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In Oral Squamous Cell Carcinomas (OSCC), as in other solid tumors, stromal cells strongly support the spread and growth of the tumor. Macrophages in tumors (tumor-associated macrophages or “TAMs”), can swing between a pro-inflammatory and anti-tumorigenic (M1-like TAMs) state or an anti‐inflammatory and pro-tumorigenic (M2-like TAMs) profile depending on the tumor microenvironment cues. Numerous clinical and preclinical studies have demonstrated the importance of macrophages in the prognosis of patients with different types of cancer. Here, our aim was to review the role of M2-like TAMs in the prognosis of patients with OSCC and provide a state of the art on strategies for depleting or reprogramming M2-like TAMs as a possible therapeutic solution for OSCC. The Clinical studies reviewed showed that higher density of CD163+ M2-like TAMs associated with worse survival and that CD206+ M2-TAMs are involved in OSCC progression through epidermal growth factor (EGF) secretion, underlining the important role of CD206 as a marker of OSCC progression and as a therapeutic target. Here, we provide the reader with the current tools, in preclinical and clinical stage, for depleting M2-like TAMs, re-educating them towards M1-like TAMs, and exploiting TAMs as drug delivery vectors.
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Oral Squamous Cell Carcinoma

Oral squamous cell carcinoma (OSCC) that does not originate from papilloma virus is a solid tumor of epithelial oral cells (1). The World Health Organization reported that the mortality rate in OSCC has remained largely unchanged for the last decades, with the 5-year survival being of 50% (Institute NC: Surveillance, Epidemiology, and End Results Program of the National Cancer Institute. In. https://seer.cancer.gov.; 2016). The high mortality rate and rate of recurrence in OSCC are suggested to be related in part to the loco-regional invasion capacity and metastasis to cervical lymph nodes (2, 3). The tumor microenvironment or reactive stroma, comprised of extracellular matrix, fibroblasts, myofibroblasts, endothelial cells, adipocytes, and immune effector cells, influences tumor progression and metastasis (4, 5). Events related to the oral epithelial cancer pathogenesis take place in a dysregulated microenvironment, affecting both normal and neoplastic cells (6–9). The disruption of tissue homeostasis contributes to OSCC growth through interactions between the tumor cells, a reactive stroma and mediators of the immune system including macrophages (10–12). The current consensus is that during carcinogenesis, tumor progression depends on the cross-talk between tumor cells, stromal cells, and the host inflammatory cells. Although the effects of tumor cell/stroma interaction on oncogenesis in OSCC have been studied, those studies focused on the cellular parameters involved in transforming epithelial cells (8, 9) and the pro-tumorigenic potential of the local immune infiltrate during the OSCC progression was not taken into account.

In recent years, the interest in the role of innate and adaptive immune cells in carcinogenesis has surged greatly. Several studies, in both animal models and human biopsies, have shown that chronic inflammation increases the risk of cancer appearance (13–15), but once a tumor has established, anti-inflammatory, or M2-like tumor associated macrophages, (M2-like TAMs) strongly contribute to support its growth (16).



Macrophage Differentiation

In adults, inflammatory monocytes give origin to tissue-resident macrophage populations (17, 18). Macrophages are involved in various essential aspects of host defense mechanisms and pathophysiological conditions, such as chronic inflammatory disease and cancer (19, 20). Previous studies reported that in biopsies of lung adenocarcinoma patients, the macrophage phenotype depends on the exposure to numerous stimuli present in the tissue microenvironment (19), which results in a complex phenotypic population in a time and location-dependent manner (17, 21). The activation in vitro of different regulatory mechanisms and transcription pathways results in a vast spectrum of macrophage subtypes, of which the states referred to as M1 and M2 represent the extreme polarization phenotypes (21, 22). The M1 polarization state depends on microbial stimulus and a T helper type 1 (Th1) cytokine profile. Bacterial cellular components, such as lipopolysaccharide (LPS), and the Th1-derived cytokine interferon-gamma (IFN-γ) polarize towards the so called “classically activated” macrophages, referred to as M1 macrophages. These macrophages produce pro-inflammatory cytokines, such as IL-12 and tumor necrosis factor-alpha (TNF-α), reactive oxygen intermediates, and reactive nitrogen intermediates, giving them anti-microbial and anti-tumoral activities (23, 24). In contrast, M2 polarization depends on a T helper type 2 (Th2) cytokine profile (25), and Th2-derived IL-4 and IL-13. M2 macrophages (also called “alternatively activated”) participate in anti-inflammatory processes, tissue remodeling, and angiogenesis (23, 24). Interferon-gamma (IFN-γ) and interleukin (IL)-4 secretion sustain an M1 and an M2 phenotype commitment, respectively (26). The expression of some markers or secreted factors has shown to be different for mouse than for human macrophages. For instance, Martinez et al. observed that IL-4 and IL-13 do not induce the human homolog of the mouse M2 markers arginase 1, Fizz1, MMP1 and Ym1 (27).

