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Abstract
Epithelial ovarian cancer is the most lethal type of gy-
necologic malignancy. Sixty percent of women who are 
diagnosed with ovarian cancer present with advanced-
stage disease that involves the peritoneal cavity and 
these patients have a 5-year survival rate of less than 
30%. For more than two decades, tumor-debulking 
surgery followed by platinum-taxane combination che-
motherapy has remained the conventional first-line 
treatment of ovarian cancer. Although the initial re-
sponse rate is 70%-80%, most patients with advanced-
stage ovarian cancer eventually relapse and succumb 
to recurrent chemoresistant disease. A number of mo-
lecular aberrations that drive tumor progression have 
been identified in ovarian cancer cells and intensive 
efforts have focused on developing therapeutic agents 
that target these aberrations. However, increasing evi-
dence indicates that reciprocal interactions between 
tumor cells and various types of stromal cells also play 
important roles in driving ovarian tumor progression 
and that these stromal cells represent attractive thera-
peutic targets. Unlike tumor cells, stromal cells within 
the tumor microenvironment are in general genetically 

stable and are therefore less likely to become resistant 
to therapy. This concise review discusses the biological 
significance of the cross-talk between ovarian cancer 
cells and three major types of stromal cells (endothelial 
cells, fibroblasts, macrophages) and the development 
of new-generation therapies that target the ovarian tu-
mor microenvironment. 
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Core tip: Despite advances in clinical management, 
advanced-stage ovarian cancer is still rarely cured by 
conventional chemotherapy. Substantial efforts have 
been directed to developing new therapies that target 
ovarian cancer cells. However, recent studies have re-
vealed important roles of a variety of stromal cells in 
driving the aggressive behavior of ovarian cancer. Here, 
we discuss: (1) the significance of three major types 
of stromal cells in the progression of ovarian cancer; 
(2) how receptor/ligand-mediated interactions between 
ovarian cancer cells and stromal cells serve as focal 
points for therapeutic intervention; and (3) key exam-
ples of new-generation agents that target stromal cells.
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INTRODUCTION
Epithelial ovarian cancer is the fifth leading cause of  
cancer death in women and the most lethal form of  gy-
necologic malignancy[1]. The high morbidity and mortality 
caused by ovarian cancer primarily stems from late diag-
nosis. Sixty percent of  women who are diagnosed with 
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ovarian cancer present with extensive peritoneal carcino-
matosis and these patients have a 5-year survival rate of  
less than 30%[1]. For more than 20 years, tumor-debulking 
surgery followed by platinum-taxane combination chemo-
therapy has remained the standard first-line treatment[2]. 

Although the initial response rate is 70%-80%, most pa-
tients with advanced-stage ovarian cancer relapse within 
18 mo and eventually die from the disease[2]. Substantial 
efforts have been directed to developing new-generation 
agents that target functionally relevant molecular aberra-
tions in ovarian cancer cells[3]. Inhibitors of  poly (ADP-
ribose) polymerase, a DNA repair enzyme, have been 
undergoing clinical trials in patients with BRCA-deficient 
ovarian cancer and have attracted considerable atten-
tion[4]. In addition to agents that target pathways in ovar-
ian cancer cells, agents that target the tumor vasculature 
have been the focus of  intensive clinical investigation[5,6]. 
Increasing evidence indicates that ovarian tumor progres-
sion is driven not only by dynamic interplay between 
tumor cells and endothelial cells but also by other types 
of  stromal cells that are “educated” by tumors to acquire 
properties that are permissive for tumor growth. In this 
article, we provide an overview of  the cross-talk between 
ovarian cancer cells, endothelial cells and two other key 
constituents of  the tumor microenvironment, specifically, 
fibroblasts and macrophages, and discuss examples of  
clinically used and emerging experimental agents that tar-
get these stromal cells.

