[bookmark: _GoBack]Discussion
[bookmark: _Hlk147867632]Breast cancer has long been recognized as an immunologically “cold” tumor due to the inconsistent efficacy of immunotherapy[1]. However, the door of immunotherapy for breast cancer was opened when the PD-L1 inhibitor atezolizumab combined with paclitaxel was approved for the first-line treatment of PD-L1-positive advanced or metastatic TNBC in 2019[2]. Unfortunately, this combination therapy was not applicable to other subtypes of breast cancer, including epidermal growth factor receptor 2 (HER2)-positive and hormone receptor-positive breast cancer. DKK1 has been reported to suppress the infiltration and activity of CD8+ T cells in the tumor microenvironment, leading to immune escape of cancer cells[3, 4]. In this study, we found that DKK1 overexpression induced by paclitaxel hinders the therapeutic efficacy of paclitaxel by reducing the infiltration and activity of CD8+ T cells in breast cancer, while an anti-DKK1 antibody could enhance the therapeutic efficacy of paclitaxel in different subtypes of breast cancer. Therefore, we supposed that anti-DKK1 antibody plus paclitaxel may be a new immunotherapy combination regimen that can benefit multiple subtypes of breast cancer patients.
Paclitaxel-induced peripheral neuropathy accompanied by neuropathic pain has been found to affect up to 97% of all treated patients. Although many studies have revealed that paclitaxel treatment causes peripheral neuropathy by affecting the expression and functions of ion channels, signaling of neurotransmitters and neuromodulators, and the release of inflammatory mediators, there are no effective therapies for the prevention or treatment of sensory symptoms[5, 6]. DKK1 has been reported to contribute to the pathophysiology of neurodegenerative disorders by inhibiting Wnt signaling in the Alzheimer's brain[7]; correlation analyses indicated that the expression of DKK1 in the synovial fluid of temporomandibular osteoarthritis patients was closely correlated with pain[8]. Therefore, we hypothesized that DKK1 may play an important role in the development of neuropathy. In support of our hypothesis, we demonstrated that DKK1 was involved in paclitaxel-induced peripheral neuropathy and neuropathic pain. More importantly, our study also revealed that the anti-DKK1 antibody significantly attenuated paclitaxel-induced peripheral neuropathy and pain symptoms in vivo, implying that DKK1 may be an effective target for the prevention or treatment of chemotherapy-induced peripheral neuropathy.
Another major side effect of paclitaxel is cardiotoxicity, which includes myocarditis, apoptosis of cardiomyocytes, loss of myofibrils and cardiac dysfunction[9, 10]. Paclitaxel treatment usually causes cardiotoxicity ranging from 5% to 30% in breast cancer patients, while combining paclitaxel with doxorubicin shows an unexpected synergistic increase in cardiotoxicity incidence[10, 11]. Recently, DKK1 was reported to aggravate doxorubicin-induced cardiotoxicity by inhibiting the Wnt/β-catenin signaling pathway, and an anti-DKK1 antibody significantly ameliorated doxorubicin-induced cardiomyopathy[12]. Based on our results showing that paclitaxel can promote DKK1 expression, we hypothesized that an anti-DKK1 antibody may serve as a promising therapeutic approach for chemotherapy-induced cardiotoxicity.
We previously demonstrated that the activation of EGFR promotes DKK1 transcription in hepatocellular carcinoma by enhancing the phosphorylation and acetylation of histone H3[13]. Based on these findings, we further demonstrated that EGFR signaling contributes to paclitaxel-induced DKK1 expression in breast cancer cells. EGFR tyrosine kinase inhibitors (TKIs), such as erlotinib, gefitinib, and lapatinib, have been commonly used for the treatment of non-small cell lung cancer in the clinic[14, 15]. To date, however, these EGFR TKIs have not achieved clinical benefits in the treatment of breast cancer patients; the reason is that existing EGFR TKIs are designed for lung cancer patients whose tumors harbor special EGFR mutation sites, while the two major EGFR mutations in lung cancer, exon 19 deletion and exon 21 L858R mutation, rates ranging from 1.4%-5.7% in breast cancer patients[16-18]. Based on these reports, we therefore did not assess the effects of paclitaxel in combination with EGFR TKIs on breast cancer.
EGFR has been reported to be widely expressed in NF200-, CGRP-, and IB4-positive DRG neurons and to contribute to neuropathic pain in several animal models of nerve injury[19, 20]. Systemic administration of EGFR inhibitors significantly attenuates nerve injury-induced pain hypersensitivity[20, 21]. In line with these studies, we also found that the expression of EGFR in DRGs was upregulated in tumor-bearing mice treated with paclitaxel, and inhibition of EGFR activation significantly attenuated paclitaxel-induced pain hypersensitivity and nerve injury. Obviously, EGFR may be a promising target for the treatment of neuropathic pain. It has been reported that the PI3K/Akt signaling pathway contributes specifically to EGFR-mediated hyperalgesia[22]; however, it should be noted that PI3K/Akt is a common signaling intermediate for many receptors implicated in pain. In the present study, we first provided evidence that EGFR can promote DKK1 expression through the activation of the PI3K/Akt signaling pathway in DRG neurons, which contributes to paclitaxel-induced pain hypersensitivity.
[bookmark: _Hlk148951023]However, there are some limitations in our study. First, the molecular mechanism underlying paclitaxel-promoted EGFR expression was not explored in this study. It has been reported that paclitaxel treatment could promote the expression of Mucin 1 (MUC1), which in turn stimulates the expression and activation of EGFR[23-25]. Therefore, MUC1 may be involved in paclitaxel-induced EGFR expression. Second, we did not investigate the molecular mechanism of DKK1-mediated peripheral neuropathy. Given that DKK1 can activate noncanonical NF-κB signaling, which also plays a key role in peripheral neuropathy[26, 27], we hypothesized that NF-κB signaling may contribute to DKK1-mediated neurotoxicity. Together, although there were some limitations, our study may provide a new therapeutic regimen that not only benefits multiple subtypes of breast cancer patients but also has low neurotoxicity.
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