/2021 1.00 calendar 
NIH/NIGMS         $231,726 direct 
Hemylation of Mitochondrial Cytochrome Oxidase 

The goal of this proposal is to elucidate the mechanism through which heme A biosynthetic enzymes are 
activated by cytochrome c oxidase (CcO) biogenesis. The unifying theme in this grant is that defining the 
CcO assembly pathway in yeast will open up strategies to dissect the pathway in human cells and perhaps 
identify human specific assembly factors, some of which may be susceptibility genes for previously idiopathic 
CcO deficiency disorders. 

OVERLAP: None 



TITLE OF PROPOSAL
In situ Breast Cancer Models to Study the Interaction of Tumor Microenvironment and Mitochondria Dynamics in Regulating Disease Progression
BEGINNING AND ENDING DATES OF PROPOSED PROJECT Funds
Jan 2016-Dec 2016 Requested

From ACS
A. PRINCIPAL INVESTIGATOR
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
     1. ( ) POST DOCTORAL ASSOCIATES
     2. ( ) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.)
     3. (1) GRADUATE STUDENTS 23,000$       
     4. ( ) UNDERGRADUATE STUDENTS 5,000$         
     5. ( ) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY)
     6. ( ) OTHER
      TOTAL SALARIES AND WAGES (A+B) 28,000$       
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) 10,987$       
      TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A+B+C) 38,987$       
D. EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT.)
     1. __________________________________________________     $ ______________
     2. __________________________________________________     $ ______________
     3. __________________________________________________     $ ______________
     4. __________________________________________________     $ ______________
     5. __________________________________________________     $ ______________
      TOTAL EQUIPMENT -$                 
E. TRAVEL  1. DOMESTIC (INCLUDE CANADA, MEXICO, AND U.S. POSSESSIONS) 2,500$         
                       2. FOREIGN

F. PARTICIPANT SUPPORT COSTS
     1. STIPENDS               $ ________________________
     2. TRAVEL                  $ ________________________
     3. SUBSISTENCE       $ ________________________
     4. OTHER                   $ ________________________

      (   ) TOTAL PARTICIPANT COSTS -$                 
G. OTHER COSTS
     1. MATERIALS AND SUPPLIES 7,013$         
     2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION 1,500$         
     3. CONSULTANT SERVICES
     4. COMPUTER SERVICES
     5. OTHER
      TOTAL OTHER COSTS (1 THROUGH 5) 8,513$         
H. TOTAL COSTS (A THROUGH G) 50,000$       

Year 1
Fall 2015 American Cancer Society Institutinal Research Seed Grant

PROPOSAL BUDGET



 
BUDGET JUSTIFICATION PAGE 

The salaries are based upon institutional scales for the position and experience. Increases in subsequent 
years are calculated at 2%. The fringe benefit rates for professional employees with University of 
Nebraska-Lincoln appointments are calculated at 30% of salaries for Year 1 and Year 2. GRA benefits 
include tuition remission estimated at 41% of salary and health benefits estimated at $1,557 in Year 1. 
The actual cost of benefits for each person will be charged to the project. 

Personnel 
Steve Hayward, GRA, (effort = 5.88 calendar months) will be responsible for conducting the 
experiments and assisting in analyzing data. He is currently working on the proposed project as part of his 
PhD Thesis since Fall 2012. He will continue to work on this proposal and will interact with the PI on 
utilizing his quantitative data to interpret the results on biological samples. He will also be exposed to 
biological characterization methods for the proposed research.  

One Undergraduate:  Student will be hired at the Junior level for a two-year appointment including one 
summer.  They will work on projects related to routine bio-characterization and sample preparation. They 
will work in close collaboration with the GRA.  Salary for student: $5000/year 
Research Supplies 
Funds are requested for expendable supplies and for small equipment costing less than $5000, which is 
required for execution of the experiments detailed in the Research Plan.  

Lab supplies that will used only for this project                                               $1,013 
Gloves, glassware, plasticware, glass (microscope) slides, sample holders and containers, pH probes, 
micropipette tips, sample bottles, are some examples of supplies that will be utilized regularly in the lab. 
 
Cell culture media and supplies           $2,500 
Media for the cells, Microtiter plates for cell culture and cell based fluorescence assays employing 
primary neurons and astrocytes; Petri dishes, pipette tips, conventional tissue culture ware, centrifuge 
bottles and tubes 
 
Molecular Biology Reagents          $2,000 
Media supplements, antibodies, buffers and reagents for molecular biology, Oligonucleotides/Primers 
required for qRT-PCR analysis, Specialty Reagents, Chemicals including antibodies for 
immunochemistry. ELISA, western blots 
 
Core Analytical Services                 $1,500 
This includes imaging such as confocal microscopy, and bioinformatics cores.  

Publication costs (1,500 per year): Publication cost is requested for publishing our work in journals. 
Travel 
Funds of $2,500/year are requested to cover the costs for PIs and/or graduate student to attend one 
national conference (American Institute of Chemical Engineers Annual Conference, Biomedical 
Engineering Society Annual Conference or Gordon Conference on Engineered Extracellular Matrices). 
The estimated costs per person ($1,250) include airfare from Lincoln, NE to conference site ($500), hotel 
for 4 nights ($300), registration ($200), meal allowance ($200), and ground transportation ($50). Travel is 
estimated and will be charged to the project in accordance with University of Nebraska travel regulations. 
 
Consortium 

NA 
 




