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Abstract
Ovarian cancer (OC) is associated with poor outcomes and challenges scientists and clinicians. It is usually 
diagnosed in advanced stages when it is frequently aggressive, chemoresistant, and metastatic. The most prevalent 
form of OC is epithelial ovarian cancer (EOC), which displays significant heterogeneity, enhancing the difficulty in 
managing the disease. Several factors have been associated with the disease’s development and progression, 
especially those related to the tumor microenvironment (TME). Here, we highlight components of the ovarian TME 
in the disease development process, including pro-inflammatory pathways activated by interleukins, cytokines and 
chemokines, cancer-associated fibroblasts, tumor-associated macrophages, and epithelial-mesenchymal 
transition. We compiled evidence identifying TME factors promoting the development, chemoresistance, and 
metastasis, including cytokines, chemokines, growth factors, and tumor-associated cells. We identify potential 
targets for treatment and improving outcomes. These targets block or alter pathways associated with OC 
(especially EOC) progression.

https://creativecommons.org/licenses/by/4.0/
https://jcmtjournal.com/
https://dx.doi.org/10.20517/2394-4722.2022.91
crossmark.crossref.org/dialog/?doi=10.20517/2394-4722.2022.91&domain=pdf


Page 2 of Souza et al. J Cancer Metastasis Treat 2023;9:3 https://dx.doi.org/10.20517/2394-4722.2022.9114

Keywords: CAFs, interleukins, ovarian cancer, TAMs, tumor microenvironment

INTRODUCTION
Epidemiological data on ovarian cancer (OC) reveals that it ranks fifth among cancer deaths in women[1,2] 
and is the most common cause of gynecologically-related cancer deaths[1,3]. The five-year survival rate is 
below 45%[4]. The poor outcomes are due, in part, to the absence of early symptoms, the lack of tests for 
early stages, and the absence of effective treatments[3,5]. Consequently, 70% of tumors are metastatic in the 
advanced stages (III or IV) but not in the initial phases (I or II) when the survival rates are 90%[3,5].

There were an estimated 19,880 new OC cases in the US in 2022, and about 12,810 women likely died[1]. OC 
primarily affects older women, with almost half diagnosed at 63 years old or older[1,6].

Epithelial ovarian cancer (EOC) accounts for 90% of OCs[7]. EOC can be classified according to 
morphological categories based on cellular, immunologic, and molecular profiles. These include high-grade 
serous ovarian carcinoma (HGSOC), low-grade serous ovarian carcinoma, mucinous ovarian carcinoma 
(MOC), endometrioid carcinoma (EC), and clear-cell carcinoma (CCC)[8]. EOC are subclassified according 
to heterogeneous molecular, cellular, and spatial pathology[7,9] as types I and II tumors[10]. Type I tumors are 
not as lethal as type II. They present a relatively normal karyotype, lower grade, higher frequency of 
mutations in the Ras signaling pathway, and (usually) no p53 or BRCA mutations. By contrast, type II EOC 
are typically invasive high-grade tumors associated with fatal outcomes. They comprise BRCA dysfunctions 
and mutations in p53, in addition to changes in DNA copy number[3,11]. Unfortunately, HGSOC accounts 
for 75% of all diagnosed EOC[9,12]. The literature suggests that most serous ovarian carcinomas (SOCs) 
originate from the fallopian tube epithelium, while endometriosis is likely the origin of EC and CCC[13,14]. 
MOC's origin is not fully understood; however, recent evidence suggests it arises from benign and 
borderline precursors in the ovary[15].

Despite its heterogeneity, all OC management involves cytoreductive surgery followed by chemotherapy 
combining platinum derivatives (e.g., cisplatin or carboplatin) and taxane derivatives (e.g., paclitaxel or 
docetaxel)[16,17]. Despite initial satisfactory responses of the disease to this treatment, most OCs relapse as an 
aggressive and chemoresistant disease[13,16]. These findings drive the discovery of unknown cellular and 
molecular aspects of OC development and progression.