M2 macrophages differentiate in the tumor stroma from blood monocytes, or resident macrophages in resting state, when exposed to the aforementioned cytokines aberrantly expressed by neoplastic cells (28). M2 macrophages block Th1 cells, and recent studies of OSCC patients’ biopsies have confirmed that tumor-associated macrophages (TAMs) involved in tumor progression display an M2 phenotype and contribute to tumor angiogenesis, invasion, and metastasis also in OSCC (23, 29).

Several studies from biopsies of human malignant tumors have described that M2 TAMs highly express the markers CD163, CD204, and CD206 (30). CD204 belongs to a family of transmembrane receptors known as scavenger receptors, which are primarily expressed on macrophages and dendritic cells (30). CD204 recognizes modified lipoproteins, and exogenous pathogen-associated molecular patterns, and apoptotic cells (30). CD163 is a member of the scavenger receptor cysteine-rich family and is mainly expressed on mature tissue macrophages. One of the functions of CD163 is to internalize the hemoglobin–haptoglobin complex, involved in the resolution of the inflammation (31). CD163+/CD204+ TAMs have been reported to promote T-cell apoptosis and immunosuppression via IL-10 and programmed death-ligand 1 (PD-L1) in OSCC patients (32). CD206 is a C-type lectin, also known as the macrophage mannose receptor, expressed on tissue macrophages, dendritic cells, and to a lesser extent on some lymphatic vessels (33) and on sinusoidal endothelial liver cells (34, 35). CD206 plays an important role in immune homeostasis and contributes to lipid metabolism, atherogenesis, and metabolic processes (29), but it is aberrantly expressed on macrophages in the tumor microenvironment (36). CD206+ M2 TAMs promote cancer progression by STAT-3 activation, inducing and maintaining a pro-carcinogenic microenvironment secreting high levels of VEGF, TGF-β, EGF, uPA, and several matrix metalloproteases (MMPs) promoting tumor progression, immunosuppression, angiogenesis, migration, metastasis and chemoresistance (37, 38). These pro-tumoral TAMs also secrete low amounts of IL-12 and have impaired nitric oxide induction.

The phenomena and mechanisms described in this section are schematically summarized in Figure 1.




Figure 1 | The tumor microenvironment in oral squamous cell carcinoma (OSCC), placing emphasis on the macrophage compartment.





OSCC Cells and M2-Like TAMs Interactions

M2-like TAMs are the primary component of anti-inflammatory cells in the microenvironment of many solid tumors, including OSCC (22, 39). M2-like TAMs can induce the progression and metastatic spread of OSCC, promoting angiogenesis, tumor cell invasion, cell motility, persistent growth, and suppression of anti-tumor responses (40, 41). In turn, the tumor cells influence macrophage physiology to display a pro-tumor phenotype of TAMs to favor OSCC progression (28).

An increase in the number of M2-like TAMs was shown to occur during the progression of OSCC (17) and was associated with angiogenesis and higher histopathological grades in human tumor biopsies (18, 42).