ENDOTHELIAL CELLS
Of  the cell types that comprise the ovarian tumor mi-
croenvironment, the endothelial cell has been the most 
extensively studied in terms of  its clinical significance. 
A number of  independent studies have identified that 

increased tumor angiogenesis as manifested by high mi-
crovessel density is predictive of  poor outcomes in ovar-
ian cancer patients[7-9]. Angiogenesis is a dynamic process 
that involves the recruitment of  endothelial progenitors, 
growth and maturation of  endothelial cells and vessel 
formation, and is orchestrated by a repertoire of  pro-
angiogenic and anti-angiogenic factors[10,11]. Key pro-an-
giogenic factors include the vascular endothelial growth 
factors (VEGF), platelet-derived growth factor (PDGF), 
fibroblast growth factor-2 (FGF-2), angiopoietin, inter-
leukin (IL)-6 and IL-8. Of  these factors, VEGF-A has 
emerged as the predominant pro-angiogenic factor that 
is highly expressed in ovarian cancers[5,6]. VEGF-A has 
also been identified to be the causative factor of  ascites 
formation by inducing vascular permeability[12].

Intensive clinical efforts have focused on evaluating 
agents that inhibit VEGF signaling. These agents fall into 
two categories: (1) those that inhibit the ligand; and (2) 
those that inhibit tyrosine kinase activity of  the VEGF 
receptors (VEGFR) (Figure 1). Of  the former group, be-
vacizumab has been the most extensively evaluated agent 
in ovarian cancer. Bevacizumab is a humanized monoclo-
nal antibody (mAb) that neutralizes all forms of  VEGF 
and was originally Food and Drug Administration-
approved in 2004 for treatment of  metastatic colorectal 
cancer. Bevacizumab has been evaluated as a single agent 
in the treatment of  patients with recurrent ovarian cancer 
in two pivotal phase II trials. In one of  these studies (AVF 
2949g), the response rate was 15.9% and median overall 
survival (OS) was 10.7 mo[13]. This study was terminated 
early due to a high rate of  gastrointestinal perforations (5 
of  44 patients, 11.4%). In the other study [Gynecologic 
Oncology Group (GOG) 170D], the response rate was 
21.0%, median OS was 16.9 mo, and no bowel perfora-
tions were observed[14]. One possible explanation for 
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Figure 1  Therapeutic strategies to target the tumor 
microenvironment. Shown are examples of different 
strategies and agents that inhibit the regulation of a spe-
cific type of stromal cell or its functional properties. Sev-
eral of these agents are in clinical use, whereas others 
are at different stages of clinical development. VEGF: 
Vascular endothelial growth factors; TAMs: Tumor-
associated macrophages; CAFs: Cancer-associated 
fibroblasts; TGF-β: Transforming growth factor-β; FAP: 
Fibroblast activation protein; CCL2: chemokine (C-C 
motif) ligand 2; VEGFR: Vascular endothelial growth fac-
tor receptor.
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the differences in results of  these trials is that the GOG 
study was limited to patients who had received no more 
than two prior lines of  therapy, whereas 21 of  the 44 pa-
tients in the AVF 2949g study (including the five patients 
who developed bowel perforations) had received three 
prior regimens. Bevacizumab has also been evaluated in 
combination with carboplatin and paclitaxel. In the first-
line setting, two phase III trials (GOG 218 and ICON7) 
reported that progression-free survival (PFS) was in-
creased (by 3.8 and 1.7 mo, respectively) with the com-
bination of  bevacizumab and standard chemotherapy 
followed by bevacizumab maintenance, as compared to 
standard chemotherapy alone[15,16]. In the recurrent set-
ting, two other phase III studies have found that PFS was 
increased by approximately 3.6 mo when bevacizumab 
was combined with standard chemotherapy[17,18]. Another 
ligand-inhibitory agent is aflibercept, a fusion protein that 
acts as a soluble VEGFR decoy. In a phase Ⅱ study of  
aflibercept in patients with recurrent ovarian cancer, the 
rate of  gastrointestinal perforations was found to be low 
(1.4%) but the primary endpoint of  a response rate of  
greater than 5% was not achieved[19]. 

