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Introduction 

Many women with EOC show an initial response to chemotherapy, often achieving 
complete remission, but a majority of them will relapse1, 2. Such transient clinical 
response may be attributable, in part, to cancer stem cells, also referred to as tumor 
initiating cells (TICs). TICs are proposed to be a subpopulation of cancer cells with stem 
cell characteristics that allow them to resist chemotherapy and radiation treatment3, 4. It is 
hypothesized that these TICs persist after therapy and regrow the tumor, causing relapse 
and metastasis. Although direct evidence of this is limited, higher percentages of ovarian 
cancer TIC correlate with a poorer clinical outcome5, 6. Several different ovarian TIC 
markers have been proposed; however, work by our group and others indicates that high 
aldehyde dehydrogenase 1 activity (ALDH1high) may serve as a superior ovarian cancer 
stem cell marker5, 7, 8. Recent reports demonstrated reciprocal interactions between TAMs 
and TICs. Ovarian TICs can polarize naïve macrophages to the M2 phenotype9, 10. In 
other cancers, this recruitment of M2 TAMs supports the stem cell phenotype of TICs 
and expands their numbers11, 12. The M2 macrophages may protect ovarian TICs from 
chemotherapy treatment, which could have significant clinical implications13, 14. Our 
research showed that blocking TAMs can improve the outcome of conventional therapy, 
such as chemotherapy, by eliminating the pro-angiogenic and pro-immunosuppressive 
influences of the TAMs. An additional benefit of targeting TAMs could be weakening 
their support of TICs and their contribution to chemotherapy resistance. These intriguing 
crosstalks between TAMs and TICs in the treatment failure of EOC clearly warrants 
further investigation.   

Body 

Specific Aim 1a: To fully characterize the TIC, TAM and immune cell population in the 
original ID8 and ID8-CR model, in its primary tumor as well as metastatic lesions.  

- We found that sphere cultures
provided superior enrichment in
ALDH1high ID8 cells than
enrichment with paclitaxel
resistance (Figure 1A).
Adherent cultures routinely
show less than 1% ALDH1high

cells, as measured using the
Aldefluor reagent.  Sphere
cultures showed more than 65%
of cells with high Aldefluor
staining using stringent gating.
However, when comparing
staining with and without the
reversible inhibitor, DEAB, it
appears that the entire
population is actually shifted



5 

and Aldefluor high (Figure 1B).  We have decided to proceed using sphere 
formation to enrich for our TICs rather than paclitaxel resistance. 

- ALDH1high ID8 spheres are more resistant to paclitaxel than ALDH1low ID8
adherent cells (Figure 2).

- Firefly luciferase marked adherent and sphere cells have been implanted IP into
C57BL/6 mice to assess tumorigenicity.  These experiments are ongoing.

Specific Aim 1b: To assess the therapeutic effects of paclitaxel without and with CSF1R 
inhibition (PLX5622) in the ID8 models. 

- Completion of one pilot study showed technical difficulties with using Renilla
luciferase for our non-invasive bioluminescence imaging.  Therefore, we have
designed and generated a new lentivirus expression vector containing
mStrawberry and Firefly luciferase as a fusion protein.  ID8 cells have been
transduced to stably express our fusion reporter and sorted for mStrawberry+ cells.
To form more imageable primary tumors, we are also testing High Concentration
Matrigel instead of the standard formulation.  A pilot experiment is underway to
confirm that the technical modifications will permit more reliable
bioluminescence imaging and testing of therapeutic efficacy.

- To confirm the influence of TAMs on TIC tumor formation, we have adapted a
chick embryo model to test tumorigenicity in a more cost-effective manner.  We
have found that ID8 cells not enriched for TICs only engraft when co-implanted
with the murine macrophage cell line, RAW.

Specific Aim 2a: To investigate the influences of TAMs on TICs and therapeutic benefits 
of CSF1R inhibition in combination with paclitaxel in intraperitoneal disseminated 
human SKOV3 EOC model. 