Histopathologically, OSCC presents fibrous connective tissue with unusual amounts of extracellular matrix, rich in fibroblasts, blood vessels, and inflammatory cells (43). Among the local milieu, macrophages are differentiated into a diverse TAM population with varying expression of CD68, CD163, CD204, and CD206. These cells present biological importance for disease progression. Their number is correlated with a lower degree of differentiation in primary tumor sites and poor disease prognosis (15, 44). Moreover, M2-like TAMs elicit tumor relapse and/or postoperative cervical lymph node metastasis via angiogenesis and suppression of anti-tumor immunity (41). An increase in the number of CD163+ macrophages occurs in potentially malignant oral lesions such as leukoplakia (45). It has been suggested that in premalignant lesions TAMs are more skewed towards the M1 phenotype (42). The polarization to M2-like TAM phenotype probably occurs gradually and early during the onset of OSCC and is sustained by several interleukins (IL-1, -4, -6, -8, and -10), and other factors, such as the receptor tyrosine kinase Axl (28). Hence, the presence of M1-like and M2-like TAMs could be used as a potential marker to distinguish incipient OSCC from invasive lesions, avoiding under diagnoses (46). The healthy oral mucosa lacks a standard structure making the detection of invasiveness in oral cancer challenging. However, from the available evidence, it is possible to suggest that screening for TAM markers in oral biopsies certainly may contribute to accurate assessment of OSCC behavior, being a valuable tool for the estimation of prognosis in cases related and unrelated to viral infection (47, 48). Weber et al. proposed that even trauma from incisional biopsies might influence tumor biology leading to a worse prognosis and increased risk of developing lymph node metastases in OSCC patients (44). A wound-healing reaction consecutive to tissue trauma might provide a microenvironmental stimulus that affects macrophage polarization (49).

The importance in malignancy of M2-like TAMs is a general feature in many solid tumors besides OSCC; several studies indicated that CD163+, CD204+, and CD206+ M2-like macrophages that infiltrate the tumor microenvironment are significantly associated with poor prognosis in patients with lung cancer (50, 51), hepatocellular carcinoma, breast cancer, cervical cancer, multiple myeloma, and B-cell lymphoma (52).

Soluble CD163 was found to be a potential diagnostic parameter for monitoring the presence of macrophages, both in human biopsies of non-small cell lung cancer (NSCLC) (50) and human esophageal squamous cell carcinoma line (51). The mannose receptor CD206 is strongly expressed in prostate adenocarcinoma biopsies, and the number of CD206+ M2-like TAMs correlated with poor prognosis of the disease (53). Several reports describe the link between CD163+ M2-like TAMs and OSCC stages III–IV and implicate them in the poor prognosis (41, 54).

Haque et al. (53) recently demonstrated that CD206+ M2-like TAMs better predict unfavorable clinical prognosis in OSCC patients than CD163+ or CD204+ M2-like TAMs. They performed a series of elegant experiments using different M2-like subsets (CD163+, CD204+ or CD206+) isolated from peripheral blood mononuclear cells (PBMCs) from OSCC patients. Flow cytometry on these cells revealed that the number of EGF+ cells better correlated with the expression of CD206 than with the expression of CD163 or CD204, and ELISA assays determined that the CD206+ subset produced much higher levels of EGF than the CD163+ or CD204+ subset. OSCC cells (from an OSCC cell line) incubated with different M2-like subsets (differentiated and sorted from healthy human PBMCs), revealed that the CD206+ subset induced a higher production of EGF (determined using ELISA) and a significantly higher proliferation and invasion of the OSCC cells, than the CD163+ or CD204+ subset. Based on these experiments, they proposed that the higher EGF secretion generated by the CD206+ subset likely accounts for the correlation of this subset with poor clinical prognosis.

Therefore, it is important to determine the phenotype of TAMs in each type of tumor to understand the process of tumor progression and to evaluate the prognosis of the patients (48). The features of different studies of TAM characterization in OSCC are summarized in Table 1.


Table 1 | Main human studies of TAMs in OSCC.





Ligands Targeting M2-Like TAMs and Potential Therapeutic Strategies for OSCC

Due to the multiple malicious actions that M2-like TAMs take in the progression of OSCC disease, it becomes important, from a translational point of view, to be able to target M2-like while sparing M1-like TAMs. Possible macrophage-aimed interventions include the depletion of M2-like TAMs using apoptotic agents or the conversion of M2-like to the M1-like phenotype (55). Although TAMs have been detected in oral squamous cell carcinoma (OSCC), little is known on how therapeutically targeting them affects the disease.