Tyrosine kinase inhibitors (TKIs) represent another 
important class of  anti-angiogenic agents. Sorafenib is an 
oral multi-kinase inhibitor that targets several receptor ty-
rosine kinases including VEGFR-2, VEGFR-3, platelet-
derived growth factor receptor-β (PDGFR-β) and c-kit, 
and also the RAF family of  serine/threonine kinases[20]. 
In a phase Ⅱ trial of  sorafenib monotherapy in patients 
with recurrent ovarian cancer, two of  the 59 evaluable 
patients had partial responses whereas 20 had stable dis-
ease and 30 had progressive disease[21]. Another phase Ⅱ 
study found that sorafenib did not improve efficacy of  
first-line carboplatin/paclitaxel treatment and resulted in 
additional toxicity[22]. Several TKIs that inhibit all three 
VEGFRs and both PDGFRs have been developed such 
as sunitinib, cediranib and pazopanib. Sunitinib has been 
found to have only modest activity as a single agent in 
patients with recurrent ovarian cancer[23,24]. Clinical trials 
are ongoing to evaluate cediranib[25] for treatment of  re-
current ovarian cancer and pazopanib[26] as maintenance 
therapy for patients in remission following first-line plati-
num-taxane chemotherapy.

CANCER-ASSOCIATED FIBROBLASTS 
Cancer-associated fibroblasts (CAFs) constitute the cellu-
lar fibrotic component of  the tumor stroma that is com-
monly described as “reactive” or desmoplastic stroma. 
CAFs are often distinguished from normal quiescent 
fibroblasts by their expression of  markers of  myofi-
broblasts and activated fibroblasts such as a-smooth 
muscle actin (aSMA) and fibroblast activation protein 
(FAP)[27,28]. CAFs derive from multiple cell types. Two 
important sources are mesenchymal stem cells (MSCs) 
and tissue-resident fibroblasts. MSCs are abundant in 
white adipose tissues such as the omentum[29], the most 
commonly involved site in ovarian cancer. It has been 
demonstrated that ovarian cancer cell-derived factors, 

such as transforming growth factor-β (TGF-β) and lyso-
phosphatidic acid, induce normal omental fibroblasts and 
adipose MSCs to acquire features of  CAFs[30,31]. Studies 
of  other types of  tumors have shown that CAFs can 
also derive from bone marrow MSCs that are recruited 
to tumors[32,33]. There is evidence in breast cancer that 
some CAFs derive from tumor cells that have undergone 
epithelial-to-mesenchymal transition[34]. However, a study 
of  ovarian cancer xenograft models found that stromal 
αSMA+ cells did not derive from tumor cells, suggest-
ing that ovarian cancer cells are not a major source of  
CAFs[31]. 

Substantial evidence indicates that CAFs contribute 
to poor survival of  cancer patients by promoting tumor 
cell proliferation, angiogenesis and metastasis[27,28]. In a 
study of  gene expression profiles of  clinical specimens 
of  ovarian cancer, Tothill et al[35] identified that the sub-
set of  cases with the poorest outcomes was character-
ized by a desmoplastic gene signature. As compared to 
normal omental fibroblasts, CAFs more highly express 
IL-6, chemokine (C-X-C motif) ligand 12 (CXCL12) and 
VEGF-A, and are more effective in stimulating growth 
of  ovarian cancer cells and endothelial cells[31]. The abun-
dance of  CAFs in ovarian cancers has been found to 
correlate with microvessel density[36]. CAFs also highly 
express TGF-β, matrix metalloproteinases (MMPs) and 
numerous extracellular matrix proteins[27,28], and stimu-
late invasiveness of  ovarian cancer cells[36]. Furthermore, 
McLean and colleagues identified that propagating ovar-
ian cancer cells with MSCs derived from ovarian cancer 
specimens increased the number of  cancer stem cells[37]. 
These findings suggest that another mechanism by which 
CAFs drive tumorigenesis is by expanding the sub-popu-
lation of  tumor-initiating cells.