In recent years, inflammation has emerged as a critical pathway in acquiring chemoresistant phenotype by 
cancer cells, including OC[18]. The acquisition of chemoresistant phenotype by OC cells and metastasis 
occurrence is associated with an intense inflammatory process that accompanies disease progression[18,19-21], 
as it modulates the tumor microenvironment (TME)[18].

TME is the niche where primary or metastatic tumors interact with stromal, immune, and endothelial cells, 
including fibroblasts and their metabolites[22]. The OC TME is exceptionally complex, comprising cells from 
the ovary, ascites fluid cells, omentum, and peritoneum[23]. In recent years, it has been shown that TME 
components are of great importance in carcinogenesis and chemoresistance, in addition to presenting a 
fundamental role in metastasis[24-27]. In this context, some TME cells, especially tumor-associated fibroblasts 
(CAFs), tumor-associated macrophages (TAMs), and tumor-associated neutrophils, play pivotal roles in 
OC progression[28-30], especially in HGSOC[29,30]. Because of the role of various components of TME 
associated with OCs progression and metastasis, the current review collected the most current knowledge in 
the field to address alternatives for OC treatment.
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PRO-INFLAMMATORY COMPONENTS AS TME REGULATORS
Cytokines are pro-inflammatory or anti-inflammatory components that modulate the immune system 
response. Thus, they are essential for the positive and negative stimulation of normal inflammatory 
processes[31]. In cancer, this strategy stimulates immune cells that positively ensure tumor protection or 
stimulate anti-tumor immunity[32,33]. Hence, inflammation and its mediators (e.g., interleukins) are directly 
involved in EOC development, metastasis, and chemoresistance[21,34].

Compared to normal ovarian tissues, OC secretes large amounts of interleukin-6 (IL-6), and high levels of 
this cytokine have been linked to OC growth, proliferation[35,36], and chemoresistance[37]. In a post-
neoadjuvant chemotherapy sample, IL-6 was highly overexpressed and correlated with recurrence time, 
suggesting it may participate in immune TME modification[38]. Furthermore, IL-6 promotes survival and 
metastasis, as it regulates macrophage infiltration to ovarian tumors, supporting its role in maintaining a 
favorable TME for cancer progression[39,40]. Another essential protein, interleukin-34 (IL-34), modulates OC 
progression by promoting macrophage colony formation, which directly alters innate immunity and 
inflammation[41]. IL-34 is associated with growth, proliferation, and metastasis and may participate in 
chemoresistance because it is overexpressed following chemotherapy exposure[42]. Serum IL-6 and 
interleukins 8 (IL-8) and 10 (IL-10) were identified in advanced OC patients at significantly higher levels 
than in early-stage OC patients. This finding suggests a critical role of these cytokines in malignancy 
progression[43]. IL-8 has also been associated with autophagy downregulation and migration upregulation of 
OC cell lines[44]. In addition to immune system cell stimulation, cytokines act as guides to specific regions. 
Thus, they are called inflammatory chemokines[45].

Inflammatory chemokines (CC) are protein ligands that have a chemotactic role in inflammation[46,47]. In 
addition to attraction and repellent properties, chemokines regulate communication among immune system 
cells[47,48]. Many CC subfamilies of chemokine ligands (CCL) and motif chemokine ligands (CXCL) were 
found at high levels in various OC tissues and cells[49]. As suggested by Hornburg et al., CXCL pathways 
(CXCL16-CXCR6 and CXCL12/14-CXCR4) are potential mediators of immune cell tumor infiltration[50]. 
Inflammatory chemokines, CCL2, CCL3, and CCL5, recruited to the tumor site monocytes exercise pro- or 
anti-tumoral roles after differentiating into TAMs. CCL2 also promotes tumor angiogenesis and endothelial 
cell survival[51]. The CC chemokine receptor type 6 (CCR6) in epithelial tissue is responsible for the 
recruitment of dendritic cells (DCs) to the cancer milieu[52], as observed with CCL5 as well[51]. In OC, CCR6 
is associated with poor disease outcomes, as high levels of this receptor appear to contribute to tumor cell 
migration[53]. CC 7 chemokine ligand (CCL7) is typically associated with macrophage and eosinophil 
recruitment[54]. Jeong et al. observed that OC cell lines (A2780 and OVCAR-3) stimulated CCL7 production 
in macrophages that started to act in the TME, promoting metastasis in both cell lines[55]. CC chemokine 
receptor 1 (CCR1) is typically associated with monocyte recruitment; however, it is overexpressed in OC 
compared to normal tissue. Interestingly, increased CCR1 expression occurred in the omentum, where 
metastasis often occurs[56]. Table 1 shows examples of the relationship between these molecules and OC 
progression.