Studies in mice (56) and humans (57) that deplete tumor macrophages to potentiate checkpoint inhibitor immunotherapy (CPI), target receptors (CSF1R, CCR2, CD40) that do not precisely identify the M2-like subset of macrophages. These receptors are also expressed on tumoricidal M1-like TAMs and microglia (58–60). Most likely, targeting those receptors is not the most effective strategy to potentiate CPI, as it will deplete M1-like TAMs, and also result in side effects (61). More recently, another protein, TREM2, has been identified as a marker of immunosuppressive tumor-associated macrophages (62). The company Pionyr Immunotherapeutics has developed an antibody against TREM2, called PY314, that depletes TREM2+ TAMs by antibody dependent cell mediated cytotoxicity (ADCC) which in turn reduces the amount of exhausted CD8+ T cells. The company has recently received FDA approval to start Phase I clinical trials of PY314 in cancer patients.

Antibodies against CD163 have been used to target M2-like TAMs in mouse models of melanoma (63). In that work, α-CD163 was coated on the surface of liposomes encapsulating doxorubicin, to deplete M2-like TAMs and potentiate CPI. On the other hand, targeting the mannose receptor (CD206) represents an appealing avenue, as CD206 identifies M2-like TAMs and precursors of metastasis-associated macrophages (64), and as we exposed in the previous sections, the number of CD206+ M2-like TAMs correlates with malignancy and poor prognosis in OSCC.

However, because of the high stromal content of tumors (including OSCC), the high molecular weight of antibodies, and the phenomenon known as the binding site barrier (wherein a very high affinity precludes penetration) (65), the diffusion of antibodies in a tumor is seriously hampered (66, 67). An alternative is to use nanobodies, which possess much lower molecular weights (approx. 15 kDa). Ginderachter et al. have developed a CD206-targeting nanobody that was efficient in targeting M2-like TAMs in mouse models of lung and breast carcinoma (68). However, this nanobody also presented accumulation in the liver, perhaps stemming from its high affinity for CD206, which is also expressed in the liver. This α-CD206 nanobody, conjugated to a 68Ga-chelating moiety, is now in phase I/IIa as a diagnostic contrast agent for PET imaging in solid cancers (ClinicalTrials.gov Identifier: NCT04168528).

The company Navidea developed mannose-based ligands to target the mannose-binding site of CD206 (69) (Manocept™, clinically used in the contrast agent Lymphoseek®). However, those ligands are not specific to CD206 because other mannose binding proteins exist in the body [like CD209 in intestinal and genital tissues (70)]; hence Lymphoseek® has to be administered locally. In a preclinical study, Zhang et al. (71) used mannose coating to guide therapeutic nanoparticles to CD206+ M2-like TAMs. In that work, mannose-coated polymeric nanoparticles containing mRNAs encoding interferon regulatory factor 5 (IRF5) and its activating kinase IKKβ, administered systemically, reverted M2-like TAMs to M1-like TAMs and increased the survival of mice with ovarian cancer, experimental metastasis of melanoma, and glioma, without any observed systemic toxicity. Another company, Riptide Inc., developed a peptide called RP-182 that binds to CD206. This peptide was recently reported to induce an M2-like➔M1-like switch in tumor macrophages, mediated by ligand-induced conformational changes on CD206 (72). RP-182 was also shown to bind to RelB, Sirp-α and CD47 (73), raising questions on its M2-like TAMs exclusiveness.

Targeting peptides are appealing tumor-guiding agents for nanoparticles (74–79) and also for lower molecular weight therapeutic and imaging agents (72, 80–82). These targeting peptides, most of which have been identified using in vivo phage display (80), have high selectivity for their targets and high tumor penetration. Additionally, they can be chemically modified to improve certain properties such as affinity, stability to proteases, and oral availability (80).