Given the profound negative impact of  CAFs on 
outcomes, there have been intensive efforts to develop 
strategies to target this cell population (Figure 1). Several 
approaches to inhibit CAFs have been directed to target-
ing FAP. A humanized mAb to FAP has been found to 
be well-tolerated, but failed to show efficacy in a clinical 
trial of  patients with metastatic colorectal cancer[38]. In a 
preclinical study, a DNA vaccine against FAP inhibited 
tumor growth and increased survival in a mouse colon 
cancer model[39]. A study by Brennen and colleagues ex-
ploited both the expression of  FAP on CAFs and its pro-
teolytic activity. These authors generated a prodrug that 
consisted of  a FAP-specific peptide coupled to a thapsi-
gargin analog as the cytotoxic moiety, and demonstrated 
that the compound induced stromal cell death and inhib-
ited growth of  breast and prostate tumor xenografts[40]. 
Another potential approach to inhibit CAFs is to prevent 
normal MSCs and fibroblasts from transitioning into 
CAFs by blocking TGF-β signaling. A number of  agents 
that inhibit TGF-β signaling have been developed includ-
ing TGF-β-ligand traps, TGF-β antisense oligonucle-
otides and small molecule inhibitors of  the TGF-β type 
I receptor kinase, and several of  these agents have been 
evaluated in clinical trials[41,42]. The utility of  TGF-β in-
hibitors has been little-explored in ovarian cancer. In one 
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study, treatment of  mice with the TGF-β type Ⅰ receptor 
inhibitor A83-01 reduced the fibrotic component of  
ovarian tumor xenografts but did not increase survival 
times[43]. Unlike TGF-β, PDGF does not induce myo-
fibroblastic differentiation but instead stimulates fibro-
blasts to produce mitogenic factors for tumor cells and 
pro-angiogenic factors. Blockade of  PDGFR signaling 
in a mouse model of  cervical cancer has been found to 
inhibit tumor growth and angiogenesis in part by inhibit-
ing FGF-2 production by CAFs[44]. As discussed earlier, 
several TKIs that block VEGFR signaling also inhibit the 
PDGFRs. The impact of  these TKIs on the desmoplastic 
stroma warrants further study as the PDGFRs are often 
highly expressed in CAFs.

TUMOR-ASSOCIATED MACROPHAGES
Macrophages are normally present in the peritoneal 
cavity of  healthy women and are abundant in ascites 
of  ovarian cancer patients[45]. Tumor-associated macro-
phages (TAMs) are the major immune component of  
the tumor stroma[46,47]. Macrophages exhibit polarized 
phenotypes in response to different microenvironmental 
cues. Macrophages that are stimulated with microbial 
agents and interferon-γ exhibit an immunostimulatory 
M1 phenotype. In contrast, TAMs exhibit an immuno-
suppressive M2 macrophage phenotype[46,47]. Polarization 
of  macrophages towards an M2 phenotype is induced 
by stimulation with various cytokines such as IL-6, IL-10 
and leukemia inhibitory factor (LIF) that are present at 
elevated levels in ascites of  ovarian cancer patients[48,49]. 
Chemokine (C-C motif) ligand 2 (CCL2) and TGF-β2 are 
also expressed in ovarian cancer cells and in CAFs, and 
these ligands have been recently shown to induce normal 
peritoneal macrophages to acquire an M2 phenotype[50]. 
CCL2 is also a key chemotactic factor that is responsible 
for macrophage infiltration into tumors[47].  

TAMS are strongly associated with poor outcomes 
in cancer patients[46]. A principal mechanism by which 
TAMs promote tumor progression is by suppressing 
adaptive immunity. The M2 macrophage phenotype is 
characterized by high expression of  immunosuppres-
sive cytokines and chemokines such as CCL17, CCL18, 
CCL22, IL-10 and TGF-β1[47]. IL-10 and TGF-β1 in-
hibit T cell proliferation and dendritic cell maturation[47]. 
CCL18 induces naïve T cell anergy and has been identi-
fied to be the most abundant chemokine present in ovar-
ian cancer patient ascites[51]. CCL17 and CCL22 promote 
recruitment of  T regulatory cells (Treg) cells[52,53]. Treg 
cells suppress activity of  effector T cells and have been 
found to promote ovarian tumor growth and to be pre-
dictive of  poor survival in ovarian cancer patients[52]. 
In addition to expressing factors that suppress adaptive 
immunity, TAMs express MMPs, VEGF-A and other 
growth factors that stimulate metastasis and angiogen-
esis[46,47]. Depletion of  peritoneal macrophages has been 
found to inhibit ascites and peritoneal spread of  ovarian 
cancer in xenograft models[54].

