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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.  

• Successful marking of ID8 cells
with Firefly luciferase has
permitted in vivo assessment of
ID8 sphere cell tumorigenicity
compared to attached cultures.
ID8 spheres are more
tumorigenic than attached ID8
cells, particularly at the cell dose
of 103 cells implanted
intraperitoneally per mouse.
Only one of 11 mice injected
with attached ID8 cells formed
tumors, but three of 10 mice
injected with the same dose of
ID8 spheres formed tumors.

• ID8 tumors and ascites have
been harvested from a large-
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scale in vivo experiment.  Characterization of the ALDH1high cells and tumor 
associated macrophages is still pending. 

• TAMs have been found to increase the numbers of ID8 sphere cells surviving
chemotherapy treatment, but do not reproducibly impact migration or invasion.

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

• Preliminary experiments found that the CSF1R inhibitor PLX5622 was less
effective at producing a therapeutic effect in ID8 models than the CSF1R inhibitor
GW2580.  Therefore, subsequent experiments used GS2580 instead.

• The combination of paclitaxel and GW2580 treatment in the in vivo ID8 model of
ovarian cancer proved superior to either monotherapy.  GW2580 alone and in
combination with paclitaxel reduced ascites volumes.  Combination therapy
reduced tumor weights relative to untreated and paclitaxel-treated mice.
Combination therapy, further, was the only treatment group to show reduction in
bioluminescence output by tumors relative to pretreatment values (4 out of 7
mice).  Immunohistochemical evaluation of resulting tumors from each treatment
group will be initiated immediately.
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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. 

• While regenerating the paclitaxel-resistant SKOV3 cell line, recent data was
brought to our attention that SKOV3 cells are not representative of human serous
ovarian carcinoma.  We have, therefore, ceased work with this cell line.

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. 

• OVCAR3 cells appear to overrepresent TICs, failing to leave adequate
differentiated cells for comparison.  Because we could not reliably validate the
TIC phenotype, work with these cells ceased as well.  We, therefore, initiated
work with the Kuramochi cell line in its place and successfully enriched for TICs
that are chemoresistant and have high expression of ovarian cancer stem cell
markers, like the sphere cells of the ID8 cell line.  Ongoing work indicates that
TAMs may similarly increase the number of Kuramochi TICs surviving
chemotherapy treatment, like in the ID8 model.
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• Optimization of the in vitro differentiation of human TAMs has been completed
showing similar expression patterns as isolated TAMs from primary ovarian
serous carcinoma and in vitro differentiated murine TAMs used for coculture
experiments presented above.
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Specific Aim 3a: To analyze pre- and post-treatment tumor specimen obtained from 
advanced EOC patients in a clinical trial of PLX3397 plus paclitaxel.  

• The samples for this analysis were never received.

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

• Implantation of tumor pieces into the ovarian bursa proved difficult to monitor the
tumor growth of.  We, therefore, have incorporated published culture conditions
for ovarian spheroid generation to maintain ovarian cancer cells in vitro long
enough to mark the cells with Firefly luciferase.  Mice implanted with these cells
are being monitored for tumor growth.

• We have successfully engrafted human tumor pieces onto the chicken
chorioallantoic membrane model as an alternative for tumor expansion.

Difficulty Encountered: 
• We never received samples from clinical trials with PLX3397, which has prevented

initiating Specific Aim 3a.
• Tumor engraftment has proven laborious and slow in murine models.  We have,

therefore, attempted engraftment using the chicken chorioallantoic membrane
model.

• Recent work has shown that SKOV3 cells to not reliably represent human ovarian
serous carcinoma.  We, therefore, abandoned work with this cell line.

• Recent work determined that OVCAR3 cells do not faithfully provide both TICs
and non-TIC ovarian cancer cells.  We, therefore, abandoned work with this cell
line.
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Key Research Accomplishments 

• Coculture experiments with in vitro differentiated macrophages have shown a
strong influence of TAMs on TIC chemoresistance.

• Combination therapy of CSF1R inhibition with paclitaxel shows reduced ascites
volume, tumor weight, and bioluminescence output versus pretreatment values.

• In vitro differentiation of human and mouse macrophages has been successfully
optimized.

Reportable Outcomes 

The engraftment of ovarian cancer cell lines and primary tumors into the chicken 
chorioallantoic membrane model was published by the Journal of Visualized Experiments 
in January 2020.  The findings regarding the impact of TAMs on TICs is anticipated for 
publication in early 2021. 

Sharrow AC, Ishihara M, Hu J, Kim IH, Wu L. Using the Chicken Chorioallantoic 
Membrane In Vivo Model to Study Gynecological and Urological Cancers. J Vis Exp. 
2020 Jan 28; (155), e60651. 

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.  Optimization of ID8 and Kuramochi TIC expansion and in 
vitro TAM differentiation have been completed, permitting in vitro and in vivo testing of 
this hypothesis with the ID8 model.  In vitro analysis of the Kuramochi cell line is 
ongoing.  In vitro experiments have showed increased chemoresistance in TICs 
cocultured with TAMs, supporting our hypothesis.  Furthermore, disrupting these 
interactions reduces ascites volume, tumor weight, and bioluminescence output relative to 
pretreatment values. 