We identified and published a CD206-targeting peptide, called “mUNO”, that binds to mouse and human CD206 (83), is selective to mouse and human CD206+ macrophages (84), and delivers payload specifically to M2-like TAMs in mouse models of melanoma, glioblastoma, gastric carcinoma, and breast cancer (83) with very low accumulation in healthy organs (83, 85). We showed that mUNO binds to a different binding site than mannose on CD206 (84), making it more specific to CD206 than mannose-based ligands. Additionally, mUNO only targets CD206 in the tumor and not in the liver; a moderate affinity of mUNO for CD206, and a higher dwelling time in tumor than in liver (due to leaky tumor vasculature) may explain this phenomenon (85). In a recent publication (86), we showed that the drug resiquimod was able to enhance chemotherapy in triple negative breast cancer in mice when it was loaded in nanoparticles targeted to M2-like TAMs using mUNO; while the untargeted, resiquimod-loaded nanoparticles showed no effect on potentiating chemotherapy. Resiquimod is a known agonist of the toll like receptors TRL7/8 and in macrophages reverses the M2-like phenotype into an M1-like phenotype. However, un-targeted TLR7/8 agonists, including resiquimod, cannot be delivered systemically because it leads to high levels of systemic IFN-γ and toxic side effects (87, 88). In our work, resiquimod encapsulated in mUNO-coated lignin nanoparticles slowed down the tumor growth and significantly transformed the immune landscape in the tumor; decreased M2-like TAMs, and increased CD8 T-cells, M1-like TAMs, activated dendritic cells and IFN-γ. We did not observe these effects with free resiquimod or untargeted, resiquimod-loaded, nanoparticles. In cancer nanotherapeutics designed to attack M2-like TAMs, the use of active M2-like targeting is expected to be superior, because, as all macrophages have nanoparticle-phagocyting activity, the uptake by M1-like TAMs will result in decreased efficiency (for the case of reprogramming nanotherapeutics), or undesired depletion of M1-like TAMs (for the case of depleting nanotherapeutics).

Folate (Mw: 441 Da) has also been used to successfully target M2-like TAMs, as the folate receptor-β has been shown to be over-expressed on M2-like TAMs (89). The group of Dr. Philip Low has recently used a folate-drug conjugate to repolarize M2-like macrophages to M1-like macrophages in pulmonary fibrosis (M2-like macrophages secrete fibrosis-inducing cytokines) which led to a reduction of stromal content (90) and beneficial therapeutic effect in their mouse model of pulmonary fibrosis. Even if this study was conducted in pulmonary fibrosis, it could be applied to switch M2-like TAMs to M1-like TAMs. Folate as a targeting ligand for cancer is currently in phase III clinical trials (NCT03180307).

The features of different targeting ligands are summarized in Table 2.


Table 2 | Ligands targeting M2-like macrophages.





Macrophages as Drug Delivery Vehicles

Macrophages have an inherent ability to navigate desmoplasia-dense tumor regions, a feature that in M2-like macrophages is partly mediated by their high matrix metallopeptidase 9 (MMP-9) activity (91, 92). Because of their capacity to penetrate the extravascular space, to migrate to and reside in the tumor, several studies have used TAMs as transportation vehicles for pharmacological agents.

Miller et al. (93) showed that TAMs slowly released a platinum pro-drug encapsulated in polymeric nanoparticles, acting as slow release drug depots in the tumor. The drug-loaded nanoparticles were composed of (poly(lactic-co-glycolic acid)-poly(ethylene glycol) (PLGA-PEG) and were administered intravenously in mice with subcutaneous fibrosarcoma tumors. However, this study did not dissect whether it was M1-like TAMs or M2-like TAMs, or both, that displayed the observed drug reservoir effect. In a recent study (86), we observed that M2-like TAMs and not M1-like TAMs took up untargeted lignin nanoparticles; but there was a significantly higher accumulation of nanoparticles/M2-like TAM when they were coated with a CD206-binding peptide.

In a recent publication, Wyatt Schields et al. (94) designed discoidal, micrometer sized (7 µm-wide), particles containing IFN-γ and a cell-adherent layer constructed using layer by layer self-assembly of hyaluronic acid and poly(allylamine). They then used an adoptive cell transfer approach, wherein bone marrow-derived monocytes were incubated with the backpacks (stimulating them to become M1-like macrophages) and were later injected intratumorally in breast tumors in mice. The introduced, backpack-carrying, M1-like macrophages released IFN-γ in the tumor and skewed M2-like TAMs to M1-like TAMs. This treatment led to reduced metastasis and slower tumor growth compared to mice that received the same dose of macrophages plus free IFN-γ, which is explained by a favorable release kinetics of the backpack-encapsulated IFN-γ. According to the authors, the anisotropy of the particles was responsible for the evasion of macrophage phagocytosis (95).

Torrieri et al. (96) used a p32 (gC1qR/HABP1)-targeting peptide (named “linTT1”, sequence: AKRGARSTA) to direct nanoparticles to M2-like macrophages and utilized them to hitch-hike their cargo-loaded nanoparticles to infarcted heart tissue, taking advantage of the post-infarction recruitment of M2-like macrophages. LinTT1 targets p32, a protein which is mainly localized in the mitochondria but has also been shown to be expressed on the surface of tumor macrophages (97, 98), hence in principle, the same approach used by Torrieri et al. could be applied to M2-like TAMs for cancer therapy.