It should be noted that high expression levels of these chemokines in cancer cells help assemble immune 
system cells and stimulate them to cooperate with the metastasis process while modulating TME functions, 
thereby facilitating cancer progression[57,58]. Figure 1 represents some aspects of the ovarian TME.

CAFs
Conversion of normal fibroblasts in CAFs
Fibroblasts are cellular types that differ in origin and have distinct functions and anatomical locations when 
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Table 1. Role of interleukins and chemokines in the OC’s progression

Interleukins

IL-6 ● OC cell growth and proliferation[37,38] 
● Survival and metastasis, regulating macrophage infiltration to OC, supporting the maintenance of a favorable TME for 
cancer progression[41,42]

IL-6, IL-8 e IL-10 ● Found in the serum of advanced OC patients at significantly higher levels than samples of early-stage OC patients, with 
a role in progression[45]

IL-8 ● Autophagy downregulation and migration upregulation of OC cell lines[46]

IL-34 ● Promotes macrophage colony formation, which directly impacts innate immunity and inflammation, causing OC 
progression[43] 
● Related to OC’s increased growth, proliferation, and metastasis, and overexpressed after cancer cells exposition to 
chemotherapy[44]

Chemokine ligands

CCL2 ● Promotes tumor angiogenesis and endothelial cell survival[53]

CCL5 ● Recruitment of DCs to the cancer medium[53]

CCL2, CCL3, and 
CCL5

● Recruits at the tumor site monocytes that exercise pro- or anti-tumoral roles after differentiating into TAMs[53]

CCL7 ● OC cell lines (A2780 and OVCAR-3) stimulated CCL7 production in macrophages that started in the TME, promoting 
metastasis[57]

CCL20 ● High expression in TAMs positively related to metastasis in clinical OC samples[61]

Chemokine 
receptors

CCR1 ● Normally associated with monocyte recruitment, it is overexpressed in OC compared to normal tissue[58]

CCR6 ● Present in epithelial tissue and is responsible for the recruitment of DCs to the cancer milieu[54] 
●In OC, it is associated with poor outcomes disease since high levels seem to contribute to tumor cell migration[55]

compared to epithelial cells (for example)[59]. They are present in the peritoneal cavity as a monolayer of 
mesothelial cells (MCs) lining the connective tissue with adipocytes and immune system cells[60]. In normal 
ovarian tissue, fibroblasts produce collagen to maintain the extracellular matrix, thereby participating in 
tissue homeostasis[61]. Tumor-associated fibroblasts derive from reprogrammed healthy fibroblasts or 
resident mesenchymal stem cells. The literature suggests that CAFs are a complex and heterogeneous 
population of cells[62] derived from various cell types. Definitive proof of cell origin is lacking and is based 
on lineage-tracing experiments[63]. Pro- and anti-tumor functions of CAFs (corroborating the information 
above) derive from subclassifications of CAFs, each with distinct characteristics[64,65]. In OC, subtypes CAF-
S1, S2, S3, and S4 have been found in TME when the markers fibroblast activation protein (FAP), CD29 
(integrin-β1), smooth muscle α-actin, fibroblast-specific protein 1, platelet-derived growth factor receptor-β, 
and caveolin 1 were analyzed[66].

