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CD147 and cyclophilin A: a promising potential targeted therapy for COVID-19 and associated cancer progression and chemo-resistance
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Abstract
Coronavirus disease-2019 (COVID-19), as a worldwide serious issue has been shown to lead to progression and poor outcomes in cancer patients. The underlying mechanisms for SARS-CoV-2 infection’s adverse effects on cancer patients have not been fully understood. We hypothesized that CD147 and Cyclophilin A (CyPA) not only can play a significant role in infection severity but also can contribute to cancer progression and chemotherapy resistance in cancer patients with COVID-19. In addition, we hypothesized that the expression of both CD147 and CyPA could be increased by Hypoxia-inducible Factor-1 alpha (HIF-1α) activation during hypoxic conditions that occurred during COVID-19. Therefore, this evidence can open a new window in the management of cancer patients during the pandemic and therapeutic approaches targeting CD147 and CyPA could be a potentially promising therapeutic approach for such patients.
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Dear Editor,
Nowadays, a number of studies suggest that patients with primary diseases such as multiple cancers are more susceptible to severe Coronavirus disease-2019 (COVID-19) and mortality [1–3]. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is responsible for COVID-19 infection and has a variety of cell and organ targets [4]. Studies revealed that SARS-CoV-2 attaches to host cells through binding its spike (S) protein to its specific receptors such as Angiotensin-Converting Enzyme 2 (ACE2), CD147, Ephrin receptors, Neuropilin-1, etc. [5–9]. In previous studies, we suggested that SARS-CoV-2 can stimulate downstream signaling pathways of these receptors, facilitating COVID-19-associated pathological complications and cancer progression [5, 6, 10–14].
CD147 is classified as a transmembrane glycoprotein and is a part of the immunoglobulin superfamily. CD147 can be found in several organs and cells including T-cells, endothelial cells, and multiple central nervous system (CNS) cells. Investigations found that CD147 plays a significant role in viral infections, particularly in SARS-CoV-2 infection [5]. CD147 interacts with the SARS-CoV-2-S protein and is able to penetrate host cells through binding to CD147 [7].
In the Cyclophilin family, Cyclophilin A (CyPA) is the most abundant protein. CyPA exerts a significant role in intracellular protein synthesis, transportation, and folding, along with signal transduction, and immunosuppression. Additionally, CyPA plays a key role in viral infections, including human immunodeficiency virus (HIV), hepatitis C virus (HCV), and hepatitis B virus (HBV). Recent studies suggest that CyPA/CD147 interaction may facilitate SARS-CoV-2 viral entry and replication (Fig. 1) [15]. Jiejie Geng et al. study revealed that CyPA expression was upregulated upon SARS-CoV-2 infection [16]. It has been revealed that due to hypoxic conditions, both CD147 and CyPA expression increases by Hypoxia-inducible factor 1-alpha (HIF-1α) [17, 18]. We suggest that HIF-1α activated by the hypoxic conditions that occur by COVID-19 infection can increase the expression of CD147 and CyPA in infected cells and exposed cells to the hypoxic conditions (Fig. 1). However, it has not been assessed whether CD147 elevates by SARS-CoV-2 or not. It has been demonstrated that the transcriptional activity of HIF-1α leads to CD147 expression. Based on this, HIF-1α activated by SARS-CoV-2 could elevate the expression of CD147 and this hypothesis can encourage researchers to consider it in future studies, opening a new window to find a new therapeutic approach for cancer patients with COVID-19.
[image: ]
Fig. 1The illustration shows the role of CD147 as a SARS-CoV-2 entry receptor. SARS-CoV-2 can stimulate intracellular signaling pathways of CD147 in host cells (cancer cells). Also, COVID-19 infection-induced hypoxia can lead to HIF-1α activation and transcriptional activity to increase the expression of CD147 and CyPA. All of these can potentially contribute to cancer progression and chemo-resistance


Here, we hypothesized that CD147 and CyPA not only can contribute to SARS-CoV-2 infection by facilitating viral entry and replication but also can contribute to COVID-19-associated cancer progression and chemo-resistance.
Multiple pathways can potentially be initiated in the host cells, including mitogen-activated protein kinase (MAPK), P38, extracellular signal-regulated kinase (ERK) 1/2, and Phosphoinositide 3-kinase (PI3K), and NF-kappa B (NF-κB). Accordingly, as a consequence of CD147 stimulation, ERK phosphorylation, IKß phosphorylation-associated degradation, nuclear translation of NF-κB, and P65 subunits are induced. CD147 is recognized as an initiator of an inflammatory response in many cells such as macrophages. This can result in the induction of MMP-9 expression as well as the release of pro-inflammatory cytokines and cytokine storm [3].
Additionally, it has been suggested that CD147 as an entry receptor for SARS-CoV-2 enables the virus to penetrate the infected cell cytoplasm and activate the NLR family pyrin domain containing 3 (NLRP3) inflammasome that cleaves IL-1ß and IL-18 in COVID-19 patients [5, 19, 20].