The recruitment of  macrophages and their polariza-

tion towards a tumor-promoting M2 phenotype represent 
two candidate focal points for therapeutic intervention 
(Figure 1). Several approaches have been identified that 
“re-educate” TAMs towards a more tumoricidal M1 
phenotype. Inhibition of  the colony stimulating fac-
tor-1 receptor has been found to inhibit M2 macrophage 
polarization and to block glioma progression in animal 
models[55]. Inhibition of  nuclear factor kB signaling in 
TAMs also induced an M2-to-M1 switch, increased tu-
moricidal activity of  macrophages and led to regression 
of  ovarian tumor xenografts[56]. Activation of  CD40, a 
member of  the tumor necrosis factor receptor super-
family, induced tumoricidal activity of  macrophages in 
mouse models of  pancreatic adenocarcinoma[57]. The 
combination of  agonistic CD40 mAb and gemcitabine 
chemotherapy has been found to be well-tolerated and 
to have anti-tumor activity in a phase Ⅰ study of  patients 
with advanced pancreatic adenocarcinoma[58]. Zoledronic 
acid is clinically used to prevent bone fractures and also 
impairs M2 polarization of  macrophages[59]. CCL2 is an 
attractive target because of  its ability to stimulate mono-
cyte chemotaxis as well as M2 polarization. Neutralization 
of  CCL2 induced regression of  prostate cancer xeno-
grafts[60]. A mAb to CCL2 has recently undergone clinical 
evaluation[61]. Bindarit, an anti-inflammatory compound 
that inhibits CCL2 synthesis, has been found to inhibit 
growth of  breast and prostate tumor xenografts[62]. Tra-
bectedin is an alkaloid that binds the minor groove of  
DNA and disrupts the cell cycle[63]. In a phase Ⅲ study 
of  patients with recurrent ovarian cancer, the combina-
tion of  Trabectedin and pegylated liposomal doxorubicin 
(PLD) was found to increase PFS by 1.5 mo as compared 
to PLD alone[64]. Trabectedin also inhibits production of  
CCL2 and IL-6 and inhibits the differentiation of  mono-
cytes into macrophages[65]. Germano et al[66] recently dem-
onstrated the selective toxicity of  Trabectedin for macro-
phages in xenograft models of  ovarian cancer and several 
other solid tumors. In another recent study, Cieslewicz et 
al[67] identified a peptide (M2pep) that selectively binds 
to M2 macrophages. Administration of  a fusion peptide 
comprising M2pep and a proapoptotic moiety improved 
survival rates of  xenograft-bearing mice[67], raising the 
possibility that the M2pep peptide could be used as a ve-
hicle for delivering cytotoxic agents to TAMs. 

CONCLUSION
Over the past decade, a wealth of  insight has been gained 
into the biology of  ovarian cancer, the fertile nature of  
the peritoneal cavity for carcinomatosis, and the com-
plex networks of  receptor/ligand-mediated interactions 
between tumor cells and stromal cells. Several of  the key 
receptors and ligands serve as molecular targets against 
which new-generation therapeutic agents have been de-
veloped and evaluated. Although several studies have 
yielded promising results, the efficacy of  most stromal-
targeting drugs as single agents seems limited. Several 
challenges remain such as identifying the most effective 
combinations of  these drugs with conventional chemo-
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therapy or with other targeted therapies, minimizing tox-
icity, and determining the appropriate clinical setting for 
their use. 
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