In cancerous tissues, tumor cells influence the TME, and due to this characteristic, MCs are transformed 
into CAFs via mesothelial-mesenchymal transition during metastasis[67,68]. At this stage, MCs undergo major 
genetic reprogramming, culminating in acquiring a phenotype similar to that of CAFs. Several promoting 
stimuli are needed to trigger the change in MCs; however, transforming pro-fibrotic growth factor β1 (TGF-
β1) is considered a critical factor in this process[69]. In response to TGF-β1, receptor-mediated signaling 
activates a complex network of cellular signaling pathways, including phosphatidylinositol 3-kinase/protein 
kinase B, nuclear factor kappa B), mitogen-activated protein kinase), c-Jun N-terminal kinase, and TGF-β- 
activated kinase 1[70].

During transformation, MCs lose their apical-basolateral polarity and dissociate from the peritoneal 
monolayer while reorganizing their actin cytoskeleton. MCs then acquire the properties of migration and 
invasion[71,72]. After mesothelial monolayer destruction, advancing already modified MCs to peritoneum 
deeper layers makes interaction with cancer cells possible[60,67,68].
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Figure 1. The ovarian TME. The release of pro-inflammatory cytokines by tumor tissue makes the TME inflammatory, with the 
recruitment of immune cells and the differentiation of fibroblasts and macrophages into tumor-associated cells. These processes 
induce a malignant transformation causing epithelial-mesenchymal transition and infiltration of tumor cells favoring their progression, 
invasion, and metastasis.

CAF activation
Tumors (especially solid ones) recruit CAFs and influence them to synthesize compounds that impact 
various cancer aspects[73]. For CAF activation, the secretion of tumor IL-6, IL-8, and IL-1β is required[74]. The 
mechanism by which the transformation of normal fibroblasts in CAFs occurs is poorly understood[75,76]. 
However, microRNAs (miR) miR-31, miR-214, and miR-155 are related to the genesis of these cells[77]. 
Stanniocalcin 1 also assists in the transformation of normal fibroblasts in CAFs[78]. Overexpression of the 
activated signal transducer and activator of transcription 4 in OC cells induce CAF formation through 
wingless/integrated 7A signaling pathway activation[79]. The relationship between the overexpression of the 
SNAIL (Zinc Finger Protein SNAIL) family transcriptional repressor 2 (SNAI2) in fibroblasts and the 
transformation of fibroblasts in CAFs was observed in the 3D organotypic coculture of OC, capable of 
supporting cells growth[80].

CAFs’ role in metastasis
After CAF activation, increased expression of the peptide progranulin through the upregulation of α-
smooth muscle actin in fibroblasts results in EMT continuation[81]. EMT initiates with cytoskeleton 
remodeling and loss of basolateral polarity[82]. Hence, it is speculated that the SNAIL family is related to 
EMT, and it was shown that SNAI2 overexpression increased cell motility in OC cell models[80]. Thus, high 
motility is related to EMT[82]. A series of signals can induce EMT, including the transient receptor potential 
of melastatin 7, by activating the PI3K/AKT signaling pathway[83]. The long non-coding RNA SRA increased 
migration and induced EMT through the neurogenic locus notch homolog protein 1 signaling pathway[84]. 
Some CAF subtypes express dikkopf-3 and activate the yes-associated protein 1/tafazzin pathway, which is 
associated with OC aggressive features[85]. Nevertheless, CAFs expressing stanniocalcin 1 promote cell 
motility and invasion in OC cell cultures (SKOV3 and HEY-T30)[78].
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Xu et al. reported co-cultures of fibroblasts and OC cells, in which the tumor cells migrated more due to 
increased protein expression of enhancer of zeste homolog 2[86]. CAFs increased vascular endothelial growth 
factor (VEGF) expression, which can be activated by platelet-derived growth factor (PDGF)[87]. On the other 
hand, PDGF acts on its receptor to induce angiogenesis by recruiting CAFs that secrete VEGF[88]. Hence, 
VEGF also stimulates OC stem cells to express B cell-specific Moloney murine leukemia virus integration 
site 1, a molecule related to preventing cell senescence and maintaining the self-renewal capacity of cancer 
stem cells (CSCs)[89,90]. This finding is relevant because the population of CSCs has shown a robust ability to 
achieve self-renewal. These cells initiate and maintain leukemias; however, it was found that they may also 
participate in developing and establishing some solid tumors[91]. Furthermore, some CSCs express increased 
nuclear factor erythroid 2-related factor 2 activity, an essential transcription factor involved with oxidative 
damage protection in many cell types, including OC cells. Therefore, NRF2 may participate in the 
acquisition of chemoresistance by OCs, because the antioxidant role of NRF2 can potentially minimize the 
effects of drugs used conventionally to treat cancer[92].

