Effect of anti-cancer drugs on microglia in patient-derived breast cancer xenografted mouse models
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Letter to the Editor 
Cytotoxic chemotherapies are widely administrated in most of cancers. Several papers have described declined human cognitive functions after chemotherapy reflecting a brain effect known as chemobrain 1[]
. In animal models, antineoplastic agents such as 13cis-retinoic-acid 2


[ ADDIN EN.CITE ]
, carmustine, cisplatine, citarabine 3


[ ADDIN EN.CITE ]
 or methotrexate 4


[ ADDIN EN.CITE ]
 increase cellular death and decrease cell proliferation in brain and survival. However, in the same models, tumor and cytotoxic anti-cancer drugs induce a systemic inflammation that could trigger in neuroinflammation as activated microglia leading to the inhibition of neurogenesis 5[]
. In the hippocampus of rat treated by methotrexate, an increased microglial activity was observed while no difference was detected using the PET tracer PK11195 that specially explored activated microglia 4


[ ADDIN EN.CITE ]
. Altogether, these experimental studies have shown brain modifications that could support the cognitive symptoms observed in patients undergoing chemotherapy but whether microglia play a role remain to be confirmed. 
To explore the effect of anti-cancer drugs or drug combinations on microglia, we studied the brain of nude mice xenografted with patients’ tumor samples. These mice have previously been used in a pilot study for personalizing the treatment of women with metastatic breast cancer 6


[ ADDIN EN.CITE ]
. This study has been carried out in accordance with the EC Directive 86/609/EEC for animal experiments and was approved by the University Institute Board Ethics Committee for experimental animal studies (#2012-15/728-0115). We considered three groups of xenografted mice (group 1: a control group of untreated mice (n=10); group 2: treated by paclitaxel (n=9), group 3 treated by epirubicin and cyclophosphamide (n=9)) and 2 groups without xenograft respectively group 4: treated by paclitaxel (n=3) and group 5 treated by epirubicin and cyclophosphamide (n=3)). All drugs were used at pharmacologically relevant doses. Microglia immunostaining was assessed in hippocampus, cortex, striatum and cerebellum for ionized calcium-binding adaptor molecule 1 (Iba-1) reported to be a marker of both resting and activated microglia 7[]
. 

We observed microglial cells with both ramified and amoeboid morphology (Figure 1). Using automatic quantification of Iba1protein expression (load in %) followed by one way Anova analysis, we found a significant difference of Iba-1 load between all groups (p=0.0425) (Figure 1). A multiple comparison revealed a significant difference between group 1 and group 3 (p=0.0075). Paclitaxel treatment showed a trends to decreased Iba1 load but did not reach significant (p=0.09). Regarding the group without xenograft, we did not observe a difference according to the treatment (group 4 compared to group 5) (p=0.9). Comparing with xenografted-group, we observed a difference between Group 1 and group 5 (p=0.007) while there was no other difference between the all groups.
In summary, there was a difference between the group 1 xeongratfer untreated mice and all mice treated by epirubicin and cyclophosphamide. 

Using a mouse model of cancer and mice without cancer, we showed that two types of chemotherapies commonly used for the treatment of breast cancer reduced the activation of microglia in all studied areas. This was particularly true for the combination of epirubicin and cyclophosphamide. 

Only one study had explored the impact of a cytotoxic anticancer drug (methotrexate), on microglia in the rat hippocampus with the observation of a decreased number of microglial cells overall but increased amoeboid microglia (interpreted as more activated). Our results have evidenced complementary findings: 1/ in this preliminary result, the decreased microglial Iba1 expression may depend on the type of chemotherapy, however, the lack of significant difference for paclitaxel could be due either to insufficient power of the study or a different effect on microglia; 2/ The effect on microglia is diffuse and concerns the whole brain 3/ Our xenografted model may better reflects the clinical situation than rats without tumor as it has been shown that a tumor modifies systemic inflammation 8[]
 which in turn influence neuro-inflammation 9
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, however, in our study, the tumor did not seems to impact the effect of chemotherapies on microglia.
Our results raised two questions: How can we explain the decreased in microglial immunostaining? Microglia are the macrophage of the brain and chemotherapies are toxic for blood cells including monocytes/macrophage. Therefore, the effect we observed in mice scarified on the last day of chemotherapies is probably due to the direct toxicity of chemotherapies on microglia. By contrast, the immunocompromised xenografted mice we used have less microglial cells than normal mice 10[]
. Currently, nothing is known about the sensitivity of microglia to chemotherapeutic agents. Our results deserve to be confirmed in a larger group and in mice with different genetic background 10[]
. Secondly, could this biological effect explain the phenomenon of chemobrain? Although several human and animal studies described cognitive decline after chemotherapies, the involvement of microglia in the chemobrains has never been fully explored. Knowing the cognitive complaint and decline associate with chemotherapy and particularly in the context of breast cancer, the involvement of microglia in this process has to be evoked. Further studies are needed to explore the link between cell death (neurons and microglia) and cognitive decline in order to understand the pathophysiology of these side effects in order to optimize the anticancer chemotherapies. 
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Figure legend

Figure 1. Microglia detection in xenografted mouse model. A/ Scattered plot with standard deviation of Iba1 load (% protein load) in all groups (control and treated) of xenografted breast cancer nude mice. Anova analysis showed a significant difference between the 3 groups (p=0.0325). B/ Iba1 immunolabelling of microglia in cortex illustrating the difference between untreated mouse (left) with higher magnification of ramified microglia and treated mouse with Epirubicin and Cyclophosphamide (right) and a higher magnification of ameboid microglia.
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