According to many studies, CD147 can cause the progression of various cancers, including hematological malignancies and solid tumors. This receptor exerts its roles through various mechanisms [18]. For example, CD147 is a receptor for CyPA that causes metastasis through the ERK1/2 signaling pathway. This receptor also induces matrix metalloproteinases (MMPs) synthesis and cancer progression through the (FAK)-PI3K signaling pathway [5].
In pancreatic cancer tissues, CyPA and CD147 are expressed at higher levels. Pancreatic cancer cell proliferation can be significantly inhibited by the CD147 antibody [15]. Accordingly, the downstream signaling pathways Ras/Raf/MEK/ERK1/2 and MKK/p38/MAPK cause proliferation and invasion, respectively, and in general cause cancer progression [21].
In another report by Obchoei et al. it has been found that CypA expression is increased in cholangiocarcinoma and HIF-1α is one of the factors that lead to an increase in CypA expression. Increased CypA production in the cell can affect the CD147 receptor on the cell surface and trigger the ERK1/2 signaling pathway, leading to cancer progression (Fig. 1) [22].
In addition, according to H-Y Cui et al. studies, CD147 binds to CD44 (as an adhesion molecule and anti-apoptotic molecule) via TFF-3 and activates signal transducer and activator of transcription 3 (STAT3). STAT3 activation leads to an increase in PTGS2 and the progression of colorectal cancer (Fig. 1) [23].
Accordingly, it has been shown that the I domain of CD147 binds to the Annexin A2 N-terminal to prevent its phosphorylation with Src. This inhibition of phosphorylation impairs Dock3 expression, and since Dock3 inhibits β-catenin and induces WAVE2 expression (WAVE2 inhibits cell movement), the lack of Dock3 expression causes cancer migration [24].
In general, PI3K/AKT and MAPK are among the CD147 tumor progression signaling pathways that result in cytoskeleton movement (Fig. 1). In addition, vascular endothelial growth factor (VEGF) production in endothelial cells, facilitating glycolysis, proliferation, invasion, and inhibition of apoptosis in hypoxic conditions are also CD147 oncogenic functions. On the other hand, epididymis protein 4 (HE4) as a tumor marker has a significant increase in ovarian serous carcinoma compared to other cancers and causes the occurrence and development of ovarian carcinoma. According to research by L. Gao et al. Interaction of HE4 and CD147 in ovarian carcinoma can lead to the promotion of invasion and metastasis of ovarian carcinoma by forming a protein complex in which Annexin A2 acts as a bridge [25].
Studies have shown that cells with high expression of CD147 have an enhanced tumorigenic potential and chemo-resistance in-vivo [26]. High CD147 expression in glioma cells can cause temozolomide (TMZ) resistance and in ovarian cancer, tissues can cause paclitaxel resistance [27, 28]. In glioma cells, suppression of CD147 expression increased the inhibitory effect of TMZ on cell survival in U251 and T98G when increased CD147 function blocked reactive oxygen species (ROS) production and apoptosis from TMZ [28]. Expression of nuclear factor E2-related factor 2 (Nrf2) which depends on CD147 can contribute to the reduction of ROS production consequences of TMZ. CD147 could establish the Nrf2 constant by suppression of GSK3β/β-TrCP Dependent protein [28]. Cells with high levels of CD147 expression displayed an increased expression of EGF receptors (EGFR), ABCG1, ABCG2 drug transporters, and MCT4 monocarboxylate transporters [26]. Increasing expression of CD147 and γ lewis antigen was observed in ovarian epithelium with chemo-resistant properties [29]. It has been shown that cisplatin-resistant ovarian cancers express high levels of MD1/P-gp and CD147/CD98hc complexes. Lewis γ antigen as a part of the CD147 structure could affect chemo-resistance in ovarian cancer by stimulating the ERK1/2 signaling pathway. Hence, CD147 could be an important index for clinical purposes and prognosis [29].
Studies have demonstrated that chemo-resistant colorectal cancer (CRC) samples have higher levels of CypA, which predicts a poor prognosis in these patients. Additionally, cyclosporine A, by targeting CypA, exhibits promising efficacy against chemo-resistant CRC when combined with chemotherapy [30].
Studies have found that CyPA inhibitors-alisporivir can inhibit the replication of the SARS-CoVs and the Middle East respiratory syndrome (MERS), and ribavirin enhances the anti-viral activity of alisporivir [15].
In conclusion, this evidence suggests that CD147 and CyPA are not only potential therapeutic targets for COVID-19 but can also be beneficial for cancer patients with COVID-19 to hinder cancer progression and chemo-resistance. Also, we hypothesized that the expression of CD147 and CyPA could be increased by HIF-1α activated by COVID-19, suggesting risk factors for long-term COVID-19 complications for cancer patients. This is a hypothesis that tumor cells could be affected by hypoxic condition and HIF-1α stimulation by SARS-CoV-2 infection like other infected cells. However, due to lack of evidence, it encourages researchers that consider it in future investigations to evaluate this suggestion. In future studies, this study may shed light on developing novel therapeutic approaches for cancer patients with COVID-19 to reduce mortality and treatment failure.
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