CAFs are correlated with CSCs maintenance by insulin-like growth factor 1 release. IGF is related to CSCs 
pluripotency and OC chemoresistance[93,94]. These factors activate the IGF-1R-AKT signaling pathway, 
which culminates in increased expression and production of genes involved in self-renewal 
(OCT4/SOX2/NANOG) that promote the acquisition of resistance to chemotherapeutics and maintain 
CSCs[95].

CAFs participate in the expression of CXCL12/stromal cell-derived factor-1, macrophage colony-
stimulating factor (CSF-1), IL-6, and CCL2/MCP-1. Thus, they stimulate TAM recruitment[61]. CAFs also 
induce the proliferation of cisplatin-resistant OVCAR-3 and SKOV-3 EOC cells through 
CXCL12/CXCR4/Wnt/β-catenin pathway activation[96]. CAFs upregulate the expression of lipoma preferred 
partner (LPP) in endothelial cells, which facilitates their motility. Data suggest that high LPP expression 
reflects poor disease outcomes for HGSOC patients[97].

CAFs as potential targets for therapeutic strategies
Given CAFs' importance for tumor progression, metastasis, and drug resistance, many therapeutic strategies 
target these cells and their products to fight cancer. Conventional therapy for treating OC, based on 
platinum derivatives, taxanes, and poly ADP-ribose polymerase inhibitors, also acts on CAFs and thus 
inhibits or promotes the pro-tumorigenic effects of CAFs[98]. However, it should be noted that none of these 
strategies is specific to CAFs, as other cell types also express or secrete similar compounds[99]. Nonetheless, 
targeting the depletion of the CAF population is sought by a DNA vaccine against FAP. According to Wen 
et al., this therapy appears effective as a tumor rejection antigen, suppressing primary colon tumor and lung 
metastases in treated mice, primarily through CD8(+) T cell-mediated death[100].

In this context, the studies showed that the DNA vaccine directed to murine FAP efficiently eliminated 
CAFs via activation of TCD8+ cells, culminating in a substantial increase in the uptake of 
chemotherapeutics by resistant colon and breast cancer cells[101]. Another strategy related to FAP is the 
construction of chimeric antigen receptor T cells used for cancer treatment. In preclinical models, chimeric 
antigen receptor T cells targeting CAFs FAP+ triggered a specific immune attack against CAFs, and no 
severe side effects were observed[102,103]. CAFs FPA+ are responsible for the production of stromal cell-
derived factor 1 chemokine in the tumor stroma, which binds to CXCR4 and activates pathways that 
culminate in immunosuppression. CAFs FAP+ were associated with immune evasion in a human 
pancreatic ductal adenocarcinoma model related to CXCL12 secretion, and the depletion of these CAFs 
enabled the immunological control of model growth[104].
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Another potential target is TGF-β because it is a primary factor in CAF activation[105]. For this reason, 
inhibiting the TGF-β pathway can prevent quiescent fibroblast activation. Studies demonstrated that this 
pathway inhibition in colorectal and urogenital cancers increased the success of therapy with anti-PD-L1 
agents[106]. A phase II clinical trial investigates the combination of gemcitabine and galunisertib, a TGF-β 
inhibitor. To date, the trial demonstrated increased overall survival of pancreatic cancer patients treated 
with the drug than those that did not receive this treatment[107]. Fresolimumab, an anti-TGF-β, showed anti-
tumoral activity in melanoma and renal cell carcinoma[108]. The association of this antibody with 
radiotherapy increased overall survival in metastatic breast cancer patients[109]. Another fundamental 
approach is TGF-β silencing, which reduces tumoral growth in pancreatic cancer murine models[110].