References 

1. Siegel RL, Miller KD, and Jemal A. Cancer statistics, 2016. CA: A Cancer Journal
for Clinicians. 66(1): 7-30.

2. Howlader N, Noone A, Krapcho M, Garshell J, Miller D, Altekruse S, Kosary C,
Yu M, Ruhl J, Tatalovich Z, Mariotto A, Lewis D, Chen H, Feuer E, and Cronin K
(eds). SEER Cancer Statistics Review, 1975-2012. National Cancer Institute.
Bethesda, MD. http://seer.cancer.gov/csr/1975_2013/, based on November 2014
SEER data submission. Available from: [accessed October 5, 2015].

3. Lobo NA, Shimono Y, Qian D, and Clarke MF. The Biology of Cancer Stem Cells.
Annual Review of Cell and Developmental Biology. 23(1): 675-699.



10	

4. Gerber JM, Smith BD, Ngwang B, Zhang H, Vala MS, Morsberger L, Galkin S,
Collector MI, Perkins B, Levis MJ, Griffin CA, Sharkis SJ, Borowitz MJ, Karp JE,
and Jones RJ. A clinically relevant population of leukemic CD34+CD38- cells in
acute myeloid leukemia. Blood. April 12, 2012; 119(15): 3571-3577.

5. Silva IA, Bai S, McLean K, Yang K, Griffith K, Thomas D, Ginestier C, Johnston
C, Kueck A, Reynolds RK, Wicha MS, and Buckanovich RJ. Aldehyde
Dehydrogenase in Combination with CD133 Defines Angiogenic Ovarian Cancer
Stem Cells That Portend Poor Patient Survival. Cancer Research. June 1, 2011;
71(11): 3991-4001.

6. Wang Y-C, Yo Y-T, Lee H-Y, Liao Y-P, Chao T-K, Su P-H, and Lai H-C. ALDH1-
Bright Epithelial Ovarian Cancer Cells Are Associated with CD44 Expression,
Drug Resistance, and Poor Clinical Outcome. The American Journal of Pathology.
March 2012; 180(3): 1159-1169.

7. Abelson S, Shamai Y, Berger L, Shouval R, Skorecki K, and Tzukerman M.
Intratumoral Heterogeneity in the Self-Renewal and Tumorigenic Differentiation of
Ovarian Cancer. Stem Cells. March 2012; 30(3): 415-424.

8. Sharrow AC, Perkins B, Collector MI, Yu W, Simons BW, and Jones RJ.
Characterization of aldehyde dehydrogenase 1 high ovarian cancer cells: Towards
targeted stem cell therapy. Gynecologic Oncology. 8//; 142(2): 341-348.

9. Panni RZ, Sanford DE, Belt BA, Mitchem JB, Worley LA, Goetz BD, Mukherjee
P, Wang-Gillam A, Link DC, Denardo DG, Goedegebuure SP, and Linehan DC.
Tumor-induced STAT3 activation in monocytic myeloid-derived suppressor cells
enhances stemness and mesenchymal properties in human pancreatic cancer.
Cancer Immunology, Immunotherapy. May; 63(5): 513-28.

10. Jinushi M, Chiba S, Yoshiyama H, Masutomi K, Kinoshita I, Dosaka-Akita H,
Yagita H, Takaoka A, and Tahara H. Tumor-associated macrophages regulate
tumorigenicity and anticancer drug responses of cancer stem/initiating cells.
Proceedings of the National Academy of Sciences. 108(30): 12425-12430.

11. Schmid MC, Avraamides CJ, Foubert P, Shaked Y, Kang SW, Kerbel RS, and
Varner JA. Combined Blockade of Integrin-α4β1 Plus Cytokines SDF-1α or IL-1β
Potently Inhibits Tumor Inflammation and Growth. Cancer Research. 71(22): 6965-
6975.

12. Beatty GL, Chiorean EG, Fishman MP, Saboury B, Teitelbaum UR, Sun W, Huhn
RD, Song W, Li D, Sharp LL, Torigian DA, O’Dwyer PJ, and Vonderheide RH.
CD40 Agonists Alter Tumor Stroma and Show Efficacy Against Pancreatic
Carcinoma in Mice and Humans. Science. 331(6024): 1612-1616.

13. Zhang M, He Y, Sun X, Li Q, Wang W, Zhao A, and Di W. A high M1/M2 ratio of
tumor-associated macrophages is associated with extended survival in ovarian
cancer patients. Journal of Ovarian Research. 7(1): 19.

14. Mitchem JB, Brennan DJ, Knolhoff BL, Belt BA, Zhu Y, Sanford DE, Belaygorod
L, Carpenter D, Collins L, Piwnica-Worms D, Hewitt S, Udupi GM, Gallagher
WM, Wegner C, West BL, Wang-Gillam A, Goedegebuure P, Linehan DC, and
DeNardo DG. Targeting Tumor-Infiltrating Macrophages Decreases Tumor-
Initiating Cells, Relieves Immunosuppression, and Improves Chemotherapeutic
Responses. Cancer Research. February 1, 2013; 73(3): 1128-1141.



11	

Appendices 

None. 

Supporting Data 
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