- We have unfortunately identified mycoplasma contamination within the
paclitaxel-resistant SKOV3 cells for this study and are in the process of
regenerating the resistant line.
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Specific Aim 2b: To investigate the influences of TAMs on TICs and therapeutic benefits 
of CSF1R inhibition in combination with paclitaxel in intraperitoneal disseminated 
human OVCAR3 EOC model. 

- These experiments have not yet been initiated.  Will initiate this aim in 6-12 
months. 

 
Specific Aim 3a: To analyze pre- and post-treatment tumor specimen obtained from 
advanced EOC patients in a clinical trial of PLX3397 plus paclitaxel.  

- These experiments have not yet been initiated.  Will initiate this aim in 6-12 
months. 
 

Specific Aim 3b: To harvest and analyze malignant ascites from patients with high-grade 
serous ovarian cancers (HGSC) and establish new PDXs. 

- To improve engraftment likelihood, we have opted to implant tumor pieces from 
patients with high-grade serous carcinoma into immunocompromised mice.  We 
expect the preservation of the tumor microenvironment to better support tumor 
growth.  We have implanted tumor pieces onto the ovarian bursa of nude mice 
and subcutaneously into NSG mice.  We are currently monitoring these animals 
for tumor growth. 

- We have optimized tumor digestion conditions to permit flow cytometric cell 
sorting of high-grade serous ovarian tumors.   

- A sorting panel to isolate cancer cells (Figure 3A), TICS, TAMs (Figure 3B) and 
other immune cells has been designed and tested. 

 
 
Difficulty Encountered:  

- Several difficulties have been encountered that have hampered progress.   We 
observed week-to-week variability in Renilla luciferase bioluminescence imaging 
that hampered reliable assessment of therapeutic efficacy.  We subsequently 
designed a new expression vector to introduce Firefly luciferase into our cells.  The 
designing, cloning sorting and validation of this marker delayed progress by 
approximately 6 months. 

- It was determined that the paclitaxel-resistant SKOV3 cells that were provided by 
a collaborator were contaminated with mycoplasma.  The regeneration of a stable 
paclitaxel-resistant subline has delayed progress by approximately one year. 



7 
 

- The key researcher on this project, Dr. Allison Sharrow, celebrated the birth of a 
child and took maternity leave.  This delayed progress by four months.   

 
Key Research Accomplishments 
 

• We have reliably identified a superior method for enrichment of ALDH1high ID8 
cells and have confirmed the chemoresistance of these cells. 

• We have generated stably transduced ID8 and SKOV3 cells marked with 
mStrawberry and Firefly luciferase for more reliable in vivo bioluminescence 
imaging. 

• We can successfully obtain a single cell suspension from high-grade ovarian 
serous carcinoma as well as identify and sort relevant cell populations by flow 
cytometry for further characterization. 

• Tumor pieces from high-grade serous carcinoma can be implanted into nude and 
NSG mice for PDX generation. 

• Early findings point to an important role for TAMs in tumor formation. 
 

 
Reportable Outcomes 
 
None 
 
Conclusion 
 
We hypothesize that crosstalk between TAMs and TICs supports stem cell traits, 
especially chemoresistance and that disrupting these interactions may improve treatment 
outcomes in ovarian cancer.  We have made significant progress to overcome technical 
difficulties, which we anticipate will enable us to advance our understanding of this 
proposal.  We can readily enrich for TICs in vitro in the ID8 and SKOV3 cell lines, 
permitting direct studies of these cells and have verified their chemoresistance.  We have 
generated a new expression vector and successfully marked our cell lines with Firefly 
luciferase to permit more reliable in vivo bioluminescence imaging.  Our sorting panel 
has been optimized and verified, permitting direct study of TICs and TAMs from high-
grade serous carcinoma samples.  Furthermore, our approach for generating PDX has 
been optimized and we are awaiting tumor engraftment.  To more rapidly and cost-
effectively begin to address in vivo interactions between TAMs and TICs, we have 
developed a chicken chorioallantoic membrane implantation model.  Using this model, 
we have confirmed that TAMs do enhance the tumorigenicity of ovarian cancer cells and 
we are working to validate that this effect works through the tumorigenicity of TICs. 
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