Fibroblast growth factor receptor has been used as a target against cancer[111]. Its inhibitor, erdafitinib, 
demonstrated potential anti-tumoral activity against metastatic urothelial carcinoma[112] and 
cholangiocarcinoma, as shown in a phase I trial study[113]. The same inhibitor is under study for solid tumors 
such as breast cancer, hepatocarcinoma, and prostate cancer[114]. AZD4547, another inhibitor, showed 
compelling activity in breast cancer patients in phase II trial studies[115]. However, for other malignant 
neoplasias, such as mesothelioma, lung, and gastric cancer, this inhibitor was not efficient[116-118]. There are 
no studies of CAFs in OC. In this context, one can postulate that the high heterogeneity of CAFs influences 
cancer therapy effectiveness. Therefore, the development of novel treatment strategies targeting these cells 
remains challenging. Concerning OC, it remains unknown whether OC-associated fibroblasts could be 
targeted for innovative therapeutic approaches.

TAMs
Macrophages are the primary effector cells in innate immunity and act in host defense, inflammation, and 
tissue homeostasis[119,120]. After being recruited to the TME, macrophages differentiate in TAMs, which are 
found in greater volume in the ovarian TME and are associated with disease progression and 
chemoresistance[121]. Highly plastic phenotypes and substantial diversity are characteristic of 
macrophages[119]. Different TAM phenotypes can be expressed according to the stimuli, among them the 
anti-tumorigenic M1-like and the pro-tumorigenic M2-like TAMs[121,122].

M1 macrophages act as microbicides and inhibit tumor progression through pro-inflammatory and the 
secretion of immunostimulant cytokines (IL-12, TNF-α, and IFN-γ). By contrast, during tumor progression, 
interleukins (IL-4, IL-10, and IL-13) activate macrophage differentiation in type M2, which secrete IL-4, IL-
5, and IL-6, matrix metalloproteinases, pro-angiogenic factors such as VEGF, and chemokines. Thus, there 
is an increase in angiogenesis, matrix remodeling, and immune system suppression, which favors tumor 
development and metastasis[119,122-124]. However, the molecular mechanisms during the polarization of TAMs 
and OC metastasis are not yet fully defined[26,122].

Evidence of TAMs’ pro-tumor role
The relationship between TAMs and cancer outcomes conflict, possibly associated with macrophage 
heterogeneity[125]. However, in several malignancies, the elevated expression and infiltration of TAMs are 
involved with worse outcomes[122,126,127], as observed in OC patients[26]. It is noteworthy that the most 
significant infiltration of TAMs was reported for the most common OC subtype, SOC, as opposed to MOC, 
EC, CCC, and undifferentiated. Increased intratumoral TAMs density was directly proportional to the 
cancer stage[128]. High concentrations of CSF-1 in tumors are associated with poor outcomes, as it is 
chemotactic for macrophages and the primary lineage regulator of most macrophage populations[129]. TAMs 
are mostly related to SOC, and their presence can indicate tumor progression.
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In the ovarian TME, the M2-like phenotype is usually expressed by TAMs and was detected using the 
CD163 marker in ascites samples from patients with EOC[130]. In these samples, there was a more significant 
number of TAMs in ascites of advanced EOC (stages III and IV) than in ascites from patients with benign 
or early EOC (stage I)[130]. Lan et al. showed that M2-like macrophages in the peritumoral stroma of more 
aggressive ovarian tumors with intense TAMs density have higher expression of CD163 than those in less 
aggressive tumors[125]. For SOC and MOC, the number of macrophages expressing CD68, CD163, and 
CD204 in borderline and malignant tumors was significantly higher than in benign tumors[123].