Du Nguyen et al. (99) used macrophages from the cell line RAW 264.7, as drug carriers or “trojan horses” for multiple nanotherapeutics incorporated ex vivo. Therein, liposomal doxorubicin and gold nanorods were incubated with RAW 264.7 macrophages and later injected intratumorally in breast tumors in immunocompetent mice. The combination of liposomal doxorubicin, with the hyperthermia produced upon irradiation of gold nanorods, resulted in greater tumor reduction respect to the same nanotherapeutics delivered without the aid of macrophages.

Because M1-like TAMs have no means to recognize antigens on cancer cells, or to phagocyte non-opsonized cancer cells, simply depleting M2-like TAMs or converting them to M1-like might not be sufficient to obtain a notable response or tumor eradication. In this direction, a recent development, i.e. Chimeric Antigen Receptor-Macrophage (CAR-M) therapy, has shown exciting results and is worth mentioning in this section. In CAR-M, autologous monocytes are differentiated to M1-like macrophages ex vivo and transduced with an adenovirus-encoded CAR transgene. With this strategy, developed by Klichinsky et al. in 2016 (100), CAR-modified macrophages eliminated tumor cells more effectively than non-CAR-modified M1-like macrophages in vitro and in vivo (101). The creators of this technology have developed the company CARISMA therapeutics which has an ongoing phase I clinical trial on CAR-M for treating HER2- overexpressing solid tumors (including squamous carcinoma) (NCT04660929). Likely, the success of CAR-M over CAR-T in solid tumors is related to the unique ability of macrophages to extravasate and penetrate stroma-rich solid tumors.



Conclusions and Outlook

The literature supports the idea that TAMs in OSCC deserve high attention given the usefulness of knowing TAM density and phenotype for prognosis. The M2-like TAM marker CD206 better correlates with malignancy and progression, particularly to EGF-associated progression, while CD163 has also been found high in premalignant lesions.

The CD206+ M2-like TAMs/OSCC cell interaction could represent a marker of metastasis and malignancy in OSCC, just as the TMEM (tumor microenvironment of metastasis) has shown to be a relevant marker for breast cancer (102).

To target M2-like TAMs for drug delivery purposes, we believe that small molecular weight ligands of moderate affinity might have an edge over antibodies (α-CD206, α-CD163, and α-CSF1R) or nanobodies because of high stromal content and the binding site barrier.

Surprisingly, at least to our knowledge, therapeutic approaches aimed at depleting or reprogramming M2-like TAMs have not been reported in OSCC. In the future, therapeutic interventions on M2-like TAMs will likely be complemented with approaches to boost the anti-tumor response, such as check point inhibitor immunotherapy.
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M2-like/high
grade OSCC

Conclusions

CD206" M2-like TAMSs influenced lymph
node metastasis formation in OSCC.

Cancer associated fibroblasts (CAFs),
promoted an immunosuppressive
microenvironment, inducing M2-like
phenotype.

Infiltrating M2-like TAMSs participated in
OSCC development.

CD206" M2-like TAMs correlated with
worse clinical prognosis of OSCC.

Cancer-associated fibroblasts and
CD163" M2-like TAMs correlated with the
clinical prognosis of OSCC.
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Ligand Affinity Penetration Clinical stage Examples (Receptor). Reference
Peptides Low-medium (low uM High Preclinical +  RP-182 (Receptor: CD206) (72)
(4-12mer, linear or disulfide- range) +  mUNO (Receptor: CD206) (85)
cyclized) +  M2Pep (Receptor: unidentified) (82)
Antibodies High (low nM range) Low Preclinical or Phase I/l (o-TREM2, +  o-CSFIR(57)
o-CSF1R) *  o-TREM2 (62)

+  o-CD163 (63)
Nanobodies High (high nM range) Intermediate  Phase I/lla CD206-targeting nanobody (Receptor: CD206)

68)
Small molecule ligands Medium High Approved (mannose-based +  Mannose (Receptor: CD206) (69)

Lymphoseek)
Or in Phase lll (Folate)

«  Folate (Receptor: Folate receptor-f (90)
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