Evidence that macrophage recruitment from the peritoneal cavity occurs during the initial phase of 
metastasis supports the presence of M1 (CD68+) and M2 (CD163+) macrophages in omental samples from 
OC patients[131]. These macrophages promote metastasis to the omentum by secreting chemokine ligands 
interacting with chemokine receptors. Macrophage depletion and CCR1 inhibition have been reported to 
reduce colonization of the omentum by OC cells[56]. In clinical OC samples, the high expression of 
chemokine ligand 20 (CCL20) in TAMs and CCR6 in tumors was positively related to metastasis[59]. These 
findings suggest that CCL20 and CCR6 inactivation inhibit TAM-induced OC progression[59]. Curiously, it 
has been reported that the depletion of CD163+ Tim4+ tissue-resident macrophages in omentum prevented 
tumor progression and metastatic spread in a mouse model of metastatic OC[132].

Co-culture of TAMs with OC cells demonstrated pro-tumor activation interactions. These interactions 
include increased secretion of pro-tumor cytokines IL-6 and IL-10, lower sensitivity to carboplatin, and 
increased cell invasiveness[133]. STAT3 activation in macrophages was related to IL-6 and IL-10 that 
reactivate STAT3 in OC cells. Nevertheless, macrophage STAT3 blockage inhibited the production of these 
cytokines and suppressed STAT3 activation in tumor cells, suggesting that this pathway plays a central role 
in the interaction between tumor cells and macrophages[130].

Zeng et al. measured increased epidermal growth factor levels in M2-like TAMs and OC cell lines co-
culture supernatants and enhanced cell viability, proliferation, migration, and invasion of cells associated 
with TAMs[134]. The expression of EMT biomarkers was upregulated, as were N-cadherin, vimentin, and 
epidermal growth factor receptor (EGFR)/ERK signals. However, EGFR inhibition repressed tumor growth 
in the co-culture of M2-like TAMs and OC cell lines system[134]. These findings illustrate how macrophages 
and their secreted growth factors can promote tumor progression.

Therapeutic strategies involving TAMs
TAMs’ pro-tumor role occurs through the secretion of cytokines, chemokines, and enzymes that contribute 
to the progression, chemoresistance, and metastasis of OC. TAMs also inhibit the responsiveness of 
immune cells (lymphocytes, natural killer cells, and DCs), which leads to immunosuppression[121,129]. In this 
context, therapeutic alternatives to combat TAMs represent novel and effective treatment possibilities. 
Examples of these new strategies include the ablation of macrophage formation from the TME, tested for 
pro-tumorigenic M2-like phenotype, inhibition of pathways involving chemokine receptors and chemokine 
ligands that have been linked to TAM-associated OC progression, and inhibition of factors capable of 
stimulating the overactivation of TAMs, such as CFS-1 receptors blockade[53,56,129,130,134]. Detailed studies in 
this field should be performed to support therapy against OC.

CONCLUSIONS
The TME has received substantial attention regarding its role in the development, immune evasion, and 
metastasis of different malignancies, including OC. The observation relies, at least in part, on the presence 
of epithelial or immune system cells and substances that trigger the body's immune response and support 
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the mechanisms of OC cells' invasiveness, proliferation, migration, and chemoresistance. As highlighted in 
the present review, factors that participate in inflammation and immune response, such as the high presence 
of interleukins (IL-6, IL-8, IL-10, IL-34), chemokine ligands (CCL7), and chemokine receptors (CCR1 and 
CCR6) are OC progression-associated components. Fibroblast differentiation in CAFs relies on the 
participation of interleukins (IL-6, IL-8, and IL-1β) secreted by the tumor. CAFs potentialize ovarian tumor 
progression through the secretion of VEGF and other factors (i.e., CSF-1 and IL-6), which stimulate TAM 
recruitment. Macrophages associated with the ovarian tumor may present the pro-tumorigenic phenotype. 
In this case, tumor metastasis is enabled by interleukin secretion, the expression of chemokine ligands and 
their receptors, and EMT factors. Conventional therapies against OC are based on surgery, radiation, and 
cytotoxic chemotherapy and often do not show suitable long-term results. The inhibition and redefinition 
of these TME components might improve OC outcomes, contributing to more prolonged survival.
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